U]

10

15

20

25

30

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

BACKBONE TECHNI CAL FIELD 5 The present invention

relates to an attenuated OESGRIBRTION avivirus having a

gene of attenuated Japanese encephalitis _virus the

Do AAETENGATHE CHIMERTCCFLAVIVIRFS -REARINE ARTENUATED JhpavEsE

e
vacci ne for pr Rt Wit Gl 6! ERtkeonE
BACKGROUND AR'Iﬂ{#ﬁ rretfnlﬁay nore than about 60 ki nds

~of viruses belonging tCECENACAL (RI®BLD her ei nafter

abbrevjated flavivjruses) are nown, i_ncl udin . .
Tapancbae R | 1T Jars SRt A Hoe A AT SPUgsRgghineric
£14vyiites ¥OFH QY 4 eydiie \df UibteHuateRlicapanesrhahnickbhalitis
virus, tick-borne encephalitis virus, Kunjin virus, .
Thnus ads | sh&lbapdeonencdpiat iis sisgfiuls askpns gpenuated live

F t Vi Mirray Valley . hal i ti, ' , Ok
KRREEPRabPE PEVEToAng,cf L BN e oSS, an
spring-summer encephal i t pRcREROOND XRMHOSe virus, Apoi

virus, and Aroa virus. These flaviviruses have a .
genoneCetrentby e-merarden (@bout) GRWANgFd ofr #igugesabelonging

L8 DBt S s IR AR 580 o
kAGRR, SLAULhAIRE PApdre s driodisial i(t@s prighsi,NWest Nile virus,
gggéggngigngirus, vellow fever virus, St. Louis encephalitis
virus, tick-borne encephalitis virus, Kunjin wvirus, Central
European encephalitis virus, Kyasanur Forest virus, Murray
Valley encephalitis wvirus, Omsk hemdrrhagic fever virus,
Powassan virus, Russian spring-summer encephalitis wvirus,
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 gencme encodes
three structural proteins (capsid (C) protein, pre-membrane
(prM) protein, which is the precursor for membrane (M) protein,
and envelop (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 f

_ , or menbrane
protein, and envelop (E) protein) and subsequent M
seven non-structural 25 (NS) proteins (NS1, NS2A

, agfaNsa i febril
Fipes gt it e e
sggﬁtgﬂmf QOrighﬁallm/i saehsek Hhese r%r?swja‘?lé:&ma;é%se:éﬁgse L8
polyproteins; the .p ot el hS LI .
B B9 A iR LRyiaet | e etoter g homemic ases
¥ Oékfé‘i%%_ﬂi\ﬂri yhaof beest ldelitedancHewevew, rigs recent years,
resulting in the formation of a mature virion s

darpiis simjgelqnmmm-te@sférw@lﬁ FaBUki RRE’ oplimate change
struct ur rotel. I 4y S K iy

SV O AGE T AEREEToNE TS rpended O
%&éé@'é‘ﬂmé&im wand driiginalvihebitesst ofsgapsal flaviviruses,

sgyltoes.and ti cks, and cause e it
Pebing can sympRTF GH TR R B pesagne
avivirus_speci s, i i O G 3 1pdr HinCeloas
r egi on#“tﬂ’_é?'_g‘?’g‘lrle‘?g e R T ect L ot
Redvbaeohi witrdvacbimesris o fastdie y HPYSVET 4 BB te the

evel opnment in traffics/digtrj ' is .
Sadtt DA | Relavar BURSET 4t T HHL Ry B e viridas

e
Eé %ggggptgﬁcg AEE54 0L befetbpibédeassvai nallhatitteruated live

e ot Eovc vine LA RR G L1 iz
infections and inactivated 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.

Tn 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, Chimerivax™-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 SA14-14-2 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 tc 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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10 prevention with vaccines is effective. However,
despite the fact that a large nunber of viruses
bel onging to Flaviviridae have been recogni zed as

Hes & it AoV toR! Vaphheseakadephuditvaceines ¥atcine SAl4-
{eIIOMIfever virus and Japanese encephalitis virus

2@t dresnfon exeewleacBrFeyof 8F 3hpandseVirol. 75:934-
&se HtIS is virus and tick-borne encephalitis
ViTtus |§Tect|ons are in practical application as

vacci magrthernidrayi o thei bhedisi ofisthiPatéchnigueéyfor
attenuatequllve vacci nes are useful as vaccj nes

h
i rHdlgrensihe @wn?me‘élaw%ﬁ%ﬁ M«hifalmd@ygusufl'%t viruses
Heffer AFSPDAPPLLVAD | |d6e VaEH MSRpHRET delih1bhoger

ese circunstanceés, as a neans
IﬁtémnaﬂdqnaMﬂBﬁuﬁmﬂurubmmomtlahtEnuaBéd3UBWé gsadcpamphlet for

Tver Hipna HaRant: FRAAEAeD Dpepltddodhs aagtna chineric
£19¢ f@f?dﬁgﬁgﬁﬁmﬂ!exang%?v&%%%nwbﬁlﬂgﬁﬁvgka“WE%t Nile) (see,

attention Chi meri VaxTMJE i s a
i nexanp ¥d a\panphiset mm&pdmaerbptuephicPagenhePgbhesatlon No.

égfiéﬁﬁﬁgggwﬁmq}str ctural f@fﬁ%&iﬁ%ﬁ(gﬁghﬂb %gver i rus
FLLE E3POND f&%ﬂ?%softﬁéﬂ%a@d&%%sehs%eamabl béén?’&éﬂéloped

vaccl ne SAl4-14-2 strain (see, for exanpl e, panphl e
for 3(rhederqraimenmial Ravdmirgssi eaei edsNoatdgnsaped to the

AR pahl St 0l e LIRS0 RSk TURE ERALRGE N
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 ﬁaccine 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
M FAiSh POIY/DEN LidhieRieSRARdisNghbe baehheefoptetieiseef for
the Japanese encephalitis virus vaccine SAl4- 14-2
axan ke ( Setest etxadpl.e PIACoPatdr Arad. jSci; (PpA 99:3036-
ié.ﬁ?%% 2, 2001). Furthermore, on the basis of this

% ni % f'or 5 ChineriVaxtm JE, chineric flaviviruses

wi th dengusagh Ahd WTENA( ChiimeridaxiPil (&- a¥fefisebed
for exanple, panphlet for |Internatiaqnal Patept . .
Fompazed itoh Mg WS BETAIds ARsKeeL f dr e, West Nile virus

!%Iﬁnclﬁ %%ﬁ@?flvipﬂse,mtr?&?r#c%\%g{i%ﬁ N‘f tﬁy %%%gﬁha@ﬁgnahas not

avivirus w NI I'e virus
{&hi s VeI \sicidd tedd,( seel the fdruexhepl ept found a
panphl et_for Interpnational Patent Publication No.
PoaaT prat apP Lifa P th Ak 3 VRGN the yel | ow fever

virus vaccine 17%ﬁé%m_gf1f FaeRtiohave al so
chineric fla

been devel oped. These viviruses are al so
at t enugtienl dtocdmentektleinte tdhdmenilcov avligilrugsgagsines for
vacglnes% with their 15 attenuation result

YREHP R FANEY HURDR TSV I SRV P 28 t%r‘/r’%i‘a’gl hipnal
R S L e DA Ut o iy
BhEeaytenhatibﬂ,dﬁrain neurotoxicity, infeé%ivity frgm
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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Chi neri VaxTM DENL results mainly fromam no acid
mutations in 20 the E protein that occur during the
passage of this chimeric flavivirus in cells for

dﬁ%%%d@ﬂ Rih@d ue b?@%t&%ﬁethﬁertﬁé@éphﬁlnoCﬂcidhﬁm&atﬂons might
Virol. "78:9998-10008 2004% Fur t her nor
fu

e i et i 6 oftantRtiengas Ghe MEs1dfSHAtr cfased on
tag;gt NG n@l,?gl}/llg:(elrséfggt lﬁ@gﬁ%ogg 5\1 feoﬂﬁgﬁ%i’édd@@%struct

t'hi'S "Vacci ne ound

Prafinedlc FRviearu@n haisg, tﬁblﬁttuwﬁuiblV&ﬁﬁ hbhestructural
has the attenuation pronoted Dby artificiall

r:jmimmasc;qtgl% theinn $hec Edprataiponthatt Ag, £ BF%F%PPV prH
erj ved fro
ag‘én g{éﬁ gr\gtﬁg.géyeﬁor' g)én%b[euleﬁeem\{\g %%lﬁxrus

ddmﬁlrﬁtngarmie Rat eldirePaifl ichat aﬂﬁnbloacidomﬂﬂét'ssa@$ imgrinsic to
a chinmeric flavivirus using ene hackbone ot her tha

het Ibﬁvv3f7e\ﬁeﬁframf¥ru§OGT¢PSI 2) £oxtBREnAAVESELaat yPRRs ANd
L& pech)h j{tng_ntvlé%tg% e that encodes the prME
e

pr O el 0 virus wth the correspondi ng gene
of theaduﬁﬁdﬁmdky\uﬂthpNEQ&nE immahmiQMNbDEnﬂdehtneric
vi rus) has been reported (see, fqr exanp

g;}ga nuqiekp agaid mq&egyleagompgsglgg §H§geo§6ge sequences

1.21? ?% C?O&Jr@ ééfs :ﬁw i PRE-GeMbrdBel Brotein and non-
enda s conp o the parent strains thereof,
steuctWesl pidteeiri rafs Japanese encephalitis virus, and a

nucleotide sequence that encodes the envelop 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 [1] teo [3].

[5] An attenuated live vaccine comprising the attenuated

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

B1sH apteobat peepavent ehelfubbencaittdunadbechioedescribed
chimeric flavivirus vaccines for various flavivirus
Jﬂhf[édtrl athg.chs ceppaiepedthy EehleningnaFePHit hods as

A% W PGl baIEIEIRILE LaghoHEs! LRRL Coldiides the

I'n neurotoxiclt Infectivity
anﬁéﬂﬁﬁﬂﬁﬁoﬂeidﬂma eenubablneammdSmeyetehe(bmmpnlmsmgea
1s .invasi veness), infection-preventin

ff
stkechics @@quamebaaytpPa&eéﬁﬁoHaaﬁagﬁgemﬁ?%@h%%ﬁfh% virus
##EH“%He ﬁﬂéfé%tl%%n§%E§%B?%igﬁ%g;@ggoﬁggbtﬂétéﬂ@ef@pfproteln

avi virus spec € a nmj or cause
dff dtengiewpridhe lperivdduse tihd practical application of
attenuated |ive vacgci ne. nor e, Ve vacc

t
&t qp[ﬁﬂﬁ;%ﬂ??ﬂﬁqﬂﬁ F%ePE&b@tWBﬁgtFﬂnﬁnFPﬁBerOduce one or
1?%%9&:1 136 rrb.\tllcil%% %Ha%nﬁﬂ:@ﬁuseé th@ev§§{$§ Phto the

|s S ause attenuation of viruses
““EﬂéQﬂlﬁFtdﬁqUEHMEdBélmha$ eecodeliej abevprpomgmbr@meyproteln
ces their inmmune i ndugtio otential (ant

i (e L REEERls lodise e § SPphAPLYis virus.
'HéEHdedﬁ'gﬂ@$£¥l%@ %henﬁﬁhﬂéhbzhﬂgdaﬁblééﬂle|§escr1bed

present in the rotern Accordingly, it is an
:bbjbhl,cWhidhaqmmaﬂaﬂes thentfioddowdng step:

a step for replacing a nucleotide sequence that encodes the
envelop 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 envelop 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 nuclecotide 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
nirhegsitdrgattétitt prechice onke oxbmeeedeminobadigrobtanions that
found that the Japanese ephalitis virus, vac

alitepuage fihe virus,l ohgggjeoﬁgepapggyea?e& ngﬁggi%ncode(s)

tRY %ﬂ%ﬂﬂﬂaﬁfen?tr%t'é‘int RedYerlAoftkRkicthPal hﬁr@ﬁé&n in a

and 'NS proteins her than the E protein, and

rolxt 1 e it mlggediel comprdisingegenaniaot idedsequence that
rnnégéo nigbt be iﬁquﬁgd in the attenuation of the
L H 2P B SEF 2 S FidldPng, the present

%IBTﬁEFNé%HMH*bf 284 0 a0 R%teHehted SBbAREEE encephalitis
' avi virus having the structural and non-structural 5

vimisi ndisttherompiriseshe Btgpotfernegphassing FRpapesen,

GRS Lg205, NSREOH PRl eI RRARERE i motocute
BB A e AUt ons intrinsic to the M-17 strain,

conducted further investigations, and devel oped the
pr eser®Y itheemresent] Gracadidnnglep, athenpatsdnfhimeric

inventi on provides: 11. _A.nucl ei i . ec .
LR, R Breas el B S RER e sictbfgton o) other
€5 tthed P iidte ipl ST HEMRAQ OBStHusd dcli®nattenuation of the

structural_ protein of Japanese encephalitis virus, and,
chimgicl @ dtlan wegirede tiRaPréseddeinvRBtiAnerap be achieved

ﬁqéﬁéﬂﬂ1ﬁgdf?ying the E protein, attenuated live wvaccines 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 wvirus L-17 strain and
JaOH0566 strain. Nt represents nucleotide; AR 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 wvirus ML-17 strain, with the corresponding amino
acids in the polyproteins of the JaOH0566 strain, JaOArS982
strain, JaGAr0l strain, Nakayama strain, Beijing strain, SAl4
strain, and SAl4-14-2 strain. Amino 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 nucl eotide

sequence(s) that encode(s) the pre- nenbrane protein

and/ or non-structural protein of Japanese

Ryicephakhil $ndicasedoppsistén)iautheosane asitthatonst the ML-17
t hat produce one or nore am no acid nutations that

SitBdRuate the 20 virus. [2] The nucleic acid nol ecul e
descr%qg%rbn3(%Low@hgﬁebﬂtihﬁe éfpﬁﬂésﬁbﬁﬁki§nﬂﬂ1ﬁféﬁhrlng the
virus is the -17 strain 3] The nucleic acid
ﬁtﬂJledJeIn@tdhes:@thed rche[ t]acombﬁ.ﬁ?ntv\ﬁepemﬂset*m%@@@kmtls virus

e W SRl 298 M- Lo RGERLR. HY, PRaLoGRT TR, PACEFA-

V'rusi‘%hreLQU%ﬁoﬁgcﬁﬁhéhtlhﬁebeuﬁhetméﬁh@@rﬁﬁ preparing the
encephaliitis virus, Kunjin virus, Central European

e ifaltine MLvilTdEN Kfagenel ebimericyfiawivimes dyy the Long-

Valbgy encephalitis virus, Owsk henorrhagic fever

ssan Vi rus, Russi an Spri ng- sunmmer

encephal i ti SB@s‘tuilod'ﬁOfXQkEﬁﬁo&giH& tRBOInvehdEon and
Aroa virus. [4] An attenuated chineric flavivirus

, encodédlEb)prteisenrtu@In@le@tlQOl Qrﬁb’ﬂdéal a Buesteigedci® mplecule

Bl Rl bRl B R LAbE phitfic PR €%protetn, oo
ékﬁﬁélﬁ“ﬁ%d'Nﬂﬂﬂrot%1h6bfAJE9bh@§e0En§é§halLﬁgsthﬁrus (a first
nucl ei ¢ aci d nol ecul e descri bed

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 op protein in a nucleic acid nol ecule conprising
teminied enid dhes aqupncendhatpeecedes #hpaBéseterminus for a

encephalitis virus _ wth the nucleoti eguence t hat
S trRndad, AU AR eeRER. SBB0RaLE! BUfyFPRLesents

AR AR (Al danﬁafﬁ&nﬂﬁql%93'@ﬁe”?&@htogﬁdtﬁébresents

pro uce one or nore am no aci d nutations’that
tﬁeeﬂutﬁmmﬂﬂus\mdaanxwﬂotehmunﬂsmufbeoandemsaqueqcé(s?quence

de(s ) th rane protein and/or
QﬁEQH JGEF{]J\(])apanese encephal itis virus.
[7] A tﬂH%E(Hbéﬂf¥¥ﬂéﬂﬂ%nth%mﬁﬂ%|ﬁdeQCEQe”BBSQH|§51ng 1-
described in [1], which conprises the follow ng step:

etstep afhbrena;atacmng:xa Inleitdet @bbxe@raeneent hat the standard

ncodes, t he op .pr.otei.n nucl ei c
GRS O Tt (h T SIS B0 Mol ASEEERRLSS speci fied.
encodes, a-nhap: BRGAARA, | Ma% tenihds ednakieABsOBBa® a virus is
nore am no -aci d nutations that attenuate the virus in

lm \pimlm@rw prastiei)n savedy dhagothet vheugr genpbet spad safely
ith the nucl otlde sequence. t.hat nco h ;
3 & e T ot 1T R Hibel, S YRR 1haR B SEBR example,

PERPR A r%ha{dn%rwaﬁa@z@haq@ NEAIC ef:daﬂl‘ﬂl\él r wenkeyBi, Chorses,
conprises a step for expressing chinmeric flavivirus

pabt ke nssheam theinric|dgs asiad spolreblpissdesetPpeirg and the
MWePNe O birds and the like}.

In this'specification, “the virus can be used (safely) as
a vaccine” means that growth of the virus is cbserved at the
site of inocculation 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 cut of the various
strains of Japanese encephalitis virus (for example, ML-17
strain, JaOHO0b66 strain, JaOArS982 strain, JaGAr0l strain,
Nakayama strain, Beijing strain, SAl4 strain, SAl4f14—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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[1] to [3]. 25 [9] A nucleic acid nol ecul e conprising

a nucl eoti de sequence that encodes a Japanese
encephalitis virus having one or nore amno acid

Mt bé dtoide tdhedueatdean udisrddfe haveubeien tletepméned. See, for

RTINS  SHIFA SRSy e e Jid oy Hoshansoade ipRdqfor the
3%A§§9é§]std§%§/ :bﬁzpéi uahied dapdiesy €BeeBlalBeds 1987 for

VI rus encode nucl ei ¢ ‘aci d nolécul e descri bed
the [Nae}kafarﬂa gt reeitrivo Hasth imodmareitn @ lt. he Vdaruise Gengsi d: 305-317,

L e e e

P17 ”@5?— ) NO1 §67 deditiald a3 4f Rtra idf '{a‘?lﬂU@h§4U1Q-\2l BH%ain.
i nto nucleotide sequence(s) that encode(s) the

pre- nehmiewmatnmnenn1thﬂﬂgﬁnqmﬁmaaguﬁnQ@BabfpW@ﬂépnslﬁapanese

nucl ej ¢, aci d nol ecul e i Si cleotide
SRl A SRS AT A e Bt Al e 5R fipdcty
§43Ls i WEE heeh Of g AN d NGB 1RTh 3 Suhdaefk . Ja@é‘@?Sﬁor example,
encephal itis wvirus, which conprises a step for

@apBaski agcdspiorsumbame pHAI 10 Son the JrOPESIS2f ssxain;
GRERgRE Froedtion aient ARG RoRtre bacatoR stibin;
GenBank accession number: L4B961 for the Beijing-1 strain;
GenBank accession number: M55506 for the SAl4 strain; GenBank
accession number: AF315112 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, Verec cells, BHK cells, mosquito-

derived C6/36 cells, mouse- or hamster-derived intracerebral
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flavivirus having attenuating nutation(s) in

portion(s) other than the E protein is provided.
Because the attenuation of the chineric flavivirus of
ESELPY pSErdwimy edtlicerc aggee saachitheed i ke ti.hcﬁacted with
nodi fying the E protein, attenuated |live cci nes for
T3P a8 RNGSRRA Lt Wittt | ABSESAC bENBPBRGH L i B Tus

BE ASTH C&'ée rﬁmfé}ﬁfg] d ehci RNA 1B nWt! Bablect to

reduci ng t I nduction potential. Brie

Disttaptomn mr téseaniprlaey de Etqadas] ashadustedeabove can be
differences in the nucl eoti de sequence 20 of genomc

B sand the am no acid sequence of polyprotein

bet veeq Lhen JAPANGHH SNE RPN IS tid WS rus] éadt b Bonstructed
and JaQ—I0566 strain. Nt reprﬁesents nucl eoti de; AA

fepnr seglelsomm rm\lA atehrdimdad EquEenliyo faownemelkbad (for

SKaFPIRG Hot MR GRSTHES b BRaCar. ”?ghrtéoyﬁ%logy

§g9m@9§h§1@esy§g-§) of a conpari son of am no acids that
have mutated fromthe parent strain (JaOH0566 strain)

(| ndi chléelrlbgltmftw e tggmmic R¥fe quolofifoodi HapRNere

encephalitis vir 7 Sstr e
B Eﬁghmﬁg PhPBFRE| a%erf]tn the oﬁ%)?%} (S:t\gel %sltsléf be
Eﬂémﬂém 65ySthéd Mzed &V 38 Dasity Al M. geltmd @kguence
strain, kayama strain, Beljlng strain, SAl4 strain,

anfospanion- Qns@ammsmmﬁ@@%m% byt @ SeBWenLY known
method.

The genomic RNA or cDNA of Japanese encephalitis virus or
any fragment thereof can be amplified with a genomic RNAR or
cDNA as the template by Polymerase Chain Reaction (abbreviated
as “PCR method”), Reverse Transcriptaée—?olymerase 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, pUC8, pUCY, pCUlB, pUCld9, pHSG298,
pHSG299, pSC101, pGBMS, 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
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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
sanepbaslitid wirude tMek-borste ancephiagute s3vilrows &nnjin virus,

utlin f the nethod of. prepar.ing the full-length .
COREDT BHeom b SRR Ui ddd e SyRaPPers FOTRE viTus,
WBr 24y S¥4 Bl &y ad¥bdFhalbi Sid airdy, o il dRacPeRaRENedver virus,
Figure 4 shows an outline of the nethod of preparing
Pheas sDNAV Dfus heRias il \We il grenveiresh iemeepbaflidisy vigys,

the Long- PCR nethod. Best Mde for Enbodyi, t he
TGO Py TSPty AR TS PO 488 1 1RGc Fancbe
REheli MEECUIRr ¢PRRE F1RYiRueL80kbEei 68048NGES1 | hathy strain
encode the C protein, prM protein and NS protein o

Dapapeseset cephaf thhe wanisysa Mitest stiradng therecdnd

a nucl.gotj de sequence that encaodes the.E praotein of
secondﬁ‘f?ja‘?ﬁmﬂf SRS AR atrrHélopragg. | £edpences tBat encode

LRy et h Lot Iy | $lESvar e e 1GivAGH iduERise @ldl Gegeibed BBove are
a nucl eotide sequence of the 5 wuntransl ated region, '

EPEmMORLY | ERRWhle afedueidde e efogd@anye of shesei Alavivirus

B4 PEEL U, A AR AL P Bl 45" GUHERES ot
rasepbah i tepoMiddis, Sae] the BuampdE| dehe 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, 1988B; Hahn et gl., Virology 162:167-180, 1588);
dengue-3 virus (for example, COsatomi et al., Virus Genes 2:99-
108, 1988); dengue-4 virus (for example, Mackow et al.,
Virology 159:217-228, 1987; 2Zhao 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., Virclogy 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, 1983); Powassan virus

(for example, Kuno et al., Am. J. Trop. Med. Hyg. 65:671-676,
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20 sequence that encodes the E protein of the second
flavivirus. Furthernore, this nucleic acid nolecule
conprises nucleotide nmutations that produce one or

PO0E; amndl aet dalnyt atiimlggaididl:a73ef 84t t @80380 ; nBushian

virus as described below, in the nucleotidi

SRELRFTHINISE HRRCRNIILES) VEFESyTosT xR lengKgpongt al..
Lo OF Vf%%iﬁ?ﬁ“#ﬁ?ﬁSﬂﬁ%gpﬁ@b%gESA HU%iri8€ (for example,
present 1 nventiomalso provides a chiferic flavivirus
BhTtbheoled dy slch ounrdleiof @eindradl ddudodogyn Bilki781-720, 2000);
specifjcati , "a nucleic acid nnlapul%‘

AYOR)| BLEYS o oa | GATE, S A LoNATSHIRRA, 0BCPReTal

T S159F%3 i £867.0M97¢ A Aptalieot | de sequence” neans a
sequé%@g 0 deoxyribdnuclegtide (shown by A, G C and

T) or InfeetiEimre af thdommdlesttidee sesiuemcely oft tite genomes of

and, up] ess ., ot herwi se specified. I.n thi .

Eetots cElAivL FIRRT dia aldr G GEsALGeH E2gm pgblicly

L 868% pUS1 @ngbideqdt S s NS EBP RS SalnBanfke 35eéd £r fbAUSxample,
for a single-stranded nucl eoti de sequence; the |eft _
thel feblewony s Weste W teviimuss (Eor exampde, nGenBanyg accession

bl i £20  SRESFEIE S DB G AR FEOW e,
QERBANk SEcSPSS1 bih etimBdY f MZB0PM9GI IdetRflet?, vAFUBO (for example,
aci ds are shown using 1-
GenBank accession n er: 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_000843);
Cmsk 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); Aroa
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

13




i

10

15 -

20

25

30

| etter abbreviation or 3-letter abbreviation in the

standard denotation system for am no acids unless

othermﬁse specified. In this specification,

poépered) eslid e atsgiidmattiatyigntdbdes the Eopretetihethereof can
(Iom1tOX|c) such that the virus_can be, used safely

as
%ev%%%¢nepﬁbﬁxéﬂpéﬁﬁnﬁﬁ §DSJEBFlﬁécvaﬁé?h%?%%ﬁ“¥?d?°mpr151ng a

TR o WABLAE Ol WP T vATELEs, qeronic

Ridbpi ¢BNA S adpntheicic RNA,t leyntlidte)s DhiAd albidr dbeaddkehean be
like}. 15 In this speC|f|cat|on "the virus can be
%%%El?%%?ely) as a vaccine" neans that growth of the

virus j SLYRA Al dDreidie of AltaeilAbican abikbale

vaCC|ne ut ends Wi 't hout nifesting serious

/sgmprnﬂsngamdnm¢&ﬁotqﬂﬂnéeqnenuantha¢|e$O©dﬁBethedchlmeric

ET reve ts the onset of a .disease c%gsed 2 1

SHLYLERF PErEDOPTATRG (MO AR s ERERERte for Sxample,

SERLLADILF 1SS DA Arddiferitl TR ¥R INHe)aRf BdnYicdeak acid

I nocul'ated wth the vacci ne. Japanese encephalitis

molesulisedomsr bsing st rucbaatiides segjuemagpihatt kacodes a second
ic flavivirus of the present invention is not

ggﬁ?é&frFB F3Ti R%t - as long as the prMprotein

and/ or TS géndhod etk fo thesdiderilavilaviug cas Bk biepared by
present invention finally conprises one or nore am no

bhedsame ameblncsdtafatthaan tfrwafapanese igneepha ldéder viays -

\t/)glr ?\évuéThSﬁff Of El¥ora " Iapvz.%a' ruse c%she%l%%t b%f ctoggtructed
from a genomic RNA by the same technique as that for Japanese
encephalitis wvirus.

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 alsc 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 sequence 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, JaOHO666 strain, JaOArS982 strain,
JaGAr01 strain, Nakayama strain, Beijing strain, SAl4

é{gfhﬁkﬂslﬁlé Adclest1dd nseci\!%&é"ﬂ:ﬂdﬁ%)ncoﬁ&& Jepamese

variouS Japanese encephalitis virus strains have
eaeapnabneus whous hei torp| nuelent ise tSeguenaqdihedt egeodes the

nces_t her eof have e . See, for
8% ﬁE?@,p’éﬂE‘F%s‘ﬁ’F 25 "P&&\&gﬁgy 1: 497510, 1987
for thﬁegﬂé@h@@%ﬁttﬁé ntedhdisiateit alncodds dhegE protein in a
158: 348-360, 1987 for the Nakayama strain; Hashinoto

sucibic ¥ridsnokecsle: GUEIPBLYinG a gurkentidee S8gysnrg that

%%r?alfiﬁs gﬂ%xggggg%gé%$%¥ r‘?[{ Stcéag}?n% Abi]enf or mat | (;%% .

@Bmhbﬁl?eEﬁﬂﬁnsﬁaaﬁﬂbfﬁaﬁf vechmBoghapaitas @xample, the method
encephalitis viruses can al so be obtained from

ptblieipg tbeebenstRCYeHetied Mesesiiet imdiazigaft 21-
PPk E0, ST o026, SORIksapRE s Ay MOSTe

stfain; acceSS|on nunber :
AF069016téQhatheeﬂﬁﬁﬁaOﬂueleﬂmnaCLdEmdknﬂukﬁxiﬂNﬁ(nr RNA)
nunber: L48961 for the Beijing-1 strain;

SOEPE4FARANANBEFLeREERcSSENCRR At TG 5p B‘%ké‘éﬂ&“eric
ﬁ%%%&?ﬂs”iﬁ?b%ﬁe @Fé&é&%f) %Génﬁ@n%éﬁ‘ d¥sd d didpared by

repare el c acl ecul e conprising a
chemical synthe81s 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-LK2 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

Japaneger8pELPIRE 1] SFY e i chineRarRGviaid e Pehe present

- used as the gene backbone for chinmeric 20 flavivirus.

Apvertiphestbe chimenis of bavwkviruminratiadn cafplissiohfadned by

nucl eoti de_se nce tha code S .

BheLERb P LR SRoHio b B R oA BN fint s iga oot

%Btéﬁtiﬁhe%a@dgéxﬁl@ti& kn Esindiel oot ion system for
ternatively, to prepare a nucleic acid nol ecul e 25

tbApPropnysE hechrevided skyukrast HatbeRbdde @aadition of a

' ' f VLT o] he. i-nvent |
PRbEREREe s SPtitbrafe tnd R ST el E e dler eytract
t{he@sbi keFepted BUChEi CeRl+firednd wtidie expiEdsiory &ee, for
nucl eoti de sequence that encodes Japanes

e

ernamphar i PPsPatens Nan ded (BetP030%ather fdndtio AR Natl.

zléBﬁ'E‘eﬁSie”6§Rh§471%B§—$B£,U52 ; _wé’é%reec[d &Y. 2 Proc. Natl.

conmonl’y~known nethod from'cell's {for exanpl e,

RivEdlL K8ciel Usa beLa46Bb+B460Pa 2002, PS cells, BSC 1

cells, HL-CZ cells, LLCM2 cells, Vero cells, BHK,

cel | s, TRBsBUFLBiC oRe1q SROkBFSES MR ISk A micleotide
deyriyed. ] o b ey '

b e e T e ahe present

énvephabht compriass dapacksetbieephadtiors thatugproduces 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 nen-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 5l1st 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 genomc RNA is not subject to
l[imtation; for exanple, the strains as |isted above
can be 5 used. A cDNA of Japanese encephalitis virus

géidberepnshé ushbto 4418 airgaaicedR¥A ateordispgcttdva amino
comonl y, known nethod (for exanple, the nethod
4658 rPPRHLieNSuni yoshi et al., Virology 161: 497 510,

1987) ltlotﬂéep%@#i%&eégtl& ge%sceﬁ:}ﬁagne c:. s” mean

Japanese €nce Is virds or nt t ere
aabnal seide stbheharatd yesmymtdidsir eich drernise dfagphysdicochemical

genone sequence |nfornat|on on Ja nese encep alitis
Qr?aﬁ,rbye%r CORHIN G5 K €lpRrified

?ﬁd&g»%h fﬁ%@%i@fc ebe aiﬁétdfyﬁﬁﬂi AMincPREids Qghe, Trp,

ragnent t Ifred wmth a genomc R

Dyr) cDAlNipsat he amiMaa@ldg/ Mq,mirease Idiwgi ¥VaRdactpiodar amino
abhreviated. as "PCR net

%Féﬁ%cﬁg askepbt y‘?\%?’a%ear@‘%ﬂr? ’%"ac{lfycﬁﬂr i &isdregcidic

?ﬁ%%gr a % megPed" Asp )I—O%ﬁ-% VIS P @ hydedah/i10@roup

reviated as "Long-PCR nethod"), and/or Long-
Regef SEhTT aandrazpimeacﬁ’.‘cﬂsyrtmmu} CahaﬂmalFlea&:tdeowhaln (Gly, Ala,
éabbrﬁw atﬁﬁa\ as "Long- RT- PCR net hod"). Alternatively,
)or cDNA of Japanese encephalitis virus

or anypi&agpEPiy! NenéeObn Grdl & SO A8 +iNafY (¥ the 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 nuclectide sequence that encodes the chimeric
flavivirus of the present invention.

Intreduction 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 Bioc 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, pUCB pUC9 pCUL8, pUCl9, pHS&9B,

?E@E@ge ggoén erlﬁé%?lc‘¥ﬂéJ¥% ! icnede ﬁ%esent

oning vec ophage, cosm phagem
andehbeohl ke 30 can also be used. These clonlng
vectors are commerci al | avail able from for

NI PPONA GEREL €Y , 2¢3D, IR RFYHR: qmesising & el 5 qde" sequence
£%ﬁ ¥#E8§e S§dJ aﬁé@éfg al IM4EN N iGhs RaiNg YneUsr more

apan e encephalitis virus, for exanple
Hhsho Natedvinntist icengied t atisustey fHeow ifrgeriny itihgs prM and/or
Louis 11 ence ha|ItI% V|rus

K
@ﬁcgﬁﬁsﬁm gap besPreRAfdh By 1kt oty %ﬁr&ggg&ng these
@H??EEBEH LS ¥ ?é‘ﬁomﬁé’%@[‘%r Fom@s oV id WaparMéd @hcephalitis

ey encephal F'tis virus, QOrsk henorrhagic fever
viikus, stPatassah ammtaqningstheseunutqpknnﬁnﬂfor example,

TPPHE S8k Rath: KRaoRrS B T it oA iR i3y l)” Mkayama
%E?}%}l" rHe1$PRGI §6raSn WetA14 adr i Aign14v 26 dt58dn and the

the varrous nutant strains thereof. Nucleotide
3egeepcesingdthei atovenenstonat ceumdnty ome mathedEof site-
Eroteln of various flaviviruses as descri bed above

FEECEEABHEBAPYSRh®wn, and furthernore, for many of
these fl dub¥hbYUSafiPeshSsnesd Cofdéphi£] M epihde can be prepared

sequence of the 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 protéin, thus
artificially prepared, by a commonly known method as described
above.

