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DESCRI PTI ON ATTENUATED CHI MERI C FLAVI VI RUS BEARI NG
ATTENUATED JAPANESE ENCEPHALI TI'S VI RUS GENE AS

BACKBONE TECHNI CAL FI ELD 5 The present invention

relates to an attenuated iy éﬁ]qu.aV|V|rus havi ng a

gene of attenuated Japanese ence Itis virus as the
backtmmNUAmnD(dHﬂMERﬂSEEthaVIRUsaBEnnnmmedrTmnunmED JAPANESE
vacci ne for preventin fIaV|V|rus i nfections.

BACKGROUND ARTENGE $ WIRHS SENE, AS, BACKBENEK nds
of viruses bel ongi ng osé%ﬁﬁg {1/ ig@q o herei nafter
s

abbrevi ated fl aviviruse are nown, i ncl udi ng
Japane?heeprephatlim%em%xmn;rémﬁnedWﬂqaaw atisenudeaguehimeric
1-4 virus, %eIIOM/fever Vi [ us, Loui s ence

hal i
TR PEBBIRE eroepnatt 15 STAIEY KoRpAo Flgephalitis

GaRisab s1PhEUR QPRI ENCAPNAl | 1d S0 S o sK¥AS@RUENUated live
Forest virus, Miurray Valley encephalitis virus, Onsk

vewroinkagpc peveenvlm@sfla¢1ﬂMﬁu§M1nﬁeom;onﬁuss|an
spring-sumer encephal it ose virus, Apo

virus, and Aroa vVvirus. hégésﬁﬁgngggﬁses have a
genomcgkréhegye fdrangeth (@hout2RWA R oFr €i8liBEkabelonging
to each other 1n ternms of gene structure. The open

teadilayiviafda¢ O rofnafecy |ahinATigd egeddnw lepsyges) are
%Eé%ﬁéﬁéﬁgﬁégﬁﬁg Eéﬁgﬁgég; éé%%%éi QC% %&%&%LnWest Nile virus,
dengue 1-4 virus, yellow fever virus, St. Louis encephalitis
virus, tick-borne encephalitis virus, Kunjin virus, Central
European encephalitis virus, Kyasanur Forest virus, Murray
Valley encephalitis virus, Omsk hemorrhagic fever virus,
Powassan virus, Russian spring-summer encephalitis virus,
Yokose virus, Apoi virus, and Aroa virus.

These flaviviruses have a genome of single-stranded (+)
RNA and are similar to each other in terms of gene structure.
The open reading frame (ORF) of the flavivirus genome encodes
three structural proteins (capsid (C) protein, pre-membrane
(prM) protein, which is the precursor for membrane (M) protein,
and envelope (E) protein) and subsequent seven non-structural
(NS) proteins (NS1, NS2A, NS2B, NS3, NS4A, NS4B, and NS5) from
the 5’ terminus thereof.

These structural proteins and non-structural proteins of
the flaviviruses are translated as single polyproteins; the
polyproteins translated are then processed by the protease and
NS3 protein having protease activity of host cells and the
virus, resulting in the formation of a mature virion comprising
the above-described three kinds of structural proteins.

It is known that many of the above-described flaviviruses

infect to mammals including humans, and birds, via insects such
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(prM protein, which is the precursor for nenbrane (M
protein, and envel ope (E) protein) and subsequent
seven non-structural 25 (NS) proteins (NS1, NS2A,

P IS0 H2ARs, 20faNERSE T SEepiel B 14 GIEUE febrile

ese structufal proteins and non-structural
P tRIntES, obrlghﬁailpylaa¢hun£;Eh&sarﬁﬂ&ﬁxﬂﬂamsa§p§bﬁgBeis

pol yproteins; the roteins t I d th ,
ot 5p taheaﬁete;f:gige 5RE1S0) NISEF YRR n HViFiglemic area

resulf@%.%i%@t'l\é' Y28 pRest 1¢Rk tsqandidi&reryi ridS recent years,

ting 1nthe formation of a mature virion
dmnnﬂofﬁauyldpmenabdmetdeféibbédishrébuki@ms,cﬁlimate change
structural proteins.

s k .
iRt reRs GAtLEs PP aEECH DOhY ey e Skpanded to

petddi ng humans, t%%dogthﬁathébhE§€§t§f3@§@saﬂ-ﬁ@év1v1ruses,
nDqu|toes and ticks cause encephalitis and/or

peding en sywgutomt @mp@aamIWytheauhlbt hh@kéh
fIaV|V|rus s eC|es | i ndi nous go rtl al
regi om™ 9T &ﬁ&& ¢O8r be h%nf%? <N

hadybeeibd '\mtt}?%adtki\f\l%\ée&s e fEGEEHE . Y afdwevdr dld:%stpﬁ.te the
devel opnment in traffics/distributions, climte change

fanclt ttheat ik elange inounbefr @i Vﬂ¢9§eﬁnbéét>ﬂ§h§g theFlavwlrldae
O8I0 el B g DAL E-BLE. Ay PBPL e 210
Vot meb! £ &r heal tdw ﬂé%e&rQﬂQﬂklﬁgdtUapaﬁéﬁéseﬂﬁepﬁalltls virus
X££§étiggéﬁgééwfzactlvated vaccines for Japanese encephalitis
virus and tick-borne encephalitis virus infections are in
practical application as vaccines for flavivirus infections.
Particularly, attenuated live vaccines are useful as vaccines
that are inexpensive and induce long-term immunity, but there
are no approved live vaccines other than those described above.

In these circumstances, as a means of quickly developing
novel attenuated live vaccines for various flavivirus
infections, a strategy utilizing a chimeric flavivirus prepared
by a gene engineering technique has recently been drawing
attention.

For example, ChimerivVax™-JE is a chimeric flavivirus
prepared by replacing the genes that encode two structural
proteins (prM-E) of the yellow fever virus vaccine 17D strain
with the corresponding genes of the Japanese encephalitis virus
vaccine SAl4-14-2 strain (see, for example, pamphlet for
International Patent Publication No. 98/37911 and pamphlet for
International Patent Publication No. 01/39802). ChimeriVax™-JE
is attenuated to the extent that allows its use as a vaccine as
a result of a plurality of amino acid mutations from the wild

type that are present in the virus polyprotein corresponding to
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o prevention with vaccines is effective. However,
despite the fact that a | arge nunber of viruses
bel onging to Flaviviridae have been recogni zed as

g@%%ﬁ&@i@vﬁ 19 Wg%tatn%@éaié%@e h4€ityaceh pes {Q&cine sa14-

ever virus and Japanese encephalitis virus
1 of 2cstxmin afxkd, ndttn eadaapleqc dirmeyof et dapandseVirol. 75:934-
encephalitis 15 virus and tick-borne encephalitis
Yifus29%ections are in practical application as

vacci n@&%ﬂdﬁé’) i Yhd MaRSll @FSthiBakbbaHEghkYfor

att enuat e I ve vaccli nes are useful as vaccines that
ahiménEkgpeiisiBe animénilicEld oy tusen iwihinidepgusufl-4 viruses

iELresimaionBI i T | et b, PPN Shodte

oh+ Hh S| In e Vel Qi ub1aelt i3l Kiduabed3hbye ¥aEcChHARShlet for
for various flavivirus infections, a strategy

Uhtérzangosak Ratent Fitdvicatien Ploepfldd988y¢) aagéna chimeric

ETBLTEFEL IO, SETLUS R Sh St RO AR, i) (s,
eRi-Meghfpid avbaghifet P ARG A tiepladC iPAEehiie pgBNesation No.

that encode two structural proteins (prME) of the
28DH 60ADBRR)Y, Whish eeg e gETR® Sify &he Y@ildRwt fever virus

correspondin enes_of, .t he Japanese.ence Litis vi
VGG TS SAL ST T AT diE (R SRdeRaSopbesh dp¥8Loped.
for 30rhateraimenad Patwinti ALY Gald @nshoat®8hdZ9éd to the

and panphlet for International Patent Publication No.
©¥FS9802?atGhlh%W$\kh€mﬁ.H§e as vaccines, with their

attenuation resulting mainly from amino acid substitutions from
the wild type that are present in the virus polyprotein
corresponding to the prM-E protein.

However, it has been reported that the attenuation of
Chimerivax™-DEN1 results mainly from amino acid mutations in
the E protein that occur during the passage of this chimeric
flavivirus in cells for vaccine production (see, for example,
Guirakhoo et al., J. Virol. 78:9998-10008, 2004). Furthermore,
because re-infection with dengue viruses of different serotypes
is likely as a cause of the onset of dengue hemorrhagic fever,
this vaccine has not found a practical application.

Also, ChimeriVax™-West Nile has the attenuation promoted
by artificially introducing an amino acid mutation in the E
protein derived from the wild-type highly virulent West Nile
virus NY-99 strain (see, for example, pamphlet for
International Patent Publication No. 2004/045529).

As a chimeric flavivirus using a gene backbone other than
yellow fever virus (YF-17D), a chimeric flavivirus prepared by
replacing the gene that encodes the prM-E protein of dengue-4

virus with the corresponding gene of the West Nile virus NY99
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Is attenuated to the extent that allows its use as a
vaccine as a result of a plurality of am no acid
mutations fromthe wild type that are present in the

%%%H§5W%nuﬂﬁﬁéﬂéﬁgﬁ$ﬁfﬁQQQﬁévghBQ Beéﬂer§E8£9é§' s&b, for

panese encephalitis virus vaccl ne
stanp e ( Festrfear edxalpl, e PrAcroyatét Atad.JScl¥irB@sA 99:3036-
75:934- 942, 2001). Furthernore, on the basis of this

[ -or 5 Chinme riVaxTh'-JE, chineric

flavi W 1- e
|VaxT¥$ i%% ?@gg@%#oFﬁéégﬁgée§lEgﬁgi?EQt%%?uated

d ot read | o alhePataareintPutilriadatsi theleof98438911Wastd Nile virus

panphl et for |International Patent P Iic ion
m%imssza “h i Bechany sl Phs gﬁ %@Paﬁ% has not
L§ﬁé&*§d¥ii'é&ﬁéﬁ&é@%ﬁ Nihlie: heS €€ rukOnh8r n8XafBhed a
| nternational Patent Publication No.
Wﬂﬁﬁs.&@plmmmmaavgemnef the yell ow fever
virus vaccine 17D strain as the. backbon have al so

been devel oped. TRESSIOsUTE PE Ry ABVPRELS ar e al sO

at t enugtgd 31 diifat RX118REe Ihatnedhibows ab€h FudS@adSines for
vaccines, with their 15 attenuation resulting mainly

Yaohowesn Feeior id sy bistieaitionss ikr develhpedi by @9péenﬁa@nal
B et e BT L BB TS BRpl Bove e
EQ?e@&}eEBEE'igl(Hraln neurotox1c1ty, infectivity from
peripheral to the central nervous system (brain nerve
invasiveness), infection-preventing effect, neutralizing
antibody production and the like of the chimeric virus
constructed for each combination of flavivirus species, and
this may be a major cause of prolonging the period to the
practical application of attenuated live vaccine.

Furthermore, live vaccines still pose the problem of
reductions in antibody productivity as they are attenuated for
the sake of safety. This is because attenuation of viruses by
modifying the E protein as described above potentially reduces
their immune induction potential (antibody productivity) as
vaccines because the antigenic determinant for inducing a
neutralizing antibody is present in the E protein.

Accordingly, it is an object of the present invention to
provide an attenuated chimeric flavivirus having an attenuating
mutation in a portion other than the E protein.

The present inventors diligently investigated to solve
the above-described problem, found that the Japanese
encephalitis virus vaccine ML-17 strain for swine had a
plurality of amino acid mutations intrinsic to the ML-17 strain

in the prM and NS proteins other than the E protein, and
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Chinme riVaxTm DEN 1 results mainly fromam no acid
mutations in 20 the E protein that occur during the
passage of this chimeric flavivirus in cells for

vacci.ne production (see, for exanple,. Guirakhoo_et .
GPtaiedERG) SUa8es b b, To00 IR ChePnirge Lons might
RCauye1ked Rheehé Oft Wkl thedtguss WHUSES 10f sdirhfigl eMased on
serotypes is likely as a cause of the onset of dengue

v Fhagingf ebbe, Prosenthi tnXaridnte Weks APSPREEAJL construct
%;g%%ﬁ%?& a@EE%%@Rf@Q'hé@fﬁQjé%%”g%fu€£ﬁ§£q}ggdsngnb%£§uctural

attenuatl on prono artificial
ipHoteduei Bghan aRafotlRei Kl prubtadiron thatt e, EC protein, prM
derived fromthe mﬁld;type highly virulent West Nil e,
WiroteiRy- e0dsipaprotete) 3hra lanmiiese sassphetifép Bprus

'&%ﬁ&@@&hg”g}le PaL et ubt 1G4 'a‘?rﬁn'é!o-ac%%gﬂ{u%ﬁé%- iffrinsic
a chinmeri avivirus using a gene backbone ot her than

el tow Mever strasn( Yeerdd)ted fulvtrerd dnfvlkeatigbtiisns, and
pr epar ed b¥ repl aci ng, the gene that encodes the prME
FeyEerresf ThengEesant R %Y t he correspondi ng gene

of theA@éEEgNﬂéf Vigs NOL st ioANCPEM el meri ¢

virus) has bee ¥eporte (see, for exanple, Pletnev

dtl 1aR. nuPlecc datdl. mdbachleSciomdiSA 99 308Geo804é, sequences
h the DEN4 chineric '

2002). Althou \ Virus is :

APen ARt BB ot (Gt part EPPAE PReFEbR, and non-
ist@uctWesl PbbEeV¥h Y8 Japanese encephalitis virus, and a
nucleotide sequence that encodes the envelope protein of a
second flavivirus,

wherein the nucleotide sequence(s) that encode(s) the pre-
membrane protein and/or non-structural protein of Japanese
encephalitis virus comprise(s) nucleotide mutations that
produce one or more amino acid mutations that attenuate the
virus.

[2] The nucleic acid molecule described in [1], wherein the
Japanese encephalitis virus is the ML-~17 strain.

[3] The nucleic acid molecule described in [1] or [2], wherein
the second flavivirus is selected from the group consisting of
West Nile virus, dengue 1-4 virus, yellow fever virus, St.
Louis encephalitis virus, tick-borne encephalitis virus,
Kunjin virus, Central European encephalitis virus, Kyasanur
Forest virus, Murray Valley encephalitis virus, Omsk
hemorrhagic fever virus, Powassan virus, Russian spring-summer
encephalitis virus, Yokose virus, Apoi virus, and Aroa virus.
[4] An attenuated chimeric flavivirus encoded by the nucleic
acid molecule described in any one of [1l] to [3].

[5] An attenuated live vaccine comprising the attenuated

chimeric flavivirus described in [4].
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and dengue-4 virus, the mechanism of the attenuation
has not yet been fully elucidated, and the virus has
not found a practical application as a vaccine.

?6%“ O%l%t 8f %hﬁréﬁ‘é’ {11% chhe %y eericatatcﬁlauﬁ%%gchhgedescribed
Rifnmeri ¢ av Vi vacc nes for va avl vl rus

iimf gati, onﬁlbﬁ gdemprDpesl tiye clulMentinenaltepset hods as
descri bed above, It is necessary to investigate th
SaPELP, fpﬁaifepéaCbI@%m e obd T ix/AVaNTRe {ORY] ?909#% the

%@%beggéabrggeﬁ ?tﬁ§%14§g%ﬁﬁ§i§%ﬁg %b%%hBrEQEMS a

Inv eness ection-preventing e
mauﬂeakuaengeqaeﬁcboﬂwamrémhmﬁesnﬂapamebbeehbbphaﬂltme virus
chimeric virus constructed for each conbi nati on

PP FhPuBUShBRTEde #RPeRTR Shady SeodletaftbF ERYS bge protein
B&OEQQQEEE Paefgggiggrﬁg tHigy practical application of

attenuat e Ive vaccine. 20 Furthernore, |live vacci nes
st isltkeppdse ﬁhErpdumdmgnmﬂcleaﬂmﬂH|mmtaulnnanthb©dproduce one

productivity as they are attenuated for the sake of .
B7 EPye THIEO| SCbRCHEE: Lty GiF GRUREFUCES Byris into the

R Bk Aget B@qgen%@t@ Nease dgRYdehed a;la@vgr@o;n@mbkahéypmtem
reduces their immune induction potential (antibody

pnodoct heht g} rast28al aerdtees e alepeneise ancegbalétis virus.
GER°BTIEAL ! F LICUEL I, 2 D SHLL B 209 00! BN fescr e
qbj gaty, ofint e @6ﬁ§ﬁi@eérﬁﬁﬁ“ﬂdlldw1ng step.

a step for replacing a nucleotide sequence that encodes the
envelope protein in a nucleic acid molecule comprising a
nucleotide sequence that encodes a Japanese encephalitis virus
having one or more amino acid mutations that attenuate the
virus in the pre-membrane protein and/or non-structural
protein with the nucleotide sequence that encodes the envelope
protein of the second flavivirus.

[8] A method of preparing an attenuated chimeric flavivirus,
which comprises a step for expressing chimeric flavivirus
proteins from the nucleic acid molecule described in any one
of [1] to [3].

[9] A nucleic acid molecule comprising a nucleotide sequence
that encodes a Japanese encephalitis virus having one or more
amino acid mutations that attenuate the virus in the pre-
membrane protein and/or non-structural protein.

[10] A vector comprising the nucleic acid molecule described
in [9].

[11] An attenuated Japanese encephalitis virus encoded by the
nucleic acid molecule described in [9].

[12] A method of preparing the nucleic acid molecule described

in [9], which comprises a step for introducing nucleotide
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provide an attenuated chineric flavivirus having an
attenuating nutation in a portion other than the E
protein. 30 The present inventors diligently

4dﬁgﬁ¥dﬁ%ak%gﬁt%f%ﬁhﬁg ohBeoabpueadenchb bedi #rAPt SMons that
ound that the“Japanese encephalitis virus vaccine
Mtehiatter aihe fvdruswinéohadcieoplideabeqgyente ési richaleiencode (s)

nmutations intrinsic tqQ the -17 strain . in the prM_ .

NS FIeOtERS BERSELPARSIRE ROBrSLERRC bRl BrOLein in a
ARta ned dihe rieeestl eBmbRatihBeaenarl 8ot 88k Usequence that
mutati ons mght be involved in the attenuati on of the
dicdde stiapanesBasadephaltiiis Vimdbag, the present

; 1 . red i N _ N
SR TOr TR R A ——
PIALET N QA @fonidiaRkelsha gtEb?EgkngkgbéEsiﬁg SapaRésén,

prM ‘protein, and NS protein apanese .
emoptedl ittiiss wiimss progegnissifmgmotibeonugbedcofcifigmolecule

m no, .acj d, tions intrinsic to the M-17 strain,
5kﬁﬁﬁhﬁﬁéi¥{ﬁﬁ.er investigations, and devel oped the
presendy itheHrcdentlQ rAee@idnngln, athenpaes@nthimeric

i nvention provides: [1] A nucleic acid nolecule
Ebanpi v siusy hawinsptatdenvediagc avtathan (ehcébePprbion(s) other

B o o ke ST SRR AN Ssanesiep or one
énhimete] @otl Le wiaquenge thiapresesdesnivbateoretapebe achieved
Sigggtglégdfkying the E protein, attenuated live vaccines for
various flavivirus infections can be brought into practical
application in a short time, without reducing the immune
induction potential.

Brief Description of the Drawings

Figure 1 shows the differences in the nucleotide sequence
of genomic cDNA and the amino acid sequence of polyprotein
between the Japanese encephalitis virus L-17 strain and
JaOH0566 strain. Nt represents nucleotide; AA repersents amino
acid. Amino acid positions are shown by number, as counted
from the amino acid next to the starting methionine of the
polyprotein.

Figure 2 shows the results of a comparison of amino acids
that have mutated from the parent strain (JaOH0566 strain)
(indicated by bold letters) in the polyprotein of the Japanese
encephalitis virus ML-17 strain, with the corresponding amino
acids in the polyproteins of the JaOH0566 strain, JaOArS982
strain, JaGAr0Ol strain, Nakayama strain, Beijing strain, SAl4
strain, and SAl14-14-2 strain. BAmino acid positions are shown

by number, as counted from the amino acid next to the starting

methionine of the polyprotein. * represents that the amino
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15 second flavivirus, wherein the nucleotide
sequence(s) that encode(s) the pre- nenbrane protein
and/ or non-structural protein of Japanese

a?ﬂ%[e%l%altih iin&&eaéeaogggké%ﬁ)igueﬁs%gmg UtALAONSE the ML-17
a produCe one or re amno acid nutations that
sAitadmuate the 20 virus. [2] The nucleic acid nol ecul e

described in_[1], wherein the Japanese encephalitis .,

vi r us Figuge SVENPYSsBPaPHLLERE & oEhE (Pethod g preparing the
e e b kR L ' t . .
e 4eSErBE Ll Fhothp| Sl W5 ghiee LR aatnitc vins
ME5- e st ridiilne avidr MS-18estjneift- Byvtheslopet PORy ietiized.

virus,_,St. Louis ence haliiis virus, tic

\ ) -b .
encepi?a"{gq_utr!es 4V!s|1'18§l§ a uﬂ]'l?: l{}?rﬂg,t%ﬁn[f‘? O%L(?g&gﬁparlng the
%ﬁzﬁrg@'e&é g%wlwﬁl\l %ﬁaﬁéﬂﬁ&gféﬁlﬁ:ﬂcvﬂé@iv%éa&y the Long-

al l ey encephalitis virus, enorrhagi c fever
RGR wsstHe@givassan virus, Russian spring-sunmer 30

“encephalitis _virus, Yokose_vjruys, 0] virus,, and Ar
virus. [4] Resk Modgafex Wﬁéﬁ'ﬁéﬁdﬁi T‘Yﬁ’ét’e?féodega

by t herfld RidentaGndemRlB8aUbeoYeaESI BeHutle 28Ya®I® Mblecule
[1] to [3]. [5] An attenuated |live vaccine conprising
¢dmep i ¢ oy atved eotliidee sequehgesvihat gecedebtle ¢ prgtein, prM

ékéﬁg%{;égg[H§j§¥;t%&%P%%iG%p%ggsgugkggghgfg ignéngée(a first
flavivirus), and a nucleotide sequence that encodes the E
protein of a second flavivirus. Preferably, the present
invention provides a nucleic acid molecule comprising a
nucleotide sequence of the 5’ untranslated region, the
nucleotide sequences that encode the C protein, prM protein and
NS protein, and a nucleotide sequence of the 3’ untranslated
region of Japanese encephalitis virus, and the nucleotide
sequence that encodes the E protein of the second flavivirus.
Furthermore, this nucleic acid molecule comprises nucleotide
mutations that produce one or more amino acid mutations capable
of attenuating the virus as described below, in the nucleotide
sequence (s) that encode(s) the prM protein and/or NS protein of
Japanese encephalitis virus.

The present invention also provides a chimeric flavivirus
encoded by such a nucleic acid molecule.

In this specification, “a nucleic acid molecule” means a
single-stranded or double-stranded DNA or RNA.

In this specification, “a nucleotide sequence” means a
sequence of deoxyribonucleotide (shown by A, G, C, and T) or a
sequence of ribonucleotide (shown by A, G, C, and U) unless
otherwise specified.

In this specification, the left end represents the 5’
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in [1], which conprises the follow ng steps: a step
for replacing a nucl eotide sequence that encodes the
envel ope protein in a nucleic acid nol ecul e conprising

@eénﬂﬁ% eld %esq:q%tﬁp%ﬁhh%‘%p§@§9ﬂ€§_ ¢ARaBeSLerminus for a
encephalitis virus” with the nucl eotide sequence that
shogtess e deny elunieoprideeisequehcehetbecbafit end represents

flavivirus; and a step for, introdyci nucl eoti de

TR 8t |G GRS G eaRanUgy ABRe A RS "ghd°represents
Eﬂgfﬁi55§?¢ﬂﬁg éfﬂ@%?ﬁEt%@ﬁ'%h% Sfbpt Ant BRinbOacid sequence
nucl eot | é’sengace(s t hat éncoze(s) tﬂe p%g-nen%raiéq ©

o e s rotEmefwiirsen@pestifiiedur al protei n of Japanese

encephalitis virus._, [ 7], A nethod of . [ th .
nuclei%ﬁeﬁﬂ%ﬁrﬁﬂ%ﬁiﬁ%ﬁéﬂ%Q@riBgﬁnoiﬁcﬁ%%?g%%:gﬁowneuSIHg 1-
£OPPE T S8 LR 10l d P WM B SRR erd abbeBvEaE ibAPELACLAE Standard

nucl eotide sequence that encodes the 15 envel ope .
gendeatiom syshen diar aviithoelcddsl undespr pshagwase specified.

nucl eot i de sequence. .t hat, encqd a J pese . :
encepl i€h¥§ R%Effﬁﬁﬁ%ﬁﬂf’ong%anHS?gganPﬁsnch at a virus 1s
Yh abi piBedhall & tigiat)e Sl thaftUthenviles can be used safely
pre- menbrane protein and/ or non-structural protein

abté vhecine| ot iafe ardquedncabdiest decvaesinpeienyéfepeexample,
BPRBE TR et A PR AR e SHERPLS , fERReYR forses,
EQFRLESeShdeS) Pl ik, QXdy<s Hatgs,Crambiiite, f lravisyi milse and the
proteins fromthe nucleic acid nol ecule described in
ahjebneand birds and the like}.

In this specification, “the virus can be used (safely) as
a vaccine” means that growth of the virus is observed at the
site of inoculation of the vaccine but ends without manifesting
serious symptoms, and that specific immunity is conferred which
prevents the onset of a disease caused by a highly virulent
virus inoculated in a subsequent challenge test with the virus
against an individual inoculated with the vaccine.

Japanese encephalitis virus used as a first flavivirus to
prepare the chimeric flavivirus of the present invention is not
subject to limitation, as long as the prM protein and/or NS
protein of the chimeric flavivirus of the present invention
finally comprises one or more amino acid mutations that
attenuate the virus as described below.

Therefore, any strain may be used out of the various
strains of Japanese encephalitis virus (for example, ML-17
strain, JaOH0566 strain, JaOArS982 strain, JaGArOl strain,
Nakayama strain, Beijing strain, SAl4 strain, SA14-14-2 strain
and the like).

The genomes of various Japanese encephalitis virus

strains have been cloned, and the complete or partial
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of [1] to [3]. 25 [9] A nucleic acid nolecule
conprising a nucl eotide sequence that encodes a
Japanese encephalitis virus having one or nore am no

A1 IAR! isRBBechBal BhbpBYAt Batdeo¥dsh Uget drriiteed) €See, for
menbr ane protei n and/ or non-structuralégrotein.

10] A
azgam@pdre,cmﬁwgist\g eheahuel Bizohegy hol e4Al SHosckibkedfor the
[ o [11 t.tenuyated J P44
A bk DeBhbcheh Ry, JgPasERg CLoEPIB LIt oo cor
it Mkayahdl sAraehhodaghipbepast nglt hevitigs ebenedsikk 305-317,

nol ecul e described in [9], which conprises a step for
1988 dtucithe Bedidoui gsreimit Hitanarhant ehratuc VbRl gy

m agi tati t i .
PRI Al nae oS eute kB, o Hrar Bl foath GALFRE ¥ Sseratn.
pr e- MefRY AR thloht @nh taBdgehofensetiigstes abf pvat tdws i Japanese
a nucleic acid nolecule conprising a nucleotide

supphRd timtvigusesodes aéganbgeobgeé@ﬁ@ frem migplicly

13] A .net hod of, prepari.n t J e
A 10 R BRREL0R0, Bb EOHBLEY, I3RS oxamle,
CB A6 | St eIV PRAMbRAG e P aBT0I Sovi the PaOAeE982 fstrain;
the nucleic acid nolecule_ _described in [95. 10 By the,
GerBamk domrasfiosmn numbextt BFQ4PAd6ckPReEe JaGAr0l strain;

GenBank accession number: L48961 for the Beijing-1 strain;
GenBank accession number: M55506 for the SAl4 strain; GenBank
accession number: AF315119 for the SA14-14-2 strain.

To prepare a nucleic acid molecule comprising a
nucleotide sequence that encodes the chimeric virus of the
present invention, a nucleic acid molecule comprising a
nucleotide sequence that encodes Japanese encephalitis virus is
prepared, and can be used as the gene backbone for chimeric
flavivirus. As examples of the nucleic acid molecule
comprising a nucleotide sequence that encodes Japanese
encephalitis virus, genomic RNA, cDNA, synthetic RNA, synthetic
DNA and the like can be mentioned.

Alternatively, to prepare a nucleic acid molecule
comprising a nucleotide sequence that encodes the chimeric
flavivirus of the present invention, any fragment (for example,
PCR-amplified DNA fragment and the like) of a nucleic acid
molecule comprising a nucleotide sequence that encodes Japanese
encephalitis virus can be used.

The genomic RNA of Japanese encephalitis virus can be
prepared by a commonly known method from cells (for example,
MMC-LK2 cells, Hela cells, N2a cells, PS cells, BSC-1 cells,
HL-CZ cells, LLC-MK2 cells, Vero cells, BHK cells, mosquito-

derived C6/36 cells, mouse- or hamster-derived intracerebral

10



10

15

20

25

30

flavivirus having attenuating nutation(s) in

portion(s) other than the E protein is provided.
Because the attenuation of the chineric flavivirus of
c'éligspr, ?ﬁ?&:ﬁh&véﬂibﬁé‘n CaggPeardd iy edi ke iirfFidted with
nodi fying the E protein, attenuated |ive vaccines for
Jhpanesieoescktphal vtissvimiect ijapanese sacepbaghtipnvérus
practi cal

application_in a shor e, wit it
SFadict H5oPnE0] RFGREES! AAURIPOIC poverty A1Ct gitbect to
1988¢HtAbLhON FBE EREmPLaW s &t gaires lashovscddiaabove can be
differences in the nucleotide sequence 20 of genomc

ﬁ?@ﬂA and Lhe am no acid sequence of pol yprotein

et ween Japanese encephalitis, virus |- trai

and %aéh5§68§s$F8?ﬂ?Sﬁke$%%?%%%h¥%éhﬂ%ﬁ%ﬁjégexﬂéigbnStruCted
fRRES Hhdmal RRA 36LErdMGNEoagi omfchly Oasowat enesitawh (for

by nunber, as counted fromthe anino acid next toq the
estzanrtlieng timet Metshiodedescrieedsipobypt veehh. etrigjure VArology

ORIy, o T comar son of smto seis o

(indi @@ﬂt%%*é}tib@ll?},l gt §eh6hiENRNACOPOLDNR 0b £ Famdnddre
Japanese encephalitis virus M--17 strain, with th
woremwpdridisn g iamisner3enic fE39MANE hENPBEYHr GRRi HLSDFPS
5T BB Do A8 B L 8 ol B,

aieh fshd-okd ok FapaneseAgheephaildtpssvirossbare strowenly known
method.

The genomic RNA or cDNA of Japanese encephalitis virus or
any fragment thereof can be amplified with a genomic RNA or
CcDNA as the template by Polymerase Chain Reaction (abbreviated
as ”“PCR method”), Reverse Transcriptase-Polymerase Chain
Reaction (abbreviated as ”“RT-PCR method”), Long Polymerase
Chain Reaction (abbreviated as “Long-PCR method”), and/or Long-
Reverse Transcriptase-Polymerase Chain Reaction (abbreviated
as "Long-RT-PCR method”).

Alternatively, a genomic RNA or cDNA of Japanese
encephalitis virus or any fragment thereof can also be inserted
to a vector and cloned.

As examples of the vector used, plasmids such as pBR322,
pBR325, pBR327, pBR328, pUC7, puUC8, pUC9, pCUl18, pUC19, pHSG298,
pHSG299, pSC1l0l, pGBM5, and pCRII can be mentioned. As the
cloning vector, bacteriophage, cosmid, phagemid and the like
can also be used. These cloning vectors are commercially
available from, for example, NIPPON GENE CO., LTD. and the like.

As the second flavivirus used in the present invention, a
flavivirus other than Japanese encephalitis virus, for example,

West Nile virus, denguel-4 virus, yellow fever virus, St. Louis

11



10

15

20

25

30

by nunber, as counted fromthe am no acid next to the

starting nethionine of the polyprotein. * represents

that the amno 7 acid at the indicated position is the

SaEpas ittt vafrushe theklborhbr 8hBepha Uit €s 3vsheys Rinjin virus,
outline of the method of preparing the full-length

CBNAalf Bunepescoebicephe lispsn¥isusnckphasner sForess vorus,

- 14 rai n and - 15, strai L - h :
e VA Sk e che SoeR DEFKAPSEERRIEL Rever virus,
b s SENA iGfud, huMsibd WriEggenmheeheneeprali avs Wwitss,
by the Long- PCR nethod. Best Mde for Enbodying the
Y%WQ(fﬂ i\lcmrum Preipvdgasy AaeenvVisnspabdi Hes ﬁlh%c%m cbe
aci d. nol ecu rishng. | i de. t .
BEACTPLES" k85, ERUPR, SLAR PUELE oGP peTiom, [ty otrain

Hap A S8 RNRANYS the Wakisucambtaft stkavhyi thsyeofind

a nucl eotide sequence that encodes the E protein of a
secondV¥¢lpatiideysequeacesapny, ampaoppeidneeqyences that encode
i nvent | [ QVi nucl el Is ecyl LSl

LS B0, B0 05 ) 15540, BBLCEY) pGEPDELS Mve aro
themoriug | laiwrde Rl feirete riddat, efieedrahheo€ phesei ilavivirus
prMprotein and NS protein, and a nucl egti de sequence

sPeehes 3' thitadrdeareElaoddiosn seAugapgnadethe genome thereof

ﬁggeﬁgﬁﬁiféﬁ%f@é&Fi s@@? EB@ ngﬁﬁféjd@he following: West Nile
virus (for example, Wengler et al., Virology 147:264-274,

1985); dengue-1 virus (for example, Mason et al., Virology
161:262-267, 1987); dengue-2 virus (for éxample, Deubel et al.,
Virology 155:365-377, 1986; Gruenberg et al., J. Gen. Virol.
69:1391-1398, 1988; Hahn et al., Virology 162:167-180, 1988);
dengue-3 virus (for example, Osatomi et al., Virus Genes 2:99-
108, 1988); dengue-4 virus (for example, Mackow et al.,
Virology 159:217-228, 1987; Zhao et al., Virology 155:77-88,
1986); yellow fever virus (for example, Rice et al., Science
229:726-733, 1985); St. Louis encephalitis virus (for example,
Trent et al., Virology 156:293-304, 1987); tick-borne
encephalitis virus (for example, Mandl et al., Virology
166:197-205, 1988); Kunjin virus (for example, Coia et al., J.
Gen. Virol. 69(Pt 1):1-21, 1988); Kyasanur Forest virus (for
example, Venugopal et al., Journal of General Virology 75:227-
232, 1994; Kuno et al., Journal of Virology 72:73-83, 1998);
Murray Valley encephalitis virus (for example, Dalgarno et al.,
J. Mol. Biol. 187:309-323, 1986); Omsk hemorrhagic fever virus
(for example, Lin et al., Virology 313:81-90, 2003; Li et al.,
Journal of General Virology 85:1619-1624, 2004; Gritsun et al.,
Journal of General Virology 74:287-291, 1993); Powassan virus

(for example, Kuno et al., Am. J. Trop. Med. Hyg. 65:671-676,

12




10

15

20

25

30

20 sequence that encodes the E protein of the second
flavivirus. Furthermore, this nucleic acid nolecule
conprises nucleotide nmutations that produce one or

TS MEnQ a¢i d1mut gt iremsggapalbl €730f84f t 299G j rRudditan
virus as descri bed bel ow, 1 n the nucl eoti de

sgEjmencetEert kacepheddsis) vines ptfpprexarplandigro NS al.

r ot eijn 25 .Japa ep L
il o arAisRaT s 737 Bur ava oy Lraet Bl o sramte,
Encedad iy a3uGh jauiualiebe 6ehéradl veobBogy 81 HI&1-790, 2000);
specification, "a nucleic acid nol ecul e" nmeans a

Ataey | wi-mats difdad ezamgdebl 6280E antedl DNAJ%‘#rWA oBfgpperal

hi . eoti de sequence" neans a
i%ﬂ%% %%il‘eoxy?ﬁgénugpnglde (shown by A, G C, and

T) or mhfcrartarse odf thebaautkeoiddeséghentedyo R, tie denomes of
and U unless otherw se specified. In this

‘éqfeleqlﬁ ﬁawum@ﬂ eBn éﬂ}éoréﬁr@%ﬁwe@hgr@“ pgplicly
e essﬂ) de1'1teh(:t‘i %Q%egng Eﬁpg S@Q}lgahﬁe %e%}erﬁgxmé%ample,

Sln stran nuc Otl e sequence,

ﬁﬁéﬂfdﬂldﬁ%ﬁgfSWéﬁmeNNlbewﬁtnBS(faﬁleﬁample1nGsﬁBamH accession
the right end represents the C term nus (carbox

RERRHUS) 13274 ia QMQQ¥§6§évdd§8aH§néeV15u§nK€%§ e%gmple,
%%p%%“%?%:s omﬁﬁtggmtJ% tﬁb%o%ﬁ??'&bﬁaﬁéoﬁ v8Ph8O(for example,
GenBank accession number: M19197; NC_001474); dengue-3 virus
(for example, GenBank accession number: M93130); dengue-4 virus
(for example, GenBank accession number: M14931); yellow fever
virus (for example, GenBank accession number: X03700;
NC 002031); St. Louis encephalitis virus (for example, GenBank
accession number: M16614); tick-borne encephalitis virus (for
example, GenBank accession number: U27495; NC_001672); Kunjin
virus (for example, GenBank accession number: AY274504;
AY274505); Kyasanur Forest virus (for example, GenBank
accession number: X74111); Murray Valley encephalitis virus
(for example, GenBank accession number: AF161266; NC_000943);
Omsk hemorrhagic fever virus (for example, GenBank accession
number: AY193805; AY438626; X66694; NC_005062); Powassan virus
(for example, GenBank accession number: AF310922; AF310920;
AF310912; L06436; NC _003687); Yokose virus (for example,
GenBank accession number: AB114858; NC_005039); Apoi virus (for
example, GenBank accession number: AF160193; NC_003676); Aroca
virus (for example, GenBank accession number: AF372413).

To prepare a nucleic acid molecule comprising a
nucleotide sequence that encodes the chimeric virus of the
present invention, a nucleic acid molecule comprising a

nucleotide sequence that encodes a second flavivirus is
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| etter abbreviation or 3-letter abbreviation in the
standard denotation system for am no acids unless
ot herwi se specified. In this specification,

prid SRt ey PR bRk hatVehe8dks the8 EOPr¥téih efhereof can
(low toxic) such that the virus can be used safely as

lze wessmd neAboexampaesnaf shibj metle e vacid melieguled eromprising a

B S, SRS R MBI SOV RLSs, gemomc
BRI disia F Ayt HBtGR &Rt BOnthikek, DRAJaRAT €fe anfké N€an be
I'i'Ke}. 15 I'n this speC|(|cat|on, "the virus can be

nsedigrsafel y) as  a vaccine" neans that growth of the

virus js observed at the site of inoculation of.the

vace e BRRPETE birt fiGuPTFRATFeSt PHGLOLE: Pong moleclile
SHFPE D8 g A hddlotSRRCisklg@en@aURhhY kfc6885eth€dchimeric
which prevents the onset of a disease caused by a

flahiyimis WiethePnasens iinventaved kRnyafsapsengueffor example,

|l enge_test with the yiru aibnst ,an.i ndivi dua .
P e (A rré Peatnant S3An A8E e LnBE Rar ¢ 4R acia
b T &lSu 1k esbmsr B ifrld | rfdcaotiides skeueBtepangtt 8€codes a second
chinmeric flavivirus of the present invention is not

Elayeeirus ¢amibeatised. as |ong as the prM protein
and/ or_.NS 25 pr.otejn of- the chi [ ) j.\i
or esenTth nQ/eerth C %\?xl r?ajlc'l Ia sec%h'&e flgVE.kI§¥I.1¥ %rﬁeﬁ%nég%pared by

) ) an y ‘conpri ses one or
elé ds Ahkd ahd OSd tdtthadt! iU ahleeviehdsphaldessr vbeds.

bel ow. Therefore, any strain may be used_out_ of the

vari o cDNA of a second flavivirus can also be constructed
from a genomic RNA by the same technique as that for Japanese
encephalitis virus.

Alternatively, a genomic RNA or cDNA of a second
flavivirus or any fragment thereof can also be chemically
synthesized on the basis of commonly known genome sequence
information on the virus used as the second flavivirus, by a
commonly known method.

The genomic RNA or cDNA of a second flavivirus or any
fragment thereof can be amplified by the PCR method, RT-PCR
method, Long-PCR method and/or Long-RT-PCR method, with a
genomic RNA or cDNA as the template, as in Japanese
encephalitis virus.

Alternatively, a genomic RNA or cDNA of a second
flavivirus or any fragment thereof can also be inserted to an
appropriate vector as listed above and cloned, as in Japanese
encephalitis virus.

A nucleic acid molecule (DNA or RNA) comprising a
nucleotide seqdence that encodes the chimeric flavivirus of the
present invention is prepared by replacing a nucleotide

sequence that encodes the E protein in a nucleic acid molecule
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strains of Japanese encephalitis virus (for exanple,
M.-17 30 strain, JaOH0566 strain, JaOArS982 strain,
JaGArOl strain, Nakayana strain, Beijing strain, SAl4
strain, SA14-14-2 strain and the like). The genones of
PGS 139panBEE L BRELPRATFIRRIGH et SGROSS Haben5sen

@n@%%@al@QQStO?r%gnpigﬁeaoﬁuéﬁgéﬂfﬂe %e@ﬁgn%%tkggt encodes the

sequences thereof have been determ ned.” See, for
exaedlope Surtyposhofed sbcond/iflohogyirigl: 497-510, 1987

f th QAr S982 st Mc Ad t, al
155 348°BR0°°0580 Pbr L1t e dehyinr SRR RRSREnBEGEein in

&t ndlclei¥ é@%d%@@éc&i@o&&%}gl5151g]-%8$1ufcqreott|1@e8§|e}qh@ﬁce that
strain; N tayaphan et al irology 177:541-552, 1990

femcodles smansseaencam@asﬁum Wimisstoedi e PEAfermadi by a

h f J
SRR LREw); sl St SRR Frgmple, the method

Rl ehing @ﬁ@%@h@l—?mg&t?@t&% a;m&&b%&hnasao@@egaa& al.
See, for exanple i 0 GenBank accessi on nunber: ML8370

NErolrey) 2Bkt $082436 r a2001 CerBhriteadd&ssi-on nunber :
AF0690
moor A rbRhal e d o Ghetd dl s LA ACTRRA 82 rum)

aenesssangnanhecledbbddbsdQiertdie thild esicodes; tEﬁenBamﬂaerlc
accession nunber: AF315119 for the SAl4-14-2 stra
13273 VArepapéat RecPEF SRk | N S team @aébﬁéﬁpsbﬁgpﬁepared by

chemical synthesis by designing the entire nucleotide sequence
that encodes the chimeric flavivirus of the present invention,
on the basis of genome sequence information on Japanese
encephalitis virus and a second flavivirus.

When a nucleic acid molecule comprising a nucleotide
sequence that encodes the chimeric flavivirus of the present
invention is prepared as DNA, a promoter sequence for in vitro
transcription is introduced to the 5’ terminus of the DNA. The
DNA that encodes the chimeric flavivirus of the present
invention is transcribed to RNA by an RNA polymerase
corresponding to the promoter introduced, at any stage prior
to expression of the chimeric flavivirus protein. As examples
of the promoter sequence used, the T7 RNA polymerase promoter,
SP6 RNA polymerase promoter and the like can be mentioned.

The RNA that encodes the chimeric flavivirus of the
present invention is introduced by a commonly known gene
introduction technology in the art such as transfection,
electroporation, or microinjection, into cells suitable for
protein expression (for example, C6/36 cells, Vero cells, BHK
cells, MMC-1K2 cells, Hela cells, N2a cells, PS cells and the
like), and the chimeric flavivirus protein is expressed in

these cells.
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nucl eoti de sequence that encodes the chineric virus of
the present invention, a nucleic acid nolecule
conprising a nucleotide sequence that encodes

Japan%ﬁ&é?ﬁ&%} If ' IR imBrepakedyiandusadrben t
used as e geﬁghﬁécag%;g%%bfigﬁ?nggic Zglflal\iivirus.e presen
Malerxm'qm,estm dhiememid dilavdsiidusobeotieén cenpbesphyained by
nucl eof i de sequence fhat encodes Japanese .
BRELHAHI (3 SRS, 0 B TRRACIUBRAC IS PRENBE BT RRACE L
§¥§EQ§I'&hef@*%fﬁuéédE%ﬂd|9%f8¥&a%§oﬁeﬂkbﬁgﬁgtion system for
ternatively, to prepare a nucleic acid nolecul e %5
thaporgamipra 18igrotiidie seq@enestt tabeebyotibs afdition of a

FragERe (SR  ATh EhodR B et BRROPERGHENP aRitzact
QQ?f&'fé%efge&‘ﬁBﬂaéﬂdéﬁﬁjﬂ%eé“@yﬁ@éhee%@%@%%ibﬁg 8ee, for

nucl eoti de sequence that encodes Japanese
erampha) i 1$ sPatients Nan Set 18530 ;30aTia génedi-c RRAcofNatl.

apanesge, e halitis viru ) he _prepared by a

BRRADCSE: CGSRAL 1448 L US AN RBy GRLERALEI DY Poroc. nat.
MEgLK2cceldsa delmesilmedBa 2aed)s, PS cells, BSC-1
cells, HL-CZ cells, LLCM2 cells, Vero cells, BHK

cel | s, Thesuutleic derid awblesde compsisipdse- ngeleotide
DRBAe SERAY St A et b B0 e present
EAGERPAbA L ESmYEIsSs o) ARAIIRSS: iRt efitaltiilons thaktUproduces one or
more amino acid mutations that attenuate the virus in the
nucleotide sequence that encodes the prM protein and/or NS
protein derived from Japanese encephalitis virus in this
nucleic acid molecule.

In detail, when expressed with the amino acid sequences
of the individual structural proteins and non-structural
proteins of the Japanese encephalitis virus JaOArS982 strain
(see H. Sumiyoshi et al., Virology 161:497-510, 1987) as a
reference, the amino acid mutations that attenuate the virus
are the following amino acid substitutions: substitution of the
1st methionine of the prM protein by isoleucine; substitution
of the 148th asparagine of the prM protein (56th of M protein)
by threonine; substitution of the 4th alanine of the NS2A
protein by serine; substitution of the 51st asparagine of the
NS4B protein by lysine; substitution of the 52nd valine of the
NS4B protein by isoleucine; substitution of the 68th threonine
of the NS4B protein by serine; substitution of the 126th
leucine of the NS5 protein by methionine; and/or substitution
of the 854th serine of the NS5 protein by asparagine.

Alternatively, the above-described amino acid

substitutions can also be performed using conservative amino
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strain used to prepare a genonmic RNA is not subject to
l[imtation; for exanple, the strains as |isted above
can be s used. A cDNA of Japanese encephalitis virus

AP oTORBL HRE R abiQ8 BnELb@NEEd RVA B Of sl e amino
commonly known nethod (for exanple, the nethod

addsic polsédtionsSumi yoshi et al., Virology 161:497-510,

1987) _ 10 Al ternati.vel a genom c R s o
Japangge%héﬁcEBES_H‘C‘?‘F@X%??US o7 %%glv?r%gérre% grcelo mean
FBhALTA dRe simher-cabl ¥ashnbbrst zEMl Vermdieodasiysidfochemical
genone sequence _information on Japanese encephalitis _,
propesthesa esampabs khewnpofeihehude 1@nine i¢laugd fied

or, cDNA of Japanese encephalit]j j .

PiSE CRBFoOF ORn BOCANRP! 1 OB G i Benoma® ik TP

1((3/3:) ,CANA A tlilke aeABl abedby (Ruhynesaser (daive Reagiolar amino
abbrevi ated as "PCR nmethod"), Reverse o L.

afrigies ciG1py adenpel Pasigsaningi acitdeatkydn Rebbritiglat éfidic

as, "RI-PR hod’, Long. Pal [ '

TR Bt SedChir PERY: pEBLRS: KBTS Falepre varon ! Yroup

Rer s rhr amsc amhesacPakynevang &hsmal Resbde-erhain (Gly, Ala,
(abbreviated as "Long-RT-PCR nethod"”). Alternatively,
Eeyeddin.c MW -or cDNA of Japanese encephalitis virus

or any, fIAgnent; t Rareal,; 420l $9298vi P§ET6L0the present

invention comprises at least substitution of the 1lst methionine
of the prM protein by isoleucine and/or substitution of the
148th asparagine of the prM protein (56th of M protein) by
threonine, out of the above-described amino acid substitutions.

The above-described amino acid mutations can be
introduced in any step for preparing a nucleic acid molecule
comprising a nucleotide sequence that encodes the chimeric
flavivirus of the present invention.

Introduction of the above-described amino acid mutations
can be performed using, for example, the site-directed
mutagenesis method utilizing the Long-PCR method, described in
Morita et al., Virology 287:417-426, 2001, or by applying a
commonly known method such as the Kunkel method or the gapped
duplex method or a mutagenesis kit utilizing these methods
(available from, for example, Takara Bio Inc.) and the like to
a cDNA cloned to plasmid.

Alternatively, these mutations can be introduced to the
chimeric flavivirus of the present invention by using a nucleic
acid molecule comprising a nucleotide sequence that encodes a
Japanese encephalitis virus having one or more amino acid
mutations that attenuate the virus in the prM and/or NS protein

to prepare a nucleic acid molecule comprising a nucleotide
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25 to a vector and cloned. As exanples of the vector
used, plasm ds such as pBR322, pBR325, pBR327,
pBR328, pUC7 pUC8, pUC9, pCuUl8, pUC19, pHSG298

HSG299 SC101, npGB
RS iaG obepBre Bus: P HEchbgef TAvEr I B gan Fiveent
jﬁy@ﬂﬂy&ﬂ |ke 30 can al so be used. These clonlng

vectors are commercially available from for exa
NI PPOR @EEedo, acLuDmoARFUEReCPPRELSING 3 HRUGIRR e Sequence

V|V|ru use n [
SRR 5 g U8 SREERRE LEYETY 108y Mediy ofd e more
aWiiSio Ndiei wivtatiohenghak- dtvenuateyehe O'WLf\ES'eIn viheierM and/or
St. Louis 11 encephalitis virus, tick-b

Neh qupsHa iin jaany ey PreranpAnbyi F‘EElfl@eﬁH%I l‘EEr‘F%‘Hé%‘rPg these
Wﬁ%é%&gﬂgtgf;\n éﬁ%mlgyﬁﬁﬂngéh§EN§Svaéry§pané@@réﬂbephalltls

ey encephal ti's virus enorrhagi c fever
@ﬂf&§,st££Mﬁ&&ﬁﬂddeiinlﬁgssheeesmntagieUHﬂéfor example,
enc halitis virus, 5 Yokose virus

S Rin KEOPEROBE. SEAtPondaChRD? FhEStn: Nakayama
f91¥'r%?ﬁf%ﬁa:é%iaﬂﬁ.“%hh4 aR¥-ashr akA140RY-PestiSeOh and the

ous ‘mut'ant strains thereof. Nucleotide
Bfﬂ@ﬁnceeuﬁguthﬁnaﬁmﬁmmemteeqadncemmbhay Encwremethed f site-
proteins of various flaviviruses as descri bed above
@&%@CF%ﬂmﬁﬁﬁﬂﬁﬁ Kfown, and furthernore, for many of

these £ é%é#ﬁ%ﬁﬁ“ﬁ&#%%es%h%n%%bhb@1€ﬂ§|GQEhgecan be prepared
sequence 0 e genone ther eof

by expressing a virus protein from the nucleic acid molecule
comprising a nucleotide sequence that encodes a Japanese
encephalitis virus having one or more amino acid mutations that
attenuate the virus in the prM and/or NS protein, thus
artificially prepared, by a commonly known method as described
above.

By infecting this recombinant Japanese encephalitis virus
to suitable cells as described above, and culturing the cells,
a large amount of genomic RNA can be prepared from the cultured
cells.

Furthermore, this recombinant Japanese encephalitis virus
is an attenuated Japanese encephalitis virus per se, and can be
a promising candidate for an attenuated live vaccine for
Japanese encephalitis.

A nucleic acid molecule comprising a nucleotide sequence
that encodes a Japanese encephalitis virus having one or more
amino acid mutations that attenuate the virus in the prM and/or
NS protein can also be prepared by acquiring a genomic RNA or
cDNA from a Japanese encephalitis virus mutant strain natively
comprising one or more such amino acid mutations.

As examples of the Japanese encephalitis virus mutant

18



has been reported. See, for exanple, the follow ng:
Vest Nile virus (for exanple, Wengler et al.
Virol ogy 147:264-274, 1985); dengue-1 virus (for

%??Qﬂﬂ %ftw%%qg ?%mﬁklslﬂgrBhegarlﬁoﬁélm@ﬁﬁsZﬁiidfﬁﬁﬁgtlons
engue-2 viru or exanpl e, Deubel et al Vi r ol ogy
tiEh 24%<3natel 886; viaruenber ghet pal. and/oGHS PAQEsin, the
69: 1391-1398, . 1988; Hahn

SIS FBRGRbA bR Ty M AT F b Rt S coned . The

M1 E5n8% 4598 JéBgneégséhceﬁﬁﬁgﬂﬁlé Yifus ¥d&fine strain
exanpl e, Mackow et al., 20 Virology 159:217-228, 1987,

5 i‘Zhacsvemeal(seeVl folrogyampie77Yeshidaogs)al yel BEKEN elQJRNAL

2115845%55 éSt 19|_ a@ﬁcglsﬁgvst}}gke,é ggor?f Tfe Iggge%g(gl 7E3§Jndatlon

A2 &orlal, Y@%@%@Qyo¥5@saﬁg @Qﬂvei@ﬁ@? (Eaﬁédkﬂﬁrmsaka
encephalitis virus (for exanple, Nandl et al.

unxmzlcaggt%gms Ialmazla@kalgsg}tar(ah}unosak@)s (for
exanp ia.et. a
1988) A} Ve&8ke§€°@lFﬂgn?f8P£g%§a§§¥§1 %%nug A ese

10 Slcébhal oW RAlref reangrahgVifrehogisgag@2in @821 s 189, the like,
Kuno et al., Journal of Virology 72:;73-83, 199

thaafln/atax@yxgem@pm more @Mine arde @RB%}%HS)that attenuate
%ﬁ% g%%%%?%h 610 %‘én&y@r Nglgfoté§z ﬁ9§ §g3sefg§@éd by a

ever Vvirus

@bmmoﬁdickﬂﬁhh:ﬁﬁiH%Brg%mdQQO@enbmletRHA or dDNAnaheDéof can
General Virol ogy 85:1619-1624, 2004; Gitsun et g .
abee ke wiedditemueP@LCoItdgy Chimesico§iaviypsys of the present

15 DRVBSSRAS, viTus

The nucleic acid molecule (genomic RNA or cDNA)
comprising a nucleotide sequence that encodes a Japanese
encephalitis virus having one or more amino acid mutations that
attenuate the virus in the prM and/or NS protein, thus prepared,
20 may be inserted to a cloning vector as described above after
being fragmented as required. For example, utilizing such a
recombinant vector, the chimeric flavivirus of the present
invention can be prepared safely and conveniently.
Construction of the chimeric flavivirus of the present
25 invention can be confirmed by, for example, acquiring the gene
from the chimeric virus prepared, determining all or a portion
of the base sequence thereof or corresponding amino acid
sequence (for example, the portion where the mutation has been
introduced, the joint of the two viruses and the like), and
30 confirming that the sequence matches with the intended sequence.
The present invention also provides an attenuated live
vaccine comprising the chimeric flavivirus of the present
invention (hereinafter also referred to as the vaccine of the

present invention). Because the E protein of virus contains an
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(for exanple, Kuno et al., Am J. Trop. Med. Hyg.

65:671-676, 12 2001; Mandl et al., Virol ogy

194:173-184, 1993); Russian spring-sumrer
éﬂ%f?ﬂﬁﬂd‘dé%éﬂdﬂﬁ%n&fQha%xQHBh@esKHnﬁeﬁtréhizinéO&ﬁfiﬁody,

of Virology 72:73-83, 1998); Apoi virus (for exanple,
Biddwiatien Af theoghimerdtc CGa¥idirvysrefolfe present invention

81: 781- 790, 2000).;. 5 .A i | :
& e SR sse A Be! PerBubtebn SR TR on BBl aatnt
t e QPP ¥ 10 iRe U Gretiiede useduUaBCeRe OF bhetgenomes

of various flaviviruses can also be obtained from .
publ | Ao prevsedsivard oyend lagdapasesinfert dgnsentapkvaccine of

ee, for exanple, .io the foll.owi.ng: st N Y,
TS P ian & et AP 88t SReURaREa Eotn STb4c REpLe:
HHRORY ;s an e hindnsi Sndf @bnexafRhemamc@nBankor example,
accessi on nunber: M3027); dengue-2 virus (for _
BRERY®, haxatanicatddessisbeepunbeinepm degs; f@gts, rabbits,
001474). den -3 vi.nu f or | e, GenBank
SRTE s b Ene R ) R ETXAT

&S on iy engue-4 virus 15 (for

“exanplnhe GenRditle anass Predenieinvbhd93h) cagebkoproduced in

fever virus (for exanple, GenBank accession nunber:
os 7heEm N GoZ0BPensson IFuifyeeresprarrt PEePRrakipror The

FRRTAE o e PR ISR UUABIe, g aggicion co
B¢ eslhimer T ntlerv i WXl Bf NEeOPred2nt KanpnhioBQ airus
éﬁggmgggﬁggéglﬁfQE&Q&n%&ﬁi?%%%%iQ%ggirkfézzéigggie, sucrose,
lactose, glucose, gelatin, gelatin hydrolysates, sodium L-
glutamate, serum albumin and the like), soothing agent (for
example, glucose and the like) and the like in common use in
vaccine preparations.