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

8x2aphenabhseny eéorﬁ{.':rlsiﬁ? b1 Yo . okl - 22?2 G idl dittions

dengue-2 virus (for exa Deubel et _al Vi r ol agy
that3gbteryate ggee *chléﬁbvem the RaM anf/qmeNS \ﬂlﬁO&elnr the

SobiFls ERepld80 ) oy MRl 90Xl i 7
MLFUS Sepes$n2i99% JIHBandO8ncepsingliccid wiims (Mamrcine strain

exanpl e, Mackow et al., 20 Vlrolog 159: 217-228, 1987,
Zrroseing| <se¢/;r%%g?xqmlw%%s c{aa aJye| IBRERG QURNAL

?68? gg &dﬂ. ?wf?%lféblesﬂ'

%a%%h? ?I%undatlon
encep I'S VIrus or exanp

fbenM:Lei:ohlLal Wiﬁ@da@gsf d66028K8a AN vehSBit)y (Hadedbdm@saka
encephalitis_virus (for exanple, ndl et a

Unigeegytys 3o6r 199maga0ka ggBYitariht m QIaKA (f or
exanpl g ¢ g?h&tf\tr%f# ' £dom &2? Vii@dnt 6:%1%1&9 o %ﬂapanese

1988) ; yasanur est virus exanpl e, Venugopal
ehcaphalioiisnairo$ feseltinyi fndmggamg&ﬁ.n 234151 @9} the like,

Kuno et al Journal of Virolo 83 1998
RUPEEF19aNPEINENERBHAT | FPES VP 0(%%5’ SR nd ‘that attenuate

@%g§%99595 atne gpMJamﬁ/Pbr I%O;Iraro’@&? n 3y B3, s i8fed by a
k henorr aglc ever Virus or exanple, Lin et
a:bm;novﬂ.lyokngynsmetBQdQOanQO@&gemmm %NA or JiNmdihegteof can

CIE B L 28 PRS00 STMSHES & e prosent

ReNR#2aBnYi rus

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,
may be inserted to a cloning vector as described above after
being fragmented as required. For exémple, 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
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
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 6f 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

eimdpealict deteriisaptothaxampigceuaonett palizidy Lamtaibody,
of Virology 72:73-83, 1998); Apoi virus (for exa
ginacsilatéeng et {houphaTean CCEARY hYL kS of gyhe prefent invention

3 3E80e 000 8 droggy b BSascElof aEP4 G afPilaf against
ltuieorsramionan fdavtilvd rogc spetiide aeqdemseﬁhefEtpEogehmnes
of various flaviviryses '

%3 al so be ogtalned fé&ﬂ% .
publ i c/Bp pg@a@§§.sﬁélg&ﬁe aviBiEes iBERCELOWEnBk. Vaceine of
%ﬁ% dr¥se {aqaggntae tESnfBE|9H6881%E@§ttB“'Pof'ékﬁmple,

er: ML2294; "NC

exanpl e nBank accession nu
Gﬁﬁﬁ&ﬂp sthehg @e- huwanss agHonopxhupae, mammaBankfor example,

accessi on_nunber dengue-2 vir

Vs PeEAank CHELdSe] SRORRNDEF IRy 09695, nats, rabbits,
Q%]tds”}mc%e%%et%ewlam& ),(faaa 8xagpl e, GenBank

accessi on nunber dengue-4 virus 15 (for
exanpl@heGeﬂBanhea©¢e$heopraaabér1nweﬁ§3gm cye| bevproduced in

ettt (5 L Lo cexanpl e, ConBank access Q0 IUIPEL, e

Q%ﬁHHﬂd% o@e&ﬁénbre%%ﬁ%s§h9€nEHEHe&anN@§ﬁéﬂlse, in addition to
ti ck-borne encephalitis virus (for exanple, GenBank

adeestiigenigntidavivizags ofNEheOpegapnt Kinyention, var us
&ﬁPﬁmﬁéﬁﬁﬁhcal ypg%%%p a %Slgabl 9982 (§Y27é§96p1e, sucrose,
lactose, glucose, gelatin, gelatin hydrolysates, sodium L-
glutamate, serum albumin and the like), socthing 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 aquecus solution containing 10% 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:
AbapE266ngNe_RA6943) 1de Qududrermrithagiemdosiess ther whimeric

g or exanpl e, GenBank acceSS|on 25 nunber: AY193805;

Yavgpdpus xeEothae MR VeIBoRTs REF AT D (ﬂﬁcﬁﬂ be used as

n . AF310922; AF310920;
%nggggﬁ?G%%%ﬁsg?éfﬁﬁ%g%%%% 2 Xokose Vi rus (for
exanpleonffrmﬂhnknacﬁegméc&ffiu&ﬁy anBisREy dfCthe chimeric
005039) ; o] V|ru for GenB; nk accessi on
NiFBEr COnpEERgHad mg B SRk By ’iﬁﬂtﬂier evaluating
B¥37R! ﬁeu%{l%’a‘i}&l Ceﬁf@é‘tf‘ﬂﬂ?rfrdﬁg y@ﬂﬁp’ﬂeral—r&o the central

prepare a nucleic acid nol ecul € conprising a
necieusi dgstenquénrain haeremcotess ivenets nerinfedtripn-girevent ing

resent |nvent| ucleic acid nol ecul.e
EoRBFES: REeash RcP bR b qub Hr il difAdking antibody
é%@ﬁ@t‘ibﬁVhMarHﬁe' BilS Df endiresh s anfbA &Rk ! hdilce, monkeys
encodes the E protein thereof can be used. As

erdnphesloket heynactemmonky dkmpwre qutthed il iaalgiation in the
nUﬁIeotlde sequence that encodes a second fl avivirus,
&homic RNA, cDNA, synthetic RNA, synthetic DNA and

the |ikgeCBReBEnE TRVEAPIGH. i HeFrdthd fedy ,ddsfillRpBriey more
a nucleic acid nol ecule conprising a nucleotide

detadhcbyt mgananefdebet fiel kowirg j Bxamples, 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 seguence of polyprotein were compared between the ML-17
strain and its parent strain, i.e., the wild-type virulent
Japanese encephalitis virus JaCH0566 strain.

The nuclectide 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., Virolegy 161:497-510, 1987. For
both strains, the cDNAs were constructed using the PCR primers
shown in Table 1A, and the nucleotide‘seqﬁences of the cDNAs

constructed were determined using the primers for sequencing
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flavivirus of the present

exanpl e,

i nvention, any fragnment (for

PCR-anplified DNA fragnent and the |ike) of

a nucleic acid to nolecule conprising a nucleotide
§REWENER ThBleelBodgurahsemored, thavieminosacad bequence of the

used. The

$PLraatL

genom ¢ RNA of a second fl avivir
EPékYEF‘éHEES) of hehe M- hbtHoR R (3BR b qu}ééa

Y/ f
(hhge e ey R oo e ant Ligodea ssann (sso 1o

%%e amino

Neehhni qeeeadetihetd f from apee esecl eviciafrh ddquenogs v, the

Al ternatively

5 PeEPEGEive EWlAn

chemcally

a. genom ¢ RNA or of a second
nire‘F‘F%n%‘?ﬂmﬂfér%@@%lA'an al so be

synt hesi zed on the basis of commonly known
genone sequence 20 information on the virus used as
t(fabdecdnd fl avi virus, by

a comonly known net hod.

The nonlc Rl IaV|V|rus or any

fTPEa ils ?HE?'B\@?&%S b‘é“é?r%l F‘?‘i‘?\g’d BiCR net hod.

RT- PCR et hbGor tesseikGhgret hod and/or Long RT PCR

1Etﬁ§ﬁb Mt hl anzlgenedec RNA or cDNA as th npl at e,

gﬁriéﬁanese po€EEMadi t[s Vi rus. NMCQQPE&FPvéﬁﬁueﬁce

enom ¢ RNA pr QNA second flavivirus or an

J;agrmnt +hg e%ﬁ g_?ggmg T T G a y
appvopLiare vecIpiras |ist %Gégg? (E% g%%@dACTTCTTGGCTTAGTA
Japanese

JEV 5851-2817-R GCAAAGAGAATGCTTTTTCCCCATGCTTTCCAGCC
2851-2817R (SEQ ID NO:6)

JEV 2707-2741~F TCCTGCTCAAAGAGAATGCAGTGGACCTCAGTGTG
2707-2741F (SEQ ID NO:7)

JEV GTCATGAAGATGGCTGCTGCCTCCCCTAATTCCAC
5554-5520R |°00473920°R | (gRo 1D NO:8)

JEV 5414-5449-F ACTGATGTCACCGARCAGAGTGCCCAARCTACAACCT
5414-5449F (SEQ ID NO:9)

JEV 8257-8223-R TTTTCTATAACCTTGGGCATGTAAGGGCAGAGAAC
B257-8223R (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)

10 (Table 1B)

Primers for

Japanese encephalitis virus (JEV)} sequencing

Corresponding
iiﬂ;“gf ggggiﬁijisl Nucleotide sequence
the genome®
7V 1208 |1-20-F RGARGTITAICTOTGTGAAC
I e i e
I e oo
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30 encephalitis virus. A nucleic acid nolecule (DNA or
RNA) conprising a nucleotide sequence that encodes
e chimeric flavivirus of the present jinvention i.s
pfpar ed by [HapaG+RG nufCBERAGARCT GThat
Shtbitebl 33 I% protéin in al {f8RD AR NP )Inpl ecul e 14
COERr i sing a 1{#&'-3%&,:8@% S e JUESRGETAAFOIAGENGESK- T apanese
EISSPHES T4F S ' N(SE@AD dt <lEhuence t hat
Bg@des t he e9nve| op erot el Trefcrr SIETA ARV | T us.
Repd acpseny |01 441e Xedgifon | hato ensagesig)he E protein
ﬁ S—mochHerc—acid 1ol eu%ﬂ@ﬁ&wnr dtt @M eotl de
%ﬁﬁ 232eﬁﬁ-(i’@dés~FJapaf§i§§ ENGERP: ! tis virus can
nar nr |n\l & ocaoanmonl 1 A A
noI 0 fzyzmngl-@ t 1%5 [ ,r% q’@#we& t he
thod descri bed B 1 Qs CQI \irology
_@W4_17 426, | 20015 Ft TGARGARGRCOGRGGGAAGA el y, a
h2iéd @27 658 d| nol ecul € CFERN) N@odbrising a
JEV eoti de s e WBUTECCECAGAFAGRIGACGAC
1By vR166F oﬁjjtqﬁlg%g'r es?nt (SEQtIDMEAL)al so be
pFepar ed by | chem cal - synt [EBC¢CTERANFGETIGATCATE
e85 34 £3 ek eptT HE Bfuénce | (shat18needes) the chinmeric
rvrTus thre—presemnt AYERTE GAPTEFrCdK: pbasis
D n q’.iﬁa?ﬁre‘iﬂfr#-&f ma e
%@;Sﬁ’?@, v us—aRd %%GG@E@%?;&
L ||u|||.|q Vllu CATTU u. L. ) CTTG
4111-4130F |211174130-F 1\ apo 1D NO:25)
JEV CCTACGTGGTGTCAGGAARA
4339-435gF |2339-4358-F | 50 1p NO:26)
JEV TTTTCCACACACTATGGCAC
1741-4760F |474174760-F 1\ epo 1D NO:27)
JEV GACCGTCAGGAGGAACCAGT
5112-5131F |211273131-F (SEQ ID NO:28)
JEV AAGGTGGAATTAGGGGAGS
5517-5535F |22/ 72935°F  |'eps 1D NO:29)
JEV AAGAGGGAGAAGGCAGAGT
5914-5932F |>21473932-F (SEQ ID NO:30)
JEV ATGCCATACTGGAGGACAAC
6319-6338F |°31276338-F | epo 1D wO:31)
JEV GARAGGGTATAGGGAAGATG
6685-6704F |°68576704=F | aps 1p NO:32)
JEV CACCACATCGCTAGCCTCAA
7106-7125F | 10677125-F | apn Ip NO:33)
JEV GGTATTGGTGACGGCGEGCTA
7508-7527F | °08=7927"F | gpg 1D NO:34)
JEV TGTGCGCGTGGAGCGATGGAG
7920-7939F | 220-7333-F (SEQ ID NO:35)
JEV CTAGTGCGTCTCCCCCTGTC
8292-8311F |02%2-8311-F (SEQ ID NO:36)
JEV CTGACACCACCCCTTTTGGA
8713-8732F |0 1378732°F | spo 1D NO:37)
JEV GCTTTGGGGTTCCTGAATG
9144-9162F | 144-9162-F | cpn 1D NO:38)
JEV : AGAAGATCAAAGGGGGAGT
9470-9488F |-+ 1079488-F (SEQ ID NO:39)
JEV CCGTGCAGAGGACAGGATGA
89870-9889F 9870-9889-F (SEQ ID NO:40)
JEV 10281-[10281-10298-F |TATGCGGCGATAARCCAG
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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.-pr onpter

sbQeRPEe for

invitro 20 t

APEQrIB¥®A})s i ntroduced

108689k el i ©

SV EpB62L €

m nus of The

10ehd 4 Qe 4t

SUI T UTU

X Wples of

1306 hr3a65R o

ono

o—RNA—by—an—Ri
{ ¥15+4386-Rluced
[t he chinmeric

[BPecABeccEReeAd@C encodes

%g?gpfﬁﬁﬁyt42ynventlon is

poTTai Ty

PHog hezgy ot e

onot er SP6

C‘é%ﬁ%%%@%@%@“qw 7 RA

8BV i ke can

1&g¢' ned.
,ﬁ7ﬁif5%3$RaV|V|rus:%?qﬁhe

2&@5 224 nromnter _and
mccer\mmcmm t he
(PE@SERtNOMEntion is

=t = ey ot

esDgo ogyRi [P

gtvoduced by,

?}é-"iil%’d”-';%c

K nDWOTDEANET TTCTCOTERTT on

h| asEfr apsi@cd s on, 30

PUEGT10pPE AT OF " T CT O TAGATESPGTETTOr ECETGRCC
34pbabke for 1Qﬁ1ﬁ1§@9%§¢ﬁe§§tep;éfﬁga@1ppple C6/ 36

Cer TS, —Vvero—Cerrs, Dprik— Cer IS, VIVC~TCRZ C¢tl } s Heta
cells, N2a cells, PS cells and the 1like), and the

Qh'¥EE' §E5F¥E¥i5u§oPFQE8 riﬁ g%eﬁiéfgééht§r5*¥%verse primer.

cell's. ternative c flavivirus
of theABraseasultnuﬁnaloumpahﬁscM|a®rthefmuudeotlda sequences

E&g&g#ﬂg%%g@ggtggﬁigg?gﬁg%ﬁa %Ill 55 sho&guﬁ% élgure 1, that

5 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
10 the polyprotein.
Furthermore, the above-described aminc 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 étrain, JaGAr(0l strain, Nakayama
15 strain, Beijing strain, and SAl4 strain, which are other wild-
type virulent Japanese encephalitis viruses, and the S5Al4-14-2
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
20 this Example:
Amino acid sequence of the polyprotein of the JaOArS982 strain
M18370);
polyprotein of the JaGAr0l strain

AF(069076) ;

{GenBank accession number:
Amino acid sequence of the
(GenBank accession number:

25 Amino acid sequence of the polyprotein of the Beijing-1l 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, enzyne and the like

t(GetiBEhkhasbgesabr Aumbextf abd896¢h) SO referred to as
cell-free systenrexpressron see, for

Badan: aRAd SSAUENT8 00T NRbR PRlvEIote R af@ﬁt Salfszain
4n t al Proc.
Geroiif ALcRSS O mfl06 MEOOH0S) 002y The

nmﬁheiacadidequbncalefcbh@rpslygmatemmlqﬁﬁth&eSA14—14—2 strain

sequence that encodes the chi flavivirus of the
5F§§§ﬁf1k PREEAELBR BUWBPFsAF gf%ﬁ?)emi de nutati on

t hat p%BQUEEé Qﬂ@nBracE'H@e?E%ﬂ@ea&fdtK@tﬁé'ﬁFoﬂél@{ of the

attenuate the virus In the nucl eot i de 'sequence t hat
HakagamatBErpnhmpthéeamlandaOIdh&hqmﬂmmauaf(ﬂhe\nﬂglon

from Japanese epcephalitis virus in this nucleic acid
RGPBEREY FREENS: PORRRENSSR VoS <ot 41 1éR (HES tfe, Jere and/ox

%&hﬁosﬁgﬂanﬁ§§t19& EgﬁuéﬂgéViﬁﬂ@%mé%iéﬁtdﬁéﬁriﬁéa‘ﬁﬂ“ﬂenBank

non-structural 20 proteins of the Japanese
encepbabntnsmberusAFaIﬁ£SESZMsAdalﬂt ébee'VirQiQQXMﬁﬂﬁs(Z) 348-

497-510 987) rence,
%He &ﬁpﬂoa grggﬁuié%?0n§n$hﬁ%eét%% H%}% Rﬁ%Us ar e
the fohkowhBgnamhneigakd subssihutéons: Stistddmd®iton of the
of the 1st nethionine of the prM protein by

agdneueicid, segbeniceat pénte polypreotabns, ot mf fight
the B Maroteln, (28L0,95 MPLRLeiMen, 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 aminoc acid
substitutions between the ML-17 strain and the JaCH0566 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 1lst and
148th amino acids of the prM protein (56th of M protein); the
4th amino acid of the NS52A protein; the 51st, 52nd, and 68th
aminc acids of the NS4B protein; and the 126th and 854th amino

acids cf the NS5 prctein, 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 i et iconfafmt bre58fiflevtsi 0f ahinbeaciNbAB @ tiarish intrinsic
by isol eucine; substitutjon of the 68th_fhreonine 30 .
&e the Mezspebrein 89 § ?iﬁE‘,t'e%%Ef‘?? Rt ooV iiRE, according
}eblhe |s§.“&%LH§r@EtEHemN§§%9ﬁ8§§§ Nm&Yh&@t ke OTE A the Long-PCR
and/or substitution of the 854th serine of theghSS '
medheidy besasphedgineMoaitar etit akel yWirgkogy 287:417-426, 2001,
abqve- descri bed 1 N0 aci substitutions_can al so be ‘o
SFGr 708 GenBgotohbe: LLATETER RbrUheth TR (L ephalitis
AR JeoRs sionbr aduged ak the pasRBEhéyeM@NIiNOst@fin, which is
positions. In this specification, "conservative am no
acimgs’omirgmantadapenasedencephpditis vhrhs oireerrperating a

t f. physi hem 5 ties:.

st s s e aRrnbhaL: REoBRaBs prBSt ifHEIm (Er she 15t

e onSHeh oFS tAE0 pRMI gilaﬂiemﬁ Boi dsof{ Bh€indTr psubdtyifution of G
a

al i phatic am no acids , Leu, Ile, Vval), polar . )
& do atagiogd tdann 4 7Rs ¥, thastenamehe aeﬁdbésrf%ssjtmlgqf which is

e o Ry Pobrsap 6Pt E1R) yi By it ratins
hald e ta deehiltatiide- eRatnpeGtivcedl substetutidn , ofethe 148th
Preferably, the chinmeric flavivirus 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 (JaORrS982 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 Japanése 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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i nvention conprises at |east substitution of the 1st

of the prM protein by isol euci ne and/ or
substitution of the is 148th asparagi ne of the prM

Jepaeese( 86ckpbalMtpsoviing dsne tkNZRonThds BYR whast Aptroduced

met hi oni ne

above-descr
B69ergsgnt

The

FeteBiPnicBirt SRIES] ot O, Shekomspasden method

bRdaRKeSteP1EOkePECRAl Ltifed TWE| Bidayy) hffHeGHih the

conpri si ng

a nucl eoti de sequence that encodes the

ekicppbilpantoviragi VMeub4 ostrabn premergingvightligh culture

PPRERAREReCuR5 L FaPP

ggg-described am no acid
ormed using,

for exanple, the

giprepdirbeebRdof NUhagepess sseeahed utilizing the

Long- PCR net hod, described in

Mrita et al., Virol ogy

287: 41Fon26he 2881150t Beimppthe nee PTG RATHIORI BUK 1fh recovered
thod. h k |
TEERSi 8 o tnk nEUPcErs (LRGN, SLCHOF SRAME cifPlete

ravembabbatf topus§ wasepasphred Takii@ HrindnCl )imstbddheof primer

like to

acid np

P

a cDNA cloned to S
£hegBdnbramesng taateadi afrBELBRE 30 the

fIaviv%PE%h

ecu

plasm d._Alternatively,

30 chineric

Emgpg pfg§e95n£P¥fntéqﬂu@¥tf§ﬂlfkékr%%%&%(%as

e conprising a nucl eot'i de sequence t hat

arcudesdausiapapesireentephatesd sof i primdm\Va ngarahemimer 10
nore am nQ acid mutations that attenuate the virus in
RStEAM 2HIPEIMRES Brotein

mol eculfeCRIPMESL"Es8dNYf! RIS U8kample are shown in Table 2.

to prepare a nucleic acid

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

| 17 promoter— |PPALTTAATACGACTCACTATAAGAAGTTTATCTGT

primer 1 |3B=2 GTGAACTTCTTGGCTTAGTATCGTTG
(SEQ ID NO:48)

. AAGCCGGAGCGACCARCAGCAGGAGGATGGTARATA
primer 9 |372-327-R CCACGCGTTG (SEQ ID NO:56)
primer 10 |927-972-3 CAACGCGTGGTATTTACCATCCTCCTGCTGTTGGTC

GCTCCGGCTT (SEQ ID NO:57)

. GCTCCAATCTAGTGACAGATCTGACTCCGCACACGC
primer 4 2670-2626-R  |topoorrr (SEQ ID NO:51)

. CACARGARARGAGATGAGATGTGGAAGTGGCATCTT
primer 5 2501-2547-5  l0GrGCACAACG (SEQ ID NO:52)
primer 6 |10976-10937-R ?gggcﬁgggGggcﬁgfggfACCACCAGCTACATACT

. 439-484/5-5  |CGCAAGCTTGGCAGTTGTCATAGCTTACGCAGGAGC
primer 3 | 1J9g—a) AATAAAGTTG (SEQ ID NO:50)

. 471-515~R CGTCATCAARAGCTTCCCCTGGARATTCGACAACTT
PIimer 2 | 479G-A) TATTGCTCC (SEQ ID NO:49)

. 882-926-5 TTCCTGGCGGCGACACTTGGCTGGATGCTTGGCAGT
primer 8 | o19a ) ACCAACGGT (SEQ ID NO:55)

. 500-944-R GGTAAATACCACGCGTTGACCGTTGGTACTGCCAAC
primer 7 | 519a4c) CATCCAGCC (SEQ ID NO:54) |

In the table above, S represents a sense sequence; R
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17 sequence that encodes the chineric flavivirus of
the present invention. A nucleic acid nolecule
conprising a nucl eoti de sequence that encodes a
tapasesntengepbmpl émenvarysséquenge ondher undeelinanirepresents
acld nmnutations that attenuate the virus_in the prM
508/ 87 PROMBEBEcPATREACHE Phe el st Fing aWperRFesentS a
Egkﬁg§ggbggmhggﬁfonnutations to a genom ¢ RNA or cDNA
of "a~Japanese encéphalitis virus strain not
contai ning these nutations (for exanple, JaOH0566
strain, JaOArS982 strain, JaGArd strain, Nakayama i0
é@ﬁé@ﬁ}eBéﬂjing strain, SA14 strain, SAl4-14-2 strain
Lkke), [ ' FeYolygytofel} :

Lt b 1BE; 18, ooy O LS os, G bbinant
JapankiseashcéphahttsbseviepbalS+14 stramn cand MS-15 strain in
prepared by expressing a virus protein fromthe

&f¢18¢i d nol ecule i s conprising a nucl eotide
sequengfet BabweRGOPEE At 12P8NEBLhEN iddrdt \Jdpknese
havi ng one”or nofe am no acid nutations that
aricephatle tike virnasMBalé hetpain aamd MSNE prioraim prepared in

rtificiall, ared, b k t hod .
1863 Lo BUE 200k, WERPCETT MRS RatoREEAG, the wild-
%@Q@n%&%uﬁ@ﬁ%phﬁbbhb%eVbhééphéﬂiﬁﬂétﬁ@f@sC&SéEESEBZ strain was

déscri bed above, and culturing the cells,
used.

Each 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 sﬁpernatants were collected and checked
for the emergence of virus. The virus Contents in the culture
supernatants at each time were measured by the plague 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
neurctoxicity of each strain was evaluated by the
intraperitoneal inoculation method in normal mature mice. For
virulent contrecl, 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° plagque 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. Further
Japanese encephalitis vi

candi date f

dphdias i<

in

s&

progss

nor e,
rus

edI

Theq Regpatiieac

thi s reconbi nant
25 is an attenuated
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ve vacc

egggd.

GURNILY R ann4ckegki deeS8HBGACEN ThBleeBcOdes a

Japanese encephalitis vi
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havi ng one or
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ami no acid nutations that attenuate the virus in the

p@g%ﬁgsl r

a genom c RNA

encephalltls virus mutant strain natively

or cDNA from a

cid nmit :ﬂ'n ons-

NS protein can al so be prepared by

Japanese
conpri sing

\S avarml ac r\'F

hHixupanbseienﬁephalit|%eatux% mut ant

18 st r]gipsm (Ffu)

ﬁ%bﬁ%%%sconpr"

et

nore amno a

C1 d nutaglggiol

peeRphal itis vir &ﬂgfﬁ
or exanpl e, YoS b

981), and is aval able

S for

JOUR
rﬂ% The Resear

attenuate t in the prMandfor NS protelrb6
Japanese 9nV§§%hP¢t$Er%4ﬂlm M-17 strain
dsaommseez The Wild7t§pea|n |s a Japanpse 1.6x10

sw ne (see, .
NAL  24:417-B,0
ch Foundati on

LY PatEspkdo’

0- shi
3.2x10%

fiMS-W5cr obi al  DijBeasmisinintOsakzanini ver s
aka Universi 2748 (¥nadaoka, Suit
MS~14 rev' Wild type (revertant)

*: 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
JaOArS5982 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. 7

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 wvaccine.
Furthermore, because MS8-14 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




10

15

20

25

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
mut at i @as pirephrat MERUIAYEN (Pegehels wiidhei praV cinidderic
NS protein nmay be sel ected bg a comonly known .
FENGY 1 THAd vAegeRBnt BeRIRAPEPT e BNACE nehR of2R2RPS S RFGRNa11t LS

t r et ' I £of { Vi f
¥3%e, JeBLIRE Br T SPETER To FEEMEEY Y O BRTREn of West
orileDMAYusGoapeDNANgfaMhdtT¢WNi (B genekprnea®s tdestructed in
encodes a Japanese enCﬁg aliitis virus havi

RGOTERNRE WA FheaProRedt At PreaPREMIALR T9ROPP ANt Japanese
Féa%egm{'&ar&qfsoRriygspﬁe&mingheﬁe PL.ERGLBER P RBY, Mescribed in

inserted to a cloning vectof as descri bed above after

Meirmig af eagednt e¥iasloggulBaddlFod2exabd@le, utilizing

such a_ reconbinant ,vector, the chjmeric flavivirus_of
& Epchh

the pré&SeffowPndBnfigH Ea b FedeRarNy Qhf Japanese
el QR Y% vERQ8t LYGR! eace&néhs%faiﬁegmﬁ-i’g WLYALHP as the

the present 25 invention can be confirned by,
doemmllade, avging ag seiecfepeimérobit and chrimer c2hiand a set of

0
(rifepmsaAnRli® viR@sPeehkORrUbRERLENEoFHE 3bbRAL NG St Heee

i ntroduced, the joint of thé two viruses and the

|ddepectdve B0 ioexf sersndfragmenhs $Bgaedcdrhuveresprepared.

wth the Jntended $SIYSNSerNA 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.
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_ invention also provides an attenuated live
vacci ne conprising the chineric flavivirus of the

of t he

invention (hereinafter also referred to as
present

i nvention). Because the E

pr-otetr—of
hat i nduyce
h&ag
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hgai NSt th

=D L C) U)

USRS

| Pgsllﬁ +PRe

‘f?ce%?ﬂh}iiﬂ?n
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the presgiitlesyedé i sequasce’
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Broduction of an anti body
FE0 HETNEY | Vi

rus species used as the E

brotein. 5
peimMaecbne
nocul at ed

_%glyaﬂ

L

presen
xanpl e

(REAGAAGI RO TR JITICERCTERST GARCGTGCAC
fG&MGM@WG@@ATTGACATCACAAGAAAA

nd non- humj

ﬁiih r ?

VVVVVVV H
T CQCIII v

an nannuls (Tor

£W2%ﬁﬁk%|rds

13ogs

GR@N{SBY I W 629 hunans
EXANMPI TS T T EN T ANTEHCEREATCCAGTGIC
AGEEfﬁcﬁdﬁﬁwdﬁbGGHGNG%AN@MG@AGAACTCc
L0 (1448 Vs Hd\&s19f

P8 PRESI R
pf _the pres
he chineri
NEEERLETLCETY
ucrose, 15

.,IILI UII \JClII IJC

i AVE 1 s Of
?g+y acceptam

P
ME¢mmeze ered

QIuco

TETTC cegTdAddAc%AGCTACATACT
1). tion to

'GCTCCGGCTTACAG

T s e

T GAAG TGRS TIGGAATSAGRAACAGAGACTTC
SEQIRNG:6Qel at i n

\ydr ol ysat e§
peimekela
he |ike) ap

~+ =+ =——rn == o~ o (N =

g/

4

et

I|ke |n

gl |ECARGAAGREICTO TGS TOAT TACRAGGCAGTTGA
AR TGEARGTIGEAGIAAITRSCRETCAGGAGGAT
C OSEXD N DI § 58)

primer 1A

T7 promoter
JE1-40 N

AAARTTTAATACGACTCACTATAAGAAGTTTATCTGT
GTGAACTTCTTGGCTTAGTATCGTTG (SEQ ID
NO: 58)

* 1

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 v

represents a complementary sequence.

irus.

the T7 promoter sequence.

(Example 6)

S or N represents a sense seguence;

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 pharmaceutically acceptable carrier.

As exanples of the carrier, liquid carriers such as

ggter,lsa ine (including physiological saline), and
Sol’dit i ons (for exanpl e, phosphate buffer

qehHiuaR)Y onCaR PRe"BRLNPA§ Upoend el Vee aimhel Pfwl N&E gene)

_present invention iS représentatively prescribed as a

shéamerd cadhevdayisvbuti on containing 102 to 106 PFU of

the chiperic.flayivitus_of _the present inveption, per

dose ofi 6, FRiBeTLE HEasastdrvae RO ol A 11 gend) as
exRERhed inuBgHhpNeows! WI 1t madefERldne) and the ML-17 strain
intramuscularly and the like. 30 Alternatively,
wesgugaovondnf CaYR6i catbs and RAbwells, ianddiheiinferted

nucosa, the _vaccine qf the present jnvention b
GiHeiEe: BTOUhS: APFS OFSPPARSHSARI SEARSRAh g 1§ hEor Doth
g9perdoff kallk, r s BRGTEECHENhOGEHurdUbEdHE MNRiplemented with
nucl eic acid_nolecule (RNA or DNA) 20 conprising a

ROB-essras isdgamhbe eAaEseeddesednevErh nkgtal bovine serum
fa'aﬁgd‘”aft“% %nfzgﬁt%ﬁgﬁ‘t ak ”¥8§6ii’é‘d Dfs ©5 16%) al g ebe
used as ati1on.

a nuclelrc acl vacCcCl he prepa

Gofleictimtiitgn t@tekrBec€f theaeylbade siotetlys ofn tdtee growth
chineric
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 2.1x10’
ML-17 2.0x107
BHK ML-17/WN E gene 5.3x10°
ML~17 4.0x10°

(Example B)
(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 JaQH0566 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

'e&%é%h‘é@ﬂ%&S) vikkeghtoin@renent i sgraed f ediclprissenceattenuated
sence of virem a, neutralizing antibody

Fiteadsri warandsedle like in aninals (for exanple, mice,

monkeyschior aad higs! Lke) Dyefs CORTDR! Wi know B girkdT10" to

eval uation : present invention Is

her ebhadieh Eoes |Hq,ed1r'htnrmmebm dirlodwy] atdams ahd kbserved

foll ow ng Exanpl e whi ch, however re_fo

iflaryer eivee %Spo§é§ Gﬁﬂ-?uéﬁﬁe‘ﬁe@%r%ﬁ rﬁ?a‘iTP@J%‘E‘Hbé“ethOd

of theqabiel BVERLLGNCnEXARR] 8% ueBXAVANCE (B) gene) obtained from

(Determnation of attenuating nutation S|tes of

Iaparsperimeaephati+ls/Wir (B geaoD)i ma&Msxﬁhxﬁmcantﬂyz@ttenuated

To determ ne the attenuating nutatio tes of th ,
Fepeced ERcEBRaPABP LYV GO oA CIRRRE S, S ChT Ly, Particularly,

b S/ BUREEORLAC,SeBYERERyOkifilldr | OO UCHONNE ML-17
nd t am no acid sequente of polyprotein were
Gﬁmmamedwhdbhees shdapbnéZe shrephabhtistvipas emaccine strain.
strain, i.e., the wild-type virulent 25 Japanese
encephalitis vi rus JaOH0566 strain. The nucl eotide

SEefenee 18, fdd Ivil-angtl 9eneEne)CBNACSHBL/B6 mice

Virus strain LDsp (££u)
JaCH0566 6.0x10*
NY99-35262-11 5.0x10°
ML-17 >1.0x107
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 blocd
(antibody negative) by the transmembrane method. By evaluating
the PFU (Plagque-Forming Unit) and the incidence rate in
suckling mice, the infection rate was calculated.