Upon vaccination, the vaccine of the present invention
can normally be dissolved or suspended in a pharmaceutically
acceptable carrier. As examples of the carrier, liquid
carriers such as water, saline (including physiological saline),
and buffer solutions (for example, phosphate buffer solution)
can be mentioned.

The vaccine of the present invention is representatively
prescribed as a sterile aqueous solution containing 102 to 10°
PFU of the chimeric flavivirus of the present invention per a
dose of 0.1 to 1.0 ml, and can be inoculated, for example,
subcutaneously, intradermally, intramuscularly and the like.

Alternatively, because some flaviviruses are known to
infect via the mucosa, the vaccine of the present invention may
be administered orally or transnasally according to the second

flavivirus species chosen.

Furthermore, a nucleic acid molecule (RNA or DNA)
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AY274505); Kyasanur Forest virus (for exanple, GenBank
accessi on nunber: X74111); Murray Vall ey encephalitis

virus (for exanple, GenBank accessi on nunber:

%% 04256 ang%ggégide S8 K HEODE DA ScdBYE Tt Ha Mdtfimeric

r exaﬁble, nBank accéssion 25 nunber: AY193805;
fA¥4A8626s XE6684; phEsENE06aYyenPbomssen ¢ rcan ¥y be used as
exanpl e, GenBank accession nupber: AF310922; AF310920;

| 5 aCA64¥6CCRRE0BEBRIT 2 ¥3Rose virus (for

exanplen£iFaRBIRK BECeRs| 8Pr NUAEE andBIdASOR  oNGhe chimeric
005039); Apoi virus (for exanple, GenBank accession .
witmdse conAE Tt ed; che0ba6Ferformed BY, vipnsexdmple, evaluating

exanpl e, nBank accessi op, nupber: AF372413). . T

bR B SHOR L Vac ARG SEALE. EHArPerggral ‘€0 the central
ISR IR t80UBRa8 nt RBLvENEAFESivERe D) MBI Eedt ItS-Pfeventing
the present invention, a nucleic acid nolecule

gt ,siprpsenasucireebsdaceeqiientcemha: epeboebizing antibody

second flavivjrus i.s,13.prepare d_a reaqi t

St anend g aiwe iy BBEhaas TheriekGRbig, Mifle, monkeys
SAIHES 1He)t By RUSRIMENAG UnBWheREEROG0SPr é62Igation in the

nucl eoti de sequence that encodes a second fl avivirus,

gehomi ¢ RNA, cDNA, synthetic RNA, synthetic DNA and

the like can be.5.nentioned. nal | y

a nuclelt HA5F %Ilélé’ Elné: 1o§o%%§?%gﬁgfﬁ§%| %%%?ﬁgsg@a{ﬁ more
SSEHENGS, inLrEodes ithe 1ehingr ERamples, which, however, are

for illustrative purposes only and never limit the scope of the
invention.

Examples
(Example 1)
(Determination of attenuating mutation sites of the Japanese
encephalitis virus vaccine ML-17 strain)

To determine the attenuating mutation sites of the
Japanese encephalitis virus vaccine ML-17 strain, first, the
nucleotide sequence of full-length genomic cDNA and the amino
acid sequence of polyprotein were compared between the ML-17
strain and its parent strain, i.e., the wild-type virulent
Japanese encephalitis virus JaOH0566 strain.

The nucleotide sequence of full-length genomic cDNA of
the ML-17 strain (obtained from The Research Foundation for
Microbial Diseases of Osaka University) (SEQ ID NO:1) and the
nucleotide sequence of full-length genomic cDNA of the JaOH0566
strain (SEQ ID NO:3) were determined according to the method
disclosed in Sumiyoshi et al., Virology 161:497-510, 1987. For
both strains, the cDNAs were constructed using the PCR primers
shown in Table 1A, and the nucleotide sequences of the cDNAs

constructed were determined using the primers for sequencing

21



flavivirus of the present invention, any fragnment (for
exanple, PCR-anplified DNA fragnment and the |ike) of
a nucleic acid io nolecule conprising a nucleotide
equence .t co sees Y n
Sﬁgg’&_ J‘Phgagé%o?nﬁé %ﬁ%‘g} a sec’orggl e?l\génan\r/olu%ﬁgacg% ueence of the
g@l@,@ﬁ;‘o&l@my oft haesHnelMEesbodins (5hat ID ANO J2parebeche amino
encephalitis virus. A ¢DNA of a second flavivifus can
aglish SeaueHsSt PhictBa PRLYPFBREAN gehohie ﬁ\&){@éé LR (SEQ 1D
NN AR Badhoal kRbn)BRANAAE1E0FERNIGldRES I the
ternatively, a genom c RNA or cDNA of a second
Adspactings farl ladgnhthggentmibecbBlAscan al so be
chem cally synthesized on the basis of conmmonly known
genone sequence 20 information on the virus used as
8 13EG d flavivirus, by a comonly known method.
e genoric RNA or cDNA of a second flavivirus or any
Fapgresd driveptefl icds béraspl(TEVEdPER phem®CR net hod,

R—PER “Ft ||l¢%,r i g 8- gm netthod—amnmd/or LOﬂg- RT-"PUR

rretNhod, th aui ﬁhﬁojﬁ% RNA or cDNA as the tenpl ate,

as NI gfangse™e cgghéiitis Vi r us. Nt testniatd \selguenzce

gerFHBERNA|oPOSBRACBF ©B decond flavivirus or any

fragnent ther édfe @@momeso (hbe inserted to an

?§§; prjate|yegyoL as | i st|@GPAGETEATRYGECTRRACTRSTTEGCTTAGTA
a egé (SEQ ID NO:5)

JEV 2851-2817-R GCAAAGAGAATGCTTTTTCCCCATGCTTTCCAGCC

2851-2817R (SEQ ID NO:6)

JEV 2707-2741-F TCCTGCTCAAAGAGAATGCAGTGGACCTCAGTGTG

2707-2741F (SEQ ID NO:7)

JEV 5554-5520-R GTCATGAAGATGGCTGCTGCCTCCCCTAATTCCAC

5554-5520R (SEQ ID NO:8)

JEV 5414-5449-F ACTGATGTCACCGAACAGAGTGCCCAACTACAACCT

5414-5449F (SEQ ID NO:9)

JEV 8257-8223-R TTTTCTATAACCTTGGGCATGTAAGGGCAGAGAAC

8257-8223R (SEQ ID NO:10)

JEV 8119-8153-F GGGAATCCTCTCCAAGTCCAGAAGTAGAAGAACAA

8119-8153F (SEQ ID NO:11)

JEV 10976- AGATCCTGTGTTCTTCCTCACCACCAGCTACATA

10943R 10976-10943-R | gpg 1p NO:12)

(Table 1B)

Primers for Japanese encephalitis virus (JEV) sequencing

Corresponding
Name of nucleotide Nucleotid
primer position on ucleotide sequence
the genome’
AGAAGTTTATCTGTGTGAAC

JEV 1-20F 1-20-F (SEQ ID NO:13)
JEV AAGGCTCAATCATGTGGCTC
421-440F |1217440-F (SEQ ID NO:14)
JEV GAAAGCCACACGGTATCTCA
g21-g40F  |B217840-F (SEQ ID NO:15)
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30 encephal
RNA) conpri

itis virus. A

sing a

nucl ei c acid nol ecul e (DNA or

nucl eoti de sequence that encodes

the chimeric flavivirus of the present invention is
pEg¢par ed by re_&lr_am ) 8 NICTERCATET CGALEETRECT hat
@ﬂﬁ@dﬁﬁgﬁbe EHHAHE n 4 (spol ebonaci6h nol ecul e 14
PT T STTIg B TIUCt €01 1 06 S ¢HUERC TCARGAC PERAGEST Japanese
25539%\55& 51 933Ut a nggbe%lﬁ@ ;§13)quence t hat
od +h ervetope—pro (‘:'AT T;C AT VITUS:
B D942+E961¢H ON e E prot ei n
l; Qi{" acid m:)! e¢l lhm a ICULIUC
154229807 R
dBYuence t hpjz, enppgese Japﬁﬁ%gﬁcgﬁt‘:l D %F;@@’U%W. rus can
B82peB8PFed by a commnl ¥SERoRR ¥Rebdhi nant
tevhnol ogy %gé Iﬁ { BETAEARGAGCERATETETEY t he
kerQ-PERoFET escrl ed |i(BEQbIDt ¥MOe20h!| . . Virol ogy
38y 417-426 22002% ggd t h¢ TGAREPAGLOCAIGEEMBEA VEl y, a
pHalcebg cagi ¢ MBPeElP2 T DNA (gEQRINS) NOERDPT | Si ng a
eotTde—$equence tnat ﬁ@QQ_@C—EﬁgAgnC}q@ACRC
1%\1,I \élléléi, 0Bléhe3pbeskent Rgﬁ@h&bquocgg) al so be
rongro choa ool o
T CO uy CITcTiT oAl Oylll. gxp
%@BV\% E%Cl e=esBele3sem+mnce C?G 'fg%‘r’i@iﬁe chi mar| c
i f the prgggn;_ an—t-he—basis
ofEVgenome seégqygpCeobpLpr nelAFGﬁTg’ﬁAEQﬁgﬁgggeGA
SPSSptRASAE 3 virus and a qeSERd 1D g’rgﬁ'})\E;CTTG
JEV _ AGAAAGGAG
4111-4130F |411174130-F (SEQ ID NO:25)
JEV CCTACGTGGTGTCAGGAAAA
4339-4358F 4339-4358-F (SEQ ID NO:26)
JEV TTTTCCACACACTATGGCAC
14741-4760F |474174760-F 1 (spo 1D NO:27)
JEV GACCGTCAGGAGGAACCAGT
5112-5131F 5112-5131-F (SEQ ID NO:28)
JEV AAGGTGGAATTAGGGGAGG
5517-5535F |°°+7172235"F 1spo 1D NO:29)
JEV AAGAGGGAGAAGGCAGAGT
5914-5932F |°21479932°F | qpo 1D NO:30)
JEV ATGCCATACTGGAGGACAAC
6319-6338F |031976338-F | apo 1D NO:31)
JEV GAAAGGGTATAGGGAAGATG
6685-6704r |008276704-F | spo 1D NO:32)
JEV CACCACATCGCTAGCCTCAA
7106-7125F | 106-7125-F | spo 1D NO:33)
JEV _ GGTATTGGTGACGGCGGCTA
7508-7527F 1508-7527-F (SEQ ID NO:34)
JEV TGTGGGCGTGGAGGATGGAG
7920-7939F | 220-793%9-F | gpo 1D NO:35)
JEV CTAGTGCGTCTCCCCCTGTC
8292-8311F |829278311-F | spo 1D NO:36)
JEV CTGACACCACCCCTTTTGGA
§713-8732F |°/1378732°F 1 apn 1D NO:37)
JEV GCTTTGGGGTTCCTGAATG
9144-9162F | 14479162-F | qpo 1D NO:38)
JEV AGAAGATCAAAGGGGGAGT
9470-9488F | 27079488-F 1 qpo 1D NO:39)
JEV CCGTGCAGAGGACAGGATGA
0870-9889rF |28707988%-F | sp5 1p NO:40)
JEV 10281-|10281-10298-F |TATGCGGCGATARACCAG
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When a nucleic acid nol ecul e conprising a nucl eotide
sequence that encodes the chineric flavivirus of the
resent invention is prepared as DNA, a pronoter

Serpesrce forl in vitro 20 tmamspﬂmpubonlbs i ntroduced

an‘-g?eﬁ'g_.trrlll RS _Gf u_uc ;‘Slé—EERt eNcoUes
ti&:ﬁ? 1 ri ¢1bbagi-v060s-pf I(% &\bﬁﬁgngg)l nvention | s

ri bedlto RNA h\l an BANArolvherass corresphondi-n

t BV he prong Lad cedCQ§¢A§# AGIGITCOARGT (o "
= Fon c?q?hggghﬁngrlc QSQQHLﬁ§N9§4g90§e|n <

gIEAND| es 25 %BSEhgoegogo dICAATEGAGTACGAGARGTRA T7 RNA
B30 8AFI0ESR [ 0ot er P6 |RISEQpdIDy Ner:-d44¢ pronot er and

(Jry 11 ke car be7msntj| oned. | TOaOMATIIIEGCCEATAW®ES t he
o341 SRI 38R 3 4vi/'vi’rad 387 Rt he (SHEIPNO:aBgNt i on is

oduced{jy a conmmoni y K i on
e E R

wr-)

YA o L opreL 20D 5BXR é}%‘fed“‘(’r{:@T‘f@fT&F@C&/ 36

1 ,R\[prn cells,  BHK ¢ 4)o||e Hal 3

cells, N2a cells, PS cells and t he Ilke) and t he
chlnerlc fIaV|V|ru rotein.,i s expresse

o1 ForeREescn i SIS TG BnFRBFFECTE Ry Py ERGESe Primer.
of theA§r§sf%§ulﬂ'B%”H'dﬁhpéﬂﬁ%dﬂ“o&eﬁh% hleYe¥tidé sequences

protein can be obtained by utilizing a nmethod of

pEotke nggnoniuctcRNAsotitusiasy fouwel,| as shown in Figure 1, that
the ML-17 strain had 25 nucleotide substitutions, with 10 amino
acid substitutions produced due to 10 of these nucleotide
substitutions, at the 127th, 274th, 1209th, 2462nd, 2463rd
2479th, 2652nd, 2751st, 2896th, and 3380th amino acids, as
counted from the amino acid next to the starting methionine of
the polyprotein.

Furthermore, the above-described amino acid mutations in
the polyprotein of the ML-17 strain were compared with the
amino acid sequences of the corresponding sites of the
polyproteins of the JaOArS982 strain, JaGAr0Ol strain, Nakayama
strain, Beijing strain, and SAl4 strain, which are other wild-
type virulent Japanese encephalitis viruses, and the SA14-14-2
strain, which is another Japanese encephalitis virus vaccine.

The putative amino acid sequences of the polyproteins of
the following strains were obtained from GenBank and used in
this Example:

Amino acid sequence of the polyprotein of the JaOArS982 strain
(GenBank accession number: M18370);

Amino acid sequence of the polyprotein of the JaGAr0l strain
(GenBank accession number: AF069076);

Amino acid sequence of the polyprotein of the Beijing-1 strain
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system wherein a genetic information translation
systemfor 5 the organismis provided in a test tube
by the addition of a substrate, enzynme and the I|ike

teerifddx RRAENIHE nembeXtr 8aBoefipkso referred to as

cell-free system expression; see, for exanple, US )
Fxitrentadhsl  SRARBCE3®L Mhei podvpabteipr o, that $A14 pepin

ﬁgiTSU A 97: 559- 564 OOQ;Mﬁgéﬁg?ki et al., Proc.
f1-ano SRERFS 188 M8k 99! 114657, 2002). The
MGl o Rf i S RIRQUIE ¢0ePPbbskPeoBeNHCbEOthgeSA14-14-2 strain

sequence that encodes the chineric flavivirus of the
(renRank agnessiicm neoweri:sA8335A48) eoti de nutati on

t hat oduces one or__.nor 1.0 [ j t
L peni s R R acid EREhAE BEL PndibaLiBRSE R o the
tdher4omy pHe eiminandcot BSquehetebd teéei veghion

from Japanese encephalitis virus in this nucleic acid
regeRsARY f9r ddieidompardsoBxprEssbiakner fReMakifogene and/or

g‘rg%xgo Saec%lc? npc:ae ia fd %e'n%%' &h(}g%a‘%%[)ﬂc&géékiﬂégtfﬁ NSenBank
and hon-=structura proteins of the Japanese

Lcepiadn tinbe f UARIAQX0S98Mcatnaen alseevilroSogyyoshs (2) : 348~
et al., Virology 161:497-510, 1987) as a reference,

ehe 1?8 handitdhankidka omd NgedadnefhateEEkABPYPrus are

e e e
anbhe Ut e ; seqlbsiddsutdforthiab pofl yplret248sh aspatadi of eight
ggfngrgéfgcgégékféggggég ;g %%%t%EQ%h, 274th, 1209th, 2462nd,
2463rd, 2479th, 2652nd, and 3380th amino acid positions, as
counted from the amino acid next to the starting methionine of
the polyprotein, out of the above-described 10 amino acid
substitutions between the ML-17 strain and the JaOH0566 strain,
were found to be amino acid mutations intrinsic to the ML-17
strain.

From a comparison with the positions in the individual
structural proteins and non-structural proteins in the
polyprotein of the Japanese encephalitis virus (JaOArS982
strain) described in Sumiyoshi et al., Virology 161:497-510,
1987, it was found that the positions of these eight amino acid
substitutions in the polyprotein corresponded to the 1st and
148th amino acids of the prM protein (56th of M protein); the
4th amino acid of the NS2A protein; the 51st, 52nd, and 68th
amino acids of the NS4B protein; and the 126th and 854th amino

acids of the NS5 protein, respectively.

(Example 2)
(Preparation of recombinant Japanese encephalitis virus MS-14

strain and MS-15 strain)
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by threonine; substitution of the 4th al anine of the
NS2A protein by serine; substitution of the 51st
asparagi ne of the NS4B protein by |ysine;

subst itait b se Ofm the 23Fdctal ioFe aafinbhaciSABtat Dbes Nintrinsic
by isol euci ne; substitution of the 68th threonine 30
b the WsAE ptorasim dsy ther iatdenvabdont gfi SheoViFpe, according

I f 1
Sharte sEbETERT A ol aehiegs, heBhel bBePTp Ry Epe Long-EcR
REGREHN 8Ys@SDRAGimMorAliaeistatalNg! Wirbhegy 287:417-426, 2001,

above-descri bed am no acid substitutions can al so be
peinar e geiePE diremiddFyPanivAgulestadPRaNRER ?ﬂ%ephalltls

gg%ﬁ? gﬁégr§é§%hls Spec%% L a5 %ﬁ%’vﬁsaqhngtréghd which is

: |cat|on cofiservative am no
ackdeomBEAént AMAHEh ek dﬁdcﬁépﬁélaftltw vdacls dmhenrponatmg a
terms of physicochem cal 5 properties; exanp
nheleot ifachukRt ton rd atciRee %%uSMbé&lGH&éPnt RE thfelst

h_as Tr
B R S Lo oo L R o g @upefXEheton o o
Bifl ROatapbdst {&h M7 RAss) trtmsgemcmm)noaaxd MS—(lBys;trArLg, which is
H's), acidic amno acids amno acid

Ra¥ERGMA1AFHE o@parg%% p?ﬂ‘??H@é'rltl'ﬁw L T Larerpozating a
Eﬁgpggt anﬂ%taéiﬂﬁ {éaﬁbegMéhbsE%%htiEﬁrofNEhE 148th
r Y, nErlc

efera avivirus of the present
asparagine of the prM protein (56th of the M protein) by

threonine (substitution of A by C at position 919 of the
genome), were prepared.
(Preparation of the MS-14 strain)

As shown in Figure 3, with the gene RNA of Japanese
encephalitis virus (JaOArS982 strain) as the template, using a
set of primer 1 and primer 2, a set of primer 3 and primer 4,
and a set of primer 5 and primer 6, by the Long-RT-PCR method,
Japanese encephalitis virus gene fragments corresponding to the
respective primer sets (fragments 1, 2, and 3) were prepared.

Furthermore, after each fragment was purified by agarose
electrophoresis, first, with fragments 1 and 2 as the templates,
using a set of primers 1 and 4, again by the Long-PCR method,
gene fragment 4 was prepared. This gene fragment was purified
in the same manner; next, with gene fragments 3 and 4 as the
templates, using a set of primers 1 and 6, the Long-PCR method
was performed to prepare a full-length Japanese encephalitis
virus cDNA having the T7 promoter sequence at the 5’ terminus
thereof (fragment 5).

With this full-length Japanese encephalitis virus cDNA
(fragment 5) as the template, an in vitro RNA synthesis

reaction was performed to prepare an artificial full-length
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| east substitution of the 1st

of the prM protein by isol eucine and/ or
substitution of the 15 148th asparagi ne of the prM

(e iMiRr Qi ehRd) gBe RRACONIHIGS RNA Wafs titroduced
above-descri bed am no acid Substitutions.

The

oy enatepditid et 1dm €6ASied celdad i bistbanebect nepetricken method

in.a f or rin

PR (RS U R R st
Eé%éﬁﬁidénéﬂ¥ﬂﬂd§”ﬁﬂsu$i ek rbhe)pepsegingnyenthénculture
I ntroducti on of the above-described am no acid

supernarEnt o@s eqemeredved using, for exanpl e,

i%ﬁe dlrected qyg@g@pqgg

.a nuclei,c aC|

dqd&hce FEXF’enc

s.nmeth

gtﬁ@ln

geLegl & che

t he
d utilizing the
rita et al., Virology

287: 4iﬁbﬂaﬁma3ﬁﬂ@5 @t vy nigpPRhy RecamBinantmoniys knesnrecovered
met hod such as the Kunkel

acthoding to rmlteaghrsi-sidgaribed meithgdt REsePhethdtisthe

#avallable fro

PR YA ¢
b hesgd npi B 1018 Gt R i0H Ipadueed 3t.o the

for

flavivirus of the present

aci d nﬁW%ﬁhﬁEﬂQﬁﬁnnﬁQﬁrﬁ?ﬂiﬁﬂ&ol@oﬂP&é

PR e o

ac

encodggdaUSl
€ ani no

ihgtéécﬂﬂ G0 OImd¥S Py ot ei n
nmol ecul e conpri sing a_nucl

The primers used in

nmet hod or the gapped . dupl ex

ngﬁ%é>agB%%d.L% % ?E%ekng lpggga&hgf primer

asm ernative
30 chineric

using a nucl eic
é@&uéﬁ@@ YhEips was

Hﬁegai'ngnan r®her 10

enuate fhe vitus In
to prepare a nucleic acid

i nventi on b¥

eotide
this Example are shown in Table 2.

Corresponding
Name of nucleotide ) .
primer position on Nucleotide sequence
the genome’

. 17 promoter. |RAAIITAATACGACICACTATARGAAGITTATCTGT

primer 1 |7ozo-e GTGAACTTCTTGGCTTAGTATCGTTG
(SEQ ID NO:48)

. AAGCCGGAGCGACCAACAGCAGGAGGATGGTARATA
primer 3 |972-927-R CCACGCGTTG (SEQ ID NO:56)

. CAACGCGTGGTATTTACCATCCTCCTGCTGTTGGTC
primer 10 1927-972-S GCTCCGGCTT (SEQ ID NO:57)

. GCTCCAATCTAGTGACAGATCTGACTCCGCACACGC
primer 4 12670-2626-R  |oproerrGT (SEQ ID NO:51)

. CACAAGAAAAGAGATGAGATGTGGAAGTGGCATCTT
primer 5 12501-2547-S  |0GrGCACAACG (SEQ ID NO:52)
orimer 6 |10976-10937-R ?gégC?g;gG?gcggfgg?ACCACCAGCTACATACT

. 439-484/5-S | CGCAAGCTTGGCAGTTGTCATAGCTTACGCAGGAGC
primer 3 1 1195,a) AATAAAGTTG (SEQ ID NO:50)
orimer 2 |1/L7515-R CGTCATCAAAAGCTTCCCCTGGAAATTCGACAACTT

(479G—>A) TATTGCTCC (SEQ ID NO:49)

. 882-926-5 TTCCTGGCGGCGACACTTGGCTGGATGCTTGGCAGT
primer 8 | g19a50) ACCAACGGT (SEQ ID NO:55)

. 900-944-R GGTAAATACCACGCGTTGACCGTTGGTACTGCCAAC
primer 7 | 919a5c) CATCCAGCC (SEQ ID NO:54)

In the table above, S represents a sense sequence; R
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17 sequence that encodes the chimeric flavivirus of
the present invention. A nucleic acid nolecule
conprising a nucl eoti de sequence that encodes a

rjﬁlseeﬁﬁ:se%c%%ﬂ?%eHeﬁt\é'r U3 BA%LRE . O D8 ihed Bdptesents

ations at atte uate the virus in the prM
tetesl /T pﬂwﬁqmeateequeanebetpeedanbaebynderlime|a¢pyesents a
i ntroducing these nmutations to a genom ¢ RNA or cDNA
HCkefHsieh 8t add@8phal i tis virus strain not
contai ning these nutations (for exanple, JaOH0566
strain, JaOArS982 strain, JaGArOlL strain, Nakayama io0
sExampile B jing strain, SA14 strain, SAl4-14-2 strain
and the  |ike u5|n the afgrenen |ongS éo co%blnant

k%%ﬁ%P%ﬁ&QRMP frhe @ Wﬁnﬁe@P g kafageR

QQ% JHRANGSY QAGRIRNMSL S s¥irh YA §AB BS-15 strain in
prepared y ‘expressing a virus protein fromthe

BHK| eeXlsci d nol ecul e 15 conprising a nucl eoti de

t hat
R o e
éh&?@%i?tii‘evivfdémsnzi he M and/ BIs-NS ptebehnprébased in

artificially prepared, by a commonly known net hod as
Hesupléed imbike.celOlByeane evElvgteni-s FeEopoRtEmt, the wild-

ggggp}gggﬂ FOsEP aﬁ%ﬁ%ss \ljelr{ciujeflhnaéll[tﬁ.% R&?hg SgbhlcfS@gZ strain was
used.

Fach of the MS-14 strain, MS-15 strain, and JaOArS982
strain was infected to BHK cells; 24, 48, and 72 hours after
infection, cell culture supernatants were collected and checked
for the emergence of virus. The virus contents in the culture
supernatants at each time were measured by the plaque method.

For all strains, growth in the BHK cells was confirmed.

(Example 4)

(Evaluation of the neurotoxicity of the recombinant Japanese
encephalitis virus MS-14 strain and MS-15 strain in normal
mature mice)

Using the recombinant Japanese.encephalitis virus MS-14
strain and MS-15 strain prepared in Example 2, the
neurotoxicity of each strain was evaluated by the
intraperitoneal inoculation method in normal mature mice. For
virulent control, the wild-type virulent Japanese encephalitis
virus JaOArS982 strain was used; for attenuated control, the
Japanese encephalitis virus vaccine ML-17 strain was used.

Ten mice (4-week-old male and female ICR mice, 5 animals
in each group) were given 10 to 10° plaque forming units of

the MS-14 strain, MS-15 strain, ML-17 strain, or JaOArS982
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a | arge anount of genom c RNA can be prepared fromthe
cultured cells. Furthernore, this reconbi nant
Japanese encephalitis virus 25 is an attenuated
staRaness aneenkakbbirs1vVihysupetise, and ebsebesd adaily for 3
prom sing candidate for an attenuated |ive vaccine for
weekeesedeAbephds tdad.cudatesl Byc thei Beagriegneh method. The
conpr,i Si .nucl eoti d n ncodes a
T essé’l}gr@éﬁh%ﬁs?i gr\%i ?ggwﬁagﬁngégﬁé %'r nore 30
am no acid nutations that attenuate the virus in the
prM and/or NS protein can al so be prepared by
glapdie i3lg a genonic RNA or cDNA from a Japanese
encephalitis virus nutant strain natively conprising
one or nore such amno acid mitations _As exanples of
t lve rd@panesenencephal i tFsatvarels mutant| 18 stkldon (ffu)
Tatively—conprifst g onNe or NoTEe ari no_|ci d it at Lohs:
TRH0R6enuat e [RhEGVEYRS i n the prM anfl/ or NS r’gfga
17Japanese qVigephneistsaimrus M-17| strai n TarPgd
R 2neg. The [Whid7tgbsain is a Japanpse encephakildts
VI rus, vaccine gfrain .5 for swne (see| for exanple,
“a et al. ﬁ FREREBAURNALE 3 47- 67, 1981)51 and. dfs
avai | abl e from|TAEMREse® Foundati onjy for M crobi al
Niseases of Osgkacbibygast tyutdmsed in| Csaka 1.0x103
Uni versity, 3-1p7Ygopdagka, Suita-shi, |Osaka). "%

MS-14 rev’ Wild type (revertant) 3.2x10?t

*: MS-14 rev represents a revertant of MS-14, prepared from MS-—
14 using Long-PCR-based site-directed mutagenesis.

As shown in Table 3, the MS-14 strain and MS-15 strain
were significantly attenuated compared to the virulent
JaOArS982 strain. Particularly, the MS-14 strain had a
toxicity similar to that of the ML-17 strain, which is a
Japanese encephalitis virus vaccine strain.

This demonstrated that neurotoxicity in mice could be
reduced by amino acid substitution in the prM protein.

From the results above, it was suggested that amino acid
mutations introduced to the MS-14 strain and MS-15 strain,
which are recombinant Japanese encephalitis viruses, might be
useful in preparing a Japanese encephalitis live vaccine.
Furthermore, because MS-14 exhibits a low degree of
pathogenicity in high-dose inoculation, it was suggested that a

mutation on NS might also be necessary for attenuation.

(Example 5)
(Construction of cDNA of chimeric flavivirus of Japanese

encephalitis virus and West Nile virus (ML-17/WN (E gene)))
29
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Al ternatively, fromanong nutant strains of Japanese

i 0 encephalitis virus resulting from passage in cells

and the like, a strain having one or nore am no acid

nut at il idpRireaidrenya® (Ehgetes Yswhilchhes pa Miantké oic

NS prote| n may be selected by a comonly known
FerHiot], rum whe ngemoihe  BNRroted DNALt hBpedfPanpse spReePRalitis

used to ar e ri, I us,,o h

284 DRI R ERTH 15, LORLLLABvPLaLl8 BEGERIR of west
1011 NAJus, CRMIDNGI RE MLAUG)/aNt i(Begeagienas thastructed in
encodes a Japanese encephalitis virus having one or
miﬁ@rcaaﬁqm J@d-‘il’d the metdes pﬁapreﬁﬁféﬁaaﬁer?ﬁ@n@w%t ygpanese
the n I.Qt gl

MG B Mg Talpg, 1S BERREER mErhllY facriped in
Met fé@gsmeru Glir&ﬂdgq;anBWedl7Fm26$2&nml e, utilizing

such a reconbinant vector, the chinmeric flavivirus of

the priseshown rvertiowrecdn éthr EPsr 8878aRELYOENY Japanese

| toryct i c1l S

PSRN EILL, SO UL LRt ReHLIRICS ) 3f LA as e
4RO DA €, ACHNG Iangsdth&)fg@lr&mefrr am thed phineri eAvandsa set of

prepared, determining all or ortion _of the base
Eéﬁﬁ%ﬁc@tm RFIRAL & é’é’p&'ﬁ‘&i NG PEE| Eteggaaenggpanese
t b
s e N N R i i T

kekpe)ctﬁml ﬁﬁlmfsemn n(gfrtaigaterttlse 13cqunen8d) nuecheprepared.

with t£fé$?%&ﬂg$qﬂi§ %SQE%NA of West Nile virus (NY99-35262-11
strain) as the template, using a set of primer 3A and primer 4A,
by the Long-RT-PCR method, West Nile virus gene fragment 2A was
prepared.

After each fragment was purified by agarose
electrophoresis, first, with fragments 1A and 2A as the
templates, using a set of primers 1A and 4A, again by the Long-
PCR method, gene fragment 4A was prepared.

This gene fragment was purified in the same manner; then,
with gene fragments 3A and 4A as the templates, using a set of
primers 1A and 6A, the Long-PCR method was performed to prepare
a chimeric virus cDNA (fragment 5A) of ML-17/WN (E gene), which
has the T7 promoter sequence at the 5’ terminus thereof and the

West Nile virus E protein gene.

The primers used in this Example are shown in Table 4.

30



10

15

20

The present

i nvention als

0 provides an attenuated |ive

vacci ne conprising the chineric flavivirus of the

pr esent

nraot Al aof

prese

invention (hereinafter also referred to as
the vaccine of the

nt invention). Because the E

prot-etn—of
that i nduce
t RaRshigfer

vaPEimerr e
agai nst t

R
c FrGLEQEE

uﬂHQ?%ﬁ%OPhénpr
1e'EhExgEhdMan

aft—1o9—anttgentc—deterninant
hg anti body, inoculation of
of the preggRlicbRy8B! 58HueRSe™
pducti on of an anti body

Vi rus species used as the E

protein. 5

bRemeac sAne D
I nocul at ed

E’I}g‘hég]%:} var

ese
W%24$%r exanp

B

S RRRS isAN
of the preg

CEAGEAGHT VI GAECT THGIaTIAREE GAACGTGCAC
CTCAEALT GO TETGATATTGACATCACAAGARAA
GAG a[$@! Bp wEIeAS humans

afll Ilblllllbll S \I [0)
éB24'88v 221 3 dog
BN243BeR bi r ds.

n—be

CrTGT THAGRATCCAGTGTC
5 %G?&Aé@%bééc%@d@;@mﬂd&emwcc
BRSO

form of

gt-fireeze-drie
ent jnvention

gé yafed %T%%CTW %%CTACATACT
GOWQQLD I]]Q1 6.—*:3})d| tion to

t he chi meri
i imesc Sat

sucrose, 11

i

accept ab
ose, gluc

aghYIW#S (o)

CA%AW%%%TGGWEGT&QCT&CGGCTTACAG
BTECAACTGQCT TGGAAT GAGRARGRGAGACTTC
D$BEQ gED a®n60)gel ati n

ik e

hydr ol ysat ¢s

sodiumL- g

@B%?h?ﬁ@ %@ent

afA87tRe like in

OCAABARGTCECTETECERCATTGORAGGCAGTTGA
AROTGTEXCOVECAGUL AT ABTUAGGAGGAT
¢SRHOAD LS $ 91

primer 1A

T7 promoter
JE1-40 N

AAATTTAATACGACTCACTATAAGAAGTTTATCTGT
GTGAACTTCTTGGCTTAGTATCGTTG (SEQ ID
NO:58)

*

: JE represents the Japanese encephalitis virus JaOAr982

strain; ML17 represents the sequence of the Japanese

encephalitis virus ML-17 strain; WN represents the sequence of

West Nile wvirus.

represents a complementary sequence.

the T7 promoter sequence.

(Example 6)

S or N represents a sense sequence;

R

The underline indicates

(Production of chimeric flavivirus from cDNA of ML-17/WN (E

gene) )

With the cDNA of the chimeric flavivirus of Japanese

encephalitis virus and West Nile virus, constructed in Example

5 (fragment 5A in Figure 4), as the template, an in vitro RNA

synthesis reaction was performed to prepare an artificial full-

length chimeric virus gene RNA.

This RNA was introduced into

mosquito cells (C6/36 cells) by the electroporation method and

the cells were cultured for 5 days,

after which the chimeric

virus emerging in the culture supernatant was recovered.
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vacci ne preparations. Upon vaccination, the vaccine of
the present invention 20 can normally be dissolved or
suspended in a pharnmaceutically acceptable carrier.
As exanples of the carrier, liquid carriers such as
wat er, saline (including physiological saline), and
tikaerlssolluti ons (for exanpl e, phosphate buffer

Ef?\lra%d QM)on G830 Re %@Wig egbtéﬁtIgf Xfcﬁinf7mt6g§a%ene)

esent invention IS repreSentatively  presc a

| Shahdt - afuRaws rael)ut i on containing 102 to 106 PFU of

the chineric flavivirus of the present inyention per a
dose cﬁthQPHm?IPFOV#FPsaﬁéeéaWaEethﬁo@BTQ?Z@N ?%r ene) as

ousl yyr L e 1-17 .
ST O BORIR p BLVMSIEpote) and e w17 sexasn
hecauseowo i fdenaeviceldes amde BKowrlie, anflethevinféedeed

micosa, the vaccine of the present invention_may be
et wretlratthmwegne dispengeshassl sfogedonli nglto t for both

d.flawVvirys [ F r ;
S S e i
Noe+ €9$ értlel sle qgreinee ddiats ercodsed, hgithi recaé bovine serum

flavivirus of the present inventio r,se al so be
28300230 & FRRIGIC AP PacARRIBFepAPatPoR0®) - The
gﬁ?%%?ﬁ{ff%f)geféq%tefgﬂéwtm pabehy oh the growth
experiment are shown in Table 5. ML-17/WN (E gene) had a
growing potential equivalent to that of ML-17.

Table 5 Growth of ML-17/WN (E gene) chimeric flavivirus and ML-
17 in C6/36 cells and BHK cells

Virus strain Titer (ffu/ml)
C6/36 ML-17/WN E gene 2.1x107
ML-17 2.0x10’
BHK ML-17/WN E gene 5.3x10°
ML-17 4.0x10°

(Example 8)
(Evaluation of the neurotoxicity of ML-17/WN (E gene) chimeric
virus) _

Using the recombinant chimeric virus ML-17/WN (E gene)
prepared in Example 6, the neurotoxicity was evaluated by the
intracerebral inoculation method in normal mature mice. Also
examined by intraperitoneal administration was infection from
peripheral to the central nervous system (brain nerve
invasiveness). For control, the JaOH0566 strain, which is a
wild-type highly virulent strain Japanese encephalitis viruses,
the West Nile virus NY99-3562-11 strain, and the Japanese
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5 virus constructed can be perfornmed by, for exanple,
evaluating brain neurotoxicity, infectivity from

peripheral to the central nervous system (brain nerve
SAVEHMENESS hri rudf 9GlcaR=PMEVENt BgaiR] fREich Pi&S@mCet tenuated
or absence of virem a, neutralizing antibody

proguct ivereangecdhe |i ke in animals (for exanple, nice,

nonk j t.he ik b

e A e B g, SETRR bRy otk o <o
16" eirnabiar vdessr bhednt PasBrepbraet Bhdcllatiss #id dbserved
foll ow ng Exanpl es, which, however, are for

£61 U28 rdgtysve Pplsposss cadioplatgdnbyekhei Readrieerelygrethod.

f the .15 inventi | ,
oM DA IBMP 82 i RPH Setbgng) ppgainca crom

SRNG5S i fRIREPNALLL 7FWNI (ESg¥REY | Wes Midi Sicaitly 2 tenuated
To determ ne the attenuating nutation sites of

th
deqmmmesé‘tguﬂnﬂuhﬁqhky\mhﬁmieméc6?@80§é51$t§9#a+n,ggr?icularly,
%B{\;J}émhﬁ] eg”e%%)ﬁ g Tekidle %@Lgﬁ%%g‘ %%”%thc‘é‘ﬁoﬁhé ML-17

acl d sequence rotern were
S§PPRER edyorineR) d Rapgdneke esicephalandsi vdrpareatcine strain.
strain, i.e., the wild-type virulent 25 Japanese

encephalitis virus JaOH0566 strain. The nucl eotide

PeRYEN6CLR), LYl kil enghl eEnQm& MR P/BL/BE mice

Virus strain LDgp (ffu)
JaOH0566 6.0x10*
NY99-35262-11 5.0%x10°
ML-17 >1.0x10’
ML-17/WN (E gene) >1.0x10’

(Example 9)
(Property of the ML-17/WN (E gene) chimeric virus)

The infectivity of the ML-17/WN (E gene) chimeric virus
to mosquitoes was investigated. Culex tritaeniorhynchus OK7
was allowed to suck a mixture of the virus in rabbit blood
(antibody negative) by the transmembrane method. By evaluating
the PFU (Plaque-Forming Unit) and the incidence rate in
suckling mice, the infection rate was calculated.

After the mosquitoes allowed to suck the chimeric virus
by the transmembrane method were reared for 10 days and 21 days,
they were emulsified, and demonstration of the presence of the
virus was attempted by intracerebral inoculation in suckling
mice and PFU evaluation. Even when the ML-17/WN (E gene) virus
was allowed to be sucked at not less than 10° PFU per mosquito,
there was absolutely no evidence for the presence of the virus.

The ML-17/WN (E gene) chimeric virus did not exhibit
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the M.-17 strain (obtained from The Research
Foundation for M crobial D seases of Osaka
University) (SEQ ID NO 1) and the nucleotide sequence

éﬁsééﬂﬂrﬂﬁﬂﬁﬁfwﬁﬁﬁﬁﬂb& ¢PhAsehibhEyAaphe566 30 strain
(SEQ'ID NG 3) were determ ned according to the nethod

dlsclosed in Sum yoshi et al., Virology 161:497-510,
é@?? For, ..both strains, the cDNAs were constructed
e Ber primers shown in Tabl e 1A, and the

(Ekﬁéleﬁﬁl% T ueRC e rehsihe pBMNAEcyCORSAr UEv€dva®ettne
determ ned using the priners for sequencing 21 shown

¢ompiaist imal RheFdE A/ WMr dE oRBeAnthématid ¥&Hudhce of

t he Iyproteln af the M-17 st 1C _
the afftharoredan. Aedorabns hE pPEFarne i o Pheek-o1d
JSUB0EES Sid AIN/HERiR. NO 4) were deduced fromthe

nucl eoti de sequences of the 5 respective full-length

genompé'l coves t igatdishne was) peafanusd éﬁé@ﬁhﬁhett‘so\prw@ed lines

[l 0
c%écr? I deplseg‘éen(l:ré“%éélg%grg%gy I\%%rgt%e genone llSF infected
VA - ﬁﬂ&&&%&ﬂ%ﬁﬂl&ﬁ@ﬁ%%ﬁTﬁI&ﬁiﬂ\ﬁmw9 ~35262-

Z{lSEs rIaDinI\)I? 5v2hereas the group given ML-17/WN (E gene) by
intraperitoneal inoculation exhibited significant defense
against infection.
Industrial Applicability

According to the present invention, an attenuated
chimeric flavivirus having attenuating mutation(s) in
portion(s) other than the E protein is provided. Because the
attenuation of the chimeric flavivirus of the present invention
can be achieved without modifying the E protein, attenuated
live vaccines for various flavivirus infections can be brought
into practical application in a short time, without reducing
the immune induction potential.

This application is based on a patent application No.

2004-374630 filed in Japan, the contents of which are

entirely incorporated herein by reference.
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JEV 2851-2817- R GCAAAGAGAATGCTTTTTCCCCATGCTTTCCAGCC
2851- 2817R (SEQ | D NO 6) JEV 2707-2741-F
TCCTGCTCAAAGAGAATGCAGTGGACCTCAGTGTG  2707- 2741F ( SEQ
ID N0 7) JEV 5554-5520- R
GTCATGAAGATGGCTGCTGCCTCCCCTAATTCCAC  5554- 5520R ( SEQ
ID NO: 8) JEV 5414- 5449-F
ACTGATGTCACCGAACAGAGTGCCCAACTACAACCT  5414- 5449F ( SEQ
ID NO9) JEV 8257-8223-R Claims
TTTTCTATAACCTTGGGCATGTAAGGGCAGAGAAC  8257- 8223R ( SEQ

I 10) .JEV 8119-8153-F .
1o el BsInEANELREAR sequanses thatencagethe
capsid\prdtéin, Wﬁ&ﬁﬁ&@t}\g@%ﬁﬁn b084drRstructural protein of Japanese
AGATCCTGTGITCIT. CCTACA 10943R.( SEQ | D .
eGP L STt ilop 1y BP R Pa P8P et oEs PP protein
ofva semnd_l@f}'visemuen_ci ng Correspondi ng Nane of
b By R N R0 e R O e i
angy orgjon-structural protein of Japanese encephalitis virus comprise s)
nucleotide mutations that produce one or more amino acid mutations that
attenuate the virus,
and wherein the nucleotide sequence that encodes the envelope protein of the
second flavivirus comprises no modification.

2. A nucleic acid molecule of claim 1 wherein the second flavivirus is a virulent

virus.

3. The nucleic acid molecule of claim 2, wherein the position of the amino acid
mutation that attenuates said Japanese encephalitis virus is at least selected
from a group consisting of the 127th, 274th, 1209th, 2462nd, 2463rd, 2479th,
2652nd, 2751st, 2896th and 3380th, counted from the amino acid next to a
starting methionine of a polyprotein.

4. The nucleic acid molecule of claim 3, wherein the amino acid mutation that
attenuates said Japanese encephalitis virus is at least selected from a group
consisting of the 127th isoleucine, 274th threonine, 1209th serine, 2462nd lysine,
2463rd isoleucine, 2479th serine, 2652nd methionine, 2751st alanine, 2896th
alanine and 3380th asparagine, counted from the amino acid next to the starting
methionine of the polyprotein.

5. The nucleic acid molecule of claim 4, wherein the amino acid mutation that
attenuates said Japanese encephalitis virus is the 127th isoleucine, 274th
threonine, 1209th serine, 2462nd lysine, 2463rd isoleucine, 2479th serine, 2652nd
methionine, 2751st alanine, 2896th alanine and 3380th asparagine, counted from
the amino acid next to the starting methionine of the polyprotein.

6. The nucleic acid molecule of claim 4, wherein the amino acid mutation that
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JEV 421- 440- F AAGGCTCAATCATGTGGCTC 421- 440F (SEQ I D

NO 14) JEV 821- 840- F GAAAGCCACACGGTATCTCA 821- 840F

(SEQ 1 D NO 15) 22 JEV 1174-1193-F CTGACATCTCGACGGTGGCT

1174- 1193F (SEQ I D NO 16) JEV TGGACTGAACACTGAAGCGT

1559- 1578F 1559-1578-F (SEQ I D NO 17) JEV 1942-1961-F

TTGTCATTGAACTATCCTAC 1942-1961F (SEQ I D NO 18) JEV

GAACACTCTTTGGRGGAATG  2326- 2345F 2326-2345-F (SEQ I D
aftgnuaiys sy | zparese spoephatiipairvaas des i dirisudgucine, counted from

e U neRH@ the stiPtiA8)medtRYorliFed SEAAGA
2746- 2765F 2746-2765-F CSEQ I D NO 21) JEV- 3147-3166-F

ACTTGGCCAGAGACACACAC 3147-3166F (SEQ I D NO 22) JEV
7 3888 @A 6i¢-ali AATOIFLAASI €l GABeTein 3he 8n3hd 4Eid(ihnttida that

at"}el%uza%s S]a%]g’}%gnse_sg ¢93r51é"ép|:ha’?i 5 V-{Igl-:lcébig él' Eﬂﬁ%%nine, counted from

the amino acid next to the starting methionine of the polyprotein.

8. The nucleic acid molecule of claim 5, wherein the Japanese encephalitis virus
is a ML-17 strain.

9. The nucleic acid molecule of claim 6, wherein the Japanese encephalitis virus
is a MS-14 strain.

10. The nucleic acid molecule of claim 7, wherein the Japanese encephalitis
virus is the MS-15 strain.

11. The nucleic acid molecule of claim 5, said Japanese encephalitis virus is
encoded by a nucleotide sequence of a full-length genomic cDNA of a ML-17
strain shown by SEQ ID NO:1.

12. The nucleic acid molecule of any one of claims 1 to 11, wherein the second
flavivirus is selected from a group consisting of West Nile virus, dengue 1-4
virus, yellow fever virus, St. Louis encephalitis virus, tick-borne encephalitis
virus, Kunjin virus, Central European encephalitis virus, Kyasanur Forest virus,
Murray Valley encephalitis virus, Omsk hemorrhagic fever virus, Powassan
virus, Russian spring-summer encephalitis virus, Yokose virus, Apoi virus, and
Aroa virus.

13. The nucleic acid molecule of claim 12, wherein the second flavivirus is the
West Nile virus.

14. The nucleic acid molecule of claim 1, wherein the amino acid mutation that
attenuates said Japanese encephalitis virus is at least selected from the group
consisting of the 127th isoleucine, 274th threonine, 1209th serine, 2462nd lysine,
2463rd isoleucine, 2479th serine, 2652nd methionine, 2751st alanine, 2896th
alanine and 3380th asparagine, counted from the amino acid next to the starting
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3935- 3954F (SEQ I D NO 24) JEV 4111-4130-F
AGAAAGGAGCTGTACTCTTG  4111-4130F (SEQ I D NO 25) JEV
CCTACGTGGTGTCAGGAAAA  4339- 4358F 4339-4358-F (SEQ I D

NO: 26) JEV TTTTCCACACACTATGGCAC 4741- 4760F

4741-4760-F (SEQ | D NO 27) JEV 5112-5131-F
GACCGTCAGGAGGAACCAGT  5112-5131F (SEQ I D NO 28) JEV

5517- 5535- F AAGGTGGAATTAGGGGAGG 5517- 5535F (SEQ I D
nﬁ@uzg}nemvhsyphymnpamd\tb@mmg«m he §¥est dibpyirus.

(SEQ | D NO 30) JEV ATGCCATACTGGAGGACAAC 6319- 6338F

1504 Rikdaie ageamSleroe of G e FrovRercsn Jho sy gad Frastien that

attAACAIBIApEecE €Adephalitis-viddtk thSERY thisdleudng, 2]7E‘t/h
NN A
methionine, 2751st alanine, 2896th alanine and 3380th asparagine, counted from
the amino acid next to the starting methionine of the polyprotein, and the
second flavivirus is the West Nile virus.

16. The nucleic acid molecule of claim 14, wherein the amino acid mutation that
attenuates said Japanese encephalitis virus is the 127th isoleucine, counted from
the amino acid next to the starting methionine of the polyprotein, and the
second flavivirus is the West Nile virus.

17. The nucleic acid molecule of claim 14, wherein the amino acid mutation that
attenuates said Japanese encephalitis virus is the 274th threonine, counted from
the amino acid next to the starting methionine of the polyprotein, and the
second flavivirus is the West Nile virus.

18. The nucleic acid molecule of claim 15, wherein the Japanese encephalitis
virus is a ML-17 strain, and the second flavivirus is the West Nile virus.

19. The nucleic acid molecule of claim 16, wherein the Japanese encephalitis
virus is a MS-14 strain, and the second flavivirus is the West Nile virus.

20. The nucleic acid molecule of claim 17, wherein the Japanese encephalitis
virus is a MS-15 strain, and the second flavivirus is the West Nile virus.

21. The nucleic acid molecule of claim 15, wherein said Japanese encephalitis
virus is encoded by a nucleotide sequence of a full-length genomic cDNA of a
ML-17 strain shown by SEQ ID NO:1, and the second flavivirus is the West Nile

virus.

22. An attenuated chimeric flavivirus encoded by the nucleic acid molecule of

any one of claims 1 to 21.
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7920- 7939F (SEQ I D NO 35) JEV 8292-8311-F
CTAGTGCGTCTCCCCCTGTC  8292- 8311F (SEQ I D NO 36) JEV
8713- 8732- F CTGACACCACCCCTTTTGGA 8713-8732F (SEQ I D
NO: 37) JEV 9144-9162-F GCTTTGGGGTTCCTGAATG  9144- 9162F
(SEQ 1 D NO 38) JEV AGAAGATCAAAGGGGGAGT 9470- 9488F
9470-9488-F (SEQ I D NO 39) JEV CCGTGCAGAGGACAGGATGA
9870- 9889F 9870-9889-F (SEQ | D_NO 40) JEV 10281-
23 doeatterpmded Hve xaabuscomprisiigihe atfenuatebdrmesidlavivirus of
N 44) JEV 10662- 10662- 10679- F GCGCAGCCCCAGGAGGAC
10679F (SEQ I D NO 42) JEV CGTCAATGAGTGTTCCAAGT
375- 356R 375-356-R (SEQ I D NO 43) JEV 3084- 3065- R

24CANTEIHd We niide 30A5Role& df@AnYrdgf clivhs 1 to 21,
W@ TSR R G ihg &4 - 5738R 5757-5738-R (SEQ 1D

a stef) for replacing a nucleotide sequence that encodes the envelope protein in
a nucleic acid molecule comprising a nucleotide sequence that encodes Japanese
encephalitis virus with the nucleotide sequence that encodes the envelope
protein of a second flavivirus; and

a step for introducing nucleotide mutations that produce one or more amino
acid mutations that attenuate the virus into the nucleotide sequence(s) that
encode(s) the pre-membrane protein and/or non-structural protein of Japanese
encephalitis virus, wherein the nucleotide sequence that encodes the envelope
protein of the second flavivirus comprises no modification.

25. The method of claim 24 wherein the second flavivirus is a virulent virus.

26. A method of preparing the nucleic acid molecule of any one of claims 1 to 21,
which comprises the following step:

a step for replacing a nucleotide sequence that encodes the envelope protein in

a nucleic acid molecule comprising a nucleotide sequence that encodes a
Japanese encephalitis virus having one or more amino acid mutations that
attenuate the virus in the pre-membrane protein and/or non-structural protein
with the nucleotide sequence that encodes the envelope protein of the second
flavivirus,

wherein the nucleotide sequence that encodes the envelope protein of the
second flavivirus comprises no modification.

27. The method of claim 26 wherein the second flavivirus is a virulent virus.

28. A method of preparing an attenuated chimeric flavivirus, which comprises a
step for expressing chimeric flavivirus proteins from the nucleic acid molecule
of any one of claims 1 to 21.

29. A nucleic acid molecule comprising a nucleotide sequence that encodes a
Japanese encephalitis virus having one or more amino acid mutations that
attenuate the virus in the pre-membrane protein and/ or non-structural protein,
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JEV 8518-8499-R TTCTTGATTTTCTCCTGATT 8518- 8499R ( SEQ

| D NO 46) JEV 10976- 10976-10955-R

AGATCCTGTGITCTTCCTCACC 10955R (SEQ ID NG 47) *: F

represents a forward prinmer; R represents a reverse

primer. As a result of a conparison of the nucleotide

sequences of the genomc cDNAs, it was found, as

shown in Figure 1, that 5 the M.-17 strain had 25
whersiin the pesitionof theaméns acidimutativrethahattereates said Japanese

erkePRATifisVirQD S A5 GER-cUE oM algrd?fp édlﬁ?s@lriw tRet DY}, 274th,

1285 g o e g8 B, 2715 g i g EARted

fremmi the amm@sa.a@ﬁextct@wt@ﬂlﬁg oethibaireofropelgpeoteiixt to
the starting methionine of io the polyprotein.
Furt hernore, the above-descri bed anino acid nutations
30. Thetrhelgiohgidrmovkecnleadf ddien 3, -willerein theraminoeaaid mpatation that

Ly AR EA PSSR b IR RGP RRRGh oy
congishingofshe AP-R isplRugiare27ith dhuegnine, B)Jthsgriser464nd lysine,
248861 ROIchicHie, qumthvy@tﬁ@ 2652 ndlhethi¥hing; 2751 B€alkhiné, 2896th

Japanesge alit d the SAL
o e Bt Hred B SRS AT et B stasting

metttionime.of the pplytpabteig. am no aci d sequences of the
pol yproteins of the follow ng strains were obtained
from GenBank and used in

31. The nucleic acid molecule of claim 30, wherein the amino acid mutation that
attenuates said Japanese encephalitis virus is the 127th isoleucine, 274th
threonine, 1209th serine, 2462nd lysine, 2463rd isoleucine, 2479th serine, 2652nd
methionine, 2751st alanine, 2896th alanine and 3380th asparagine, counted from
the amino acid next to the starting methionine of the polyprotein.

32. The nucleic acid molecule of claim 30, wherein the amino acid mutation that
attenuates said Japanese encephalitis virus is the 127th isoleucine, counted from
the amino acid next to the starting methionine of the polyprotein.

33. The nucleic acid molecule of claim 30, wherein the amino acid mutation that
attenuates said Japanese encephalitis virus is the 274th threonine, counted from
the amino acid next to the starting methionine of the polyprotein.

34. The nucleic acid molecule of claim 31, which comprises the nucleotide
sequence of a full-length genomic cDNA of a ML-17 strain shown by SEQ ID
NO:1.

35. A vector comprising the nucleic acid molecule any one of claims 29-34.

36. An attenuated Japanese encephalitis virus encoded by the nucleic acid
molecule of any one of claims 29-34.

39



20 this Exanple: Am no acid sequence of the
pol yprotein of the JaOArS982 strain (GenBank
accessi on nunber: ML8370); Am no acid sequence of the
pol yprotein of the JaGArOlL strain (GenBank accession
nunber: AF069076); 25 Am no aci d sequence of ‘the
pol yprotein of the Beijing-1 strain 24 (GenBank
accessi on nunber: L48961); Am no acid sequence of the
37péinyattestusited fparniese Sicephslitiaivirus tizatndesinacontain eML-17
S e Eac AP OP the AHUR (AL I UEBE Enf bt B daims 29 0 33
accessi on nunber: AF315119). For the amino acid
385 THU afefudledi]hpaiéteyicOpRAIRiDF irk16f cliiK 8y AR MIEF 1Al strain.
the am no aci d sequence of the region necessary for
the conparison was obtained fromthe gene and/or
3%Theattenuateddapandsecaqephalitis vifus ofdlaion 3dewhidhbed MB-15
Bank i 0 accessi on number: AF112297; MAda et al.
I'rol ogy. 158(2):348- 60, 1987 and the |Iike, and used
in this Exanple. As shown in Figure 2, as a result of

' i ' ' {d¥Rlaims 29-34,
402 ACRHERHA éﬁgre?gan?gﬁgle %o'ﬂfcfé@c 56&&%&%_91%‘1?&2??{ Gneldi@laims

olyprotelns, . ei ght —an .
whih&ormnivesdstap fanigtostucing Dodeptida mygationsthes peoduas one
OrdABRY #mirkAdA mutiéons thataittbnad&Othe Arigiat@audeotide
seﬁﬁ%ﬁéé(éﬁ%ht gr?code(s) the pre-membrane protein and/or non-structural
protein in a nucleic acid molecule comprising a nucleotide sequence that

encodes Japanese encephalitis virus.
41. A method of preparing an attenuated Japanese encephalitis virus, which

comprises a step for expressing Japanese encephalitis virus proteins from the
nucleic acid molecule of any one of claims 29-34.
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counted fromthe am no acid next to the starting
nmet hi oni ne of the polyprotein, out of the
above-descri bed 10 am no acid substitutions between
the M.-17 strain and the JaOH0566 strain, were found
to be amno acid mutations,idgrinsic to the M-17 20
strain. Froma conparison wth the positions in the
i ndi vidual structural proteins and non-structura
proteins in the pygypRet 8i18TPRGt he Japanese
encephalitis virus (JaOArS982 strain) described in
Sum yoshi et al., Virology 161:497-510, 25 1987, it
was found that the positions of these eight am no acid
<110>Suifh°et REYEAQNS annmqoﬁowprmwbmaom ssaswrded Osakahe
and 148th am no acids of the prMprotein (56th of
M the 4th amno acid of the NS2A protein;
#@h%%g%? %an and 68th am no acids of the NS4B
protein; and the 126th and 854th anino 30 acids of the
NS5 protein, respectively. (Exanple 2) (Preparation

<120>°fAfﬁ%@ﬁ%ﬁ@ﬁlmﬁﬁp@rﬁ;%vwmhﬂhm SENET O AYEENYATED JAPANESE
strain an strain) 25 To confirmthe effects of

am EEPALOI T FIRONAS BACKBUNEC to the M.-17 strain on
the attenuation of the virus, according to the

site-directed nutagenesis nethod utilizing the
Long- PCR

<130> 09839

<150> JP2004-374630
<151> 2004-12-24

<160> 63
<170> Patentln version 3.3

210> 1
<211> 10976
<212> DNA

<{213> Japanese encephalitis virus

<220>
221> (DS

<222> (96)..(10391)



nmet hod, described in Mirita et al., Virol ogy
287:417-426, 2001, 5 using the gene of the wld-type
virul ent Japanese encephalitis virus JaOArS982 strain
as the backbone, Ms-14 strain, which is a reconbi nant
Japanese encephalitis viru%zg orporating a
nucl eoti de nutation that pré ces substitution of the
1st nethionine of the prMprotein by isoleucine
<400>(spbstitution of Gio by A at position 479 of the
genone), and Ms-15 strain, which is a reconbi nant

© T . .

R e B e s AR Lo
148t h asparagine of the prMprotein (56th of the M
protein) by threonine (substitution of A by C at

gcagt?gééat ic%@t%ﬂ'@tt%f gﬁﬂgg%é_gge{%) at%“%k:gc g%gpﬁae%t:&i a

reparati on of “t 4 strain own 1 n re
S

3, with the gene RNA of Japane i S . Vi
(JaOAr S982 strain) as the ten‘pﬁg% e@%ggﬁgwast ‘Pz&‘k’{#

primer 1 and primer 2, a set of priner 3 andgpriner 4,
20 and a set of primer 5 and prinmer 6, by the

Long- RT- PCR net hod, Japanese encephalitis virus gene
fragnents corresponding to the respective priner sets

ggg c(:rgr@@amﬁggsa%cr a‘féﬁe ¢ ath I &8 89%%%%3?%2&5%%@"@&

after each was purified

0 [ P i r S he
1y PEOTOY PRSP U M Tho M Mo AT 4e 1, Bed o]
by thejgong- PCR net hod, ;5 20

cge gta ttc cca cta gtg gga gtg aag agg gta gta atg age ttg ttg
Arg Val Phe Pro Leu Val Gly Val Lys Arg Val Val Met Ser Leu Leu

25 30 35

gac ggc aga ggg cca gta cgt ttc gtg ctg get ctt atc acg ttec ttce
Asp Gly Arg Gly Pro Val Arg Phe Val Leu Ala Leu Ile Thr Phe Phe
40 45 50

aag ttt aca gca tta gcc ccg acc aag geg ctt tta gge cga tgg aaa
Lys Phe Thr Ala Leu Ala Pro Thr Lys Ala Leu Leu Gly Arg Trp Lys
55 60 65 70

gca gtg gaa aag agt gta gca atg aaa cat ctc act agt ttc aaa cga
Ala Val Glu Lys Ser Val Ala Met Lys His Leu Thr Ser Phe Lys Arg

75 80 85

60

113

161

209

257

305

353



gaa

Glu

aac

Asn

gca

Ala

154:4°4
Gly

135

gta

Val

gac

Asp

ctt

Leu

gene fragnent 4 was prepared. This gene fragnent was
purified in the sane manner; next, wth gene
fragnents 3 and 4 as the tenplates, using a set of
primers 1 and 6, the Long-PCR nethod was perforned to

prepare a full-length JapQQQ§§ encephalitis 30 virus
cDNA having the T7 pronpter sequence at the 5'

term nus thereof (fragment 5). Wth this full-length
ctggg%{gat%g BOS GRRAELL Igvol kEHSRDNAy ddd 3300HMa Bheacad he

an 1n vitro RNA synthesis reaction was
eg{ priigd e nyal tAdd Ehal AddllGlly! BRgLls261n
Le? a%; eTIsH(Zr ]é%}‘gelgﬁarz?é i%slaglviv%sAsgnle‘rPngRNAé.J Tﬁi?%l\lz was
introdyyced into nosquibg cells (C6/36 cejde) by the
el ectroporation nethod and the cells were cul tured
for 5 days, after which the reconbinant virus (M5 14
strain) emerging in the culture 5 supernatant was

aslo 0N Yl gga (44100EE L RANal B LYE AP oI B agbOLLE e

n, the reconbi nant virus was recover ed

Ly3C &P ‘rjdelgzg E,'[l)? AE cRR YR d85CT DR tMBEH QdueXEL Bert Dai

nant virus was prepared using primer 7

i ngggad of priner [0 and prinmer 8 imngtead of priner
3. Furthernore, for control, a nmutation-free virus was

acquired using prinmer 9 instead of priner 2, and
primer 10

gtt gtc ata gct tgt gca gga gcc ata aag tig tca aat ttc cag
Val Val Ile Ala Cys Ala Gly Ala Ile Lys Leu Ser Asn Phe Gln

120 125 130

aag ctt ttg atg acc att aac aac acg gac att gca gac gtt atc
Lys Leu Leu Met Thr Ile Asn Asn Thr Asp Ile Ala Asp Val Ile

140 145 150

att ccc acc tca aaa gga gag aac aga tgc tgg gtc cgg gca atc
Ile Pro Thr Ser Lys Gly Glu Asn Arg Cys Trp Val Arg Ala Ile

1565 160 165

gtc ggc tac atg tgt gag gac act atc acg tac gaa tgt cct aag
Val Gly Tyr Met Cys Glu Asp Thr Ile Thr Tyr Glu Cys Pro Lys

170 175 180

gcc atg ggc aat gat cca gag gat gtg gac tgc tgg tgt gac aac
Ala Met Gly Asn Asp Pro Glu Asp Val Asp Cys Trp Cys Asp Asn

185 190 195

401

449

497

545

593

641

689



instead of prinmer 3. The prinmers used in this Exanple
are shown in Table 2.

nucl eoti de pri mer
genonme” T7

15 Correspondi ng Nane of

position on Nucl eoti de sequence

pronot er -

AAATTTAATACGACTCACTATAAGAAGT T
GIGAACTTCTTGECTTAGTATCGI TG
972-927- R AAGCCGCGAGCGACCAACAGCAGGAGGATGGTAAATA

CCACGCGTTG (SEQ | D NO 56) pri mer

TCTGT prinmer

CAACGCGTGGTATTTACCATCCTCCTGCTGI TGGTC

caa

]

ARG BReAG AT 588

61n 64 R BT B R SRR T e

24,

TCCTGTGITCTT

NO: 53) 439-484/5-S
CGCAAGCTTGGCAGT TGTCATAGCT TACGCAGGAGC

aag cga
Lys Arg
215

cta gtg

Leu Val

tat ctc

Tyr Leu

ttc ctg

Phe Leu

cgc gtg
Arg Val

280

ttt aat

Phe Asn

agc

Ser

aat

Asn

atg

Met

gcg
Ala

265

gta

Val

tgt

Cys

agg aga tcc

Arg Arg

aaa

Lys

aaa
Lys

250

geg
Ala

ttc

Phe

ctg

Leu

aaa
Lys
235

act

Thr

gta

Val

acce

Thr

gega

Gly

Ser

220

gag

Glu

gag

Glu

ctc

Leu

atc

Ile

atg

Met

gtg

Val

gct
Ala

aac

Asn

gec

Gly

ctc
Leu

285

ggc

Gly

tcg

Ser

tgg

Trp

tgg

Trp

tgg
Trp

270

ctg

Leu

aat

Asn

gtc

Val

ctg

Leu

atc
Ile
255

atg

Met

ctg

Leu

cgt

Arg

caa

Gln

gat
Asp
240

ata

Ile

ctt

Leu

ctg

Leu

gac

Asp

NO 52) pri mer 10976-10937-R
CCACCAGCTACATA

aca

Thr
225

tca

Ser

agg

Arg

ggc

Gly

gtc

Val

ttc

Phe

cat

His

acg

Thr

aat

Asn

agt

Ser

gct
Ala

290

ata

Ile

t he

1 1-45-S

Q I D NO 48) priner

10 927-972-S

9

GCTCCGECTT ( SEQ
cat tcc

T8t

TCGG (SEQ I D

primer 3

ggg
Gly

aaa

Lys

cct

Pro

acc
Thr

275

ceg

Pro

gaa

Glu

gag

Glu

gee

Ala

ggcC
Gly

260

aac

Asn

get

Ala

gga

Gly

agt

Ser

aca
Thr
245

tat

Tyr

ggt

Gly

tac

Tyr

gee

Ala

tca
Ser

230

cga

Arg

gct

Ala

caa

Gln

agt

Ser

agt

Ser

TG (SEQ

e &R RS T seq

737

785

833

881

929

977

1025



295

gga

Gly

att

Ile

gaa

Glu

gtc

Val

cac
His

375

act

Thr

att

(4 79G-),,A (SEQID NO50) ~A) 471-515-R
CGTCATCAAAAGCTTCCCCTGGAAATTCGACAACTT  prinmer 2 7 9G
TATTCCTCC (SEQ I D NO 499G +A) 882-926-S
TTCCTGGECGECGACACTTGCCTGGATCCTTGECAGT  priner 8
(919A-*C) ACCAACGGT (SECEE% 55) 900-944-R
GGTAAATACCACGCGT TGACCGTT A C prinmer 7
(919A- +C) CATCCAGCC (SEQ ID NO 54) In the table above,
S represents agpgense sequence; ks 27 represents &g
conpl enment ary sequence. The underﬁine represents the
T7 pronoter sequence; the double underline represents
a nucleotide nutation. s (Exanple 3) (Evaluation of

R TR PRIl e SEETHIBE loenprs

encep I rus 4 strain strain in

)v.hh I OW p ' fnl reconi t
AR TR A R PECERP RN Fee P (RORE VR
strain pre ed in Exanplegdogin BHK cells wegpgg

eval uated. For control, the wld- type virulent

Japanese encephalitis virus JaQArS982 strain was

atg gca aac gac aaa cca aca ttg gac gtc cgc atg atc aac atc
Met Ala Asn Asp Lys Pro Thr Leu Asp Val Arg Met Ile Asn Ile
330 335 340

gct agec caa ctt gcc gag gtt aga agt tac tgt tat cat gct tca
Ala Ser Gln Leu Ala Glu Val Arg Ser Tyr Cys Tyr His Ala Ser

345 350 355

act gac atc tcg acg gtg gct cgg tge ccc acg act gga gaa gcc
Thr Asp Ile Ser Thr Val Ala Arg Cys Pro Thr Thr Gly Glu Ala

360 365 370

aac gag aag cga gct gat agt agec tat gtg tgc aaa caa gge ttc
Asn Glu Lys Arg Ala Asp Ser Ser Tyr Val Cys Lys Gln Gly Phe

380 385 390
gat cgt ggg tgg ggc aac gga tgt gga ctt ttc ggg aag gga agc
Asp Arg Gly Trp Gly Asn Gly Cys Gly Leu Phe Gly Lys Gly Ser

395 400 405

gac aca tgt gca aaa ttc tcc tge acc agc aaa gecg att ggg aga

1073

1121

1169

1217

1265

1313

1361



Ile

aca

Thr

gga

Gly

gcg
Ala
455

acc

Thr

agg

Arg

aag

Lys

used. Each of the MsS-14 strain, MS-15 strain, and
JaQArS982 15 strain was infected to BHK cells; 24,
48, and 72 hours after infection, cell culture
supernatants were coll ected and checked for the
energence of virus. The vifgugsgcontents in the culture
supernatants at each tine were neasured by the plaque
nmet hod. For all strains, growth in the BHK cells was
ASPNFHY 099 AR LyEXpmiser 40y Enel Séd ilge Afa tlHe Gly Arg
neurotoxicity of the reconbi nant Japanese
encephaghptis virus Ms-144ggrain and M5-15420rain in
normal mature mce) 25°Using the reconbi nant Japanese
encephalitis virus M5-14 strain and MS-15 strain
prepared in Exanple 2, the neurotoxicity of each
a_ﬂ:r@é%‘ WasSg LY Hadah €4 day tAE aabnptangc honedt gtg cat

i nocul ation nethod in normal mature mce. For

V6" 61 £ ProCON MA2h, 11d1eydi Ter tyRevyl rallyedle Ripanebdlis
encephalitis 30 virus JaQArS982 strain was used; for
attggwiated control, t43e¢ Japanese encepBalitis virus
vacci ne M.-17 strain was used. Ten mce (4-week-old
male and fenale ICR mice, 5 aninmals in each group)
were given 101 to 106 plaque formng units of the

ME- 44t sldtaihg Ma d8c Sty ¥t 14t Stdaighg @ia aOH82
Ala Thr Thr Ser Glu Asn His Gly Asn Tyr Ser Ala Gln Val Gly

440 445 450

tcc cag gcg gca aag ttc aca gta aca ccc aat gct cct tcg ata
Ser Gln Ala Ala Lys Phe Thr Val Thr Pro Asn Ala Pro Ser Ile

460 465 470

ctc aaa ctt ggt gac tac gga gaa gtc aca ctg gac tgt gag cca
Leu Lys Leu Gly Asp Tyr Gly Glu Val Thr Leu Asp Cys Glu Pro

475 480 485

agt gga ctg aac act gaa gcg ttt tac gtc atg acc gtg ggg tca
Ser Gly Leu Asn Thr Glu Ala Phe Tyr Val Met Thr Val Gly Ser

490 495 500

tca ttt ctg gtc cat agg gaa tgg ttt cat gac ctc gct cte ccce
Ser Phe Leu Val His Arg Glu Trp Phe His Asp Leu Ala Leu Pro

505 510 515

1409

1457

1505

1553

1601

1649



28 strain by intracerebral inoculation, and observed
daily for 3 weeks, and LD50 was cal cul ated by the
Read- Muench nethod. The results of this test are
shown in Table 3. 5 (Table 3) Virus strain Feature
LD50 (ffu) JaOHO566 WId t%ﬁ% 6.3x101 M.-17 Vaccine
strain >1.0x106 JaQAr S982 d type 1.6x101 Ms-14
Reconbi nant mutant: >1.x106 127M+l (prM I\/IS—15

tgg a§%§@£8€@fﬁgg9@c t% %%ﬁg?ﬂﬁég% éM Mo-dt i 1697

Ftan 4 rev represents

Trp T}E%rs%\f'gléh?‘rger é * te | re aré?g‘ulisrno'prg%lul‘ﬁ USI',J]Q Met

base tagen shown
Table 3, the Mzgld strain and I\/f§3§5 strai n wer e
significantly attenuated conpared to the virul ent
JaOAr S982 strain. Particularly, the M5-14 strain had a
toxicity simlar to that of the M-17 strain, which is

phal C e @i N o his 1745
eag tfjp APRATOELCRRENIR, bbhtacd] LR MACEAR S gBh (o vet
Glu Phe Glu Glu Ala His Ala Thr Lys Gln Ser Val Val Ala Leu Gly

540 545 550

gaa gga ggc ctc cat cag gcg ttg gca gga geec atc gtg gtg 1793
Glu Gly Gly Leu His Gln Ala Leu Ala Gly Ala Ile Val Val

555 560 565

tca agt tca gtg aag tta aca tca ggc cac ctg aaa tgt agg 1841
Ser Ser Ser Val Lys Leu Thr Ser Gly His Leu Lys Cys Arg

570 575 580

atg gac aaa ctg gct ctg aaa ggc aca acc tat ggc atg tgc 1889
Met Asp Lys Leu Ala Leu Lys Gly Thr Thr Tyr Gly Met Cys
585 590 595

aaa ttc tcc ttc gecg aaa aat ccg gecg gac act ggt cac ggg 1937
Lys Phe Ser Phe Ala Lys Asn Pro Ala Asp Thr Gly His Gly

605 610

gtc att gaa ctc tce tac tct ggg agt gat gge ccec tge aaa 1985
Val Ile Glu Leu Ser Tyr Ser Gly Ser Asp Gly Pro Cys Lys

620 625 630




att

Ile

Cgsg

Arg

aag

Lys

gtt

Val

agc
Ser

695

ctg

Leu

gtc

Val

reduced by am no acid substitution in the prM protein.
Fromthe results above, it was suggested that am no
acid nutations introduced to the M5-14 strain and
M5-15 strain, which are reconbi nant Japanese
encephalitis viruses, m ght ﬂ% 20 useful in preparing
a Japanese encephalitis i é acci ne. Furthernore,
because Ms-14 exhibits a | ow degree of pathogenicity
i n high-dose inoculation, it was suggested that a
mutation on NS night al so be necessary for

C%%f ?f%krl C fP%ICV |g\§/ g? \?CatSC)ar?éSge)ggeant %@(PIC%T SQ% f
PRoY 1"2?%

prepare - r%% %enelz‘(t%l (Eslgm%)h% P%% VQI Gly

fIaV|V|rus %Qereln the E pr%%ﬁln of the Japang&
encephalltls Vi rus vacci ne 17 strain is replaced
by the E protein of West N le virus, a cDNA of
M.-17/WN (E gene) was constructed in 5 accordance with

RceTharire oRr oLt S JEETR NG APRUE Fay toe
LSRR IR 408 P PER .’A,%XF?*"%?%SGMM 450 ne

RNA of6 Japanese encep itis virus liv aCC|ne
strain ? -17 strain) as e to tenplate, using a set
of prinmer 1A and priner 2A and a set of

gtg
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primer 5A and primer 6A, by the Long-RT-PCR net hod,
Japanese encephalitis virus gene fragnents
corresponding to the respective priner sets
(fragments 1A and 3A) were prepared. Also, with the

gene RNA of West Nile viru { 99-35262-11 15 strain)

as the tenplate, using a s primer 3A and primer
4A, by the Long-RT-PCR net hod, West Nile virus gene
fragneng,2A was prepare 5After each fra nt was
purified by agarose electrophoresis, first, with
fragnments 1A and 2A as the 20 tenpl ates, using a set
of primers 1A and 4A, again by the Long- PCR nethod,
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to pare 25 a chi hC Vvirus cDNA (f ment 5A) of
M_ﬁl ';e/ me5h 55

WN (E gene), which has the T7 pronoter sequence
at the 5 termnus thereof and the Wst Nle virus E

protein gene. The prinmers used in this Exanple are

UG S T

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

760 765 770

ttg gcc ttec tta gcc aca gga ggt gtg ctc gtg ttt tta geg ace
Leu Ala Phe Leu Ala Thr Gly Gly Val Leu Val Phe Leu Ala Thr

780 785 790

gtg cat gct gac act gga tgt gcc att gac atc aca aga aaa gag
Val His Ala Asp Thr Gly Cys Ala Ile Asp Ile Thr Arg Lys Glu

795 800 805

agg tgt gga agt ggc atc ttc gtg cac aac gac gtg gaa gcc tgg
Arg Cys Gly Ser Gly Ile Phe Val His Asn Asp Val Glu Ala Trp

810 815 820
gat agg tat aaa tat ttg cca gaa acg ccc aga tcc cta gca aag
Asp Arg Tyr Lys Tyr Leu Pro Glu Thr Pro Arg Ser Leu Ala Lys

825 830 835

gtc cac aaa gcg cac aag gaa ggc gtg tge gga gtc aga tct gte
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t he genonme* JE2478-2513
GGAGGAGTTCTGCTCTTCCTCTCCGTGAACGTGCAC  pri ner 5A
WN2431- N GCTGACACTGGATGTGCCATTGACATCACAAGAAAA  GAG
(SEQ I D NG 62) JE2478-2513
CTCTTTTCTTGTGATGTCAATGCCACWIVOSAGTGIC  pri mer 4A
WN2433- R AGCGTGCACGT TCACGGAGAGGAAGAGCAGAACTCC T (SEQ
ID NG 61) priner 6A JE-NR

Ile VAGAGCIE GNECHTOIHGACDACUAGEThEVRAGTY Vrdaaresiey Vel
NO: 63) M.17 941 WN
8@MCCATCCTCCTGCTGBABGT CGCTCCGGCTTACASO primer 3A 967 S
TTTCAACTGCCTTGGAATGAGCAACAGAGACTTC  (SEQ | D NO 60)
M.17 945 WN CCAAGAAGTCTCTGITGCTCATTCCAAGGCAGTITGA
prinmer 2A 967 R AACTGIAAGCCGGAGCGACCAGCAGCAGGAGGAT
act afSEQDg Bapl@4B9rad7aty dgptEwa gee gta cgg gat gaa tig aac 2705
AAATTTAATACGACTCACTATAAGAAGT TTATCTGT  prinmer 1A JEI-40
Thr ARg GREGAGDT THIET GEETMAGTAR GBITB14 SEQ 1ADe Kmy Gdy keu Asn
represents the Japanese encephalitis virus JaQAr982
855 strain; M.17 Béfresents the seqdfnce of the Japardde 5
encephalitis virus M.-17 strain; WN represents the
sequence of West Nile virus. S or Nrepresents a
sense sequence; R
gtc ctg ctc aaa gag aat gca gtg gac ctc agt gtg gtt gtg aac aag 2753

Val Leu Leu Lys Glu Asn Ala Val Asp Leu Ser Val Val Val Asn Lys

875 880 885

ccc gtg ggg aga tat cgce tca gec cct aaa cge ctg tcc atg acg caa 2801
Pro Val Gly Arg Tyr Arg Ser Ala Pro Lys Arg Leu Ser Met Thr Gln

890 895 900

gag aag ttt gaa atg ggc tgg aaa gca tgg gga aaa agc att ctec ttt 2849
Glu Lys Phe Glu Met Gly Trp Lys Ala Trp Gly Lys Ser Ile Leu Phe

905 910 915

gce ccg gaa ttg geec aac tce aca ttt gtc gta gat gga cct gag aca 2897
Ala Pro Glu Leu Ala Asn Ser Thr Phe Val Val Asp Gly Pro Glu Thr

920 925 930

aag gaa tgc cct gat gag cac aga gct tgg aac agc atg caa atc gaa 2945
Lys Glu Cys Pro Asp Glu His Arg Ala Trp Asn Ser Met Gln Ile Glu

935 940 945 950
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(Production of chineric flavivirus from cDNA of
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to non-essential am no acids was used, with fetal

bovi ne serum added at a concentration as required (2
to 109%9. The infectivity titers of the culture broths
in the growmh experinent are shown in Table 5.

M.-17/WN (E gene) had a gioyeeg potential equival ent
to that of M.-17. 15 Table 5 G owh of M-17/WN (E
gene) chinmeric flavivirus and M.- 17 in C6/36 cells
and BHK cells Virus strain Titer (ffu/m) C6/36

M.- 17/ WN E gene 2.1x107 M.-17 2.0x107 BHK M.-17/WN E

&ct B¥ lht4. Pxd Gia 20c (tEgappt e B) gac tat 3314
cat g%%val uat | %%ehgf g/{}%e neurotoxicity of M-17/WN (E gene)
Gln GE{ 'Fifd Gr VAserSlu UgdnngGlyd lee¥ahtliewansp c HheeAse Wirr us

%E gene) prepared in Exanple 6, the

Bgyrot oxicity was geal uated by the 2670ntracerebral
I nocul ation method in normal mature mce. Also

exam ned by intraperitoneal adm nistration was
infection from peripheral to the central nervous 3359
yst GRhakdh RREVECc | AY@SddeRagsgat kgt ceawt mok, agdhe

tee C?ao—g%EGG strai %Q which is a

Cys Pro Gly Thr Lys Val Thr Ile Thr Glu Asp Cys Gly Lys Arg

1075 1080 1085

ggc cct tcg gtc aga acc act act gac agt gga aag ttg atc act 3404
Gly Pro Ser Val Arg Thr Thr Thr Asp Ser Gly Lys Leu Ile Thr

1090 1095 1100

gac tgg tgc tgt cge agt tge tce cit cecg cec cta cga ttc cgg 3449
Asp Trp Cys Cys Arg Ser Cys Ser Leu Pro Pro Leu Arg Phe Arg

1105 1110 11156

aca gaa aat ggc tgc tgg tac gga atg gaa atc aga cct gtc agg 3494
Thr Glu Asn Gly Cys Trp Tyr Gly Met Glu Ile Arg Pro Val Arg

1120 1125 1130
cat gat gaa aca aca ctc gtc aga tcg cag gtt gat gct ttt aat 3539
His Asp Glu Thr Thr Leu Val Arg Ser Gln Val Asp Ala Phe Asn

1135 1140 1145

ggt gaa atg gtt gac cct ttt cag ctg ggc ctt ctg gtg atg ttt 3584

Gly Glu Met Val Asp Pro Phe Gln Leu Gly Leu Leu Val Met Phe




wi | d-type highly virulent strain Japanese encephalitis
viruses, 30 the West N le virus NY99-3562-11 strain,
and the Japanese 32 encephalitis virus vaccine M-17
strain, which is an attenuated strain, were used.
C57BL/B6 mice at 4 weeks ajsgegbirth were given 101 to
107 of each virus by |ntracerebral i nocul ati on, and
observed s for 28 days. LD50 was cal cul at ed by t he

1Re@d- Muench net hodiisbabl e 6 shows the16®50 of M--17/WN
(E gene) obtained from the experinment. M-17/WN (E
gene) was significantly attenuated conpared to the
highly virulent JaOH0566 strain. Particularly,

ctg g% 1ddNaf B 1e3@) &l @ghadeCinky Sdgriabgr dox bbattif 3629
M.-17 1o strain, which is a Japanese encephalitis

Leu A\Ilar UthyV 8¢RI (& Yhlalédu AFgblys GrgDB Thr MAlL/AYS Leu
gene) in C57BL/B6 mice Virus strain LD50 (ffu)

148§H0566 6. 0x101 NYAP-35262-11 5. xI1O75M.- 17 >1. 0x107
M.-17/WN (E gene) >1. Ox107 15 (Exanple 9) (Property
of the M.-17/WN (E gene) chineric virus) The
infectivity of the M.-17/WN (E gene) chineric virus

acc att cct gcg gtt ttg ggg gecc cta ctt gtg ctg atg ctt ggg 3674
Thr Ile Pro Ala Val Leu Gly Ala Leu Leu Val Leu Met Leu Gly

1180 1185 1190

ggc atc act tac act gat ttg gcg agg tat gig gtg cta gtc get 3719
Gly Ile Thr Tyr Thr Asp Leu Ala Arg Tyr Val Val Leu Val Ala

1195 1200 1205

gcc tet ttc gca gag gec aac agt gga gga gat gtc ctg cac ctt 3764
Ala Ser Phe Ala Glu Ala Asn Ser Gly Gly Asp Val Leu His Leu

1210 1215 1220

gct ttg att gcc gtt ttc aag atc caa cca gca ttt tta gtg atg 3809
Ala Leu Ile Ala Val Phe Lys Ile Gln Pro Ala Phe Leu Val Met

1225 1230 1235
aac atg ctt agc acg aga tgg acg aac caa gaa aac gitg gtt ctg 3854
Asn Met Leu Ser Thr Arg Trp Thr Asn Gln Glu Asn Val Val Leu

1240 1245 1250

gtc cta ggg gct gee ttt ttc caa ttg gecc tca gta gat ctg caa 3899
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to nosquitoes was investigated. Cul ex

tritaeni orhynchus OK7 was allowed to suck a m xture
of the virus in rabbit blood 20 (anti body negative) by
the transnmenbrane nethod. By evaluating the PFU
(Plague-Form ng Unit) and tlpasgnci dence rate in
suckling mce, the infection rate was cal cul at ed.

After the nosquitoes allowed to suck the chineric

Leur ugly Byathia Phanrentilansumdlacterdad risr éduf@in 10
days and 21 days, 25 they were emulsified, and
1débonstrati on of tH6Presence of thel2bbus was
attenpted by intracerebral inoculation in suckling

m ce and PFU eval uation. Even when the M-17/WN (E
gene) virus was allowed to be sucked at not |ess than
g62 @RlUcperggmadui ¢ty abbheger gae gisaltat egoa ngg atg

evi dence for the presence of the virus. 30 The

G- VAIVWNi§ BSlgedéy lodi mAsh cAdd Alis Aliad Idet AbehiTioptMe3
susceptibility to Culex tritaeni orhynchus. (Exanple
1209 (Eval uati on ofl12%e defensive potdB8¢ of a live
vaccine 5 conprising the M.-17/WN (E gene) chineric
virus) An inmmunization experinent was performed using
2-week-old C57BL/B6 and C3H He mice. An investigation
ghas ¢uw gognett ascngtd hectvaxa mbeetkd itnes gitof anccatg The
non-i mmuni zed control group was fatally infected

Val Arg Ala Ile Thr Phe Pro Thr Thr Ser Ser Val Thr Met

1285 1290 1295

gtc tta gcg ctt cta act ccg gga atg agg get cta tac cta
Val Leu Ala Leu Leu Thr Pro Gly Met Arg Ala Leu Tyr Leu

1300 1305 1310

act tac aga atc atc ctc ctc gtc ata ggg att tgc tct ctg
Thr Tyr Arg Ile Ile Leu Leu Val Ile Gly Ile Cys Ser Leu
1315 1320 1325

caa gag agg aaa aag acc atg gca aaa aag aaa gga gct gta
Gln Glu Arg Lys Lys Thr Met Ala Lys Lys Lys Gly Ala Val
1330 1335 1340

ttg ggc tta gcg ctc aca tcc act gga tgg ttt tcg cce acc
Leu Gly Leu Ala Leu Thr Ser Thr Gly Trp Phe Ser Pro Thr

1345 1350 1355

3944
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4079

4124

4169
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g88
Gly

gce
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ata
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tca

Ser

agc
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o by an intracerebral challenge with West N le virus
(NY99- 35262 11 strain), whereas the group given
M.-17/WN (E gene) by intraperitoneal inoculation
exhi bited significant defense against infection.

I ndustrial Applicability 1ﬁ%€§§ording to the present
i nvention, an attenuated chineric flavivirus having

attenuating nutation(s) in portion(s) other than the

rotein. i [ . S e ) t he
ag?wipr%%trti gg?lg}\?ip\%%u%%gfgt g&lgr gg{é%ai %%éenﬁ&t&l %aér?fabe

Igfgh:Afi\éeﬂlé("‘él@o Vo TRA T Vi DTyishRsiE HYo0l8h N, Lyt Lesuateed

ve vacci'nes for various flavivirus infections can
1880 brought into pygetical applicatigg7on a short
Ime, wthout reducing the imune induction
potential. This application is based on a patent
application No. 2004-374630 filed in Japan, the

nt ent f [ j ' of it adghertei n
tgg refe 8?1)0%6.@ ggg gt‘; f%rs?g et}fé %\Q%ﬁ%ﬁﬁgi‘égﬁgci? rmlgecul e

nggg{%oswfg THIC et Pile $EEUSIICATat AL GEHCOds) MBE Phe

g
protein, pre-nenbrane proteln and

ep-structural projgdgn of Japanese qpnggphalitis
virus, and a nucl eotide sequence that encodes the
envel ope protein of a second fl avivirus,

atc gta ggt ggt ttg gcg gag ttg gat att gaa tcc atg tca
Ile Val Gly Gly Leu Ala Glu Leu Asp Ile Glu Ser Met Ser

1390 1395 1400

ccc ttc atg ctg gca ggt ctc atg gca gtg tcc tac gtg gtg
Pro Phe Met Leu Ala Gly Leu Met Ala Val Ser Tyr Val Val

1405 1410 1415

gga aaa gca aca gat atg tgg ctt gaa cgg gct gcc gac atc
Gly Lys Ala Thr Asp Met Trp Leu Glu Arg Ala Ala Asp Ile

1420 1425 1430

tgg gag atg gat gect gca atc aca gga agc agt cgg agg ctg
Trp Glu Met Asp Ala Ala 1Ile Thr Gly Ser Ser Arg Arg Leu

1435 1440 1445

gtg aag cta gat gat gac gga gat ttt cac ttg att gac gat
Val Lys Leu Asp Asp Asp Gly Asp Phe His Leu Ile Asp Asp

1450 1455 1460
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4304

4349

4394

4439

4484
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wherei n the nucl eoti de sequence(s) that encode(s) the
pre-menbrane protein and/or non-structural protein of
Japanese encephalitis virus conprise(s) nucleotide
mut ati ons that produce one or nore am no acid
nmutations that attenuate tge virus, and wherein the
nucl eoti de sequence t hat oé brfes the envel ope protein
of the second flavivirus conprises no nodification.

2. Anucleic acid nolecule of claim1l wherein the
second flavivirus is a virulent virus. 3. The nucleic

gg}m R A T B R T G RN
BongRLThi, Top Wi Va7 fle Y5hhel Bofohet’ shhoms 1967
lﬁ&‘d 2479t h, ig?ﬁnd 2751st, 289{5&{]‘5 and 3380t h,

nted fromthe o acid next to a starting
nmet hi oni ne of a polyprotein. 4. The nucleic acid
nol ecul e of claim 3, wherein the am no acid mut at i on

{ hat tt t d hal
TR %‘c?e%%%?'}on#]%éo AR BRCRG | Rt

SR FOATHG s 7l DI85 SEF 0

1 2nd nethionlneq4§%51st al ani ne, 2§&ﬁ}h al ani ne and
Ot h asparagi ne, unted fromthe amno acid next to
the starting nethionine of the polyprotein. 5. The
nucleic acid nDIecuIe of claim4, wherein the am no
on attenuate

t%ﬁc ﬁﬁaﬂ?t ac;w r?saalas THe afﬂ?%"ﬁasaa? é%%a%g%eitﬁltfﬁt
TSR PR TS abe 5 8er T, TRSCERR JrE°CTF GAYOVAF phe

serine,
1495 1500 1505

gac acg cca tcc cca aaa cct tge tca aaa gga gac acc act
Asp Thr Pro Ser Pro Lys Pro Cys Ser Lys Gly Asp Thr Thr

1510 1515 1520

gga gtt tac cgc att atg gct aga ggg att ctt ggc act tac
Gly Val Tyr Arg Ile Met Ala Arg Gly Ile Leu Gly Thr Tyr

15625 15630 15635

gcc gge gtc gga gtc atg tac gag aat gtt ttc cac aca cta
Ala Gly Val Gly Val Met Tyr Glu Asn Val Phe His Thr Leu
1540 1545 1550

cac aca act aga gga gca gct att atg agt gga gaa gga aaa

His Thr Thr Arg Gly Ala Ala Ile Met Ser Gly Glu Gly Lys

4529

4574

4619

4664

4709

4754

4799



met hi oni ne, 2751st al ani ne, 2896t h al ani ne and 3380t h
asparagi ne, counted from the amno acid next to the
starting methionine of the polyprotein. 6. The nucleic
acid nol ecul e of claim4, wherein the am no acid
mut ati on that 35 attenuatigglsgsai d Japanese
encephalitis virus is the 127th isol euci ne, counted
from the amno acid next to the starting nethionine
1566 t he pol yprotei o607, The nucl ei ¢ ddB& nol ecul e of
claim4, wherein the amno acid nutation that
attenuat es sai d Japanese encephalitis virus is the
274t h threonine, counted from the am no acid next to
ttg acgheced draci hgg regthaghi redgohaa teaapeay mest ebtd Bt ¥he 4844
nucl eic acid nolecule of claim5, wherein the Japanese
Leu ThencBphdlyirt Tep ilyuSeri ¥ad Ms GAushsmiArg ollardaniiyrei c
acid nolecule of claim®6, wherein the Japanese
15§fAcephal itis virugb78s a M5-14 straik®8010. The nucleic
acid nolecule of claim7, wherein the Japanese
encephalitis wvirus is the M5-15 strain. 11. The
nucl eic acid nolecule of claim5, said Japanese
gga geencepadiget agg vittugat s ceaneaalciiebpah gadc| aot igpd gac 4889
sequence of a full-length genom c cDNA of a M.-17
Gly Glgt r Bro Tipodng RheSHEp | B1ROLYs Trd. AsheGlyuc et dAsicAap
nol ecul e of any one of clains 1 to 11, wherein the
188cond flavivirud5®® sel ected from®%roup consisting
of West Nile virus, dengue 1-4 virus, yellow fever
virus, St. Louis encephalitis virus, tick-borne
encephalitis virus, Kunjin virus, Central European
gtg camcephadtc gtgvitaugaakyeneagae Fag gst g4 ugta aac atc 4934

Val Gln Val Ile Val Val Glu Pro Gly Lys Ala Ala Val Asn Ile

1600 1605 1610

cag aca aaa cca gga gtg ttt cgg act ccc ttc ggg gag gtt ggg 4979
Gln Thr Lys Pro Gly Val Phe Arg Thr Pro Phe Gly Glu Val Gly
1615 1620 1625

gct gtt agt ctg gat tat ccg cga gga aca tcc ggc tca ccc att 5024
Ala Val Ser Leu Asp Tyr Pro Arg Gly Thr Ser Gly Ser Pro Ile

1630 1635 1640
ctg gat tcc aat gga gac atc ata ggc ctg tac ggc aat gga gtt 5069
Leu Asp Ser Asn Gly Asp Ile Ile Gly Leu Tyr Gly Asn Gly Val

1645 1650 1655

gag ctt ggc gat ggec tca tac gtc agc gcec atc gtg cag ggt gac 5114



Murray Vall ey encephalitis virus, Onsk henorrhagic
fever virus, Powassan virus, Russian spring-sunmer
encephalitis virus, Yokose virus, Apoi virus, and
Aroa virus. 13. The nucleic acid nmolecule of claim12,
wherein the second fl avi vilrgﬁ ds the West Nile virus.
14. The nucleic acid nolecule of claim1, wherein the
amno acid nmutation that attenuates said Japanese
cepbaldd icg Vi S lsgaskisghecv£d GlanGlhasgr oup
Glu Létiflgng}i‘i t‘ikég(%y %%Igsrf%?tﬁgli gglge’ﬁlci ne, 274th threonine,
lé%thh seri ne, 24?%@@ | ysine, 2463rgg7ol euci ne,
9th serine, 2652nd nethi oni ne, 2751st al ani ne,
2896t h al ani ne and 3380t h asparagi ne, counted from
the amno acid next to the starting 36 nethioni ne of
t he I ot el t 0pge fdcaVeva r Uacl atg regWest 5159
cet cRg| eé%%l %gé.cc%lch %1% ng%ll gl%g ggcl d nol ecul e of %I aim

4, WEERL PAN9aRBRC 8Fh A1BUTH IR Phat Asat Menuaves
Arg Gi‘éi %agg%gps}é’ Zﬁ??pfﬁm Itis vi rﬁi is the 127th

1i5§§| euci ne, 274th %ggoeoni ne, 1209th gegsne, 2462nd
ySine, 2463rd isol eucine, 2479th serine, 2652nd

nmet hi oni ne, 2751st al ani ne, 2896t h al ani ne and 3380t h
asparagi ne, counted from the amno acid next to the

art] i ani.ng; pof S0k ¥pr&dceicat tthe sgrond 5204
aga a%?av%é#lq%age%{s}i %E(be é;t ckl?lege Vi rgs. 18. Tﬁgeg*nucl eic

| dy 0Pl cyd MLdd AMEe8i Mid PRoantno Seei Glly
ArgIﬁ%ta:ﬁ%gqﬁﬂggzqgfttﬁbg}és §§?d Japanesg encephalitis

]%bbus is the 127t hyggpl euci ne, countgqdobrom the am no
acld next to the starting methionine of the

pol yprotein, and the second flavivirus is the West
Nile virus.

aaa acc aag aaa att ctg cca caa ata att aag gac get att cag 5249
Lys Thr Lys Lys Ile Leu Pro Gln Ile Ile Lys Asp Ala Ile Gln

1705 1710 1715

cag cgc cta aga aca gct gtg ttg gca ccg acg Cgg gtg gta gca 5294
Gln Arg Leu Arg Thr Ala Val Leu Ala Pro Thr Arg Val Val Ala

1720 1725 1730

gca gaa atg gca gaa gct ttg aga ggg ctc cca gta cga tat caa 5339
Ala Glu Met Ala Glu Ala Leu Arg Gly Leu Pro Val Arg Tyr Gln

1735 1740 1745

act tca gca gtg cag aga gag cac caa ggg aat gaa ata gtg gat 5384
Thr Ser Ala Val Gln Arg Glu His Gln Gly Asn Glu ‘Ile Val Asp

1750 1755 1760



17. The nucleic acid nolecule of claim 14, wherein the
amno acid nutation that attenuates said Japanese
encephalitis virus is the 274th threonine, counted
from the amino acid next to the starting nethionine
of the polyprotein, and thﬁ,?gfond flavivirus is the
West Nile virus. 18. The nué el c acid nol ecul e of
cl ai m 15, wherein the Japanese encephalitis wvirus is
gtg aﬁ% Mygd 7ot rg%'igactI’j‘_QQgt SRaeNshd lcayi ¥ig lustchscé Qa¥est

| e®virus. he " nucl eic acid nol ecul e of claim 16,

Val Mgs\?e §irs]an41na%1%aW%%ﬁ pRal Afd LeuVMéds Sep Brdviishd

rarn, a he second flavivirus is the West Ni |l e

igus. 20. The nuqbqbc aci d nol ecul eypfs cl aim 17,
1%¥£rein t he Japanese encephalitis virus is a M5 15
strain, and the second flavivirus is the West Nl e

virus. 21. The nucleic acid nolecule of claim15,

aga g §/erc%icna id Japangse ?f‘f:(;%?lgagiéﬁ%ﬁ ¥h4 UgcieScenaaded

a nucleoti de sequence afu ength genom c cDNA

Arg Vg{ a}’rgwk(fl}%ﬁt A2h rLe%hoﬁfge B, 1S [ARpNGL - A«’iaggw%e

secon avivirus 1s t West Nile wvirus.

1344 enuated chi merigggl avi virus encodgdgpy the nucl eic
acid nolecule of any one of clainms 1 to 21. 37 23. An
attenuated |ive vaccine conprising the attenuated
chimeric flavivirus of «claim22. 24. A nethod of

acc gg{: :Pc?r:rsai %9% gggtl’glﬂgll\ﬁcc 86k & gLes UL aktanetonee Mag

ch conprises the follow ng steps:

Thr Ag st esﬁ?ﬁ §eerp|151‘?i.‘{]lga apnycigokhderysequencsiat ek Lys

co e envelope protein in
1795 1800 1805

gtg gaa tta ggg gag gca gca gcc atc ttt atg aca gcg acc ccg
Val Glu Leu Gly Glu Ala Ala Ala Ile Phe Met Thr Ala Thr Pro
1810 1815 1820

cct gga acc acg gat cct ttt cct gac tca aat gec cca atc cat
Pro Gly Thr Thr Asp Pro Phe Pro Asp Ser Asn Ala Pro Ile His

1825 1830 1835

gat ttg caa gat gag ata cca gac agg gcCg tgg agc agt gga tac
Asp Leu Gln Asp Glu Ile Pro Asp Arg Ala Trp Ser Ser Gly Tyr

1840 1845 1850

gaa tgg atc aca gaa tat gcg gga aaa acc gig tgg ttt gtg gca
Glu Trp Ile Thr Glu Tyr Ala Gly Lys Thr Val Trp Phe Val Ala

1855 1860 1865




agc

Ser

14244

Gly

tac

Tyr

gac

Asp

gac

Asp

ggc

geca

Ala

a nucl eic acid nol ecul e conprising a nucl eotide
sequence that encodes Japanese encephalitis virus
with the nucl eoti de sequence that encodes the envel ope
protein of a second flavivirus; and a step for
i ntroduci ng nucl eoti de nutg@hggs t hat produce one or
nore amno acid nmutations that attenuate the virus
into the nucl eotide sequence(s) that encode(s) the
pre-nmenbrane protein and/or non-structural protein of
Japanese encephalitis virus, wherein the nucl eotide
q C oglgs Vel c ROt eddx afat
gzgc;;%‘ ?Fg\r)i?é\/gl r%gg corrp%ihgegg&ng ?ﬁ) I fication. 35_@%](5
vaet hod b8 Msgdombhen gt mihfiesemynded! alinviabpsAlss a
virul'ent virus. 26. A nethod of preparing the nucleic
1@6pd nol ecul e of apyysone of claims 1188021, which
conprises the following step: a step for replacing a
nucl eoti de sequence that encodes the envel ope protein
in a nucleic acid nolecule conprising a nucl eotide
REIUEAC Gtk Nalo QAGOCES. BacIaRARAREL@NQGRNAYAd ingaVidd!s
aving one or nore am no acid nutations that
L?tst eﬂfsatv%ﬂ DB \G1hUBed N ALREARY 2y8ESEY awe pAsy ghe g/ or
on-structural protein wth the nucleotide sequence
idaat encodes the epyg) ope protein of 18hg second
'avi vi rus, wherein the nucl eoti de sequence that
encodes the envel ope protein of the second flavivirus
conprises no nodification. 27. The nethod of claim26
aher 31?151 feaseCNdghd ayaki £4i8 dat Brv/idtel edtc \Wcicusct 28.
A nmethod of preparing an attenuated chimneric

Bl@VLYE TS LYDiAR GOPPIAspeSri Asp BRe Vil eXDs ahsi Tigr
chimeric flavivirus proteins fromthe nucleic acid
Tqoecul e 1905 1910

att tct gaa atg ggg gcc aac ttc ggt gcg agc agg gtc atc
Ile Ser Glu Met Gly Ala Asn Phe Gly Ala Ser Arg Val Ile
1915 1920 1925

tgt aga aag agc gtg aag ccc acc atc tta gaa gag gga gaa
Cys Arg Lys Ser Val Lys Pro Thr Ile Leu Glu Glu Gly Glu
1930 1935 1940

aga gtc atc ctc gga aac cca tcg ccc ata acc agt gca agc

Arg Val Ile Leu Gly Asn Pro Ser Pro Ile Thr Ser Ala Ser
1945 1950 1955

gct caa cgg agg ggc aga gta ggc aga aac cct aac cag gtt

Ala Gln Arg Arg Gly Arg Val Gly Arg Asn Pro Asn Gln Val

5744

5789

5834

5879

5924

5969

6014




of any one of clains 1 to 21. 29. A nucleic acid

nol ecul e conprising a nucl eoti de sequence that encodes

a Japanese encephalitis virus having one or nore

amino acid nutations that attenuate the virus in the
pre-nmenbrane protein and/oih@ggrstructural protein, 38

wherein the position of thé'amno acid nutation that
attenuat es said Japanese encephalitis virus is at
lg@%t sel ect ed fr%gﬁg group consi stipgy®ef the 127th,
4t h, 1209t h, 2462nd, 2463rd, 2479th, 2652nd,
2751st, 2896th and 3380th, counted fromthe am no

acid next to a starting nmethionine of a polyprotein.

gga ggﬁi r%lgetgycéa%i CafCddd nE%@‘:éélceaQé 43takhn 2BatWeLE eigt t he

acld nutation tha attenuates said Japanese

encephakiii®: Vi i I ad A 8p Beau
6ly ASRC TR I‘rk{é s TEESGS aly | Masthpedeacted fAspMap Feaup

nsi'st h 1sol euci ne, 274th threonine,
léi 9th serine, 246 | ysine, 2463rdggso0l euci ne,

9th serine, 2652nd nethi oni ne, 2751st al ani ne,
2896t h al ani ne and 3380t h asparagi ne, counted from

the amino acid next to the starting nethionine of the

| YPI OGN ged hea TR NYEhCidy 3tk datPli@aUl @at0hat! @iam
aac cgg %Cefzg:tnt%%éacgmg%o gci d é‘rrgut ation that attenuates
sgi d e e\l iAhSLyd Mus Mst ke 1858 Msn Ile
Asnlfgoléﬁggﬁg,féﬁj?% ?ﬂreoniﬁ%, 1209t h seri ne, 2462nd
fd§ ine, 2463rd isoj i ne, 2479th serigpe, 2652nd

et hi oni ne, 2751st al ani ne, 2896t h al ani ne and 3380t h

asparagi ne, counted from the amno acid next to the
starting methionine of the polyprotein. 32. The

cac 9'8&& ég%!g 5“4$%CH{§ (Ehccbﬁﬁrﬁﬁéotaﬂwﬁﬁbeiﬂcéiyagaﬁgmo
acid nutati B that = attenuates sai.d Japanese
His @}gfﬂ??@'dstni B1YiTHSvh the Rtk $9F &lgi NBro dlunheg

2005 2010 2015

gaa aag gcc ttc aca atg gat ggc gaa tac cgt ctc aga ggt gaa
Glu Lys Ala Phe Thr Met Asp Gly Glu Tyr Arg Leu Arg Gly Glu
2020 2025 2030

gaa aag aaa aac ttc tta gag ctg ctt agg acg gct gac ctc ccg
Glu Lys Lys Asn Phe Leu Glu Leu Leu Arg Thr Ala Asp Leu Pro

2035 2040 2045
gtg tgg ctg gcc tac aag gtg gcg tcc aat ggc atc cag tac acc
Val Trp Leu Ala Tyr Lys Val Ala Ser Asn Gly Ile Gln Tyr Thr

2050 2055 2060

gat aga aag tgg tgt ttt gat ggg ccg cgt acg aat gcc ata ctg

6059

6104

6149

6194

6239

6284

6329



the amno acid next to the starting nethionine of the
pol yprotein. 33. The nucleic acid nolecule of claim
30, wherein the amino acid nutation that attenuates
sai d Japanese encephalitis virus is the 274th
threonine, counted from tfhe,gm no acid next to the
starting nethionine of the polyprotein. 34. The
nucl eic acid nol ecul e of claim 31, which conprises the
chgott eppiensg af1y2Pky! Ard 9ROt Asgendsi Tl DA of
Asp ALYIULSEUIE oys TENGE oy SEO | SRl S P R lvtom

2 rising the nuelpgpc aci d nol ecul e2@gsy one of cl ai ns
-34. 36. An attenuated Japanese encephalitis virus
encoded by the nucleic acid nolecule of any one of
clainms 29-34. 39 37. An attenuated Japanese

gag g%‘ce&%a&éé ig%g"&f&?atghaétéj%% ROd cgenhtg N gatMad agg 6374

rain, Is encoded by the nucleic acid nol ecule of any

Glu Ag;ge ol aftﬁ!dl% 791 [ u3311e 381 The gt Rotatdg Ghpargse

cep Itis virus of claim37, is a M5-14 strain.