After the mosquitoces 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) (SEQID NG 1) and the nucleotide sequence
cllafimsl - | engt h genom ¢ cDNA of the JaOHO566 30 strain
(SEQ ID NGO 3) were determ ned according to the nethod
di scl osed in Sum yoshi et al., Virology 161:497-510,

1984 nfiRleiROLbBigt MBhBSu1ENEoRPNASi NET BuEDESt A t fsliuences that
using the PCR primers shown in Table 1A, and the

encioget ithe sepsddcprobeinheproNrenbrangt preteln vind non-

d ' i ng.th i f '
R A n bRl Rtk phoPaPRb RS cAPREPHEL Gt L Tine” Y =
e 1R akgiulnet thetMendddssrehe &SRO PdimnsE a

the amino acid sequence of the polyprotein of the
FEOPS6d lavidailmussEQ | D NO 4) were deduced fromthe

| eqti f_th ' =
G ChmeteIeEied srionshRabethatienthas €k pre-
mEEAr BRER PR MRS andgbireapandt ictdiga® pfoteth eof | Jepanese
Nucl eoti de sequence priner position on the genone*

Fozephad tis3 FiruaGaampT AT CFETOre A rdy TreEatikens that
produce one or more amino acid mutations that attenuate the

virus.

2. The nucleic acid molecule of claim 1, wherein the Japanese

encephalitis virus is the ML-17 strain.

3. The nucleic acid molecule of claim 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 Aroca virus.

4. An attenuated chimeric flavivirus encoded by the nucleic

acid molecule of any one of claims 1 to 3.

5. BAn attenuated live vaccine comprising the attenuated

chimeric flavivirus of claim 4.

6. A method of preparing the nucleic acid meolecule of claim 1,
which comprises the following steps:

a step for replacing a nucleotide sequence that encodes the
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(SEQ ID NO 5) JEV 2851-2817-R
GCAAAGAGAATGCTTTTTCCCCATGCTTTCCAGCC  2851- 2817R (SEQ
ID NO 6) JEV 2707-2741-F
BOVECOICAMAGAGANT GCAGGERETT CAGT TG 1 876e 27ckif {SHRY a

R Rk beBREie Bk eosdoecipansen, st iits viros

'Kg_}_:ﬁ’pt%_r)a %E\fléﬁ%idédféggﬁence that enco%% 14tl}544 grf:vezJSOéanroteln

of NDe9sedbudg2save228ulk; and .
?;[Ts- dﬁ%@%lé%ég%sn cleo 19A G ta81:21507n38 2t 3R Sr%%uce one or

SAPRARRTRE T REAAGHEEAE S AR A hudid S S3frdsBRto the
ID NO 11) JEV 10976- 10976- 10943- R

RGATeCTEHET S eTNEaTEASCATTACERGATA( s ) Ot Ru(é}mmﬂane protein
Tabl 1B) . P se ence
et 5ol SRRk TECERFo 95 BRASSE TSI virus,

nucl eoti de Nucl eoti de sequence primer posi t| on on the

enonme* JEV 1-20F 1-20-F AGAAGITTATCTGIGIGAAC
. A method of preparing the nucleic acid molecule of claim 1,

which comprises the following step:

a step for replacing a nucleotide sequence that encodes the
envelop protein in a nucleic acid molecule comprising a
nucleotide sequence that encodes a Japanese encephalitis virus
having cne or mcre amino acid mutations that attenuate the
virus in the pre-membrane protein and/or non-structural protein
with the nucleotide sequence that encodes the énvelop 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 of any one of claims 1
to 3. -

9. A nucleic acid molecule comprising a nuclectide 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 of claim 9.

11. An attenuated Japanese encephalitis virus encoded by the

nucleic acid molecule of claim 9.
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(SEQ I'D NO 13) JEV 421- 440- F AAGGCTCAATCATGTGGCTC
421-440F (SEQ I D NO 14) JEV 821-840-F
GAAAGCCACACGGTATCTCA 821-840F (SEQ I D NO 15) 22 JEV

- GEGAGAE@IEEACEEHﬁEﬁﬁar1ﬂ§4tn&QﬂﬁCMAﬂd-ddiﬁ%ﬁbxéﬁﬁ}a[bf claim 9,

) JEV 1559-157 GGACTGAA GCC:.[I’

%%é@%ﬁ%‘?rf-éﬁé FDSRﬁplg T )t ‘écﬁ‘?a%ln eotide mutations
E@I%E@ﬁé@' M%ﬁ%o%@%ﬁ&@ 1§c£:§591ﬂa& Dkl 8ehaltE\éttenuate
2326- 2345-F GAACACTCTTTGGGEEGAATG  2326- 2345F ( SEQ
m@ew)lrmsvmsaomszeoﬁmamm CtmartGrencode(S) the pre-

520- 2539F 20) JEV 2746- 5-F , , \
5 ROAREARBOPEER BRI 05 Al ST RERC L] |3 ¥ Y Ly @ nucleic
2e180mb186h1 $SACAGAS A uc Bl gd e (9RR |ddcodes

140: 22) JEV 3538-3557- F ATGGTGAAATGGTTGA!
J5peness7Encepliribtiig: 28yus.

13. A method of preparing an attenuated Japanese encephalitis
10 virus, which comprises a step for expressing Japanese

encephalitis virus proteins from the nucleic acid molecule of

claim 9.
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£ JEV 3935-3954- F AGCATGGATGATTGICCGAG 3935- 3954F ( SEQ

| 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 4741-4760-F
TTTTCCACACACTATGGCAC  47411/486O0F (SEQ | D NO: 27) JEV
5112-5131- F GACCGTCAGGAGGAACCAGT 5112-5131F (SEQ I D
NO: 28) JEV 5517-5535- F AAGGTGGAATTAGGGGAGG 5517- 5535F
(SEQ 1 D NO: 29) JESEGUENCESDBSTINGAAGAGGGAGAAGGCAGAGT
5914- 5932F (SEQ I D NO: 30) JEV 6319- 6338-F
ATGCCATACTGGAGGACAAC  6319- 6338F (SEQ I D NO: 31) JEV
6685- 6704- F GAAAGGGTATAGGGAAGATG _ 6685- 6704F SEQ 1D

<110> NghaNestaYck 1PGmaa2 bork

7106 7125F (SEQ I D NO: 33) JEV 7508- 7527- F
GERATHGIRGACGAOGECTA  7508- 7527F (SEQ | D NO: 34)

¢120> ATTENUATED CHIMERIC FLAVIVIRUS HAVING GENE OF ATTENUATED JAPANESE
ENCEPHALITIS VIRUS AS BACKBONE

<130> 09839

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

{160> 63
<170> PatentIn version 3.3

210> 1
<211> 10976
<{212> DNA

¢<213> Japanese encephalitis virus

2200
<221> CDS

<222> {(96)..(10391)




P

» JEV 7920- 7939- F TGTGGGCGTGGAGGATGGAG  7920- 7939F ( SEQ
I D NO: 35) JEV 8292-8311-F CTAGIGCGTCTCCCCCTGIC
. 8292-8311F (SEQ I D NO: 36) JEV 8713-8732-F
' CTGACACCACCCCTTTTGGA 8713-8732F (SEQ I D NO: 37) JEV
9144-9162-F GCTTTGEEGTTCCEQ%&FG 9144-9162F (SEQ ID
NO: 38) JEV 9470- 9488- F AGAAGATCAAAGGGGGAGT  9470- 9488F
(SEQ I D NO: 39) JEV 9870-9889- F CCGTGCAGAGGACAGGATGA
ca00> 9870- 9889F (SEQ I D NO: 40) JEV 10281- 10281- 10298-F
TATGCGGCGATAAACCAG 23 1029BF (SEQ I D NG 41) JEV
s 1067t AR08 ac UT9: o FEHGIROAGUGINE OGRS ) 60
I'D NO 42) JEV 375-356- R CGTCAATGAGTGITCCAAGT 375- 356R
(SEQ I D NO 43) JEV 3084- 3065- R CAATCCAGTACGACAAGTCA
3084- 3065R (SEQ | D NO 44) JEV 5757-5738-R
gcagtf{gﬁQKQEEEE{EEIKXEEEQEEhaga taacc atg act aaa aaa cca gga 113

Met Thr Lys Lys Pro Gly

1 5

gge ccc ggt aaa aac cgg get atce aat atg ctg aaa cgc ggc cta ccc 161
Gly Pro Gly Lys Asn Arg Ala Ile Asn Met Leu Lys Arg Gly 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 Gly Val Lys Arg Val Val Met Ser Leu Leu

25 30 35

gac ggc aga ggg cca gta cgt ttc gig ctg get ctt atc acg ttc tte 257

Asp Gly Arg Gly Pro Val Arg Phe Val Leu Ala Leu Ile Thr Phe Phe
40 45 50

aag titt aca gca tta gcc ccg acc aag BCg ctt tta ggc cga tgg aaa 305
Lys Phe Thr Ala Leu Ala Pro Thr Lys Ala Leu Leu Gly Arg Trp Lys
b5 60 66 70

gca gtg gaa aag agt gta gca atlg aaa cat cte act agt ttc aaa cga 353
Ala Val Glu Lys Ser Val Ala Met Lys His Leu Thr Ser Phe Lys Arg
75 80 85




gaa

Glu

aac

Asn

gca

Ala

gee
Gly

135

gta

Val

gac

Asp

ctt

Leu

5757-5738R (SEQ I D NG 45) JEV 8518-8499-R
TTCTTGATTTTCTCCTGATT 8518-8499R (SEQ | D NO 46) JEV
10976- 10976-10955- R AGATCCTGTGTTCTTCCTCACC 10955R
(SEQ ID NGO 47) *: F represents a forward priner; R
represents a reverse prinmgnsg As a result of a
conparison of the nucl eotide sequences of the genomc
cDNAs, it was found, as shown in Figure 1, that 5 the
-17. st raj &5 dnigh goddcl @agubge igget BEMAA8WFER 10
Cttghg%éuéhg?gqgﬁﬁg?i?ﬁtigng produced due to 10 of _these

f | bt Ald 983, Aei LyseAd@Rly, Apg divs, G1n
Leulggg?ﬁff gggzﬁ%%ﬁ%rd 2479th, 2652nd, 2751st,

2896tdy, and 3380th ani g acids, as coundB® fromthe
am no acid next to the starting nmethionine of io the
pol yprotein. Furthernore, the above-descri bed am no
acid nutations in the polyprotein of the M.-17 strain
an LS g 2SaViddd khe tcamano aid degeqilesessasst e
t5ffe gon ing sites of the polyproteins of the
Ly 8PP %15 h8h o1w BN S e aMer Thipklgtartd a18e% el n,

eljsing’ strain, and SA14 strain, which are other wld-

t e virul ent Japangqsg encephalitis vitluses, and the
SA14-14-2 strain, which is another Japanese
encephalitis virus vaccine. The putative am no acid

sequences of the pol yproteins of
gtt gtc ata get tgt gca gga gee ata aag ttg tca aat tic 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
140 145 160

att ccc acc tca aaa gga gag aac aga tge tgg gtc cgg gea atc
Ile Pro Thr Ser Lys Gly Glu Asn Arg Cys Trp Val Arg Ala lle
155 160 165

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

gce atg ggc aat gat cca gag gat gtg gac tgc tge 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
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caa

Gln

aag
Lys
215

cta

Leu

tat

Tvyr

tte

Phe

cge

Arg

tit

Phe

the follow ng strains were obtained from GenBank and
used in 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 JaGD\rOﬂ,l fid ain  (CGenBank accession
nunber: AF069076); 25 Am né aci d sequence of the
pol yprotein of the Beijing-1 strain 24 (CGenBank
accessi on nunber: L48961); Am no acid sequence of the
pol yprotein of the SAl4 strain (GenBank accession
nunber: M5506): ' i egqy akctdge cat tec
8380V n 8Pt & )at ﬁ@n%4?§%dtf%stgrgﬁ@ 5 ( GenBank
acgessi on,n rs e rt Ihr nrgdiid Ser
Glyegﬁﬁﬁ@é X?P{Iﬁg Eﬁ/ﬁé o%’ %?ncyosfqth heml\lakayarra strain,

the am no acid sgggence of the regmn necessary for
200he conpari son was obtained fromthe gene and/ or

amno acid partial sequence information described in

GenBank i 0 accession nunber: AF112297; MAda et al.,

Virol ogy., 158 348 1c198d 2adcahadel keg =gtdtosed
Cﬁ%agﬁiggﬁgﬁpﬁg _gig g%gcg\%mci n Figure 2, as a result of

a gonpari Son t Va9 8%h ThyeHUerGlgsGdh Sdre Ser
A%&ﬁﬁr&%?‘ﬁé Q%r t@?a?élg} ei ght anino acid

substituti ons,a4 t he 127th, 27449% 1209th, 2462n@30

gtg aat aaa aaa gag get tgg ctg gat tca acg aaa gcc aca cga
Val Asn Lys Lys Glu Ala Trp Leu Asp Ser Thr Lys Ala Thr Arg

235 240 245

ctc atg aaa act gag aac 1gg atc ata agg aat cct ggc tat get
Leu Met Lys Thr Glu Asn Trp Ile Ile Arg Asn Pro Gly Tyr Ala

250 265 260

ctg gcg gcg gta ctc gge tgg atg ctt ggc agt acc aac ggt caa
Leu Ala Ala Val Leu Gly Trp Met Leu Gly Ser Thr Asn Gly Gln

265 270 275

gtg gta ttc acc atc ctc ctg ctg ctg gtc get ccg get tac agt
Val Val Phe Thr Ile Leu Leu Leu Leu Val Ala Pro Ala Tyr Ser
280 285 290

aat tgt ctg gga atg ggcC aat cgt gac ttc ata gaa gga gce agt

Asn Cys Leu Gly Met Gly Asn Arg Asp Phe Ile Glu Gly Ala Ser

737

785

833

881

929

977

1025
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295

gga

Gly

att

Ile

gaa

Glu

gte
Val

cac
His

375

act

Thr

att

15 2463rd, 2479th, 2652nd, and 3380th am no acid
positions, as counted fromthe amno acid next to the
starting methionine of the polyprotein, out of the
above-descri bed 10 am no acid substitutions between
the M.-17 strain and the 566 strain, were found
to be amno acid nutations intrinsic to the M.-17 20
strain. Froma conparison with the positions in the

i ndi vidual gppuctural proteingosgnd non-struct urdl0
proteins in the polyprotein of the Japanese
encephalitis virus (JaOArS982 strain) described in
Sum yoshi et al., Virology 161:497-510, 25 1987, it
f t I &1 0 eagd atg recaaci d
xva%t WPl ig'@hc Ragi EiP@a0ked heteagt giuc abg
BCSu St.#g?$§%§5|nh?ie pol yprotein corresponded to the

tRpapin¥aacLes gl Ghe AvpMBpr dlyai hegSBith of
Al%f%?ﬁ?an ; ﬁ%g 4th am no acid of the NS2A protein;
the 51st,g3f2nd, and 68th &@mono aci ds of the3R®4B
protein; and the 126th and 854th am no 3o acids of the
NS5 protein, respectively. (Exanple 2) (Preparation
of reconbi nant Japanese encephalitis virus M- 14

at3l £@ RakNgadaahd el raank t @5gabo gtondde mighetefahecsde of
am no acid mutations intrinsic to the M.-17 strain on
MethE1 AWRNNSS 11973 Pho e Ybii Ussp ¥atokxy Mgt Ile Asn Ile

330 335 340

gct age caa ctt gec gag gitt 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 get 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 age tat gtg tgc aaa caa ggc ttc
Asn Glu Lys Arg Ala Asp Ser Ser Tyr Val Cys Lys Gln Gly Phe

380 386 390
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 gCg att ggg aga

1073

1121

1169

1217

1265

1313

1361
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to the site-directed nutagenesis nethod utilizing the

Long- PCR nethod, described in Mrita et al., Virol ogy

. 287:417-426, 2001, s using the gene of the wild-type
virul ent Japanese encephalitis virus JaQArS982 strain

as the backbone, MsS-14 strgisg which is a reconbi nant
Japanese encephalitis virus incorporating a

nucl eoti de nutati on that produces substitution of the
I1e AS%ST v TYNAPRILYE Phe tdee Pys/ ThroBer rLisy Al ol kauGilReAre
substitution of Gio by A at position 479 of the
genomg)g and MS-15 straudbs which is a retdhbi nant
Japanese encephalitis virus incorporating a
nucl eoti de nutati on that produces substitution of the
148th asparagine of the prMprotein (56th of the M 409
aca atdl 95?!&)3 %ga A4V @2pi fea (taubsda tgiti gec ALALBY &tgafat 1
position 919 of the 1s genone), were prepared, )
Thr TIPCERA 690 Rén e M T4rstysival Bby sHowRhe Vel Hife
3, wth the gene RNA of Japanese encephalitis virus
(Jaghr S982 strain) ag3dhe tenplate, ustdg a set of
primer 1 and priner 2, a set of prinmer 3 and priner 4,
20 and a set of prinmer 5 and priner 6, by the
Long- RT- PCR net hod, Japanese encephalitis. virus gene

gga g% %‘E‘BEE'@S&? pasutdicay dex bhe tatedpacessw &apr EhbgeSet s 1457

ragment 2, and 3) were prepared. Furthernpre,
cly AR} U AEIBd GYUERIn Has Gl iasheTyhpeaghtaddn Val Gly

ectrophoresis, first, with fragnents 1 and 2 as the
44§npl at es, 445 4

gcg tec cag geg gea aag ttc aca gta aca ccc aat get cct tcg ata 1506
Ala Ser Gln Ala Ala Lys Phe Thr val Thr Pro Asn Ala Pro Ser Ile
455 460 465 470

acc cte aaa ctt ggt gac tac gga gaa gtc aca ctg gac tgt gag cca 1563
Thr Leu Lys Leu Gly Asp Tyr Gly Glu Val Thr Leu Asp Cys Glu Pro

475 480 486

agg agt gga ctg aac acl gaa gcCg ttt tac gtc atg acc gtg ggg tca 1601
Arg Ser Gly Leu Asn Thr Glu Ala Phe Tyr Val Met Thr Val Gly Ser
490 495 500

aag tca ttt ctg gtc cal agg gaa tgg ttt cat gac ctc gct cte cce 1649
Lys Ser Phe Leu Val His Arg Glu Trp Phe His Asp Leu Ala Leu Pro

505 510 515




. 25 using a set of primers 1 and 4, again by the
Long- PCR net hod, gene fragnent 4 was prepared. This
gene fragnment was purified in the same nmanner; next,

' with gene fragnents 3 and 4 as the tenplates, using a
set of priners 1 and 6, tq?I#png-PCR met hod was
perfornmed to prepare a fulf-Tength Japanese
encephalitis 30 virus cDNA having the T7 pronoter

seguence at t g LRLM IS oat BEE fa gha agrEedtc Hig 1697
tgg acgyt Fﬁ?saf%l fe’I g%agtgﬁk\]a%éjangse encephalitis virus cDNA
feagent ¢ { tg ABniArevGlidLdiNBeu Met
Trp Th&ﬁqlﬁﬁpsselz es%%t ?ic;;ﬁ A\}ggﬁt@rfgr med to prepare an
52grtificial full-Eeagth 26 y Japanesgp encephalitis
I rus gene RNA 'S RNA was introduced into nosquito
cells (C6/36 cells) by the el ectroporation nethod and

the cells were cultured for 5 days, after which the
reconmbi_nan

gag tt@ug?ﬂrgea%géﬁvnj:arcu cé '\ﬁ'alﬁaﬁtéz?é ket Githggth dtitegee 1745

perndtant was recovered. (Preparation of

61u P VL a2h /M A1 5MBtd Sest Val Valt Ata Leu Gly

viTuS was recovered according to the
535 above- descri bgg, met hod except tgagt the reconbi n&ahé

virus was prepared using prinmer 7 instead of primer 10
2, and priner 8 instead of priner 3.

tca cag gaa gga ggc ctc cal cag gcg ttg gca gga gec atc gig 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 get 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

585 590 595

aca gaa aaa ttc tcc tic gcg aaa aat ccg geg gac act ggt cac ggg 1937
Thr Glu Lys Phe Ser Phe Ala Lys Asn Pro Ala Asp Thr Gly His Gly

600 605 610

" aca gtt gtc att gaa ctc tcc tac tct ggg agt gat ggc ccc tge aaa 19856
Thr Val Val Ile Glu Leu Ser Tyr Ser Gly Ser Asp Gly Pro Cys Lys
615 620 625 ' 630




I I ——

att

Ile

CEE

Arg

aag

Lys

gtt

Val

age
Ser

695

ctg

Leu

gtc

Val

Furthernore, for control, a nutation-free virus was
acquired using primer 9 instead of prinmer 2, and

prinmer 10 instead of priner 3. The primers used in
this Exanple are shown in Table 2. 15 Correspondi ng

Name of nucl eotide Nucl E‘OE?I ?@8 sequence prinmer
position on the genonet T7 pronoter-

AAATTTAATACGACTCACTATAAGAAGTTTATCTGT primer 1 1-45-S
GTGAACTTCTTGGCTTAGTATCGTTG (SEQ | D NO 48) primer 9
972- 927- R AAGCCGGAGCGACCAACAGCAGGAGGATGGTAAATA

T Bic dtRac 1 g0ade Xt §te gee 2033
Cc%&ﬁ?A@%&%@TE‘%T%TC GCTCCGGCTT 1(SEQ
V20 01,26 26mRAsp Met Thr Pro Val Gly
Pr&%r c‘?‘%ﬁ;@ &%GACTCCCIZAC%CCI) CTTCCTTGT ( SEQ
| D NO 51) g&lner 5 2501- 2544405 645
CACAAGAAARCAGAT GAGAT GTGGAAGT GGCATCTT  TGTGCACAACG ( SEQ

I D NO 52) primer 6 10976-10937-R
AGATCCTGTGI TCTTCCTCACCACCAGCTACATACT

ctg gtg aca gtg aac ccc ttc gtc geg act tcc agt gcc aat tca 2081

Leu Val Thr Val Asn Pro Phe Val Ala Thr Ser Ser Ala Asn Ser

650 655 660

gtg ctg gte gag atg gaa ccc ccc ttc gga gac tce tac atc gta 2129
Val Leu Val Glu Met Glu Pro Pro Phe Gly Asp Ser Tyr lle Val
665 670 675

gga cgg gga gac aag cag atc aac cac cat tgg cat aaa gct gga 2177
Gly Arg Gly Asp Lys Gln Ile Asn His His Trp His Lys Ala Gly
680 . 685 690

acg ctg ggc aaa gece ttt tca aca act ttg aag gga gct cag aga 2225
Thr Leu Gly Lys Ala Phe Ser Thr Thr Leu Lys Gly Ala Gln Arg
700 705 710

gca gcg ctg ggt gac aca gee igg gac ttt gge tcc att gga ggEg 2273
Ala Ala Leu Gly Asp Thr Ala Trp Asp Phe Gly Ser Ile Gly Gly
7156 720 725

ttc aac tcc ata gga aaa gec gtt cac caa glg ttt ggt ggt gcce 2321

Phe Asn Ser Ile Gly Lys Ala Val His Gln Val Phe Gly Gly Ala




TCGG (SEQ I D NO 53) primer 3 439-484/5-S
CGCAAGCTTGGCAGI TGTCATAGCTTACGCAGGAGC (479G +A)
AATAAAGITG (SEQ I D NO 50) primer 2 471-515-R
CGTCATCAAAAGCTTCCCCTGGAAATTCGACAACTT (479G +A)
TATTGCTCC (SEQ | D NG 49) gy' r 8 882-926-S
TTCCTGGCGGCGACACTTGGCTGGA TGGCAGT (919A- +O)
ACCAACGGT (SEQ I D NG 55) 900-944-R
GGTAAATHNCCACGCGT TGACCGTTSESTACTGCCAAC  prifmer 7 =
(919A--)C) CATCCAGCC (SEQ ID NGO 54) In the table
above, S represents a sense sequence; R 27 represents
a conpl enmentary sequence. The underline represents

tte aghNeal 6tPT PHDLRE URRCE:t thyg doeikica uaslasde bea atg 2369
represents a nucleotide nutation. 5 (Exanple 3)

Phe ArgEMA! 4341 PRk @yt OBy WeANEEE QL €14 iTHSGOR GlyeLeu Met
reconbi nant Japanese encephalitis virus Ms-14 strain

angygVs- 15 strain iny7sgHK cell's) The gFB®i ng potentials
of the reconbi nant Japanese 1o encephalitis virus

M5-14 strain and M5-15 strain prepared in Exanple 2
in BHK cells were evaluated. For control, the wld-

ggt gcec cta cta ctc tgg atg ggc gic 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 ttc tta gec aca gga get gtg cte gitg tit tta gcg 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

atg agg tgt gga agt ggc atc ttc gtg cac aac gac gig gaa gce tge 2561
Met Arg Cys Gly Ser Gly Ile Phe Val His Asn Asp Val Glu Ala Trp

810 8156 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 Glu Thr Pro Arg Ser Leu Ala Lys

825 830 835

atc gte cac aaa gecg cac aag gaa ggc gtg tge gga gtc aga tct gtc 2657




Ile

act
Thr
855

gtc
Val

ccce

Pro

gag

Glu

gee

Ala

aag
Lys

935

type virulent Japanese encephalitis virus JaQAr S982
strain was used. Each of the Ms5-14 strain, M5 15
strain, and JaOArS982 15 strain was infected to BHK
cells; 24, 48, and 72 hours after infection, cel

cul ture supernatants werel06198ect ed and checked for
the energence of virus. The virus contents in the
culture supernatants at each tinme were neasured b

Vailhdi pllagudladiisoliys Gar Giy | Vakt €a5 fsly Jedwhre iSert hel BHK
cells was confirned. 20 (Exanmple 4) (Evaluation of the

84f8eur ot oxi city of 8the recombi nant J&fhnese
encephalitis virus M5-14 strain and M5-15 strain in

normal mature mce) 25 Using the reconbi nant Japanese

encephalitis virus M5-14 strain and MS-15 strain
agar epRrga cat Bamplte 182 Lhe gercgiatesd Eatyger dgcpac
strain was evaluated by the intraperitonea
Arignbew| @i hs fekrh¥dt i Trm &l wedlandalr traridse. Ghprleu Asn
virulent control, the wild-type virulent Japanese_
encephal itis 88 virus JaOAr S98868trai n was used; 87%r
attenuated control, the Japanese encephalitis virus
vacci ne M.-17 strain was used. Ten mce (4-week-old
male and female ICR mice, 5 animals in each group)
chgecte (iaregagOdatt gcaostpleaqueta Gl &R Wit gtyraac aag
Leu Leu Lys Glu Asn Ala Val Asp Leu Ser Val Val Val Asn Lys

875 380 885

gtg ggg aga tat cgé tca gecc cct aaa cge ctg tce atg acg caa
Val Gly Arg Tyr Arg Ser Ala Pro Lys Arg Leu Ser Met Thr Gln
890 895 900

aag ttt gaa atg ggc tgeg aaa gca tgg gega aaa agc att ctc ttt
Lys Phe Glu Met Gly Trp Lys Ala Trp Gly Lys Ser Ile Leu Phe

905 910 _ 915

ccg gaa ttg gec aac tce aca ttt gtc gta gat gga cct gag aca
Pro Glu Leu Ala Asn Ser Thr Phe Val Val Asp Gly Pro Glu Thr
920 925 930

gaa tgc cct gat gag cac aga get tgg aac age atg caa atc gaa
Glu Cys Pro Asp Glu His Arg Ala Trp Asn Ser Met Gln Ile Glu
940 945 950

2705

2753

2801

2849

2897

2945



gac

Asp

gag

Glu

aaa

Lys

cge

Arg

gtt

Val

ggt
Gly

cca

Pro

the M5-14 strain, MS-15 strain, M-17 strain, or

JaOAr S982 28 strain by intracerebral inoculation, and
observed daily for 3 weeks, and LD50 was cal cul at ed
by the Read-Miench nmethod. The results of this test
are shown in Table 3. 5 (Jpikg 3) Virus strain Feature
LD5o (ffu) JaOHO566 WId type 6.3x101 M.-17 Vacci ne
strain >1. Ox106 JaOArsS982 WIld type 1.6xI0 Ms-14

1t ek pagdc THEaRda tod- ¥ QGt a4y Mghl clprddg WBt ldga

Reconbi nant nutant: 1.0x103 274N-*T (M M5-14 rev*

PhWV4 1, PHBEGIY GURr {iR Ser3TRX Wk Val Nplien dwsr & e elmnt s

a revertant” of Ms-14, prepared from M5- 14 using

Long- PCR-dgsed site-direct@omut agenesis. 10988 shown
in Table 3, the M5-14 strain and M5-15 strain were
significantly attenuated conpared to the virul ent

JaQAr S982 strain. Particularly, the M5-14 strain had a

gagog%#ﬂgax §£ah§gy’t%9 ddtagg@fgddhatdlathy ggtradcg gewhgh is
a

apanese encephalitis virus vaccine strain.

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 cii 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 tge act tgg cca gag aca cac ace cta tgeg gega gat
Lys Ser Cys Thr Trp Pro Glu Thr His Thr Leu Trp Gly Asp

1015 1020 1025

gtt gag gaa agt gaa ctc atc atc ccg cac acc ata gcc gga
Val Glu Glu Ser Glu Leu Ile Ile Pro His Thr Ile Ala Gly
1030 1035 1040

aaa agc aag cat aat cgg agg gaa gga tat aag aca caa aac
Lys Ser Lys His Asn Arg Arg Glu Gly Tyr Lys Thr Gln Asn

1045 ‘ 1050 1055

2993

3041

3089

3134

3179

3224

3269




is This denonstrated that neurotoxicity in mce could
be reduced by am no acid substitution in the prM
protein. Fromthe results above, it was suggested that
amno acid nutations introduced to the M5-14 strain
~and Ms5-15 strain, which gpgggeconbi nant Japanese
encephalitis viruses, mght be 20 useful in preparing
a Japanese encephalitis live vaccine. Furthernore,
because MsS-14 exhibits a | ow degree of pathogenicity
i n high-dose inoculation, it was suggested that a

t gt a i gt ajgeoabe glecesgagac f bt gac tat 3314
cag g%\%]t gﬁtgt{klggg.&lz%ga(aanpl e 5) (Construction of cDNA of
Gln GIGN PRSIty Wayioluv WsnofGlijapaackd LenckstaPheiAsnilytis

and West Nile virus (M--17/WN (E gene))) 29 To

ldq@epare M.- 17/ WN (Begene), which is Hhineric

flavivirus wherein the E protein of the Japanese

encephalitis virus vaccine M-17 strain is replaced

by the E protein of West N le virus, a cDNA of

tge cg\%- ket VIN{ Badeffy aves gonsicaugaedaintst a@esr eRMHEE2W t h 3359
t he net hod of preparing a reconbi nant Japanese

Cys PERNC@ARarhf ilysvVaLITht | [1eiThy Ghe Aspn§yPCllyetb o dire
described in Mrita et al., Virology

1885 417- 426, 2001. w80shown in Figurel@3dwith the gene
RNA of a Japanese encephalitis virus live vaccine
strain (M-17 strain) as the

gge 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 tge tgt cge agt tge tcec ctt ccg cec cta cga ttc cgg 3449
Asp Trp Cys Cys Arg Ser Cys Ser Leu Pro Pro Leu Arg Phe Arg
1105 1110 1115

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 gect tit 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 cet tit cag ctg gge ctt ctg gtg atg ttt 3584

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




o tenplate, using a set of prinmer 1A and prinmer 2A
and a set of priner 5A and prinmer 6A, by the
Long- RT- PCR net hod, Japanese encephalitis virus gene
fragnents corresponding to the respective priner sets
(fragments 1A and 3A) werqgpysgpared. Also, with the
gene RNA of West Nile virus (NY99-35262-11 1is strain)
as the tenplate, using a set of primer 3A and priner
1144, by the Long- RIG®CR net hod, WestllE0l e virus gene
fragment 2A was prepared. After each fragnent was
purified by agarose electrophoresis, first, with
fragnents 1A and 2A as the 20 tenplates, using a set
ctg geef #Ed RESgdd grdcéd, magabag megt beg Lagy- gRCRemtbRd, 3629
gene fragnment 4A was prepared. This gene fragnment was
Leu AlRUr Thy €dni Olé Waalsdse narnkys Adgefiyp Thirt hAberferg Leu
fragnents 3A and 4A as the tenplates, using a set of
118si mers 1A and 6A]11Tte Long- PCR nmet hdd5was per f or ned
to prepare 25 a chineric virus cDNA (fragment 5A) of
M.-17/WN (E gene), which has the T7 pronoter
sequence. at the 5 term nus thereof and the West
acc ath | Bcvigdes gbt priat g grectdhettpgitpects used ¢t BERS 3674
Exanpl e are shown in Table 4. 30 Corresponding Nane
Thr 11&f PHe!set Vde Leu Gly Ala Leu Leu Val Leu Met Leu Gly

1180 1185 1190

gge atc act tac act gat ttg gcg agg tat gig gtg cta gte get 3719
Gly Ile Thr Tyr Thr Asp Leu Ala Arg Tyr Val Val Leu Val Ala
1195 1200 1205

gce tet ttc gea 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 gee gtt ttc aag atc caa cca gea ttt tta gig 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 gtg 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 gec tca gta gat ctg caa 3899



Val

ata

Ile

att

Ile

cca

Pro

gat

Asp

ctg

Leu

cte

Leu

Nucl eoti de sequence priner position on the genone'
JE2478- 2513 GGAGGAGTTCTGCTCTTCCTCTCCGTGAACGTGCAC
primer 5A WN2431- N
GCTGACACTGGATGTGCCATTGACATCACAAGAAAA  GAG (SEQ ID
NO 62) JE2478-2513
CTCTTTTCTTGTGATGTCAATGGCACATCCAGTGIC  pri ner 4A
WN2433- R AGCGTGCACGT TCACGGAGAGGAAGAGCCAGAACTCC T ( SEQ

LD OOy Gll)a pdarkhe BAe JEGINRLeu Ala Ser Val Asp Leu Gln
AGATCCTGTGITCTTCCTCACCACCAGCTACATACT TCGG (SEQ I D

1295 63) M.17 941 WA260 1265
CACCATCCTCCTGCTGCTGGTCGCTCCGGECTTACAG  prinmer 3A 967 S
TTTCAACTGCCTTGGAATGAGCAACAGAGACTTC  (SEQ |1 D NO: 60)
M.17 945 WN CCAAGAAGTCTCTGITGCTCATTCCAAGGCAGITGA

ged | get @R 267 R ARCECTHNGECERNICBACCABCABCAGHEEAT
(SEQ ID NO 59) T7 pronoter

GIAAATET ANFAGEACTACEAT ArAAGE TAVar et Lo r idder Top Met1 - 40
N GTGAACTTCTTGGCTTAGTATCGITG (SEQ I D NG 58)