2§§3.The attenuatg@oggpanese encephalQQQ@ vi rus of
claim37, which is a M5-15 strain. 40. A nethod of

preparing the nucleic acid nolecule of any one of
clainms 29-34, which conprises a step for introducing

aaa afHCl tEQ?_J@E abhof}y t Bt gutoduscagangtt Ortatogea aHtNo 6419
aci mut ati ons that attenuate the virus into

Lys I9HC!GRf iLQEJ/%%ﬁH?QOﬁ(pS) LEhatspe ATHUR(S Val heTyar alaemdy ane

protein an non-structural protein in a nucleic
og65d nol ecul e conpgigy ng a nucl eoti delegquence that

encodes Japanese encephalitis virus.
cac caa gct ctc aag tgg ttc aaa gac ttc gca gca gga aag aga 6464
His Gln Ala Leu Lys Trp Phe Lys Asp Phe Ala Ala Gly Lys Arg

2110 21156 2120

tca gcc gtt age ttc ata gag gtg ctc ggt cgt atg cct gag cat 6509
Ser Ala Val Ser Phe Ile Glu Val Leu Gly Arg Met Pro Glu His

2125 2130 2135

ttc atg gga aag acg cgg gaa gct tta gac acc atg tac ttg gtt 6554
Phe Met Gly Lys Thr Arg Glu Ala Leu Asp Thr Met Tyr Leu Val

2140 2145 2150

gca acg gct gag aaa ggt ggg aaa gea cac cga atg gct ctc gaa 6599
Ala Thr Ala Glu Lys Gly Gly Lys Ala His Arg Met Ala Leu Glu

2155 2160 2165




gag

Glu

act

Thr

ggt

Gly

acc

Thr

g88

Gly

gaa

Glu

ttt

Phe

41. A nethod of preparing an attenuated Japanese
encephalitis virus, which conprises a step for
expressi ng Japanese encephalitis virus proteins from
the nucleic acid nolecule of any one of clains 29-34.
40 1/158 SEQUENCE LI STI NGg7igd> The Research
Foundation for Mcrobial D seases of Osaka University
<120> ATTENUATED CHI MERI C FLAVI VI RUS HAVI NG GENE OF

cﬁgITEULJ ﬁDgléFmEéﬁa ENGERKALAH StY! RS ASt BAGKBENE
30> 09839 <150> JP2004-374630 <151> 2004-12-24

Lu-6870 685 A1 BRilcant | Thvensi Thr 3ed 1K210a11AK2 T2
10976 <iiz> DNA <213> Japanese encephalitis virus

ofRR0> <221> CDS <2325 (96).. (10391)2180

gtg atg aca gga gga ttc ttt cta cte atg atg cag cga aag
Val Met Thr Gly Gly Phe Phe Leu Leu Met Met Gln Arg Lys

2185 2190 2195

ata ggg aag atg ggt ctt gga gct cta gtg ctc acg cta gct
Ile Gly Lys Met Gly Leu Gly Ala Leu Val Leu Thr Leu Ala
2200 22056 2210

ttc ttc ctg tgg gcg gca gag gtt ccc gga aca aaa ata gca
Phe Phe Leu Trp Ala Ala Glu Val Pro Gly Thr Lys Ile Ala
2215 2220 2225

acc ctg ctg atc gcc ctg ctg ctt atg gtg gtt ctc atc cca
Thr Leu Leu Ile Ala Leu Leu Leu Met Val Val Leu Ile Pro

2230 2235 2240

ccg gaa aag cag agg fca caa aca gat aat caa ctg gcg gtg
Pro Glu Lys Gln Arg Ser Gln Thr Asp Asn Gln Leu Ala Val

2245 2250 2255

ctc atc tgt gtc ttg acc gtg gtt gga gtg gtg gca gca aac
Leu Ile Cys Val Leu Thr Val Val Gly Val Val Ala Ala Asn
2260 2265 2270

6644

6689

6734

6779

6824

6869

6914



gag

Glu

ttt

Phe

atg

Met

gg8

Gly

tcg

Ser

ggc

Gly

gac

Asp

2/ 158 <400> 1 agaagtttat ctgtgtgaac ttcttggctt
agtatcgttg agaagaatcg agagattagt 60 gcagtttaaa
cagtttttta gaacggaaga taacc atg act aaa aaa cca gga
113 Met Thr Lys Lys Pro Ay 1 5 ggg ccc ggt aaa aac
cgg get atc aat atg ctg aagygg¢ 99c cta ccc 161 dy
Pro Ay Lys Asn Arg Ala Ile Asn Met Leu Lys Arg Ay
Leu Pro 10 15 20 <cgc gta ttc cca cta gtg gga gtg aag
agg gta gta atg agc ttg ttg 209 Arg Val Phe Pro Leu
Val @y Val Lys Arg Val Vval Met Ser Leu Leu 25 30 35
t4ac %Ca@ & 1939928 Cha0t 8c & Haal k6a P ety geig agt aligC
acg c ttc 25 Asp Gy Arg Ay Pro Val Arg Phe Val
T?FU Ayaykewdd g10hysPhenPhy 4A145H0 Laag Iist SacadMagca
ta gcc ccg acc aag geg ctt tta ggc cga tgg aaa 305
obyg Phe Thr Ala Lespghl a Pro Thr Lys Ap8s5Leu Leu Gy
rg Trp Lys 55 60 65 70 gca gtg gaa aag agt gta gca
atg aaa cat ctc act agt ttc aaa cga 353 Ala Val Qu

Lys Ser Val Ala Met Lys His Leu Thr Ser Phe Lys Arg 75

g%g 8§gaglall§8acg cag gca tca gga cig act gga tta cca agc
Gly Gly Lys Thr Gln Ala Ser Gly Leu Thr Gly Leu Pro Ser

2290 2295 2300

gca ctg gac ctg cgt cca gcc aca get tgg gca ctg tat ggg
Ala Leu Asp Leu Arg Pro Ala Thr Ala Trp Ala Leu Tyr Gly

2305 2310 2315

agc aca gtc gtg cta acc cct ctt ctg aag cac ctg atc acg
Ser Thr Val Val Leu Thr Pro Leu Leu Lys His Leu Ile Thr
2320 2325 2330

gaa tac gtc acc aca tcg cta gcc tca att aac tca caa gct
Glu Tyr Val Thr Thr Ser Leu Ala Ser Ile Asn Ser Gln Ala

2335 2340 2345

tca tta ttt gtc ttg cca cga ggc gtg cct ttt acc gac cta
Ser Leu Phe Val Leu Pro Arg Gly Val Pro Phe Thr Asp Leu

2350 2355 2360

ttg acc gtt ggc ctc gte tic ctt ggc tgt tgg ggt caa atc

Leu Thr Val Gly Leu Val Phe Leu Gly Cys Trp Gly Gln Ile

6959

7004

7049

7094

7139

7184

7229




gaa ctt gga aca ctc att gac gcc gtg aac aag egg ggc
aga aag caa 401 du Leu Gy Thr Leu Ile Asp Al a Val
Asn Lys Arg Ay Arg Lys G n 90 95 100 aac aaa aga gga
gga aat gaa ggc tca ate atg tgg ctt gcg age ttg 449
Asn Lys Arg Ay Gy Asn Gys/y Ser Ile Met Trp Leu
Ala Ser Leu 105 110 115 gca gtt gtc ata get tgt gca

gga gcc ata aag ttg tca aat ttc cag 497 Al a Val Val
obge Ala Cys Ala Gaa7hla Ile Lys Leu 28T5Asn Phe G n
120 125 130 ggg aag ctt ttg atg ace att aac aac acg
gac att gca gac gtt ate 545 dvy Lys Leu Leu Met Thr
Ile Asn Asn Thr Asp Ile Ala Asp Val Ile 135 140 145

acc ct20 acdt 8catittCEEg ot t gac aty @08 ORJgagC Agactyecdwgy 7274
gtc egg gca ate 593 Val Ile Pro Thr Ser Lys Ay Qu

Thr LAGN TN TRY PhE ReYalhrAr A14 Met Val 15 AG8 1K Lgaedligt C
ggc tac atg tgt gag gac act ate acg tac gaa tgt cct

2889 641 Asp Val @3gsTyr Met Cys G u288¢p Thr Ile Thr
Tyr Au Cys Pro Lys 170 175 180 ctt gcc atg ggc aat

gat cca gag gat gtg gac tgc tgg tgt gac aac 689 Leu

Ala Met Gy Asn Asp Pro Qu Asp Val Asp Cys Trp Cys
tat gBeP A al8o% 9@ ct99g# 128 caa gca gaa gca ctc agg get 7319
Tyr Gly Tyr Met Leu Pro Gly Trp Gln Ala Glu Ala Leu Arg Ala

2395 2400 2405

gcc cag aga agg aca gcg gct gga ata atg aag aat gee gtt gtt 7364
Ala Gln Arg Arg Thr Ala Ala Gly Ile Met Lys Asn Ala Val Val

2410 2415 2420

gac gga atg gtc gcc act gat gtg cct gaa ctg gaa agg acc act 7409
Asp Gly Met Val Ala Thr Asp Val Pro Glu Leu Glu Arg Thr Thr
2425 2430 2435

cct ctg atg caa aag aaa gtc gga cag gtg ctc ctc ata ggg gta 7454
Pro Leu Met Gln Lys Lys Val Gly Gln Val Leu Leu Ile Gly Val

2440 2445 2450

agc gtg gca geg ttc ctc gtc aac ccc aaa atc acc act gig aga 7499
Ser Val Ala Ala Phe Leu Val Asn Pro Lys Ile Thr Thr Val Arg

2455 2460 2465

gaa gca ggg gtg ttg gtg aca gecg gct acg ctc tet tig tgg gac 7544




Glu

aac

Asn

tgc

Cys

tgg

Trp

agg

Arg

aat

Asn

ata

Ile

caa gaa gtc tac gtc caa tat gga egg tgc acg egg acc
agg cat tcc 737 dn @u VvVal Tyr Val An Tyr Ay Arg
Cys Thr Arg Thr Arg H's Ser 200 205 210 aag cga age
agg aga tee gtg tcg gtc caa aca cat ggg gag agt tca

785 Lys Arg Ser Arg Arg %r/ %al Ser Val Gn Thr Hs
Ay Qu Ser Ser 215 220 2 & 0O cta gtg aat aaa aaa

gag get tgg ctg gat tca acg aaa gcc aca cga 833 Leu

Val Al g1 TR 4L
A Ny y§ 12l ARal etk Al SeF Thu T a
H%r Gﬁ?g %%3’654031?}%& t‘gtal ét\?g atg aaa act gag iggéﬁipgg

off§ ata agg aat cagig7g9c tat get 881 92484 Leu Met Lys
r du Asn Trp Ile Ile Arg Asn Pro Ay Tyr Ala 250

255 260 ttc ctg gcg gcg gta etc ggc tgg atg ctt ggc
agt ace aac ggt caa 929 Phe Leu Ala Ala Val Leu Ay

g %p QBB Yt O geTNha R cChye Aot 260 %ty 2éd Aagc
ggta te ace ate etc Ctg Ctg Ctg gtC get CCd get

GQ/\?C A}l%t 3%7 W17V VB Vaky e Th THreAlgu teucLewdweu
al a Pro Ala Tyr Ser 280 285 290 ttt aat tgt ctg

ofg@ atg ggc aat Cgjsggac tte ata gaa ggesgcc agt 1025
ﬁe Asn Cys Leu Gy Met Ay Asn Arg Asp Phe Ile Qu
Gy Ala Ser 5/158 295 300 305 310

cat gta atg cga ggt agc tac ctg gct gga ggc tce att get
His Val Met Arg Gly Ser Tyr Leu Ala Gly Gly Ser Ile Ala
2500 2505 2510

act ctc atc aag aac gct gac aag ccc tcc tta aaa agg gga
Thr Leu Ile Lys Asn Ala Asp Lys Pro Ser Leu Lys Arg Gly

2515 2520 2525

cct ggg ggec agg acg cta ggg gag cag tgg aag gaa aaa cta
Pro Gly Gly Arg Thr Leu Gly Glu Gln Trp Lys Glu Lys Leu

2530 2535 2540

gcc atg agc aga gaa gag ttt ttt aaa tac cgg aga gag gcc
Ala Met Ser Arg Glu Glu Phe Phe Lys Tyr Arg Arg Glu Ala

2545 2550 2555

atc gag gtg gac cgc act gaa gca cgc agg gct aga cgt gaa
Ile Glu Val Asp Arg Thr Glu Ala Arg Arg Ala Arg Arg Glu

2560 2565 2570

7589

7634

7679

7724

7769

7814



aat

Asn

ctc

Leu

gtc

Val

gca

Ala

24244

aac

Asn

tca

Ser

gga gcc act tgg gtg gac ttg gtg cta gaa gga gat age
tgc ttg aca 1073 dy Ala Thr Trp Val Asp Leu Val Leu
GQu Ay Asp Ser Cys Leu Thr 315 320 325 att atg gca
aac gac aaa cca aca ttg gac gtc cgc atg ate aac ate
1121 1le Met Ala Asn Asp %Mf&fro Thr Leu Asp Val Arg
Met Ile Asn Ile 330 335 34 gaa get age caa ctt gcc
gag gtt aga agt tac tgt tat cat get tea 1169 du Al a

aag:g a%gg%%g@gggagclétv%cﬁﬁts%g b £YS Tvh gis 2Aha

tc act gyac ate tcg acg gtg get egg

Aérrﬂf I@lgfvﬂcgilgf%l}ggﬁsga@r#%llﬁy ér!ale hisefsg d ngsSer

Cys Pro Thr Thr y Au Ala 360 365

{0 cac aac gag a?% gga get gat agt aggstat gtg tgc
aaa caa ggc ttc 1 é H's Asn Gu Lys Arg Ala Asp Ser

Ser Tyr Val Cys Lys A n @y Phe 375 380 385 390 act

gat cgt ggg tgg ggc aac gga tgt gga ctt ttc ggg aag

395 4

c%gﬁ tgggcgﬁﬁlé@%ﬁp géag t@tyﬁﬂz R¢ XcaAS %tg é‘g%ag y

y Se 0 40 att gac aca tgt

t 61
AR L LW OIF IR RE AR B S R

o 1le Gy Arg 413415 420 2600

att gat cta ggg tgt ggg cgt gga gga tgg agc tac tac gca

Ile Asp Leu Gly Cys Gly Arg Gly Gly Trp Ser Tyr Tyr Ala

2605 2610 2615

acc ctg aag aag gtc cag gaa gtc aga gga tac acg aaa ggt

Thr Leu Lys Lys Val Gln Glu Val Arg Gly Tyr Thr Lys Gly

2620 2625 2630

gcg gga cat gaa gaa ccg atg ctc atg cag agc tac ggc tgg

Ala Gly His Glu Glu Pro Met Leu Met Gln Ser Tyr Gly Trp

2635 2640 2645

ctg gtc tcc atg aag agt gga gtg gac gtg ttt tac aaa cct
Leu Val Ser Met Lys Ser Gly Val Asp Val Phe Tyr Lys Pro

2650 2655 2660

gag ccc agt gac act ctg ttc tgc gac ata ggg gaa tcc tcc
Glu Pro Ser Asp Thr Leu Phe Cys Asp Ile Gly Glu Ser Ser

2665 2670 2675

7859

7904

7949

7994

8039

8084

8129




ccg

Pro

atg

Met

aaa

Lys

gtc

Val

tce

Ser

ggc

Gly

g88
Gly

aca atc cag cca gaa aac ate aaa tac aaa gtt ggc att
ttt gtg cat 1409 Thr Ile Gn Pro Qu Asn Ile Lys Tyr
Lys Val Gy Ile Phe Val H's 425 430 435 gga gee act
act tcg gaa aac cat ggg aat tat tea gcg caa gtt ggg
1457 dy Ala Thr Thr Ser5§/ sgAsn Hs @y Asn Tyr Ser
Ala A n Val Ay 440 445 4 Ecg tcc cag geg gca aag
ttc aca gta aca ccc aat get cct tcg ata 1505 Ala Ser
Gn Ala Ala Lys Phe Thr Val Thr Pro Asn Ala Pro Ser
Ile 455 460 465 470 ace etc aaa ctt ggt gac tac gga
a C t t C 3.gal N1 Le Leu
&) R R AR D R s

é‘180P§§5G1@§IQ13@fu %98 1% @@g ﬂ‘g‘ LQ@%%Q vEﬁtLé@@lgt ¢
atg ace gtg ggg tea 1601 Gu
@ Phe Tyr Val Mggdhr VaI Gly Ser f@ﬂ) 495 500 aag
tea ttt ctg gtc cat agg gaa tgg ttt cat gac etc get
etc ccc 1649 Lys Ser Phe Leu Val Hs Arg Gu Trp Phe

H's Asp Leu Ala Leu Pro 505 510 515 7/158 +tgg acg tee

t c t
aff oot eI aR Gt W4 PG 999 GA TG B aTND o
TER USkUrdiP Y rPeler 95528289y Pro Arg Glu Phe Cys Ile
2695 2700 2705

gtt ctt tge ccc tac atg ccc aag gtt ata gaa aaa atg gaa
Val Leu Cys Pro Tyr Met Pro Lys Val Ile Glu Lys Met Glu

2710 2715 2720

ctg caa cgc cgc ttc gga ggt ggg cta gtg cgt ctt ccc ctg
Leu Gln Arg Arg Phe Gly Gly Gly Leu Val Arg Leu Pro Leu

2725 2730 2735

cgc aac tcc aat cac gag atg tac tgg gtt agt gga gcc get
Arg Asn Ser Asn His Glu Met Tyr Trp Val Ser Gly Ala Ala

2740 2745 2750

aat gtg gtg cac get gtg aac atg acc agc cag gta cta ctg
Asn Val Val His Ala Val Asn Met Thr Ser Gln Val Leu Leu

2755 2760 2765

cga atg gat cgc aca gtg tgg aga ggg cca aag tat gag gaa

Arg Met Asp Arg Thr Val Trp Arg Gly Pro Lys Tyr Glu Glu

8174

8219

8264

8309

8354

8399

8444




gat

Asp

gte

Val

aaa

Lys

tac

Tyr

ggc

Gly

aaa

Lys

gac

gag
get
An
gaa
gtg
ady
gtg
2Ty
Cys

- aaa

Lys

Ser Asp Ay Pro Cys Lys 615 620 625 630 8/158

ttt gaa gag gcg cac gcc aca aaa cag tcc gtt gtt
ctt ggg 1745 du Phe Qu Qu Ala Hs Ala Thr Lys

Ser Val

Val Ala Leu Gy 535 540 545 550 tea cag

gga ggc etc cat cag gcg ttg gca gga gcc ate gtg
1793 Ser Gn Qu Ay gdnsdeu Hs A n Ala Leu Ala
Ile Val Val 555 560 565 gag tac tea agt tea
tta aca tea ggc cac ctg aaa tgt agg 1841 du
Ser Ser VA#77Tbys Leu Thr Ser &80 Hi s Leu Lys
570 575 580 <ctg aaa atg gac aaa ctg get ctg
aca ace tat gge atg tgc 1889 Leu Lys Met Asp
Ala Leu Lys Gy Thr Thr Tyr Ay Met Cys 585
gb00 95t 88 peggaagagral t acs exmgat gcc Wiy daa FAE €Y EP&g
gac act ggt cac ggg 1937 Thr du Lys Phe Ser Phe Al a
VhYSs M3NLEE GIA 8eAIH yThThE ArgHAda Blal 609 do% 61 WHaa
gtt gtc att gaa etc tcc tac tct ggg agt gat ggc ccc
oygs aaa 1985 Thr 2780 Val Ile Au Le@7%r Tyr Ser Ay

Al a
aag
Ser
Arg
ggc
Leu

att gtc tee gtt gcg agc ctc aat gac atg ace ccc gte
ggg 2033

chet ddu aRt acad@nlgagl ya63at644rgH48g aga atc cag aag ctt

His

2800

gaa
Glu

2815

cge
Arg

2830

tca
Ser

2845

cct

Pro

2860

acc

Ile Pro Ile Val Ser Val Ala Ser Leu Asn Asp

Ser Asn Gln Glu Lys Ile Lys Lys Arg Ile Gln Lys Leu

gaa

Glu

act

Thr

gect

Ala

tgg

Trp

acc

tte

Phe

tgg

Trp

agt

Ser

gac

Asp

cct

2805 2810

gcc aca acg tgg cac aaa gac cct gag cat cca
Ala Thr Thr Trp His Lys Asp Pro Glu His Pro

2820 2825

aca tac cac gga agc tat gaa gtg aag gct act
Thr Tyr His Gly Ser Tyr Glu Val Lys Ala Thr

2835 2840

tct ctc gtc aac gga gtg gtg aag ctc atg age
Ser Leu Val Asn Gly Val Val Lys Leu Met Ser

2850 2855

gcc att gcc aac gtc acc acc atg gcc atg act

Ala Ile Ala Asn Val Thr Thr Met Ala Met Thr

2865 2870

ttt gga cag caa aga gtt ttc aag gag aaa gtt

att ccg

8489

8534

8579

8624

8669

8714

8759




Asp

gac

Asp

aac

Asn

aga

Arg

age

Ser

agc

Ser

gtt

Val

egg ctg gtg aca gtg aac ccc ttc gtc gcg act tcc agt
gcc aat tca 2081 Arg Leu Vval Thr Vval Asn Pro Phe Val
Ala Thr Ser Ser Ala Asn Ser 650 655 660 aag gtg ctg
gtc gag atg gaa ccc ccc ttc gga gac tee tac ate gta
2129 Lys Val Leu Val GQu Atiséd u Pro Pro Phe @y Asp
Ser Tyr Ile Val 665 670 675 gtt gga egg gga gac aag
cag ate aac cac cat tgg cat aaa get gga 2177 Val dy
TR 0 THrYPAS PHey 61 G | 61i\ATgHVS1 Hile Typ Hls Lys Wla
Gy 680 685 690 age acg ctg ggc aaa gcc ttt tca aca

28%% ttg aag gga geiggpag aga 2225 Ser88hr Leu Ay Lys
Ala Phe Ser Thr Thr Leu Lys Ay Ala @ n Arg 695 700

705 710 ctg gea gcg ctg ggt gac aca gcc tgg gac ttt
ggc tee att gga ggg 2273 Leu Ala Ala Leu Ay Asp Thr

abba Mg gfs e @ald dcaSekch | gotCoya @ot dap 7gih g2p cwie
ttc aac tcc ata gga aaa gcc gtt cac caa gtg ttt ggt

T8989t 196C A28 %o WAl Hhe Pss Bey GLY eAld LybysGIAl daValewH s
Gn Val Phe Gy Ay Ala 9/158 730 735 740 ttc aga aca

ogbg ttc ggg gga atgggsct tgg atc aca @960ggg cta atg
2369 Phe Arg Thr Leu Phe Ay Ay Met Ser Trp Ile Thr
An @y Leu Met 745 750 755

gag acc acc aac tgg ctg tgg gcc tac ttg tca cgg gaa aaa
Glu Thr Thr Asn Trp Leu Trp Ala Tyr Leu Ser Arg Glu Lys

2905 2910 2915

ccc cgec ttg tge acc aag gaa gaa ttc ata aag aaa gtc aat
Pro Arg Leu Cys Thr Lys Glu Glu Phe Ile Lys Lys Val Asn

2920 2925 2930

aac gcg gct ctt gga gca gtg ttc gct gaa cag aat caa tgg
Asn Ala Ala Leu Gly Ala Val Phe Ala Glu Gln Asn Gln Trp

2935 2940 2945

acg gcg cgt gag gct gtg gat gac ccg cgg ttt tgg gag atg
Thr Ala Arg Glu Ala Val Asp Asp Pro Arg Phe Trp Glu Met
2950 2955 2960

gat gaa gag agg gaa aac cat ctg cga gga gag tgt cac aca

Asp Glu Glu Arg Glu Asn His Leu Arg Gly Glu Cys His Thr

2965 2970 2975

8804

8849

8894

8939

8984

9029




tgt

Cys

ttt

Phe

gga

gat

Asp

tca

Ser

aag

Lys

act

Thr

ggt gcc cta cta ctc tgg atg ggc gte aac gca cga gac
cga tca att 2417 dy Ala Leu Leu Leu Trp Met Gy Val
Asn Ala Arg Asp Arg Ser Ile 760 765 770 get ttg gcc
ttc tta gee aca gga ggt gtg ctc gtg ttt tta gcg ace
2465 Al a Leu Ala Phe Leu :éjgsThr Gy @y Vval Leu Val
Phe Leu Ala Thr 775 780 78 90 aat gtg cat get gac

act gga tgt gcc att gac ate aca aga aaa gag 2513 Asn

at@l thlSafd %tgszpt T%gag Yad%hgatar lahe AsP k€ ddw gagg
Lys A u 795 00g8 atg agg tgt gga agt ggc ate tte

g T&?CA%%egaﬁeﬂk}nga@Q%‘fgtm 2961 LydvePProrglyOB3ud y
Ser e Phe Val "H's Asn Asp Val Au Ala Trp 810

o®p 820 gtg gat aogstat aaa tat ttg2emm gaa acg ccc
aga tee cta gca aag 2609 Val Asp Arg Tyr Lys Tyr Leu
Pro Au Thr Pro Arg Ser Leu Ala Lys 825 830 835 ate
gtc cac aaa gcg cac aag gaa ggc gtg tgc gga gtc aga
&t %C 26202104458 | hg Yok &6 thyStfd adestgyet® u
g%él Val ® Cys Glgé gi% Arg Ser Val 840 845 850 act aga

Gﬁtg l%égAPé‘tLy%aélﬁtSlrt J8r§adadtle drp PHEY ORL TAR Uelig
aac 270 Thr Arg Leu Qu Hs G@n Met Trp Au Al a Val
289 Asp G u Leu Asppg55 860 865 870 3005

gca cgg tat cta gag ttt gaa gct ttg ggg ttc cig aat gaa
Ala Arg Tyr Leu Glu Phe Glu Ala Leu Gly Phe Leu Asn Glu

3010 3015 3020

cat tgg ctg agc cga gag aat tca gga ggt gga gtg gaa ggc
His Trp Leu Ser Arg Glu Asn Ser Gly Gly Gly Val Glu Gly

3025 3030 3035

gge gtc caa aag ctg gga tac atc ctc cgt gat ata gca gga
Gly Val Gln Lys Leu Gly Tyr Ile Leu Arg Asp Ile Ala Gly

3040 3045 3050

caa gga gga aaa atg tac gct gat gat acc gcc ggg tgg gac
Gln Gly Gly Lys Met Tyr Ala Asp Asp Thr Ala Gly Trp Asp

3055 3060 3065

aga att acc aga act gat tta gaa aat gaa gcc aag gig ctg
Arg Ile Thr Arg Thr Asp Leu Glu Asn Glu Ala Lys Val Leu
3070 3075 3080

9074

9119

9164

9209

9254

9299

9344




gtc ctg ctc aaa gag aat gca gtg gac ctc agt gtg gtt
gtg aac aag 2753 Val Leu Leu Lys GQu Asn Ala Val Asp
Leu Ser Val Val Val Asn Lys 875 880 885 ccc gtg ggg
aga tat cgc tca gcc cct aaa cgc ctg tcc atg acg caa
2801 Pro Val Gy Arg Tyr /g5oer Ala Pro Lys Arg Leu
Ser Met Thr G n 890 895 90 gag aag ttt gaa atg ggc

tgg aaa gca tgg gga aaa agc att ctc ttt 2849 du Lys
Phe Gu Met Ay Trp Lys Ala Trp Gy Lys Ser Ile Leu
Phe 905 910 915 gcc ccg gaa ttg gcc aac tcc aca ttt

C Fhagfatsg998af Cac938RaR g 288 gcbl g @cd atd @ittAl a
gag Bt - Fatadll geldfad Coc otk Asp Gy Pro Gu Thr 920 925

Glu LOSO 12AIASRB1H961E Hi s9hr SMBLCE6u 203 BRE 1W0g Bhe Idge
atg caa ate gaa 2945 Lys Qu Cys Pro Asp Gu His Arg

36g® Trp Asn Ser Mejogd n Ile G u 935 9dg5 945 950 11/158
gac ttc ggc ttt ggc ate aca tca ace cgt gtg tgg ctg
aag att aga 2993 Asp Phe Gy Phe Ay Ile Thr Ser Thr
Arg Val Trp Leu Lys Ile Arg 955 960 965 gag gag age

t fac 99 ahgg at’ g¢ get gyaC
gaa tgg4l&%(3tg@%gt§gt§%§aélgﬁr %\Té%c%cu C§/§é Asp %BI 3&% allelle
Glu LELY THY T anr¥ahi 913 s976aP8RA1 Lys Val Met Arg Pro Ala

3100 3105 3110

gca gaa gga aag acc gtg atg gac gtg ata tca agg gag gat caa
Ala Glu Gly Lys Thr Val Met Asp Val Ile Ser Arg Glu Asp Gln

31156 3120 3125

agg ggg agt gga cag gtg gtc act tat gect ctt aac act ttc acg
Arg Gly Ser Gly Gln Val Val Thr Tyr Ala Leu Asn Thr Phe Thr
3130 3135 3140

aac atc gct gtc cag ctc gtc agg ctg atg gag gct gag ggg gtc
Asn Ile Ala Val Gln Leu Val Arg Leu Met Glu Ala Glu Gly Val

3145 3150 3155

att gga cca caa cac ttg gaa cag cta cct aga aaa aac aag ata
Ile Gly Pro Gln His Leu Glu Gln Leu Pro Arg Lys Asn Lys Ile

3160 3165 3170

get gtc agg acc tgg ctc ttt gag aat gga gag gag aga gtg tcc

Ala Val Arg Thr Trp Leu Phe Glu Asn Gly Glu Glu Arg Val Ser




agg

Arg

gac

Asp

gtc

Val

gat

Asp

gtg
Val

gat

Asp

aat

gcc
H s

gga
gag
Ser
aca
Tyr
Au
cac
Pro
gtt

gga
Thr

cat gtg gca gtc cat agt gac ttg tcg tac tgg
agt 3089 Lys Ay Hs Val Ala Val H s Ser Asp
Tyr Trp Ile Au Ser 985 990 995 cgc tac aac
tgg aaa ctt gag agg gca gtc ttt gga gaa 3134
Asn Asp Thr Trp Lysssiest Gu Arg Al a Val Phe
1000 1005 1010 gtt aaa tee tgc act tgg cca gag
ace cta tgg gga gat 3179 Val Lys Ser Cys Thr
A u Thr Hi38hr Leu Trp Ay AsPo 1015 1020 1025
gag gaa agt gaa ctc ate ate ccg cac ace ata
3224 dy Val GQu Qu Ser Qu Leu lle lle Pro
Ile Ala Gy 1030 1035 1040 cca aaa age aag cat

abgt gpdgabgpagagegoeac agaadpgtaghc e aag 32@9ctPrgaclys

Ser

Lys

H's Asn Arg Arg Au Gy Tyr Lys Thr G n Asn

M2 04A1805De 1355G1P/ A8 AspCygpgHlat Malt §gs gdtroghgu atp ggc
ata gtc ttg gac ttt gac tat 3314 dAn Ay Pro Trp Asp

Rie 10
tgc
aag
Asp

Asn
cca
aga

Cys

Ay lle Vall9beu Asp Phe Asp 3%001060 1065 1070
ggg aca aaa gte acc att aca gag gat tgt ggc
3359 Cys Pro Ay Thr Lys Val Thr Ile Thr Gu
Gy Lys Arg 1075 1080 1085

aga ttc gcc acg gcc ctc cac ttc ctc aac gca atg tca aag

Arg Phe Ala Thr Ala Leu His Phe Leu Asn Ala Met Ser Lys

3205

aga

3220

tgg
Trp
3235

atg
Met

3250

gag
Glu
3265

gtg

aaa

Lys

cag

Gln

aaa

Lys

ctg

Leu

aag

3210 3215

gac atc cag gaa tgg aag cct tca cat ggc tgg cac
Asp Ile Gln Glu Trp Lys Pro Ser His Gly Trp His

3225 3230

caa gtt ccc ttec tge tct aac cat ttt cag gag att
Gln Val Pro Phe Cys Ser Asn His Phe Gln Glu Ile
3240 3245

gat gga agg agt ata gtt gtc ccg tgc aga gga cag
Asp Gly Arg Ser 1Ile Val Val Pro Cys Arg Gly Gln

3255 3260

ata ggc agg gct cge atc tcec cca gga get gga tgg

Ile Gly Arg Ala Arg Ile Ser Pro Gly Ala Gly Trp

3270 3275

gac aca gct tgt ctg gcc aaa geca tat gca cag atg

9704

9749

9794

9839

9884

9929

9974



gge cct tcg gte aga acc act act gac agt gga aag ttg
ate act 3404 dy Pro Ser Val Arg Thr Thr Thr Asp Ser
@y Lys Leu Ile Thr 1090 1095 1100 gac tgg tgc tgt cgc
agt tgc tee ctt ccg ccc cta cga ttc egg 3449 Asp Trp
Cys Cys Arg Ser Cys Ser Leyy/fkg Pro Leu Arg Phe Arg
1105 1110 1115 aca gaa aat ggc tgc tgg tac gga atg gaa
ate aga cct gtc agg 3494 Thr Qu Asn Ay Cys Trp Tyr

vE Y IVet AR bkl £14ACF sPricewallaAlgs B130THA 231216 det gat
gaa aca aca etc gtc aga tcg cag gtt gat get ttt aat

539 H's Asp Auspgs Thr Leu Val Arge@er G n Val Asp
Ala Phe Asn 1135 1140 1145 ggt gaa atg gtt gac cct ttt

cag ctg ggc ctt ctg gtg atg ttt 3584 dy Gu Mt Val
Asp Pro Phe G n Leu Ay Leu Leu Val Met Phe 13/158

ctd5Q 1318k 1hB0+€¢ TagCec @ Gggagagag gyt Cldtecgtg amg agg 10019
tgg acg gcc aga ttg 3629 Leu Ala Thr A n Gu Val Leu

LA% 9 1le¥iSLAE Oyl Phd i sAl RrAggl &8 16a5A#4 7QehlNbt 2de att

cct gcg gtt ttg ggg gee eta ctt gtg ctg atg ctt ggg

3364 4 Thr Ile Pro ®og Val Leu Ay Al 3308u Leu Val Leu
Met Leu Gy 1180 1185 1190

gcg att tge tca gca gtg cca gtg gat tgg gtg ccc acg gge 10064

Ala Ile Cys Ser Ala Val Pro Val Asp Trp Val Pro Thr Gly

3310 3315 3320

aca tcc tgg tcg ata cac tcg aaa gga gag tgg atg acc aca 10109
Thr Ser Trp Ser Ile His Ser Lys Gly Glu Trp Met Thr Thr

3325 3330 13335

gac atg ctg cag gtc tgg aac aga gtc tgg att gaa gaa aat 10154
Asp Met Leu Gln Val Trp Asn Arg Val Trp Ile Glu Glu Asn

3340 3345 3350

tgg atg gtg gac aag act cca ata aca agc tgg aca gac git 10199
Trp Met Val Asp Lys Thr Pro Ile Thr Ser Trp Thr Asp Val

3355 3360 3365

ccg tat gtg gga aag cgg gag gac atc tgg tgt gge aac ctc atc 10244
Pro Tyr Val Gly Lys Arg Glu Asp Ile Trp Cys Gly Asn Leu Ile

3370 3375 3380




ggc ate
gtc get

act tac act gat ttg gcg agg tat gtg gtg eta
3719 dy Ile Thr Tyr Thr Asp Leu Ala Arg Tyr
Val Val Leu Val Ala 1195 1200 1205 gee tct ttc gca gag
gee aac agt gga gga gat gtc ctg cac ctt 3764 Al a Ser
Phe Ala Qu Ala Asn Ser G ygfgsy Asp Val Leu His Leu
1210 1215 1220 get ttg att gee gtt ttc aag ate caa cca
gca ttt tta gtg atg 3809 Ala Leu Ile Ala Val Phe Lys
akke Gd1tBEOag FcBhscd-edgyagctMaglaad a1830td2gogagsy at g
ctt age acg aga tgg acg aac caa gaa aac gtg gtt ctg
T§§54Ar%“S@rM?1tg lhad Her T'BE YD GTOPASINT18S T A1E ALASN
Val Leu 1240 1245 1250 gtc eta ggg get gee ttt ttc
g@gg ttg gee tca gtgggpt ctg caa 38993345158 Val Leu
Gy Ala Ala Phe Phe A n Leu Ala Ser Val Asp Leu G n
1255 1260 1265 ata gga gtt cac gga ate ctg aat gcc gcc
get ata gca tgg atg 3944 1Ile Ay Val Hs Gy Ile Leu
aBeN A ghhaagd qck! gt atlr Podlaaledd ah275td2g@tagdc gt c

egg geg ate ace ttc ccc aca ace tee tee gtc ace atg

gga

Gly

ata

Ile A388%1d va1Vate Ang WP lThe G’W jseG RY ashhr TykhvaBesspSer
Val Thr Met 1285 1290 1295
3400 3405 3410

tac atg acc tca ctc agg aga tac gaa gat gtc ttg atc cag gaa

Tyr Met Thr Ser Leu Arg Arg Tyr Glu Asp Val Leu Ile Gln Glu

3415 3420 3425

gac agg gtc atc tagtgtgatt taaggtggaa aagcagatta tgtaaataat

Asp Arg Val Ile

3430

gtaaatgaga

gtagacggtg

aaagtgagaa

gaccaacgtc

aggaggactg

atagacgagg

aaatgcatgce

ctgtctgegt

aaccctcaga

aggccacaaa

ggttaccaaa

tgtaaggact

atatggagtc

cccagtccca

accgtctegg

tttgtgecac

geecgttgage

agaggttaga

aggccagcaa

ggaggaclgg

aagcaggtcc

tccgetgagsg

ccccacggec

ggagaccccg

aagctgccac

gttaacaaat

ctgctcactg

agtgcggcect

caagcctegt

tggaaacaac

cggatactgg

ctgacaacag

gaagttgaag

gcgeageccee

ctaggatgca

aacatgcggce

10289

10334

10379

10431

10491

10551

10611

10671

10731

10791



cca gtc tta gcg ctt eta act ccg gga atg agg get eta
tac eta 4034 Pro Val Leu Ala Leu Leu Thr Pro Ay Mt
Arg Ala Leu Tyr Leu 1300 1305 1310 gat act tac aga ate
ate etc ctc gtc ata ggg att tgc tct ctg 4079 Asp Thr
Tyr Arg Ile Ile Leu Leu Vahghkg Ay Ile Cys Ser Leu
1315 1320 1325 ctg caa gag agg aaa aag ace atg gca aaa
aag aaa gga get gta 4124 Leu G n du Arg Lys Lys Thr
Met Ala Lys Lys Lys Gy Ala Val 1330 1335 1340 ctc ttg
ggc tta gcg ctc aca tee act gga tgg ttt tcg ccc ace

ccaaghdb&t tleeHatSlgtChyadigghl ogdapgadbig FpgtTagadd vgdedrdgea 10851
Ser Pro Thr 1345 1350 1355 15/158 act ata get gee gga

eta atg gtc tgc aac cca aac aag aag aga 4214 Thr lle
Ala Ala Ay Leu Met Val Cys Asn Pro Asn Lys Lys Arg

tttgcd86sh h38pcdil g88ad3ggl CantdRhcasd gaagtétict gotétftcgdea 10911
gtt gga ttg atg ttt 4259 Ay Trp Pro Ala Thr G u Phe
Leu Ser Ala Val Ay Leu Met Phe 1375 1380 1385 gee ate

gta ggt ggt ttg gcg gag ttg gat att gaa tce atg tca

aacat4§§¥k a%&ﬁgééé%évébg6gdbgﬁhygﬁéﬁgtékém(Egigkegbg%SBakbébdaag 10971
Ser Met Ser 1390 1395 1400

gatct 10976

210> 2
211> 3432
<{212> PRT

<213> Japanese encephalitis virus

<400> 2

Met Thr Lys Lys Pro Gly Gly Pro Gly Lys Asn Arg Ala Ile Asn Met
1 5 10 15

Leu Lys Arg Gly Leu Pro Arg Val Phe Pro Leu Val Gly Val Lys Arg

20 25 30

Val Val Met Ser Leu Leu Asp Gly Arg Gly Pro Val Arg Phe Val Leu

35 40 45



ata ccc ttc atg ctg gca ggt etc atg gca gtg tee tac
gtg gtg 4349 1Ile Pro Phe Met Leu Ala Ay Leu Met Al a
Val Ser Tyr Val Val 1405 1410 1415 tca gga aaa gca aca
gat atg tgg ctt gaa egg get gee gac ate 4394 Ser dy
Lys Ala Thr Asp Met Trp Lesy/G$gs Arg Ala Ala Asp lle
1420 1425 1430 agc tgg gag atg gat get gca ate aca gga
age agt egg agg ctg 4439 Ser Trp Gu Met Asp Ala Al a
Ile Thr Gy Ser Ser Arg Arg Leu 1435 1440 1445 gat gtg
aag eta gat gat gac gga gat ttt cac ttg att gac gat
4484 Asp Val Lys Leu Asp Asp Asp Gy Asp Phe H s Leu
Ile Asp Asp 1450 1455 1460 16/ 158 <ccc ggt gtt cca tgg

Ala Laadlgt Thi RhegPhe diygs Fhe HtrgAlatlauwgdlatRrod3he Ly dld y
Val Pro Trp Lys Val Trp Val Leu Arg Met Ser Cys lle

50465 1470 1475 ggEd tta gcc gcc etcblcg cct tgg gece att

gtt ccc gcc get ttt 4574 Gy Leu Ala Ala Leu Thr Pro
Trp Ala Ile Val Pro Ala Ala Phe 1480 1485 1490 ggt tat
tgg ctc act tta aaa aca aca aaa aga ggg ggc gtg ttt
4619 dvy Tyr Trp Leu Thr Leu Lys Thr Thr Lys Arg Gy
Gy Vval Phe 1495 1500 1505

Leu Leu Gly Arg Trp Lys Ala Val Glu Lys Ser Val Ala Met Lys His

65 70 75 80

Leu Thr Ser Phe Lys Arg Glu Leu Gly Thr Leu Ile Asp Ala Val Asn
85 90 95

Lys Arg Gly Arg Lys Gln Asn Lys Arg Gly Gly Asn Glu Gly Ser Ile

100 105 110

Met Trp Leu Ala Ser Leu Ala Val Val Ile Ala Cys Ala Gly Ala Ile

115 120 126

Lys Leu Ser Asn Phe Gln Gly Lys Leu Leu Met Thr Ile Asn Asn Thr

130 135 140

Asp Ile Ala Asp Val Ile Val Ile Pro Thr Ser Lys Gly Glu Asn Arg



145

tgg gac acg cca tcc cca aaa cct tgc tea aaa gga gac
ace act 4664 Trp Asp Thr Pro Ser Pro Lys Pro Cys Ser
Lys Ay Asp Thr Thr 1510 1515 1520 aca gga gtt tac cgc
att atg get aga ggg att ctt ggc act tac 4709 Thr dy
Val Tyr Arg Ile Met Ala Argg/gby |le Leu' Gy Thr Tyr
1525 1530 1535 cag gcc ggc gtc gga gtc atg tac gag aat
gtt ttc cac aca cta 4754 dn Ala Ay Val Ay Val Mt
Tyr A u Asn ValkoPhe H's Thr Leuld%40 1545 1550 t ddlcac
aca act aga gga gca get att atg agt gga gaa gga aaa
4799 Trp His Thr Thr Arg Ay Ala Ala Ile Met Ser Ay
GQu dy Lys 17/158 1555 1560 1565 ttg acg cca tac tgg
ggt agt gtg aaa gaa gac cgc ata get tac 4844 Leu Thr
Pro Tyr Trp Ay Ser Val Lys Qu Asp Arg Ile Ala Tyr

Cys TEp7PallA¢e ABBU1g0AswORICChy tTyg My Qyist GiatAspgdhnakle gg

aat gga act gat gac 4889 dy Ay Pro Trp Arg Phe Asp
Arg Lys TrpgAsn Gy Thr Asp 1A&9p 1585 1590 15937§tg caa
gtg ate gtg gta gaa ccg ggg aag get gca gta aac ate
4934 Val d@n Vval Ile vVal Val Au Pro Ay Lys Ala Ala
Val Asn Ile 1600 1605 1610

Thr Tyr Glu Cys Pro Lys Leu Ala Met Gly Asn Asp

180 185

Asp Cys Trp Cys Asp Asn Gln Glu Val Tyr Val Gln

195 200

Thr Arg Thr Arg His Ser Lys Arg Ser Arg Arg Ser

210 215 220

Thr His Gly Glu Ser Ser Leu Val Asn Lys Lys Glu

225 230 235

Ser Thr Lys Ala Thr Arg Tyr Leu Met Lys Thr Glu

245 250

Pro

Tyr

205

Val

Ala

Asn

Glu Asp Val

190

Gly Arg Cys

Ser Val Gln

Trp Leu Asp

240

Trp Ile Ile
255



Arg

Val

Phe

305

Val

Tyr

cag aca aaa cca gga gtg ttt egg act ccc ttc ggg gag
gtt ggg 4979 Gn Thr Lys Pro Gy Val Phe Arg Thr Pro
Phe Ay Gu Val dy 1615 1620 1625 get gtt agt ctg gat
tat ccg cga gga aca tee ggc tca ccc att 5024 Al a Val
Ser Leu Asp Tyr Pro Arg Gag/Idy Ser Gy Ser Pro Ile
1630 1635 1640 ctg gat tcc aat gga gac ate ata ggc ctg
tac ggc aat gga gtt 5069 Leu Asp Ser Asn Ay Asp lle
Add @r6l g1y ayrTita Ghe Bem ABayAValVal64bu 1GH0 TisMetghguct t
ggc gat gge tca tac gtc age gcc ate gtg cag ggt gac
5114 186358 du Leu G yessp Ay Ser Tyr 9&D Ser Ala
Ile Val G@n Ay Asp 1660 1665 1670 cgt cag gag gaa cca
gtc cca gaa get tac ace cca aac atg ttg 5159 Arg dn
Gu du Pro Val Pro u Ala Tyr Thr Pro Asn Met Leu
1675 1680 1685 aga aag aga cag atg ace gta cta gat ttg
cac cct ggt tca ggg 5204 Arg Lys Arg @ n Met Thr Val
S6LUHAS Ash 61 yHGSn P @hY V&Ar Phb yTHr6d0e 11646 LedODewdauace
aag aaa att ctg cca caa ata att aag gac get att cag

52445 Lys Thr Lys Lygg8ble Leu Pro A n 28% Ile Lys Asp
Ala lle dn 1705 1710 1715 ‘

Ala Pro Ala Tyr Ser Phe Asn Cys Leu Gly Met Gly Asn Arg Asp

290 295 300

Ile Glu Gly Ala Ser Gly Ala Thr Trp Val Asp Leu Val Leu Glu

310 315 320

Asp Ser Cys Leu Thr Ile Met Ala Asn Asp Lys Pro Thr Leu Asp

325 330 335

Arg Met Ile Asn Ile Glu Ala Ser Gln Leu Ala Glu Val Arg Ser

340 345 350

Cys Tyr His Ala Ser Val Thr Asp Ile Ser Thr Val Ala Arg Cys

355 360 365



cag cgc cta aga aca get gtg ttg gca ccg acg egg gtg
gta gca 5294 dn Arg Leu Arg Thr Ala Val Leu Ala Pro
Thr Arg Val Val Ala 1720 1725 1730 gca gaa atg gca gaa
get ttg aga ggg ctc cca gta cga tat caa 5339 Ala du
Met Ala Gu Ala Leu Arg A ygiset Pro Val Arg Tyr G n
1735 1740 1745 act tca gca gtg cag aga gag cac caa ggg
aat gaa ata gtg gat 5384 Thr Ser Ala Val G n Arg Au
Hs An Gy Asn Qu 'Ile Val Asp 1750 1755 1760 19/158
gtg atg tgc cac gee act ctg acc cat aga ctg atg tea

Pro Tﬁi;grtﬁaGli‘_?“(?le AYal HiNetsRYGLHLysAveg Tha Asu SBler Séf STyar g
Leu Met Ser Pro Asn 1765 1770 1775 aga gtg ccc aac tac

3p@C cta ttt gtc a3®@ gat gaa get cat3g8otc 5474 Arg Val
Pro Asn Tyr Asn Leu Phe Val Met Asp Gu Ala H s Phe
1780 1785 1790 ace gac cca gcc agt ata gee gca cga gga
tac att get ace aag 5519 Thr Asp Pro Ala Ser Ile Ala
Ala Arg Gy Tyr Ile Ala Thr Lys 1795 1800 1805 gtg gaa
tta ggg gag gca gca gee ate ttt atg aca gcg ace ccg

Val ngé%s Yah 61y PheuTi? UsH Ar A yATep Allg Abe (lyeChetGIvhr
a Thr Pro 1810 1815 1820

385 390 395 400

Leu Phe Gly Lys Gly Ser Ile Asp Thr Cys Ala Lys Phe Ser Cys Thr

405 410 415

Ser Lys Ala Ile Gly Arg Thr Ile Gln Pro Glu Asn Ile Lys Tyr Lys

420 425 430

Val Gly Ile Phe Val His Gly Ala Thr Thr Ser Glu Asn His Gly Asn
435 440 445

Tyr Ser Ala Gln Val Gly Ala Ser Gln Ala Ala Lys Phe Thr Val Thr

450 455 460

Pro Asn Ala Pro Ser Ile Thr Leu Lys Leu Gly Asp Tyr Gly Glu Val

465 470 475 480



cct gga ace acg gat cct ttt cct gac tea aat gee cca
ate cat 5609 Pro Ay Thr Thr Asp Pro Phe Pro Asp Ser
Asn Ala Pro Ile His 1825 1830 1835 gat ttg caa gat gag
ata cca gac agg gcg tgg age agt gga tac 5654 Asp Leu
An Asp Qu lle Pro Asp Argypb@ Trp Ser Ser Ay Tyr
1840 1845 1850 gaa tgg ate aca gaa tat gcg gga aaa ace
gtg tgg ttt gtg gca 5699 du Trp Ile Thr Au Tyr Al a
Gy Lys Thr Vval Trp Phe Val Ala 1855 1860 1865 20/ 158

agc gtg aaa atg ggg aac gag att gca atg tgc ctc caa
aga gcg 5744 Ser Val Lys Met Ay Asn Qu Ile Ala Mt
Cys Leu A n Arg Ala 1870 1875 1880 ggg aaa aag gtc ate

Thr LS@QAS‘H Gy@ﬁﬂtﬁQQOaﬂﬁg See ¢Bt LeacAar ThgaelbAdd PK Vylrys
Lys Ile An Leu Asn Arg Lys Ser Tyr Asp Thr GQu

1885 1890 AFPS5 tac cca aaa Ygh aag aat gga gag9sgg gat
ttt gtc ate acc act 5834 Tyr Pro Lys Cys Lys Asn Gy
Asp Trp Asp Phe Val Ile Thr Thr 1900 1905 1910 gac att

tct gaa atg ggg gcc aac ttc ggt gcg age agg gtc ate
5879 Asp Ile Ser Qu Met Ay Ala Asn Phe Ay Ala Ser
Arg Val Ile 1915 1920 1925

Val Met Thr Val Gly Ser Lys Ser Phe Leu Val His Arg Glu Trp Phe

500 505 510

His Asp Leu Ala Leu Pro Trp Thr Ser Pro Ser Ser Thr Ala Trp Arg

515 520 525

Asn Arg Glu Leu Leu Met Glu Phe Glu Glu Ala His Ala Thr Lys Gln

530 535 540

Ser Val Val Ala Leu Gly Ser Gln Glu Gly Gly Leu His Gln Ala Leu

545 550 555 560

Ala Gly Ala Ile Val Val Glu Tyr Ser Ser Ser Val Lys Leu Thr Ser

565 570 575

Gly His Leu Lys Cys Arg Leu Lys Met Asp Lys Leu Ala Leu Lys Gly



gac tgt aga aag age gtg aag ccc ace ate tta gaa gag
gga gaa 5924 Asp Cys Arg Lys Ser Val Lys Pro Thr Ile
Leu Au Gu Ay Gu 1930 1935 1940 ggc aga gtc ate ctc
gga aac cca tcg ccc ata acc agt gca age 5969 dy Arg
Val Ile Leu Gy Asn Pro Sep/f§go Ile Thr Ser Al a Ser
1945 1950 1955 gca get caa egg agg ggc aga gta ggc aga
aac cct aac cag gtt 6014 Ala Ala An Arg Arg Ay Arg
Val dsgoArg Asn Pro Asns@bn Val 21/158 198@ 1965 1970
gga gat gaa tac cac tat ggg ggg gee acc agt gaa gat
gac agt 6059 dy Asp Qu Tyr Hs Tyr Ay Ay Ala Thr
Ser Qu Asp Asp Ser 1975 1980 1985 aac eta gee cat tgg
aca gag gca aag ate atg tta gat aac ata 6104 Asn Leu
Ala Hs Trp Thr Gu Ala Lys Ile Met Leu Asp Asn Ile

Thr THO99r198p MeQ00y s ahrabh 456 Piaé SpgaPhé Qlgt ygefsncRgoct c
tat "gga cca gag agg 6149 Hs Met Pro Asn Ay Leu Va
Algg&ln Leu Tyr Gy Bs® G u Arg 2005 BDEO 2015 gaa aag
gee ttc aca atg gat ggc gaa tac cgt ctc aga ggt gaa
6194 du Lys Ala Phe Thr Met Asp Ay Gu Tyr Arg Leu
Arg Gy du 2020 2025 2030

Ala Asp Thr Gly His Gly Thr Val Val Ile Glu Leu Ser Tyr Ser Gly

610 615 620

Ser Asp Gly Pro Cys Lys Ile Pro Ile Val Ser Val Ala Ser Leu Asn

625 630 635 640

Asp Met Thr Pro Val Gly Arg Leu Val Thr Val Asn Pro Phe Val Ala
645 650 655

Thr Ser Ser Ala Asn Ser Lys Val Leu Val Glu Met Glu Pro Pro Phe

660 665 670

Gly Asp Ser Tyr Ile Val Val Gly Arg Gly Asp Lys Gln Ile Asn His

675 680 685




His

Leu

705

Phe

Gln

Ile

Ala

Leu

785

gaa aag aaa aac ttc tta gag ctg ctt agg aeg get gac
etc ccg 6239 du Lys Lys Asn Phe Leu Qu Leu Leu Arg
Thr Ala Asp Leu Pro 2035 2040 2045 gtg tgg ctg gee tac
aag gtg gcg tee aat ggc ate cag tac ace 6284 Val Trp
Leu Ala Tyr Lys Val Ala Sefz/fgn Gy Ile Gn Tyr Thr
2050 2055 2060 gat aga aag tgg tgt ttt gat ggg ccg cgt
acg aat gcc ata ctg 6329 22/158 Asp Arg Lys Trp Cys

TN e1iASRy $3A1aPC Oy Aeg Thr 1ASNGEY dlyls alaethe2866 THI7Gh2075
gag gac aac ace gag gta gag ata gtc ace egg atg ggt

680 agg 6374 d wossp Asn Thr Gu vab Gu Ile Val Thr
Arg Met Ay Gu Arg 2080 2085 2090 aaa ate etc aag ccg
aga tgg ctt gat gca aga gtt tat gca gat 6419 Lys lle
Leu Lys Pro Arg Trp Leu Asp Ala Arg Val Tyr Ala Asp
2095 2100 2105 cac caa get etc aag tgg ttc aaa gac ttc
gca gca gga aag aga 6464 H's G n Ala Leu Lys Trp Phe

LY GIASRIPA nAhag Alen @y Alws Lo oG IR1 AGp 2THi5 A24 20 dapgcc
gtt age ttc ata gag gtg etc ggt cgt atg cct gag cat
6509 Ser Alatyal Ser Phe Ile 1b Val Leu Ay Arg2Rkt
Pro Qu H's 2125 2130 2135

Gly Ser Ile Gly Gly Val Phe Asn Ser Ile Gly Lys Ala Val His

725 730 735

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

740 745 750

Thr Gln Gly Leu Met Gly Ala Leu Leu Leu Trp Met Gly Val Asn

755 760 765

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

770 775 780

Val Phe Leu Ala Thr Asn Val His Ala Asp Thr Gly Cys Ala Ile

790 795 800




ttc atg gga aag acg egg gaa get tta gac ace atg tac
ttg gtt 6554 Phe Met Ay Lys Thr Arg Gu Ala Leu Asp
Thr Met Tyr Leu Val 2140 2145 2150 gca acg get gag aaa
ggt ggg aaa gca cac cga atg get etc gaa 6599 Ala Thr
Ala Ju Lys Gy Ay Lys Alshes Arg Met Ala Leu G u
2155 2160 2165 23/ 158 gag ctg cca gat gca ctg gaa ace
att aca ctt att gtt get ate 6644 du Leu Pro Asp Al a
Leu Au Thr Ile Thr Leu Ile Val Ala Ile 2170 2175 2180
act gtg atg aca gga gga ttc ttt cta etc atg atg cag
Asp IteaTiaaare6Bss GTarMefalArkeCysTitlyGher Gly Phe FhleeVakdiilseu
Met Met G n Arg Lys 2185 2190 2195 ggt ata ggg aag atg
ggt ctt gggoget cta gtg etc8l6g cta get 6734 8By lle
Gy Lys Met Gy Leu Ay Ala Leu Val Leu Thr Leu Al a
2200 2205 2210 ace ttc ttc ctg tgg gcg gca gag gtt ccc
gga aca aaa ata gca 6779 Thr Phe Phe Leu Trp Ala Al a
GQu Val Pro Ay Thr Lys Ile Ala 2215 2220 2225 ggg ace
ctg ctg ate gcc ctg ctg ctt atg gtg gtt etc ate eca

Asn A882¥al @1y Aty ThpuvikWusbl frAlTyrLEys lywr Leuw vt GVal Theal
Leu Ile Pro 2230 2235 2240

820 825 830

Pro Arg Ser Leu Ala Lys Ile Val His Lys Ala His Lys Glu Gly Val

835 840 845

Cys Gly Val Arg Ser Val Thr Arg Leu Glu His Gln Met Trp Glu Ala
850 855 860

Val Arg Asp Glu Leu Asn Val Leu Leu Lys Glu Asn Ala Val Asp Leu

865 870 875 880

Ser Val Val Val Asn Lys Pro Val Gly Arg Tyr Arg Ser Ala Pro Lys

885 890 895

Arg Leu Ser Met Thr Gln Glu Lys Phe Glu Met Gly Trp Lys Ala Trp

900 905 910



gaa ccg gaa aag cag agg tca caa aca gat aat caa ctg
gcg gtg 6869 Au Pro Qu Lys G n Arg Ser A n Thr Asp
Asn A n Leu Ala Val 2245 2250 2255 ttt etc ate tgt gtc
ttg ace gtg gtt gga gtg gtg gca gca aac 6914 Phe Leu
Ile Cys Val Leu Thr Val Vaks g Val Val Ala Ala Asn
2260 2265 2270 24/ 158 gag tac ggg atg cta gaa aaa acc
aaa gca gac ctc aag agc atg 6959 du Tyr Gy Mt Leu
G u Lys Thr Lys Ala Asp Leu Lys Ser Met 2275 2280 2285
ttt ggc gga aag acg cag gca tea gga ctg act gga tta
cca age 7004 Phe Ay Ay Lys Thr An Ala Ser Ay Leu
Thr Ay Leu Pro Ser 2290 2295 2300 atg gca ctg gac ctg
Gly LygtSercdlgckewnPheghla tPyg Gtu LeugAlaisgg§er by PhetVad| a
Leu Asp Leu Arg Pro Ala Thr Ala Trp Ala Leu Tyr Gy
230%19310 2315 ggg ad@laca gte gtg cta9é®e cct ctt ctg
aag cac ctg ate acg 7094 dy Ser Thr Vval Val Leu Thr
Pro Leu Leu Lys His Leu Ile Thr 2320 2325 2330 tcg gaa
tac gtc ace aca tcg cta gec tea att aac tea caa get
7139 Ser Qu Tyr Val Thr Thr Ser Leu Ala Ser Ile Asn

Ser An Ala 2335 2340 2345 .
Val Asp Gly Pro Glu Thr Lys Glu Cys Pro Asp Glu His Arg Ala Trp

930 935 940

Asn Ser Met Gln Ile Glu Asp Phe Gly Phe Gly Ile Thr Ser Thr Arg
945 950 955 960

Val Trp Leu Lys Ile Arg Glu Glu Ser Thr Asp Glu Cys Asp Gly Ala
965 970 975

Ile Ile Gly Thr Ala Val Lys Gly His Val Ala Val His Ser Asp Leu

980 985 990

Ser Tyr Trp Ile Glu Ser Arg Tyr Asn Asp Thr Trp Lys Leu Glu Arg
995 1000 1005

Ala Val Phe Gly Glu Val Lys Ser Cys Thr Trp Pro Glu Thr His



Thr

His

Tyr

Leu

Asp

Gly

ggc tea
gac cta
Pro Phe
ctc gtc
Thr Val
25/ 158

atg gtt
1080 Thr
tat ggg
agg get
Au Al a
gcg get
Arg Arg

tta ttt gtc ttg cca ega ggc gtg cct ttt ace
7184 dy Ser Leu Phe Val Leu Pro Arg Ay Val
Thr Asp Leu 2350 2355 2360 gac ttg ace gtt ggc
ttc ctt ggc tgt tgg ggt caa ate 7229 Asp Leu
Gy Leu Val Phe Leas/by Cys Trp Ay Gnlle
2365 2370 2375 ace ctc aca acg ttt ttg aca gcc
ctg gcg aca ctt cac 7274 Thr Leu Thr Thr Phe
Ala Met Valoibeu Ala Thr Leu H20 2380 2385 2390
tac atg ctc cct gga tgg caa gca gaa gca ctc
7319 Tyr Ay Tyr Met Leu Pro Ay Trp A n Al a
Leu Arg Ala 2395 2400 2405 gcc cag aga agg aca
gga ata atg aag aat gec gtt gtt 7364 Ala dn
Thr Ala Ala Ay Ile Met Lys Asn Ala Val Val

Led 10 rp4Gby 24206pVadgaGhi 1ot Beg@luatéu gdtleglibe duao gaa

ctg gaa
128 Pro
atg caa

agg ace act 7409 Asp Ay Met Val Ala Thr Asp
A u Leu Auw3drg Thr Thr 24251@380 2435 cct ctg
aag aaa gte gga cag gtg ctc etc ata ggg gta

7454 Pro Leu Met G n Lys Lys Val Ay G n Val Leu Leu
Ile Ay Val 2440 2445 2450

Thr 1Ile Ala Gly Pro Lys Ser Lys His Asn Arg Arg Glu Gly

1040

1045 1050

Lys Thr Gln Asn Gln Gly Pro Trp Asp Glu Asn Gly Ile Val

10565

1060 1065

Asp Phe Asp Tyr Cys Pro Gly Thr Lys Val Thr Ile Thr Glu

1070

1075 1080

Cys Gly Lys Arg Gly Pro Ser Val Arg Thr Thr Thr Asp Ser

1085

1090 1095

Lys Leu Ile Thr Asp Trp Cys Cys Arg Ser Cys Ser Leu Pro

1100

1105 1110



Pro

Ile

Val

Leu

Trp

Val

Val

age gtg gca gcg ttc etc gtc aac ccc aaa ate ace act
gtg aga 7499 Ser Val Ala Ala Phe Leu Val Asn Pro Lys
Ile Thr Thr Val Arg 2455 2460 2465 gaa gca ggg gtg ttg
gtg aca gcg get acg ctc tct ttg tgg gac 7544 26/ 158
GQu Ala dy Val Leu Val Thyg7/Ab@a Ala Thr Leu Ser Leu
Trp Asp 2470 2475 2480 aac gga gec agt gcc gtt tgg aat
tcc ace act gcc acg gga ctc 7589 Asn Gy Ala Ser Ala
Ldal AFgpPhe mrgeThAGluThAsiNIGA yThys Girp [eu B485Mer$J u2495
tgc cat gta atg cga ggt age tac ctg get gga ggc tce
1at3 get 7634 Cys Hi2® Val Met Arg d yl1&Zer Tyr Leu Al a
Ay Ay Ser Ile Ala 2500 2505 2510 tgg act ctc ate aag
aac get gac aag eec tee tta aaa agg gga 7679 Trp Thr
Leu Ile Lys Asn Ala Asp Lys Pro Ser Leu Lys Arg Ay
2515 2520 2525 agg cet ggg ggc agg acg cta ggg gag cag
tgg aag gaa aaa cta 7724 Arg Pro Gy Gy Arg Thr Leu
AGkY Fdouvel mrlr Hikysspd Gl ykhrl &hr 2530 Vab35Arz586r 4din gcc
atg age aga gaa gag ttt ttt aaa tac egg aga gag gcc
17369 Asn Ala Met 985 Arg Gu G u Phél#he Lys Tyr Arg
Arg G u Ala 2545 2550 2555

Asp Ala Phe Asn Gly Glu Met Val Asp Pro Phe Gln Leu Gly

1145 1150 1155

Leu Val Met Phe Leu Ala Thr Gln Glu Val Leu Arg Lys Arg

1160 1165 1170

Thr Ala Arg Leu Thr Ile Pro Ala Val Leu Gly Ala Leu Leu
1175 | 1180 1185

Leu Met Leu Gly Gly Ile Thr Tyr Thr Asp Leu Ala Arg Tyr

1190 1195 1200

Val Leu Val Ala Ala Ser Phe Ala Glu Ala Asn Ser Gly Gly

1205 1210 1215



Asp

Ala

Glu

Ser

Ala

Ser

Arg

ata ate gag gtg gac cgc act gaa gca cgc agg get aga
cgt gaa 7814 lle lle Qu Val Asp Arg Thr Gu Ala Arg
Arg Ala Arg Arg A u 2560 2565 2570 27/158 aat aac ata
gtg gga gga cat ccg gtt tcg cga ggc tca gca aaa 7859
Asn Asn Ile Val Ay Gy H48/Ps® Val Ser Arg Ay Ser
Ala Lys 2575 2580 2585 etc cgt tgg etc gta gag aaa gga
ttt gtc tcg cca ata gga aaa 7904 Leu Arg Trp Leu Val
GI u Lys Gy Phe Val Ser Pro Ile Ay Lys 2590 2595 2600

att gat cta ggg tgt gg gat e tac
V:tllac Lgvallirodeu Akd Lepe quJ \939 3’% v )I ‘GIP)IOGI y

Trp Ser Tyr Tyr Al a 2605 2610 2615 gca ace ctg aag aag
122¢ cag gaa gtc ad@2fga tac acg aaa §4307994 Al a Thr
Leu Lys Lys Val A n Gu Val Arg Gy Tyr Thr Lys Gy

2620 2625 2630 ggg gcg gga cat gaa gaa ccg atg etc atg
cag age tac ggc tgg 8039 Ay Ala dy Hs Au Gu Pro
Met Leu Met A n Ser Tyr Ay Trp 2635 2640 2645 aac ctg

gtc tee atg aag agt gga gtg gac gtg ttt tac aaa cct
PBO84 cup¥al Med Non Medr heu SeysTiserArg JrivalThaspsvdilnphe
Tyr Lys Pro 2650 2655 2660

1235 1240 1245

Asn Val Val Leu Val Leu Gly Ala Ala Phe Phe Gln Leu Ala
1250 1255 1260

Val Asp Leu Gln Ile Gly Val His Gly Ile Leu Asn Ala Ala

1265 1270 1275

Ile Ala Trp Met Ile Val Arg Ala Ile Thr Phe Pro Thr Thr
1280 1285 1290

Ser Val Thr Met Pro Val Leu Ala Leu Leu Thr Pro Gly Met
1295 1300 1305

Ala Leu Tyr Leu Asp Thr Tyr Arg Ile Ile Leu Leu Val Ile

1310 1315 1320




Gly

Lys

Trp

Pro

Val

Ile

Val

tca gag ccc agt gac act ctg ttc tgc gac ata ggg gaa
tee tee 8129 Ser A u Pro Ser Asp Thr Leu Phe Cys Asp
Ile Ay Gu Ser Ser 2665 2670 2675 28/ 158 ccg agt cca
gaa gta gaa gaa caa cgc aca eta cgc gtc eta gag 8174
Pro Ser Pro Qu Val Qu d#/h& Arg Thr Leu Arg Val
Leu A u 2680 2685 2690 atg aca tct gac tgg ttg cac cga
gga cct aga gag ttc tgt ata 8219 Mt Thr Ser Asp Trp
Leu Hs Arg Ay Pro Arg Au Phe Cys Ile 2695 2700 2705
aaa gtt ctt tgc ccc tac atg ccc aag gtt ata gaa aaa
atg gaa 8264 Lys Val Leu Cys Pro Tyr Met Pro Lys Val
Ile Au Lys Met Qu 2710 2715 2720 gtc ct ca? cgc cgc
Hec GsaSeptlayghenet@nyt §ledireelys dos by a\%ﬁgf\ YAy eu
Gn Arg Arg Phe Ay Ay Gy Leu Val Arg Leu Pro Leu
13995 2730 2735 tccld¥c aac tcc aat cdd3Pag atg tac tgg
gtt agt gga gee get 8354 Ser Arg Asn Ser Asn His Qu
Met Tyr Trp Val Ser Gy Ala Ala 2740 2745 2750 ggc aat
gtg gtg cac get gtg aac atg acc age cag gta eta ctg
8399 Ay Asn Val VvVal Hs Ala Val Asn Met Thr Ser A n

Val Leu Leu 2755 2760 2765
Lys Gly Ala Val Leu Leu Gly Leu Ala Leu Thr Ser Thr Gly

1340 1345 1350

Phe Ser Pro Thr Thr Ile Ala Ala Gly Leu Met Val Cys Asn
1355 1360 1365

Asn Lys Lys Arg Gly Trp Pro Ala Thr Glu Phe Leu Ser Ala

1370 1375 1380

Gly Leu Met Phe Ala Ile Val Gly Gly Leu Ala Glu Leu Asp

1385 1390 1395

Glu Ser Met Ser Ile Pro Phe Met Leu Ala Gly Leu Met Ala

1400 1405 1410

Ser Tyr Val Val Ser Gly Lys Ala Thr Asp Met Trp Leu Glu




Arg

Ser

His

Arg

Val

Arg

gag
gag
Pro
tta
Asp
ay
aag
144
aaa
cat
Asp
tac
Thr

cga
gaa
Lys
ggg
Val

Au
aag
Lys
gaa
cca
Pro
cac
Trp

atg gat cgc aca gtg tgg aga ggg cca aag tat
8444 dvy Arg Met Asp Arg Thr Val Trp Arg Ay
Tyr Au Qu 29/158 2770 2775 2780 gat gtc aac
age gga aca aga gcc gtg gga aag gga gaa 8489
Asn Leu Ay Ser G5/18 Arg Ala Val @y Lys
2785 2790 2795 gte cat age aat cag gag aaa ate
aga ate cag aag ctt 8534 Val His Ser Asn A@n
Ile Lys Lyid2@8rg Ile @ n Lys L&2b 2800 2805 2810
gaa ttc gee aca aeg tgg cac aaa gac cct gag
8579 Lys Qu Gu Phe Ala Thr Thr Trp Hi s Lys
GQu H's Pro 2815 2820 2825 tac cgc act tgg aca
gga age tat gaa gtg aag get act 8624 Tyr Arg
Thr Tyr Hs Ay Ser Tyr Au Val Lys Ala Thr

AP83™12885 J940SedripcaGlietMesghsn dtlachta gtld eadbr dda gt g
gtg aag etc atg age 8669 dy Ser Ala Ser Ser Leu Val
183h Ay Val Val Lyl43beu Met Ser 284512450 2855 aaa cct
tgg gac gee att gee aac gtc ace ace atg gee atg act
8714 Lys Pro Trp Asp Ala Ile Ala Asn Val Thr Thr Met
Ala Met Thr 2860 2865 2870

Ser Arg Arg Leu Asp Val Lys Leu Asp Asp Asp Gly Asp Phe

1445

Leu

1460

1450 1455

Ile Asp Asp Pro Gly Val Pro Trp Lys Val Trp Val Leu

1465 1470

Met Ser Cys Ile Gly Leu Ala Ala Leu Thr Pro Trp Ala Ile

1475

1480 1485

Pro Ala Ala Phe Gly Tyr Trp Leu Thr Leu Lys Thr Thr Lys

1490

1495 1500

Gly Gly Val Phe Trp Asp Thr Pro Ser Pro Lys Pro Cys Ser

1505

1510 ' 1515



Lys

Ile

Val

Ser

Asp

Asn

Ala

gac ace ace cct ttt gga cag caa aga gtt ttc aag gag
aaa gtt 8759 30/158 Asp Thr Thr Pro Phe Ay G n dn
Arg Val Phe Lys Qu Lys Val 2875 2880 2885 gac acg aag
get cct gag cca cca get gga get aag gaa gtg ctc 8804
Asp Thr Lys Ala Pro Qu Prg pep Ala Ay Ala Lys Qu
Val Leu 2890 2895 2900 aac gag ace ace aac tgg ctg tgg
gec tac ttg tca egg gaa aaa 8849 Asn @u Thr Thr Asn
G1¥ P ABUTHF AhA BhlWlylevalSayrAigg Gld Uys 2385429 y2915
aga ccc cgc ttg tgc ace aag gaa gaa ttc ata aag aaa

188 aat 8894 ArgiBwg Arg Leu Cys This3dys G u A u Phe
Ile Lys Lys Val Asn 2920 2925 2930 age aac gcg get ctt

gga gca gtg ttc get gaa cag aat caa tgg 8939 Ser Asn
Ala Ala Leu Ay Ala Val Phe Ala Gu G@n Asn An Trp
2935 2940 2945 age acg gcg cgt gag get gtg gat gac ccg
egg ttt tgg gag atg 8984 Ser Thr Ala Arg Gu Ala Va

LASP ASPTI¥ Oy 018 aTr 0113Va1Mely 2230M805Fy2960u dish gat
gaa gag agg gaa aac cat ctg ega gga gag tgt cac aca
929 Val Asp Gu @g4 Arg Au Asn Hi g54u Arg Ay Qu
Cys H's Thr 2965 2970 2975

Phe His Thr Leu Trp His Thr Thr Arg Gly Ala Ala Ile Met
1550 1555 1560

Gly Glu Gly Lys Leu Thr Pro Tyr Trp Gly Ser Val Lys Glu

1565 1570 1575

Arg Ile Ala Tyr Gly Gly Pro Trp Arg Phe Asp Arg Lys Trp
1580 1585 1590

Gly Thr Asp Asp Val Gln Val Ile Val Val Glu Pro Gly Lys

1595 1600 1605

Ala Val Asn Ile Gln Thr Lys Pro Gly Val Phe Arg Thr Pro

1610 1615 1620



Phe

Ser

Tyr

Ile

Thr

His

Lys

31/158 tgt ate tat aac atg atg gga aaa aga gag aag
aag cct gga gag 9074 Cys lle Tyr Asn Met Met Ay Lys
Arg Qu Lys Lys Pro Ay G u 2980 2985 2990 ttt gga aaa
get aaa gga age agg gcc att tgg ttc atg tgg ctt 9119
Phe Gy Lys Ala Lys Ay Segp/fhgg Ala Ile Trp Phe Met
Trp Leu 2995 3000 3005 gga gca egg tat cta gag ttt gaa
get ttg ggg ttc ctg aat gaa 9164 dy Ala Arg Tyr Leu
GQu Phe Au Ala Leu Gy Phe Leu Asn A u 3010 3015 3020
gat cat tgg ctg age cga gag aat tca gga ggt gga gtg

G192achgcVa1209y MspVhi s SerpLeespeTyArRrod Arédsil ySdhrQ y
@Ay Ay Val Au dy 3025 3030 3035 tca ggc gtc caa aag

16250 gga tac atc eflg3egt gat ata gca Hifd 9254 Ser Gy
Val Gn Lys Leu Ay Tyr Ile Leu Arg Asp Ile Ala Gy
3040 3045 3050 aag caa gga gga aaa atg tac get gat gat
acc gee ggg tgg gac 9299 Lys Gn Ay Ay Lys Met Tyr
Ala Asp Asp Thr Ala Ay Trp Asp 3055 3060 3065 act aga
att ace aga act gat tta gaa aat gaa gcc aag gtg ctg

GBB44er Thwo Ale Ldie ASPr FergAShrGBspshelled d1AsEl yGLeuAl a
Lys Val Leu 3070 3075 3080

1640 1645 1650

Gly Asn Gly Val Glu Leu Gly Asp Gly Ser Tyr Val Ser Ala

1655 1660 1665

Val Gln Gly Asp Arg Gln Glu Glu Pro Val Pro Glu Ala Tyr

1670 1675 1680

Pro Asn Met Leu Arg Lys Arg Gln Met Thr Val Leu Asp Leu

1685 1690 1695

Pro Gly Ser Gly Lys Thr Lys Lys Ile Leu Pro Gln Ile Ile

1700 1705 1710

Asp Ala Ile Gln Gln Arg Leu Arg Thr Ala Val Leu Ala Pro

1715 1720 1725




Thr

Pro

Asn

Leu

Asp

Tyr

Met

32/ 158 gag ctt cta gac ggt gaa cac cgc atg ctc gcc
cga gcc ata att 9389 Qu Leu Leu Asp Ay Gu H's Arg
Met Leu Ala Arg Ala Ile Ile 3085 3090 3095 gaa ttg act
tac agg cac aaa gtg gte aag gtc atg aga cct gca 9434
Gu Leu Thr Tyr Arg H s Lys3Ngg Val
Pro Ala 3100 3105 3110 gca gaa gga aag acc gtg atg gac
gtg ata tca agg gag gat caa 9479 Ala Au Ay Lys Thr
Val Met Asp Val Ile Ser Arg Au Asp @ n 3115 3120 3125
agg ggg agt gga cag gtg gtc act tat get ctt aac act
ttc acg 9524 Arg Ay Ser Ay @ n Val VvVal Thr Tyr Al a
Leu Asn Thr Phe Thr 3130 3135 3140 aac ate get gtc cag
Aegc Wilcvaplet glatGlwadegetlagiu oda dee K@IG1IASIed | e
Ala Val Gn Leu Val Arg Leu et Gu Ala u dvy Val
12345 3150 3155 attiapga cca caa cac ttig4@gaa cag cta cct
Ile Ay Pro Adn Hs Leu Qu
G@n Leu Pro Arg Lys Asn Lys Ile 3160 3165 3170 get gtc
agg ace tgg ctc ttt gag aat gga gag gag aga gtg tee
9659 Ala Val Arg Thr Trp Leu Phe Qu Asn Ay GQu Qu

aga aaa aac aag ata 9614

Arg Val Ser 33/158
Val Arg Tyr Gln Thr Ser Ala

1745 1750

Glu Ile Val Asp Val Met Cys
1760 1765

Met Ser Pro Asn Arg Val Pro

1775 1780

Glu Ala His Phe Thr Asp Pro

1790 1795

Ile Ala Thr Lys Val Glu Leu

1805 1810

Thr Ala Thr Pro Pro Gly Thr

Val Gln Arg

His Ala Thr

Asn Tyr Asn

Ala Ser Ile

Gly Glu Ala

Thr Asp Pro

Lys Val Met Arg

Glu His Gln Gly

1755

Leu Thr His Arg

1770

Leu Phe Val Met

1785

Ala Ala Arg Gly

1800

Ala Ala Ile Phe
1815

Phe Pro Asp Ser



Asn

Trp

Val

Cys

Ser

Phe

3175 3180 3185 agg atg get ate age gga gac gac tgt gtc
gtc aag ccg ctg gac 9704 Arg Met Ala lle Ser Ay Asp
Asp Cys Val Val Lys Pro Leu Asp 3190 3195 3200 gac aga
ttc gcc acg gcc etc cac ttc ctc aac gca atg tca aag
9749 Asp Arg Phe Ala Thr #4/asd¢.eu H s Phe Leu Asn Al a
Met Ser Lys 3205 3210 3215 gtc aga aaa gac ate cag gaa
tgg aag cct tca cat ggc tgg cac 9794 Val Arg Lys Asp
183266 G n Qu Trp LY82Pro Ser His Ay T} H s 3220 3225
3230 gat tgg cag caa gtt ccc ttc tgc tct aac cat ttt
cag gag att 9839 Asp Trp A n d@n Val Pro Phe Cys Ser
Asn Hs Phe G@n Gu Ile 3235 3240 3245 gtg atg aaa gat
gga agg agt ata gtt gte ccg tgc aga gga cag 9884 Val
Met Lys Asp Gy Arg Ser Ile Vval VvVal Pro Cys Arg Ay
Al nP32501 8255 8a60egat Gyadspt Glwatld egBro adgpghtg dda ate
tcc cca gga get gga tgg 9929 Asp GQu Leu lle Ay Arg
133 Arg Ile Ser PriB4@y Ala Ay Trp B4H 3270 3275 aat
gtg aag gac aca get tgt ctg gcc aaa gca tat gca cag
atg 9974 34/ 158 Asn Val Lys Asp Thr Ala Cys Leu Ala
Lys Ala Tyr Ala G n Met

Ser Ser Gly Tyr Glu Trp Ile Thr Glu Tyr Ala Gly Lys Thr

1850 1855 1860

Trp Phe Val Ala Ser Val Lys Met Gly Asn Glu TIle Ala Met

1865 1870 1875

Leu Gln Arg Ala Gly Lys Lys Val Ile Gln Leu Asn Arg Lys

1880 1885 1890

Tyr Asp Thr Glu Tyr Pro Lys Cys Lys Asn Gly Asp Trp Asp

1895 1900 1905

Val 1Ile Thr Thr Asp Ile Ser Glu Met Gly Ala Asn Phe Gly

1910 1915 1920




Ala

Leu

Ile

Asn

Ser

Met

Tyr

3280 3285 3290 tgg cta ctc cta tac ttc cat cgt agg gac
ttg cgt ctc atg gca 10019 Trp Leu Leu Leu Tyr Phe His
Arg Arg Asp Leu Arg Leu Met Ala 3295 3300 3305 aat gcg
att tgc tca gca gtg cca gtg gat tgg gtg ccc acg ggc

10064 Asn Ala Ile Cys SerpfhggVal Pro Val Asp Trp Val
Pro Thr Ay 3310 3315 3320 agg aca tcc tgg tcg ata cac
tcg aaa gga gag tgg atg acc aca 10109 Arg Thr Ser Trp

SSer Argevihi ST 18eAsp Wy sA Xr&dlysTser Nl Ths Tro BRI 13330

. 3335 gaa gac atg ctg cag gtc tgg aac aga gtc tgg att
1925 gaa aat 10154 19@ou Asp Met Leu G193%al Trp Asn Arg
Val Trp Ile u G u Asn 3340 3345 3350 gaa tgg atg gtg
gac aag act cca ata aca agc tgg aca gac gtt 10199 du
Trp Met Val Asp Lys Thr Pro Ile Thr Ser Trp Thr Asp
Val 3355 3360 3365 ccg tat gtg gga aag cgg gag gac atc
tgg tgt ggc aac ctc atc 10244 Pro Tyr Val Ay Lys Arg

GEiU AAsPGly 1l B1EY& A VaPsiel gbu Id1g 3870 FE375e 8380

35/ 158 gga acg cga tcc aga gca acc tgg get gag aac

184¢ tac gcg gcg 10@8% Gy Thr Arg Seps@vrg Ala Thr Trp
Ala Qu Asn Ile Tyr Ala Al a

Thr Ser Ala Ser Ala Ala Gln Arg Arg Gly Arg Val Gly Arg

1955 1960 1965

Pro Asn Gln Val Gly Asp Glu Tyr His Tyr Gly Gly Ala Thr

1970 1975 1980

Glu Asp Asp Ser Asn Leu Ala His Trp Thr Glu Ala Lys Ile

1985 1990 1995

Leu Asp Asn Ile His Met Pro Asn Gly Leu Val Ala Gln Leu

2000 2005 2010

Gly Pro Glu Arg Glu Lys Ala Phe Thr Met Asp Gly Glu Tyr

2015 2020 2025




Arg

Thr

Thr

Arg

Arg

Ala

3385 3390 3395 ata aac cag gtt aga get gtc att ggg aaa
gaa aat tat gtt gac 10334 1Ile Asn A n Val Arg Ala Val
Ile Ay Lys Au Asn Tyr Val Asp 3400 3405 3410 tac atg
ace tca etc agg aga tac gaa gat gtc ttg atc cag gaa
10379 Tyr Met Thr Ser LeugdnggArg Tyr G u Asp Val Leu
Ile An Gu 3415 3420 3425 gac agg gtc atc tagtgtgatt
t aaggt ggaa aagcagatta tgtaaataat 10431 Asp Arg Val
Ile 3430 gtaaat gaga aaatgcat gc atatggagtc aggccacaaa
aagctgccac cggatactgg 10491 gtagacggtg ctgtctgcgt
LEGCaHCEER A9200RAy3Y Dy 2anapRé 1Eudetaadae 18vArg
aaagt gagaa aaccctcaga accgtctcgg aagcaggtcc ctgctcactg
208@0t t gaag 10611 <ggmecaacgtc aggccacgegotttgtgccac
tccgct gagg agtgcggcct gcgcagcccc 10671 aggaggactg
ggttaccaaa gccgttgagc ceccaeggec caagcctcgt ctaggatgca
10731 atagacgagg tgtaaggact agaggttaga ggagaccccg

t ggaaacaac aacat gcggc 10791 36/ 158 ccaagccccc

t ccaagct gt agaggaggt g gaaggactag aggttagagg agaccccgca
A198%sp LEH OGR! 93P BGAILEE AHlla IRFAGE §8Y 3AlAGEE NG
gagatcttct gctctatctc 10911 aacatcagct actaggcaca

20g@gcgccgaa gtatgtaaﬁm ggt ggt gagg aagaesmcag 10971
gatct 10976 <210> 2

Ile Gln Tyr Thr Asp Arg Lys Trp Cys Phe Asp Gly Pro Arg

2060 2065 2070

Asn Ala Ile Leu Glu Asp Asn Thr Glu Val Glu Ile Val Thr

2075 2080 2085

Met Gly Glu Arg Lys Ile Leu Lys Pro Arg Trp Leu Asp Ala

2090 2095 2100

Val Tyr Ala Asp His Gln Ala Leu Lys Trp Phe Lys Asp Phe

2105 2110 2115

Ala Gly Lys Arg Ser Ala Val Ser Phe Ile Glu Val Leu Gly

2120 2125 2130



Arg

Thr

Arg

Leu

Met

Val

Gly

<211> 3432

<212> PRT <213> Japanese encephalitis

virus <400> 2 Met Thr Lys Lys Pro Ay Ay Pro @y Lys

Asn Arg Al a
Leu Pro Arg
30 Vval Val
Arg Phe Val
Phe Lys Phe
Leu Leu Ay
Met Lys His
Leu Ay Thr
dy

Ile Asn Met 1 5 10 15 Leu Lys Arg Ay
Val Phe Pro Leu Val dy Val Lys Arg 20 25
Met Ser Leu Leyﬁig Gy Arg dy Pro Val
Leu 35 40 45 7/ 8 Ala Leu Ile Thr Phe
Thr Ala Leu Ala Pro Thr Lys Ala 50 55 60
Arg Trp Lys Ala Val Qu Lys Ser Val Ala
65 70 75 80 Leu Thr Ser Phe Lys Arg Gu
Leu Ile Asp Ala Val Asn 85 90 95 Lys Arg
A@n Asn Lys Arg Ay @y Asn Au Ay Ser

Arg Lys
M%i; e Pﬁﬁoéa}%slﬂﬂe Mt a_]:)D Ll.ygu'rﬂ. a eGllk-elAlél Een)/@lspVal
e a

s Ala Ay Alalle 115 12P§125 Lys Leu Ser

2@%1 Phe d n

Ay Lysqpeu Leu Met Thr bigs Asn Asn Thr

Met Tyr Leu Val Ala Thr Ala Glu Lys Gly Gly Lys Ala His

2150

2155 2160

Met Ala Leu Glu Glu Leu Pro Asp Ala Leu Glu Thr Ile Thr

2165

2170 2175

Ile Val Ala Ile Thr Val Met Thr Gly Gly Phe Phe Leu Leu

2180

2185 2190

Met Gln Arg Lys Gly Ile Gly Lys Met Gly Leu Gly Ala Leu

2195

2200 2205

Leu Thr Leu Ala Thr Phe Phe Leu Trp Ala Ala Glu Val Pro

2210

2215 2220

Thr Lys Ile Ala Gly Thr Leu Leu Ile Ala Leu Leu Leu Met



Val

Asn

Val

Asp

Thr

Trp

130
Ser
Trp
Thr
Met
Trp
Cys
2495
du
225
Lys
Asn
Met

135 140 Asp Ile Ala Asp Val Ile Val Ile Pro Thr
Lys Ay Gu Asn Arg 38/158 145 150 155 160 Cys
Val Arg Ala Ile Asp Val Ay Tyr Met Cys A u Asp
Ile 165 170 175 Thr Tyr Qu Cys Pro Lys Leu Al a
Gy Asn Asp Pro Qu 180 185 190 Asp Cys
Cys Asp Asn A n @u Vval Tyr vVal dn Tyr Ay Arg
195 200 205 Thr Arg Thr Arg Hi's Ser Lys Arg Ser
Arg Ser Val Sepsyal A n 210 215 2285 Thr His Qy
Ser Ser Leu Val Asn Lys Lys Qu Ala Trp Leu Asp
230 235 240 Ser Thr Lys Ala Thr Arg Tyr Leu Met
Thr Au Asn Trp Ile Ile 245 250 255 39/158 Arg
Pro Ay Tyr Ala Phe Leu Ala Ala Val Leu Ay Trp
Leu 260 265 270 dy Ser Thr Asn Ay dn Arg Val

vye! 1Roe1Tdprbl €1d-Poolesld-glysLeln AZE5S&80 G185ThMalAsAl a

Pro

20%®

Ala Tyr Ser Phe Asn Cys Leu Ay Met Ay Asn Arg

2245 2250

Gln Leu Ala Val Phe Leu Ile Cys Val Leu Thr Val Val Gly

2255

2260 2265

Val Ala Ala Asn Glu Tyr Gly Met Leu Glu Lys Thr Lys Ala

2270

2275 2280

Leu Lys Ser Met Phe Gly Gly Lys Thr Gln Ala Ser Gly Leu

2285

2290 2295

Gly Leu Pro Ser Met Ala Leu Asp Leu Arg Pro Ala Thr Ala

2300

2305 2310

Ala Leu Tyr Gly Gly Ser Thr Val Val Leu Thr Pro Leu Leu

2315

2320 2325



Lys

Ile

Pro

Cys

Leu

Glu

Lys

300 Phe Ile u @y Ala Ser Ay Ala Thr Trp

r Val Ala Arg Cys 355

290 295

Val Asp Leu Val Leu Gu 305 310 315 320 dvy Asp Ser
Cys Leu Thr Ile Met Ala Asn Asp Lys Pro Thr Leu Asp
325 330 335 Val Arg Met Ile Asn Ile Qu Ala Ser An
Leu Ala Qu Val Arg Ser 34,5 350 Tyr Cys Tyr His
Ala Ser Val Thr Asp Ile Ser +

360 365

40/ 158 Pro Thr Thr Ay Qu Ala Hs Asn Qu

HH’ S Lé[lgll% ThPSPerSF uSeTyr! Wal379r Ihe
Gy e Thr Asp Arg Gy Trp Gy

88P L¥al AlySekys
Asn Ay Cys Gy

;3{;'55 390 395 400 IlsmasPhe Ay Lys Ayosey |le Asp Thr
Cys Ala Lys Phe Ser Cys Thr 405 410 415 Ser Lys Ala

Ile Ay Arg Thr Ile @n Pro Gu Asn

Ile Lys Tyr Lys

420 425 430 Val Ay lle Phe Val Hs Gy Ala Thr Thr

Ser Qu Asn H's Gy Asn 435 440 445
Val Ay Ala Ser A n Ala Ala Lys Phe

AéP5 #80G1n Ala Gly Ser Leu Phe Val Leu

2345 2350

Phe Thr Asp Leu Asp Leu Thr Val Gly Leu
2360 2365

Trp Gly Gln Ile Thr Leu Thr Thr Phe Leu

2375 2380

Ala Thr Leu His Tyr Gly Tyr Met Leu Pro
2390 2395

Ala Leu Arg Ala Ala Gln Arg Arg Thr Ala
2405 2410

Asn Ala Val Val Asp Gly Met Val Ala Thr

2420 2425

Tyr Ser Ala A n
Thr Val Thr 450

Pro Arg Gly Val

2355

Val Phe Leu Gly
2370

Thr Ala Met Val
2385

Gly Trp Gln Ala

2400

Ala Gly Ile Met
2415

Asp Val Pro Glu

2430



Pro
ady
du
490
H s
Pro

Asn Ala Pro Ser Ile Thr Leu Lys Leu Gy Asp Tyr

G u VvVal 465 470 475 480 41/158 Thr Leu Asp Cys
Pro Arg Ser Ay Leu Asn Thr Au Al a Phe Tyr 485

495 Val Met Thr Val @y Ser Lys Ser Phe Leu Val
Arg Au Trp Phe 500 581540 His Asp Leu Ala Leu
Trp Thr Ser Pro Ser Ser Thr Ala Trp Arg 515 520
525 Asn Arg Qu Leu Leu Met Qu Phe Gu Qu Ala H s
Ala Thr Lys A n 530 535 540 Ser Val Val Ala Leu Gy
Ser @n du dy Ay Leu Hs An Ala Leu 545 550 555

GO0 Argl BhiAThrAPFo lled ViRét \@h o1 Lyl VBT GIgr GBervaYal
Lys Leu Thr Ser 565 570 575 Ay H's Leu Lys Cys Arg

Leu

Leu

Ile

Leu

Thr

Gly

Ser

24331 Lys Met
585 590 Thr
Phe Al a Lys
Ay Thr Val
620

Val

Leu Ile Gly Val Ser

2450

Thr Thr Val Arg Glu
2465

Ser Leu Trp Asp Asn
2480

Ala Thr Gly Leu Cys
2495

Gly Ser Ile Ala Trp

2510

Leu Lys Arg Gly Arg
2525

Asn Pro

Val Ala Ala Phe
2455

Ala Gly Val Leu
2470

Gly Ala Ser Ala
2485

His Val Met Arg

2500

Thr Leu Ile Lys

2515

Pro Gly Gly Arg
2530

Leu

Val

Val

Gly

Asn

Thr

Val Asn

2460

Thr Ala
2475

Trp Asn
2490

Ser Tyr

2505

Ala Asp

2520

Leu Gly
2535

Asp Lys4beu Ala Leu Lys ohy542/158 580
Thr Tyr Ay Met Cys Thr A u Lys Phe Ser
595 600 605 Ala Asp Thr Ay His
Ile Au Leu Ser Tyr Ser Ay 610 615

Pro Lys

Ala Thr

Ser Thr

Leu Ala

Lys Pro

Glu Gln




Trp

Tyr

Arg

Arg

Ser

Trp

Gly

Ser
Ser
Arg
Thr
Pro
dy
H s
Ser
Al a
Phe
Al a

Asp
Leu
Leu
Ser
Pro
Arg
Trp
Thr
Al a
ay
Val

2843 Asn 755 760 7&%45Al a Arg Asp Ar 92580

dy
Asn
Val
Ser
Phe
dy
H s
Thr
Leu
Ser
H s

Thr Val
Ala Asn Ser
660 665 670 ¢j/ysAsp Ser Tyr Ile Val Va
Asp Lys An Ile Asn H's 675 680 685 43/ 158

Leu Ay Lys Al a Phe
690 695 700 Leu Lys Ay Ala Gn Arg Leu
Gy Asp Thr Ala Trp Asp 705 710 715 720
lle dy Gy Val
725 730 735 G n Va

Lys Val

Lys Ala @y Ser Thr

Ala Phe Leu Ala Thr Ay dvy Val

Phe Leu Ala Thr Asn Val

Ile

Arg Arg Glu

2555

Ala Arg Arg

2570

Gly Ser Ala

2585

Pro 1Ile Gly

2600

Ser Tyr Tyr
2615

Tyr Thr Lys

Ala Ile

Glu Asn

Lys Leu

Lys Val

Ala Ala

Gly Gly

Ile Glu Val Asp

2560

Asn Ile Val Gly

2575

Arg Trp Leu Val

2590

Ile Asp Leu Gly
2605

Thr Leu Lys Lys
2620

Ala Gly His Glu

Pro Cys Lys Ile Pro Ile Val

625 630 635 640 Asp Met Thr
Asn Pro Phe Val
Leu Val

Phe Asn Ser

Ser

Al a
du

Ile

Pro Val
645 650 655

Val Al a

dy

Met du

Ay Lys

Phe Ay Gy Al a Phe
Ly¥ g GTarL¥€W.eGhgsiam aG NetMSter Serg Tlp G40 PR45PHEQLys! | e
Thr A n Ay Leu Met Gy Ala Leu Leu Leu Trp Met dy

Ile Ala Leu

770 775 780 Leu Val

Arg

Gly

Glu

Cys

Val

Glu

Thr Glu
2565

His Pro

2580

Lys Gly

25695

Gly Arg

2610

Gln Glu

2625

Pro Met

Hs Ala Asp Thr Ay Cys Ala

Ala Arg

Val Ser

Phe Val

Gly

Gly

Val

Arg

Leu Met




Gln

Val

Ile

Leu

Arg

Ile

785
Arg
Asp
du
H s
Val
Al a
26365
Val
Lys
du
Lys
Phe

790 795 800 44/158 Asp Ile Thr Arg Lys G u Met
Cys Ay Ser Ay Ile Phe Val Hs 805 810 815 Asn
Val Qu Ala Trp Val Asp Arg Tyr Lys Tyr Leu Pro
Thr 820 825 830 Pro Arg Ser Leu Ala Lys Ile Val
Lys Ala His Lys Gu G/ 835 840 845 Cys Gy
Arg Ser Val Thr Arg Leu Qu Hs @n Met Trp Qu
850 855 860 Val Arg Asp Au Leu Asn Val Leu Leu
A u Asn Ala Vagzpsp Leu 865 870284b 880 Ser Val
Val Asn Lys Pro Val Gy Arg Tyr Arg Ser Ala Pro
885 890 895 Arg Leu Ser Met Thr A n G u Lys Phe
Met Ay Trp Lys Ala Trp 900 905 910 45/158 dy
Ser Ile Leu Phe Ala Pro GQu Leu Ala Asn Ser Thr
Val 915 920 925 Val Asp Gy Pro Qu Thr Lys GQu

s@/s T(F%&»Osﬁsr:rr NstHI2uAr talASar et 1930S8B5 GA40VAs sper

26‘459

u Asp Phe Ay Phe Ay Ile Thr Ser Thr
2650 2655

Phe Tyr Lys Pro Ser Glu Pro Ser Asp Thr Leu Phe Cys Asp

2660

2665 2670

Gly Glu Ser Ser Pro Ser Pro Glu Val Glu Glu Gln Arg Thr

2675

2680 ) 2685

Arg Val Leu Glu Met Thr Ser Asp Trp Leu His Arg Gly Pro

2690

2695 2700

Glu Phe Cys Ile Lys Val Leu Cys Pro Tyr Met Pro Lys Val

2705

2710 2715

Glu Lys Met Glu Val Leu Gln Arg Arg Phe Gly Gly Gly Leu

2720

2725 2730




Val

Val

Ser

Pro

Val

Arg

Asp

945 950 955 960 Val Trp Leu Lys Ile Arg u Qu Ser
Thr Asp Au Cys Asp Ay Ala 965 970 975 Ile lle Ay
Thr Ala Val Lys Gy H's Val Ala Val H's Ser Asp Leu
980 985 990 Ser Tyr Trp Ile Gu Ser Arg Tyr Asn Asp
Thr Trp Lys Leu Gu Arg 99g; /1600 1005 Ala Val Phe Gy
Gu Val Lys Ser Cys Thr Trp Pro GQu Thr H's 46/ 158
1010 1015 1020 Thr Leu Trp Ay Asp Ay Val Au du Ser

A]% U1kgUptd Eehl SelPage 1R&D SEP3Rsnl G338 Ghi S MERr TYd arpl @
y Pro Lys Ser Lys H's Asn Arg Arg Gu dy 1040 1045

o410 Tyr Lys Thr og49 Asn A n Ay Pro7dgp Asp G u Asn
@y Ile Val 1055 1060 1065 Leu Asp Phe Asp Tyr Cys

Pro Ay Thr Lys Val Thr Ile Thr Au 1070 1075 1080
Asp Cys Gy Lys Arg Ay Pro Ser Val Arg Thr Thr Thr
Asp Ser 1085 1090 1095 dvy Lys Leu Ile Thr Asp Trp

Cys Cys Arg Ser Cys Ser Leu Pro 1100 1105 1110
Ser Gly Ala Ala Gly Asn Val Val His Ala Val Asn Met Thr

2750 2755 2760

Gln Val Leu Leu Gly Arg Met Asp Arg Thr Val Trp Arg Gly

2765 2770 2775

Lys Tyr Glu Glu Asp Val Asn Leu Gly Ser Gly Thr Arg Ala

2780 2785 2790

Gly Lys Gly Glu Val His Ser Asn Gln Glu LYs Ile Lys Lys

2795 2800 2805

Ile Gln Lys Leu Lys Glu Glu Phe Ala Thr Thr Trp His Lys
2810 2815 2820

Pro Glu His Pro Tyr Arg Thr Trp Thr Tyr His Gly Ser Tyr

2825 2830 2835



47/ 158 Pro Leu Arg Phe Arg Thr Au Asn Ay Cys Trp
Tyr Ay Met du 1115 1120 1125 1Ile Arg Pro Val Arg
H's Asp Gu Thr Thr Leu Val Arg Ser Gn 1130 1135
1140 VvVal Asp Ala Phe Asn Ay GQu Met Val Asp Pro Phe
Gn Leu Gy 1145 1150 1155/1d4¢u Leu Val Met Phe Leu
Ala Thr Gn Qu Val Leu Arg Lys Arg 1160 1165 1170
Trp Thr Ala Arg Leu Thr Ile Pro Ala Val Leu Ay Al a
Leu Leu 1175 1180 1185 Val Leu Met Leu Ay dy lle
Thr Tyr Thr Asp Leu Ala Arg Tyr 1190 1195 1200 Val

Glu VARl L&@UAM:\'ThA' @1 y\NSarSeflPBerer Beu Yab Asa Gby Valy
Ay 1205 1210 1215 48/ 158 Asp Val Leu His Leu Ala Leu

o84 Ala Val Phe Lyg4ble A n Pro 1220283R5 1230 Al a
Phe Leu Val Met Asn Met Leu Ser Thr Arg Trp Thr Asn
A n 1235 1240 1245 du Asn Val Val Leu Val Leu Gy
Ala Ala Phe Phe A n Leu Ala 1250 1255 1260

Val Lys Leu Met Ser Lys Pro Trp Asp Ala Ile Ala Asn Val Thr
2855 2860 2865

Thr Met Ala Met Thr Asp Thr Thr Pro Phe Gly Gln Gln Arg Val

2870 2875 2880

Phe Lys Glu Lys Val Asp Thr Lys Ala Pro Glu Pro Pro Ala Gly
2885 2890 2895

Ala Lys Glu Val Leu Asn Glu Thr Thr Asn Trp Leu Trp Ala Tyr
2900 2905 2910

Leu Ser Arg Glu Lys Arg Pro Arg Leu Cys Thr Lys Glu Glu Phe

2915 2920 2925

Ile Lys Lys Val Asn Ser Asn Ala Ala Leu Gly Ala Val Phe Ala
2930 2935 2940



Glu

Arg

Gly

Lys

Trp

Ser
Al a
Arg
Ser
Met
Arg
I'le
Lys
Leu
Ser

Val Asp Leu Gln.

Ile Ay Val Hs Ay Ile Leu Asn

Ala 1265 1270 1275 Aa lle Ala Trp Met Ile Val

Ala Ile Thr Phe
Val Thr Met Pro
1295 1300 1305
Ile Ile Leu Leu
Cys Ser Leu Leu
1325 1330 1335
Al a Leu Thr Ser
Pro Thr Thr Ile

1355 1360 1365 Pro
GIAr Adn GPheTHL SePeThAl A13 3¢k G3d5AIa3&Al Vdp Gkp Bev

Met

Phe Ala Il e Val

Pro Thr Thr 1280 1285 1290 Ser
Val Leu Ala Leu Leu Thr Pro Ay
Arg Aggyibgu Tyr Leu Asp Thr Tyr
Val 1le 1310 1315 1320 49/158 dQdy
A@n u Arg Lys Lys Thr Met Al a
Lys Lys Gy Ala Val Leu Leu Gy
Thr Ay 1340 1345 1350 Trp Phe
Ala Ala Gy Leu Met Val Cys Asn
Asn Lys Lys Arg Ay Trp Pro Ala

Gy Gy Leu Ala Qu Leu Asp 1385

29380 1395 Ile GQu 8o Met Ser |le Pregbphe Met Leu Al a
Leu Met Ala 1400 1405 1410 Val Ser Tyr Val Val
Ser Ay Lys Ala Thr Asp Met Trp Leu Qu

Ay

Phe
2960

Glu

2975

Lys

2990

Phe

3005

Phe

3020

Gly

Trp Glu Met Val Asp Glu Glu Arg Glu Asn His Leu Arg

2965 2970

Cys His Thr Cys Ile Tyr Asn Met Met Gly Lys Arg Glu

2980 2985

Pro Gly Glu Phe Gly Lys Ala Lys Gly Ser Arg Ala Ile

2995 3000

Met Trp Leu Gly Ala Arg Tyr Leu Glu Phe Glu Ala Leu

3010 3015

Leu Asn Glu Asp His Trp Leu Ser Arg Glu Asn Ser Gly

3025 3030

Val Glu Gly Ser Gly Val Gln Lys Leu Gly Tyr Ile Leu




Arg

Thr

Glu

Ala

Val

Ser

50/ 158 1415 1420 1425 Arg Ala Ala Asp Ile Ser Trp Qu
Met Asp Ala Ala Ile Thr Ay 1430 1435 1440 Ser Ser
Arg Arg Leu Asp Val Lys Leu Asp Asp Asp Gy Asp Phe
1445 1450 1455 His Leu lIle Asp Asp Pro Gy Val Pro
Trp Lys Val Trp Val Leu Ig6fhgl465 1470 Arg Met Ser
Cys Ile Ay Leu Ala Ala Leu Thr Pro Trp Ala Ile 1475
1480 1485 Val Pro Ala Ala Phe Ay Tyr Trp Leu Thr Leu

38355 Thr Thr Lys 140401495 1500 Arg 3946 Gy Val Phe
Trp Asp Thr Pro Ser Pro Lys Pro Cys Ser 1505 1510
1515 51/158 Lys Ay Asp Thr Thr Thr Ay Val Tyr Arg
Ile Met Ala Arg Ay 1520 1525 1530 Ile Leu Ay Thr
Tyr An Ala Ay Val Ay Val Met Tyr Au Asn 1535 1540
1545 Val Phe His Thr Leu Trp H's Thr Thr Arg Gy Al a

A a1hbealeGly 1500 G1a5G 14560y 1Sy MekyTa u AGhyAdp dsheu
Thr Pro Tyr Trp Gy Ser Val Lys Qu

3050 3055 3060

Ala Gly Trp Asp Thr Arg Ile Thr Arg Thr Asp Leu Glu Asn

3065 3070 3075

Ala Lys Val Leu Glu Leu Leu Asp Gly Glu His Arg Met Leu

3080 3085 3090

Arg Ala Ile Ile Glu Leu Thr Tyr Arg His Lys Val Val Lys

3095 3100 3105

Met Arg Pro Ala Ala Glu Gly Lys Thr Val Met Asp Val Ile

3110 3115 3120

Arg Glu Asp Gln Arg Gly Ser Gly Gln Val Val Thr Tyr Ala

3125 3130 3135



1565 1570 1575 Asp Arg lle Ala Tyr Ay Ay Pro Trp

Arg Phe Asp Arg Lys Trp 1580 1585 1590 Asn Gy Thr

Asp Asp Val @n Val Ile vVal Val GQu Pro Ay Lys 1595
1600 1605 Ala Ala Val Asn Ile @n Thr Lys Pro Gy Vval
Phe Arg Thr Pro 1610 1615 6‘179 52/158 Phe Gy G u Vval
Gy Ala Val Ser Leu Asp Tyr'Pro Arg Ay Thr 1625 1630
1635 Ser Gy Ser Pro lle Leu Asp Ser Asn Ay Asp lle

1640 4 6 Te
Low AL0TH PR dhe (G LTSI U Bl V0B O ks

Val An Qy g Gn Gu Gu &ygp Val Pro Gu
3%02 Tyr 1670 167?33%@{) Thr Pro Asn Met Leu Arg Lys

Arg G@n Met Thr Val Leu Asp Leu 1685 1690 1695 His
Pro Ay Ser Ay Lys Thr Lys Lys Ile Leu Pro dn lle
Ile 1700 1705 1710 Lys Asp Ala lle dn A@n Arg Leu
Arg Thr Ala Val Leu Ala Pro 1715 1720 1725

Glu Ala Glu Gly Val Ile Gly Pro Gln His Leu Glu Gln Leu Pro

3155 3160 ' 3165

Arg Lys Asn Lys Ile Ala Val Arg Thr Trp Leu Phe Glu Asn Gly
3170 3175 3180

Glu Glu Arg Val Ser Arg Met Ala Ile Ser Gly Asp Asp Cys Val

3185 3190 3195

Val Lys Pro Leu Asp Asp Arg Phe Ala Thr Ala Leu His Phe Leu

3200 3205 3210

Asn Ala Met Ser Lys Val Arg Lys Asp Ile Gln Glu Trp Lys Pro

3215 3220 3225

Ser His Gly Trp His Asp Trp Gln Gln Val Pro Phe Cys Ser Asn

3230 3235 3240




53/158 Thr Arg Val VvVal Ala Ala Au Met Ala Gu Al a
Leu Arg Ay Leu 1730 1735 1740 Pro Val Arg Tyr dn
Thr Ser Ala Val G@n Arg Qu Hs An Gy 1745 1750

1755 Asn Qu Ile Val Asp Val Met Cys His Ala Thr Leu
Thr H's Arg 1760 1765 17 &/ﬁu Met Ser Pro Asn Arg
Val Pro Asn Tyr Asn Leu Phe Met 1775 1780 1785

Asp Qu Ala His Phe Thr Asp Pro Ala Ser Ile Ala Ala
Arg Gy 1790 1795 1800 Tyr Ile Ala Thr Lys Val Gu
Leu Gy Gu Ala Ala Ala Ile Phe 1805 1810 1815 Met

r ThryBr MR+ 3 Vol Al Tt V4 D VAIPp
P A AGIE TIPS PMBLE s Wsp 10Ty e See The B Asp Leu
506sp Arg Ala 183599340 1845 Trp

His

Pro

Pro

Ala

Leu

Trp

Glu

é? Asp Gu Ile Prg

er Ser Gy Tyr Glu Trp Ile Thr Qu Tyr Ala Ay Lys
1850 1855 1860 \Val
Met Gy Asn Gu lle Ala Met

Thr

Cys Arg Gly Gln Asp

3260

Gly Ala Gly Trp Asn
3275

Tyr Ala Gln Met Trp

3290

Arg Leu Met Ala Asn

3305

Val Pro Thr Gly Arg

3320

Trp Met Thr Thr Glu
3335

Glu Leu

3265

Val Lys

3280

Leu Leu

3295

Ala Ile

3310

Thr Ser
3325

Asp Met

3340

Trp Phe Val

Ile Gly Arg

Asp Thr Ala

Leu Tyr Phe

Cys Ser Ala

Trp Ser Ile

Leu Gln Val

Al a Ser Val

1865 1870 1875

Ala Arg Ile

3270

Cys Leu Ala

3285

His Arg Arg

3300

Val Pro Val

3315

His Ser Lys

3330

Trp Asn Arg

3345

Lys

Ser

Lys

Asp

Asp

Gly

Val



Cys
Arg
Lys
Val

dy
Cys
Leu
Ser
dn
Pro
Thr

Leu An Arg Ala Ay Lys Lys Val Ile @ n Leu Asn
Lys 1880 1885 1890 Ser Tyr Asp Thr du Tyr Pro
Cys Lys Asn Ay Asp Trp Asp 1895 1900 1905 Phe
I[le Thr Thr Asp Ile Ser Au Met Ay Al a Asn Phe
1910 1915 1920 55/ 158 /A%Q Ser Arg Val Ile Asp
Arg Lys Ser Val Lys Pro Il1e 1925 1930 1935

GQu u dy Gu dy Arg Val Ile Leu Ay Asn Pro
Pro 1940 1945 1950 Ile Thr Ser Ala Ser Ala Al a
Arg Arg Ay Arg Val Gy Arg 1955 1960 1965 Asn
Asn A n Val Ay Asp Qu Tyr Hs Tyr Ay Ay Ala
1970 1975 1980 Ser A u Asp Asp Ser Asn Leu Ala

Trp I%S GﬁglpGTFrAsﬁ éh@‘m Ig?’ge{ |V%1d3t§1§§,y359$9r 199% We¢ ey

y Leu Val Ala G n Leu

0 2005 2010 Tyy3s6ly Pro Gu Arg ghgplys Al a Phe

Met Asp Gy Gu Tyr 2015 2020 2025 56/ 158

Ser Trp Thr Asp Val Pro Tyr Val Gly Lys Arg Glu Asp Ile Trp

3365

3370 3375

Cys Gly Asn Leu Ile Gly Thr Arg Ser Arg Ala Thr Trp Ala Glu

3380

Asn Ile

3395

3385 3390

Tyr Ala Ala Ile Asn Gln Val Arg Ala Val Ile Gly Lys

3400 3405

Glu Asn Tyr Val Asp Tyr Met Thr Ser Leu Arg Arg Tyr Glu Asp

3410

Val Leu

3425

210> 3

3415 3420

Ile Gln Glu Asp Arg Val Ile

3430



Arg Leu Arg Ay Gu GQu Lys Lys Asn Phe Leu Au Leu
Leu Arg 2030 2035 2040 Thr Ala Asp Leu Pro Val Trp
Leu Ala Tyr Lys Val Ala Ser Asn 2045 2050 2055 Ay
[le dn Tyr Thr Asp Arg Lys Trp Cys Phe Asp Ay Pro
Arg 2060 2065 2070 Thr Aggy;dda Ile Leu Gu Asp Asn
Thr u Val Qu Ile Val Thr 2075 2080 2085 Arg Met
Gy GQu Arg Lys Ile Leu Lys Pro Arg Trp Leu Asp Al a

<211>20£19H784095 2100 Arg Val Tyr Ala Asp His A n Ala Leu Lys
Trp Phe Lys Asp Phe 2105 2110 2115 Ala Ala Ay Lys

12>ArENsSer Ala Val Ser Phe Ile Au Val Leu Ay 2120 2125
2130 57/158 Arg Met Pro Qu H's Phe Met Ay Lys Thr

<213>Ar19a;ﬁnesé\lalcb HalStd s2¥8pus2140 2145 Thr Met Tyr Leu
Val Ala Thr a QQu Lys dy Ay Lys Ala H's 2150 2155
2160 Arg Met Ala Leu Gu Qu Leu Pro Asp Ala Leu Qu
Thr 1le Thr 2165 2170 2175 Leu Ile Val Ala Ile Thr
Val Met Thr Ay Gy Phe Phe Leu Leu

<220>
221> (DS

<222> (96).. (10391)

<400> 3
agaagtttat ctgtgtgaac ttcttggctt agtatcgttg agaagaatcg agagattagt 60
gcagtttaaa cagtttttta gaacggaaga taacc atg act aaa aaa cca gga 113

Met Thr Lys Lys Pro Gly
1 5

ggt aaa aac cgg gect atc aat atg ctg aaa cgc ggc cta ccc 161
Gly Lys Asn Arg Ala Ile Asn Met Leu Lys Arg Gly Leu Pro

10 15 ‘ 20

ttc cca cta gtg gga gtg aag agg gta gta atg agc ttg ttg 209
Phe Pro Leu Val Gly Val Lys Arg Val Val Met Ser Leu Leu

25 30 35

aga ggg cca gta cgt ttc gtg ctg get ctt atc acg ttc tte 257
Arg Gly Pro Val Arg Phe Val Leu Ala Leu Ile Thr Phe Phe

45 50




2180 2185 2190 Met Met Gn Arg Lys Ay Ile @y Lys
Mt Ay Leu Ay Ala Leu

Leu Ala Thr
2215 2220 dy Thr

Val

aag

Ay Leu

Lys
55

gca

Leu

Thr

gtg gaa
Ala

Val

Glu

gga

Gly

aga
Arg

105

gtc

Val

ctt

Leu

cccC

Pro

aag agt gta

Lys

aca
Thr
90

gga

Gly

ata

Ile

ttg

Leu

acc

Thr

Ser

75

ctc

Leu

gega

Gly

gct

Ala

atg

Met

tca

Ser

Val

att

Ile

aat

Asn

tgt

Cys

acc
Thr

140

aaa

Lys

Ay Gy
2315 232@02325 59/158 LysggHis Leu Ile Thr 36r

G u Tyr Val Thr

gca

Ala

gac

Asp

gaa

Glu

gca
Ala

125

att

Ile

gega

Gly

Ser

Ser

atg

Met

gce

Ala

ggce
Gly

110

gga

Gly

aac

Asn

gag

Glu

2195 2200 2205 Val

Thr Val

Val

Val

Thr

Leu Al a Ser

aaa cat ctc

Lys

gtg
Val
95

tca

Ser

gce

Ala

aac

Asn

aac

Asn

His

80

aac

Asn

atc

Ile

atg

Met

acg

Thr

aga

Arg

Leu

aag

Lys

atg

Met

aag

Lys

gac
Asp

145

tge

Cys

act

Thr

cgg

Arg

tgg

Trp

ttg
Leu

130

att

Ile

tgg

Trp

Leu Thr
Pro
Leu Leu Ile Al a

agt

Ser

g8cC

Gly

ctt
Leu

115

tca

Ser

gca

Ala

gtc

Val

Phe Phe Leu Trp Ala Ala A u Va
Lys Ile Ala Ay
Leu Leu Leu Met 58/158 2225230 2235 Val Val
Pro Au Pro Qu Lys @ n Arg Ser
2250 Asn G n Leu Ala Va
Val

Leu Thr

ttc

Phe

aga
Arg

100

gcg

Ala

aat

Asn

gac

Asp

cgg

Arg

Leu Thr
Ala Ala Asn G u
Lys Ala 2270 2275 2280

Met Al a

aaa
Lys
85

aag

Lys

agc

Ser

tte

Phe

gtt

Val

gca

Ala

2210

Leu Ile
A n Thr Asp 2240 2245
Phe Leu Il e Cys Val
Ay 2255 2260 2265 Val
Tyr Ay Met Leu Gu Lys Thr

tO6RichePcd Vit aSgEc Nitlg BBE Adgy g&% Yetity $tdhggcGegaM gy 3an
2285 2290 2295 Thr Ay Leu Pro Ser

PAEUHASRI 4 9levAAla e Aha Ty ARG d.e0306u 2305 A28 1Drp Typ

Ala Leu Tyr Pro Leu

cga

Arg

caa

Gln

ttg

Leu

cag

Gln

atc
Ile

150

atc

Ile

305

353

401

449

497

545

593



2330 2335 2340 Ile Asn Ser G@n Ala Ay Ser Leu Phe
Val Leu Pro Arg Ay Val 2345 2350 2355 Pro Phe Thr
Asp Leu Asp Leu Thr Val Ay Leu Val Phe Leu Ay 2360
2365 2370 Cys Trp Gy Gn Ile Thr Leu Thr Thr Phe Leu
Thr Ala Met Val 2375 2380.%§$§ Leu Ala Thr Leu His
Tyr Ay Tyr Met Leu Pro Ay Trp Gn Ala 2390 2395
2400 Qu Ala Leu Arg Ala Ala Gn Arg Arg Thr Ala Ala
Ay lle Myss 2405 2410 2415160ys Asn Ala Val Ml Asp
Gy Met Val Ala Thr Asp Val Pro G u 2420 2425 2430
60/ 158 Leu G u Arg Thr Thr Pro Leu Met A n Lys Lys
Val Ay Gn Val 2435 2440 2445 Leu Leu Ile Ay Val

a Rhe k84 248! afeady @abygaa 2450c¥aag 641
gac ggﬁ ¥I :t%@IT%r Tﬁr %% EAr ga GS Al ad%GI;l Val Leu Val Thr

LEThiSqYrLelu Dye Pap LAsn
Asp Vé 3’@: Zyég},{etAlé%\%;a}%ﬁg%Z%ﬁ%er or 5480 ?21’85 2490

175 180

ctt gce atg ggc aat gat cca gag gat gtg gac tge tgg tgt gac aac 689
Leu Ala Met Gly Asn Asp Pro Glu Asp Val Asp Cys Trp Cys Asp Asn

185 190 195

caa gaa gtc tac gtc caa tat gga cgg tgc acg cgg acc agg cat tcc 737
Gln Glu Val Tyr Val Gln Tyr Gly Arg Cys Thr Arg Thr Arg His Ser

200 205 210

aag cga agc agg aga tcc gtg tcg gtc caa aca cal ggg gag agt tca 785
Lys Arg Ser Arg Arg Ser Val Ser Val Gln Thr His Gly Glu Ser Ser

215 220 225 230

cta gtg aat aaa aaa gag gct tgg ctg gat tca acg aaa gcc aca cga 833
Leu Val Asn Lys Lys Glu Ala Trp Leu Asp Ser Thr Lys Ala Thr Arg

235 240 245
tat ctc atg aaa act gag aac tgg atc ata agg aat cct ggc tat gct 881
Tyr Leu Met Lys Thr Glu Asn Trp Ile Ile Arg Asn Pro Gly Tyr Ala

250 255 260

ttc ctg gcg geg gta cte gge tgg atg ctt gge agt aac aac ggt caa 929



Phe

cgc

Arg

ttt

Phe
295

gea

Gly

att

Ile

gaa

Glu

gtc

Val

Thr Ala Thr Ay Leu Cys His Val Met Arg Gy Ser Tyr
Leu Ala 2495 2500 2505 Ay Ay Ser Ile Ala Trp Thr
Leu Ile Lys Asn Ala Asp Lys Pro 2510 2515 2520 Ser
Leu Lys Arg Gy Arg Pro Ay Ay Arg Thr Leu Ay Gu
A n 2525 2530 2535 61/158 73lgg Lys A u Lys Leu Asn Al a
Met Ser Arg Au A u Phe Phe Lys 2540 2545 2550 Tyr
Arg Arg Qu Ala lle Ile Qu Val Asp Arg Thr Au Ala
Léu \1a2855 V2960e250y Arp Mitalén (GlAr §e AsrAdrn AGly Gle
Val Gy Ay H's Pro Val Ser 2570 2575 2580 Arg Gy
Ser268l a Lys Leu Arg Zf@ Leu Val G u Ly3753 y Phe Val
2585 2590 2595 Ser Pro Ile Ay Lys Val Ile Asp Leu
Gy Cys Ay Arg Ay Gy 2600 2605 2610 Trp Ser Tyr
Tyr Ala Ala Thr Leu Lys Lys Val Adn du Val Arg 2615
gPH2xa2625 acd ytdydtcThtglyte Gty oy ghkacdd gcki bacagtd u 977
Pro Met Leu Met 62/ 158 2630 2635 2640
Val Val Phe Thr Ile Leu Leu Leu Leu Val Ala Pro Ala Tyr Ser

280 285 290

aat tgt ctg gga atg ggc aat cgt gac ttc ata gaa gga gcc agt 1025
Asn Cys Leu Gly Met Gly Asn Arg Asp Phe Ile Glu Gly Ala Ser

300 305 310

gcec act tgg gtg gac ttg gtg cta gaa gga gat agc tge ttg aca 1073
Ala Thr Trp Val Asp Leu Val Leu Glu Gly Asp Ser Cys Leu Thr