14/158

* JE

12Hpresents the Jap&ibse encephal itisl¥@®us JaOAr 982
M.17 represents the sequence of the Japanese

strain;

gte
Val
1285

gtc
Val

1300

act
Thr

1315

caa
Gln
1330

ttg
Leu

1345

cgeg

Arg

tta

Leu

tac

Tyr

gag

Glu

ggC

Gly

ECE

Ala

BCE

Ala

aga

Arg

ageg

Arg

tta

Leu

ate

Ile

ctt

Leu

ate

Ile

aaa

Lys

gCg
Ala

‘acc

Thr

cta

Leu

atc

Ile

aag

Lys

cte

Leu

ttc
Phe
1290

act
Thr

1305

cte
Leu

1320

ace
Thr

1335

aca
Thr
1350

cec aca acc tee tee gte

ccg

Pro

cte

Leu

atg

Met

tce

Ser

gga

Gly

gic
Val

gca

Ala

act

Thr

"Pro Thr Thr Ser

atg agg

Met Afg

ata ggg

Ile Gly

aaa aag

Lys Lys

gga tgg

Gly Trp

Ser Val
1295

gct cta
Ala Leu
1310

att tgc
Ile Cys

1325

aaa gga
Lys Gly
1340

ttt tcg
Phe Ser
1355

acc atg

Thr Met

tac cta

Tyr Leu

tet ctg

Ser Leu

get gta
Ala Val

ccc acc

Pro Thr

3944

3989

4034

4079

4124

4169




act

Thr

4:44
Gly

gee

Ala

ata

Ile

tca

Ser

age

Ser

gat

Asp

5 encephalitis virus M--17 strain; WN represents the
sequence of West Nile virus. S or Nrepresents a
sense sequence; R represents a conplementary
sequence. The underline indicates the T7 pronoter

sequence. so (Exanple 6) (Bygg@uction of chineric
flavivirus fromcDNA of M.-1//WN (E gene)) Wth the
cDNA of the chinmeric flavivirus of Japanese

nc ot kSa VdtaUst@NGtWese Mdcecva rdss, asgtaguegad in 4214
atExa%“g{?wlgéaS (far ag?re;kt 5A'in Figure 4), as the

Iltee”.?ié"tﬁﬁ 8y I buV Mb £ 0 VANACSY MdneBre AsmacLisrlysadre
“perfornmed to prepare an artificial full- length

480! meric virus genggRNA. This RNA ward#ont roduced into
nosquito cells (C6/36 cells) by the el ectroporation
met hod and the cells were cultured for 5 days, after
which the chineric 20 virus emerging in the culture

p v : 4 granpie Trg(Bmltaati on 4259
R e e e o T E one)

| pRgi €14 AY ¢y PR SLANSeghAl®Niat 61y udeushet \Bhs t he
T@%-???%% (E gene) as obtained in Exanple 6. M-17/WN
#5 gene) and the Nagh7 strain were y38wn in C6/ 36

cells and BHK cells, and the infected
atc gta ggt ggt ttg gcg gag ttg gat att gaa tcc atg tca 4304 .
Ile Val Gly Gly Leu Ala Glu Leu Asp Ile Glu Ser Met Ser
1390 1395 1400

cce ttc atg ctg gea gegt ctc atg gea gtg tec tac gtg gtg 4349
Pro Phe Met Leu Ala Gly Leu Met Ala Val Ser Tyr Val Val
1405 1410 1415

gga aaa gca aca gat atg tgg cit gaa Cgg get gec gac ate 4394
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 age agt cgg agg ctg 4439
Trp Glu Met Asp Ala Ala Ile Thr Gly Ser Ser Arg Arg Leu
1435 1440 1445

gtg aag cta gat gat gac gga gat ttt cac ttg att gac gat 4484
Val Lys Leu Asp Asp Asp Gly Asp Phe His Leu Ile Asp Asp
1450 1455 1460



cCccC

Pro

EER
Gly

get
Gly

tge

Trp

aca

Thr

cag

Gln

tgg

Trp

culture broths were di spensed and stored at -70C. For
both types of cells, an Eagle MEM cul ture broth

suppl enented with to non-essential am no acids was
used, with fetal bovine serum added at a
concentration as requiredlﬁguko 10% . The infectivity
titers of the culture broths T n the growh experinent
are shown in Table 5. M.-17/WN (E gene) had a grow ng
potential equivalent to that of M-17. 15 Table 5

G owmh of M.-17/WN (E gene) chineric flavivirus and

- j c S d i U to iter
el R B a7 R e s A S oy
H / e 5./3%x1 - x1
Gl? ExK‘ggn%l_%zS;{Hz Lyarvel D Tib 08 Mhr Aee et lder y@%f He
14¥6- 17/ WN (E gene) 1gfg meric virus) Usizmg the
reconbi nant chinmeric virus M.-17/WN (E gene) prepared

in Exanple 6, the neurotoxicity was eval uated by the
25 intracerebral inoculation nethod in normal mature

13 Cfoc @c%oc%aapgnsgt by deNEEARATY bPPeAc aght ikt keti on
was | nfection from
Leu Ala Ala Leu Th; Pro Trp Ala Ile Val Pro Ala Ala Phe

1480 1486 1490

tat tgg ctc act tta aaa aca aca aaa aga ggg ggc gtg ttt
Tyr Trp Leu Thr Leu Lys Thr Thr Lys Arg Gly Gly Val Phe
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 15156 1520

gga gtt tac cge att atg gct aga ggg att ctt 44 act tac
Gly Val Tyr Arg Ile Met Ala Arg Gly Ile Leu  Gly Thr Tyr
15256 1530 15356

gce ggc gte gpga 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 get 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




ttg

Leu

gga
Gly

gig
Val

cag

Gln

get

Ala

ctg

Leu

gag

peri pheral to the central nervous system (brain nerve
i nvasi veness). For control, the JaOHO566 strain, which

is a wld-type highly virulent strain Japanese
encephalitis viruses, 30 the West Nile virus

NY99- 3562-11 strain, and IR&58apanese 32 encephalitis

virus vaccine M.-17 strain, which is an attenuated
strain, were used. C57BL/B6 mce at 4 weeks after
15p%rth were given Y0 to 107 of eacH®Prus by
i ntracerebral inoculation, and observed 5 for 28
days. LD50 was cal cul ated by the Read-Miuench net hod.
Table 6 shows the LD50 of M.-17/WN (E gene) obtained
acgr gina tRe B EELnesf . EVE-a38 \BRA (A ERE) ks gct tac
significantly attenuated conpared to the highl
Thyi rRucedyr JEoHG3B6Sen r dph. Ly GlucAsmArg, Imﬁg?/iym (E

15géene) had a toxicity simlar to that of the M.-17 io

rain, which is kﬁ%%panese encephaﬂﬁ?ps Vi rus vacci ne
strain. Table 6 LD50 of M.-17/WN (E gene) in C57BL/B6

mce Virus strain LD50 (ffu) JaOHO566 6. Oxl OL

NY99- 35262-11 5.0x10 M.-17 >1.0x107 M-17/WN (E
gegerko? 3ER(RAATLL 82 ExgAPRR” JpEe aat gga act gat gac
Gly Pro Trp Arg Phe Asp Arg Lys Trp Asn Gly Thr Asp Asp

1585 1590 156956

caa gtg atc gtg gta gaa ccg ggeg aag get gca gta aac atce
Gln Val Ile Val Val Glu Pro Gly Lys Ala Ala Val Asn Ile
1600 16056 1610

aca aaa cca gga gtg ttt cgg act cec ttc ggg gag gtt gge
Thr Lys Pro Gly Val Phe Arg Thr Pro Phe Gly Glu Val Gly
1615 | 1620 1625

gtt agt ctg gat tat ccg cga gga aca tcc gge teca cec att
Val Ser Leu Asp Tyr Pro Arg Gly Thr Ser Gly Ser Pro Ile

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

1645 1650 1655

ctt ggc gat gge tca tac gtc age gce ate gtg cag ggt gac

4844

4889

4934

4979

5024

5069

5114



L4

(Property of the M.-17/WN (E gene) chinmeric virus) The
infectivity of the M.-17/WN (E gene) chineric virus

to nosquitoes was investigated. Cul ex

tritaeni orhynchus OK7 was allowed to suck a m xture

of the virus in rabbit bl ogdig0 (anti body negative) by
the transnenbrane nethod. By evaluating the PFU

(Plague-Formng Unit) and the incidence rate in

clsh Nekp6e§, séheyknfiedt Bep Akt lwakalcalGinl Gledsp
Gh]Li%nerythéﬁEnguitogs all owed to suck the chineric

leﬁd'us by the trangggnbrane nmethod we® reared for 10

ays and 21 days, 25 they were enulsified, and
denonstration of the presence of the virus was
attenpted by intracerebral inoculation in suckling

cgt cdf CRagNghd tdacyft Rkl Ofaa Beentadianct bea Maak 74t (U 5159
geng) virus was allowed to be sucked at not |ess than

Arg GIP2 gﬁﬁ%ﬂ?rpraoﬁayiﬁx«a, Gliherla Tys ThbsPrait disy Met Leu
evi dence for the presence of the virus. 30 The

1 17/ WN (E gene) j@goneric virus didié®s exhibit 33
aims 1. A nucleic acid nol ecule conprising

nucl eoti de sequences that encode the capsid protein,

pre-menbrane protein and pon s structural protein of

aga agép%3€a§WH6bi§ﬁ§ ¥td Yat 80gl aac pot! eggti dea geg 5204
sequence that encodes the envelop protein of a second
Arg Ly avirg Y& -Met Thr Val Leu Asp Leu His Pro Gly Ser Gly

1690 1695 1700

asa acc aag aaa att ctg cca caa ata att aag gac gct 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 gect gtg ttg geca ccg acg cgg gtg gta gea 5294
Gln 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 cic 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 Tle Val Asp

1750 1755 1760




wherei n the nucl eoti de sequence(s) that encode(s) the
pre- menbrane protein and/or non-structural protein of
Japanese so encephalitis virus conprise(s) nucleotide
mut ati ons that produce one or nore am no acid
mutations that attenuate tfig;ga/irus. 2. The nucleic
acid nol ecule of claim1l, erein the Japanese 15
encephalitis virus is the M.-17 strain. 3. The nucleic

gtg 1?%?&9! gl RCke Ot ¢l Mce @atZagaRegehty t hea saraead 5429

vivirus is selected fromthe group consisting of

Val MMAESEys VW€ AYR Pifr 14ENONE Lid Nid UWeu M&t | SerfPrendsn
virus, St. Louis 20 encephalitis virus, tick-borne

ﬁﬂpephalltls vi rugg7funj i n virus, (xﬂmgal Eur opean
encephalitis virus, Kyasanur Forest virus, Mirray
Val | ey encephalitis virus, Orsk henorrhagic fever
virus, Powassan virus, Russian spring-sunmer

aga %‘C%Bg%éé 't%cvbﬁél%ta Y%@%QchfglsgatAQ@a \GeltUBat artd 5474
oa virus. 25 An attenuated chineric flavivirus,

Arg @CW@%@/ ﬁylileAgtheeI CPhéi0iad WBt oyl 610 MayHDaEhef
aine 1 to’3. 5. An attenuated |ive vaccine

fEYTPr i si ng the atnqggated 30 chinerigad ! avi vi rus of
claim4. 6. A nethod of preparing the nucleic acid

nol ecul e of claim1l, which conprises the follow ng
st eps:

acc gac cca gcc agt ata gec gea cga gga tac att gel acc aag 5519
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 gcce atc ttt atg aca gcg acc ccg 5564
Val Glu Leu Gly Glu Ala Ala Ala Ile Phe Met Thr Ala Thr Pro
1810 1815 1820

cet gga acc acg gat cct ttt cct gac tca aat gee cca ate cat 5609
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 gcg tgg agc agt gga tac b654
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 gtg tgg ttt gig gea 5699
Glu Trp Ile Thr Glu Tyr Ala Gly Lys Thr Val Trp Phe Val Ala
1855 1860 1865



a step for replacing a nucleotide sequence that
encodes the 35 envelop protein in a nucleic acid

nol ecul e conprising a nucl eotide sequence that
encodes Japanese encephalitis virus wth the

nucl eotide sequence that ej gﬂps the envelop protein
of the second flavivirus; and 5 a step for introducing
nucl eoti de nutati ons that produce one or nore am no
acid nmutations that attenuate the virus into the

nucl eoti de sequence(s) that encode(s) the pre-nenbrane

oLl 198z StIUC U Mt g RE C4 1t Obad ARANRE 5744
age g%}céghgﬂgﬁggé\%i ug.gglo 7. EA rret%iog of pr egari ng@t Ee

Ser VE{IUCL% MAC 6y dregtle e alaiMetl CysWhichGeankrg aea the
ol ow ng step: a step for replacing a nucleotide
$gauence that encqgdes the envel op piggein in a
nucl eic acid nol ecul e conprising a nucleotide
sequence that encodes a Japanese encephalitis virus 15
havi ng one or nore amno acid nutations that attenuate

ggg add1€aall $4S atB LA cREC-dRTREANMaPRECLAL algdEOfica gaa 5789
non-structural protein wth the nucl eotide sequence

Gly Lidatyenepdaget & ¢Rve! A5h Aret By s Sedf Tihe AspcTind Glu
flavivirus. 20 8. A nethod of preparing an attenuated

1845 meric flaviviryggg which conprisesggs step for
expressing chineric flavivirus proteins fromthe
nucl eic acid nol ecule of any one of clains 1

tac cca aaa tgt aag aat gga gac tgg gat ttt gtc atc acc act 5834
Tyr Pro Lys Cys Lys Asn Gly Asp Trp Asp Phe Val Ile Thr Thr
1900 1905 1910

gac att tct gaa atg ggg gecc aac tte ggt geg age agg gte ate 5879
Asp Ile Ser Glu Met Gly Ala Asn Phe Gly Ala Ser Arg Val Ile

1915 1920 1925

gac tgt aga aag agc gtg aag ccc acc atc tta gaa gag gea gaa 5924
Asp Cys Arg Lys Ser Val Lys Pro Thr Ile Leu Glu Glu Gly Glu

1930 1935 1940

ggc aga gtc atec ctc gga aac cca teg ccc ata ace agt gea age 5969
Gly Arg Val Ile Leu Gly Asn Pro Ser Pro Ile Thr Ser Ala Ser
1945 1950 1955

gca get caa cgg agg ggc aga gta ggc aga aac cct aac cag gtt 6014

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



to 3. 25 9. A nucleic acid nolecule conprising a
nucl eoti de sequence that encodes a Japanese
encephalitis virus having one or nore amno acid
nmutati ons that attenuate the virus in the pre-
menbrane protein and/or nagjyfggructural protein. 30 10.
A vector conprising the nucleic acid nolecule of claim
9. 11. An attenuated Japanese encephalitis virus
19gpcoded by the nugé®ic acid nol ecul B7@ claim9. 36
12. A nethod of preparing the nucleic acid nol ecul e of
claim9, which conprises a step for introducing
nucl eoti de nutations that produce one or nore amn no
gga gaACl ?aﬂuﬂaﬁ!:t ceastdthakgatdepnyat eacd lagt vgaaus gahtgac agt 6059
nucl eoti de sequence(s) that encode(s) the pre 5
Gly ASPENRIANEHE eTyy 809/ ablyndiasThuSenrGlu pAspedsp Sera
nucleic acid nol ecul e conprising a nucl eotide
1g@auence that encaded Japanese encepd8d itis virus.
13. A nethod of preparing an attenuated Japanese
encephalitis 10 virus, which conprises a step for
expressi ng Japanese encephalitis virus proteins from
aac cidegByCifl GgacCach Fakecgde aaf atd aity Ota 3%al/ 448 ata 6104

Asn Leu Ala His Trp Thr Glu Ala Lys Ile Met Leu Asp Asn Ile
1960 1995 2000

cac atg ccc aat gga ctg gtg gcc cag cic tat gga cca gag agg 6149
His Met Pro Asn Gly Leu Val Ala Gln Leu Tyr Gly Pro Glu Arg
2005 2010 2015

gaa aag gcc tic aca atg gat ggc gaa tac cgt ctc aga ggt gaa 6194
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 get gac ctlc ccg 6239
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 geg tcc aat gge ate cag tac acc 6284
Val Trp Leu Ala Tyr Lys Val Ala Ser Asn Gly Ile Gln Tyr Thr

2050 20565 2060

gat aga aag tgg tgt ttt gat gge ccg cgt acg aal gec ata ctg 6329




Asp

gag

Glu

aaa

Lys

cac

His

tca

Ser

ttc

Phe

gea

Ala

SEQUENCE LI STI NG <110> The Research Foundation for
M crobi al Di seases of (Osaka University <120>
ATTENUATED CHI MERI C FLAVI VI RUS HAVI NG GENE OF
ATTENUATED JAPANESE ENCEPHALI TI'S VI RUS AS BACKBONE
<130> 09839 <150> JP2004- 3gAx80 <151> 2004-12-24
<160> 63 <170> Patentln version 3.3 <210> 1 <211>
10976 <212> DNA <213> Japanese encephalitis virus
Arg220vs 13pley S Phe<B2p> G196Pro ArE0B8r)Ash 2Alsd 1e<how> 1
agaagtttat ctgtgtgaac ttcttggctt agtatcgttg agaagaatcg
soggagattagt 60 gcagrdtaaa cagtttttt0fdacggaaga taacc

atg act aaa aaa cca gga 113
gac aac acc gag gta gag ata gtc acc cgg atg ggt gag agg
Asp Asn Thr Glu Val Glu Ile Val Thr Arg Met Gly Glu Arg

2080 2085 2090

atc ctc aag ccg aga tgg ctt gat gca aga gtt tat gca gat
Ile Leu Lys Pro Arg Trp Leu Asp Ala Arg Val Tyr Ala Asp
2095 2100 2106

caa gct ctec aag tgg ttc aaa gac tlc gca gca gea aag aga
Gln Ala Leu Lys Trp Phe Lys Asp Phe Ala Ala Gly Lys Arg

2110 2115 2120

gce gtt age tic ata gag gtlg ctc ggt cgt atg cct gag cat
Ala Val Ser Phe Ile Glu Val Leu Gly Arg Met Pro Glu His
2125 2130 21356

atg gga aag acg cgg gaa gct tta gac acc atg tac tig gtt
Met Gly Lys Thr Arg Glu Ala Leu Asp Thr Met Tyr Leu Val
2140 2145 2150

écg gct gag aaa ggt ggg aaa gca cac cga atg gct cte gaa
Thr Ala Glu Lys Gly Gly Lys Ala His Arg Met Ala Leu Glu

21556 2160 2165

6374

6419

6464

6509

6554

6599




Bag

Glu L

act

Thr

ggt
Gly

acc

Thr

24244
Gly

gaa

Glu

ttt

Phe

Met Thr Lys Lys Pro Gy 1 5 ggg ccc ggt aaa aac egg
get ate aat atg ctg aaa ego ggc cta ccc 161 dy Pro
@y Lys Asn Arg Ala Ile Asn Met Leu Lys Arg Gy Leu

Pro 10 15 20 cgc gta tte cca cta gtg gga gtg aag agg

gta gta atg age ttg ttg 2Q9,58rg Val Phe Pro Leu Val
Gy VvVal Lys Arg Val Val Met Ser Leu Leu 25 30 35 gac

ggc aga ggg cca gta cgt ttc gtg ctg get ctt ate acg

ct%\lt Cedd “ga%5an/'}§ﬂ Yy Acg &y ddaochelatAr ggPhegc¥ahtteu
a Leu Ile Thr Phe Phe 40 45 50 aag ttt aca gca tta

e%eCPﬁPg\ CR123%uIGHu CiThrt (e UG Loa 1lgg ¥ah A@SIleys
Phe Thr Ala Leu Ala Pro Thr Lys Ala Leu Leu Ay Arg

o1kpp Lys 55 60 65 E@759Cca gtg gaa aaggldft gta gca atg
aaa cat ctc act agt ttc aaa cga 353 Ala Val du Lys
Ser Val Ala Met Lys His Leu Thr Ser Phe Lys Arg 75 80
85 3/158 gaa ett gga aca etc att gac gcc gtg aac aag
g%ggagﬁca@gggaa&acaacmﬂu chka digua€hyatlhr chguedd aagdsp
a Val Asn Lys Arg Gy Arg Lys Gn 90 95 100 ctt gcg
vaAgeMbt Ori481ly 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 2205 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
22156 2220 2225

acc ctg ctg atc gcec ctg ctg ctt atg gtg gtt ctc atc cca
Thr Leu Leu Ile Ala Leu Leu Leu Met Val Val Leu Tle Pro
2230 2235 2240

CCg gaa aag cag agg fca caa aca gat aat caa ctg geg 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 gea 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

24:44
Gly

teg

Ser

ggc

Gly

gac

Asp

aac
Lys
Ser
gga
Al a
125
att
Asn
gta

ta%ggg%§Qi

aaa
Arg
Leu
gcc
Cys
130
gca
Asn
att

aga gga gga aat gaa ggc tea ate atg tgg Asn
Gy Ay Asn Qu Ay Ser Ile Met Trp Leu Ala
105 110 115 497 gca gtt gtc ata get tgt gca
ata aag ttg tea aat ttc cag Ala val Vval Ile
Ala Gy Ala Ile Lyg/isgu Ser Asn Phe G n 120
ggg aag ctt ttg atg ace att aac aac acg gac
gac gtt ate 545 dvy Lys Leu Leu Met Thr Ile
Thr Asp Ile Ala Asp Val Ile 135 140 145 150
ccc ace tea aaa gga gag aae aga tgc tgg gtc
Bto%na Wah ldce Ra® gow gSerclieysakd yagd atésn
rp Val Arg Ala Ile 155 160 165 gac gtc ggc

TytxaCGil} QdétgLeﬁlaElugLﬁﬁ dHr Bye MegAspclgralysgtSachetag
Asp Val Gy Tyr Met Cys G u Asp Thr Ile Thr Tyr
22(-;15u Cys Pro Lys 1808475 180 «ctt gcc2285) ggc aat gat
cca gag gat gtg gac tgc tgg tgt gac aac 689 Leu Ala
Met Ay Asn Asp Pro G u Asp Val Asp Cys Trp Cys Asp

Asn 185 190 195 4/ 158

s shfneg

Oth@PGeaddbL gkat Ot 43T gfd n t&hucdedlagtyr
y Arg Cys Thr Arg Thr Arg Hi s Ser

Gly Gly Lys Thr Gln Ala Ser Gly Leu Thr Gly Leu Pro Ser

2290

gea
Ala
2305

agc
Ser

2320

gaa
Glu
2335

tca
Ser

23560

tte

Leu

2295 ' 2300

ctg gac ctg cgt cca gec aca get igg gea ctg tat ggg

Leu

aca

Asp Leu Arg Pro Ala Thr Ala Trp Ala Leu Tyr Gly

2310 2315

gtc gtg cta acc cct ctt ctg aag cac ctg atc acg

Thr Val Val Leu Thr Pro Leu Leu Lys His Leu Ile Thr

2325 2330

tac gtc acc aca tcg cta gee tca att aac tca caa gct

Tyr Val Thr Thr Ser Leu Ala Ser Ile Asn Ser Gln Ala

2340 2345

tta ttt gtc ttg cca cga ggc gtg cct tit acc gac cta

Leu Phe Val Leu Pro Arg Gly Val Pro Phe Thr Asp Leu

2355 2360

acc gtt gge ctc gtc titec ctt gge tgt tgg ggt caa atc

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

caa gaa gtc tac gtc caa tat gga

6959

7004

7049

7094

7139

7184

7229



acce

Thr

tat

Tyr

gee

Ala

gac

Asp

cet

Pro

agc

Ser

gaa

200 205 210 aag ega age agg aga tee gtg teg gtc caa
aca cat ggg gag agt tea 785 Lys Arg Ser Arg Arg Ser
Val Ser Val @n Thr His Ay Au Ser Ser 220 225 230

215 eta gtg aat aaa aaa gag get tgg ctg gat tea acg

aaa goo aca cga 833 Leu \a#sn Lys Lys Gu Ala Trp
Leu Asp Ser Thr Lys Ala Thr Arg 235 240 245 tat etc
atg aaa act gag aac tgg ate ata agg aat cot ggc tat
oqpat 881 Tyr Leu EBYoLys Thr Qu Asn2d@p Ile Ile Arg
Asn Pro Ay Tyr Ala 250 255 260 tte ctg geg gcg gta

etc ggc tgg atg ett ggc agt acc aac ggt caa 929 Phe
Leu Ala Ala Val Leu Ay Trp Met Leu Ay Ser Thr Asn
ctd YabhNactbet2 76t 2 doacogetagg et ichtg @cr ate ett cetg
ctg ctg gtc get cog get tae agt 977 Arg Val Val Phe
Leihr Tht eTHe Phbeled GhrLeala/MetAVal Pea Al Thr Issr Hi8O
285 290 ttt aat tgt ctg gga atg ggc aat cgt gac ttc
238(A gaa gga gcc a@385025 Phe Asn Cy83%ku Ay Met Ay
Asn Arg Asp Phe Ile Qu Ay Ala Ser 5/158 295 300 305
310 gga gcc act tgg gtg gac ttg gtg cta gaa gga gat

age tgc ttg aca 1073
ggg tac atg ctc cct gga 1gg caa gca gaa gca ctc agg get
Gly Tyr Met Leu Pro Gly Trp Gln Ala Glu Ala Leu Arg Ala

2396 2400 2405

cag aga agg aca gcg got 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 gece act gat gtg cct gaa ctg gaa agg acce act
Gly Met Val Ala Thr Asp Val Pro Glu Leu Glu Arg Thr Thr

24256 2430 2435

ctg atg caa aag aaa gtc gga cag gtg cte ctc ata ggg gta
Leu Met Gln Lys Lys Val Gly Gln Val Leu Leu Ile Gly Val
2440 2445 ' 2450

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

2456 2460 2465

gca ggg gtg ttg gtg aca gcg get acg cte tet ttg tgg gac

7274

7319

7364

7409

7454

7499

7544



Glu

aac

Asn

tge

Cys

teg

Trp

age

Arg

aat

Asn

ata

Ile

dy
Cys
aca
Asn
330
tac
Au

Ala Thr Trp Val Asp Leu Val Leu Qu Gy Asp Ser
Leu Thr 315 320 325 att atg gea aac gac aaa cca
ttg gac gtc cgc atg ate aac ate 1121 Ile Met Al a
Asp Lys Pro Thr Leu Asp Val Arg Met Ile Asn Ile
335 340 gaa get age ggmgytt gcc gag gtt aga agt
tgt tat cat get tea 1169 Gu Ala Ser An Leu Al a
Val Arg Ser Tyr Cys Tyr His Ala Ser 345 350 355

Algt eGigtVadatentwlt §racdagAta Jiir €gg Segc Leu Tqg Aapt

gga
2409

aag

gaa gee 1217 Val Thr Asp lIle Ser Thr Val Ala Arg
Pro Thr Thr Gky78 u Al a 360 365 380 cae aac gag
cga get gat agt age tat gtg tge aaa caa ggc ttc

1265 His Asn Qu Lys Arg Ala Asp Ser Ser Tyr Val Cys

Lys

G@n @y Phe 375 380 385 390 act gat cgt ggg tgg

geddCgad@tagdlact QéttggagcCtdatt tec ooy aay gga age dekldtcThr

Asp

Arg Ay Trp Ay Asn Ay Cys Ay Leu Phe Ay Lys

Gl YABerSe3981401400p Asn §ar HoaThptAlgcaThaaGly Letiee

t ge
24848r
Arg
aaa

ace age aaa gcg att ggg aga 1361 6/158 1Ile Asp
Cys Ala Lys PRag®er Cys Thr Ser 2485 Ala Ile Ay
410 415 420 aca ate cag tea gaa aac ate aaa tac
gtt ggc att ttt gtg cat 1409

cat gta atg cga ggt agc tac ctg gect gga gge tcc att get

His

2500

act

Thr

2515

cct

Val Met Arg Gly Ser Tyr Leu Ala Gly Gly Ser Ile Ala

2505 2610

ctc atc aag aac gct gac aag ccc tcc tta aaa agg gga

Leu Ile Lys Asn Ala Asp Lys Pro Ser Leu Lys Arg Gly

2520 2525

gEe geC agg acg cta ggg gag cag igg aag gaa aaa cta

Pro Gly Gly Arg Thr Leu Gly Glu Gln Trp Lys Glu Lys Leu

25630

2535 2540

gcc atg age aga gaa gag tit ttt aaa tac cgg aga gag gcc

Ala Met Ser Arg Glu Glu Phe Phe Lys Tyr Arg Arg Glu Ala

25645

atc

2550 2555

gag gtg gac cge act gaa gca cge agg gct aga cgt gaa

Ile Glu Val Asp Arg Thr Glu Ala Arg Arg Ala Arg Arg Glu

2560

2665 2570

7589

7634

7679

1724

7769

7814



Thr Ile Gn Pro Gu Asn Ile Lys Tyr Lys Val Ay Ile
Phe Val His 425 430 435 gga gee act act tcg gaa aac
cat ggg aat tat tca gcg caa gtt ggg 1457 Gy Ala Thr
Thr Ser Gu Asn Hs Ay Asn Tyr Ser Ala @ n Val Gy
440 445 450 gcg tce cag goeg/@ea aag ttc aca gta aca
ccc aat get cot tcg ata 1505 Ala Ser An Ala Ala Lys
Phe Thr Val Thr Pro Asn Ala Pro Ser Ile 460 465 470
aat aa¢bDaBf @tet gefamactit 0Qicgogtt tiag oga gEma Ytx gr@aasa g 7859
gac tgt gag cca 1553 Thr Leu Lys Leu Ay Asp Tyr Ay
Asn AsH Ul Malvalhgly@lyAHps OProGial Mexr A¥S GIS0 886 Alaggyagt
gga ctg aac act gaa gcg ttt tac gtc atg ace gtg ggg
osttga 1601 Arg Ser 288y Leu Asn Thr 2588l a Phe Tyr Val
Met Thr Val Gy Ser 490 495 500 aag tca ttt ctg gtc
cat agg gaa tgg ttt cat gac etc get etc ccc 1649 Lys
Ser Phe Leu Val Hs Arg Qu Trp Phe H's Asp Leu Al a
cte ctCUtEE @ 12081515 2ba7/gfmdttt grtcadggt am cetatgrp age aca 7904
geg tgg aga aac aga gaa ctc ctc atg 1697 Trp Thr Ser
Leu Arg OTSSILeveNaTtG1iALgs Tr(l yAPhe Al Sey Rty Ide (leu Lwet

520 525 530
2590 2595 2600
gtc att gat cta ggg tgt ggg cet gga gga tgg age tac tac gca 7949

Val Ile Asp Leu Gly Cys Gly Arg Gly Gly Trp Ser Tyr Tyr Ala
2605 2610 2615

gca acc ctg aag aag gtc cag gaa gtc aga gga tac acg aaa ggt 7994
Ala Thr Leu Lys Lys Val Gln Glu Val Arg Gly Tyr Thr Lys Gly
2620 2625 2630

ggg gcg gga cat gaa gaa ccg atg ctc atg cag age tac ggc tgg 8039
Gly Ala Gly His Glu Glu Pro Met Leu Met Gln Ser Tyr Gly Trp
2635 2640 2645

aac ctg gtc tcc atg aag agt gga gig gac gtg ttt tac aaa cct 8084
Asn Leu Val Ser Met Lys Ser Gly Val Asp Val Phe Tyr Lys Pro

2650 2655 2660

tca gag ccc agt gac act ctg ttc tge gac ata ggg gaa tec tce 8129
Ser Glu Pro Ser Asp Thr Leu Phe Cys Asp Ile Gly Glu Ser Ser
2665 2670 2675




ccg

Pro

atg

Met

aaa

Lys

gtc
Val

tece

Ser

ggc
Gly

2.8

gag
get
dn
gaa
gtg
Ay
gtg
Tyr
Cys

ttt gaa gag gcg cac gcc aca aaa cag tee 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 geg ttg gea gga gcc ate gtg
1793 Ser G n Qu Glybzg/gsLeu Hs G@n Ala Leu Ala
Ala Ile Val Vval 555 5 gS gag tac tea agt tea
aag tta aca tea ggc cac ctg aaa tgt agg 1841 du
Ser Ser Ser Val Lys Leu Thr Ser Ay H's Leu Lys
Arg 570 575 580 <ctg aaa atg gac aaa ctg get ctg

agtdac 84 gaACRtACRal gha 0Q@adtge 3@ E88%gd egté ystaVghg Asp

Lys

Leu Ala Leu Lys Ay Thr Thr Tyr Ay Met Cys 585

Se?r90PEY G lacHaDaA @8R t (Ent gLg ITHr U6Q g ¥al [GgGYeg

gac
2680S
gtt
tgc
Ser

act ggt cac ggg 1937 Thr Glu Lys Phe Ser Phe Al a
Asn Pro Ala Agggdhr Gy Hs Ay %y 605 610 aca
gtc att gaa etc tee tac tct ggg agt gat ggc ccc
aaa 1985 Thr Val Vval Ile GQu Leu Ser Tyr Ser Ay
Asp Ay Pro Cys Lys 615 620 625 630 8/158 att ccg

acal 1 1§t GdcCEg@litgledc adyaChfa aidt €p8 gy 8€E GACaghC

999

2033 Ile Prolle Val Ser Val Ala Ser Leu Asn Asp

ThiYet SdRrady OryaleuCHys 6F¥rgb80y % Arg Glu Phe Cys Ile

2695

2700 2705

gtt ctt tge cec 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 cge ttec 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

cge aac tcc aat cac gag atg tac tgg gtt agt gga gee 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 age 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



egg ctg gtg aca gtg aac ccc ttc gtc geg act tce agt
gee aat tea 2081 Arg Leu Val Thr Vval Asn Pro Phe Val
Ala Thr Ser Ser Ala Asn Ser 650 655 660 aag gtg ctg
gtc gag atg gas ccc ccc ttc gga gac tec tac atc gta
2129 Lys Val Leu Val G u g#i58G u Pro Pro Phe Gy Asp
Ser Tyr Ile Val 665 670 675 gtt gga egg gga gac aag

cag atc aac cac cat tgg cat aaa get gga 2177 Val dy
o7og Gy Asp Lys G275l e Asn His His 29 His Lys Al a
Gy 680 685 690 age aeg ctg ggc aaa gee ttt tea aca
act ttg aag gga get cag aga 2225 Ser Thr Leu Ay Lys
Ala Phe Ser Thr Thr Leu Lys Ay Ala @ n Arg 695 700

gat gtd5a3d0tLlge0s §8Y CACR @Gh QO AGaskfee 2BgRRMEapLt 8489

ggc tec att gga ggg 2273 Leu Ala Ala Leu Gé Ast Thr
Asp VAl aABRPLASB1PhSerGGl ySeThy lArgGhla May 616 136 b6 1yt c
ttc aac tee ata gga aaa gee gtt cac caa gtg ttt ggt
9TRE gcc 2321 Val 2786 Asn Ser lle A 97¥ys Ala Val Hi s
Gn Val Phe Ay Ay Ala 9/158 730 735 740 ttc aga aca
etc tte ggg gga atg tet tgg ate aca caa ggg eta atg
2369 Phe Arg Thr Leu Phe Ay Ay Met Ser Trp Ile Thr
gtc c&l N ageyadewalbtad Mna750td SRg aag aga atc cag aag ctt 8534