315 320 325

atg gca aac gac aaa cca aca ttg gac gtc cgc atg atc aac atc 1121
Met Ala Asn Asp Lys Pro Thr Leu Asp Val Arg Met Ile Asn Ile

330 335 340

get age caa ctt get gag gtt aga agt tac tgt tat cat gct tca 1169
Ala Ser Gln Leu Ala Glu Val Arg Ser Tyr Cys Tyr His Ala Ser

345 350 355

act gac atc tcg acg gtg gct cgg tge ccc acg act gga gaa gcc 1217
Thr Asp Ile Ser Thr Val Ala Arg Cys Pro Thr Thr Gly Glu Ala

360 365 370



cac
His

375

act

Thr

att

Ile

aca

Thr

gga

Gly

gcg
Ala

455

acc

Thr

Gn Ser Tyr Gy Trp

Val

Ay Gu Ser
Thr

Asn

Asp 2645 2650 2655
Pro Ser Asp Thr

Ser

Leu
Pro
2675 2680 2685

Asp Trp Leu Hs Arg
Phe Cys Ile Lys Val
hlct |gdt
£/ 46 AL
&Ya S8p
2745
H s Ala VggpAsn
Leu Leu Gy Arg

2765 2770 2775 Pro
Ay Ser Ay Thr Arg

g Yodd eVl gdigc SRic A%

Asp Arg Gly Trp Gly Asn

ASh G1keY
Trp 273

Val
Val

gac

Asp

atc

Ile

gce
Ala
440

tce

Ser

ctc

Leu

aca

Thr

cag
Gln

425

act

Thr

cag

Gln

aaa

Lys

tgt

410

cca

Pro

act

Thr

gcg
Ala

ctt

Leu

oy

395

gca

Ala

gaa

Glu

tcg

Ser

gca

Ala

ggt
Gly

475

aaa

Lys

aac

Asn

gaa

Glu

aag
Lys

460

gac

Asp

tte

Phe

atc

Ile

aac

Asn

445

ttc

Phe

tac

Tyr

Phe
Ser
Leu
Ay
Leu

Leu Val
Val

Ser
Phe Tyr

Cys Asp 2660 2665 2670

Pro A u Val
1/Yd

Ar
Pro

Cys Pro Tyr

Leu Au Met Thr
2690 2695 2700 Arg Qu

Gkt does thbtgid

Leu

Val
Met

Met Asp Arg Thr Val

Lys
Al a

Gly

tcc

Ser

aaa
Lys
430

cat

His

aca

Thr

gga

Gly

Ser
Thr

Tyr

tge
Cys
415

tac

Tyr

geg

Gly

gta

Val

gaa

Glu

Ay

Met Lys Ser Gy
Lys Pro Ser

du
Ile

Gu du dn Arg

Ser

Met Pro Lys Val

tg¥ahad @daGge Atg
2720 2725 2730 63/ 158 Val

Aef DN TPRIVASICykl SyEGinMely Phie

27885 2755 2760 Ser

GQu @u Asp Val
2780 2785 2790 Val

31 gehUcty stk ggd Ysmglyga age
Cys Gly Leu Phe Gly Lys Gly Ser

400

acc

Thr

aaa

Lys

aat

Asn

aca

Thr

gtc
Val

480

agc

Ser

gtt

Val

tat

Tyr

cce
Pro

465

aca

Thr

aaa

Lys

gec

Gly

tca
Ser

450

aat

Asn

ctg

Leu

gCEg

Ala

att
Ile
435

gcg

Ala

gct

Ala

gac

Asp

att
Ile

420

ttt

Phe

caa

Gln

cct

Pro

tgt

Cys

405

g88

Gly

gteg

Val

gtt

Val

tcg

Ser

gag
Glu

485

Ala Ala Ay Asn Val
Q90
Trp Arg Ay
Asn Leu
Ay Lys

aga

Arg

cat

His

gE8
Gly

ata
Ile

470

cca

Pro

1265

1313

1361

1409

1457

1505

15563



2795 2800 2805 Arg Ile A n Lys Leu Lys Qu du Phe Ala
Thr Thr Trp His Lys 2810 2815 2820 Asp Pro Qu Hi's
Pro Tyr Arg Thr Trp Thr Tyr Hs Ay Ser Tyr 2825 2830
2835 64/158 du Val Lys Ala Thr Gy Ser Ala Ser Ser
Leu Val Asn Ay Val 2840 2%1/2'53850 Val Lys Leu Met
Ser Lys Pro Trp Asp Ala lle a Asn Val Thr 2855 2860
2865 Thr Met Ala Met Thr Asp Thr Thr Pro Phe Ay dn
G@n Arg Val 2870 2875 2880 Phe Lys Qu Lys Val Asp
Thr Lys Ala Pro Gu Pro Pro Ala Gy 2885 2890 2895

tld daValctlgah G4 ther gTbratsacd rgre ghg Trda 1601
288 agkagéFyyr g29000 2090 g& Leu SergArg Qu Lys Arg Pro

Arg S@Q%iﬁ%e@’ﬁsJkﬂhrLaﬁu @14 Bhe TyRevalMer 2R2Vad983y 3dre
Lys Lys Val Asn Ser Asn Ala Ala Leu Gy Ala Val Phe

Al a 293Q02935 2940 65/ 15895  u G n Asn G rg0rp Ser Thr
Ala Arg Glu Ala Val Asp Asp Pro

aag tca ttt ctg gtc cat agg gaa tgg ttt cat gac ctc gct ctc ccc 1649
Lys Ser Phe Leu Val His Arg Glu Trp Phe His Asp Leu Ala Leu Pro

505 510 515

tgg acg tcc cct tcg age aca gcg tgg aga aac aga gaa ctc ctc atg 1697
Trp Thr Ser Pro Ser Ser Thr Ala Trp Arg Asn Arg Glu Leu Leu Met
520 525 530

gag ttt gaa gag gcg cac gcc aca aaa cag tcc gtt gtt get ctt ggg 1745
Glu Phe Glu Glu Ala His Ala Thr Lys Gln Ser Val Val Ala Leu Gly

535 540 545 550

tca cag gaa gga ggc ctc cat cag gcg ttg gca gga gec atc gtg gtg 1793
Ser Gln Glu Gly Gly Leu His Gln Ala Leu Ala Gly Ala Ile Val Val

555 560 565

gag tac tca agt tca gtg aag tta aca tca ggc cac ctg aaa tgt agg 1841
Glu Tyr Ser Ser Ser Val Lys Leu Thr Ser Gly His Leu Lys Cys Arg

570 575 580

ctg aaa atg gac aaa ctg gct ctg aaa ggc aca acc tat ggc atg tgc 1889

Leu Lys Met Asp Lys Leu Ala Leu Lys Gly Thr Thr Tyr Gly Met Cys



2945 2950 2955 Arg Phe Trp u Met Val Asp Gu GQu
Arg Qu Asn H's Leu Arg 2960 2965 2970 Ay A u Cys
H's Thr Cys Ile Tyr Asn Met Met Ay Lys Arg Gu 2975
2980 2985 Lys Lys Pro Ay Qu Phe Ay Lys Ala Lys Ay
Ser Arg Ala Ile 2990 2995 %9%@8 Trp Phe Met Trp Leu
Gy Ala Arg Tyr Leu A u Phe u Ala Leu 3005 3010
3015 Ay Phe Leu Asn Qu Asp His Trp Leu Ser Arg AQu

Asnxgger Ay 3020 308903030 Gy Ay Mds Gu Gy Ser
Gy Val dn Lys Leu Ay Tyr Ile Leu 66/158 3035 3040
3045 Arg Asp Ile Ala dy Lys Gn Ay Ay Lys Mt Tyr
Ala Asp Asp 3050 3055 3060 Thr Ala Ay Trp Asp Thr

aca gﬁ Ghalal %tcTerccArtgc TdHg Aap detUcEh UgSpad086r 3@T0c20 6le 1937
GQu Ala Lys Val Leu GQu Leu Leu Asp Ay Au H's Arg

Thr Gt@tLy'sthe%b‘%Opl?rQ%@QQQQ A%J@P%QAPA asp! Bht lcayQlik loay
Thr "Tyr Arg H's Lys Val Val Lys 3095 3100 3105

600 605 610

aca gtt gtc att gaa ctc tcc tac tct ggg agt gat ggc ccc tge aaa 1985
Thr Val Val Ile Glu Leu Ser Tyr Ser Gly Ser Asp Gly Pro Cys Lys

615 620 625 630

att ccg att gtc tcc gtt geg age ctc aat gac atg acc ccc gtc ggg 2033
Ile Pro Ile Val Ser Val Ala Ser Leu Asn Asp Met Thr Pro Val Gly

635 640 645

cgg ctg gtg aca gtg aac ccc ttc gtc gecg act tcc agt gec aat tca 2081
Arg Leu Val Thr Val Asn Pro Phe Val Ala Thr Ser Ser Ala Asn Ser
650 655 660

aag gtg ctg gtc gag atg gaa ccc ccc ttc gga gac tcc tac atc gta 2129
Lys Val Leu Val Glu Met Glu Pro Pro Phe Gly Asp Ser Tyr Ile Val

665 670 675
gtt gga cgg gga gac aag cag atc aac cac cat tgg cat aaa gct gga 2177
Val Gly Arg Gly Asp Lys Gln Ile Asn His His Trp His Lys Ala Gly

680 685 690

agc acg ctg ggc aaa gcec ttt tca aca act ttg aag gga gct cag aga 2225




Val Met Arg Pro Ala Ala Au Ay Lys Thr Val Mt Asp
Val Ile 3110 3115 3120 Ser Arg Qu Asp G n Arg Ay
Ser Ay dn Vval Vval Thr Tyr Ala 3125 3130 3135 67/ 158
Leu Asn Thr Phe Thr Asn Ile Ala Val @n Leu Val Arg
Leu Met 3140 3145 3150 A4 ke Gu Gy Val Ile Ay
Pro An Hs Leu Au Gn Leu Pro 3155 3160 3165 Arg
Lys Asn Lys Ile Ala Val Arg Thr Trp Leu Phe G u Asn

Ser TﬁiYLeu3¢79 35721318 S& UrHd ThA'IeuwalsSely Alg Ohi ARka
Ile Ser Gy Asp Asp Cys Val 3185 3190 3195 Val Lys

695 Pro Leu Asp AspoArg Phe Ala Thr7g¥ a Leu H s Phe 1780
3200 3205 3210 Asn Ala Met Ser Lys Val Arg Lys Asp lle
Gn Au Trp Lys Pro 3215 3220 3225 Ser Hs dy Trp
Hs Asp Trp A n dn Val Pro Phe Cys Ser Asn 3230 3235

ctg g§24&§6 %5&1: Ehe dde gt ntdd Bak! SttValgcModc laxs g gy 2273
Val Val 3245 3250 3255
Leu Ala Ala Leu Gly Asp Thr Ala Trp Asp Phe Gly Ser Ile Gly Gly

715 720 725

gtc ttc aac tcc ata gga aaa gcc gtt cac caa gtg ttt ggt ggt gcc 2321
Val Phe Asn Ser Ile Gly Lys Ala Val His Gln Val Phe Gly Gly Ala

730 735 740

ttc aga aca ctc ttc ggg gga atg tct tgg atc aca caa ggg cta atg 2369
Phe Arg Thr Leu Phe Gly Gly Met Ser Trp Ile Thr Gln Gly Leu Met
745 750 755

ggt gcc cta cta cte tgg atg ggc gtc aac gca cga gac cga tca att 2417
Gly Ala Leu Leu Leu Trp Met Gly Val Asn Ala Arg Asp Arg Ser Ile

760 765 770

get ttg gee ttec tta gec aca gga ggt gtg ctec gtg tte tta geg acc 2465
Ala Leu Ala Phe Leu Ala Thr Gly Gly Val Leu Val Phe Leu Ala Thr
775 780 785 790

aat gtg cat gct gac act gga tgt gcc att gac atc aca aga aaa gag 2513
Asn Val His Ala Asp Thr Gly Cys Ala Ile Asp Ile Thr Arg Lys Glu

795 800 805




Pro Cys Arg Gy Gn Asp AQu Leu Ile Ay Arg Ala Arg
Ile Ser 3260 3265 3270 Pro Ay Ala Ay Trp Asn Val
Lys Asp Thr Ala Cys Leu Ala Lys 3275 3280 3285 Ala
Tyr Ala G n Met Trp Leu Leu Leu Tyr Phe His Arg Arg
Asp 3290 3295 3300 Leu Argg/isss Met Ala Asn Ala lle
Cys Ser Ala Val - Pro vVal Asp 3305 3310 3315 Trp Val
Pro Thr Gy Arg Thr Ser Trp Ser Ile H's Ser Lys Ay
atg a@B2Qt382H ag330gc @te Tip dilgt cdhraathgadd atgAgpa Mytc [teg 2561
Gn Val Trp Asn Arg Val 3335 3340 3345 69/158 Trp lle
Met Af} £y6 6l ASerGily Trle Ri¢ Widl HispAsbydsghralPGouldla Thp
3350 3355 3360 Ser Trp Thr Asp Val Pro Tyr Val Gy
Lys Ar8§l1@ u Asp Ile Trp 818365 3370 3375 Cp80Qd y Asn
Leu Ile Gy Thr Arg Ser Arg Ala Thr Trp Ala G u 3380
3385 3390 Asn Ille Tyr Ala Ala lle Asn G n Val Arg Al a
Val Ile Ay Lys 3395 3400 3405 du Asn Tyr Val Asp
gtg gdyraghbtalltaaaSeat Liadg Acg gaagadgrca@ agédsiecc cta geca aag 2609

Val Asp Arg Tyr Lys Tyr Leu Pro Glu Thr Pro Arg Ser Leu Ala Lys
825 830 835

atc gtc cac aaa gcg cac aag gaa ggc gtg tge gga gtc aga tct gte 2657
Ile Val His Lys Ala His Lys Glu Gly Val Cys Gly Val Arg Ser Val

840 845 850

act aga ctg gag cat caa atg tgg gaa gcc gta cgg gat gaa ttg aac 27056
Thr Arg Leu Glu His Gln Met Trp Glu Ala Val Arg Asp Glu Leu Asn

855 860 865 870

gtc ctg ctc aaa gag aat gca gtg gac ctc agt gtg gtt gtg aac aag 2753
Val Leu Leu Lys Glu Asn Ala Val Asp Leu Ser Val Val Val Asn Lys

875 880 885

ccc gtg ggg aga tat cge tca gec cct aaa cge ctg tcc atg acg caa 2801
Pro Val Gly Arg Tyr Arg Ser Ala Pro Lys Arg Leu Ser Met Thr Gln

890 895 900

gag aag ttt gaa atg ggc tgg aaa gca tgg gga aaa agc att ctc ttt 2849
Glu Lys Phe Glu Met Gly Trp Lys Ala Trp Gly Lys Ser Ile Leu Phe
905 910 915



gcc

Ala

aag
Lys

935

gac

Asp

gag

Glu

aaa

Lys

cge

Arg

gtt

Val

3410 3415 3420 Val Leu Ile A n GQu Asp Arg Val lle
3425 3430 <210> 3 70/158 <211> 10976 <212> DNA <213>
Japanese encephalitis virus <220> <221> CDS <222>
(96)..(10391) <400> 3 agaagtttat ctgtgtgaac
ttcttggctt agtatcgttg agaapgasgg agagattagt 60
gcagtttaaa cagtttttta gaacggaaga taacc atg act aaa aaa
cca gga 113 Met Thr Lys Lys Pro Ay 1 5 ggg ccc ggt
aaa aac cgg get atc aat atg ctg aaa cgc ggc cta ccc
161 Gy Pro Ay Lys Asn Arg Ala Ile Asn Met Leu Lys

cé¥ Ga@ ytgegecPaac 1fkclac20tttcgee it ght ggm cctagag @cgga
gtg aag agg gta gta atg agc ttg ttg 209 Arg Val Phe

Pg’% C!}Slh,\eUel‘J/aﬂllaGlAyn\&dr T Pheg VAl ValaAspeGlySErole@ln Tbu 25

5

920 925 930

gaa tgc cct gat gag cac aga gct tgg aac agc atg caa atc gaa
Glu Cys Pro Asp Glu His Arg Ala Trp Asn Ser Met Gln Ile Glu
940 945 950

ttc gge ttt ggc atc aca tca acc cgt gtg tgg ctg aag att aga
Phe Gly Phe Gly Ile Thr Ser Thr Arg Val Trp Leu Lys Ile Arg
955 960 965

gag agc act gac gag tgt gat gga gcg atc ata ggt acg gect gtc
Glu Ser Thr Asp Glu Cys Asp Gly Ala Ile Ile Gly Thr Ala Val

970 975 980

gga cat gtg gca gtc cat agt gac ttg tcg tac tgg att gag agt
Gly His Val Ala Val His Ser Asp Leu Ser Tyr Trp Ile Glu Ser

985 990 995

tac aac gac aca tgg aaa ctt gag agg gca gtc ttt gga gaa
Tyr Asn Asp Thr Trp Lys Leu Glu Arg Ala Val Phe Gly Glu
1000 1005 1010

aaa tcc tgc act tgg cca gag aca cac acc cta tgg gga gat

Lys Ser Cys Thr Trp Pro Glu Thr His Thr Leu Trp Gly Asp

2897

2945

2993

3041

3089

3134

3179




gac ggc
acg ttc
Leu Al a
aca gca
aaa 305
Leu Ay
gta gca
18 du
Lys Arg
aac aag
Ile Asp
ggt gafhC gaga
gcg agc

aga ggg cca gta cgt ttc gtg ctg get ctt atc
ttc 257 Asp dy Arg Ay Pro Val Arg Phe Val
Leu Ile Thr Phe Phe 40 45 50 71/158 aag ttt
tta gcc ccg acc aag gcg ctt tta ggc cga tgg
Lys Phe Thr Al a Lgyrigga Pro Thr Lys Ala Leu
Arg Trp Lys 55 60 65 70 gca gtg gaa aag agt
atg aaa cat ctc act agt ttc aaa cga 353 Ala
Lys Ser Vdlo2el a Met Lys Hi s L@2b Thr Ser Phe
75 80 85 gaa ctt gga aca ctc att gac gcc gtg
Cgg ggc aga aag caa 401 Qdu Leu Gy Thr Leu
Ala Val Asn Lys Arg Ay Arg Lys @n 90 95 100
gagagiggagtcaartgadcggeg tame atc &tg gog ge@t
ttg 449 Asn Lys Arg Gy Gy Asn u Ay Ser

Gly Vhle Qliat GTu Sere@llLzuSeild dlelPho HiG ThH dde 4ta Gitc

ata get

tgt gca gga gcc atg aag ttg tca aat ttc cag

14y Al a Val Val I11085Ala Cys Ala dyldd&d Met Lys Leu

Ser Asn
att aac
Leu Leu

Phe A n 120 125 130 ggg aag ctt ttg atg acc
aac acg gac att gca gac gtt atc 545 dy Lys
Met Thr Ile Asn Asn Thr Asp Ile Ala Asp Val

cca ahbe agdbaddaltidhafl g agg gaa ggg tat aag aca caa aac

Pro Lys Ser Lys His Asn Arg Arg Glu Gly Tyr Lys Thr Gln Asn

1045

cag gga cct
Gln Gly Pro

1060

tgec cca ggg
Cys Pro Gly

1075

gge cect  teg
Gly Pro Ser

1090

gac tgg tgc

Asp Trp Cys

1105

aca gaa aat

1050 10565

tgg gac gag aat ggc ata gtc ttg gac ttt gac tat
Trp Asp Glu Asn Gly Ile Val Leu Asp Phe Asp Tyr

1065 1070

aca aaa gtc acc att aca gag gat tgt ggc aag aga
Thr Lys Val Thr Ile Thr Glu Asp Cys Gly Lys Arg

1080 1085

gtc aga acc act act gac agt gga aag ttg atc act
Val Arg Thr Thr Thr Asp Ser Gly Lys Leu Ile Thr

1095 1100

tgt cgc agt tgc tcc ctt ccg ccc cta cga ttc cgg

Cys Arg Ser Cys Ser Leu Pro Pro Leu Arg Phe Arg

1110 1115

gge tge tgg tac gga atg gaa atc aga cct gtc agg

3224

3269

3314

3359

3404

3449

3494



Thr

cat

His

ggt

ctg

Leu

acc

Thr

ggc

Gly

gce

Ala

gta att ccc acc tca aaa gga gag aac aga tgc tgg gtc
cgg gca atc 593 Vval Ile Pro Thr Ser Lys Ay G u Asn
Arg Cys Trp Val Arg Ala Ile 72/158 155 160 165 gac
gte ggc tac atg tgt gag gac act atc acg tac gaa tgt
cct aag 641 Asp Val Ay Tyy/ibget Cys Gu Asp Thr Ile
Thr Tyr Au Cys Pro Lys 170 175 180 «ctt gee atg ggc
aat gat cca gag gat gtg gac tgc tgg tgt gac aac 689

GLeu MnaGMetCysl YrfsIyrAsel PietColu Ade ¥ag Asp Wyb Algp
Cys Asp Asn 185 190 195 caa gaa gtc tac gtc caa tat
192& egg tgc acg egg2ace agg cat tee TBJ0 A n G u Val
Tyr Val Gn Tyr Gy Arg Cys Thr Arg Thr Arg His Ser
200 205 210 aag cga age agg aga tcc gtg tcg gtc caa
aca cat ggg gag agt tca 785 Lys Arg Ser Arg Arg Ser
gl o2er a¥alacd BtdtgtcH agadtegCoug Sat got k5 220 axds
230 cta gtg aat aaa aaa gag get tgg ctg gat tca acg
Agpa eeTREAHi0Be83R1 Lavg \&Gdr 63m Vals Akys AHauPKé aAshr p
Leu Asp Ser Thr Lys Ala Thr Arg 235 240 245 tat etc

188% aaa act gag aarl4ipgg atc ata agg aagscct ggc tat
get 881 Tyr Leu Met Lys Thr Qu Asn Trp Ile Ile Arg
Asn Pro Ay Tyr Ala 250 255 260

gaa atg gtt gac cct ttt cag ctg gge ctt ctg gtg atg tit
Glu Met Val Asp Pro Phe Gln Leu Gly Leu Leu Val Met Phe
1150 1155 1160

gcc acc cag gag gtc ctt cgc aag agg tgg acg gcc aga ttg
Ala Thr Gln Glu Val Leu Arg Lys Arg Trp Thr Ala Arg Leu

1165 1170 1175

att cct gecg gtt ttg ggg gcc cta ctt gtg ctg atg ctt ggg
Ile Pro Ala Val Leu Gly Ala Leu Leu Val Leu Met Leu Gly

1180 1185 1190

atc act tac act gat ttg gcg agg tat gtg gtg cta gtc gect
Ile Thr Tyr Thr Asp Leu Ala Arg Tyr Val Val Leu Val Ala

1195 1200 1205

get ttc gca gag gcc aac agt gga gga gat gtc ctg cac ctt
Ala Phe Ala Glu Ala Asn Ser Gly Gly Asp Val Leu His Leu

1210 1215 1220

3539

3584

3629

3674

3719

3764



get

Ala

aac

Asn

gtc

Val

ata

Ile

att

Ile

cca

Pro

gat

Asp

ttc ctg geg gcg gta ctc ggc tgg atg ctt ggc agt aac
aac ggt caa 929 73/158 Phe Leu Ala Ala Val Leu Gy
Trp Met Leu Ay Ser Asn Asn Ay A n 265 270 275 cgc
gtg gta ttc ace ate ctc ctg ctg ctg gtc get ccg get
tac agt 977 Arg Val Val Rpg;dhr Ile Leu Leu Leu Leu
Val Ala Pro Ala Tyr Ser 280 285 290 ttt aat tgt ctg
gga atg ggc aat cgt gac ttc ata gaa gga gee agt 1025
tBhe aAsng&y gthett GangMeitCepalsen Acg £6p Rha gtge aGigu
Gy Ala Ser 295 300 305 310 gga gcc act tgg gtg gac
Léd 0 IQb0ATE ¥afaPhg)dFsgal1eaaGant Bfo Allg Pea 1@d43ValGMetAl a
Thr Trp Val Asp Leu Val Leu Qu Ay Asp Ser Cys Leu
1738 315 320 325 apgBoatg gca aac gacla2®m cca aca ttg
gac gtc cgc atg ate aac ate 1121 Ile Met Ala Asn Asp
Lys Pro Thr Leu Asp Val Arg Met Ile Asn Ile 330 335
340 gaa get age caa ctt get gag gtt aga agt tac tgt
at@t cdat agetackCagd e 43¢ aAkacHergad Bat et gt GatgVal
Arg Ser Tyr Cys Tyr His Ala Ser 345 350 355 gtc act

M@fc [RueSécThacir@tTgpdeThiedgnt Gbn @la ASY dal VYgh Igaa
gcc 1217 Val Thr Asp Ile Ser Thr val Ala Arg Cys Pro
1740 Thr dy G u Al24860 365 370 1250

cta ggg get gee ttt ttc caa ttg gec tca gta gat ctg caa
Leu Gly Ala Ala Phe Phe Gln Leu Ala Ser Val Asp Leu Gln

1255 1260 1265

gga gtt cac gga atc ctg aat gcc gecc gct ata gceca tgg atg
Gly Val His Gly Ile Leu Asn Ala Ala Ala Ile Ala Trp Met
1270 1275 1280

gtc cgg gcg atc acc ttc ccc aca acc tcec tce gtc acc atg
Val Arg Ala Ile Thr Phe Pro Thr Thr Ser Ser Val Thr Met
1285 1290 1295

gtc tta gcg ctt cta act ccg gga atg agg gct cta tac cta
Val Leu Ala Leu Leu Thr Pro Gly Met Arg Ala Leu Tyr Leu

1300 1305 1310

act tac aga atc atc ctc ctc gtc ata ggg att tgc tct ctg
Thr Tyr Arg Ile Ile Leu Leu Val Ile Gly Ile Cys Ser Leu
1315 1320 1325

3809

3854

3899

3944

3989

4034

4079




ttg

Leu

cte

Leu

act

Thr

ggg

Gly

gece

Ala

ata

Ile

tca

Ser

74/ 158 cac aac gag aag cga get gat agt agc tat gtg
tgc aaa caa ggc ttc 1265 Hi's Asn Qu Lys Arg Ala Asp
Ser Ser Tyr Val Cys Lys G n dy Phe 375 380 385 390
act gat cgt ggg tgg ggc aac gga tgt gga ctt ttc ggg
aag gga age 1313 Thr Asp gyygsgdy Trp Gy Asn Ay Cys
Gy Leu Phe Ay Lys Ay Ser 395 400 405 att gac aca
tgt gca aaa ttc tee tgc ace age aaa gcg att ggg aga
1361 Ile Asp Thr Cys Ala Lys Phe Ser Cys Thr Ser Lys
Ala lle Gy Arg 410 415 420 aca ate cag cca gaa aac

c#d € gaaagPGadasad@idccyostfilgicat 4da giag sad 489gctilwtal | e
@n Pro Qu Asn Ile Lys Tyr Lys Val Ay Ile Phe Val
GHi s G435A¥8Q.y43by g Jhrgcetndilaakys tlyg baa &y sba Vgdg
aat tat tca gcg caa gtt ggg 1457 dy Ala Thr Thr Ser
1830 Asn His Ay Asi33Byr Ser Ala G n V340dy 440 445
450 gcg tcc cag gcg gca aag ttc aca gta aca ccc aat
get cct teg ata 1505 Ala Ser A n Ala Ala Lys Phe Thr
Val Thr Pro Asn Ala Pro Ser Ile 455 460 465 470 ace

tf C grattd tgegdttgamal acc@grtgaga gigg ath dicg gac acgt
gag cca 1553 Thr Leu Lys Leu Ay Asp Tyr Ay du Val
Léhr dlguLés 1@y se@ ThiPr Sedt Thr468Dy 48% Phe Ser Pro Thr

1345 1350 1355

ata gct gcc gga cta atg gtc tgec aac cca aac aag aag aga
Ile Ala Ala Gly Leu Met Val Cys Asn Pro Asn Lys Lys Arg

1360 1365 1370

tgg cca gct act gag ttt ttg tcg geca git gga ttg atg ttt
Trp Pro Ala Thr Glu Phe Leu Ser Ala Val Gly Leu Met Phe

1375 1380 1385

atc gta ggt ggt ttg gcg gag ttg gat att gaa tcc atg tca
Ile Val Gly Gly Leu Ala Glu Leu Asp Ile Glu Ser Met Ser

1390 1395 1400

ccc ttc atg ctg gca ggt ctc atg geca gtg tcc tac gtg gtg
Pro Phe Met Leu Ala Gly Leu Met Ala Val Ser Tyr Val Val
1405 1410 1415

gga aaa gca aca gat atg tgg ctt gaa cgg gct gcc gac atce

Gly Lys Ala Thr Asp Met Trp Leu Glu Arg Ala Ala Asp Ile

4124

4169

4214

4259

4304

4349

4394




75/ 158 agg agt gga ctg aac act gaa gcg ttt tac gtc
atg acc gtg ggg tca 1601 Arg Ser Ay Leu Asn Thr Qu
Ala Phe Tyr Val Met Thr Val Ay Ser 490 495 500 aag
tca ttt ctg gtc cat agg gaa tgg ttt cat gae etc get

etc ccc 1649 Lys Ser Phe gpuysg/al H's Arg Gu Trp Phe
H's Asp Leu Ala Leu Pro 505 510 515 tgg acg tee cct

tcg age aca gcg tgg aga aac aga gaa etc etc atg 1697
142 Thr Ser Pro Sdd25er Thr Ala Trp AM30 Asn Arg Au
Leu Leu Met 520 525 530 gag ttt gaa gag gcg cac gee
aca aaa cag tcc gtt gtt get ett ggg 1745 du Phe Qu
GQu Ala Hs Ala Thr Lys @n Ser Val VvVal Ala Leu Ay

agc tP35 240abdpat50ct teva catr gea gga agpgeagt c cgat agaFtgeg 4439
ttg gca gga gee ate gtg gtg 1793 Ser dn du dy dy
Ser TEgU GlusM&EL mspl Ald eilaAl Rl&EThrAGhy ISex Vatr Vaig 566 80
565 gag tac tca agt tca gtg aag tta aca tca ggc cac
183% aaa tgt agg 1840 A u Tyr Ser Sei4$er Val Lys Leu
Thr Ser Ay H's Leu Lys Cys Arg 570 575 580 «ctg aaa
atg gac aaa ctg get ctg aaa ggc aca acc tat ggc atg
tgc 1889 Leu Lys Met Asp Lys Leu Ala Leu Lys @y Thr
gat gihr abg cth ygdekalygac/6gdbGat ttt cac ttg att gac gat 4484
Asp Val Lys Leu Asp Asp Asp Gly Asp Phe His Leu Ile Asp Asp

1450 1455 1460

ccc ggt gtt cca tgg aag gtc tgg gtc ctg cge atg tct tge att 4529
Pro Gly Val Pro Trp Lys Val Trp Val Leu Arg Met Ser Cys Ile

1465 1470 1475

ggg tta gcc gecc ctc acg cct tgg gee att gtt ccc gee get ttt 4574
Gly Leu Ala Ala Leu Thr Pro Trp Ala Ile Val Pro Ala Ala Phe
1480 1485 1490

ggt tat tgg ctc act tta aaa aca aca aaa aga ggg ggc gtg ttt 4619
Gly Tyr Trp Leu Thr Leu Lys Thr Thr Lys Arg Gly Gly Val Phe

1495 1500 1505

tgg gac acg cca tcc cca aaa cct tge tca aaa gga gac acc act 4664
Trp Asp Thr Pro Ser Pro Lys Pro Cys Ser Lys Gly Asp Thr Thr

1510 1515 1520

aca gga gtt tac cgc att atg gct aga ggg att ctt ggc act tac 4709




585
gcg
Al a
aca
ccc
ay
att
Gdyg
Met
1538
Leu
Asn
ccc
gCcu
670
Meg
I'le
1544
cag
Thr

Thr

cag

Gln

tgg cac

Trp His

1555

590
gac
Lys
gtt

tgc

595
act

Asn
gtc
aaa

aca gaa aaa tte tcc ttc gcg aaa aat ccg
ggt cac ggg 1937 Thr GQu Lys Phe Ser Phe
Pro Ala Asp Thr Ay Hs dy 600 605 610
att gaa ctc tee tac tct ggg agt gat ggc
1985 Thr Val 98/158le G u Leu Ser Tyr Ser
Ser Asp Ay Pro Cys Lys 615 620 625 630 att ccg
gtc tee gtt gcg age etc aat gac atg ace ccc gte
2033yriAre Ble l?é‘fe Was B GVul Ild deserGlvedbnshrasp
Thr Pro Val Ay 635 640 645 egg ctg gtg aca gtg
ccc ttc gte gctpHkt tee agt gcc 38B9tca 2081 Arg
Val Thr Val Asn Pro Phe Val Ala Thr Ser Ser Ala
Ser 650 655 660 aag gtg ctg gtc gag atg gaa ccc
ttc gga gac tee tac ate gta 2129 Lys Val Leu Val

fest gCrugdy @tPrathdac gasAopt Bkt Tfe [¢ac vap @65 4754
675 gtt gga egg gga gac aag cag ate aac cac cat
Ght VadaGhetVaggle1Tyr Gk AshyVak Fhe WHimsghryleud n
Asn Hs Hs Trp Hs Lys Ala Ay 680 685 690 age
ctg ggc aaa gctb4it tca aca act tld§0aag gga get
aga 2225 77/158 Ser Thr Leu Ay Lys Al a Phe Ser
Thr Leu Lys Gy Ala G n Arg
aca act aga gga gca gct att atg agt gga gaa gga aaa 4799
Thr Thr Arg Gly Ala Ala Ile Met Ser Gly Glu Gly Lys
1560 1565
tgg ggt agt gtg aaa gaa gac cgc ata gect tac 4844
Trp Gly Ser Val Lys Glu Asp Arg 1Ile Ala Tyr
1575 1580
agg ttt gat cga aaa tgg aat gga
Arg Phe Asp Arg Lys Trp Asn Gly
1590 1595
gtg gta gaa ccg ggg aag gct gca
Val Val Glu Pro Gly Lys Ala Ala
1605 1610
gga gtg ttt cgg act ccc ttc ggg
Gly Val Phe Arg Thr Pro Phe Gly
1620 1625




gct

Ala

ctg

Leu

gag

Glu

Arg

aga

Arg

aaa

Lys

cag

Gln

695 700 705 710 «ctg gca gcg ttg ggt gac aca gee tgg
gac ttt ggc tee att gga ggg 2273 Leu Ala Ala Leu Ay
Asp Thr Ala Trp Asp Phe Ay Ser Ile Ay Ay 715 720

725 gte ttc aac tee ata gga aaa gee gtt cac caa gtg
ttt ggt ggt gee 2321 Val p% ghsn Ser Ile Ay Lys Ala
Val Hs Gn Val Phe Ay Ay a 730 735 740 ttc aga
aca ctc ttc ggg gga atg tct tgg ate aca caa ggg eta

g8t gaé§6<9t Bhe A cEhr dg%uggﬁeacq Ycd ggdetcdescclapt! | e
Thr n (ﬁy Leu Met 745 750 755 ggt gcc eta eta etc

vd 09 s@%gL&gqutpyxa@%QC@rgcmygﬁcr Sga ¢b2 bt Prbliledy
Ala Leu Leu Leu Trp Met Ay Val Asn Ala Arg Asp Arg

16887 1le 760 765 771@39et ttg gce ttc @40 gcc aca gga
ggt gtg ctc gtg ttc tta gcg ace 2465 Ala Leu Al a Phe
Leu Ala Thr Ay Ay Val Leu Val Phe Leu Ala Thr 775
780 785 790 aat gtg cat get gac act gga tgt gcc att

Q@C t@bCa R FeaURa R cYa& 2 2L3 RaYaggdi fafl ggargptThr
y o eay deppgacatc ) <2t A??L;s gl ! Sobl G

A§§/ 538 AdH ©1998sp Al e99RI AGlyODsu ave G1E k@ GRE Vaadc
gac gtg gaa gcc tgg 2561 Mt Arg Cys Ay Ser Ay lle

164 Val H's Asn Aggsgal G u Ala Trp 1655

ctt ggec gat ggec tca tac gtc agc gecc atc gtg cag ggt gac
Leu Gly Asp Gly Ser Tyr Val Ser Ala Ile Val Gln Gly Asp

1660 1665 1670

cag gag gaa cca gtc cca gaa gct tac acc cca aac atg ttg
Gln Glu Glu Pro Val Pro Glu Ala Tyr Thr Pro Asn Met Leu

1675 1680 1685

aag aga cag atg acc gta cta gat ttg cac cct ggt tca ggg
Lys Arg Gln Met Thr Val Leu Asp Leu His Pro Gly Ser Gly

1690 1695 1700

acc aag aaa att ctg cca caa ata att aag gac gct att cag
Thr Lys Lys Ile Leu Pro Gln Ile Ile Lys Asp Ala Ile Gln

1705 1710 1715

cgec cta aga aca gct gtg ttg geca ccg acg cgg gtg gta gea
Arg Leu Arg Thr Ala Val Leu Ala Pro Thr Arg Val Val Ala

1720 1725 1730

5024

5069

5114

5159

5204

5249

5294



810 815 820 gtg gat agg tat aaa tat ttg cca gaa acg
ccc aga tcc cta gca aag 2609 Val Asp Arg Tyr Lys Tyr
Leu Pro Gu Thr Pro Arg Ser Leu Ala Lys 825 830 835
ate gtc cac aaa gcg cac aag gaa ggc gtg tgc gga gtc
aga tct gtc 2657 |Ile Val gd/ssdys Ala H's Lys Gu Ay
Val Cys Gy Vval Arg Ser Vval 840 845 850 act aga ctg
gag cat caa atg tgg gaa gec gta egg gat gaa ttg aac
2705 Thr Arg Leu Qu H's Gn Mt Trp Qu Ala Val Arg
Asp G u Leu Asn 855 860 865 870 gtc ctg ctc aaa gag
gca gamt afjeogap gagageictttgagigagiegeottc gcg abae 3gg atbBaaval 5339
Leu Leu Lys A u Asn Ala Val Asp Leu Ser Val Val Va
Ala GlasnMeysAB61880188%u che Gy gy PagaVakt ArgcTir&lycc
cct aaa cgc ctg tcc atg acg caa 2801 Pro Val Gy Arg
118y Arg Ser Al a Prlg40ys Arg Leu Ser M5 Thr A n 890
895 900 gag aag ttt gaa atg ggc tgg aaa gca tgg gga
aaa age att etc ttt 2849 Gdu Lys Phe AQu Met Gy Trp
Lys Ala Trp Ay Lys Ser Ile Leu Phe 905 910 915 79/158
act tgc geceggyn@agt ggy @agaacad ceaageg taat gaax @gta ge ggda
cct gag aca 2897 Ala Pro Qu Leu Ala Asn Ser Thr Phe
Thr Safal AVal Vals 616G rPGdud HisTiiidln Gly Asn Glu Ile Val Asp

1750 1755 1760

gtg atg tgc cac gcc act ctg acc cat aga ctg atg tca ccg aac
Val Met Cys His Ala Thr Leu Thr His Arg Leu Met Ser Pro Asn

1765 1770 1775

aga gtg ccc aac tac aac cta ttt gtc atg gat gaa gct cat ttc
Arg Val Pro Asn Tyr Asn Leu Phe Val Met Asp Glu Ala His Phe

1780 1785 1790

acc gac cca gcc agt ata gce gca cga gga tac att gct acc aag
Thr Asp Pro Ala Ser Ile Ala Ala Arg Gly Tyr Ile Ala Thr Lys

1795 1800 1805

gtg gaa tta ggg gag gca gca gcc atc ttt atg aca gcg acc ccg
Val Glu Leu Gly Glu Ala Ala Ala Ile Phe Met Thr Ala Thr Pro

1810 1815 1820

cct gga acc acg gat cct ttt cct gac tca aat gcc cca atc cat

Pro Gly Thr Thr Asp Pro Phe Pro Asp Ser Asn Ala Pro Ile His




920
t g9
H s
950
ctg
Thr
age
1?%53
gt e

925 930 2945 aag gaa tgc cct gat gag cac aga get
aac age atg caa ate gaa Lys Qu Cys Pro Asp Qu

Arg Ala Trp Asn Ser Met Gn lle u 935 940 945
gac ttc ggc ttt ggc ate aca tea ace cgt gtg tgg
aag att aga 2993 Asp Pag,kgYy Phe Ay Ile Thr Ser
Arg Val Trp Leu Lys Ile g 955 960 965 gag gag
act gac gag tgt gat gga gcg ate ata ggt acg get

3041 du GQuigay Thr Asp Gu Cyggasp Ay Ala lle

e Ay Thr Ala vVal 970 975 980 aaa gga cat gtg gca

cat agt gac ttg tcg tac tgg att gag agt 3089 Lys

@y Hs Val Ala Val Hs Ser Asp Leu Ser Tyr Trp lle

gat tEEU

gag

Asp LEGP IS ALSWG1E 114 HEAl Asp/alrgPAta Grp Ser Q0619051010

gtt

1848
Thr

gaa

gaa tgg
Glu Trp

1855

agc gtg
Ser Val

1870

ggg aaa
Gly Lys

1885

tac cca
Tyr Pro

1900

gac att

Asp Ile

1915

gac tgt

26 g98%a290t9 0 aC06ad Hpg2a6e 0AG A8 433 Bad i
agg gca gte ttt gga gaa 3134 Arg Tyr Asn Asp Thr

aaa tee tgc act tgg cca gag aca cac ace cta tgg
gat 3179 Val i{gup Ser Cys Thr Trpgfso G u Thr Hi s

Leu Trp Gy Asp 80/158 1015 1020 1025 ggt gtt gag

agt gaa ctc atc atc ccg cac acc ata gcc gga 3224

atc aca gaa tat gcg gga aaa acc gtg tgg ttt gtg gca
Ile Thr Glu Tyr Ala Gly Lys Thr Val Trp Phe Val Ala

1860 1865

aaa atg ggg aac gag att gca atg tgec ctc caa aga gcg
Lys Met Gly Asn Glu Ile Ala Met Cys Leu Gln Arg Ala

1875 1880

aag gtc atc caa ctc aac cgc aag tcc tat gac aca gaa
Lys Val Ile Gln Leu Asn Arg Lys Ser Tyr Asp Thr Glu

1890 1895

aaa tgt aag aat gga gac tgg gat ttt gtc atc acc act
Lys Cys Lys Asn Gly Asp Trp Asp Phe Val 1Ile Thr Thr

1905 1910
tct gaa atg ggg gecc aac ttc ggt geg age agg gtc atce
Ser Glu Met Gly Ala Asn Phe Gly Ala Ser Arg Val Ile

1920 1925

aga aag agc gtg aag ccc acc atc tta gaa gag gga gaa

5654

5699

5744

5789

6834

5879

5924



Asp

ggc

Gly

gca

Ala

gga

Gly

aac

Asn

cac

His

gaa

Glu

Gy Val du Qu Ser Gu Leu lle lle Pro Hs Thr Ile

Ala dy 1030 1035 1040 cca aaa agc aag cat aat cgg agg
gaa ggg tat aag aca caa aac 3269 Pro Lys Ser Lys His
Asn Arg Arg Gu Ay Tyr Lys Thr G n Asn 1045 1050 1055

cag gga cct tgg gac gag aagg/gee ata gtc ttg gac ttt
gac tat 3314 Gn Ay Pro Trp Asp Gu Asn Ay Ile Val

Leu Asp Phe Asp Tyr 1060 1065 1070 tgc cca ggg aca aaa
C@d C ARGCLY tSe@CRald¥sgalPrd Jhrgite d2g Gba &309G1HuUPro
Gy Thr Lys Val Thr Ile Thr Gu Asp Cys Gy Lys Arg
1948Y5 1080 1085 ggqoget tcg gtc aga ate4@®mct act gac agt
gga aag ttg atc act 3404 dy Pro Ser Val Arg Thr Thr
Thr Asp Ser Gy Lys Leu Ile Thr 1090 1095 1100 gac tgg
tgc tgt cgc agt tgc tcc ett ccg ccc cta cga ttc cgg

agd4%tchabe Utk £YS davS A4 IRl c&y atdehcd elaghr gedrageleu
Arg Phe Arg 1105 1110 1115 aca gaa aat ggc tgc tgg tac

ABga Vallg1 Bad eat 61 RO&nCCPrytSerapsgo JA4 TR/ Bod ATarSed u
Asn Ay Cys Trp Tyr Ay Met Qu Ile Arg Pro Val Arg
14420 1125 1130 catijgpat gaa aca aca elgs®tc aga tcg cag

gtt gat get ttt aat 3539
gct caa cgg agg ggc aga gta gge aga aac cct aac cag gtt
Ala Gln Arg Arg Gly Arg Val Gly Arg Asn Pro Asn Gln Val

1960 1965 1970

gat gaa tac cac tat ggg ggg gcc acc agt gaa gat gac agt
Asp Glu Tyr His Tyr Gly Gly Ala Thr Ser Glu Asp Asp Ser

1975 1980 1985

cta gcc cat tgg aca gag gca aag atc atg tta gat aac ata
Leu Ala His Trp Thr Glu Ala Lys Ile Met Leu Asp Asn Ile

1990 1995 2000

atg ccc aat gga ctg gtg gcc cag ctc tat gga cca gag agg
Met Pro Asn Gly Leu Val Ala Gln Leu Tyr Gly Pro Glu Arg

2005 2010 2015

aag gcc ttc aca atg gat ggc gaa tac cgt ctc aga ggt gaa
Lys Ala Phe Thr Met Asp Gly Glu Tyr Arg Leu Arg Gly Glu
2020 2025 2030

5969

6014

6059

6104

6149

6194



H's Asp Gu Thr Thr Leu Val Arg Ser G n Val Asp Ala

Phe Asn 1135 1140 1145 ggt gaa atg gtt gac cct ttt cag
ctg ggc ctt ctg gtg atg ttt 3584 dy Au Mt Val Asp
Pro Phe G n Leu Ay Leu Leu Val Met Phe 1150 1155 1160

ctg gee ace cag gag gtc ctgp/46¢ aag agg tgg acg gcc
aga ttg 3629 Leu Ala Thr Gn Gu Val Leu Arg Lys Arg

Trp Thr Ala Arg Leu 1165 1170 1175 ace att cct gcg gtt

gaa abf 0 AA0a8€a 16t Bt&tdagyt gtElcgtangg cidg goy Iwedctdhwcel e 6239

Pro Ala Val Leu Ay Ala Leu Leu Val Leu Met Leu Gy :
Glu L$#48Q.y5185, FHR0LE9G 1At eLaetLeuadracthrgaiat tAspgbgudyw tat

gtg gtg cta gtc get 3719 dy Ile Thr Tyr Thr Asp Leu

o6Bs Arg Tyr Val Valogoeu Val Al a 119520200 1205 gcc get

ttc gca gag gcc aac agt gga gga gat gtc ctg cac ett

3764 Ala Ala Phe Ala Qu Ala Asn Ser Ay dy Asp Val

Leu H's Leu 1210 1215 1220 82/ 158 get ttg att gcc gtt

gtg tFFC Aa0 gk et feAdag @t gPCck ticc Bat gk atg 38RO tadlacd eu 6284
e Ala Val Phe Lys Ile dn Pro Ala Phe Leu Val Mt

val T+325.k230a 1RR5 Lgacvall gAthtSeagasacElyaddet gilmdgrabior caa
gaa aat gtg gtt ctg 3854

2050 2055 2060

gat aga aag tgg tgt ttt gat ggg ccg cgt acg aat gcc ata ctg 6329
Asp Arg Lys Trp Cys Phe Asp Gly Pro Arg Thr Asn Ala Ile Leu

2065 2070 2075

gag gac aac acc gag gta gag ata gtc acc cgg atg ggt gag agg 6374
Glu Asp Asn Thr Glu Val Glu Ile Val Thr Arg Met Gly Glu Arg

2080 2085 2090

aaa atc ctc aag ccg aga tgg ctt gat gca aga git tat gca gat 6419
Lys Ile Leu Lys Pro Arg Trp Leu Asp Ala Arg Val Tyr Ala Asp
2095 2100 2105

cac caa gct ctc aag tgg ttc aaa gac ttc gca gca gga aag aga 6464
His Gln Ala Leu Lys Trp Phe Lys Asp Phe Ala Ala Gly Lys Arg

2110 2115 2120

tca gecc gtt age ttc ata gag gtg ctc ggt cgt atg cct gag cat 6509
Ser Ala Val Ser Phe Ile Glu Val Leu Gly Arg Met Pro Glu His
2125 2130 2135



tte

Phe M

gca

Ala

gag

Glu

act

Thr

ggt

Gly

acc

Thr

4244

Gly

Asn
Val
ttg
Phe
at a
tgg
Al a
ace
Ar

Met Leu Ser Thr Arg Trp Thr Asn G n G u Asn Val
Leu 1240 1245 1250 gte cta ggg get gcc ttt ttc caa °
gcc tca gta gat ctg caa 3899 Val Leu Ay Ala Al a
Phe A n Leu Ala Ser Val Asp Leu @ n 1255 1260 1265
gga gtt cac gga ate ctgj/ e gcc gcc get ata gca

atg 3944 Ile dy Val Hs Ay Ile Leu Asn Ala Ala
Ile Ala Trp Met 1270 1275 1280 att gtc egg gcg ate
ttc ccc aca ace tcc tec gtc ace atg 3989 Ile Vval

g Ala Ile Thr Phe Pro Thr Thr Ser Ser Val Thr Met

atl28%4 290y 1h285c €€ &a@t Cgdt at@CEacClalcChity athcCliy @gda atg
agg get cta tac cta 4034 Pro Val Leu Ala Leu Leu Thr
ME¥ 0 GBy YL MR ThA Sr Al uleal alYeul sp TROOMABO0Tyr 1310 Vgat

act tac aga ate ate ctc ctc gtc ata ggg att tgc tet
ofd@ 4079 Asp Thr giys Arg Ile Ile Lepi8Gku Val Ile Gy
Ile Cys Ser Leu 1315 1320 1325 83/158 ttg caa gag agg
aaa aag ace atg gca aaa aag aaa gga get gta 4124 Leu
Gn Qu Arg Lys Lys Thr Met Ala Lys Lys Lys Gy Al a
avgl gb33Pad 332 43¢ (et Cadd gcggcad togagatg Ctgetacke tgaa act
gga tgg ttt tcg ccc ace 416

Thr Ala Glu Lys Gly Gly Lys Ala His Arg Met Ala Leu Glu

2155

ctg
Leu

2170

Val

2185

ata
Ile

2200

ttc
Phe

2215

acc

Thr

cca

Pro

atg

Met

888

Gly

ttc

Phe

ctg

Leu

2160 2165

gat gca ctg gaa acc att aca ctt att gtt get atce
Asp Ala Leu Glu Thr Ile Thr Leu Ile Val Ala Ile
2175 2180

aca gga gga ttc ttt cta ctc atg atg cag cga aag
Thr Gly Gly Phe Phe Leu Leu Met Met Gln Arg Lys

2190 2195

aag atg ggt ctt gga gct cta gtg ctc acg cta gct
Lys Met Gly Leu Gly Ala Leu Val Leu Thr Leu Ala

2205 2210

ctg tgg gcg gca gag gtt ccc gga aca aaa ata geca
Leu Trp Ala Ala Glu Val Pro Gly Thr Lys Ile Ala
2220 2225

ctg atc gcc ctg ctg ctt atg gtg gtt ctc atc cca

Leu Ile Ala Leu Leu Leu Met Val Val Leu Ile Pro

6554

6599

6644

6689

6734

6779

6824



Leu
Pro
tgc
Leu
ggg
atg
Val

233
Val

Leu
Thr
aacC
Met

tgg
ttt

Ay
gcg
Ay

Gy Leu Ala Leu Thr Ser Thr Gy Trp Phe Ser
1345 1350 1355 act ata get gcc gga cta atg gtc
cea aac aag aag aga 4214 Thr Ile Ala Ala Ay
Val Cys Asn Pro Asn Lys Lys Arg 1360 1365 1370
cca get act gag ttdo/isg tcg gca gtt gga ttg
4259 dvy Trp Pro Ala Thr Qu Phe Leu Ser Al a
Leu Met Phe 1375 1380 1385 gcc ate gta ggt ggt
gag ttg gap3gtt gaa tcc atg 22404304 Ala lle
Gy Leu Ala Gu Leu Asp Ile Gu Ser Mt Ser

1390 1395 1400 ata ccc ttc atg ctg gca ggt etc atg gca

gtg tee tac gtg gtg 4349 1Ile Pro Phe Met Leu Ala Ay
gaa ctEU MBl ad} Ta¥ahgoaicalyEaa/alcaVaat HdScd41@th446g tatg gga

aaa gca aca gat atg tgg ctt gaa egg get gcc gac ate
Glu P§I§9431u59 s @ Ay% Rlra i ThePAMPtASH Plheled AlAVRIA a

a

Asp

| e 84/ 158 1420 1425 1430 age tgg gag atg gat

20g4 gca ate aca ggmspge agt egg agg QpE5 4439 Ser Trp
Gu Met Asp Ala Ala Ile Thr Gy Ser Ser Arg Arg Leu
1435 1440 1445 gat gtg aag cta gat gat gac gga gat ttt
cac ttg att gac gat 4484

atc tgt gtc ttg acc gtg gtt gga gtg gtg gca gca aac

ttt cte
Phe Leu

2260

gag tac
Glu Tyr

2275

ttt gge
Phe Gly

2290

atg gca
Met Ala

2305

ggg agc

Gly Ser

2320

tcg gaa

Ile Cys Val Leu Thr Val Val Gly Val Val Ala Ala Asn

2265 2270

ggg atg cta gaa aaa acc aaa gca gac ctc aag agc atg

Gly Met Leu Glu Lys Thr Lys Ala Asp Leu Lys Ser Met

gga

Gly

ctg

2280 2285

aag acg cag gca tca gga ctg act gga tta cca age

Lys Thr Gln Ala Ser Gly Leu Thr Gly Leu Pro Ser

2295 2300

gac ctg cgt cca gcc aca gct tgg gca ctg tat ggg

Leu Asp Leu Arg Pro Ala Thr Ala Trp Ala Leu Tyr Gly

aca

Thr

tac

2310 2315

gtc gtg cta acc cct ctt ctg aag cac ctg atc acg

Val Val Leu Thr Pro Leu Leu Lys His Leu Ile Thr

2325 2330

gtc acc aca tcg cta gcc tca att aac tca caa gct

6869

6914

6959

7004

7049

7094

7139



Ser

ggc

Gly

gac

Asp

acc

Thr

tat

Tyr

gcce

Ala

gac

Asp

Asp Val Lys Leu Asp Asp Asp Ay Asp Phe His Leu Ile

Asp Asp 1450 1455 1460 ccc ggt gtt cca tgg aag gtc tgg
gtc ctg cgc atg tct tgc att 4529 Pro Ay Val Pro Trp
Lys Val Trp Val Leu Arg Met Ser Cys Ile 1465 1470 1475
ggg tta gcc gecc ctc acg ccgs/fhgP gecc att gtt ccc gec

get ttt 4574 dy Leu Ala Ala Leu Thr Pro Trp Ala lle
Val Pro Ala Ala Phe 1480 1485 1490 ggt tat tgg ctc act

6id 2 T§RAVAC ThaCPThPRIRra0Be @ ag8er dlle Aén 4ei9G1rEA aTyr
Trp Leu Thr Leu Lys Thr Thr Lys Arg Ay Ay Val Phe

24495 1500 1505 tg@®3gac acg cca tee cgadmaa cct tgc tca
aaa gga gac ace act 4664 Trp Asp Thr Pro Ser Pro Lys
Pro Cys Ser Lys Ay Asp Thr Thr 1510 1515 1520 aca gga
gtt tac cgc att atg get aga ggg att ctt ggc act tac
tée? 09ct§5/c11§9gtcﬂﬁf Qo Vaka Bec 4t@ ddtetdet ablcagde gtal y
le Leu Ay Thr %’ 1525 1530 1535 cag gcc ggc gtc gga

sgfe 12uIPh@O/dafe@drodt Ard (1 yCUs] Fad Phe 4Ahr4AsEilevAl a
Gy val dy Vval Met Tyr Qu Asn Val Phe H's Thr Leu

235¢10 1545 1550 tgp3apkC aca act aga ggas@ca get att atg
agt gga gaa gga aaa 4799

ttg acc gtt ggc ctc gtc ttc ctt gge tgt tgg ggt caa atc

Leu Thr Val Gly Leu Val Phe Leu Gly Cys Trp Gly Gln Ile
2365 2370 2375

ctc aca acg ttt ttg aca gcc atg gtt ctg gcg aca ctt cac
Leu Thr Thr Phe Leu Thr Ala Met Val Leu Ala Thr Leu His

2380 2385 2390

ggg tac atg ctc cct gga tgg caa gca gaa gca cic agg gea
Gly Tyr Met Leu Pro Gly Trp Gln Ala Glu Ala Leu Arg Ala

2395 2400 2405

cag aga agg aca gcg gct gga ata atg aag aat gcc gtt gtt
Gln Arg Arg Thr Ala Ala Gly Ile Met Lys Asn Ala Val Val
2410 2415 2420

gga atg gtc gcc act gat gtg cct gaa ctg gaa agg acc act
Gly Met Val Ala Thr Asp Val Pro Glu Leu Glu Arg Thr Thr