Val His Ser Asn Gln Glu Lys Ile Lys Lys Arg lle Gln Lys Leu

2800 2805 2810

aaa gaa gaa ttc gcc aca acg tgg cac aaa gac cct gag cat cca 8579
Lys Glu Glu Phe Ala Thr Thr Trp His Lys Asp Pro Glu His Pro

2815 2820 2826

tac cge act tgg aca tac cac gga agc tat gaa gtg aag gct act 8624
Tyr Arg Thr Trp Thr Tyr His Gly Ser Tyr Glu Val Lys Ala Thr
2830 2835 2840

gge tca gct agt tet ctc gtc aac gga gig gtg aag ctc atg age 8669
Gly Ser Ala Ser Ser Leu Val Asn Gly Val Val Lys Leu Met Ser

2845 2850 2855
aaa cct tgg gac gec att gee aac gte ace acc alg gcc atg act 8714
Lyé Pro Trp Asp Ala Ile Ala Asn Val Thr Thr Met ‘Ala Met Thr

2860 2865 2870

gac acc acc cct ttt gga cag caa aga gtt ttc aag gag aaa gtt 8759




Asp

gac

Asp

aac

Asnl

aga

Arg

agc

Ser

age

Ser

gtt

Val

ggt gee eta eta etc tgg atg ggc gte aac gca cga gac
ega tca att 2417 dy Ala Leu Leu Leu Trp Met Gy Val
Asn Ala Arg Asp Arg Ser Ile 760 765 770 get ttg gee
ttc tta gee aca gga ggt gtg etc gtg ttt tta geg ace
2465 A a Leu Ala Phe Leu sglgsgThr Gy Ay Val Leu Val
Phe Leu Ala Thr 775 780 785 790 aat gtg cat get gac
act gga tgt gee att gac ate aca aga aaa gag 2513 Asn
Théal Thi Prdl BhédspiyTBin G81nCieg Alal Phe Iasp Gle Ghw VAl g
Lys Au 795 800 805 atg agg tgt gga agt ggc ate ttc
986 cac aac gac gRg8Qgaa gee tgg 2561288%t Arg Cys Ay
Ser Ay Ile Phe Val H's Asn Asp Val Au Ala Trp 810
815 820 gtg gat agg tat aaa tat ttg cca gaa aeg cec
aga tee eta gca aag 2609 Val Asp Arg Tyr Lys Tyr Leu

ady Oafg WekhecPrgnghicgaSadca gut Algn gyt &5 @36 S35 cate 8804
gte cac aaa gcg cac aag gaa ggc gtg tgc gga gtc aga
THiCt Lyt A1268%0 1011l PBo IR Wik Glys AlysLyd aGhiaisVdlyd.ed u
Gy val Cys Gy Val Arg Ser Val 840 845 850 act aga
28909 gag cat caa ai2895gg gaa gcc gta 29 gat gaa ttg
aac 2705 Thr Arg Leu Qu Hs An Met Trp Qu Al a Vval
Arg Asp Au Leu Asn 855 860 865 870
gag acc acc aac tgg ctg tgg gec tac ttg tca cgg gaa aaa 8849
Glu Thr Thr Asn Trp Leu Trp Ala Tyr Leu Ser Arg Glu Lys

2905 2910 29156

ccc cge ttg tge acc aag gaa gaa ttc ata aag aaa gtc aat 8894
Pro Arg Leu Cys Thr Lys Glu Glu Phe Ile Lys Lys Val Asn
2920 2925 2930

aac gcg get ctt gga gea gtg ttc get gaa cag aat caa tgg 8939
Asn Ala Ala Leu Gly Ala Val Phe Ala Glu Gln Asn Gln Trp
2935 2940 2945

acg gcg cgt gag get gtg gat gac ccg cgg ttt tgg gag atg 8984
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 9029
Asp Glu Glu Arg Glu Asn His Leu Arg Gly Glu Cys His Thr
2965 2970 2975



tgt

Cys

ttt

Phe

gga
Gly

gat

Asp

teca

Ser

aag

Lys

act

Thr

gte ctg etc aaa gag aat gea gtg gac et c 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 ego tca gcc cct aaa ege ctg tee atg aeg caa

2801 Pro Val Gy Arg Tyr sAymsgSer Ala Pro Lys Arg Leu

Ser Met Thr G n 890 895 900 gag aag ttt gaa atg ggc

tgg aaa gca tgg gga aaa age att etc ttt 2849 du Lys

atRhetsd haveht atgTgpa Lyemarhga gy Ghy dags Set ddacgagu
Phe 905 910 915 gcc ccg gaa ttg gce aac tee aca ttt

116t CTE AspaMeMetcely gdysadng ZH7 Lyd ysPr Bral @ yLELU Al a

Asn Ser Thr Phe Val Val Asp Ay Pro Gu Thr 920 925
2g%90 aag gaa tgc c@p8fat gag cac aga <80 t gg aac age

atg caa ate gaa 2945 Lys Qu Cys Pro Asp Gu His Arg
Ala Trp Asn Ser Met @n Ile Au 935 940 945 950 11/158

gac ttc gge ttt ggc ate aca tea ace cgt gtg tgg ctg
gfRladhtg@0aasd 99 afsp fipegetyatthdgd yid | @tBhtgsSettThr

Arg Val Trp Leu Lys Ile Arg 955 960 965 gag gag age
GBCt LgacAadysgtlySerggergddaalle drp Bap deg Ter %ﬁﬂc

3041 du du Ser Thr Asp Qu Cys Asp Ay Ala lle lle

2dgsy Thr Al a Val 9700075 980 3005

gca cgg tat cta gag ttt gaa gct ttg ggg ttc 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 vVal Glu Gly
3025 3030 3035

gge gtc caa aag cig gga tac atc ctec cgt gat ata gca gga
Gly Val Gln Lys Leu Gly Tyr Ile Leu Arg Asp Ile Ala Gly
3040 30456 3050

caa gga gga aaa atg tac gect gat gat acc gcc  g8E tge 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 gtg 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




Eag
Glu

gaa

Glu

gca

Ala

ageg

Arg

aac

Asn

att

Ile

get

Ala

aaa gga cat gtg gca gtc cat agt gac ttg tcg tac tgg
att gag agt 3089 Lys Gy H's Val Ala Val H's Ser Asp
Leu Ser Tyr Trp Ile A u Ser 985 990 995 cge tac aac
gac aca tgg aaa ctt gag agg gca gtc ttt gga gaa 3134
Arg Tyr Asn Asp Thr Trp Lyg/isgsu G u Arg Ala Val Phe
Gy Gu 1000 1005 1010 gtt aaa tcc tgc act tgg cea gag
aca cac ace eta tgg gga gat 3179 Val Lys Ser Cys Thr
Trp Pro GQu Thr His Thr Leu Trp Gy Asp 1015 1020 1025
ggt gtt gag gaa agt gaa ctc ate ate ccg cac ace ata
ctgCccygagas2gdt gdaychal dgcuatd ctSegcd ega egetlata B&tPro
Hs Thr I1le Ala Ay 1030 1035 1040 cca aaa age aag cat
Leaaat LegAspoGlyaGlulast atrgaMgt doar dda A 82sdllepddelys
Ser Lys H's Asn Arg Arg Qu Gy Tyr Lys Thr G n Asn
308345 1050 1055 12B09@ cag gga cot t3fPdgac gag aat ggc
ata gte ttg gac ttt gac tat 3314 dAn Ay Pro Trp Asp
GQu Asn Ay Ile Val Leu Asp Phe Asp Tyr 1060 1065 1070
tgc cca ggg aca aaa gtc ace att aca gag gat tgt ggc
ttgagaagatat3afg €ics akRao gy gthradg/ gtvadterhrgal ectTigead u
Asp Cys Ay Lys Arg 1075 1080 1085
Leu Thr Tyr Arg His Lys Val Val Lys Val Met Arg Pro Ala

3100 3105 3110

gaa gga aag acc gtg atg gac gtg ata tca agg gag gat caa
Glu Gly Lys Thr Val Met Asp Val Ile Ser Arg Glu Asp Gln
31156 3120 3125

ggg agt gga cag gtg gtc act tat get ctt aac act ttc acg
Gly Ser Gly Gln Val Val Thr Tyr Ala Leu Asn Thr Phe Thr
3130 3136 3140

atc gct gtc cag ctc gtc agg ctg atg gag gct gag g8E gtc
Ile Ala Val Gln Leu Val Arg Leu Met Glu Ala Glu Gly Val
3145 3150 31565

gga cca caa cac ttg gaa cag cta cct aga aaa aac aag ata
Gly Pro Gln His Leu Glu Gln Leu Pro Arg Lys Asn Lys Ile
3160 3165 3170

gtc agg acc tgg ctc ttt gag aat gga gag gag aga gig tce

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

9389

9434

9479

9524

9569

9614

9659



gge cct tog gte aga ace 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 cge
agt tgc tee ctt ccg ccc cta cga ttc egg 3449 Asp Trp
Cys Cys Arg Ser Cys Ser Le@3f$68 Pro Leu Arg Phe Arg
1105 1110 1115 aca gaa aat ggc tgc tgg tac gga atg gaa

ate aga cct gte agg 3494 Thr du As y Cys Trp Tyr
3HY Met Gu lle Ardl88% 0 val Arg 1120%1%5 1130 cat gat

gaa aca aca ctc gtc aga tcg cag gtt gat get ttt eat
3539 His Asp Gu Thr Thr Leu Val Arg Ser A n Val Asp
- Ala Phe Asn 1135 1140 1145 ggt gaa at gtt ac cot ttt
agg aéag galgagy2ea €881 §AYyt G4t tgstt €9 38ks 28 °c§g GlRegagy 9704
Pro Phe G n_ Leu Ay Leu Leu_V P 3/ 158
Arg MﬂS(ﬁlﬁlé@e151%0GéVgA§}éeAz§Eec¥,% ad @alg Sctt1'°c Eua‘gﬂ’ agg
Ag aeg gee aga ttg 3629 Leu Ala Thr %%n A u Val Leu
3 8 Lys Arg Trp Th#l% a Arg Leu 116532990 1175 ace att
cct geg gtt ttg ggg gee cta ctt gtg ctg atg ctt ggg
3674 Thr Ile Pro Ala Val Leu Gy Ala Leu Leu Val Leu

Met Leu Ay 1180 1185 1190
gac aga ttc gecc acg gcc ctec cac tte ctc aac gea atg tca aag 9749

Asp Arg Phe Ala Thr Ala Leu His Phe Leu Asn Ala Met Ser Lys
3205 3210 3215

gtc aga aaa gac atc cag gaa Fgg aag cct tca cat gge tgg cac 9794
Val Arg Lys Asp Ile Gln Glu Trp Lys Pro Ser His Gly Trp His

3220 3225 3230

gat tgg cag caa gtt ccc tte tge tct aac cat ttt cag gag att 9839
Asp Trp Gln Gln Val Pro Phe Cys Ser Asn His Phe Gln Glu Ile
3235 3240 3245

gtg atg aaa gat gga agg agt ata gtt gtc ccg tgc aga gga cag 9884
Val Met Lys Asp Gly Arg Ser Ile Val Val Pro Cys Arg Gly Gln
3250 3255 3260

gat gag ctg ata ggc agg get cgc atc tcc cca gga get gga tgg 9929
Asp Glu Leu Ile Gly Arg Ala Arg Ile Ser Pro Gly Ala Gly Trp

3265 3270 3275

aat gtg aag gac aca get tgt ctg gecc aaa gea tat gca cag atg 9974



Asn

teg

Trp

aat

ggc ate act tac act gat ttg gcg agg tat gtg gtg cta
gtc get 3719 dy lle Thr Tyr Thr Asp Leu Ala Arg Tyr
Val Val Leu Val Ala 1195 1200 1205 gee tct ttc gea gag
gee aac agt gga gga gat gte ctg cac ctt 3764 Al a Ser
Phe Ala Gu Ala Asn Ser A ¥4/&% Asp Val Leu H's Leu
1210 1215 1220 get ttg att gee gtt tte aag ate caa cca
gca ttt tta gtg atg 3809 Ala Leu Ile Ala Val Phe Lys
Val e L@snAst dhal AlPHiysLeliewailankys #lasTyp3dileo8in Met at g
ctt age aeg aga tgg acg aac caa gaa aac gtg gtt ctg
32854 Asn Met Leu 385 Thr Arg Trp ThB2%n @ n du Asn
Val Val Leu 1240 1245 1250 gtc cta ggg get gee ttt ttc
caa ttg gee tca gta gat ctg caa 3899 14/158 Val Leu
Gy Ala Ala Phe Phe A n Leu Ala Ser Val Asp Leu A n
c1255 t£260a 1285 th¢ ccafgacgt taggagagditeacst ciqfcaate @ gee 10019
get ata gea tgg atg 3944 1Ile Ay Val Hs Gy Ille Leu
Lésn Laualeén lya Rhé |HisAl ArgrAreVAsp 11@10,41375,@2&91: Aka gt c
egg gcg ate ace ttc ccc aca ace tee tec_gtc ace atg
32989 Ile Val Arg 38® Ile Thr Phe Prd3%Br Thr Ser Ser
Val Thr Met 1285 1290 1295

gcg att tge tca geca gtg cca gtg gat tgg gtg ccc acg ggee 10064

Asn Ala Ile Cys Ser Ala Val Pro Val Asp Trp Val Pro Thr Gly

age

Arg

gaa

Glu

gaa

Glu

ccg

Pro

3310 3315 3320

aca tec 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 3335

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 gtt 10199
Trp Met Val Asp Lys Thr Pro Ile Thr Ser Trp Thr Asp Val
33556 3360 3365

tat gtg gga aag cgg gag gac atc tgg tgt gegc aac cic atc 10244
Tyr Val Gly Lys Arg Glu Asp Ile Trp Cys Gly Asn Leu Ile
3370 3375 3380



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 Met
Arg Ala Leu Tyr Leu 1300 1305 1310 gat act tac aga ate
ate ctc etc gtc ata ggg att tgc tet ctg 4079 Asp Thr
Tyr Arg Ile Ile Leu Leu Vabs/ibg 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 A n Qu Arg Lys Lys Thr
ablet caatbysagdaygchyscdd yed\ getVghg 1880a16835taL3408e8QR tt g
ggc tta gcg ctc aca tee act gga tgg ttt tcg ccc ace
THA6Argl Ber Vg Gly Thau Arp AleuGTnrAssed1ahrTy® w1arklarhe
Ser Pro Thr 1345 1350 1355 15/158 act ata got gee gga
388% atg gte tgc aadl%ca aac aag aag 2§854214 Thr Ile
Ala Ala Ay Leu Met Val Cys Asn Pro Asn Lys Lys Arg
1360 1365 1370 ggg tgg cca get act.gag ttt ttg tcg gca
gtt gga ttg atg ttt 4259 Ay Trp Pro Ala Thr G u Phe
aheu G gt aagdalgcl gtd eatiggePhea 18%5 a3830tal3 8%t gRAL at e
gta ggt ggt ttg gcg gag ttg gat att gaa tee atg tea
A48041nAVal |Arg Wik Wl GEly GlouLgk 61 dsheulvasNal| &s1d u
Ser Met Ser 1390 1395 1400
3400 3405

10289

gga
Gly

ata 10334

Ile

3410

tac atg acc tca ctc agg aga tac gaa gat gtc ttg atc cag gaa 10379

Tyr Met Thr Ser Leu Arg Arg Tyr Glu Asp Val Leu Ile Gln Glu

3415 3420 34256

gac agg gtc atc tagtgtgatt taaggtggaa aagcagatta tgtaaataat 10431

Asp Arg Val Ile

3430

gtaaatgaga

gtagacggtig

aaagtgagaa

gaccaacgtc

aggaggactg

atagacgagg

aaatgcatge

ctgtetgegt

aaccctcaga

aggccacaaa

ggttaccaaa

tgtaaggact

atatggagtc

cccagteccea

accgtctcgg

tttgtgecac

gccgttgage

agaggttaga

aggecagceaa

ggaggacigg

aagcaggtee

tccgetgage

cceccacggece

ggagacccceg

aagctgecac

gttaacaaat

ctgctcactg

agtgcgecet

caagcctegt

tggaaacaac

cggatactgg

ctgacaacag

gaagttgaag

gcgecagecce

ctaggatgea

aacatgcgge

10491

10551

10611

10671

10731

10791



ata ccc ttc atg ctg gea ggt etc atg gca gtg tec tac

gtg gtg 4349 1Ile Pro Phe Met Leu Ala Ay Leu Met Al a

Val Ser Tyr Val Val 1405 1410 1415 tea gga aaa gca aca

gat atg tgg ctt gaa egg got gee gae ate 4394 Ser dy

Lys Ala Thr Asp Met Trp Less/ b8 Arg Ala Ala Asp lle

1420 1425 1430 age tgg gag atg gat get gca ate aca gga

age agt egg agg ctg 4439 Ser Trp Gu Met Asp Ala Ala

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
ccaagdd@t thspastligtl yeadgageds Eansgantae @egthagagmmagppecagsa 10851

Ile Asp Asp 1450 1455 1460 16/ 158 <ccc ggt gtt cca tgg

aag gte tgg gtc ctg ego atg tct tgc att 4529 Pro Qdy

Val Pro Trp Lys Val Trp Val Leu Arg Met Ser Cys Ile
tttgeaticdn MeaQcAEtS ggcpacigggeantgeectes saggtebict ggt@@et%tpt 10911

gtt ccc gee get ttt 4574 Ay Leu Ala Ala Leu Thr Pro

Trp Ala Ile Val Pro Ala Ala Phe 1480 1485 1490 ggt tat

tgg etc act tta aaa aca aca aaa aga ggg ggc gtg ttt
aacatdsdé@t aGtggdoacalegpetensedargiatigtpget Betewhgags sagpecagag 10971

Gy Vval Phe 1495 1500 1505

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



Al

w

Leu

65

Leu

Lys

Met

Lys

Asp

tgg gac acg cca tee cca aaa 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 4709 Thr dy
Val Tyr Arg Ile Met Ala Ari/@b8 1le Leu Ay Thr Tyr
1525 1530 1535 cag gee ggc gtc gga gtc atg tac gag aat
gtt ttc cac aca cta 4754 Gn Ala Ay Val @y Val Mt
Tyr A u Asn Val Phe Hi's Thr Leu 1540 1545 1550 tgg cac
aca act aga gga gca get att atg agt gga gaa gga aaa
4799 Trp His Thr Thr Arg Ay Ala Ala lle Met Ser Ay

Lys 17/158 1555 1560 1565
Lyl 1gqthe Phentbe das EBe Mo hle e Als e ghs Cysaien

Pro Tyr Trp Ay Ser Val Lys Qu Asp Arg Ile Ala Tyr

59570 1575 1580 gdg?® ggc cca tgg agg®ltt gat cga aaa tgg

aat gga act gat gac 48389 dy Ay Pro Trp Arg Phe Asp
Arg Lys Trp Asn Ay Thr Asp Asp 1585 1590 1595 gtg 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

Leu Gly Arg Trp Lys Ala Val Glu Lys Ser Val Ala Met Lys His

70 75 80

Thr Ser Phe Lys Arg Glu Leu Gly Thr Leu Ile Asp Ala Val Asn

85 80 . 95

Arg Gly Arg Lys Gln Asn Lys Arg Gly Gly Asn Glu Gly Ser Ile

100 105 110

Trp Leu Ala Ser Leu Ala Val Val Ile Ala Cys Ala Gly Ala Ile

115 120 125

Leu Ser Asn Phe Gln Gly Lys Leu Leu Met Thr Ile Asn Asn Thr
130 135 140

Ile Ala Asp Val Ile Val Ile Pro Thr Ser Lys Gly Glu Asn Arg




145

cag aca aaa cca gga gtg ttt egg act ccc ttc ggg gag
gtt ggg 4979 dn 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 tea ccc att 5024 Al a Val
Ser Leu Asp Tyr Pro Arg G 98/IB8 Ser Gy Ser Pro Ile
1630 1635 1640 ctg gat tee aat gga gac ate ata ggc ctg
tac ggc aat gga gtt 5069 Leu Asp Ser Asn Ay Asp lle
lle Ay Leu TYpOA y Asn Ay Val 188545 1650 1655 gadlctt
ggc gat ggc. tea tac gtc age gcc ate gtg cag ggt gac
5114 18/158 Qu Leu Ay Asp Ay Ser Tyr Val Ser Al a
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 Qu Pro Val Pro Qu Ala Tyr Thr Pro_Asn Met Leu

Cys Ttp7nl1889 AB8Ilaghsmiglagly d‘arg Mety CyseGlp Aspt Ahgatle t g

cac cct ggt tea ggg 5204 Arg Lys Arg G n Met Thr Val
Leu Asp LelbHi s Pro Ay Ser 1@y 1690 1695 170878aa ace
aag aaa att ctg cca caa ata att aag gac get att cag
5249 Lys Thr Lys Lys Ile Leu Pro @n Ile Ile Lys Asp
Ala Ile dn 1705 1710 1715

Thr Tyr Glu Cys Pro Lys Leu Ala Met Gly Asn Asp Pro Glu Asp Val

180 185 190

Asp Cys Trp Cys Asp Asn Gln Glu Val Tyr Val Gln Tyr Gly Arg Cys

195 ' 200 205

Thr Arg Thr Arg His Ser Lys Arg Ser Arg Arg Ser Val Ser Val Gln

210 215 220

Thr His Gly Glu Ser Ser Leu Val Asn Lys Lys Glu Ala Trp Leu Asp

225

230 236 240

Ser Thr Lys Ala Thr Arg Tyr Leu Met Lys Thr Glu Asn Trp Ile Ile

245 250 255



Arg

Gly

Val

Phe

305

Gly

Val

Tyr

cag ege cta aga aca got gtg ttg gea 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 etc cca gta cga tat caa 5339 Ala du
Met Ala Gu Ala Leu Arg G39/1881 Pro Val Arg Tyr Gn
1735 1740 1745 act tea gca gtg cag aga gag cac caa ggg
aat gaa ata gtg gat 5384 Thr Ser Ala Val @ n Ar

A$h $ro Glﬂ'feré%a @he Lee Alal AbspVal7ieu1Gbs Trpelet /B!E58
gtg atg tge cac gee act ctg ace cat aga ctg atg tea
ccg aag6®429 Val Met CO@FSHi s Ala Thr Leu2$ﬁ Hs Arg
Leu Met Ser Pro Asn 1765 1770 1775 aga gtg ccc aac tac
aac cta ttt gtc atg gat gaa get cat ttc 5474 Arg Val
Pro Asn Tyr Asn Leu Phe Val Met Asp Gu Ala Hi s Phe
1780 1785 1790 ace gac eca gee agt ata gee gea cga gga
tac att get ace aag 5519 Thr Asp o Ala Ser Ile Ala

Set Jhar s GLyTGAn | Axg Xph VeHr Pbys'ﬂmdéelb@o Legokeytlgugaa
tta ggg gag gca gea gee ate ttt atg aca_geg ace ccg
55645 Val G u Leu G38@Iu Ala Ala Ala 8% Phe Met Thr
Ala Thr Pro 1810 1815 1820 :

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

3556 360 365



Pro

Val

386

Leu

Ser

Val

Tyf

Pro

465

cet gga ace acg gat cct ttt cct gac tea aat gcc 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 tae 5654 Asp Leu
G@n Asp u Ile Pro Asp Argo/Ab& Trp Ser Ser Gy 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
age gtg aaa atg ggg aac gag att gca atg tgc etc caa
Tagalhge§le 7B ASerHihaAsnyGlwidysGhse Adn %m%qresﬂaﬁwm
Cys Leu Gn Arg Ala 1870 1875 1880 g aaa aag gtc ate
3¢@a etc aac cge a¥p tcc tat gac ac@8aa 5789 Gy Lys
Lys Val Ile G n Leu Asn Arg Lys Ser Tyr Asp Thr Qu
1885 1890 1895 tac cca aaa tgt aag aat gga gac tgg gat
ttt gte ate ace act 5834 Tyr Pro Lys Cys Lys Asn Ay
Asp Trp Asp Phe Vval Ile Thr Thr 1900 1905 1910 gac att

tet gaa atg ggg gec aac ttc ggt gcg age agg gtc ate
Cs87iys Adp Glw PBer T lASMeArSSI(ﬁYAFw %sll’f P f%YyCAF $lger
Arg Val 1le 1915 1920 1925

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
435 440 445

Ser Ala Gln Val Gly Ala Ser Gln Ala Ala Lys Phe Thr Val Thr
450 455 460

Asn Ala Pro Ser Ile Thr Leu Lys Leu Gly Asp Tyr Gly Glu Val
470 475 480




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 etc
gga aac cca tcg ccc ata ace agt gca age 5969 dy Arg
Val Ile Leu Ay Asn Pro Sea1/8® |l e 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 Gy Arg Asn Pro Asn G n Val 21/158 1960 1965 1970
gga gat gaa tac cac tat ggg ggg gec ace agt gaa gat
gac agt 6059 dy Asp Qu Tyr Hs Tyr Ay Ay Ala Thr
Ser AQu Asp Asp Ser 1975 1980 1985 aac eta gec cat tgg

Thr Lei AAspaGygdduaByoskng Sey Glva Lgut Asmdhat 6l Ada Phedyreu

Ala Hs Trp Thr Qu Ala Lys Ile Met Leu Asp Asn lle
1990 1995 0 cac atg ccc #P gga ctg gtg gcd9%ag etc
tat gga cca gag agg 6149 His Met Pro Asn Ay Leu Val
Ala Gn Leu Tyr Ay Pro Gu Arg 2005 2010 2015 gaa aag
gcc ttc aca atg gat gge gaa tac cgt etc aga ggt gaa
6194 du Lys Ala Phe Thr Met Asp Ay Gu Tyr Arg Leu
Arg le G u 2020 2025 2030

a

Val Met Thr Val Gly Ser Lys Ser Phe Leu Val His Arg Glu Trp Phe

His

Asn

Ser

545

Ala

Gly

500 506 510

Asp Leu Ala Leu Pro Trp Thr Ser Pro Ser Ser Thr Ala Trp Arg

6156 520 525

Arg Glu Leu Leu Met Glu Phe Glu Glu Ala His Ala Thr Lys Gln
530 535 540

Val Val Ala Leu Gly Ser Gln Glu Gly Gly Leu His Gln Ala Leu

550 555 560

Gly Ala Ile Val Val Glu Tyr Ser Ser Ser Val Lys Leu Thr Ser

565 570 575

His Leu Lys Cys Arg Leu Lys Met Asp Lys Leu Ala Leu Lys Gly




gaa aag aaa aac ttc tta gag ctg ctt agg acg 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 gec tac
aag gtg gcg tcc aat ggc ate cag tac ace 6284 Val Trp
Leu Ala Tyr Lys Val Ala Seg/fen Ay Ile An 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
Phe AsfiB0E@ Yy Pro Arg Thr 588n Ala Ile Leu 25%@ 2070 2075
gag gac aac ace gag gta gag ata gte ace cgg atg ggt
gag agg 6374 du Asp Asn Thr Qu Val Qu lle Val Thr
Arg Met Ay Gu Arg 2080 2085 2090 aaa atc etc aag ccg
aga tgg ett gat gea aga gtt tat gea gat 6419 Lys lle
Leu Lys Pro Arg Trp Leu Asp Al a Arg Val Tyr Ala Asp

Thr TROTYr2aDO M2106y < dbrcblu dats Bh@ SeaxgPhgp ka Yaaéﬁrgé’é‘ottc
gca gca gga aag aga 6464 H's G n Ala Leu Lys Trp Phe
Ly$9Bsp Phe Ala Ala 80§ Lys Arg 2110 268065 2120 tca gec
gtt age ttc ata gag gtg etc ggt cgt atg cct gag cat
6509 Ser Ala Val Ser Phe Ile Qu Val Leu Ay Arg Mt
Pro Gu H's 2125 2130 2135

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

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 gea aeg get gag aaa
ggt ggg aaa gea cac ega atg get etc gaa 6599 Ala Thr
Ala Qu Lys Gy Gy Lys AlgsMss Arg Met Ala Leu Qu
2155 2160 2165 23/ 158 gag ctg cca gat gea ctg gaa ace
att aca ctt att gtt get ate 6644 du Leu Pro Asp Al a

TteHiE DyFhklad Géy T3er Thn Léwe GVal Lyd alpl Bhe Spo PhyIhzri80
act gtg atg aca gga gga ttc ttt cta etc atg atg cag

68@a aag 6689 Thr69ml Met Thr Ay @ Phe Phe Leu Leu
Met Met G n Arg Lys 2185 2190 2195 ggt ata ggg aag atg
ggt.ctt gga get cta gtg etc acg cta get 6734 Gy lle
Gy Lys Met Gy Leu Ay Ala Leu Val Leu Thr Leu Al a
2200 2205 2210 ace ttc ttc ctg tgg geg gea gag gtt ccc
gga aca aaa ata gea 6779 Thr Phe Phe Leu Trp Ala Al a

L& GIVal1Rr@GlriGAy g Theu [Als Alae LanaGbe #sp2Pho A1a28rpdgrace
ctg ctg ate gcc ctg ctgett atg gtg gtt etc ate cca
6824 Gy Thr 7iéu Leu Ile Ala LélbLeu Leu Met Val720al
Leu Ile Pro 2230 2235 2240

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 Glfr 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 6ly Gly Val
770 775 780

Val Phe Leu Ala Thr Asn Val His Ala Asp Thr Gly Cys Ala Ile

790 795 800



Asp

Asn

Pro

Cys

Yal

865

Ser

Arg

Ibe dhagérgdos G

A 3l sbu AdaiTrprValaAsp

gaa ccg ggggaa% cag agg tea caa aca gat aat caa ctg
geg gtg uPro Qu Lys An Arg Ser A n Thr Asp
Asn A n Leu Ala Val 2245 2250 2255 ttt etc ate tgt gte
119 Oys Val Lou Thr Val Vebw/tsy Val val Aa Ala dsn
al Leu r Va al Va a Ala Asn
2260 2265 2270 24/ 158 gag tac ggg atg eta gaa aaa ace
aaa gca gac etc aag age 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 atta
lg?hé«le@l drg ';%rsu}évﬁﬁgrg@lm %PQQ%J@ Wigeu
Thr Ay Leu Pro Ser 2290 2295 2300 atg gea ctg ac ctg
cgt cca gdPbaca get tgg gcaBd®g tat ggg 7049 k%t Al a
Leu Asp Leu Arg Pro Ala Thr Ala Trp Ala Leu Tyr Ay
2305 2310 2315 ggg age aca gte gtg eta ace cct ett ctg
aag cac ctg ate aeg 7094 dy Ser Thr Val Val Leu Thr
Fro qu Leu Lys His Leu'lle Thr 2320 2325 2330 tcg gaa
ac gte ace aca tcg eta gcc tea att aac tea ca t
h!?rgrﬂwr Ses Tyt lew Poer wa gﬁ'ﬁsn
Ser A n Ala 2335 2340 2345

820 825 830

Arg Ser Leu Ala Lys Ile Val His Lys Ala His Lys Glu Gly Val

835 840 845

Gly Val Arg Ser Val Thr Arg Leu Glu His Gln Met Trp Glu Ala
850 855 860

Arg Asp Glu Leu Asn Val Leu Leu Lys Glu Asn Ala Val Asp Leu

870 875 880

Val Val Val Asn Lys Pro Val Gly Arg Tyr Arg Ser Ala Pro Lys

885 890 895

Leu Ser Met Thr Gln Glu Lys Phe Glu Met Gly Trp Lys Ala Trp

900 905 910



Gly

Val

Asn

945

Val

Ile

Ser

Ala

gge tea tta ttt gtc ttg cca ega ggc gtg cct ttt ace
gac eta 7184 dy Ser Leu Phe Val Leu Pro Arg Gy Val
Pro Phe Thr Asp Leu 2350 2355 2360 gac ttg ace gtt ggc
etc gtc ttc ctt ggc tgt tgg /qgt caa ate 7229 Asp Leu
Thr Val Ay Leu Val Phe Le#/®§ Cys Trp Ay An lle
25/ 158 2365 2370 2375 ace etc aca acg ttt ttg aca gcc
atg gtt ctg gcg aca ctt cac 7274 Thr Leu Thr Thr Phe
Leu Thr Ala Met Val Leu Ala Thr Leu H's 2380 2385 2390
‘tat ggg tac atg etc cct gga tgg caa gca gaa gca etc
agg get 7319 Tyr Ay Tyr Met Leu Pro Ay Trp Gn Al a

du Al g, lLeu 395 400 2405 aga, a aca
L&%&G&oilagf'ﬁi’geg@ 3 a6 Lquch b wLgy e 365 g Sl
%‘ Thr AIaAlag}Sllel\/bt LysAsgééd a Val Vval
241 415 2420 gac ¢ 2 atg gte gcc act t gtg cct gaa
ctg gaa agg ace act 7409 Asp Ay Met Val Ala Thr Asp
Val Pro Qu Leu Qu Arg Thr Thr 2425 2430 2435 cet ctg
atg caa aag aaa gtc gga cag gtg etc etc ata ggg gta