2425 2430 2435

7184

7229

7274

7319

7364

7409




Trp Hs Thr Thr Arg Ay Ala Ala Ile Met Ser Gy GQu

@y Lys 1555 1560 1565 ttg acg cca tac tgg ggt agt gtg
aaa gaa gac cgc ata get tac 4844 Leu Thr Pro Tyr Trp
Gy Ser Val Lys Qu Asp Arg Ile Ala Tyr 1570 1575 1580

gga ggc cca tgg agg ttt gajy/ggp aaa tgg aat gga act
gat gac 4889 dy Ay Pro Trp Arg Phe Asp Arg Lys Trp
Asn Ay Thr Asp Asp 1585 1590 1595 gtg caa gtg ate gtg

cct cf A adackL hag08aAq@ cyeig)Caggity aac ate 4334ggd/attaG n 7454
-Val Ile Val Val Gu Pro Ay Lys Ala Ala Val Asn Ile
Pro Ld§0Met60E 1§40L$a0aaCa6 BAG1aCYaldRugLen t i eeGly daf ccc
ttc ggg gag gtt ggg 4979 dAn Thr Lys Pro Ay Val Phe
oM@ Thr Pro Phe G46l u Val Ay 161524820 1625 86/ 158
get gtt agt ctg gat tac ccg cga gga aca tcc ggc tca
ccc att 5024 Ala Val Ser Leu Asp Tyr Pro Arg Gy Thr
Ser Ay Ser Pro Ile 1630 1635 1640 ctg gat tec aat gga
age gf@c g@taeg% F1@06tEtgtct aga@@Ctagst gge até G9gtd eigaAsp 7499
Ser Asn Ay Asp lle lle Ay Leu Tyr Ay Asn Gy Vval

Ser VaP4n1h620a FheSLEEW Al t AGUPreaisgIalt Thr t athrgVsl dge gcc
ate gtg cag ggt gac 5114

2455 2460 2465

gaa gca ggg gtg ttg gtg aca geg get acg ctc act ttg tgg gac 7544
Glu Ala Gly Val Leu Val Thr Ala Ala Thr Leu Thr Leu Trp Asp

2470 2475 2480

aac gga gcc agt gce gtt tgg aat tcc acc act gec acg gga ctc 7589
Asn Gly Ala Ser Ala Val Trp Asn Ser Thr Thr Ala Thr Gly Leu
2485 2490 2495

tgc cat gta atg cga ggt agc tac ctg gct gga ggc tcc att get 7634
Cys His Val Met Arg Gly Ser Tyr Leu Ala Gly Gly Ser Ile Ala

2500 2505 2510

tgg act ctc atc aag aac gct gac aag ccc tcc tta aaa agg gga 7679
Trp Thr Leu Ile Lys Asn Ala Asp Lys Pro Ser Leu Lys Arg Gly

2515 2520 2525

agg cct ggg ggc agg acg cta ggg gag cag tgg aag gaa aaa cta 7724
Arg Pro Gly Gly Arg Thr Leu Gly Glu Gln Trp Lys Glu Lys Leu

2530 2535 2540



aat

Asn

ata

Ile

aat

Asn

ctc

Leu

gtc
Val

geca

Ala

ggg

Gly

GQu Leu Ay Asp Ay Ser Tyr Val Ser Ala lle Val @n
Ay Asp 1660 1665 1670 cgt cag gag gaa cca gtc cca gaa
get tac ace eca aac atg ttg 5159 Arg Gn Gu Gu Pro
Val Pro Qu Ala Tyr Thr Pro Asn Met Leu 1675 1680 1685
aga aag aga cag atg ace gtgmgb@ gat ttg cac cct ggt
tca ggg 5204 Arg Lys Arg G n Met Thr Val Leu Asp Leu
Hs Pro Gy Ser Ay 1690 1695 1700 aaa ace aag aaa att
ctg cca caa ata att aag gac get att cag 5249 Lys Thr
Lys Lys Ile Leu Pro Gn lle Ile Lys Asp Ala lle Gn
gdd 091} 740c BghSgsa%a30Ct o & ta0aa®Cacyelg Otagat bge gra ccg
acg egg gtg gta gca 5294 dn Arg Leu Arg Thr Ala Va
ALgU MAtaSEF ArENG1AVA uabPhd/dheAL gs TR20ARET 2% rEk7GDu 81/2158
gca gaa atg gca gaa get ttg aga ggg ctc cca gta cga
otgd caa 5339 Al adg59 Met Ala A u Al @s6%u Arg Ay Leu
Pro Val Arg Tyr Gdn 1735 1740 1745 act tca gca gtg cag

aga gag cac caa ggg aat gaa ata gtg gat 5384 Thr Ser
Ala Val An Arg Qu Hs Gn Ay Asn Gu Ile Val Asp

atd5Qak7 9%g 18R0 cgt ta it JghfgareggCagghgtt Ctapaacet cga aga
ctg atg tca ccg aac 5429
Ile Glu Val Asp Arg Thr Glu Ala Arg Arg Ala Arg Arg Glu

2560 2565 2570

aac ata gtg gga gga cat ccg gtt tcg cga ggc tca gca aaa
Asn Ile Val Gly Gly His Pro Val Ser Arg Gly Ser Ala Lys
2575 2580 2585

cgt tgg ctc gta gag aaa gga ttt gtc tcg cca ata gga aaa
Arg Trp Leu Val Glu Lys Gly Phe Val Ser Pro Ile Gly Lys

2590 2595 2600

att gat cta ggg tgt ggg cgt gga gga tgg agc tac tac gca
Ile Asp Leu Gly Cys Gly Arg Gly Gly Trp Ser Tyr Tyr Ala

2605 2610 2615

acc ctg aag aag gtc cag gaa gtc aga gga tac acg aaa ggt
Thr Leu Lys Lys Val Gln Glu Val Arg Gly Tyr Thr Lys Gly

2620 2625 2630

gcg gga cat gaa gaa ccg atg ctc atg cag agc tac ggc tgg

Ala Gly His Glu Glu Pro Met Leu Met Gln Ser Tyr Gly Trp

7769

7814

7859

7904

7949

7994

8039



Val Met Cys His Ala Thr Leu Thr H's Arg Leu Met Ser

Pro Asn 1765 1770 1775 aga gtg ccc aac tac aac cta ttt
gtc atg gat gaa get cat tte 5474 Arg Val Pro Asn Tyr
Asn Leu Phe Val Met Asp GQu Ala H's Phe 1780 1785 1790

ace gac cca gcc agt ata gcgs/ge8 cga gga tac att get
ace aag 5519 Thr Asp Pro Ala Ser Ile Ala Ala Arg Ay

Tyr Ile Ala Thr Lys 1795 1800 1805 gtg gaa tta ggg gag
o@%H gca gcc ate ttgg4et g aca gcg ace B64p 5564 Val Gu
Leu Ay Gu Ala Ala Ala Ile Phe Met Thr Ala Thr Pro
1810 1815 1820 cct gga ace acg gat ect ttt ect gac tca
aat gcc cca ate cat 5609 Pro Ay Thr Thr Asp Pro Phe
aac cB50 ARPtSErcthSRadlautPr ged lgtgHeac 8R/t158t 1BR2524830:11835 8084
gat ttg caa gat gag ata cca gac agg gcg tgg age agt
Asn LE82 MACSSAT4u £§P deau Gy VAIPASH Wdll Eher dlyAspy#rRyoAl a
Trp Ser Ser Ay Tyr 1840 1845 1850 gaa tgg ate aca gaa

okB§ 0Cg gga aaa acmsstg tgg ttt gtg @6605699 G u Trp
[l'e Thr GQu Tyr Ala Gy Lys Thr Val Trp Phe Val Al a
1855 1860 1865 age gtg aaa atg ggg aac gag att gca atg

tgc ctc caa aga gcg 5744
tca gag ccc agt gac act ctg ttc tgc gac ata ggg gaa tce tcc 8129
Ser Glu Pro Ser Asp Thr Leu Phe Cys Asp Ile Gly Glu Ser Ser

2665 2670 2675

cca agt cca gaa gta gaa gaa caa cgc aca cta cgc gtc cta gag 8174
Pro Ser Pro Glu Val Glu Glu Gln Arg Thr Leu Arg Val Leu Glu

2680 2685 2690

atg aca tct gac tgg ttg cac cga gga cct aga gag ttc tgt ata 8219

Met Thr Ser Asp Trp Leu His Arg Gly Pro Arg Glu Phe Cys Ile

2695 2700 2705

aaa gtt ctt tgc ccc tac atg ccc aag git ata gaa aaa atg gaa 8264
Lys Val Leu Cys Pro Tyr Met Pro Lys Val Ile Glu Lys Met Glu

2710 2715 2720
gtc ctg cag cgc cgc ttc gga ggt ggg cta gtg cgt ctt ccc ctg 8309
Val Leu Gln Arg Arg Phe Gly Gly Gly Leu Val Arg Leu Pro Leu

2725 2730 2735

tcc cge aac tcc aat cac gag atg tac tgg git agt gga ccg gct 8354



Ser

ggc

Gly

:4:44

Gly

gat

Asp

gtc

Val

aaa

Lys

tac

Tyr

Ser Val Lys Met Ay Asn Gu Ile Ala Met Cys Leu Gn

Arg Ala 1870 1875 1880 ggg aaa aag gtc ate caa ctc aac
cgc aag tce tat gac aca gaa 5789 dvy Lys Lys Val Ile
G n Leu Asn Arg Lys Ser Tyr Asp Thr du 1885 1890 1895

tac cca aaa tgt aag aat gogy/gsc tgg gat ttt gtc ate
ace act 5834 Tyr Pro Lys Cys Lys Asn Ay Asp Trp Asp
Phe Val Ile Thr Thr 1900 1905 1910 gac att tct gaa atg

AKI90 AR CS@adsht Bi gGlugMetaderabp Jat e SB7Proadpalle
Ser Gu Met Gy Ala Asn Phe Gy Ala Ser Arg Vval Ile
27415 1920 1925 ga@74gt aga aag age g&?phag ccc ace ate
tta gaa gag gga gaa 5924 89/158 Asp Cys Arg Lys Ser
Val Lys Pro Thr Ile Leu Gu u Gy du 1930 1935 1940
ggc aga gtc atc ctc gga aac cca tcg ccc ata acc agt
agfa gadgCgbP@Ac Ay gAigy d4ad altgeadtreagd yagAsigtPr otHertgPr o

Ile Thr Ser Ala Ser 1945 1950 1955 gca get caa cgg agg
ASKIC Vagavgl dligghladalaaksic Metaller Seg Gin 6@l4lenlzuAl a
Gn Arg Arg Ay Arg Val Gy Arg Asn Pro Asn G n Val
21860 1965 1970 gga768t gaa tac cac tatéygg ggg gcc acc
agt gaa gat gac agt 6059

cga atg gat cgc aca gtg tgg aga ggg cca aag tat gag gaa

Arg Met Asp Arg Thr Val Trp Arg Gly Pro Lys Tyr Glu Glu

2770 2775 2780

gtc aac tta ggg agc gga aca aga gcc gig gga aag gga gaa
Val Asn Leu Gly Ser Gly Thr Arg Ala Val Gly Lys Gly Glu

2785 2790 2795

cat agc aat cag gag aaa atc aag aag aga atc cag aag ctt
His Ser Ash Gln Glu Lys Ile Lys Lys Arg Ile Gln Lys Leu

2800 2805 2810

gaa gaa ttc gcc aca acg tgg cac aaa gac cct gag cat cca
Glu Glu Phe Ala Thr Thr Trp His Lys Asp Pro Glu His Pro
2815 2820 2825

cgc act tgg aca tac cac gga agc tat gaa gtg aag gct act
Arg Thr Trp Thr Tyr His Gly Ser Tyr Glu Val Lys Ala Thr

2830 2835 2840

8399

8444

8489

8534

8579

8624



ggc

aaa

Lys

gac

Asp

gac

Asp

aac

Asn

aga

Arg

agc

Ser

Tyr

Asp
Ser
atc
du
atg

agg
Ay

GQu Tyr Hs Tyr Ay Ay Ala Thr Ser A u Asp

1975 1980 1985 aac cta gcc cat tgg aca gag gca
atg tta gat aac ata 6104 Asn Leu Ala His Trp
Ala Lys Ile Met Leu Asp Asn Ile 1990 1995 2000
ccc aat gga ctg gtgggeg cag etc tat gga cca

6149 H's Met Pro Asn Ay Leu Val Ala A n Leu
Pro Au Arg 2005 2010 2015 gaa aag gcc ttc aca

tadg grdt agyctcgaatt agtccghbactiggaaghe (Kiig gaa G@4atgagadys
Ala Phe Thr Met Asp Ay GQu Tyr Arg Leu Arg Ay Qu

S2p2m1z03er Zp30L60/ V8 Agadlyayabaéalabyst tleut Mat giay ct g
ctt agg acg get gac ctc ccg 6239 du Lys Lys Asn Phe
2Bé5 d u Leu Leu Ar2850hr Al a Asp Leu BBB52035 2040 2045
gtg tgg ctg gee tac aag gtg gcg tec aat ggc ate cag

tac ace 6284 Val Trp Leu Ala Tyr Lys Val Ala Ser Asn
Ay Ile dn Tyr Thr 2050 2055 2060 gat aga aag tgg tgt
cett gt gggpacgttgiccacgaaadtcgeecad@ etg B20atdsactAr g
Lys Trp Cys Phe Asp Gy Pro Arg Thr Asn Ala Ile Leu

P2065T 20 A6p 2025 IhacA lgac AsmVadc &hgathrgMat gad) aadlat gihr ace

2860

acce
Thr
2875

acg
Thr

2890

gag
Glu
2905

cce
Pro

2920

aac
Asn

2935

acc

Thr

aag

Lys

acc

Thr

cge

Arg

§CE

Ala

egg atg ggt gag agg 6374
8

2865 2870

cct ttt gga cag caa aga gtt ttc aag gag aaa gtt
Pro Phe Gly Gln Gln Arg Val Phe Lys Glu Lys Val

2880 2885

gct cct gag cca cca act gga gct aag gaa gtg ctc
Ala Pro Glu Pro Pro Thr Gly Ala Lys Glu Val Leu
2895 2900

acc aac tgg ctg tgg gcc tac ttg tca cgg gaa aaa
Thr Asn Trp Leu Trp Ala Tyr Leu Ser Arg Glu Lys
2910 2915

ttg tgc acc aag gaa gaa ttc ata aag aaa gtc aat
Leu Cys Thr Lys Glu Glu Phe Ile Lys Lys Val Asn

2925 2930

get ctt gga gca gtg ttc gct gaa cag aat caa tgg
Ala Leu Gly Ala Val Phe Ala Glu Gln Asn Gln Trp

2940 2945

8669

8714

8759

8804

8849

8894

8939



agc

Ser

gtt

Val

tgt

Cys

ttt

Phe

gga

Gly

gat

Asp

tca

Ser

GQu Asp Asn Thr Au Val GQu Ile Val Thr Arg Met Gy

G u Arg 2080 2085 2090 aaa ate etc aag ccg aga tgg ctt
gat gca aga gtt tat gea gat 6419 Lys Ile Leu Lys Pro
Arg Trp Leu Asp Ala Arg Val Tyr Ala Asp 2095 2100 2105
cac caa get ctc aag tgg ttgy/gsm gac ttc gca gea gga

aag aga 6464 Hys G n Ala Leu Lys Trp Phe Lys Asp Phe
Ala Ala Ay Lys Arg 2110 2115 2120 tca gee gtt age ttc

ata gag gtg ctc ggt cgt atg cct gag cat 6509 Ser Al a
Val Ser Phe Ile Qu Val Leu Ay Arg Met Pro Qu Hi s
adgl2fcg1ladx 34g5edl/giy8 gdtt gaat ccgygazatit acgeegAg @dd get
tta gac acc atg tac ttg gtt 6554 Phe Met Ay Lys Thr
THY g AGhUAYY &1beAlAYValThAspViAsp TRro Aeg Rid Ttp0GRiMet2150

gca acg get gag aaa ggt ggg aaa gca cac cga atg get
2¢8(c gaa 6599 AlaZbhp Ala Qu Lys A¥68y Lys Ala H s
Arg Met Ala Leu Qu 2155 2160 2165 gag ctg cca gat gca

ctg gaa ace att aca ctt att gtt get ate 6644 du Leu
Pro Asp Ala Leu Qu Thr Ile Thr Leu Ile Val Ala lle

g2 7Qadlgde 2k§0gastaagt geat @ tacagyPraggag t ttgtt tac aica etc
atg atg cag cga aag 6689 ‘ .
Asp Glu Glu Arg Glu Asn His Leu Arg Gly Glu Cys His Thr

2965 2970 2975

atc tat aac atg atg gga aaa aga gag aag aag cct gga gag
Ile Tyr Asn Met Met Gly Lys Arg Glu Lys Lys Pro Gly Glu

2980 2985 2990

gga aaa gct aaa gga agc agg gcc att tgg ttc atg tgg ctt
Gly Lys Ala Lys Gly Ser Arg Ala Ile Trp Phe Met Trp Leu

2995 3000 3005

gca cgg tat cta gag ttt gaa gct ttg ggg tic ctg aat gaa
Ala Arg Tyr Leu Glu Phe Glu Ala Leu Gly Phe Leu Asn Glu

3010 3015 3020

cat tgg ctg agc cga gag aat tca gga ggt gga gtg gaa ggc
His Trp Leu Ser Arg Glu Asn Ser Gly Gly Gly Val Glu Gly

3025 3030 3035

ggc gtc caa aag ctg gga tac atc ctc cgt gat ata gca gga

Gly Val Gln Lys Leu Gly Tyr Ile Leu Arg Asp Ile Ala Gly

8984

9029

9074

9119

9164

9209

9254



aag

Lys

act

Thr

gag

Glu

gaa

Glu

gca

Ala

agg

Arg

aac

Val

Lys
cta
Leu
ttc
gca
Thr
ctg
Leu

92/ 158

aca gat aat caa ctg gcg gtg

Met Thr Gy Gy Phe Phe Leu Leu Met Met dn
2185 2190 2195 ggt ata ggg aag atg ggt ctt gga
gtg etc acg cta get 6734 Ay lle Ay Lys Mt
Gy Ala Leu Val Leu Thr Leu Ala 2200 2205 2210
ttc ctg tgg gcg ga@oged gtt ccc gga aca aaa
6779 Thr Phe Phe Leu Trp Ala Ala Gu Val Pro
Lys Ile Ala 2215 2220 2225 g ace ctg ctg ate
ctg ctt at¥4§tg gtt etc ate 88506824 dy Thr
Ile Ala Leu Leu Leu Met Val Val Leu Ille Pro
2230 2235 2240 gaa ccg gaa aag cag agg tca caa
6869 du Pro Au Lys d@n

cApg SR 8@ reaPhpt@siRcAsactignt, gat Mo 9aF BBASLERRRC2255
ttt etc ate tgt gtc ttg ace gtg g%t 3?a gt g %tg ca
Gyna GlacGépias Mae Twwu Ale AgpsAval ThredlahGvallrwaisrg y

Val

Val

Ala Ala Asn 2260 2265 2270 gag tac ggg atg eta

3§62 aaa ace aaa go¥b6fac etc aag age aPB96959 Qu Tyr
Gy Met Leu Qu Lys Thr Lys Ala Asp Leu Lys Ser Met
2275 2280 2285 ttt ggc gga aag acg cag gca tca gga ctg

act gga tta cca age 7004
aga att acc aga act gat tta gaa aat gaa gcc aag gtg ctg

Arg 1le Thr Arg Thr Asp Leu Glu Asn Glu Ala Lys Val Leu

3070

ctt
Leu

3085

ttg
Leu

3100

gaa
Glu

3115

gg8
Gly

3130

atc

cta

Leu

act

Thr

gga

Gly

agt

Ser

get

gac

Asp

tac

Tyr

aag

Lys

gga

Gly

gte

ggt

Gly

agg

Arg

acc

Thr

cag

Gln

cag

gaa

Glu

cac

His

gtg

Val

gtg

Val

cte

3075

cac
His

3090

aaa
Lys

3105

atg
Met

3120

gtc

Val

3135

gtc

cgce

Arg

gtg

Val

gac

Asp

act

Thr

agg

atg

Met

gtc

Val

gtg

Val

tat

Tyr

ctg

ctc

Leu

aag

Lys

ata

Ile

gect

Ala

atg

gee

Ala

gte

Val

tca

Ser

ctt

Leu

gag

3080

cga gcce
Arg Ala

3095

atg aga
Met Arg

3110

agg gag
Arg Glu

3125

aac act

Asn Thr

3140

gct gag

ata

Ile

cct

Pro

gat

Asp

ttc

Phe

14:4:4

att

Ile

gca

Ala

caa

Gln

acg

Thr

gte

9299

9344

9389

9434

9479

9524

9569



Asn

att

Ile

get

Ala

agg

Arg

gac

Asp

gte

Val

gat

Asp

Phe Ay Gy Lys Thr Gn Ala Ser Gy Leu Thr Ay Leu
Pro Ser 2290 2295 2300 atg gca ctg gac ctg cgt cca gcc
aca get tgg gea ctg tat ggg 7049 Mt Ala Leu Asp Leu
Arg Pro Ala Thr Ala Trp Ala Leu Tyr Ay 2305 2310 2315
ggg age aca gte gtg eta ageiLeB ctt ctg aag cac ctg
ate acg 7094 dy Ser Thr Val Val Leu Thr Pro Leu Leu
Lys Hi's Leu Ile Thr 2320 2325 2330 tcg gaa tac gtc ace
Ihea AlagVel &lgctet dmlat Argdeut et cda 4ba G1B39GDB/VEIS
Ser Qu Tyr Val Thr Thr Ser Leu Ala Ser Ile Asn Ser
3@m Ala 2335 2340 ABH5 ggc tca tta tBibHtc ttg cca cga
ggc gtg cct ttt acc gac cta 7184 dy Ser Leu Phe Val
Leu Pro Arg Ay Val Pro Phe Thr Asp Leu 2350 2355 2360
gac ttg acc gtt ggc ctc gtc ttc ctt ggc tgt tgg got
gg@a adlaCcd22%c AsP daau dag ctal c&l \agacuad/alaaltheag eatad y
Cys Trp Ay A n Ile 2365 2370 2375 acc ctc aca acg ttt
Gly g PacaGye dliat fegtGluct GligdguaBeo dirig tae AZn4LyJHrleleu
Thr Thr Phe Leu Thr Ala Met Val Leu Ala Thr Leu His
326B0 2385 2390 tat3lgsg tac atg ctc c817@ga tgg caa gca
gaa gca ctc agg gca 7319

gtec agg acc tgg ctc ttt gag aat gga gag gag aga gtg tcc

Val Arg Thr Trp Leu Phe Glu Asn Gly Glu Glu Arg Val Ser
3175 3180 3185

atg gct atc age gga gac gac tgt gtc gtc aag ccg ctg gac
Met Ala Ile Ser Gly Asp Asp Cys Val Val Lys Pro Leu Asp

3190 3195 3200

aga ttc gce acg gee ctec cac ttc ctc aac gca atg tca aag
Arg Phe Ala Thr Ala Leu His Phe Leu Asn Ala Met Ser Lys

3205 3210 3215

aga aaa gac atc cag gaa tgg aag cct tca cat ggc tgg cac
Arg Lys Asp Ile Gln Glu Trp Lys Pro Ser His Gly Trp His

3220 3225 3230

tgg cag caa gtt ccc ttc tgec tct aac cat ttt cag gag att
Trp Gln Gln Val Pro Phe Cys Ser Asn His Phe Gln Glu Ile

3235 3240 3245

9614

9659

9704

9749

9794

9839




gtg

Val

gat

Asp

aat

Asn

teg

Trp

aat

Asn

agsg

Arg

gaa

Glu

Tyr Ay Tyr Met Leu Pro Ay Trp An Ala Gu Ala Leu
Arg Ala 2395 2400 2405 gcc cag aga agg aca gcg get gga
ata atg aag aat gcc gtt gtt 7364 Ala An Arg Arg Thr
Ala Ala Ay Ile Met Lys Asn Ala Val Val 2410 2415 2420

gac gga atg gtc gcc act gapzhkg cct gaa ctg gaa agg
acc act 7409 Asp Gy Met VvVal Ala Thr Asp Val Pro Qu
Leu Au Arg Thr Thr 2425 2430 2435 94/158 «cct ctg atg

at@a aaalg@aqedl £gHPFLCaPLPALCLTe Cicg Bg@ @8y gl cadS4
Pro Leu Met G n Lys Lys Val Ay Gn Val Leu Leu lle
M&L Y Lval A&#4Qy24Ab S24501 Bgdadt YapPaogCus t tAegcbly @la aac
cct aat gtc acc act gtg aga 7499 Ser Val Ala Ala Phe
3bsu Val Asn Pro Ag2swal Thr Thr Val 2260 2455 2460 2465

gaa gca ggg gtg ttg gtg aca geg get acg ctc act ttg
tgg gac 7544 QGu Ala dy Val Leu Val Thr Ala Ala Thr
Leu Thr Leu Trp Asp 2470 2475 2480 aac gga gcc agt gcc

g8kt di@lab@lggeCog@qetacéggaicacee 30a gie Fod9ggadamed y
Ala Ser Ala Val Trp Asn Ser Thr Thr Ala Thr Gy Leu
G24859.e2490c ZA95AtgAleat Agg d 12t BeeParogGly agd at GLy crp get
gga ggc tcc att get 7634

3265 3270 3275

gtg aag gac aca gct tgt ctg gcc aaa gca tat gca cag atg
Val Lys Asp Thr Ala Cys Leu Ala Lys Ala Tyr Ala Gln Met

3280 3285 3290

cta ctc cta tac ttc cat cgt agg gac ttg cgt ctc atg gca
Leu Leu Leu Tyr Phe His Arg Arg Asp Leu Arg Leu Met Ala

3295 3300 3305

geg att tge tca gca gtg cca gtg gat tgg gtg ccc acg ggc
Ala Ile Cys Ser Ala Val Pro Val Asp Trp Val Pro Thr Gly

3310 3315 3320

aca tcc tgg tcg ata cac tcg aaa gga gag tgg atg acc aca
Thr Ser Trp Ser Ile His Ser Lys Gly Glu Trp Met Thr Thr

3325 3330 3335

gac atg ctg cag gtc tgg aac aga gtc tgg att gaa gaa aat

Asp Met Leu Gln Val Trp Asn Arg Val Trp Ile Glu Glu Asn

3340 3345 3350

9884

9929

9974

10019

10064

10109

10154




Cys His
Ile Ala
aag ccc
Asn Al a
agg cct
aaa cta
Trp Lys
age aga
Asn Al a

Val Met Arg Gy Ser Tyr Leu Ala Ay Gy Ser
2500 2505 2510 tgg act ctc atc aag aac get gac
tcc tta aaa agg gga 7679 Trp Thr Leu lle Lys
Asp Lys Pro Ser Leu Lys Arg Ay 2515 2520 2525
ggg ggc agg acg Ct%?gﬂ%rgag cag tgg aag gaa
7724 Arg Pro Ay y g Thr Leu Ay Au Gn
G u Lys Leu 2530 2535 2540 95/158 aat gcc atg
gaa gag ttt ttt aaa tac egg aga gag gcc 7769
Met Ser Arg GQu du Phe Phe Lys Tyr Arg Arg

gaa tEhU Agglpdnc2aaP #3°5¢84 datdl Bclakc0tfg JacaCgsc agdt gaa

gca cgc

agg get aga cgt gaa 7814 lle lle Au Val Asp

Glu TAPY MY VA N RyA ThA" 8ré BLeATHr Al Gp 2500425012570

aat aac
3958 aaa
Arg Gy
gag aaa
Trp Leu

ata gtg gga gga cat ccg gtt tcg cga ggc tca
7859 Asn gygp lle Val Ay G g3ebs Pro Val Ser
Ser Ala Lys 2575 2580 2585 etc cgt tgg etc gta
gga ttt gte tcg cca ata gga aaa 7904 Leu Arg
Val Qu Lys Ay Phe Val Ser Pro Ile Ay Lys

ccg t4290:%082a 2600 gL Cq g igata&t 2P0t @kc 9B COtc OO J0a

tgg age tac tac gca
Pro Tyr Val Gly Lys Arg Glu Asp Ile Trp Cys Gly Ser Leu lle

3370

gga acg cga
Gly Thr Arg

3385

ata aac cag
Ile Asn Gln

3400

tac atg acc
Tyr Met Thr

34156

gac agg gtc
Asp Arg Val

3430

3375 3380

tcc aga gca acc tgg gct gag aac atc tac geg geg

Ser Arg Ala Thr Trp Ala Glu Asn Ile Tyr Ala Ala

3390 3395

gtt aga get gtc att ggg aaa gaa aat tat gtt gac

Val Arg Ala Val 1Ile Gly Lys Glu Asn Tyr Val Asp

3405 ' 3410

tca ctc agg aga tac gaa gat gtc ttg atc cag gaa

Ser Leu Arg Arg Tyr Glu Asp Val Leu Ile Gln Glu

3420 3425

atc tagtgtgatt taaggtggaa aagcagatta tgtaaataat

Ile

gtaaatgaga aaatgcatgc atatggagtc aggccagcaa aagctgccac cggatactgg

10199

10244

10289

10334

10379

10431

10491



Val Ile
Tyr Al a
gtc aga
Val G n
ggg geg

ggc tgg
dn Ser

Asp Leu Ay Cys Ay Arg dy Ay Trp Ser Tyr
2605 2610 2615 gca ace ctg aag aag gtc cag gaa
gga tac acg aaa ggt 7994 Ala Thr Leu Lys Lys
GQu Val Arg Ay Tyr Thr Lys Ay 2620 2625 2630
gga cat gaa gaa ccfysaigg etc atg cag age tac
8039 Ay Ala Ay Hs GQu Gu Pro Met Leu Met
Tyr Ay Trp 96/158 2635 2640 2645 aac ctg gte

gtagacggt €t gdatig A8l co8agtgiceaddfagghtts tgtitaacadst ethadiddbg
Asn Leu Val Ser Leu Lys Ser Ay Val Asp Val Phe Tyr

Lys Pro
tgc gac

2650 2655 2660 tca gag ccc agt gac act ctg ttc
ata ggg gaa tcc tec 8129 Ser Gu Pro Ser Asp

aaagtEBEad elgcBBecdss abeptdtcgg Ryeddzdt Seretet c266H gdbd Ot g2ags

cca agt
cta gag

cca gaa gta gaa gaa caa cgc aca cta cgc gte
8174 Pro Ser Pro Qu Val GQu Gu Gn Arg Thr

Leu Arg Val Leu G u 2680 2685 2690 atg aca tct gac tgg

gaccdat@t€ afggedacHA tE €t Gacobgrdettgai@tagtigag 2O geybigcbte
Ser Asp Trp Leu Hs Arg Gy Pro Arg Qu Phe Cys Ile
2695 2700 2705 aaa gtt ctt tgc ccc tac atg ccc aag gtt
ata gaa aaa atg gaa 8264

aggaggactg ggttaccaaa gccgttgage ccccacggec caagcctcgt ctaggatgea

atagacgagg tgtaaggact agaggttaga ggagaccccg tggaaacaac aacatgcggce

ccaagccccc tcgaagetgt agaggaggtg gaaggactag aggttagagg agaccccgca

tttgcatcaa acagcatatt gacacctggg aatagactgg gagatcttct gctctatcte

aacatcagct actaggcaca gagcgccgaa gtatgtaget ggtggtgagg aagaacacag

gatct

<210> 4
211> 3432
212> PRT

<213> Japanese encephalitis virus

<400> 4

Met Thr Lys Lys Pro Gly Gly Pro Gly Lys Asn Arg Ala Ile Asn Met

10551

10611

10671

10731

10791

10851

10911

10971

10976



Lys Val
Met du
ggg cta
Phe Gy
tcc cgc
ccg get
Tyr Trp
1 gtg cac
Gy Asn
Leu Leu
aga ggg
Thr Val
gat gtc

Leu Cys Pro Tyr Met Pro Lys Val Ile Qu Lys
2710 2715 2720 gtc ctg cag cgc cgc ttc gga ggt
gtg cgt ctt ccc ctg 8309 Val Leu An Arg Arg
Gy Gy Leu Val Arg Leu Pro Leu 2725 2730 2735
aac tcc aat cac gqg5@gg tac tgg gtt agt gga
8354 97/158 Ser Arg Asn Ser Asn His Gu Mt
Val Ser Ay Pro Ala 2740 2745 2750 ggc aat gtg
gegg gtg aac atg acejggc cag gta eta ctgy 8399
Val Val H's Ala Val Asn Met Thr Ser d n Val
2755 2760 2765 ggg cga atg gat cgc aca gtg tgg
cca aag tat gag gaa 8444 dy Arg Met Asp Arg
Trp Arg Ay Pro Lys Tyr u du 2770 2775 2780
aac tta ggg age gga aca aga gcc gtg gga aag

Leu Lgyg?a%aslf%% PASPATNANVaASPhd @0 Qo $al Gy VAbrLyy drfl a

ys Ay Gu 2785 2790 2795 gtc cat age aat cag

gag aaapate aag aag aga z8 e cag aag ctt 8384 Val His

Ser Asn

Gn Qu Lys Ile Lys Lys Arg Ile G n Lys Leu

2800 2805 2810 aaa gaa gaa ttc gcc aca aeg tgg cac aaa

gac cct

gag cat cca 8579

Val Val Met Ser Leu Leu Asp Gly Arg Gly Pro Val Arg Phe Val Leu

35 40 45

Ala Leu Ile Thr Phe Phe Lys Phe Thr Ala Leu Ala Pro Thr Lys Ala

50 55 60

Leu Leu Gly Arg Trp Lys Ala Val Glu Lys Ser Val Ala Met Lys His

65 70 75 80

Leu Thr Ser Phe Lys Arg Glu Leu Gly Thr Leu Ile Asp Ala Val Asn

85 90 95

Lys Arg Gly Arg Lys Gln Asn Lys Arg Gly Gly Asn Glu Gly Ser Ile

100 105 110



Lys Qu Gu Phe Ala Thr Thr Trp H's Lys Asp Pro Gu
H's Pro 2815 2820 2825 tac cgc act tgg aca tac cac gga
age tat gaa gtg aag get act 8624 Tyr Arg Thr Trp Thr
Tyr Hs Ay Ser Tyr Au Val Lys Ala Thr 2830 2835 2840
98/ 158 ggc tca get agt tggesbe gtC aac gga gtg gtg
aag ctc atg agc 8669 dy Ser Ala Ser Ser Leu Val Asn
Ay Val Val Lys Leu Met Ser 2845 2850 2855 aaa cct tgg

Met Ti3PCelCLlABbr UGS A28 WileVatelbealat QygddaaGly ada Med4

Lys

Asp

145

Cys

Thr

Asp

Thr

Lys Pro Trp Asp Ala Ile Ala Asn Val Thr Thr Met Al a
Metj1ghr 2860 2865 28j4p gac ace ace ccti2btt gga cag caa
aga gtt ttc aag gag aaa gtt 8759 Asp Thr Thr Pro Phe
@Gy Gn dn Arg Val Phe Lys Qu Lys Val 2875 2880 2885
gac acg aag get cct gag cca cca act gga get aag gaa
gtg ctc 8804 Asp Thr Lys Ala Pro Qu Pro Pro Thr Ay
Ala Lys Au Val Leu 2890 2895 2900 aac gag ace ace aac

LéWSest Bst PHeICTn QG Lid) UebaLeyMegadhhald eBR4M Ashsht u
Thr Thr Asn Trp Leu Trp Ala Tyr Leu Ser Arg G u Lys

12905 2910 2915 agasccc cgc ttg tgcia@e aag gaa gaa tte
ata aag aaa gtc aat 8894 '

Ile Ala Asp Val Ile Val Ile Pro Thr Ser Lys Gly Glu Asn Arg
150 155 160

Trp Val Arg Ala Ile Asp Val Gly Tyr Met Cys Glu Asp Thr Ile

165 170 175

Tyr Glu Cys Pro Lys Leu Ala Met Gly Asn Asp Pro Glu Asp Val

180 185 190

Cys Trp Cys Asp Asn Gln Glu Val Tyr Val Gln Tyr Gly Arg Cys

195 200 205

Arg Thr Arg His Ser Lys Arg Ser Arg Arg Ser Val Ser Val Gln

210 215 220



Arg Pro
Val Asn
ttc get
Gy Aa
99/ 158

ttt tgg
Asp Pro
gag agg
Val Asp

Arg Leu Cys Thr Lys Gu GQu Phe Ile Lys Lys
2920 2925 2930 age aac gcg get ctt gga gca gtg
gaa cag aat caa tgg 8939 Ser Asn Ala Ala Leu
Val Phe Ala u G@n Asn G n Trp 2935 2940 2945
age acg gcg cgt gqg‘ggglgtg gat gac ccg cgg
gag atg 8984 Ser % a Arg Gu Ala val Asp
Arg Phe Trp Gu Met 2950 2955 2960 gtt gat gaa
gaa aac cat ctg cga gga gag tgt cac aca 9029
GQu Qu Arg Gu Asn H's Leu Arg Ay du Cys

Thr Hg% Z;lghél@%‘ﬁ ser %%9?51 ' BYS f!sf GRS qratlgelg%ﬁ/g?a

225

ag aag aag cct gga gag e Tyr Asn
Met Ay Lys ApggG@u Lys Lys Pr ozg(gy GI u 2980 298948990
ttt gga aaa get aaa gga age agg gec att tgg ttc atg
tgg ctt 9119 Phe Ay Lys Ala Lys Ay Ser Arg Ala lle
Trp Phe Met Trp Leu 2995 3000 3005 gga gca egg tat cta
gag ttt gaa get ttg ggg tte ctg aat gaa 9164 dy A a
Arg Tyr Leu Gu Phe Gu Ala Leu Gy Phe Leu Asn Gu

Ser T}??IO]Lq;s3m'§ 'ﬁ]ngrgafylﬁg&égh@& t49 AReclaangRATrgat1d q3egga

Arg Asn

Gly Ser

Val Ala

gga gtg gaa ggc

245 250 255

Pro Gly Tyr Ala Phe Leu Ala Ala Val Leu Gly Trp Met Leu

260 265 270

Asn Asn Gly Gln Arg Val Val Phe Thr Ile Leu Leu Leu Leu

275 280 285

Pro Ala Tyr Ser Phe Asn Cys Leu Gly Met Gly Asn Arg Asp

290 295 300

Phe 1le

305

Gly Asp

Glu Gly

Ser Cys

Ala

Leu

325

Ser

310

Thr

Gly

Ile

Ala

Met

Thr

Ala

Trp

Asn

330

Val Asp

315

Asp Lys

Leu

Pro

Val

Thr

Leu

Leu

335

Glu

320

Asp




Asp H's Trp Leu Ser Arg Qu Asn Ser Ay dy dvy Val
Gu dy 3025 3030 3035 tca ggc gtc caa aag ctg gga tac
ate ctc cgt gat ata gca gga 9254 Ser Ay Val Gn Lys
Leu Ay Tyr Ile Leu Arg Asp Ile Ala Gy 100/158 3040
3045 3050 aag caa gga gga lggﬁ %tg tac get gat gat acc
gcc ggg tgg gac 9299 Lys Lys Met Tyr Ala
Asp Asp Thr Ala Ay Trp Asp 3055 3060 3065 act aga att
ace aga act gat tta gaa aat gaa gcc aag gtg ctg 9344
Thr Arg Ile Thr Arg Thr Asp Leu Gu Asn Qu Al a Lys
Val Leu 3070 3075 3080 gag ctt cta gac ggt gaa cac cgc
atg etc gec cga gcc ata att 9389 du Leu Leu Asp Ay

Val Af% Wed $14VnVETe LB AR dd9chhardd alkl 613483 BAPGe2095

aa ttg act tac agg cac aaa gtg gtc aag gtc atg aga
cct gegyu§434 G u Leu ThegslTyr Arg His Lys3gal Val Lys
Val Met Arg Pro Ala 3100 3105 3110 gca gaa gga aag ace
gtg atg gac gtg ata tca agg gag gat caa 9479 Ala du
Gy Lys Thr Val Met Asp Val Ile Ser Arg Au Asp @n

3115 3120 3125 agg ggg agt gga cag gtg gtc act tat get
ctt aac act ttc acg 9524

Tyr Cys Tyr His Ala Ser Val Thr Asp Ile Ser Thr Val Ala Arg Cys

Pro

Val

385

Leu

Ser

Val

355 360 365

Thr Thr Gly Glu Ala His Asn Glu Lys Arg Ala Asp Ser Ser Tyr

370 375 380

Cys Lys Gln Gly Phe Thr Asp Arg Gly Trp Gly Asn Gly Cys Gly

390 395 400

Phe Gly Lys Gly Ser Ile Asp Thr Cys Ala Lys Phe Ser Cys Thr

405 410 415

Lys Ala Ile Gly Arg Thr Ile Gln Pro Glu Asn Ile Lys Tyr Lys

420 425 430

Gly Ile Phe Val His Gly Ala Thr Thr Ser Glu Asn His Gly Asn



Arg Ay Ser Ay @n Vval Vval Thr Tyr Ala Leu Asn Thr
Phe Thr 3130 3135 3140 aac ate get gtc cag etc gtc agg
ctg atg gag get gag ggg gtc 9569 101/158 Asn Ille Al a
Val @n Leu Val Arg Leu Mt u Ala Qu dy Val 3145
3150 3155 att gga cca caale®as58tg gaa cag eta cct aga
aaa aac aag ata 9614 Ile dy Pro dn Hs Leu Qu dn
Leu Pro Arg Lys Asn Lys Ile 3160 3165 3170 get gtc agg
acd3bgg etc ttt gag 4@ gga gag gag agedgtg tcc 9659
Ala Val Arg Thr Trp Leu Phe Qu Asn Ay Qu Gu Arg
Val Ser 3175 3180 3185 agg atg get ate age gga gac gac
tgt gte gtc aag ccg ctg gac 9704 Arg Met Ala Ile Ser
@y Asp Asp Cys Val Val Lys Pro Leu Asp 3190 3195 3200
gac aga ttc gcc acg gcc etc cac ttc etc aac gca atg

Tyr Sé¢realaagl®V4d Ghsplar §ePdnAhba THia hya Rheu Thir sVadhdhreu
Asn Ala Met Ser Lys 3205 3210 3215 gtc aga aaa gac ate

4%hg gaa tgg aag Abb tea cat ggc tgdb€ac 9794 Vval Arg

Lys Asp Ile A n Qu Trp Lys Pro Ser Hs Ay Trp H's
3220 3225 3230 gat tgg cag caa gtt ccc ttc tgc tct aac
cat ttt cag gag att 9839

Pro Asn Ala Pro Ser Ile Thr Leu Lys Leu Gly Asp Tyr Gly Glu Val

465 470 475 480

Thr Leu Asp Cys Glu Pro Arg Ser Gly Leu Asn Thr Glu Ala Phe Tyr

485 490 495

Val Met Thr Val Gly Ser Lys Ser Phe Leu Val His Arg Glu Trp Phe
500 505 510

His Asp Leu Ala Leu Pro Trp Thr Ser Pro Ser Ser Thr Ala Trp Arg

515 520 525

Asn Arg Glu Leu Leu Met Glu Phe Glu Glu Ala His Ala Thr Lys Gln

530 536 540




Asp Trp Gn @n Val Pro Phe Cys Ser Asn His Phe dn
Gu Ile 3235 3240 3245 102/ 158 g¢gtg atg aaa gat gga

agg agt ata gtt gtc ccg tgc aga gga cag 9884 Val Met
Lys Asp Gy Arg Ser Ile val vVal Pro Cys Arg Ay dn
3250 3255 3260 gat gag ctgi1efi®s8ggc agg get cgc ate tcc
cca gga get gga tgg 9929 Asp Qu Leu lle Ay Arg Ala
Arg Ile Ser Pro Ay Ala Ay Trp 3265 3270 3275 aat gtg

Ser Vahdg/ajagladaugblytSr 61y Ger GipaGlchetaiigSdnchlp dey
9974 Asn Val Lys Asp Thr Ala Cys Leu Ala Lys Ala Tyr

545 Ala A n Met 38B0 3285 3290 tgg ©8f ctc cta tac tté0cat
cgt agg gae ttg cgt etc atg gca 10019 Trp Leu Leu Leu
Tyr Phe H's Arg Arg Asp Leu Arg Leu Met Ala 3295 3300
3305 aat gcg att tgc tca gca gtg cca gtg gat tgg gtg
ccc acg ggc 10064 Asn Ala lle Cys Ser Ala Vval Pro Val
Asp Trp Val Pro Thr dy 3310 3315 3320 agg aca tcc tgg

Ala Gleilat dleadnlt ¥gl Gl dgn Sy SeygSert YadckyndaulDoSerAr g
Thr Ser Trp Ser Ile Hs Ser Lys Ay Gu Trp Met Thr
Thr 3325 30 3335 gaa gac &7 ctg cag gtc tg§7%ac aga
gtc tgg att gaa gaa aat 10154

Gly His Leu Lys Cys Arg Leu Lys Met Asp Lys Leu Ala Leu Lys Gly

580 585 590

Thr Thr Tyr Gly Met Cys Thr Glu Lys Phe Ser Phe Ala Lys Asn Pro
595 600 605

Ala Asp Thr Gly His Gly Thr Val Val Ile Glu Leu Ser Tyr Ser Gly

610 615 620

Ser Asp Gly Pro Cys Lys Ile Pro Ile Val Ser Val Ala Ser Leu Asn

625 630 635 640

Asp Met Thr Pro Val Gly Arg Leu Val Thr Val Asn Pro Phe Val Ala

645 650 655




GQu Asp Met Leu A n Val Trp Asn Arg Val Trp Ile GQu
A u Asn 3340 3345 3350 103/158 gaa tgg atg gtg gac

aag act cca ata aca age tgg aca gac gtt 10199 du Trp
Met Val Asp Lys Thr Pro Ile Thr Ser Trp Thr Asp Val

3355 3360 3365 ccg tat gtglg/ggg aag egg gag gac ate tgg
tgt ggc age ctc ate 10244 ro Tyr Val Ay Lys Arg Gu

Asp Ile Trp Cys Ay Ser Leu Ile 3370 3375 3380 gga acg
cga tee aga gca ace tgg get gag aac ate tac gcg gcg
10289 dvy Thr Arg Ser Arg Ala Thr Trp Ala Gu Asn Ile

K 3 90,8320 #hP AACMEOE 1t Prédrog@hegt
Thr Selty Seél ﬁléNA%n %’5&?? t%\t gtt gac 10334 1Ile Asn G n Val

Arg Algﬁ(yal IIe Ay Lys ggsu Asn Tyr Val Agp0o3400 3405
3410 tac atg ace tca ctc agg aga tac gaa gat gtc ttg
ate cag gaa 10379 Tyr Met Thr Ser Leu Arg Arg Tyr Gu
Asp Val Leu Ile A n du 3415 3420 3425 gac agg gtc ate
tagtgtgatt taaggtggaa aagcagatta tgtaaataat 10431 Asp
Arg Val Ile 3430 g¢taaatgaga aaatgcatgc atatggagtc

Gly ABYIGGR9GRA 132951 96AE1 7909 83)9kpl0481G1n Tle Asn His
675 680 685

His Trp His Lys Ala Gly Ser Thr Leu Gly Lys Ala Phe Ser Thr Thr

690 695 700

Leu Lys Gly Ala Gln Arg Leu Ala Ala Leu Gly Asp Thr Ala Trp Asp

705 710 715 720

Phe Gly Ser Ile Gly Gly Val Phe Asn Ser Ile Gly Lys Ala Val His
725 730 735

Gln Val Phe Gly Gly Ala Phe Arg Thr Leu Phe Gly Gly Met Ser Trp

740 745 750

Ile Thr Gln Gly Leu Met Gly Ala Leu Leu Leu Trp Met Gly Val Asn
755 760 765




104/ 158 gtagacggtg ctgtctgcgt cccagtccca ggaggact gg
gttaacaaat ctgacaacag 10551 aaagtgagaa agccctcaga
accgtctcgg aagcaggtcc ctgctcactg gaagttgaag 10611
gaccaacgtc aggccacaaa tttgtgccac tccgctgagg agtgcggcct
gcgcagcccc 10671 aggaggaghg,,ggt taccaaa gccgttgagce
ccccacggcec caagcctcgt ctaggatgca 10731 at agacgagg
t gt aaggact agaggttaga ggagaccccg tggaaacaac aacat gcggc
10791 ccaagccccc tcgaagctgt agaggaggt g gaaggact ag
aggtt agagg agaccccgca 10851 tttgcatcaa acagcatatt
gacacct ggg aatagactgg gagatcttct gctctatctc 10911
aacat cagct actaggcaca gagcgccgaa gtatgtagct ggtggt gagg
C e Al ATa4Ti2 51y S¥BFal
Ala Agg%%i %%%e%cl)gzé\]%%g%ggem%gggphal itis vi rus? <13}2(3)0> 4
t Thr Lys Lys Prggs Ay Ay Pro dyghys Asn Arg Ala
e Asn Met 105/158 1 5 10 15 Leu Lys Arg Ay Leu
Pro Arg Val Phe Pro Leu Val Gy Val Lys Arg 20 25 30
Val Val Met Ser Leu Leu Asp Ay Arg Ay Pro Val Arg
Phe Val Leu 35 40 45

Leu Val Phe Leu Ala Thr Asn Val His Ala Asp Thr Gly Cys Ala Ile

785 790 795 800

Asp Ile Thr Arg Lys Glu Met Arg Cys Gly Ser Gly Ile Phe Val His
805 810 815

Asn Asp Val Glu Ala Trp Val Asp Arg Tyr Lys Tyr Leu Pro Glu Thr

820 825 830

Pro Arg Ser Leu Ala Lys Ile Val His Lys Ala His Lys Glu Gly Val

835 840 845

Cys Gly Val Arg Ser Val Thr Arg Leu Glu His Gln Met Trp Glu Ala
850 855 860

Val Arg Asp Glu Leu Asn Val Leu Leu Lys Glu Asn Ala Val Asp Leu



Ala Leu Ile Thr Phe Phe Lys Phe Thr Ala Leu Ala Pro
Thr Lys Ala 50 55 60 Leu Leu Gy Arg Trp Lys Ala Val
GQu Lys Ser vVal Ala Met Lys His 65 70 75 80 Leu Thr
Ser Phe Lys Arg Qu Leu Ay Thr Leu Ile Asp Al a Vval
Asn 85 90 95 Lys Arg Ay g%q5ys Gn Asn Lys Arg Ay
Ay Asn Qu Ay Ser Ile f 105 110 106/158 Met Trp
Leu Ala Ser Leu Ala Val Vval Ile Ala Cys Ala Ay Ala

ges Met 115 120 18%¢ Lys Leu Ser AsgysPhe G n Gy LysgBeu
Leu Met Thr Ile Asn Asn Thr 130 135 140 Asp Ile Al a
Asp Val Ile Vval Ile Pro Thr Ser Lys Ay Gu Asn Arg
145 150 155 160 Cys Trp Val Arg Ala Ile Asp Val dy
Tyr Met Cys Qu Asp Thr Ile 165 170 175 Thr Tyr Qu
Pro Lys Leu Ala Met dy Asn Asp Pro G u Asp Val

Cys
Ser v&?%ll%ail%n ﬁ§9 v%svzl GIY ArdsHyriarg Ber Gy M Lygr
an Tyr Cys 195 200 205 Thr Arg Thr Arg

HIS Ser Ly§85Arg Ser Arg Arggber Val Ser Val 396

Arg Leu Ser Met Thr Gln Glu Lys Phe Glu Met Gly

900 905

Gly Lys Ser Ile Leu Phe Ala Pro Glu Leu Ala Asn

915 920

Val Asp Gly Pro Glu Thr Lys Glu Cys Pro Asp Glu
930 935 940

Asn Ser Met Gln Ile Glu Asp Phe Gly Phe Gly Ile

945 950 955

Val Trp Leu Lys Ile Arg Glu Glu Ser Thr Asp Glu

965 970




Ile

Ser

Ala

Thr

His

Tyr

Leu

210 215 220 107/158 Thr Hs Gy Gu Ser Ser Leu Val
Asn Lys Lys Qu Ala Trp Leu Asp 225 230 235 240 Ser
Thr Lys Ala Thr Arg Tyr Leu Met Lys Thr G u Asn Trp
Ile Ile 245 250 255 Arg Asn Pro Ay Tyr Al a Phe Leu
Ala Ala Val Leu Gy Trp Mpishes 260 265 270 Ay Ser
Asn Asn Gy G n Arg Val Vval Phe Thr Ile Leu Leu Leu
Leu 275 280 285 Val Ala Pro Ala Tyr Ser Phe Asn Cys

11leem§3 %Mqa%a AYS EYy0 HASPVZOQA139%aBAds e AspeL&hu
Gy A Gy Ala Thr Trp Val Asp Leu Val Leu Qu

305 31@30’315 320 dy Aspgber Cys Leu Thr 9%@ Met Al a
Asn Asp Lys Pro Thr Leu Asp 325 330 335 108/158 \Val
Arg Met Ile Asn Ile Gu Ala Ser An Leu Ala G u Val
Arg Ser 340 345 350 Tyr Cys Tyr His Ala Ser Val Thr
Asp Ile Ser Thr Val Ala Arg Cys 355 360 365 Pro Thr
Thr Ay Qu Ala Hs Asn u Lys Arg Ala Asp Ser Ser

TyYMrp Ile Glu Ser Arg Tyr Asn Asp Thr Trp Lys Leu Glu Arg

995 1000 1005

Val Phe Gly Glu Val Lys Ser Cys Thr Trp Pro Glu Thr His

1010 1015 1020

Leu Trp Gly Asp Gly Val Glu Glu Ser Glu Leu Ile Ile Pro

1025 1030 1035

Thr Ile Ala Gly Pro Lys Ser Lys His Asn Arg Arg Glu Gly

1040 1045 1050

Lys Thr Gln Asn Gln Gly Pro Trp Asp Glu Asn Gly Ile Val

1055 1060 1065

Asp Phe Asp Tyr Cys Pro Gly Thr Lys Val Thr Ile Thr Glu

1070 1075 1080



370 375 380 Val Cys Lys An dy Phe Thr Asp Arg Gy
Trp Ay Asn Ay Cys Ay 385 390 395 400 Leu Phe Qy
Lys Ay Ser Ile Asp Thr Cys Ala Lys Phe Ser Cys Thr
405 410 415 Ser Lys Ala lle Ay Arg Thr Ile dn Pro
Qu Asn Ile Lys Tyr Lys. 440,45 430 Val Gy Ile Phe
Val Hs Gy Ala Thr Thr Ser u Asn Hs Ay Asn

109/ 158 435 440 445 Tyr Ser Ala G n Val Ay Ala Ser
G@n Ala Ala Lys Phe Thr Val Thr 450 455 460 Pro Asn
Ala Pro Ser Ile Thr Leu Lys Leu Gy Asp Tyr Ay Qu

| 4 80 SE¥ VhEWASThEYBG ThPrAspASer Ser
Asp C)éay%ggéﬁség%ﬁgﬁaﬁu Al a Phe Tyrl:és485 490 495 Val Met
Val Gy Ser Lyggfer Phe Leu Val thgs Arg Gu Trp
Phe 500 505 510 His Asp Leu Ala Leu Pro Trp Thr Ser
Pro Ser Ser Thr Ala Trp Arg 515 520 525 Asn Arg Gu
Leu Leu Met Gu Phe Au Qu Ala Hs Ala Thr Lys An
530 535 540

Gly Lys Leu Ile Thr Asp Trp Cys Cys Arg Ser Cys Ser Leu Pro
1100 1105 1110

Pro Leu Arg Phe Arg Thr Glu Asn Gly Cys Trp Tyr Gly Met Glu
1115 1120 1125

Ile Arg Pro Val Arg His Asp Glu Thr Thr Leu Val Arg Ser Gln
1130 1135 1140

Val Asp Ala Phe Asn Gly Glu Met Val Asp Pro Phe Gln Leu Gly
1145 1150 1155

Leu Leu Val Met Phe Leu Ala Thr Gln Glu Val Leu Arg Lys Arg

1160 1165 1170

Trp Thr Ala Arg Leu Thr Ile Pro Ala Val Leu
1175 1180




110/ 158 Ser Val Val Ala Leu Ay Ser Gn Gu Ay dy
Leu HHs @ n Ala Leu 545 550 555 560 Ala Ay Alalle
Val Val @u Tyr Ser Ser Ser Val Lys Leu Thr Ser 565
570 575 Gy His Leu Lys Cys Arg Leu Lys Met Asp Lys
Leu Ala Leu Lys Ay 580 E A? O Thr Thr Tyr Gy Met
Cys Thr A u Lys Phe Ser P a Lys Asn Pro 595 600
605 Ala Asp Thr Ay Hs Ay Thr Val Val Ile GQu Leu
Ser Tyr Ser Gy 610 615 620 Ser Asp Ay Pro Cys Lys
Ile Pro Ile Val Ser Val Ala Ser Leu Asn 625 630 635
640 Asp Met Thr Pro Val Ay Arg Leu Val Thr Val Asn
Pro Phe Val Ala 645 650 655 111/158 Thr Ser Ser Al a
NyREr Vi r Mty Gsp P50 Rile Ahe 1660
L%‘% M%?OL%%W%%}%? %}}r(}r?'e Val Vgl Gy Arg Ay Asp
%¥§ An lle Asn Hij395675 680 685 Hisidop H s Lys Al a

y
700

Val

Ser Thr Leu Ay Lys Al a Phe Ser Thr Thr 690 695

Val Val Leu Val Ala Ala Ala Phe Ala Glu Ala Asn Ser Gly Gly

Asp

Ala

Glu

Ser

Ala

1205

Val Leu

1220

Phe Leu

1235

Asn Val

1250

Val Asp

1265

Ile Ala

His Leu Ala

Val Met Asn

Val Leu Val

Leu Gln Ile

1210

Leu Ile Ala Val

1225

Met Leu Ser Thr

1240

Leu Gly Ala Ala

1255

Gly Val His Gly‘

1270

Trp Met Ile Val Arg Ala Ile

Phe

Arg

Phe

Ile

Thr

1215

Lys 1Ile Gln Pro

1230

Trp Thr Asn Gln

1245

Phe Gln Leu Ala

1260

Leu Asn Ala Ala

1275

Phe Pro Thr Thr



Leu Lys
Ala Trp
Val Phe
d n Val
Met Ser
Al a Leu
112/ 158
Thr
¢'Asn
795 800

Gy Ala dn Arg Leu Ala Ala Leu Ay Asp Thr
Asp 705 710 715 720 Phe Gy Ser Ile Ay Ay
Asn Ser Ile @y Lys Ala Val H's 725 730 735
Phe Ay Gy Ala Phe Arg Thr Leu Phe Ay dvy
Trp 740 745 750 I L7 'g?r Gn dy Leu Met Ay
Leu Leu Trp Met Gly <} Asn 755 760 765