7454 Pro Leu Met G n Lys Lys Val Ay G n Val Leu Leu

Alsxl) eGl()BrI ¥rc\3/a(£1u2%ﬁ9 Ey 4%1 éj(r)s Pro Asp Glu His Arg Ala Trp

930 935 940

Ser Met Gln Ile Glu Asp Phe Gly Phe Gly Ile Thr Ser Thr Arg
950 955 960

Trp Leu Lys Ile Arg Glu Glu Ser Thr Asp Glu Cys Asp Gly Ala
965 970 975

Ile Gly Thr Ala Val Lys Gly His Val Ala Val His Ser Asp Leu

980 985 990

Tyr Trp Ile Glu Ser Arg Tyr Asn Asp Thr Trp Lys Leu Glu Arg
995 1000 1006

Val Phe Gly Glu Val Lys Ser Cys Thr Trp Pro Glu Thr His



Thr

His

Tyr

Leu

Asp

Gly

age
gtg
Ile
gtg
Gu
Trp
tec
19H)
tgc
att
ady
aac
Leu

Low 19 res58by 26p56GhyVadct

1655

gtg
aga
Thr
aca
Al a
Asp
ace
Trp
cat
get
ady
get
I'le

aag
Adu

gea gcg ttc etc gtc aac ccc aaa etc ace act
7499 Ser Val Ala Ala Phe Leu Val Asn Pro Lys
Thr Val Arg 2455 2460 2465 gaa gca ggg gtg ttg
gcg get acg etc tot ttg tgg gac 7544 26/ 158
Gy Val Leu Val Th4e/Ab& Al a Thr Leu Ser Leu
2470 2475 2480 aac gga gee agt gee gtt tgg aat
act gcc aeg %ga etc 7589 Asn Jy Ala Ser Al a
Asn Ser THWIPhr Ala Thr Ay L8&0 2485 2490 2495
gta atg cga ggt age tac ctg get gga ggc tec
7634 Cys His Val Met Arg Ay Ser Tyr Leu Al a
Ser Ile Ala 2500 2505 2510 tgg act etc ate aag
gac aag ccc tce tta aaa agg gga 7679 Trp Thr
LsAsnAIaAsgLsProSer Leu Lys

by F lygeerndd vabgu et egééed’arg) cag
gaa aaa eta 7724 Arg Pro GI){ @y Arg Thr Leu
Gn Trp Ly¥W3 u Lys Leu 253018885 2540 aat gee

atg age aga gaa gag ttt ttt aaa tac egg aga gag gee
7769 Asn Ala Met Ser Arg Qu G u Phe Phe Lys Tyr Arg
Arg G u Ala 2545 2550 2555

Thr Ile Ala Gly Pro Lys Ser Lys His Asn Arg Arg Glu Gly

1040

Lys
1055

1045 1050

Thr Gln Asn Gln Gly Pro Trp Asp Glu Asn Gly I_le Val

1060 1065

Asp Phe Asp Tyr Cys Pro Gly Thr Lys Val Thr Ile Thr Glu

1070

Cys
1085

Lys
1100

1075 1080

Gly Lys Arg Gly Pro Ser Val Arg Thr Thr Thr Asp Ser

1090 1095

Leu Ile Thr Asp Trp Cys Cys Arg Ser Cys Ser Leu Pro

1105 1110



Pro

Ile

Val

Leu

Trp

Val

Val

ata ate gag gtg gac cge 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 27/168 aat aac ata
gtg gga gga cat cog gtt tog ega ggc tca gca aaa 7859
Asn Asn Ile Val Ay Gy H 47/®% Val Ser Arg Ay Ser
Ala Lys 2575 2580 2585 etc cgt tgg etc gta gag aaa gga
ttt gtc_tcg cca at% gga aaa 7904 Le* Ar%ﬁ;rﬁ Ley Val
Ley y ArgsPlag &thhK/:ﬁ usefsiplygy| Ces drp LyE oMetdg U600
tc att gat eta g tgt ggg cgt gga a_tgg age tac
lg’a"-t gea 7949 Val glI%IZQ Asp Leu Gy C,yg%@y Arg Ay Qy
Trp Ser Tyr Tyr Ala 2605 2610 2615 gca ace ctg aag aag
gtc cag gaa gtc aga gga tac acg aaa ggt 7994 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 gge.tgg 803 y €] is Ay Au Pro
Angt PE“@uVﬂ)ztAr@ Hlse‘\spryﬁ?'a?%ﬁifgr 3%5}(’2?40“?6 er ctg
tc tee atg aag a%é@%ga gtg gac gtg ttt tac aaa cct

1 4 Asn Leu Val Met Lys Ser C]Ql%%l Asp Val Phe
Tyr Lys Pro 2650 2655 2660 _

Asp Ala Phe Asnh Gly Glu Met Val Asp Pro Phe Gln Leu Gly
11456 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

tca gag
tee tee
Ile Ay
gaa gta
Pro Ser
Leu Au
gga cct
Leu Hi s
aaa gtt
Vai g LgagH
lle Qu
¢ gga
Gn Arg
2725 273
gtt agt
Met Tyr
Pgtg gtg

ccc agt gac act ctg tte tge gac ata ggg gaa
8129 Ser Qu Pro Ser Asp Thr Leu Phe Cys Asp
A u Ser Ser 2665 2670 2675 28/ 158 ccg agt cca
gaa gaa caa cgc aca eta cgc gtc eta gag 8174
Pro Qu Val Qu Q484858 Arg Thr Leu Arg Val
2680 2685 2690 atg aca tct gac tgg ttg cac cga
aga gag tte tgt ata 8219 Met Thr Ser Asp Trp
Arg Gy Pro Arg Gu Phe Cys Ile 2695 2700 2705
ctt tgc. ccc tac_atg ccc aag gtt ata gaa aaa
E2dev ha hen Lbe Adgs Ul ity Eyhetller BLD & oal
Lys Met Gu 2710 2715 2720 gtc ctg caa cgc cgc
ggt ggg et]a’*?étg cgt ctt ccc é?§08309 Val Leu
Arg Phe dy Ay Gy Leu Val Arg Leu Pro Leu

0O 2735 tcc cgc aac tec aat cac gag atg tae tgg
gga gec get 8354 Ser Arg Asn Ser Asn Hs GQu
Trp Val Ser Ay Ala Ala 2740 2745 2750 gge aat

cac et gt aac at ace age Cag ta eta Ctg
eodtucligl Mst 4am Medi L8 S4a Tk | Abgs TRt HE ASBAT Ly 1

Val Leu
1235

Leu 2755 2760 2765
1240 1245

Asn Val Val Leu Val Leu Gly Ala Ala Phe Phe Gln Leu Ala

1250

Val Asp L
1265

1255 1260

eu Gln Ile Gly Val His Gly Ile Leu Asn Ala Ala
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 1306

Ala Leu Tyr Leu Asp Thr Tyr Arg Ile Ile Leu Leu Val Ile

1310

1315 1320



ggg cga atg gat cgc aca gtg tgg aga ggg cca aag tat
gag gaa 8444 dy Arg Met Asp Arg Thr Val Trp Arg Ay
Pro Lys Tyr u du 29/158 2770 2775 2780 gat gte aac

tta ggg age gga aca aga gee gtg gga aag gga gaa 8489
Asp Val Asn Leu Ay Ser G)ﬂ97%‘5ﬁ Arg Ala Val Gy Lys

Ay Qu 2785 2790 2795 gte cat age aat cag gag aaa ate
aag aag aga ate cag aag ett 8534 Val H's Ser Asn A n
GQu Lys Ile Lys Lys Arg Ile A n Lys Leu 2800 2805 2810
aaa gaa gaa ttc gee aca aeg tgg cac aaa gac cct gag

cat cca 8579 Lys Au GQu Phe Ala Thr Thr Trp H's Lys

p Pro.d 2 282 e act tgg aca
Gly Iﬁgc ascsaﬁg" el"a hbaﬁl;}tgr%é‘ds Ig‘f 3@? it A ?yg

152@ Trp Thr Tyr f@ay Ser Tyr Qu VaI Lys Ala Thr

0 2835 2840 gge% get agt tct etl@3 Bte aac gga gtg
gtg aag etc atg age 8669 dy Ser Ala Ser Ser Leu Val
Asn Gy Val Val Lys Leu Met Ser 2845 2850 2855 aaa cot
tgg gac gee att gee aae gte ace ace atg gee atg act
8714 Lys Pro Trp Asp Ala Ile Ala Asn Val Thr Thr Met

Lys Lysad\ﬁr AI Va218 uzl?e 5 %?70Leu Ala Leu Thr Ser Thr Gly
1340 1345 1350

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 Gly Leu Met Phe Ala Ile Val Gly Gly Leu Ala Glu Leu Asp
1385 1390 1395

Ile Glu Ser Met Ser Ile Pro Phe Met Leu Ala Gly Leu Met Ala
1400 1405 1410

Val Ser Tyr Val Val Ser Gly Lys Ala Thr Asp Met Trp Leu Glu



-

gac ace acc cet ttt gga cag caa aga gtt tte 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 cot gag eca cca get gga get aag gaa gtg etc 8804
Asp Thr Lys Ala Pro Qu Pré0A58 Ala Ay Ala Lys Qu
Val Leu 2890 2895 2900 aac gag ace ace aac tgg ctg tgg
lgig tac ttg tca eg?ﬂ%ﬁ}\a aaa 8849 As u Thr Thr Asn
Leu Trp Ala Ty u Ser Arg G u Ly$v2905 2910 2915
aga ccc cgc ttg tgc ace aag gaa gaa ttc ata aag aaa
gtc aat 8894 Arg Pro Arg Leu Cys Thr Lys A u G u Phe
Ile Lys Lys Val Asn 2920 2925 2930 age aac gcg get ctt
gga gca gtg tte get gaa cag aat caa tgg 8939 Ser Asn

Ala Ala,Leu Jy Ala Val _Phe Ala Gu n n Trp
Arg Aé@SEHEﬂGD 2149]1?5%35 eﬁabg Gy %tgﬁsaa@laggtlag?gpﬁ %’r @Y cog
ttt tgg gag at 984 Ser Thr Ala Arg Au Al a Val
1%8@ Asp Pro Arg Phg‘r‘%p Gu Mt 295061é§g5 2960 gtt gat
gaa gag agg gaa aac cat ctg cga gga gag tgt cac aca

9029 Val Asp GQu GQu Arg GQu Asn Hs Leu Arg Ay Qu
Cys H's Thr 2965 2970 2975

Ser Ser Arg Arg Leu Asp Val Lys Leu Asp Asp Asp Gly Asp Phe
1445 1450 1455

His Leu TIle Asp Asp Pro Gly Val Pro Trp Lys Val Trp Val Leu
1460 1465 1470

Arg Met Ser Cys Ile Gly Leu Ala Ala Leu Thr Pro Trp Ala Ile
1475 1480 1485

Val Pro Ala Ala Phe Gly Tyr Trp Leu Thr Leu Lys Thr Thr Lys

1490 1495 1500

Arg Gly Gly Val Phe Trp Asp Thr Pro Ser Pro Lys Pro Cys Ser
1505 1510 : 1515



Lys

Ile

Val

Ser

Asp

Asn

Ala

311158 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 gce att tgg ttc atg tgg ctt 9119
Phe Ay Lys Ala Lys Ay Segi/f680 Ala Ile Trp Phe Mt
Trp Leu 2995 3000 3005 gga gca egg tat eta gag ttt gaa
get ttg ggg tte ctg aat gaa 9164 dy Ala Arg Tyr Leu
GIG UAPhETHE ThaAl Bhit 6lyd ValPigrLbrg Ade W 3020A0 33020
gat cat tgg ctg age cga gag aat tea gga ggt gga gtg
15p0a ggc 9209 AsplBERE Trp Leu Ser Argp¥@ u Asn Ser Gy
Gy Ay Val Au dy 3025 3030 3035 tea ggc gtc caa aag
ctg gga tac ate etc cgt gat ate gca gga 9254 Ser dy
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
ace gec ggg tgg gac 9299 Lys Gdn dy Ay Lys Met Tyr
LAl aGAgpTHs@yThE1AlAd ad §lyTVal AB by 3@55?-!806(3' yzo@lal dsn aga
att ace aga act gat tta gaa eat gaa gee aag gtg ctg
18844 Thr Arg |l e 1640 Arg Thr Asp Ledb48u Asn Gu Al a
Lys Val Leu 3070 3075 3080

Phe His Thr Leu Trp His Thr Thr Arg Gly Ala Ala Ile Met
1550 15565 1560

Gly Glu Gly Lys Leu Thr Pro Tyr Trp Gly Ser Val Lys Glu
1565 1570 . 15675

Arg Ile Ala Tyr Gly Gly Pro Trp Arg Phe Asp Arg Lys Trp

1580 1585 ' 1590

Gly Thr Asp Asp Val Gln Val Il_e 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

32/ 158 gag ctt eta gac ggt gaa cac cgc atg etc gee
ega gee ata att 9389 Qu Leu Leu Asp Ay Gu Hs Arg
Met Leu Ala Arg Ala Ile Ile 3085 3090 3095 gaa ttg act
tac agg cac aaa gtg gtc aag gtc atg aga cct gca 9434
A u Leu Thr Tyr Arg H s Lyg/Mal Val Lys Val Met Arg
Pro Ala 3100 3105 3110 gca gaa gga aag ace gtg atg gae
gtg ata tea agg gag gat caa 9479 Ala Au dy Lys Thr
Val th Asp Val Ile Ser Arg u Asp A n 3115 3120 3125
agg ggg agt gga cag gtg gtc act tat get ctt aac_act
Glyt eGhegfaQSth MagVel y Seer Ledt Asal Aywdirovahra il yTyhr Al a
Leu Asn Thr Phe Thr 3130 3135 3140 aac ate get gtc cag
1686c gte agg ctg al§3@ag get gag ggg Hi3® 9569 Asn lle
Ala Val Gn Leu Val Arg Leu Mot Gu Ala u dvy Val
3145 3150 3155 att gga cca caa cac ttg gaa cag eta cct
aga aaa aac aag ata 9614 Ile Ay Pro dn H's Leu Qu
G@n Leu Pro Arg Lys Asn Lys Ile 3160 3165 3170 get gtc
agg ace tgg etc ttt gag aat gga gag gag aga tce
G19659er M Vhe LaugAshr SlarpAsmGgllxhgsm %sﬁ%e;(leGLaue u
Arg Val Ser 33/158
1640 1645 1650

Gly Asn Gly Val Glu Leu Gly Asp Gly Ser Tyr Val Ser Ala

16565 1660 1665

Val Gln Gly Asp Arg Gln Glu Glu Pro Val Pro Glu Ala Tyr
1670 1675 1680

Pro Ash 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

Lys

Asp Ala Ile Gln Gln Arg Leu Arg Thr Ala Val Leu Ala Pro
1715 1720 1725



Thr

Pro

Asn

Leu

Asp

Tyr

Met

AxgyaVahogvalgtilat Al aytiGlugtMetc ddat Gu Ada ben dag ©

3175 3180 3185 agg atg get ate age gga gac gac tgt gte
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 gec ctc cac ttc .ctc aac gca atg tea aag
9749 Asp Arg Phe Ala Thr g§/asdeu H s Phe Leu Asn Al a
Met Ser Lys 3205 3210 3215 gte aga aaa gac ate cag gaa
tgg aag ect tea cat ggc tgg cac 9794 Val Arg Lys Asp
I[le dn GQu Trp Lys Pro Ser Hs Ay Trp His 3220 3225
3230 gat tgg cag caa gtt ccc tte tgc tet aac cat ttt
cag gag att 9839 Asp Trp G n d@n Val Pro Phe Cys Ser
Asn Hs Phe @n Gu Ile 3235 3240 3245 gtg athaaa gat
Aeuval
Met Lys Asp Gy Arg Ser Ile Val VvVal Pro Cys Arg Ay

17d@n 3250 3255 3260784t gag ctg ata gytdlgg get cgc ate

tce cca gga get gga tgg 9929 Asp GQu Leu lle Ay Arg
Ala Arg Ile Ser Pro Gy Ala Ay Trp 3265 3270 3275 aat
gtg aag gac aca get tgt ctg gec aaa gea tat gca cag
atg 9974 34/ 158 Asn Val Lys Asp Thr Ala Cys Leu Al a
Lys Ala Tyr Ala G n Met

Val Arg Tyr Gln Thr Ser Ala Val Gln Arg

1745

Glu Ile
1760

Met Ser

1776

Glu Ala

1790

Ile Ala
1805

Thr Ala

Val Asp Val

Pro Asn Arg

His Phe Thr

Thr Lys Val

Thr Pro Pro

1750

Met Cys His Ala Thr
1765

Val Pro Asn Tyr Asn
1780

Asp Pro Ala Ser Ile

1795

Glu Leu Gly Glu Ala
1810

Gly Thr Thr Asp Pro

Glu His Gln Gly
1755

Leu Thr His Arg
1770

Leu Phe Val Met
17856

Ala Ala Arg Gly
1800

Ala Ala Ile Phe
1815 |

Phe Pro Asp Ser



Asn

Trp

Val

Cys

Ser

Phe

3280 3285 3290 tgg eta etc eta tac ttc cat cgt agg gac
ttg cgt etc 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 Ser544i58 Val Pro Val Asp Trp Val
Pro Thr Ay 3310 3315 3320 agg aca tee tgg tog ate cac
tog aaa gga gag tgg atg acc aca 10109 Arg Thr Ser Trp

182 lle Hs Ser Ly828y GAu Trp Met 1830 Thr 3325 3330
3335 gaa gac atg ctg cag gte tgg aac aga gtc tgg att
gas gaa aat 10154 du Asp Met Leu A n Val Trp Asn Arg
Val Trp Ile u G u Asn 3340 3345 3350 gaa tgg atg gtg
gac aag act cca eta aca age tgg aca gac gtt 10199 du
Trp Met Val Asp Lys Thr Pro Ile Thr Ser Trp Thr Asp

AMal P885H e3H66 Bg6beucGlatsptGluyddealrp edgpodir dde ate
tgg tgt ggc aac etc ate 10244 Pro Tyr Val Gy Lys Arg

18351 Asp Ile Trp Cl84@ y Asn Leu lle 3375 3380
35/158 .gga aeg cga tee aga gca acc tgg get gag aac
ate tac gcg gcg 10289 dy Thr Arg Ser Arg Ala Thr Trp
Ala Qu Asn Ile Tyr Ala Al a

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 Ile 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 TIle Thr Thr Asp Ile Ser Glu Met Gly Ala Asn Phe Gly
1910 1915 1920



Ala

Leu

1le

Asn

Ser

Met

Tyr

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 ate cag gaa
10379 Tyr Met Thr Ser Leuss#188 Arg Tyr Ju Asp Val Leu
Ile A n Gu 3415 3420 3425 gac agg gtc ate tagtgtgatt
t aaggt ggaa aageagatta tgtaaataat 10431 Asp Arg Val
Sdrt eAB43(al Jileaksmaya akiy duatler adt hymgPeoaticddgcaa
aagctgccac cggatactgg 10491 gtagacgatg ctgtctgegt
19%cagt ccca ggaggad®df gttaacaaat ctgd®Hacag 10551
aaagt gagaa aaccctcaga accgtctcgg aagcaggtce ctgctcactg
gaagttgaag 10611 gaccaacgtc aggccacaaa tttgtgecac
tccgct gagg agtgcggcct gcgcagcccc 10671 aggaggactg
ggttaccaaa gccgttgage ccecacggcc caagcctcgt etaggatgca
10731 atagacgagg tgtaaggact agaggttaga ggagaccccg
Ghygsductle ducalydgge Yalrdielbgusdy Asmadeeceer Pro
t ccaagct gt agaggaggt g gaaggactag aggttagagg agaccccgca
1948851 tttgcatcaa 1®dagcat att gacaccté%@gaatagactgg
gagatcttct gctctatctc 10911 aacatcagct actaggcaca
gagcgccgaa gt atgtagct ggtggtgagg aagaacacag 10971
gatct 10976 <210> 2

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

<211> 3432 <212> PRT <213> Japanese encephalitis
virus <400> 2 Met Thr Lys Lys Pro Ay Ay Pro Ay Lys
Asn Arg Ala Ile Asn Met 1 5 10 15 Leu Lys Arg Ay
Leu Pro Arg Val Phe Pro Leu Val Gy Val Lys Arg 20 25
30 Vval Val Met Ser Leu Leag/#8p Ay Arg Gy Pro Val
Arg Phe Val Leu 35 40 45 37/158 Al a 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 Hs 65 70 75 80 Leu Thr Ser Phe Lys Arg Qu
Laweu A@gyGlIm (GlueGly Ly sAslysaAsn\Bhe Ast by 9¢695L01)ﬁé‘8Ar g
Lys An Asn Lys Arg Ay Ay Asn Au Ay Ser
20%% 100 105 110 N885Trp Leu Ala Ser2@4 Ala val Vval
Ile Ala Cys Ala Ay Ala Ile 115 120 125 Lys Leu Ser
Asn Phe G n Ay Lys Leu Leu Met Thr Ile Asn Asn Thr

Ala Asp Leu Pro Val Trp Leu Ala Tyr Lys Val Ala Ser Asn
2045 2050 2055

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



130
Ser

Trp
Thr

Met

Trp
Cys
Arg
du
225
Lys

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 Au Afr/Ms8 180 185 190 Asp Cys
Cys Asp Asn A n @Qu Vval Tyr vVal dn Tyr Ay Arg
195 200 205 Thr Arg Thr Arg Hi's Ser Lys Arg Ser
Arg Ser Val Ser Val G n 210 215 220 Thr Hs Ay
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

Arg MeAsnPPo G138 YliFyPheAMat PHELyL bus AThr Ara Gk Ada lgw Avpp
Met Leu 260 265 270 dvy Ser Thr Asn Ay G n Arg Va

2Nl Phe Thr
Pro Ala Tyr Ser

Asp

Thr Met Tyr
2150

Arg Met Ala
2165

Leu Ile Val

2180

Met Met Gln

2195

Val Leu Thr

2210

Gly Thr Lys

Leu Val Ala Thr Ala
21565

Leu Glu Glu Leu Pro
2170

Ala Tle Thr Val Met
2185

Arg Lys Gly Ile Gly

2200

Leu Ala Thr Phe Phe
2215

Ile Ala Gly Thr Leu

Il e L&d40eu Leu Leu

Glu Lys Gly

Asp Ala Leu

Thr Gly Gly

Lys Met Gly

Leu Trp Ala

Leu Ile Ala

2752

Gly Lys Ala
2160

Glu Thr Ile
21756

Phe Phe Leu

2190

Leu Gly Ala
2205

Ala Glu Val
2220

Leu Leu Leu

285 Val
Phe Asn Cys Leu Ay Met Ay Asn Arg

Al a

His

Thr

Leu

Leu

Pro

Met




290 295 300 Phe lle Gu Ay Ala Ser Gy Ala Thr Trp
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 Gu Val Arg Ser FRQ1s845 350 Tyr Cys Tyr His
Ala Ser Val Thr Asp Ile Ser Thr Val Ala Arg Cys 355
360 365 40/158 Pro Thr Thr Ay Qu Ala Hs Asn Qu
2926 Arg Al a Asp S@B3Ger Tyr 370 375 Z#» Val Cys Lys
G@n @y Phe Thr Asp Arg Gy Trp Ay Asn Ay Cys Gy
385 390 395 400 Leu Phe Ay Lys Ay Ser Ile Asp Thr
Cys Ala Lys Phe Ser Cys Thr 405 410 415 Ser Lys Ala
Ile dy Arg Thr Ile dn Pro Qu Asn Ile Lys Tyr Lys
420 425 430 Val Gy Ile Phe Val Hs Ay Ala Thr Thr
Val Vaer Lebul as Rrbf GLuGPyoAsGlu 435 GU0 Afg5SerTy GleeFhmiAspd n
Val Ay Ala Ser A n Ala Ala Lys Phe Thr Val Thr 450
2285 460 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 Gly Leu Pro Ser Met Ala Leu Asp Leu Arg Pro Ala Thr Ala

2300 2305 2310

Trp Ala Leu Tyr Gly Gly Ser Thr Val Val Leu Thr Pro Leu Leu

2315 2320 2325



Pro Asn Ala Pro Ser Ile Thr Leu Lys Leu Ay Asp Tyr
Gy Gu Val 465 470 475 480 41/158 Thr Leu Asp Cys
GQu Pro Arg Ser Ay Leu Asn Thr A u Ala Phe Tyr 485
490 495 Val Met Thr Val Gy Ser Lys Ser Phe Leu Val
Hs Arg Gu Trp Phe 500 55314810 Hi's Asp Leu Ala Leu
Pro Trp Thr Ser Pro Ser Ser Thr Ala Trp Arg 515 520
525 Asn Arg Qu Leu Leu Met Qu Phe Gu Qu Ala Hs
Lys HiAl aLdir]ley3he $er58QusS3Ey5¥al Bar Twal Saml LAlaAle el y
Ser dn QQu Gy Gy Leu Hs Gn Ala Leu 545 550 555
230 Ala Ay Al a I2B85vVal Val GQu Tyr2BHEr Ser Ser Val
Lys Leu Thr Ser 565 570 575 dy Hs Leu Lys Cys Arg
Leu Lys Met Asp Lys Leu Ala Leu Lys Gy 42/158 580
585 590 Thr Thr Tyr Ay Met Cys Thr GQu Lys Phe Ser
Phe Ala Lys Asn Pro 595 600 605 Ala Asp Thr Ay H's
@y Thr Vval Vval Ile Au Leu Ser Tyr Ser Gy 610 615
[1e A6i20Ser Gln Ala Gly Ser Leu Phe Val Leu Pro Arg Gly Val

2345 2350 2356

Pro Phe Thr Asp Leu Asp Leu Thr Val Gly Leu Val Phe Leu Gly

2360 : 2365 2370

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

2375 2380 2385

Leu Ala Thr Leu His Tyr Gly Tyr Met Leu Pro Gly Trp Gln Ala
2390 2395 2400

Glu Ala Leu Arg Ala Ala Gln Arg Arg Thr Ala Ala Gly Ile Met
2405 2410 24156

Lys Asn Ala Val Val Asp Gly Met Val Ala Thr Asp Val Pro Glu

2420 2425 2430



Leu

Leu

Ile

Leu

Thr

Gly

Ser

Ser Asp Ay Pro Cys Lys Ile Pro lle
Ser Leu Asn 625 630 635 640 Asp Met Thr Pro Val Qy
Arg Leu Val Thr Val Asn Pro Phe Val

Thr Ser

Ser Ala Asn Ser Lys Val Leu

Val Ser Val Al a

Al a 645 650 655
Val du Met Qu

Pro Pro Phe 660 665 670 @ay1gsp Ser Tyr Ile Val Val

Ay Arg

43/ 158

Al a Phe

Ay Asp Lys @n Ile Asn H s
Hs Trp Hs Lys Ala Ay Ser

Arg Leu Ala Ala Leu Ay Asp Thr Al a
GTAL5 AF20ThiPTar Pxo Sen |Met Glu Fy Lyal V#he GAgnGBeValll e

@y Lys Ala Val

2485 Phe Arg Thr Led44Phe Ay Ay Met
750 Ile Thr Gn Ay Leu Mt Gy Al a
Met Ay Val Asn 755 760 765 Ala Arg Asp Arg Ser lle
Ala Leu Ala Phe Leu Ala Thr Ay Ay

675 680 685
Thr Leu Ay Lys

Ser Thr Thr 690 695 700 Leu Lys Gy Ala dn

Trp Asp 705 710

Hs 725 730 735 Gn Val Phe Ay Ay

2640 Trp 740 745
Leu Leu Leu Trp

Val 770 775 780
Ala Asp Thr Ay

2460

Thr Ala Ala Thr
2475

Trp Asn Ser Thr
2490

Ser Tyr Leu Ala
2505

Ala Asp Lys Pro
2520

Leu Gly Glu Gln |

Leu Val Phe Leu Ala Thr Asn Val His
Cys Ala lle _
Leu Ile Gly Val Ser Val Ala Ala Phe Leu Val Asn Pro Lys
2450 2455
Thr Thr Val Arg Glu Ala Gly Val Leu Val
2465 2470
Ser Leu Trp Asp Asn Gly Ala Ser Ala Val
2480 2485
Ala Thr Gly Leu Cys His Val Met Arg Gly
2495 2500
Gly Ser Ile Ala Trp Thr Leu Ile Lys Asn
2510 2515
Leu Lys Arg Gly Arg Pro Gly Gly Arg Thr
25256 25630

2535



Trp

Tyr

Arg

Arg

Ser

Trp

Gly

785 790 795 800 44/158 Asp Ile Thr Arg Lys A u Met
Arg Cys Gy Ser Ay Ile Phe Val Hs 805 810 815 Asn
Asp Val Au Ala Trp Val Asp Arg Tyr Lys Tyr Leu Pro
Gu Thr 820 825 830 Pro Arg Ser Leu Ala Lys Ile Val
His Lys Ala Hs Lys Gu G#1/¥s¢ 835 840 845 Cys Gy
Val Arg Ser Val Thr Arg Leu Qu Hs Gn Met Trp Qu
Ala 850 855 860 Val Arg Asp Qu Leu Asn Val Leu Leu
Lys Au Asn Ala Val Asp Leu 865 870 875 880 Ser Va
Val Val Asn Lys Pro Val Gy Arg Tyr Arg Ser Ala Pro
Lys 885 890 895 Arg Leu Ser Met Thr A n Gu Lys Phe
GQu Mt Ay Trp Lys Ala Trp 900 905 910 45/158 dy

Liys GParLys d.eueAsiPhd aAl MePrSerGirg Iy Alw Abe Ree Ltsr
Phe Val 915 920 925 Val Asp Ay Pro GQu Thr Lys Qu

283405 Pro Asp G u H254Arg Ala Trp 9302885 940 Asn Ser
Mt Gnlle Qu Asp Phe Ay Phe Ay Ile Thr Ser Thr
Arg ‘

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

Pro Ile Gly Lys Val Ile Asp Leu Gly Cys Gly Arg Gly Gly

2600 _ 26056 2610

Ser Tyr Tyr Ala Ala Thr Leu Lys Lys Val Gln Glu Val Arg
26156 2620 2625

Tyr Thr Lys Gly Gly Ala Gly His Glu Glu Pro Met Leu Met



Gln

Val

Ile

Leu

Arg

Ile

945 950 955 960 Val Trp Leu Lys Ile Arg Au QG u 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 Qu Ser Arg Tyr Asn Asp
Thr Trp Lys Leu Gu Arg 9%7%158000 1005 Al a Val Phe
Ay Qu Vval Lys Ser Cys Thr Trp Pro Qu Thr H's 46/ 158
1010 1015 1020 Thr Leu Trp Ay Asp Ay Val Au du Ser

2630u Leu Ile Ile PR26351025 1030 1035 264% Thr Ile Al a
Gy Pro Lys Ser Lys H's Asn Arg Arg Gu dy 1040 1045
1050 Tyr Lys Thr @ n Asn A n @y Pro Trp Asp G u Asn
Ay 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

Sesp T8erG15035p 1080 LEa95ValGSer LNast Las $ér Gy Yab Aspp
Cys Cys Arg Ser Cys Ser Leu Pro 1100 1105 1110

2645 2650 26565

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

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 G n 1130 1135
1140 VvVal Asp Ala Phe Asn Ay GQu Met Val Asp Pro Phe
An Leu Ay 1145 1150 1158g/1kgu Leu Val Met Phe Leu
Ala Thr G@n Qu Val Leu Arg Lys Arg 1160 1165 1170
Trp Thr Ala Arg Leu Thr Ile Pro Ala Val Leu Ay Al a

Atgeu LeauPrd 125 3480\rgl88sivllerLdsn NhHis Gtw dleg Ty Trpe
Thr Tyr Thr Asp Leu Ala Arg Tyr 1190 1195 1200 Val

2%38 Leu Val Ala Al2¥48er Phe Ala G u BF45 Asn Ser Ay
Ay 1205 1210 1215 48/ 158 Asp Val Leu His Leu Ala Leu
Ile Ala Val Phe Lys Ile G n Pro 1220 1225 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

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 28156 2820

Pro Glu His Pro Tyr Arg Thr Trp Thr Tyr His Gly Ser Tyr
2825 ' 2830 2835



Ser Val Asp Leu dn.lle Ay Val Hs Ay Ile Leu Asn
Ala Ala 1265 1270 1275 Ala lle Ala Trp Met Il e Val
Arg Ala Ile Thr Phe Pro Thr Thr 1280 1285 1290 Ser
Ser Val Thr Met Pro Val Leu Ala Leu Leu Thr Pro Gy
Met 1295 1300 1305 Arg Adstisgu Tyr Leu Asp Thr Tyr
Arg Ile Ile Leu Leu Val Ile 1310 1315 1320 49/158 dy
Ile Cys Ser Leu Leu A n Au Arg Lys Lys Thr Met Ala
Lys 1325 1330 1335 Lys Lys Ay Ala Val Leu Leu Ay
Leu Ala Lau Thr Ser Thr Ay 1340 1345 1350 Trp Phe

Glu V&er LRsoATNThFhé1ly ISerAl AlaAISarGer llau Nel Van Gy Vadn
1355 1360 1365 Pro Asn Lys Lys Arg Ay Trp Pro Al a

2940 G u Phe Leu S&84Bl a 1370 1375 13880Vval Gy Leu

Met Phe Ala Ile Val Ay Ay Leu Ala Qu Leu Asp 1385
1390 1395 Ile Qu Ser Met Ser Ile Pro Phe Met Lau Al a
Gy Leu Met Ala 1400 1405 1410 Val Ser Tyr Val Val
Ser Ay Lys Ala Thr Asp Met Trp Leu Qu

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



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 1e8954465 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
Lys Thr Thr Lys 1490 1495 1500 Arg Gy dy Val Phe
Trp Asp Thr Pro Ser Pro Lys Pro Cys Ser 1505 1510
1515 51/158 Lys @y Asp Thr Thr Thr Ay Val Tyr Arg
Ile Met Ala Arg Ay 1520 1525 1530 He Leu @y Thr Tyr
Glu GI3 n AdhaGly VryafexdThrVahlavidirgTolu dla ¥ah AsH34sp 340

1545 Val Phe His Thr Leu Trp H's Thr Thr Arg Gy Al a

29458 1le Met 155028585 1560 Ser A y2®w Gy Lys Leu
Thr Pro Tyr Trp Gy Ser Val Lys Qu

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 29956 3000

Trp Phe Met Trp Leu Gly Ala Arg Tyr Leu Glu Phe Glu Ala Leu
3005 3010 3015

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



Arg

Thr

Glu

Ala

Val

Ser

1565 1570 1575 Asp Arg Ile Ala Tyr

Gy Ay Pro Trp

Arg Phe Asp Arg Lys Trp 1580 1585 1590 Asn Gy Thr

Asp Asp Val @n Val Ile val val Qu

Pro Ay Lys 1595

1600 1605 Ala Ala Val Asn Ile @n Thr Lys Pro Gy Vval
Phe Arg Thr Pro 1610 1615 667288 52/ 158 Phe Gy G u Val

Gy Ala Val Ser Leu Asp Tyr Pro Arg

Gy Thr 1625 1630

1635 Ser Gy Ser Pro lle Leu Asp Ser Asn Ay Asp lle

3032 Ay Leu 164030845 1650 Tyr Ay
Leu Ay Asp Ay Ser Tyr Val Ser Al a
Ile Val An dy Asp Arg Adn Qu Gu
Ala Tyr 1670 1675 1680 Thr Pro Asn

P Ay Val Qu
1655 1660 1665
Pro Val Pro Qu
Met Leu Arg Lys

Arg @ n Met Thr Val Leu Asp Leu 1685 1690 1695 Hi s

Pro Ay Ser Ay Lys Thr Lys Lys lle

Leu Pro dn lle

AipeIla78n G195l Gdn L§ky Adp Uys MetteTyd n AbenAsp disbeu
Arg Thr Ala Val Leu Ala Pro 1715 1720 1725

3050 3085

Ala Gly Trp Asp Thr Arg Ile Thr Arg Thr

3065 3070

Ala Lys Val Leu Glu Leu Leu Asp Gly Glu

3080 3085

Arg Ala Ile Ile Glu Leu Thr Tyr Arg His
3095 3100

Met Arg Pro Ala Ala Glu Gly Lys Thr Val

3110 3115

Arg Glu Asp Gln Arg Gly Ser Gly Gln Val

3125 3130

3060

Asp Leu Glu Asn
3075

His Arg Met Leu

3080

Lys Val Val Lys
3105

Met Asp Val Ile
3120

Val Thr Tyr Ala
3135



Leu

Glu

Arg

Glu

Val

Asn

Ser

53/158 Thr Arg Val VvVal Ala Ala Ju Met Ala Gu Al a
Leu Arg Ay Leu 1730 1735 1740 Pro Val Arg Tyr dn
Thr Ser Ala Val Gn Arg Au 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%Y/18%¢u Met Ser Pro Asn Arg
Val Pro Asn Tyr Asn Leu Phe Val Met 1775 1780 1785
Asp Qu Ala His Phe Thr Asp Pro Ala Ser Ile Ala Ala
A QTH: Phel TR AstDI128001aTYal IGln Akn Vialr Ays Neal Metu
Leu Gy Gu Ala Ala Ala Ile Phe 1805 1810 1815 Met
3@ Ala Thr Pro PBa4& y Thr Thr Asp P& Phe Pro Asp

Ser 54/158 1820 1825 1830 Asn Ala Pro Ile His Asp Leu

G@n Asp Au lle Pro Asp Arg Ala 1835 1840 1845 Trp
Ser Ser Ay Tyr Au Trp Ile Thr Au Tyr Ala Ay Lys
Thr 1850 1855 1860 Val Trp Phe Val Ala Ser Val Lys
Met Ay Asn Qu Ile Ala Met 1865 1870 1875

Ala Glu Gly Val Ile Gly Pro Gln His Leu Glu Gln Leu Pro

3155 3160 3165

Lys Asn Lys 1le Aia Val Arg Thr Trp Leu Phe Glu Asn Gly
3170 3175 3180

Glu Arg Val Ser Arg Met Ala Ile Ser Gly Asp Asp Cys Val

3185 : 3190 3195

Lys Pro Leu Asp Asp Arg Phe Ala Thr Ala Leu His Phe Leu

3200 3206 3210

Ala Met Ser Lys Val Arg Lys Asp Ile Gln Glu Trp Lys Pro

3215 3220 3225

His Gly Trp His Asp Trp Gln Gln Val Pro Phe Cys Ser Asn

3230 3235 3240




Cys Leu A n Arg Ala Gy Lys Lys Val Ile An Leu Asn
Arg Lys 1880 1885 1890 Ser Tyr Asp Thr GQu Tyr Pro
Lys Cys Lys Asn Ay Asp Trp Asp 1895 1900 1905 Phe
Val 1le Thr Thr Asp Ile Ser Au Met Gy Ala Asn Phe
Gy 1910 1915 1920 55/ 15%8/rdsa Ser Arg Val Ile Asp
Cys Arg Lys Ser Val Lys Pro Thr Ile 1925 1930 1935
Leu Qu Gu Ay u Ay Arg Val Ile Leu Ay Asn Pro
Ser Pro 1940 1945 1950 Ile Thr Ser Ala Ser Ala Al a
Gn Arg Arg Ay Arg Val Gy Arg 1955 1960 1965 Asn

His PHer oGAs 1@ d1vaValGMet AdiysGAsp TGy Wirg Sar &le \@ly Vala
Thr 1970 1975 1980 Ser A u Asp Asp Ser Asn Leu Al a

3445 Trp Thr Gu AB850ys Ile 1985 193%P51995 Met Leu

Asp Asn Ile His Met Pro Asn Ay Leu Val Ala G n Leu
2000 2005 2010 Tyr Ay Pro Qu Arg Qu Lys Ala Phe
Thr Met Asp Ay Gu Tyr 2015 2020 2025 56/ 158

Pro Cys Arg Gly Gln Asp Glu Leu Ile Gly Arg Ala Arg Ile Ser
3260 3265 ' 3270

Pro Gly Ala Gly Trp Asn Val Lys Asp Thr Ala Cys Leu Ala Lys
3275 3280 ‘ 3285

Ala Tyr Ala Gln Met Trp Leu Leu Leu Tyr Phe His Arg Arg Asp
3290 3296 3300

Leu Arg Leu Met Ala Asn Ala Ile Cys Ser Ala Val Pro Val Asp
3305 3310 3315

Trp Val Pro Thr Gly Arg Thr Ser Trp Ser Ile His Ser Lys Gly

3320 3325 3330

Glu Trp Met Thr Thr Glu Asp Met Leu Gln Val Trp Asn Arg Val
3335 3340 3345




Arg Leu Arg Ay GQu Gu Lys Lys Asn Phe Leu GQu 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
I[le Gn Tyr Thr Asp Arg Lys Trp Cys Phe Asp Ay Pro
Arg 2060 2065 2070 Thr Asgrigda |lle Leu G u 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
2090 2095 2100 Arg Val Tyr Ala Asp Hs A n Ala Leu Lys
Trp Phe Lys Asp Phe 2105 2110 2115 Ala Ala Ay Lys
Arg Ser Ala Val Ser Phe Ile Qu Val Leu Ay 2120 2125
2130 . 57/158 Arg Met Pro Qu H's Phe Met Ay Lys Thr

Trp I1¥e gGEBUUGIAI AsheGlndrp 2M86 Val48spiss Thw Mo Tle They
Val Ala Thr Ala Qu Lys Ay Gy Lys Ala H's 2150 2155

338060 Arg Met Alad3é6 Gu Au Leu Prddékp Ala Leu Qu

Thr Ile Thr 2165 2170 2175

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 3385 3390

Asn Ile Tyr Ala Ala Ile Asn Gln Val Arg Ala Val Ile Gly Lys
3395 3400 3405

Glu Asn Tyr Val Asp 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> 3



Leu Ile Val Ala Ile Thr Val Met Thr Ay dy Phe Phe
Leu Leu 2180 2185 2190 Met Met G n Arg Lys Ay Ille
Gy Lys Met.A@y Leu Ay Ala Leu 2195 2200 2205 Val
Leu Thr Leu Ala Thr Phe Phe Leu Trp Ala Ala Ju Va
Pro 2210 2215 2220 Gy Thro/tisgs Ile Ala Ay Thr Leu
Leu Ile Ala Leu Leu Leu Met 58/158 2225 2230 2235 Val
Val Leu Ile Pro Qu Pro Qu Lys Gn Arg Ser A n Thr

211> Ad978240 2245 2250 Asn G n Leu Ala Val Phe Leu lle
Cys Val Leu Thr Val Val @y 2255 2260 2265 Val Val

{212> AIINAAl a Asn Gu Tyr Ay Met Leu Au Lys Thr Lys Al a
2270 2275 2280 Asp Leu Lys Ser Met Phe Ay Ay Lys Thr

{213> d JapAhasSamcéeplyalisdis 2PBE 2290 2295 Thr Ay Leu Pro
Ser Met Ala Leu Asp Leu Arg Pro Ala Thr Ala 2300 2305
2310 Trp Ala Leu Tyr Ay Ay Ser Thr Val Val Leu Thr
Pro Leu Leu 2315 2320 2325 59/158

{2205
<221> CDS
<222> (96).. (10391)

<400> 3

agaagtttat ctgtgtgaac ttcttggctt agtatcgttg agaagaatcg agagattagt

gcagtttaaa cagtttttta gaacggaaga taacc atg act aaa aaa cca gga
Met Thr Lys Lys Pro Gly
1 5

ggg ccc ggt aaa aac cgg gct atc aat atg ctg aaa cge ggc cta ccc
Gly Pro Gly Lys Asn Arg Ala Ile Asn Met Leu Lys Arg Gly Leu Pro
10 15 ' 20

cge gta tte cca cta gtg gea gtg aag agg gta gta atg agec tig tig
Arg Val Phe Pro Leu Val Gly Val Lys Arg Val Val Met Ser Leu Leu
2b 30 35

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

60

113

161

209

257



Lys H's Leu Ile Thr Ser Au Tyr Val Thr Thr Ser Leu
Ala Ser 2330 2335 2340 Ile Asn Ser A n Ala Ay Ser
Leu Phe Val Leu Pro Arg Ay Val 355 2345 2350 2 Pro
Phe Thr Asp Leu Asp Leu Thr Val Gy Leu Val Phe Leu
Gy 2360 2365 2370 Cys Trp/888 A n Ile Thr Leu Thr
Thr Phe Leu Thr Ala Met Val 2375 2380 2385 Leu Ala
Thr Leu H's Tyr Gy Tyr Met Leu Pro Ay -Trp G n Al a
2390 2395 2400 du Ala Leu Arg Ala Ala @ n Arg Arg
Thr Ala Ala Ay Ile Met 2405 2410 2415 Lys Asn Al a

aag tiMalac¥agcaAIpaCGeyc Melg Yat adgagdirctAsptiaggcPega 3gg aagq20 305
2425 2430 r 60/158 Leu Gu Arg Thr Thr Pro Leu Met

Lys PKd IThkysld J2uVAla Gry Thn Dyal Al243% RédGDM4ASe LB Lys
Ile Ay Val Ser Val Ala Ala Phe Leu Val Asn Pro Lys

55 2450 2455 246680 Ile Thr Thr ValésArg Gu Ala Ay VAl
Leu - Val Thr Ala Ala Thr

gca gtg gaa aag agt gta gca atg aaa cat ctc act agt tic aaa cga 353

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

75 ' 80 85

~gaa ctt gga aca ctc att gac gec gtg aac aag cgg ggc aga aag caa 401
Glu Leu Gly Thr Leu Ile Asp Ala Val Asn Lys Arg Gly Arg Lys Gln
90 95 100

aac aaa aga gga gga aat gaa gge tca atc atg tgg ctt geg age ttg 449
Asn Lys Arg Gly Gly Asn Glu Gly Ser Ile Met Trp Leu Ala Ser Leu
105 110 115

gca gtt gtc ata gct tgt gca gga gee atg aag ttg tca aat tic cag 497
Ala Val Val Ile Ala Cys Ala Gly Ala Met Lys Leu Ser Asn Phe Gln
120 125 130

ggg aag ctt ttg atg acc att aac aac acg gac att gca gac gtt atc 545
Gly Lys Leu Leu Met Thr Ile Asn Asn Thr Asp Ile Ala Asp Val Ile
1356 140 145 150

gta att ccc acc tca aaa gga gag aac aga tgc tgg gtc cgg gea ate 593

Val Ile Pro Thr Ser Lys Gly Glu Asn Arg Cys Trp Val Arg Ala Ile




2465 2470 2475 Leu Ser Leu Trp Asp Asn Gy Al a Ser
Ala Val Trp Asn Ser Thr 2480 2485 2490 Thr Ala Thr
Ay Leu Cys H's Val Met Arg Ay Ser Tyr Leu Ala 2495
2500 2505 dy Gy Ser Ile Ala Trp Thr Leu Ile Lys Asn
Ala Asp Lys Pro 2510 2515 72pifg Ser Leu Lys Arg Gy
Arg Pro Ay Ay Arg Thr Leu dy Gu Gn 2525 2530
2535 61/158 Trp Lys Qu Lys Leu Asn Ala Met Ser Arg
G u Qu Phs5Phe Lys 2540 25480 2550 Tyr Arg Afd A u
Ala lle lle u Val Asp Arg Thr Gu Ala Arg 2555 2560
2565 Arg Ala Arg Arg G u Asn Asn Ile Val Ay Gy His
Pro Val Ser 2570 2575 2580 Arg Ay Ser Ala Lys Leu
gac gt ggdriad atig\Vigt Gag gas actyathecgata@ia 260(cA5886¢ 641
Ser Pro Ile @y Lys Val Ile Asp Leu Ay Cys Gy Arg
Asp VY %1¢@ Tyr Me@OCRHGIu26<0 Thepl BerThky TyiydluACas A Ths
Leu Lys Lys Val Gn Gu Val Arg 2615 2620 2625
170 175 180

ctt gec atg gge 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 Tir Gly Arg Cys Thr Arg Thr Arg His Ser

200 205 210

aag cga agc agg aga tcc gtg tcg gtc caa aca cat gegg 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
2356 ' 240 245

tat ctc atg aaa act gag aac tgg atc ata agg aat cct gge tat gect 881
Tyr Leu Met Lys Thr Glu Asn Trp Ile Ile Arg Asn Pro Gly Tyr Ala

250 255 260

tte ctg gcg geg gta cte gge tgg atg ctt gge agt aac aac ggt caa 929



Gy Tyr Thr Lys Ay Gy Ala dy Hs Gu Ju Pro Mt
Leu Met 62/ 158 2630 2635 2640 A n Ser Tyr Ay Trp Asn
Leu Val Ser Met 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 |Im®/ky G u Ser Ser Pro Ser
Pro Au Val Qu Au @n Arg Thr 2675 2680 2685 Leu
Arg Val Leu Gu Met Thr Ser Asp Trp Leu His Ar

Phe Lé¥ alazﬁm Vadober W Try Hed®l LewHel yCpsr|Asn Apn G/gi GLIBu
Cys Pro Tyr Met Pro Lys Val 2705 2710 2715 1le GQu
Ly®6Bet G u Val Leu &% Arg Arg Phe 378Gy Ay Leu
2720 2725 2730 63/158 Val Arg Leu Pro Leu Ser Arg Asn
Ser Asn His Gu Met Tyr Trp 2735 2740 2745 Val Ser
Gy Ala Ala Ay Asn Val Val H's Ala Val Asn Met Thr

cge gOF Fa2T66 a2P60tSarteGeng \Gtig kg tfeu gCtycow gehetanggtarg 977
Thr Val Trp Arg Ay 2765 2770 2775

Arg Val Val Phe Thr 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 gecc agt 1025
Phe Asn Cys Leu Gly Met Gly Asn Arg Asp Phe Ile Glu Gly Ala Ser
295 300 305 310

gga gce act tgg gtg gac ttg gtg cta gaa gga gat age tge ttg aca 1073
Gly Ala Thr Trp Val Asp Leu Val Leu Glu Gly Asp Ser Cys Leu Thr
315 320 325

att atg gca aac gac aaa cca aca ttg gac gtc cgc atg atc aac atc 1121
Ile Met Ala Asn Asp Lys Pro Thr Leu Asp Val Arg Met Ile Asn Ile

330 335 340

gaa gct age caa ctt gct gag gtt aga agt tac tgt tat cat gct tca 1169
Glu Ala Ser Gln Leu Ala Glu Val Arg Ser Tyr Cys Tyr His Ala Ser
345 350 3565

gtc act gac atc tcg acg gtg gct cgeg tge ccc acg act gga gaa gcc 1217
Val Thr Asp Ile Ser Thr Val Ala Arg Cys Pro Thr Thr Gly Glu Ala
360 365 370



Pro Lys Tyr Qu GQu Asp Val Asn Leu Gy Ser Ay Thr
Arg Ala 2780 2785 2790 Val dy Lys Ay du Val Hs
Ser Asn A n Qu Lys Ile Lys Lys 2795 2800 2805 Arg
Ile An Lys Leu Lys GQu Gu Phe Ala Thr Thr Trp H's
Lys 2810 2815 2820 Asp Pygiggdu His Pro Tyr Arg Thr
Trp Thr Tyr Hs Ay Ser Tyr 2825 2830 2835 64/158 du
Val Lys Ala Thr Ay Ser Ala Ser Ser Leu Val Asn Ay

cac aaRlgagBd) 2845z28%At Mat dgystiewthbtgSaaal yaa gge Ttp 1265
Asp Ala Ile Ala Asn Val Thr 2855 2860 2865 Thr Met
His AN &1eLysTArgAsln Bep Jér SeroTPheVal ¢yl liysChin Aly Yhe
2870 2875 2880 Phe Lys Qu Lys Val Asp Thr Lys Al a
375 Pro Qu Pro PsgpAla Ay 2885 2885 2895 Ala Lys @P0
Val Leu Asn Gu Thr Thr Asn Trp Leu Trp Ala Tyr 2900
2905 2910 Leu Ser Arg Qu Lys Arg Pro Arg Leu Cys Thr
Lys Au Gu Phe 2915 2920 2925 |Ile Lys Lys Val Asn

act gaeleghspedftaghhic e Ghy ttaghalctRhetdl ggg aag gga age 1313
Thr Asp Arg Gly Trp Gly Asn Gly Cys Gly Leu Phe Gly Lys Gly Ser
395 400 405

att gac aca tgt gca aaa ttc tcc tgc acc agc aaa geg ait gge aga 1361
Ile Asp Thr Cys Ala Lys Phe Ser Cys Thr Ser Lys Ala Ile Gly Arg
410 415 420

aca atc cag cca gaa aac atc aaa tac aaa gtt ggc att tit gtg cat 1409
Thr Ile Gln Pro Glu Asn Ile Lys Tyr Lys Val Gly Ile Phe Val His
425 430 435

gga gee act act tcg gaa aac cat ggg aat tat tca geg caa gtt ggg 1457
Gly Ala Thr Thr Ser Glu Asn His Gly Asn Tyr Ser Ala Gln Val Gly
440 445 450

geg tec cag geg gea aag ttc aca gta aca ccc aat get cct teg ata 1505
Ala Ser Gln Ala Ala Lys Phe Thr Val Thr Pro Asn Ala Pro Ser Ile
455 460 465 470

acc ctc aaa ctt ggt gac tac gga gaa gtc aca ctg gac tgt gag cca 1563
Thr Leu Lys Leu Gly Asp Tyr Gly Glu Val Thr Leu Asp Cys Glu Pro
475 480 485



2930 2935 2940 65/158 du dn Asn Gn Trp Ser Thr Al a
Arg Au Ala Val Asp Asp Pro 2945 2950 2955 Arg Phe
Trp Gu Met Val Asp Gu Qu Arg Au Asn His Leu Arg
2960 2965 2970 Ay Gu Cys His Thr Cys Ile Tyr Asn Mt
Met Ay Lys Arg Gu 2975 298632985 Lys Lys Pro Ay
GQu Phe Ay Lys Ala Lys Ay Ser Arg Ala Ile 2990 2995
3000 Trp Phe Met Trp Leu Gy Ala Arg Tyr Leu G u Phe
GQu Ala Leu 3005 3010 3015 dy Phe Leu Asn Gu Asp
H's Trp Leu Ser Arg Gu Asn Ser Ay 3020 3025 3030

agg afd \gg@ YtyalacCaut Gaa feg €lity t¥algfd atgyscd eigGge Tya 1601
Ile Leu 66/158 3035 3040 3045 Arg Asp Ile Ala Ay Lys

Arg S&F 51§ Vedd Asnl Thr NEltu A¥E PHea TAB pVAAS Met 3THIO Vad 561 8 e

Thr Ala Ay Trp Asp Thr Arg Ile Thr Arg Thr Asp Leu

A u Asag@065 3070 3075 4881 Ala Lys Val L&#0GE u Leu

Leu Asp Gy GQu His Arg Met Leu
aag tca ttt ctg gtec cat agg gaa tgg ttt cat gac cte get cte cce 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 geg 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 teec 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 ggce ctc cat cag gcg ttg gea gga gee 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 gge atg tgc 1889

Leu Lys Met Asp Lys Leu Ala Leu Lys Gly Thr Thr Tyr Gly Met Cys



3080 3085 3090 Ala Arg Ala Ile Ile Au Leu Thr Tyr Arg
H's Lys Val Val Lys 3095 3100 3105 Val Met Arg Pro
Ala Ala Qu @y Lys Thr val Met Asp Val Ile 3110 3115
3120 Ser Arg Qu Asp @dn Arg dy Ser Ay @n Val Vval
Thr Tyr Ala 3125 3130 313fg/p5d 158 Leu Asn Thr Phe
Thr Asn Ile Ala Val dn Leu Val Arg Leu Met 3140 3145
3150 Qu Ala du dy Val Ile dy Pro dn H's Leu Qu
G B8beu Pro 3155 31p90 3165 Arg Lys AsiBays Ile Al a
Val Arg Thr Trp Leu Phe Gu Asn Gy 3170 3175 3180
GQu Qu Arg Val Ser Arg Met Ala Ile Ser Gy Asp Asp
Cys Val 3185 3190 3195 Val Lys Pro Leu Asp Asp Arg
aca g&haadl atdhiccAtic lgpg bhs ddtectgugcg3280 8A0geB2d4r Age 1937
Ala Met Ser Lys Val Arg Lys Asp Ile dn du Trp Lys
Thr GRr G.ys3PHS S322Ph8Xa LyerAst Bré&d AlaTApp Hiwr 83p Higp GByn
A@n Val Pro Phe Cys Ser Asn 3230 3235 3240
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 gte 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 geg act tec agt gec aat tea 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

agec acg ctg ggc aaa gee ttt tca aca act ttg aag gga get cag aga 22256



Ser

695

ctg

Leu

gte
Yal

tte

Phe

ggt

Gly

gct
Ala
775

aat

Asn

68/158 Hi's Phe An Au lle Val Met Lys Asp Gy Arg
Ser Ile Val Val 3245 3250 3255 Pro Cys Arg Ay dn
Asp Qu Leu Ile Ay Arg Ala Arg Ile Ser 3260 3265
3270 Pro Ay Ala Gy Trp Asn Val Lys Asp Thr Ala Cys
Leu Ala Lys 3275 3280 32&3/168la Tyr Ala G 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
ThvaLewsply 83650133 Pbe 335 ThrpThralLepr bysTiblyahle Alg 4ne
Ser Trp Ser Ile Hs Ser Lys Ay 3320 3325 3330 Qdu
Trp Met Thr THIO G u Asp Met Led08 n val Trp Asn Al
Val 3335 3340 3345 69/158 Trp Ile Au Au Asn Gu 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
gChr gog 3BB5 888 78RR ATH ByG t@eyean titerrd [techitl Hee BEQ

Ser Arg Ala Thr Trp Ala G u 3380 3385 3390
Ala Ala Leu Gly Asp Thr Ala Trp Asp Phe Gly Ser Ile Gly Gly

715 720 725

ttc aac tcc ata gga aaa gecc gtt cac caa gtg ttt ggt ggt gec
Phe Asn Ser Ile Gly Lys Ala Val His Gln Val Phe Gly Gly Ala
730 736 740

aga aca ctc ttc ggg gga atg tct tgg atc aca caa ggg cta atg
Arg Thr Leu Phe Gly Gly Met Ser Trp Ile Thr Gln Gly Leu Met
745 750 755

gee cta cta ctc tgg atg gge gtc aac geca cga gac cga tca att
Ala Leu Leu Leu Trp Met Gly Val Asn Ala Arg Asp Arg Ser Ile

760 765 770

ttg gcc tte tta gece aca gga ggt gtg ctc gtg ttc tta geg acc
Leu Ala Phe Leu Ala Thr Gly Gly Val Leu Val Phe Leu Ala Thx
780 185 790

gtg cat gct gac act gga tgt gec 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

2273

2321

2369

2417

2465

25613




atg

Met

gtg
Val

atc

Ile

act
Thr
855

gte
Val

CCC

Pro

gag

Glu

Asn Ile Tyr Ala Ala Ile Asn A n Val Arg Ala Val lle

Ay Lys 3395 3400 3405 du Asn Tyr Val Asp Tyr Met
Thr Ser Leu Arg Arg Tyr Qu Asp 3410 3415 3420 Va

Leu Ile Gn GQu Asp Arg Val Ile 3425 3430 <210> 3

70/ 158 <211> 10976 <212> 79X¥ss<213> Japanese
encephalitis virus <220> <221> CDS <222> (96)..
(10391) <400> 3 agaagtttat ctgtgtgaac ttcttggctt

ag@pttat cgga gehgeEyadt chtagigataagiacogac gigggea mee teg
cagtttttta gaacggaaga taacc atg act aaa aaa eca gga
Ibac

Argl 8ys ety Shr Gl IlgsPir Yall His Asn §spy VedcGlgtAlaa

egg get ate aat atg ctg aaa cgc ggc eta ccc 161 dy
Pro G8l0ys Asn Arg Al a8lbe Asn Met Leu L§30Arg Gy

Leu Pro 10 15 20

gat agg tat aaa tat ttg cca gaa acg ccc aga tcc cta geca 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 gge gtg tgc gga gtc aga tet gic
Val His Lys Ala His Lys Glu Gly Val Cys Gly Val Arg Ser Val
840 845 850

aga ctg gag cat caa atg tgeg gaa gcc gta cgg gat gaa ttg aac

Arg Leu Glu His Gln Met Trp Glu Ala Val Arg Asp Glu Leu Asn
860 865 870

ctg ctc aaa gag aat gca gtg gac ctc agt gtg git gtg aac aag

Leu Leu Lys Glu Asn Ala Val Asp Leu Ser Val Val Val Asn Lys
875 880 885

gtg gegg aga tat cge tca gcc cct asa cge ctg tcc atg acg caa

Val Gly Arg Tyr Arg Ser Ala Pro Lys Arg Leu Ser Met Thr Gln

890 895 900

aag ttt gaa atg ggc tgg aaa gca tgg gga aaa age att cte ttt
Lys Phe Glu Met Gly Trp Lys Ala Trp Gly Lys Ser Ile Leu Phe
9056 910 915

2561

2609

2657

2705

2753

2801

2849



gec

Ala

aag
Lys
935

gac

Asp

gag
Glu

aaa

Lys

cge

Arg

gtt

Val

ego
age
Arg
cca
Asp
Thr
ccg
Thr
Lys

gta ttc cca eta gtg gga gtg aag agg gta gta atg
ttg ttg 209 Arg Val Phe Pro Leu Val dy Val Lys
Val Val Met Ser Leu Leu 25 30 35 gac ggc aga ggg
gta cgt ttc gtg ctg get ctt ate acg tte ttc 257
Gy Arg Ay Pro Val Arg/if8ge Val Leu Ala Leu lle
Phe Phe 40 45 50 71/158 aag ttt aca gca tta gee
ace aag gcg ctt tta ggc cga tgg aaa 305 Lys Phe
Ala Leu Ala Pro Thr Lys Ala Leu Leu Ay Arg Trp
55 60 65 70 gca gtg gaa aag agt gta gca atg aaa

cagagast Ctgagocasgdc ttcc acm tdgagB53tafkat \egla XU dagsager

Val

Ala Met Lys His Leu Thr Ser Phe Lys Arg 75 80 85

Prga&letiewyddaaksn Ser Tht PhacVaedadt fsmdd vaBoe dgy dhe

aga
9286n
gga
Asn
Al a

aag caa 401 Gu Leu Ay Thr Leu Ile Asp Al a Val
Lys Arg Gy A2§ Lys G n 90 95 939 aac aaa aga gga
aat gaa ggc tea ate atg tgg ctt gcg age ttg 449
Lys Arg Gy Gy Asn Gu Ay Ser Ile Met Trp Leu
Ser Leu 105 110 115 gca gtt gtc ata get tgt gea

gapgdggcoectatggtagag tdag tem grdit tgg @acagsd Ftg Aba algl gwal
Ile Ala Cys Ala Ay Ala Met Lys Leu Ser Asn Phe dn
G1P0y&Prd 28p Glu His Arg Ala Trp Asn Ser Met Gln Ile Glu

940 945 950

ttec gge ttt gge 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 geg atc ata ggt acg get gte

Glu Ser Thr Asp Glu Cys Asp Gly Ala Ile Ile Gly Thr Ala Val

970 975 980

gga cat gtg geca 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 9956

tac aac gac aca tgg aaa c¢tt gag agg geca gtc ttt gga gaa

Tyr Asn Asp Thr Trp Lys Leu Glu Arg Ala Val Phe Gly Glu

1000

1005 1010

aaa tcc tge act tgg cca gag aca cac acc cta 1tgg gra gat

Lys

Ser Cys Thr Trp Pro Glu Thr His Thr Leu Trp Gly Asp

2897

2945

2993

3041

3089

3134

3179



ggt

Gly

cca

Pro

cag

Gln

tge

Cys

ggcC

Gly

gac

Asp

aca

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 135 140 145 150 gta att
CCC ace tea aaa gga gag aac aga tge tgg gte egg gea
ate 593 Val Ile Pro Thr $v188ys Gy G u Asn Arg Cys
Trp Val Arg Ala Ile 72/158 155 160 165 gac gte gge
tac atg tgt gag gac act ate aeg tac Paa tgt cct aag
1851 Asp Val dy T020Met Cys G u AsplO@% [le Thr Tyr
GQu 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 Ay Asn Asp Pro G u Asp Val Asp Cys Trp Cys Asp
gsngas a0 gl Hpac ghic garlcghEC teRE gBE 3¢ BLE RAfagE8g
tgc acg egg ace agg cat tcc 737 G n du_Val Tyr Va
Vadi nGlyrGla 3em(@lm>isuTmleAﬁgeTﬂno Hig Thrs $de Alg0Glys
210 aag cga age agg aga tec gtg tcg gte caa aca cat
108§g gag agt tca 78835Lys Arg Ser Argi®ly Ser val Ser
Val Gn Thr Hs Ay Gu Ser Ser 215 220 225 230 cta
gtg aat aaa aaa gag get tgg ctg gat tca acg aaa gcc
aca cga 833 Leu Val Asn Lys Lys Qu Ala Trp Leu Asp
afger aghradg/sapl aatTiegg Arag288a 229KR 136 aag aca caa aac
Lys Ser Lys His Asn Arg Arg Glu Gly Tyr Lys Thr Gln Asn

1045 1050 1055

gga cct tgg gac gag aat ggc ata gtc titg gac ttt gac tat
Gly Pro Trp Asp Glu Asn Gly Ile Val Leu Asp Phe Asp Tyr
1060 1065 1070

cca ggg aca aaa gtc acc att aca gag gat tgt ggc aag aga
Pro Gly Thr Lys Val Thr Ile Thr Glu Asp Cys Gly Lys Arg
1075 1080 1085

cct tcg gtc aga acc act act gac agt gga aag ttg atc act
Pro Ser Val Arg Thr Thr Thr Asp Ser Gly Lys Leu Ile Thr
1090 1095 1160

tgg tgc tgt cgc agt tge tec ctt ceg cec cta 'cga ttc cgg
Trp Cys Cys Arg Ser Cys Ser Leu Pro Pro Leu Arg Phe Arg

1105 1110 1116

gaa aat ggc tgc tgg tac gga atg gaa atc aga cct gtc agg

3224

3269

3314

3359

3404

3449

3494



tat ctc atg aaa act gag aac tgg ate ata agg aat cct
gge tat get 881 Tyr Leu Met Lys Thr GQu Asn Trp Ile
Ile Arg Asn Pro Ay Tyr Ala 250 255 260 tte ctg geg
gcg gta ctc ggc tgg atg ctt ggc agt aac aac ggt caa
929 73/158 Phe Leu Ala Algsi/Ye8 Leu Ay Trp Met Leu
Ay Ser Asn Asn Ay A n 265 270 275 cgc gtg gta ttc
ace ate etc ctg ctg ctg gtc get ceg get tac agt 977
Thr GlAr g A¥al GMalCyPhErpHiyrl | @l MetL@lu (Ide Aexi Pab Yok APgo
Ala Tyr Ser 280 285 290 ttt aat tgt ctg gga atg ggc
1t cgt gac ttc atld2gaa gga gce agt 1035 Phe Asn Cys
Leu Ay Met Gy Asn Arg Asp Phe Ile Au Ay Ala Ser
295 300 305 310 gga gcc act tgg gtg gac.ttg gtg eta
gaa gga gat age tgc ttg aca 1073 dy Ala Thr Trp Va
cat gaisp gBeuadsalachect@aicd yeaAdigeSeng @S kel Bet BUb 4320 3539
325 att atg gca aac gac aaa cca aca ttg %ac gtc cgc
His Asp gGAueThiadhat beu V21  Ate Swert Glo FadsAspspleyBherAsnThr
Leu Asp Val Arg Met Ile Asn Ile 330 335 340 gaa get

153fe caa ctt get gdd4@tt aga agt tac ii#dtat cat get
tca 1169 Gu Ala Ser An Leu Ala Qu Val Arg Ser Tyr

Cys Tyr His Ala Ser 345 350 355
ggt gaa atg gtt gac cct ttt cag ctg gge ctt ctg gtg atg ttt 3584
Gly Glu Met Val Asp Pro Phe Gln Leu Gly Leu Leu Val Met Phe
1150 11565 1160

ctg gece acc cag gag gtc ctt cge aag agg tgg acg gec aga ttg 3629
Leu Ala Thr Gln Glu Val Leu Arg Lys Arg Trp Thr Ala Arg Leu
1165 1170 1175

acc att cct geg gtt ttg gge gcc 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

gge atc act tac act gat ttg gcg agg tat gtg gtg cta gtc get 3719
Gly Ile Thr Tyr Thr Asp Leu Ala Arg Tyr Val Val Leu Val Ala
1195 1200 1205

gee get tte gea gag gec aac  agt gga gga gat gtc ctg cac ctt 3764
Ala Ala Phe Ala Glu Ala Asn Ser Gly Gly Asp Val Leu His Leu

1210 1215 1220



get

Ala

aac

Asn

gtc
Val

ata

Ile

att

Ile

cca

Pro

gat

Asp

gte act gac ate tog acg gtg get egg tgc ccc aeg act
gga gaa gcc 1217 Val Thr Asp Ile Ser Thr Val Ala Arg
Cys Pro Thr Thr Ay Gu Ala 360 365 370 74/158 cac
aac gag aag cga get gat agt age tat gtg tgc aaa caa
ggc ttc 1265 H's Asn G u 82/858Arg Al a Asp Ser Ser Tyr
VaI Cys Lys A n @y Phe 375 380 385 390 act gat cgt

gg tgg ggc aac gga tgt gga ctt ttc ggg aag gga age

tt@latt Téwe AP Wi aagy dpcapycosged Loy dte gta @k8Phe

Gy Lys Ay Ser 395 400 405 att gac aca tgt gca aaa
Lau c IlecAlag¥adcRheadwsaabl eg&dnalno @39 Bhyn legi1Val Metasp

Thr Cys Ala Lys Phe Ser Cys Thr Ser Ala lle Ay
1285 410 415 420 déa80ate cag cca gaaléﬂi ate aaa tac
~aaa gtt gge att ttt gtg cat 1409 Thr Ile An Pro GQu

Asn Ile Lys Tyr Lys Val Ay Ile Phe Val H's 425 430

435 gga gcc act act teg gaa aac cat ggg aat tat tca
atg gcthaagy acggagal 482 W8 2AracFhRaFhpaBerle AL EH S

Gy Asn Tyr Ser Ala dn Val 440 445 450 tee
Metag LgugSerc Shaabyre tT(rpacH'lIgMna@éi &du Asa Jed %ﬂg Leag

ata 1505 Ala Ser An Ala Ala Lys Phe Thr Val Thr Pro
126h Ala Pro Ser |1184355 460 465 470 1250

cta ggg get geoe ttt ttc caa ttg gec tca gta gat ctg caa
Leu Gly Ala Ala Phe Phe Gln Leu Ala Ser Val Asp Leu Gln
12b5 1260 1265

gga gtt cac gga atc ctg aat gcc gec get ata gea tgg atg
Gly Val His Gly Ile Leu Asn Ala Ala Ala Ile Ala Trp Met
1270 1275 ‘ 1280

gtc cgg geg ate acc tte ccc aca acc tcec tec 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 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 cte ctc gtc ata ggg att tge tet 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

BEE

gee

Ala

ata

Ile

teca

Ser

acc ctc aaa ctt ggt gac tac gga gaa gtc aca ctg gae
tgt gag cca 1553 Thr Leu Lys Leu Ay Asp Tyr Ay Qu
Val Thr Leu Asp Cys G u Pro 475 480 485 75/ 158 agg
agt gga ctg aac act gaa geg ttt tac gtc atg ace gtg
ggg tea 1601 Arg Ser Gy 83¢188Asn Thr A u Al a Phe Tyr
Val Met Thr Val Ay Ser 490 495 500 aag tea ttt ctg
gte cat agg gaa tgg ttt cat gac etc get etc ccc 1649
Lys Ser Phe Leu Val H's Arg GQu Trp Phe His Asp Leu
Ala Leu Pro 505 510 515 tgg acg tee cct tcg age aca
cagpcggag ARy asacAAn@acgaieegcacaan ang 44807 ggFrgetrgtaSer
Pro Ser Ser Thr Ala Trp Arg Asn Arg G u Leu Leu Mt
GBROGhe ArBygdy s fl‘hrga\éetgagaglesge das lgoe §dw Alea Vedg
tee gtt gtt get ett ggg 1745 du Phe Gu Qu Ala H's
1380a Thr Lys dn SdB3g’aI Val Al a Leu 1340 535 540 545
550 tea cag gaa gga ggc etc cat cag gcg ttg gca gga
gec ate gtg gtg 1793 Ser dn Ju Ay Ay Leu Hs dn
Ala Leu Ala Gy Ala Ile Vval Val 555 560 565 gag tac
ttgeagagtiteegegt etaagat ttccaeattgge gge thic drg erm acgt
agg 1841 du Tyr Ser Ser Ser Val Lys Leu Thr Ser dvy
Lad sGleLawdlaylsenThrs578ers 7hrs@ly Trp Phe Ser Pro Thr

1345 1350 , 1356

ata gct gcc gga cta atg gtc tge 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 get act gag ttt ttg tcg geca gtt gga ttg atg ttt
Trp Pro Ala Thr Glu Phe Leu Ser Ala Val Gly Leu Met Phe
1375 1380 1386

atc gté 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

cee tte atg ctg gea ggt ctc atg geca gtg tee tac gtg gtg
Pro Phe Met Leu Ala Gly Leu Met Ala Val Ser Tyr Val Val

1405 1410 14156

gga aaa gca aca gat atg tgg ctt gaa cgg get gece gac atce

Gly Lys Ala Thr Asp Met Trp Leu Glu Arg Ala Ala As_p' Ile

4124

4169

4214

4259

4304

4349

4394



agce

Ser

gat

Asp

ccc

Pro

gEE
Gly

ggt
Gly

teg

Trp

aca

ctg aaa atg gac aaa ctg get ctg aaa ggc aca ace tat
gge atg tgc 1889 Leu Lys Met Asp Lys Leu Ala Leu Lys
Ay Thr Thr Tyr Ay Met Cys 76/ 158 585 590 595 aca
gaa aaa ttc tee ttc gcg aaa aat ccg gcg gac act ggt
cac ggg 1937 Thr du Lys ddfiesgSer Phe Ala Lys Asn Pro
Ala Asp Thr Ay H's Gy 600 605 610 aca gtt gtc att
gaa etc tee tac tct ggg agt gat ggc ccc tgc aaa 1985
14 Val Val |le GQld2heu Ser Tyr Ser W@3P Ser Asp Gy
Pro Cys Lys 615 620 625 630 att ccg att gtc tee gtt
geg age etc aat gac atg acc ccc gtc ggg 2033 Ile Pro
Ile Val Ser Val Ala Ser Leu Asn Asp Met Thr Pro Val

tdd ygb3tatit@abigct @gg cily grg s agtgagiac c€Ecagr ¢igt c

gcg act tee agt gcc aat tca 2081 Arg Leu Val Thr Val
Tris nGPo MéthdsiahlaAAdaThFleSdhr Seky Alen 8zg B0 Lews50
655 aag gtg ctg gtc gag atg gaa ccc ccc ttc gga gac
1435 tac ate gta 21890 Lys Val Leu Val448u Met Qu Pro
Pro Phe Gy Asp Ser Tyr Ile Val 665 670 675 gtt gga
egg gga gac aag cag ate aac eac cat tgg cat aaa get
gga 2177 Val Ay Arg Ay Asp Lys An lle Asn His His
gfly pabigscta/ gahl gaiGgpc gga gat ttt cac ttg att gac gat
Val Lys Leu Asp Asp Asp Gly Asp Phe His Leu Ile Asp Asp

1450 1456 1460

ggt gtt cca tgg aag gtc tgg gtc ctg cge atg 1tct tge att
Gly Val Pro Trp Lys Val Trp Val Leu Arg Met Ser Cys Ile
1465 1470 1475

tta gcec gec cte acg cet tgg gee att gtt cecec gee get tit
Leu Ala Ala Leu Thr Pro Trp Ala Ile Val Pro Ala Ala Phe
1480 1485 1490

tat tgg ctc act tta aaa aca aca aaa aga ggg ggc gtg ttt
Tyr Trp Leu Thr Leu Lys Thr Thr Lys Arg Gly Gly Val Phe
1495 1500 1505

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

1510 151b 1520

gga gtt tac cge att atg gct aga ggg att ctt gge act tac

4439

4484

4529

4574

4619

4664

4709



Thr

cag

Gln

tge

Trp

ttg

Leu

gHa
Gly

gtg
Val

cag

Gln

680 685 690 age acg ctg gge aaa gcc ttt tca aca act
ttg aag gga get cag aga 2225 77/168 Ser Thr Leu Gy
Lys Ala Phe Ser Thr Thr Leu Lys Gy Ala G n Arg 695
700 705 710 «ctg gca gcg ttg ggt gac aca gee tgg gac
ttt ggc tec att gga ggg 22883158 eu Ala Ala Leu Ay Asp
Thr Ala Trp Asp Phe Ay Ser Ile Ay @y 715 720 725
tcc eta gga aaa gee gtt cac caa tg ttt
6Byt Vbt Tiodrasbhe les! H ARgrCLer 16l bt 17y BATATva
Hs Gn Val Phe Ay Ay Ala 730 735 740 tte aga aca
183% ttc ggg gga atl§3Pct tgg ate aca &33P ggg eta atg
2369 Phe Arg Thr Leu Phe Ay Ay Met Ser Trp Ile Thr
Gln Gy Leu Met 745 750 755 ggt gee eta eta etc tgg
atg ggc gtc aac gca cga gac ega tca att 2417 dy A a
2¢%ey SEB LS 1R B e ptovateq lac/gagsant At By 486 263 °§ér
Ile 760 765 770 et ttg gee ttc tta gee aca
Alp g Gy cVak §1v Fak Mletoctymaauohes Vak Hhe o di URASUL ey
Ala Thr Ay Ay Val Leu Val Phe Leu Ala Thr 775 780
155 790 aat gtg d&35got gac act ggal®®f! gee att gac
ate aca aga aaa gag 2513 Asn Val Hs Ala Asp Thr dvy
Cys Ala lle Asp Ile Thr Arg Lys GQu

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
15656 1560 1665

acg cca tac tgg ggt agt gtg aaa gaa gac cgc ata get tac
Thr Pro Tyr Trp Gly Ser Val Lys Glu Asp Arg Ile Ala Tyr

1570 1576 1580

ggc cca tgg agg ttt gat cga aaa tgg aat gga act gat gac
Gly Pro Trp Arg Phe Asp Arg Lys Trp Asn Gly Thr Asp Asp
15856 1590 ' 1595

caa gtg atc gtg gta gaa ccg ggg aag gct gca gta aac atce
Gln Val Ile Val Val Glu Pro Gly Lys Ala Ala Val Asn Ile
1600 1605 1610

aca aaa cca gga gtg ttt cgg act ccc ttc ggg gag gtt gge
Thr Lys Pro Gly Val Phe Arg Thr Pro Phe Gly Glu Val Gly

1615 1620 1625

4754

4799

4844

4889

4934

4979



gect
Ala

ctg

Leu

gag
Glu

cgt

Arg

aga

Arg

aaa

Lys

cag

Gln

795 800 805 78/158 atg agg tgt gga agt ggc ate ttc
gtg cac aac gac gtg gaa gcc tgg 2561 Mt Arg Cys Ay
Ser Ay Ile Phe Val H's Asn Asp Val Au Ala Trp 810
815 820 gtg gat agg tat aaa tat ttg cca gaa acg ccc
aga tee cta gca aag 2609 gegaissAsp Arg Tyr Lys Tyr Leu
Pro Au Thr Pro Arg Ser Leu Ala Lys 825 830 835 ate
gte cae aaa gcg cac aag gaa gge gtg tgc gga gtc aga
gittct agt 12688t tdcechpl ddasgiysacH dcelged ydcd eccCrytVal
Cys Gy Vval Arg Ser Val 840 845 850 act aga ctg gag
Vadat Send.eat §sp giyrgRao gdargyGay €ljy §ar Glyva Sey Reec I%?OS
Thr Arg Leu Qu Hs Gn Met Trp Au Ala Val Arg Asp
1630u Leu Asn 855 8663865 870 gtc ctgllc aaa gag aat
gca gtg gac etc agt gtg gtt gtg aac aag 2753 Val Leu
Leu Lys Qu Asn Ala Val Asp Leu Ser Val Val Val Asn
Lys 875 880 885 ccc gtg ggg aga tat cgc tca gce cct
gataatcgaalt gga cgacaijc aeatac ggc 281Kl taPrggcvabald ggaAREt Ty r
Arg Ser Ala Pro Lys Arg Leu Ser Met Thr G n 890 895
AS00SepaksmabdytAsp dda altle Gdv Leyy TamablaAspilydadaa
age att etc ttt 2849 Gu Lys Phe Gu Met Gy Trp Lys
16452 Trp Gy Lys Sd6501 e Leu Phe 1655

ctt gge gat gge tca tac gtc age gee 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 get tac ace 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
17056 1710 1715

cgc cta aga aca gct gtg ttg geca ccg acg cgr gig gta gca
Arg Leu Arg Thi Ala Val Leu Ala Pro Thr Arg Val Val Ala
1720 1725 1730

5024

5069

5114

5159

5204

5249

5294



gca

Ala G

act

Thr

gtg
Val

aga

Arg

acce

Thr

gtg
Val

cct

Pro

905 910 915 79/158 gee ccg gaa ttg gee aac tcc aca
ttt gte gta gat gga cct gag aca 2897 Ala Pro Gu Leu
Ala Asn Ser Thr Phe Val Val Asp Gy Pro Qu Thr 920
925 930 aag gaa tge ect gat gag cac aga get tgg aac
age atg caa ate gaa 2945 8ly¥8J u Cys Pro Asp Qu His
Arg Ala Trp Asn Ser Met An Ile Gu 935 940 945 950
gac tte ggc ttt ggc ate aca tca ace cgt gtg tgg ctg
aag att aga 2993 Asp Phe Ay Phe Gy Ile Thr Ser Thr
Val Leu Lys Ile Arg 955 960 965 gag gag age

ga@c? a@&&f@aga@g&ctgaszgg%agsgsaqt@ 568 HR asa tgte

1y o AR G142 belo AT B0y e Pt alar MgE o101 ¢

% agt gae ttg tcg éac tgg att gag agt 3089 Lys Ay

1905 val Ala Vval 144&e Asp Leu Ser Trp Ile Qu
Ser 985 990 995 cgc tac aae gac aca tgg aaa ett gag
agg gca gtc ttt gga gaa 3134 Arg Tyr Asn Asp Thr Trp
Lys Leu Gu Arg Ala Val Phe Gy G u 1000 1005 1010 gtt

teghaled Bl eaacftsat 888 chfCyah? HE8 #at saa ata 8lFyeada

A e o T

1750 1766 1760

atg tge cac gcc act ctg acc cat aga ctg atg tca ccg aac
Met Cys His Ala Thr Leu Thr His Arg Leu Met Ser Pro Asn
1765 1770 1775

gtg ccec aac tac aac cta ttt gtc atg gat gaa gct cat tte
Val Pro Asn Tyr Asn Leu Phe Val Met Asp Glu Ala His Phe

1780 1785 1790

gac cca gcc agt ata gec gca cga gga tac att get acc aag
Asp Pro Ala Ser Ile Ala Ala Arg Gly Tyr Ile Ala Thr Lys

1795 1800 18056

gaa tta ggg gag gca geca gee ate ttt atg aca geg acc ccg
Glu Leu Gly Glu Ala Ala Ala Ile Phe Met Thr Ala Thr Pro
1810 1815 1820

gga acc acg gat cct ttt cct gac tca aat gecc ceca ate cat

Gly Thr Thr Asp Pro Phe Pro Asp Ser Asn Ala Pro Ile His

5339

5384

5429

5474

5519

6564

5609



gat

Asp

gaa

Glu

age

Ser

444
Gly

tac

Tyr

gac

Asp

gac

80/ 158
ate ccg
G u Leu
cea aaa
caa aac
Tyr Lys
gag aat
18250 Trp

1015 1020 1025 ggt gtt gag gaa agt gaa etc ate
cac ace ata gcc gga 3224 dy Val GQu Qu Ser
Ilelle Pro Hs Thr Ile Ala Ay 1030 1035 1040
age aag cat aat egg agg gaa ggg tat aag aca
3269 Pro Lys Ser g8ysgHi s Asn Arg Arg Gu Gy
Thr @ n Asn 1045 1050 1055 cag gga ect tgg gac
gge ata gtc ttg gac ttt gac tat 3314 dn dy
Asp Gu A$B3@ y Ile Val Leu ¥8¥ Phe Asp Tyr

1060 1065 1070 tgc cca ggg aca aaa gtc ace att aca gag

gat tgt
Ile Thr

titgegegt gadggagcataactaacdacgage &AL (g8 WYy BEY RE%
3404 dy

ggc aag aga 3359 Cys Pro Ay Thr Lys Val Thr

G u Asp Cys Ay Lys Arg 1075 1080 1085 %gc cct
aet

Pro Ser Val Arg Thr Thr Thr Asp Ser. Ay Lys

LdieuGlh eAsph61a 0Bl Pe65 Astodrgatla Jypt8er t §er gy dyr tgc

tec ctt

1840g Ser

ccg ccc cta cga ttc egg 3449 Asp Trp Cys Cys
Cys Ser LéB4®ro Pro Leu Arg B Arg 1105 1110

1115 aca gaa aat gge tge tgg tac gga atg gaa ate aga
cct gte agg 3494 81/158

tgg atc aca gaa tat gcg gga aaa acc gtg tgg ttt gtg geca

Trp Ile Thr Glu Tyr Ala Gly Lys Thr Val Trp Phe Val Ala

1855

1860 1865

gtg aaa atg ggeg aac gag att gca atg tge ctc caa aga gcg

Val Lys Met Gly Asn Glu Ile Ala Met Cys Leu Gln Arg Ala

1870

1875 1880

aaa aag gtc atc caa ctc aac cgc aag tcc tat gac aca gaa

Lys Lys Val Ile Gln Leu Asn Arg Lys Ser Tyr Asp Thr Glu

1885

1890 : 18956

cca aaa tgt aag aat gga gac tgg gat ttt gic atc acc act

Pro Lys Cys Lys Asn Gly Asp Trp Asp Phe Val Ile Thr Thr

1900

1905 1910

att tct gaa atg ggg gee aac ttc ggt geg age agg gtc ate

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 gega gaa

5654

5699

5744

8789

5834

5879

6924



Asp

ggc
Gly

gca

Ala

gga
Gly

aac

Asn

cac

His

gaa

Glu

Thr Au Asn Ay Cys Trp Tyr Ay Met Gu Ile Arg Pro
Val Arg 1120 1125 1130 cat gat gaa aca aca etc gtc aga
‘tcg cag gtt gat get ttt aat 3539 H's Asp Au Thr Thr
Leu Val Arg Ser A n Val Asp Ala Phe Asn 1135 1140 1145

ggt gaa atg gtt gac cct ttgg/memg ctg ggc ctt ctg gtg
atg ttt 3584 dy Gu Met Val Asp Pro Phe G n Leu Ay
Leu Leu Val Met Phe 1150 1155 1160 ctg gee ace cag gag
Cyat CArg tLysgBendiplafigst Rroadhr gle hga Glyg SbeHBly SLuUAl a
Thr An Gu Val Leu Arg Lys Arg Trp Thr Ala Arg Leu
198065 1170 1175 acd938t cot gcg gtt ti%Hlggg gee eta ctt

gtg ctg atg ett ggg 3674 Thr Ile Pro Ala Val Leu Gy
Ala Leu Leu Val Leu Met Leu Ay 1180 1185 1190 gge ate

act tac act gat ttg gcg agg tat gtg gtg eta gtc get
agi’18tc @te ke gdw adyr cldw tAgpcdoeatal accAr ggTygca/akcVal
Leu Val Ala 1195 1200 1205 gee get tte gca gag %ge aac
Amgt Vghal pghegaklygitsnctRyroec Ser Bito J1e4Thral Senl AlapherAl a
GQu Ala Asn Ser Ay Gy Asp Val Leu H's Leu 1210 1215
194520 82/ 158 get tlB§O0att gee gtt ttcl¥dy ate cas cca
gca ttt tta gtg atg 3809
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 aglt gaa gat gac agt
Asp Glu Tyr His Tyr Gly Gly Ala Thr Ser Glu Asp Asp Ser
1975 1980 19856

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
2006 - 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



gaa

Glu

gtg
Val

gat

Asp

gag

Glu

aaa

Lys

cac

His

tca

Ser

Ala Leu Ile Ala Val Phe Lys Ile @n Pro Ala Phe Leu
Val Met 1225 1230 1235 aac atg ett age aeg aga tgg acg
aac caa gaa aat gtg gtt ctg 3854 Asn Met Leu Ser Thr
Arg Trp Thr Asn G n Gu Asn Val Val Leu 1240 1245 1250
gtc eta ggg get gee ttt ttgn/tega ttg gee tea gta gat
ctg caa 3899 Val Leu Ay Ala Ala Phe Phe G n Leu Al a
Ser Val Asp Leu A n 1255 1260 1265 ata gga gtt cac gga
azg caed paatt tgebtg@eggettmedt gags tagg eely 38d4ctd jcegdy
Val Hs Ay Ile Leu Asn Ala Ala Ala Ile Ala Trp Mt
Ly270y42#5 PRe(Let Glyt deygfeychrsailbrabla t Aspckey dxa ace
tce tee gtc ace atg 3989 Ile Val Arg Ala Ile Thr Phe
208% Thr Thr Ser S&04¥al Thr Met 128520400 1295 eca gtc
tta gcg ctt eta act ccg gga atg agg get eta tac eta
4034 Pro Val Leu Ala Leu Leu Thr Pro Ay Met Arg Ala
Leu Tyr Leu 1300 1305 1310 gat act tac aga ate ate etc
ted c cRceat dagogpmiitet geck deccaat 4g9ats gaghtacnyaccAr g
Ile lle Leu Leu Val Ile Ay Ile Cys Ser Leu 1315 1320
THB25e834 16T yrtLys dad ohlp 8¢y Asm Aaglbee GngTy dhaaa
aag aaa gga get gta 4124
2050 2055 2060

aga aag tgg tgt ttt gat ggg cceg cgt acg aat gcc ata ctg
Arg Lys Trp Cys Phe Asp Gly Pro Arg Thr Asn Ala Ile Leu

2065 2070 2075

gac aac acc gag gta gag ata gtc acc cgg atg ggt gag age
Asp Asn Thr Glu Val Glu Ile Val Thr Arg Met Gly Glu Arg
2080 2085 2090

atc ctc aag ccg aga tgg ctt gat gca aga gtt tat gca gat
Ile Leu Lys Pro Arg Trp Leu Asp Ala Arg Val Tyr Ala Asp
20956 2100 2105

caa gct ctc aag tgg ttc aaa gac ttc gea gca gga aag aga
Gln Ala Leu Lys Trp Phe Lys Asp Phe Ala Ala Gly Lys Arg
2110 2115 2120

gee git age tté ata gag gtg ctc ggt cgt atg cct gag cat
Ala Val Ser Phe Ile Glu Val Leu Gly Arg Met Pro Glu His
2126 2130 2135

6239

6284

6329

6374

6419

6464

6509



tte

Phe

gca

Ala

gag

Glu

act

Thr

-ggt

Gly

acc

Thr

444
Gly

Leu Gn Gu Arg Lys Lys Thr Met Ala Lys Lys Lys Ay

Ala Val 1330 1335 1340 etc ttg gge tta gcg etc aca tee '

act gga tgg ttt teg ccc ace 4169 Leu Leu Gy Leu Al a
Leu Thr Ser Thr Ay Trp Phe Ser Pro Thr 1345 1350 1355
act ata get gec gga cta atgl/gg8e tgc aac cca aac aag

aag aga 4214 Thr Ile Ala Ala Gy Leu Met Val Cys Asn
Pro Asn Lys Lys Arg 1360 1365 1370 ggg tgg cca get act

gag ttt ttg tcg gca gtt gga ttg atg ttt 4259 Gy Trp

Pro Ala Thr G u Phe Leu Ser Ala Val GQy Leu Met Phe
ati378gd 38 2385cgr @aat egajt dtggaqgretatg gégeghiR Bt gat

att gaa tee atg tca 4304 Alalle Val Ay Ay Leu Al a
Med uGLgLyas fht | &rgdGluSehlavbeu Sksp 1'5901491189%?1 ded ccc

ttc atg ctg gea ggt etc atg gca gtg tee tac gtg gtg
2M49 Ile Pro Phe2i8b Leu Ala Ay Lelldkt Al a Val Ser
Tyr Val Val 1405 1410 1415 tca gga aaa gea aca gat atg
tgg ctt gaa egg get gcc gac ate 4394 Ser Ay Lys Ala
Thr Asp Met Trp Leu Qu Arg Ala Ala Asp |l e 84/158
adg2@etd@dg ha30ge@geggaamgcat cpgaLagats geEgtatec #8848 gga
age agt egg agg ctg 4439

Thr Ala Glu Lys Gly Gly Lys Ala His Arg Met Ala Leu Glu

2155 2160 2165

ctg cca gat gca cig gaa acc att aca ctt att gtt get ate
Leu Pro Asp Ala Leu Glu Thr Ile Thr Leu Ile Val Ala Ile
2170 2175 2180

gtg atg aca gga gga ttc ttt cta ctc atg atg cag cga aag
vVal Met Thr Gly Gly Phe Phe Leu Leu Met Met Gln Arg Lys
2185 2190 2195

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

2200 2205 2210

ttc ttc ctg tgg gcg geca gag gtt ccc gga aca aaa ata gea
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 ate cca

Thr Leu Leu Ile Ala Leu Leu Leu Met Val Val Leu Ile Pro

6554

6599

6644

6689

6734

6779

6824




gaa

Glu

ttt

Phe

gag
Glu

ttt

Phe

atg

Met

2441
Gly

tcg

Ser
Arg
gat
Asp
ccc
tge
Arg
22300
Al a

Trp
Leu
ttt
Asp
ggt
att
Met

Gu Met Asp Ala Ala Ile Thr Ay Ser Ser Arg

1435 1440 1445 gat gtg aag eta gat gat gac gga
cac ttg att gac gat 4484 Asp Val Lys Leu Asp
Gy Asp Phe His Leu Ile Asp Asp 1450 1455 1460
gtt cca tgg aag Qtop/igpg gte ctg ego atg tct

4529 Pro @y Val Pro Trp Lys Val Trp Val Leu
Ser Cys Ile 1465 1470 1475 ggg tta gec gcc etc

cct tgg gcc aRR3gtt ccc gcc get 2340 4574 dy Leu

Al a

Leu Thr Pro Trp Ala Ile Val Pro Ala Al a Phe

1480 1485 1490 ggt tat tgg etc act tta aaa aca aca aaa
aga ggg ggc gtg ttt 4619 dy Tyr Trp Leu Thr Leu Lys
ccnr gdhradgy sagrageGtya Ggaavaba Riet 8495cdb00t2 0@ BEF gac
acg cca tee cea aaa cot tgc tea aaa gga. gac ace act
P46641uTiys Bip Aty SBro Ber Thr oAdp dskrGlcydeseotld Yolq y
Asp Thr Thr 1510 1515 1520 aca gga gtt tac cgc att atg
2748 aga ggg att e226@gc act tac 47092%H 158 Thr dy

Tyr Arg Ile Met Ala Arg Ay Ile Leu Ay Thr Tyr
1525 1530 1535 cag gcc ggc gte gga gtc atg tac gag aat
gtt ttc cac aca eta 4754

ctc atc tgt gtc ttg acc gtg gtt gga gtg gtg gca geca aac

Val

Leu Ile Cys Val Leu Thr Val Val Gly Val Val Ala Ala Asn

2260

tac
Tyr
2275

ggc
Gly
2290

geca
Ala
2305

agce

Ser

2320

gaa

2265 2270

ggg atg cta gaa aaa acc aaa gca gac ctc aag age atg

Gly Met Leu Glu Lys Thr Lys Ala Asp Leu Lys Ser Met

2280 2285

gga aag acg cag gca tica gga ctg act gga tta cca agc

Gly Lys Thr Gln Ala Ser Gly Leu Thr Gly Leu Pro Ser

2295 2300

ctg gac ctg cgt cca gcc aca get tgg gea ctg tat ggg

Leu Asp Leu Arg Pro Ala Thr Ala Trp Ala Leu Tyr Gly

2310 2315

aca gtc gtg cta acc cct ctt ctg aag cac ctg atc acg

Thr Val Val Leu Thr Pro Leu Leu Lys His Leu Ile Thr

2326 2330

tac gtc acc aca teg cta gec tea att aac tca caa gect

6869

6914

6959

7004

7049

7094

7139



Ser

gEC
Gly

gac

Asp

acc

Thr

tat

Tyr

gce

Ala

gac

Asp

G@Gn Ala dy val dy Vval Met Tyr A u Asn Val Phe His
Thr Leu 1540 1545 1550 tgg cac aca act age gga gea get
att atg agt gga gaa gga aaa 4799 Trp His Thr Thr Arg
Gy Ala Alalle Met Ser Ay Au dy Lys 1555 1560 1565
ttg aeg cca tac tgg ggt a@3/pH8g aaa gaa gac ego ata
get tac 4844 Leu Thr Pro Tyr Trp Ay Ser Val Lys Qu
Asp Arg Ile Ala Tyr 1570 1575 1580 gga ggc cca tgg agg
Gl t TgatVadgRhnakbrt §gr adteugfba Soar dhe Apic g@ssﬁ Ingtlag y
Pro Trp Arg Phe Asp Arg Lys Trp Asn G]y Thr Asp Asp
23B585 1590 1595 gt §3¢@a gtg ate gtg gd¥dgaa ccg ggg aag
get gca gta aac ate 4934 Val dn Vval Ile Val Val Qu
Pro Ay Lys Ala Ala Val Asn Ile 1600 1605 1610 cag aca
aaa cca gga gtg ttt egg act ccc ttc ggg gag gtt ggg
to4070ta Gt The thescPao @aygPalgiEhechr gtiThpeprgacpiéad y
Gu Val dy 1615 1620 1625 86/158 get gtt agt ctg gat
SeracLee PhegXadeevafuot Areg§dyt sl Pee %hq Ehp Aspalguya
Ser Leu Asp Tyr Pro Arg Gy Thr Ser Ay Ser Pro Ile
236830 1635 1640 et 358t tee aat gga g%ﬁ%hte ata gge ctg
tac ggc aat gga gtt 5069

ttg acc gtt gegc ctc gtec tte ctt gge tgt tgg ggt caa atce

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 ctc

Gly

gca gaa gca agg geca

Gly Tyr Met Leu Pro Trp Gln Ala Glu Ala Leu Arg Ala

2395 2400 2405

cag aga agg aca gcg get gga ata atg aat gtt gtt

Gly

aag gce

Gln Arg Arg Thr Ala Ala Ile Met Lys Asn Ala Val Val

2410 2415 2420

atg gtc act gat gtg cct ctg acc act

Val

gga
Gly

gee gaa gaa agg

Met Val Ala Thr Asp Pro Glu Leu Glu Arg Thr Thr

2425 2430 2435

7184

7229

7274

7319

7364

7409



cet

Pro

age

Ser

gaa

Glu

aac

Asn

tge

Cys

tgg

Trp

age

Leu Asp Ser Asn Ay Asp lle lle Gy Leu Tyr Ay Asn
Gy Val 1645 1650 1655 gag ctt gge gat ggc tea tac gtc
age gcc ate gtg cag ggt gac 5114 du Leu Gy Asp Ay
Ser Tyr Val Ser Ala lle Val Gn Ay Asp 1660 1665 1670
cgt cag gag gaa cca gte caa/gfsa get tac ace tea aac
atg ttg 5159 Arg dn Qu GQu Pro Val Pro Qu Ala Tyr
Thr Pro Asn Met Leu 1675 1680 1685 aga aag aga cag atg
ctaceat xaal aagaiad gYccaggacchg ggiig téa gy BROARERARHaLys

- Arg G n Met Thr Val Leu Asp Leu Hs Pro Ay Ser Ay

Lelb6Ofle 1 6Bm LY wadahcGlyaGlaatalaleuctep cddecaly ¥vd att
aag gac get att cag 5249 Lys Thr Lys Lys Ile Leu Pro

24dn lle Ile Lys Agd4® a Ile G n 1705248010 1715 cag cgc
eta aga aca get gtg ttg gea ccg aeg egg gtg gta gea
5294 dAn Arg Leu Arg Thr Ala Val Leu Ala Pro Thr Arg
Val Val Ala 1720 1725 1730 87/ 158 gca gaa atg gea gaa

giget gthgeapatgggteigtcccargcat capt igdt aca B839gte\agad u
Met Ala Gu Ala Leu Arg Ay Leu Pro Val Arg Tyr Gn

VdI73A14 741 PR4SLacVal caAge®rgt Asrcdglafhr gdhrc¥al dag ggg
aat gaa ata gtg gat 5384

2455 2460 2465

geca geg gtg ttg gtg aca geg get acg cte act ttg tgg gac
Ala Gly Val Leu Val Thr Ala Ala Thr Leu Thr Leu Trp Asp
2470 2475 2480

gga gcc agt geec git tgg aat tbc acc act gecc acg gga ctc
Gly Ala Ser Ala Val Trp Asn Ser Thr Thr Ala Thr Gly Leu
2485 2490 2498

cat gta atg cga ggt agc tac ctg gct gga ggc tcc att get
His Val Met Arg Gly Ser Tyr Leu Ala Gly Gly Ser Ile Ala
25600 2605 2510

act ctc atc aag aac gct gac aag ccc tce tta aaa agg gga
Thr Leu Ile Lys Asn Ala Asp Lys Pro Ser Leu Lys Arg Gly
2515 2520 2526

cct ggg gge agg acg cta ggg gag cag tgg aag gaa aaa cta
Pro Gly Gly Arg Thr Leu Gly