Ala Arg Asp Arg Ser |Ile Ala Leu Al a Phe
Ay Gy Valogé70 775 780 LeujMpd Phe Leu
Val Hs Ala Asp Thr Ay Cys Ala lle 785
Asp Ile Thr Arg Lys Gu Met Arg Cys Ay
Gy Ile Phe Val H's 805 810 815 Asn Asp Val Qu
Trp Val Asp Arg Tyr Lys Tyr Leu Pro Gu Thr 820 825
830 Pro Arg Ser Leu Ala Lys Ile Val H's Lys Ala Hi s

u a 84 I g MeVal

SeYS \%rl i Hef brﬁﬁg‘le ge‘f/eﬁaT%éégﬁy THe! P e e
1%

Arg Asp G u Leggosn Val Leu Leu hygs G u Asn Al a
Asp Leu

Leu
Al a
790
Ser
Al a

Ser

Arg Ala Leu Tyr Leu Asp Thr Tyr Arg Ile Ile Leu Leu Val Ile

1310

Ile
1325

Lys

1340

1315

1330

1320

1335

1350

Cys Ser Leu Leu Gln Glu Arg Lys Lys Thr Met Ala Lys

Gly Ala Val Leu Leu Gly Leu Ala Leu Thr Ser Thr Gly

1345

Trp Phe Ser Pro Thr Thr Ile Ala Ala Gly Leu Met Val Cys Asn

1355 1360 1365

Pro Asn Lys Lys Arg Gly Trp Pro Ala Thr Glu Phe Leu Ser Ala

1370 1375 1380




Val

Ile

Val

Arg

Ser

His

Arg

113/158 865 870 875 880 Ser Val Val Val Asn Lys Pro
Val Ay Arg Tyr Arg Ser Ala Pro Lys 885 890 895 Arg
Leu Ser Met Thr A n GQu Lys Phe Gu Met Ay Trp Lys

Ala Trp 900 905 910 Gy Lys Ser Ile Leu Phe Ala Pro

G u Leu Ala Asn Ser Thr PTFS/X% 915 920 925 Val Asp
Gy Pro Au Thr Lys Au Cys'Pro Asp Qu Hs Arg Al a
Trp 930 935 940 Asn Ser Met An Ile Au Asp Phe Ay

Phe I S T 5 QeuVakp Tr
G ’{;uL%éﬁeltl gh%’ga le G%IQE?YT@?S/&?%Q‘&% quﬁg Asp Ay P

12 965.970 975 }?%158 Ile Ile Gypgghr Ala Val Lys
y Hs Val Ala Val His Ser Asp Leu 980 985 990 Ser

Tyr Trp Ile Qu Ser Arg Tyr Asn Asp Thr Trp Lys Leu
Gu Arg 995 1000 1005 Ala Val Phe Ay du Val Lys Ser
Cys Thr Trp Pro Qu Thr H's 1010 1015 1020 Thr Leu
Trp Ay Asp Ay Val Qu Qu Ser Au Leu lle lle Pro

Glu Ser Met Ser Ile Pro Phe Met Leu Ala Gly Leu Met Ala

1400 1405 1410

Ser Tyr Val Val Ser Gly Lys Ala Thr Asp Met Trp Leu Glu

1415 1420 1425

Ala Ala Asp Ile Ser Trp Glu Met Asp Ala Ala Ile Thr Gly

1430 1435 1440

Ser Arg Arg Leu Asp Val Lys Leu Asp Asp Asp Gly Asp Phe

1445 1450 1455

Leu Ile Asp Asp Pro Gly Val Pro Trp Lys Val Trp Val Leu

1460 1465 1470

Met Ser Cys Ile Gly Leu Ala Ala Leu Thr Pro Trp Ala Ile

1475 1480 1485



1025 1030 1035 His Thr Ile Ala Ay Pro Lys Ser Lys
His Asn Arg Arg Au Ay 1040 1045 1050 Tyr Lys Thr
A@n Asn An Ay Pro Trp Asp Qu Asn Ay Ile Val 1055
1060 1065 Leu Asp Phe Asp Tyr Cys Pro Gy Thr Lys Val
Thr Ile Thr Gu 1070 10751?@@%8 115/158 Asp Cys Gy
Lys Arg Ay Pro Ser Val Arg r Thr Thr Asp Ser 1085
1090 1095 dy Lys Leu Ile Thr Asp Trp Cys Cys Arg Ser
Cys Ser Leu Pro 1100 1105 1110 Pro Leu Arg Phe Arg
Thr Qu Asn Ay Cys Trp Tyr Ay Met u 1115 1120

2 | | ' el LysThThF Thil &yis Val

Val P%gﬁéaer[l% ﬁhgl(gfdpf 25 Tiir48157"1\S/l‘a}fi«S’Asp % a Phe Asn l(}‘BIy

ot Met Val Asp Prjaghhe G n Leu Gy 1845 1150 1155
eu Leu Val Met Phe Leu Ala Thr G n Gu Val Leu Arg
Lys Arg 1160 1165 1170 Trp Thr Ala Arg Leu Thr Ile
Pro Ala Val Leu Ay Ala Leu Leu 1175 1180 1185

Arg Gly Gly Val Phe Trp Asp Thr Pro Ser Pro Lys Pro Cys Ser

1505 1510 1515

Lys Gly Asp Thr Gly Val Tyr Arg Ile Met Ala Arg Gly
1520 1525 1530

Ile Leu Gly Thr Ala Gly Val Gly Val Met Tyr Glu Asn
1535 1540 1545

Val Phe His Thr His Thr Thr Arg Gly Ala Ala Ile Met
1550 1555 1560

Ser Gly Glu Gly Thr Pro Tyr Trp Gly Ser Val Lys Glu
1565 - 1570 1575

Asp Arg Gly Pro Trp Arg Phe Asp Arg Lys Trp
1580 1585 1590




Asn

Ala

Phe

Ser

Tyr

Ile

Thr

116/ 158 Val Leu Met Leu Ay Ay Ile Thr Tyr Thr Asp
Leu Ala Arg Tyr 1190 1195 1200 Val Val Leu Val Ala
Ala Ala Phe Ala Gu Ala Asn Ser Ay Gy 1205 1210
1215 Asp Val Leu His Leu Ala Leu Ile Ala Val Phe Lys
Ile @n Pro 1220 1225 1234,/168a Phe Leu Val Met Asn
Met Leu Ser Thr Arg Trp Thr Asn G n 1235 1240 1245
@ u Asn Val Val Leu Val Leu Gy Ala Ala Phe Phe @ n
Leu Ala 1250 1255 1260 Ser Val Asp Leu dnlle Ay
Val Hs Ay Ile Leu Asn Ala Ala 1265 1270 1275 Ala
Ile Ala Trp Met Ile Val Arg Ala Ile Thr Phe Pro Thr
Thr 117/158 1280 1285 1290 Ser Ser Val Thr Met Pro

G%?' TheUa & Ashevall @InThralPide O3l Vel GIR9Pradbky 1865
Ala Leu Tyr Leu Asp Thr Tyr Arg Ile Ile Leu Leu

Ile 1310 131514880 dvy Ile Cys 8805 Leu Leu A n
GQu Arg Lys Lys Thr Met Ala Lys 1325 1330 1335

Ala Val Asn Ile Gln Thr Lys Pro Gly Val Phe Arg Thr Pro
1610 1615 1620

Gly Glu Val Gly Ala Val Ser Leu Asp Tyr Pro Arg Gly Thr
1625 1630 1635

Gly Ser Pro Ile Leu Asp Ser Asn Gly Asp Ile Ile Gly Leu

1640 1645 1650

Gly Asn Gly Val Glu Leu Gly Asp Gly Ser Tyr Val Ser Ala

1655 1660 1665

Val Gln Gly Asp Arg Gln Glu Glu Pro Val Pro Glu Ala Tyr

1670 1675 1680

Pro Asn Met Leu Arg Lys Arg Gln Met Thr Val Leu Asp Leu




His

Lys

Thr

Pro

Asnh

Leu

Lys Lys Gy Ala Val Leu
Thr Ay 1340 1345 1350
Ala Ala Ay Leu Met Val
Asn Lys Lys Arg Ay Trp

Leu Ay Leu Ala Leu Thr Ser
Trp Phe Ser Pro Thr Thr lIle
Cys Asn 1355 1360 1365 Pro
Pro Ala Thr G u Phe Leu Ser

Ala 1370 1375 1380 118/ 1331/1%&l dy Leu Met Phe Ala

Ile Val Ay Ay Leu Al a
Ile u Ser Met Ser lle
1685t Ala 1400 140369910
Lys Ala Thr Asp Met Trp
Ala Ala Asp Ile Ser Trp
Gy 1430 1435 1440 Ser
Leu Asp Asp Asp Ay Asp
Ile Asp Asp Pro Gy Val

P11046@114%@r 134Y0LY$Ar rveyssbys gy

Leu Thr Pro Trp Ala Ile
1700 1705

G u Leu Asp 1385 1390 1395
Pro Phe Met Leu Ala Ay Leu
val Ser Tyr M val Ser dy
Leu Gu 1415 1420 1425 Arg
GQu Met Asp Ala Ala Ile Thr
Ser Arg Arg Leu Asp Val Lys
Phe 1445 1450 1455 Hi s Leu
Pro Trp Lys Val Trp Val _Leu

Tge Lew Ry, Géop lley IAga
1475 1480 14%37510119/ 158

Asp Ala Ile Gln Gln Arg Leu Arg Thr Ala Val Leu Ala Pro

1715 1720

1725

Arg Val Val Ala Ala Glu Met Ala Glu Ala Leu Arg Gly Leu

1730 1735

1740

Val Arg Tyr Gln Thr Ser Ala Val Gln Arg Glu His Gln Gly

1745 1750

1755

Glu Ile Val Asp Val Met Cys His Ala Thr Leu Thr His Arg

1760 1765

1770

Met Ser Pro Asn Arg Val Pro Asn Tyr Asn Leu Phe Val Met

1775 1780

1785




Asp

Tyr

Met

Asn

Trp

Val

Cys

Val Pro Ala Ala Phe Gy Tyr Trp Leu Thr Leu Lys Thr
Thr Lys 1490 1495 1500 Arg Ay dy Val Phe Trp Asp
Thr Pro Ser Pro Lys Pro Cys Ser 1505 1510 1515 Lys
Gy Asp Thr Thr Thr Ay Val Tyr Arg Ile Met Ala Arg

Ay 1520 1525 1530 |Ile Ledy %y Thr Tyr A n Ala Gy
Val dy Vval Met Tyr G u Asn f 5 1540 1545 Val Phe
H's Thr Leu Trp His Thr Thr Arg Ay Ala Ala Ile Mt

5 ; W16 Serl Ve lela TAlaPhre Biy Trp
Ggygééf’ﬁ\%afﬁgﬁﬁ?ﬁg )1/135%55 1570e 157% Asp A?g Ile Ala

lﬂ'%d Gy Ay Pro Tnpgévrg Phe Asp Arg 1800 Trp 1580 1585
1590 120/158 Asn Ay Thr Asp Asp Val G n Val Ile Val

Vall Qu Pro Gy Lys 1595 1600 1605 Ala Ala Val Asn
Ile dn Thr Lys Pro Gy Val Phe Arg Thr Pro 1610 1615
1620 Phe Gy GQu Val Gy Ala Val Ser Leu Asp Tyr Pro
Arg Ay Thr 1625 1630 1635 Ser Ay Ser Pro Ile Leu

1£8P A38" TES 1L.yS Varsul | Bed I@y&EYu 84 Ala Ala Ile Phe

1805 1810 1815

Thr Ala Thr Pro Pro Gly Thr Thr Asp Pro Phe Pro Asp Ser

1820 1825 1830

Ala Pro Ile His Asp Leu Gln Asp Glu Ile Pro Asp Arg Ala

1835 1840 1845

Ser Ser Gly Tyr Glu Trp Ile Thr Glu Tyr Ala Gly Lys Thr

1850 1855 1860

Trp Phe Val Ala Ser Val Lys Met Gly Asn Glu 1Ile Ala Met

1865 1870 1875

Leu Gln Arg Ala Gly Lys Lys Val Ile Gln Leu Asn Arg Lys

1880 1885 1890



Ser

Phe

Ala

Leu

Ile

Asn

Ser

1640 1645 1650 Tyr Ay Asn Gy Val Qu Leu Ay Asp
Ay Ser Tyr Val Ser Ala 1655 1660 1665 Ile Val A n
@y Asp AAig G@n Au Gu Pro Val Pro Au Ala Tyr 1670
1675 1680 Thr Pro Asn Met Leu Arg Lys Arg G n Met Thr

Val Leu Asp Leu 121/158 11§§/'515§690 1695 Hs Pro Gy
Ser Ay Lys Thr Lys Lys IlI'é"Leu Pro @n lle lle 1700
1705 1710 Lys Asp Alalle Gn dn Arg Leu Arg Thr Ala
Val Leu Ala Pro 1715 1720 1725 Thr Arg Val Val Ala
Ala Qu Met Ala Qu Ala Leu Arg Gy Leu 1730 1735

T <A P P 8 Wog oty L B el AR TR Tl

Cys H's Ala Thigggeu Thr His Arg 1§69 1765 1770
eu Met Ser Pro Asn Arg Val Pro Asn Tyr Asn Leu Phe
Val Met 1775 1780 1785 122/158 Asp Gu Ala Hi s Phe
Thr Asp Pro Ala Ser Ile Ala Ala Arg Ay

Val Ile Thr Thr Asp Ile Ser Glu Met Gly Ala Asn Phe Gly
1910 1915 1920

Ser Arg Val Ile Asp Cys Arg Lys Ser Val Lys Pro Thr Ile

1925 1930 1935

Glu Glu Gly Glu Gly Arg Val Ile Leu Gly Asn Pro Ser Pro

1940 1945 1950

Thr Ser Ala Ser Ala Ala Gln Arg Arg Gly Arg Val Gly Arg
1955 1960 1965

Pro Asn Gln Val Gly Asp Glu Tyr His Tyr Gly Gly Ala Thr

1970 1975 1980

Glu Asp Asp Ser Asn Leu Ala His Trp Thr Glu Ala Lys Ile

1985 1990 1995




1790 1795 1800 Tyr Ile Ala Thr Lys Val Qu Leu Gy
GQu Ala Ala Ala Ile Phe 1805 1810 1815 Met Thr Al a
Thr Pro Pro Ay Thr Thr Asp Pro Phe Pro Asp Ser 1820
1825 1830 Asn Ala Pro Ile His Asp Leu Gn Asp Qu lle
Pro Asp Arg Ala 1835 1840 Trp Ser Ser Gy Tyr
AQu Trp Ile Thr Gu Tyr Alla y Lys Thr 1850 1855
1860 Val Trp Phe Val Ala Ser Val Lys Met Ay Asn Qu
Ile Ala Met 1865 1870 1875 Cys Leu @n Arg Ala dy
Lys Lys Val Ile @ n Leu Asn Arg Lys 1880 1885 1890
123/158 Ser Tyr Asp Thr G u Tyr Pro Lys Cys Lys Asn
Ay Asp Trp Asp 1895 1900 1905 Phe Val Ile Thr Thr
PaL) Ea <3 d be @Y A19161nl 030
Met Lﬁg ég%AaS%SgrlgA}?&%}gF I%cﬁg%%ysﬁArg Lys Ser Val Lys

263600 Thr 1le 1925 26850 1935 Leu Aupgdu Ay GQu Gy
Val Ile Leu GIy Asn Pro Ser Pro 1940 1945 1950

Tyr Gly Pro Glu Arg Glu Lys Ala Phe Thr Met Asp Gly Glu Tyr

2015 2020 2025

Arg Leu Arg Gly Glu Glu Lys Lys Asn Phe Leu Glu Leu Leu Arg

2030 2035 2040

Thr Ala Asp Leu Pro Val Trp Leu Ala Tyr Lys Val Ala Ser Asn

2045 2050 2055

Gly Ile Gln Tyr Thr Asp Arg Lys Trp Cys Phe Asp Gly Pro Arg

2060 2065 , 2070

Thr Asn Ala Ile Leu Glu Asp Asn Thr Glu Val Glu Ile Val Thr

2075 2080 2085

Arg Met Gly Glu Arg Lys Ile Leu Lys Pro Arg Trp Leu Asp Ala



Thr Ser Ala Ser Ala Ala G n Arg Arg Ay Arg Val

e

Ay Arg 1955 1960 1965 Asn Pro Asn A n Val Ay Asp

Qu Tyr Hs Tyr Ay Gy Ala Thr 1970 1975 1980 Ser

Gu
e
t

Asp Asp Ser Asn Leu Ala H's Trp Thr u Ala Lys
1985 1990 1995 124/ 158,56 Leu Asp Asn Ile His
Pro Asn Gy Leu Val Ala dn Leu 2000 2005 2010
Tyr Ay Pro Qu Arg Qu Lys Ala Phe Thr Met Asp Ay
oddoy Tyr 2015 202008925 Arg Leu Arg o0 Gu G u Lys

Lys Asn Phe Leu Qu Leu Leu Arg 2030 2035 2040 Thr

Ala Asp Leu Pro Val Trp Leu Ala Tyr Lys Val Al a Ser
Asn 2045 2050 2055 dy Ile dn Tyr Thr Asp Arg Lys
Trp Cys Phe Asp Ay Pro Arg 2060 2065 2070 Thr Asn

alle Leu Qu Asp Asn Thr Qu Val Qu Ile Val Thr

7520 5 ME Q.ys Arg By ILiye Ay Phys
Are V%p ErKrg gﬁ'prar %gﬁeﬁlﬁ‘%%%“?%}’ 125 5090 209h5( 2@?5

2105 2110 2115

Ala Ala Gly Lys Arg Ser Ala Val Ser Phe Ile Glu Val Leu Gly

2120 2125 2130

Arg Met Pro Glu His Phe Met Gly Lys Thr Arg Glu Ala Leu Asp

2135 2140 2145

Thr Met Tyr Leu Val Ala Thr Ala Glu Lys Gly Gly Lys Ala His
2150 2155 2160

Arg Met Ala Leu Glu Glu Leu Pro Asp Ala Leu Glu Thr Ile Thr

2165 2170 2175

Leu Ile Val Ala Ile Thr Val Met Thr Gly Gly Phe Phe Leu Leu

2180 2185 2190



Arg Val Tyr Ala Asp Hs Gn Ala Leu Lys Trp Phe Lys
Asp Phe 2105 2110 2115 Ala Ala Ay Lys Arg Ser Al a
Val Ser Phe Ile Qu Val Leu Ay 2120 2125 2130 Arg
Met Pro Gu Hs Phe Met Ay Lys Thr Arg Au Ala Leu
Asp 2135 2140 2145 Thr N@Q&qgg Leu Val Ala Thr Al a
GQu Lys Ay Ay Lys Ala H's 150 2155 2160 Arg Met
Ala Leu Qu GQu Leu Pro Asp Ala Leu Qu Thr Ile Thr
6 Leye | l@yVals Aled Glig Dy ¥ay ARl Lébr
Met M%yéﬁg;’ﬂ%hg}%ﬁ}elﬂgge Rl TR P A vl
ofdt Adn Arg Lys Ghypple Ay Lys Met £3g5 Leu Ay Ala
eu 2195 2200 2205 Val Leu Thr Leu Ala Thr Phe Phe
Leu Trp Ala Ala Qu Val Pro 2210 2215 2220 dy Thr
Lys Ile Ala Gy Thr Leu Leu Ile Ala Leu Leu Leu Met
2225 2230 2235 Val Val Leu Ille Pro Qu Pro Qu Lys
A@n Arg Ser A n Thr Asp 2240 2245 2250 Asn G n Leu

val LAl aTRI LRPa1kethy PRe OFheValeulBtb Ba Mad ¥al YAY Pro

2210 2215 2220

Gly Thr Lys Ile Ala Gly Thr Leu Leu Ile Ala Leu Leu Leu Met
2225 2230 2235

Val Val Leu Ile Pro Glu Pro Glu Lys Gln Arg Ser Gln Thr Asp

2240 2245 2250

Asn Gln Leu Ala Val Phe Leu Ile Cys Val Leu Thr Val Val Gly

2255 2260 2265

Val Val Ala Ala Asn Glu Tyr Gly Met Leu Glu Lys Thr Lys Ala

2270 2275 2280

Asp Leu Lys Ser Met Phe Gly Gly Lys Thr Gln Ala Ser Gly Leu

2285 2290 2295




Thr GIIF_)r oy,

Trp

Lys

Ile

Pro

Cys

Leu

23

2255 2260 2265 Val Val Ala Ala Asn Gu Tyr Ay Mt Leu
A u Lys Thr Lys Ala 2270 2275 2280 Asp Leu Lys Ser
Met Phe Gy Gy Lys Thr An Ala Ser Ay Leu 2285 2290
2295 127/ 158 Thr Ay Leu Pro Ser Met Ala Leu Asp Leu
Arg Pro Ala Thr Ala 2300 §59$%g310 Trp Ala Leu Tyr
Gy Ay Ser Thr Vval Val L Pro Leu Leu 2315 2320
2325 Lys His Leu Ile Thr Ser Gu Tyr Val Thr Thr Ser
Leu Ala Ser 2330 2335 2340 1Ile Asn Ser G n Ala dy
Ser Leu Phe Val Leu Pro Arg Gy Val 2345 2350 2355

Ph L ey Nl APhe
epr Zggﬁ?LgTaA?%u ﬁgp 'I-E'rmu Xfe %Oyn %QI e Thr Leu
r Thr Phe Leu T 50% a I\/Iet VaI 23723312)380 2385 Leu
a Thr Leu His Tyr

y Tyr Met Leu Pro Ay Trp dn
Ala 2390 2395 2400 128/ 158 du Ala Leu Arg Ala Al a

G@n Arg Arg Thr Ala Ala Ay Ile Mt

Ala Leu Tyr Gly Gly
2315

His Leu Ile Thr Ser

2330

Asn Ser Gln Ala Gly

2345

Phe Thr Asp Leu Asp

2360

Trp Gly Gln Ile Thr
2375

Ala Thr Leu His Tyr

2390

Ser Thr Val Val

2320

Glu Tyr Val Thr

2335

Ser Leu Phe Val

2350

Leu Thr Val Gly
2365

Leu Thr Thr Phe

2380

Gly Tyr Met Leu

2395

Leu

Thr

Thr Pro Leu Leu

2325

Ser Leu Ala Ser

2340

Leu Pro Arg Gly Val

2355

Leu Val Phe Leu Gly

Leu

Pro

2370

Thr Ala Met Val

2385

Gly Trp Gln Ala
2400



2405 2410 2415 Lys Asn Ala Val Vval Asp Gy Mt Val

Ala Thr Asp Val Pro GQu 2420 2425 2430 Leu GQu Arg
Thr Thr Pro Leu Met G n Lys Lys Val Gy Gn Val 2435
2440 2445 Leu Leu Ile Ay Val Ser Val Ala Al a Phe Leu
Val Asn Pro Asn 2450 2455 %ﬁi? Val Thr Thr Val Arg
Gu Ala dy Val Leu Val TRi7APa Ala Thr 2465 2470
2475 Leu Thr Leu Trp Asp Asn Gy Ala Ser Ala Val Trp
Asn Ser Thr 2480 2485 2490 Thr Ala Thr Gy Leu Cys
H's Val Met Arg Ay Ser Tyr Leu Ala 129/158 2495 2500
2505 Ay Gy Ser Ile Ala Trp Thr Leu Ile Lys Asn Ala
Asp Lys Pro 2510 2515 2520 Ser Leu Lys Arg Gy Arg
o4,y TRinle @18 RbB25G29H301 2835
Glu Afg L?" Alg M 'gla IeGEnAsﬁkﬁAggﬁb}%& Ser Arg Glg G u Phe
Lys
2

2540 254@ 4850 Tyr Arg Arg @i Ala lle lle
u Val Asp Arg Thr Qu Ala Arg 2555 2560 2565

Lys Asn Ala Val Val Asp Gly Met Val Ala Thr Asp Val Pro Glu

2420 2425 2430

Leu Glu Arg Thr Thr Pro Leu Met Gln Lys Lys Val Gly Gln Val

Leu

Val

Leu

Thr Ala Thr Gly Leu Cys His

2435

Leu

2450

2440

Ile Gly Val Ser Val Ala

2455

Thr Thr Val Arg Glu Ala Gly

2465

2470

Thr Leu Trp Asp Asn Gly Ala

2480

2485

Val

Ala

Val

Ser

Met

Phe Leu

Leu Val

Ala Val

Arg Gly

2445

Val Asn

2460

Thr Ala

2475

Trp Asn

2490

Ser Tyr

Pro Asn

Ala Thr

Ser Thr

Leu Ala



Gly

Ser

Trp

Tyr

Arg

Arg

Arg Ala Arg Arg Qu Asn Asn Ile Val Gy Ay H's Pro
Val Ser 2570 2575 2580 Arg Ay Ser Ala Lys Leu Arg
Trp Leu Val Au Lys Ay Phe Val 2585 2590 2595

130/ 158 Ser Pro Ile Ay Lys Val Ile Asp Leu Ay Cys
dy Arg Ay Gy 2600 2605, %S/ég Trp Ser Tyr Tyr Al a
Ala Thr Leu Lys Lys Val u Val Arg 2615 2620
2625 Ay Tyr Thr Lys Ay GIy Ala Ay Hs u du Pro

2{@ Leu Met 2630925 2640 A n Ser2gpy Ay Trp Asn
eu Val Ser Leu Lys Ser Ay Val Asp 2645 2650 2655
Val Phe Tyr Lys Pro Ser Qu Pro Ser Asp Thr Leu Phe
Cys Asp 2660 2665 2670 Ile Ay A u Ser Ser Pro Ser
Pro Au Val Gu Au dn Arg Thr 2675 2680 2685 Leu
Arg Val Leu Gu Met Thr Ser Asp Trp Leu His Arg Ay

9 1 Ly< Pr
L i, S I et ae e et Bos 5016 S1e

2510 25156 2520

Leu Lys Arg Gly Arg Pro Gly Gly Arg Thr Leu Gly Glu Gln

2525 2530 2535

Lys Glu Lys Leu Asn Ala Met Ser Arg Glu Glu Phe Phe Lys

2540 2545 2550

Arg Arg Glu Ala Ile Ile Glu Val Asp Arg Thr Glu Ala Arg
2555 2560 2565

Ala Arg Arg Glu Asn Asn Ile Val Gly Gly His Pro Val Ser

2570 2575 2580

Gly Ser Ala Lys Leu Arg Trp Leu Val Glu Lys Gly Phe Val

2585 2590 2595




Ile Qu Lys Met Qu Val Leu @n Arg Arg Phe Ay Ay
Ay Leu 2720 2725 2730 Val Arg Leu Pro Leu Ser Arg
Asn Ser Asn His Gu Met Tyr Trp 2735 2740 2745 Val
Ser Ay Pro Ala Ay Asn Val Val Hs Ala Val Asn Met

Thr 2750 2755 2760 Ser g%/y% Leu Leu Gy Arg Met
Asp Arg Thr Val Trp Arg 65 2770 2775 Pro Lys
Tyr Au G u Asp Val Asn LeuGIySer @y Thr Arg Ala

/8 Vel e Gagpleu @ oIgl Mg G3gT GPgn

Ser Prg Pg@?y§$ﬁ’§1L$£eLA§p2¥95 S eng Ko O Arg
oddoe @ n Lys Leu Lygogd u G u Phe Alaggo Thr Trp His

ys 2810 2815 2820 Asp Pro Qu His Pro Tyr Arg Thr

Trp Thr Tyr Hs Gy Ser Tyr 2825 2830 2835 du Val

Lys Ala Thr Gy Ser Ala Ser Ser Leu Val Asn Ay Val
2840 2845 2850 Val Lys Leu Met Ser Lys Pro Trp Asp

Ala Ile Ala Asn Val Thr 2855 2860 2865 Thr Met Al a

Trp St TPITASR1IM1aTMhr PIQuPhgs @s @D (30 61@ WAl Arg

2615 2620 2625

Gly Tyr Thr Lys Gly Gly Ala Gly His Glu Glu Pro Met Leu Met

2630 2635 2640

Gln Ser Tyr Gly Trp Asn Leu Val Ser Leu Lys Ser Gly Val Asp

2645 2650 2655

Val Phe Tyr Lys Pro Ser Glu Pro Ser Asp Thr Leu Phe Cys Asp

2660 2665 2670

Ile Gly Glu Ser Ser Pro Ser Pro Glu Val Glu Glu Gln Arg Thr

2675 2680 2685

Leu Arg Val Leu Glu Met Thr Ser Asp Trp Leu His Arg Gly Pro

2690 2695 2700



2870 2875 2880 Phe Lys G u Lys Val Asp Thr Lys Ala Pro
GQu Pro Pro Thr Gy 2885 2890 2895 Ala Lys du Val
Leu Asn Gu Thr Thr Asn Trp Leu Trp Ala Tyr 133/158
2900 2905 2910 Leu Ser Arg Qu Lys Arg Pro Arg Leu Cys
Thr Lys GQu du Phe 2915 219/ 2925 1le Lys Lys Val
Asn Ser Asn Ala Ala Leu Gll a Val Phe Ala 2930 2935
2940 du d@n Asn @n Trp Ser Thr Ala Arg Au Al a Val
Asp Asp Pro 2945 2950 2955 Arg Phe Trp G u Met Val
Asp Qu GQu Arg Qu Asn H's Leu Arg 2960 2965 2970

s, T | 6 o b Gy Ve
Arg Gl 1P R ILE 0 Bhet VL B 5 U, &L P oy

2.}%5 Ala Lys Ay Serifvg AI alle 299%712995 3000

134/ 158 Trp Phe Met Trp Leu Ay Ala Arg Tyr Leu Qu
Phe A u Ala Leu 3005 3010 3015 dvy Phe Leu Asn Qu
Asp H's Trp Leu Ser Arg G u Asn Ser Ay

Ile Glu Lys Met Glu Val Leu Gln Arg Arg Phe Gly Gly Gly Leu

2720 2725 2730

Val Arg Leu Pro Leu Ser Arg Asn Ser Asn His Glu Met Tyr Trp

2735 2740 2745

Val Ser Gly Pro Ala Gly Asn Val Val His Ala Val Asn Met Thr

2750 2755 2760

Ser Gln Val Leu Leu Gly Arg Met Asp Arg Thr Val Trp Arg Gly

2765 2770 2775

Pro Lys Tyr Glu Glu Asp Val Asn Leu Gly Ser Gly Thr Arg Ala

2780 2785 2790

Val Gly Lys Gly Glu Val His Ser Asn Gln Glu Lys Ile Lys Lys

2795 2800 2805



3020 3025 3030 Ay dy val Qu Gy Ser dy Vval dn Lys
Leu Ay Tyr Ile Leu 3035 3040 3045 Arg Asp Ile Ala
Ay Lys An Ay Ay Lys Met Tyr Ala Asp Asp 3050 3055
3060 Thr Ala Gy Trp Asp Thr Arg Ile Thr Arg Thr Asp
Leu Gu Asn 3065 3070 30({% kg Ala Lys Val Leu Qu
Leu Leu Asp Ay GQu His Arg Met Leu 3080 3085 3090
Ala Arg Ala Ile Ile Qu Leu Thr Tyr Arg Hi s Lys Val

Val Lys 3095 3100 3105 135/158 Val Met Arg Pro Al a
Ala Au @y Lys Thr Val Met Asp Val 1le 3110 3115 3120
Ser Arg Au Asp An Arg Ay Ser Ay @n Val Vval Thr
Tyr Ala 3125 3130 3135 Leu Asn Thr Phe Thr Asn Ile

acYg ety Va1 uAr Old-PheMela ThE40hB14Tp3HED Ly6l u
Arg Iﬁ%aGéﬁung“el\?aFyl I euGI y Pro dn Hs Leu Au dn Leu

2&I P 3155 3160 3165g1Arg Lys Asn Lys p820Ala Val Arg
r Trp Leu Phe Au Asn Ay 3170 3175 3180

Asp Pro Glu His Pro Tyr Arg Thr Trp Thr Tyr His Gly Ser Tyr

2825 2830 2835

Glu Val Lys Ala Thr Gly Ser Ala Ser Ser Leu Val Asn Gly Val

2840 2845 2850

Val Lys Leu Met Ser Lys Pro Trp Asp Ala Ile Ala Asn Val Thr

2855 2860 2865

Thr Met Ala Met Thr Asp Thr Thr Pro Phe Gly Gln Gln Arg Val

2870 2875 2880

Phe Lys Glu Lys Val Asp Thr Lys Ala Pro Glu Pro Pro Thr Gly

2885 2890 2895

Ala Lys Glu Val Leu Asn Glu Thr Thr Asn Trp Leu Trp Ala Tyr



GQu Qu Arg Val Ser Arg Met Ala Ile Ser Ay Asp Asp
Cys Val 3185 3190 3195 Val Lys Pro Leu Asp Asp Arg
Phe Ala Thr Ala Leu Hi s Phe Leu 3200 3205 3210 136/158
Asn Ala Met Ser Lys Val Arg Lys Asp Ile A n du Trp
Lys Pro 3215 3220 3225 Sggghlsg Ay Trp His Asp Trp
Gn dn Val Pro Phe Cys Ser Asn 3230 3235 3240 Hi s
Phe An Gu Ile Val Met Lys Asp Ay Arg Ser Ile Val

2@@ 3245 3250 32%Bg5Pro Cys Arg d y2gdn Asp G u Leu
ITe Ay Arg Ala Arg Ile Ser 3260 3265 3270 Pro Gy
Ala Ay Trp Asn Val Lys Asp Thr Ala Cys Leu Al a Lys
3275 3280 3285 Ala Tyr Ala A n Met Trp Leu Leu Leu Tyr
Phe His Arg Arg Asp 3290 3295 3300 Leu Arg Leu Met
Ala Asn Ala Ile Cys Ser Ala Val Pro Val Asp 137/158

Leu S§f0§r§3@ﬂ1 3;%&5A1Té Pryjal Af 0edhCySATHrALgs TIGluSelu Phe Ser
Ile H's Ser 'Lys Gy 3320 3325 3330

29156 2920 2925

Ile Lys Lys Val Asn Ser Asn Ala Ala Leu Gly Ala Val Phe Ala

2930 | 29356 2940

Glu Gln Asn Gln Trp Ser Thr Ala Arg Glu Ala Val Asp Asp Pro

2945 2950 2955

Arg Phe Trp Glu Met Val Asp Glu Glu Arg Glu Asn His Leu Arg

2960 2965 2970

Gly Glu Cys His Thr Cys Ile Tyr Asn Met Met Gly Lys Arg Glu

2975 2980 2985

Lys Lys Pro Gly Glu Phe Gly Lys Ala Lys Gly Ser Arg Ala Ile

2990 2995 3000



Gu Trp Met Thr Thr Gu Asp Met Leu Gn Val Trp Asn
Arg Val 3335 3340 3345 Trp lle GQu AQu Asn GQGu Trp
Met Val Asp Lys Thr Pro Ile Thr 3350 3355 3360 Ser
Trp Thr Asp Val Pro Tyr Val Ay Lys Arg Qu Asp Ile
Trp 3365 3370 3375 Cys Gy 5er Leu Ile Ay Thr Arg
Ser Arg Ala Thr Trp Al a u 3380 3385 3390 Asn lle
Tyr Ala Ala Ile Asn G n Val Arg Ala Val Ile Ay Lys

39 B4 11381458 rgCrir A GYii PRI 659 Al Lbket
Trp Phig>oeS 3P B ArgJ’Arg TG b Aop 3410 3415 3420 Val

dogu Ile Gn Gu Agpigvrg Val |le 34253@430 <210> 5
<211> 34 <212> DNA <213> Japanese encephalitis virus

<400> 5 agaagtttat ctgtgtgaac ttcttggctt agta 34
<210> 6

Gly Phe Leu Asn Glu Asp His Trp Leu Ser Arg Glu Asn Ser Gly

3020 3025 3030

Gly Gly Val Glu Gly Ser Gly Val Gln Lys Leu Gly Tyr Ile Leu
3035 3040 3045

Arg Asp Ile Ala Gly Lys Gln Gly Gly Lys Met Tyr Ala Asp Asp

3050 3055 3060

Thr Ala Gly Trp Asp Thr Arg Ile Thr Arg Thr Asp Leu Glu Asn
3065 3070 3075

Glu Ala Lys Val Leu Glu Leu Leu Asp Gly Glu His Arg Met Leu

3080 3085 3090

Ala Arg Ala Ile Ile Glu Leu Thr Tyr Arg His Lys Val Val Lys

3095 3100 3105



Val

Ser

Leu

Glu

Arg

Glu

Val

<211> 35

<210> 7 139/ 158
encephalitis virus
gt ggacctca gtgtg 35

<212> DNA <213> Japanese encephalitis virus
<400> 6 gcaaagagaa tgctttttcc ccatgctttc cagcc 35

Japanese encephalitis virus

tggctgctge ctccecctaat tccac 35

<211> 35 <212> DNA <213> Japanese

<400> 7 tcctgctcaa agagaatgca

<400> 8 gt cat gaaga

<210> 9 <211> 36

<212> DNA <213> Japanese encephalitis virus

Met Arg Pro Ala Ala Glu Gly Lys Thr Val

3110

Arg Glu Asp

3125

Asn Thr Phe

3140

Ala Glu Gly

31565

Lys Asn Lys

3170

Glu Arg Val

3185

Lys Pro Leu

3200

Gln

Thr

Val

Ile

Ser

Asp

31156

Arg Gly Ser Gly

3130

Asn Ile Ala Val

3145

Ile Gly Pro Gln

3160

Ala Val Arg Thr

3175

Arg Met Ala Ile

3190

Asp Arg Phe Ala

3205

Gln Val

Gln Leu

His Leu

Trp Leu

Ser Gly

Thr Ala

Met Asp Val Ile
3120

Val Thr Tyr Ala
3135

Val Arg Leu Met

3150

Glu Gln Leu Pro

3165

Phe Glu Asn Gly

3180

Asp Asp Cys Val

3195

Leu His Phe Leu

3210

<212> DNA <213>




<400> 9 actgatgtca ccgaacagag tgcccaacta caacct 36

<210> 10 140/ 158

encephalitis virus
gt aagggcag agaac 35
<213> Japanese encephalitiﬁvg' us

<211> 35 <212> DNA <213> Japanese

t ccaagt cca gaagt agaag aacaa

Asn

3215

Ser His Gly Trp

3230

His Phe Gln Glu

3245

Pro Cys Arg Gly

3260

Pro Gly Ala Gly

3275

Ala Tyr Ala Gln

3290

Leu Arg Leu Met

His Asp

Ile Val

Gln Asp

Trp Asn

Met Trp

Ala Asn

3220

Trp Gln Gln Val

3235

Met Lys Asp Gly

3250

Glu Leu Ile Gly
3265

Val Lys Asp Thr

3280

Leu Leu Leu Tyr

3295

Ala 1Ile Cys Ser

Ala Met Ser Lys Val Arg Lys Asp Ile Gln

Pro

Arg

Arg

Ala

Phe

Ala

<400> 10 ttttctataa ccttgggcat
<210> 11 <211> 35

<212> DNA

<400> 11 gggaatcctc
<210> 12 <211> 34
<212> DNA <213> Japanese encephalitis virus

agatcctgtg ttcttcctca ccaccagcta cata 34

<210> 13

Glu Trp Lys Pro
3225

Phe Cys Ser Asn

3240

Ser Ile Val Val

3255

Ala Arg Ile Ser

3270

Cys Leu Ala Lys

3285

His Arg Arg Asp

3300

Val Pro Val Asp

<400> 12



141/ 158 <211> 20 <212> DNA <213> Japanese
encephalitis virus <400> 13 agaagtttat ctgtgtgaac 20
<210> 14 <211> 20 <212> DNA <213> Japanese
encephalitis virus <400> 14 aaggctcaat catgtggctc 20
<210> 15 <211> 20 <212> DSW/¥813> Japanese
encephalitis virus <400> 15 gaaagccaca cggtatctca 20

Trp

Glu

Trp

Ser

Cys

Asn

<210> 16 142/158

3305

Val Pro

3320

Trp Met

3335

Ile Glu

3350

Trp Thr
3365

Gly Ser

3380

Ile Tyr

3395

Thr Gly

Thr Thr

Glu Asn

Asp Val

Leu Ile

Ala Ala

Arg

Glu

Glu

Pro

Gly

Ile

<211> 20 <212> DNA
3310

Thr Ser
3325

Asp Met

3340

Trp Met

3355

Tyr Val

3370

Thr Arg

3385

Asn Gln

3400

Trp Ser

Leu Gln

Val Asp

Gly Lys

Ser Arg

Val Arg

Ile

Val

Lys

Arg

Ala

Ala

3315

His Ser Lys Gly

3330

Trp Asn Arg Val

3345

Thr Pro Ile Thr

3360

Glu Asp Ile Trp
3375

Thr Trp Ala Glu

3390

Val 1Ile Gly Lys

3405




<213> Japanese encephalitis virus <400> 16 ctgacatctc
gacggtggct 20 <210> 17 <211> 20 <212> DNA <213>
Japanese encephalitis virus <400> 17 tggactgaac
actgaagcgt 20 <210> 18 <211> 20 <212> DNA <213>

Japanese encephalitis virjg/ §400> 18 ttgtcattga
actatcctac 20 <210> 19 1 §f58 <211> 20 <212> DNA

<213> Japanese encephalitis virus <400> 19 gaacactctt
Glu AdP9999aR{19A20 Tyr Met Thr Ser Leu Arg Arg Tyr Glu Asp

3410 3415 3420

Val Leu Ile Gln Glu Asp Arg Val Ile

3425 3430

<210> b
211> 34
<212> DNA

<213> Japanese encephalitis virus

<400> 5

agaagtttat ctgtgtgaac ttcttggett agta 34

<210> 6
211> 35
{212> DNA

<213> Japanese encephalitis virus

<400> 6

gcaaagagaa tgctttttcc ccatgectttc cagec 35

210> 7




<210> 20 <211> 20 <212> DNA <213> Japanese

encephalitis virus <400> 20 tgtggaagtg gcatctttgt 20

<210> 21 <211> 20 <212> DNA <213> Japanese

encephalitis virus <400> 21 tgaacaagcc cgtgggaaga 20
<210> 22 144/ 158 <211> 2Qig72d2> DNA <213> Japanese
encephalitis virus <400> 22 20 acttggccag agacacacac

<210> 23 <211> 20
<211> 35

<212> DNA

{213> Japanese encephalitis virus

<400> 7

tcctgctcaa agagaatgca gtggacctca gtgtg

<210> 8
<211> 35
<212> DNA

<213> Japanese encephalitis virus

<400> 8

gtcatgaaga tggctgctge ctcccctaat tccac

<210> 9
211> 36
<212> DNA

<213> Japanese encephalitis virus

<400> 9

actgatgtca ccgaacagag tgcccaacta caacct

210> 10

35

35



21
212>
213>

<400>

<212> DNA <213> Japanese encephalitis virus <400> 23
at ggt gaaat ggttgaccct 20 <210> 24 <211> 20 <212> DNA
<213> Japanese encephalitis virus <400> 24 agcatggatg
attgtccgag 20 <210> 25 145/158 <211> 20 <212> DNA

<213> Japanese encephalitgﬁ,yggus <400> 25 agaaaggagc
tgtactcttg 20 <210> 26 < f> 20 <212> DNA <213>
Japanese encephalitis virus <400> 26

35
DNA

Japanese encephalitis virus

10

ttttctataa ccttgggecat gtaagggcag agaac

<210>
211>
212>
(213>

<400>

11
35
DNA

Japanese encephalitis virus

11

gggaatcctc tccaagtcca gaagtagaag aacaa

210>
211>
212>
<213

<400>

12
34
DNA

Japanese encephalitis virus

12

agatcctgtg ttcttcctca ccaccagcta cata

<210>

13

35

35

34



cctacgtggt gtcaggaaaa 20 <210> 27 <211> 20 <212> DNA
<213> Japanese encephalitis virus <400> 27 ttttccacac
actatggcac 20 <210> 28 146/158 <211> 20 <212> DNA
<213> Japanese encephalitis virus <400> 28 gaccgtcagg
aggaaccagt 20 <210> 29 <Zflzsd9 <212> DNA <213>
Japanese encephalitis virus <400> 29 aaggt ggaat
taggggagg 19 <210> 30 <211> 19

211> 20
<212> DNA

<213> Japanese encephalitis virus

<400> 13

agaagtttat ctgtgtgaac 20

<210> 14
211> 20
<212> DNA

<213> Japanese encephalitis virus

<400> 14

aaggctcaat catgtggcetce 20

<210> 15
<211> 20
<212> DNA

<213> Japanese encephalitis virus

<400> 15

gaaagccaca cggtatctca 20

<210> 16



211>
212>
213>

<400>

<212> DNA <213> Japanese encephalitis virus <400> 30
aagagggaga aggcagagt 19 <210> 31 147/158 <211> 20
<212> DNA <213> Japanese encephalitis virus <400> 31
at gccat act ggaggacaac 20 <210> 32 <211> 20 <212> DNA
<213> Japanese encephal itigpybgus <400> 32 gaaagggt at
agggaagatg 20 <210> 33 <211> 20 <212> DNA <213>
Japanese encephalitis virus <400> 33

20

DNA

Japanese encephalitis virus

16

ctgacatctc gacggtggcet

<210>
<211>
(212>
213>

<400>

17
20
DNA

Japanese encephalitis virus

17

tggactgaac actgaagcegt

210>
211>
212>

213>

<400>

18
20
DNA

Japanese encephalitis virus

18

ttgtcattga actatcctac

210>

19

20

20

20



caccacatcg ctagcctcaa 20 <210> 34 148/158 <211> 20
<212> DNA <213> Japanese encephalitis virus <400> 34
ggtattggtg acggcggcta 20 <210> 35 <211> 20 <212> DNA
<213> Japanese encephalitis virus <400> 35 tgtgggcgtg
gaggatggag 20 <210> 36 <24gl3s0 <212> DNA <213>
Japanese encephalitis virus <400> 36 ctagtgcgtc
tccccctgtc 20 <210> 37 149/ 158

211> 20

<212> DNA

<213> Japanese encephalitis virus

<400> 19

gaacactctt tgggggaatg 20

210> 20
211> 20
<212> DNA

<{213> Japanese encephalitis virus

<400> 20

tgtggaagtg gcatctttgt 20

210> 21
211> 20
<212> DNA

(213> Japanese encephalitis virus

<400> 21

tgaacaagcc cgtgggaaga 20

210> 22



211>
212>

213>

<400>

<211> 20 <212> DNA <213> Japanese encephalitis virus
<400> 37 ctgacaccac cccttttgga 20 <210> 38 <211> 19
<212> DNA <213> Japanese encephalitis virus <400> 38
gctttggggt tcctgaatg 19 <210> 39 <211> 19 <212> DNA
<213> Japanese encephal i t jg4MpguUs <400> 39 agaagat caa
agggggagt 19 <210> 40 150/ 158 <211> 20 <212> DNA
<213> Japanese encephalitis virus

20

DNA

Japanese encephalitis virus

22

acttggccag agacacacac

<210>
2115
212>
213>

<400>

23
20
DNA

Japanese encephalitis virus

23

atggtgaaat ggttgaccct

210>
211>
212>

213>

<400>

24
20
DNA

Japanese encephalitis virus

24

agcatggatg attgtccgag

210> 25




<400> 40 ccgtgcagag gacaggatga 20 <210> 41 <211> 18
<212> DNA <213> Japanese encephalitis virus <400> 41
tatgcggcga taaaccag 18 <210> 42 <211> 18 <212> DNA
<213> Japanese encephalitis virus <400> 42 gcgcagcccc
aggaggac 18 <210> 43 1514467858 <211> 20 <212> DNA
<213> Japanese encephalitis virus <400> 43 cgtcaatgag
tgttccaagt 20 <210> 44

211> 20

<212> DNA

<213> Japanese encephalitis virus

<400> 25

agaaaggagc tgtactcttg 20

210> 26
211> 20
<{212> DNA

<213> Japanese encephalitis virus

<400> 26

cctacgtggt gtcaggaaaa 20

<210> 27
211> 20
<212> DNA

<213> Japanese encephalitis virus

<400> 27

ttttccacac actatggcac 20

<210> 28



<212> DNA <213> Japanese encephalitis virus
tgaccttttt ccccgectctt 20 <210> 46 152/ 158
<212> DNA <213> Japanese ffggggghal itis virus
ttcttgattt tctcctgatt 20 <210> 47 <211> 22
<213> Japanese encephalitis virus

211> 20

<212> DNA

<213> Japanese encephalitis virus

<400> 28

gaccgtcagg aggaaccagt

210> 29
211> 19
<212> DNA

<213> Japanese encephalitis virus

<400> 29

aaggtggaat taggggagg

<210> 30
<211> 19
<212> DNA

<213> Japanese encephalitis virus

<400> 30

aagagggaga aggcagagt

<210> 31

<211> 20 <212> DNA <213> Japanese encephalitis virus
<400> 44 caatccagta cgacaagtca 20 <210> 45 <211> 20

<400> 45
<211> 20
<400> 46
<212> DNA

20

19

19




<400> 47 agatcctgtg ttcttcctca cc 22 <210> 48 <211>
62 <212> DNA <213> Japanese encephalitis virus <400>
48 aaatttaata cgactcacta taagaagttt atctgtgtga
acttcttggc ttagtatcgt 60 tg 62 153/158 <210> 49
<211> 45 <212> DNA <213>,Japanese encephalitis virus
<400> 49 cgtcatcaaa agcttcccct ggaaattcga caactttatt
gctcc 45 <210> 50 <211> 46 <212> DNA <213> Japanese

211> eneephalitis virus <400> 50 cgcaagcttg gcagttgtca
tagcttacgc aggagcaata aagttg 46

<212> DNA

<213> Japanese encephalitis virus

<400> 31

atgccatact ggaggacaac 20

<210> 32
211> 20
212> DNA

<{213> Japanese encephalitis virus

<400> 32

gaaagggtat agggaagatg 20

<210> 33
211> 20
<212> DNA

<213> Japanese encephalitis virus

<400> 33

caccacatcg ctagcctcaa 20

210> 34




<210> 51 <211> 45 <212> DNA <213> Japanese
encephalitis virus <400> 51 gctccaatct agtgacagat
ctgactccgc acacgccttc cttgt 45 154/158 <210> 52 <211>
47 <212> DNA <213> Japanese encephalitis virus <400>

52 cacaagaaaa gagatgagat gigggseagt gg catctttgtg cacaacg
47 <210> 53 <211> 40 <212> DNA <213> Japanese

encephalitis virus <400> 53 agatcctgtg ttcttcctca

(211> cg@ccagcta catacttcgg 40 <210> 54 <211> 45 <212> DNA

212>

213>

<400>

DNA

Japanese encephalitis virus

34

ggtattggtg acggcggeta 20

<210>
211>
212>
<213>

<400>

35
20
DNA

Japanese encephalitis virus

35

tgtgggegtg gaggatggag 20

<210>
211>
<212>
213>

<400>

36
20
DNA

Japanese encephalitis virus

36

ctagtgecgte tcccectgte » » 20

210> 37



211>

<213> Japanese encephalitis virus <400> 54 ggtaaatacc
acgcgttgac cgttggtact gccaaccatc cagcc 45 155/158
<210> 55 <211> 45 <212> DNA <213> Japanese
encephalitis virus <400> 55 ttcctggcgg cgacacttgg
ctggatgctt ggcagtacca acggio/s4bs <210> 56 <211> 46
<212> DNA <213> Japanese encephalitis virus <400> 56
aagccggagc gaccaacagc aggaggatgg taaataccac gcgttg 46
<200> 57 <211> 46 <212> DNA <213> Japanese
encephalitis virus <400> 57 caacgcgtgg tatttaccat

(212> cpNactgctg ttggtcgctc cggett 46

213>

<400>

Japanese encephalitis virus

37

ctgacaccac cccttttgga

<210>
211>
212>
213>

<400>

38
19
DNA

Japanese encephalitis virus

38

gctttggggt tcctigaatg

<210>
211>
212>

213>

<400>

39
19
DNA

Japanese encephalitis virus

39

agaagatcaa agggggagt

<210> 40

20

19

19



<211>
<212>

<213>

<400>

156/ 158 <210> 58 <211> 62 <212> DNA <213> Japanese
encephalitis virus <400> 58 aaatttaata cgactcacta
taagaagttt atctgtgtga acttcttggc ttagtatcgt 60 tg 62
<210> 59 <211> 70 <212> DNA <213> Artificial <220>
<223> derived from Japanet®/ésftephal itis virus and
West Nile virus <400> 59 ccaagaagtc tctgttgctc

att ccaaggc agttgaaact gtaagccgga gcgaccagca 60
géfggaggat 70 <210> 60 157/158 <211> 70 <212> DNA

<213> Artificial
DNA

Japanese encephalitis virus

40

ccgtgcagag gacaggatga

<210>
211>
212>
213>

<400>

41
18
DNA

Japanese encephalitis virus

41

tatgcggega taaaccag

<210>
<211>
<212>

<213>

<400>

42
18
DNA

Japanese encephalitis virus

42

gcgecagecce aggaggac

<210> 43



<220> <223> derived from Japanese encephalitis virus
and West Nile virus <400> 60 caccatcctc ctgctgctgg
tcgctccgge ttacagtttc aactgccttg gaat gagcaa 60
cagagacttc 70 <210> 61 <211> 73 <212> DNA <213>
Artificial <220> <223> degsinsgl from Japanese
encephalitis virus and West Nile virus <400> 61
ctcttttctt gtgatgtcaa tggcacatcc agtgtcagcg tgcacgttca

211> c@fagaggaa 60 gagcagaact cct 73 158/ 158 <210> 62
<211> 75 <212> DNA <213> Artificial <220> <223>

212> d®NAved from Japanese encephalitis virus and West Nile
virus <400> 62

<213> Japanese encephalitis virus

<400> 43

cgtcaatgag tgttccaagt

<210> 44
<211> 20
<212> DNA

<213> Japanese encephalitis virus

<400> 44

caatccagta cgacaagtca

<210> 45
211> 20
<{212> DNA

{213> Japanese encephalitis virus

<400> 45

tgaccttttt ccccecgetett

210> 46




211>
<212>

213>

<400>

ggaggagttc tgctcttcct ctccgtgaac gtgcacgctg acactggatg
tgccattgac 60 atcacaagaa aagag 75 <210> 63 <211> 40
<212> DNA <213> Japanese encephalitis virus <400> 63
agatcctgtg ttcttcctca ccaccagcta catacttcgg 40

1652/158

20
DNA

Japanese encephalitis virus

46

ttcttgattt tctcctgatt

210>
211>
212>
<213>

<400>

47
22
DNA

Japanese encephalitis virus

47

agatcctgtg ttcttcctca cc

<210>
211>
212>

<213>

<400>

48
62
DNA

Japanese encephalitis virus

48

aaatttaata cgactcacta taagaagttt atctgtgtga acttcttgge ttagtatcgt

ig

20

22

60

62



<210>
211>
212>
213>

<400>

153/158

49
45
DNA

Japanese encephalitis virus

49

cgtcatcaaa agcttcccct ggaaattcga caactttatt gctce

<210>
211>
212>
<213>

<400>

50
46
DNA

Japanese encephalitis virus

50

cgcaagettg gecagttgtca tagcttacge aggagcaata aagttg

210>
211>
212>

213>

<400>

51
45
DNA

Japanese encephalitis virus

51

gctccaatet agtgacagat ctgactccge acacgectte cttgt

45

46

45



154/158

<210> 52
211> 47
<212> DNA

<213> Japanese encephalitis virus

<400> 52

cacaagaaaa gagatgagat gtggaagtgg catctttgtg cacaacg

<210> 53
211> 40
<212> DNA

<213> Japanese encephalitis virus

<400> 53

agatcctgtg ttcttcctca ccaccagecta catacttegg

<210> 54
211> 45
<212> DNA

<213> Japanese encephalitis virus

<400> 54

ggtaaatacc acgcgttgac cgttggtact gccaaccatc cagcec

47

40

45




210>
<2115
212>

213>

<400>

155/158

55
45
DNA

Japanese encephalitis virus

55

ttcctggegg cgacacttgg ctggatgett ggcagtacca acggt

<210>
211>
212>

213>

<400>

56
46
DNA

Japanese encephalitis virus

56

aagccggagc gaccaacagc aggaggatgg taaataccac gcgttg

210>
211>
212>

213>

<400>

57
46
DNA

Japanese encephalitis virus

57

caacgcgtgg tatttaccat cctcctgetg ttggtcgete cggett

45

46

46



<210>
211>
<212>

213>

<400>

156/158

58
62
DNA

Japanese encephalitis virus

58

aaatttaata cgactcacta taagaagttt atctgtgtga acttcttggc ttagtatcgt 60

tg

<210>
211>
212>

<213>

<220>
223>

<400>

62

59
70
DNA

Artificial

derived from Japanese encephalitis virus and West Nile virus

59

ccaagaagtc tctgttgctc attccaaggec agttgaaact gtaagccgga gcgaccagca 60

gcaggaggat

210> 60




211>
212>
213>

220>
223>

<400>

157/158

70
DNA

Artificial

derived from Japanese encephalitis virus and West Nile virus

60

caccatcctc ctgetgetgg tcgetceccgge ttacagtttic aactgecttg gaatgagcaa 60

cagagacttc 70

210>
211>
212>
213>

<220>

223>

<400>

61
73
DNA

Artificial

derived from Japanese encephalitis virus and West Nile virus

61

ctettttett gtgatgtcaa tggcacatcc agtgtcagecg tgcacgtica cggagaggaa 60

gagcagaact cct 73



158/158

<210> 62
211> 75
<212> DNA

<213> Artificial

<220>

<223> derived from Japanese encephalitis virus and West Nile virus

<{400> 62

ggaggagttc tgctcttcct cteccgtgaac gtgecacgetg acactggatg tgccattgac

atcacaagaa aagag

<210> 63
<211> 40
<212> DNA

<213> Japanese encephalitis virus

<400> 63

agatcctgtg ttcttcctca ccaccagecta catacttcgg

75

40



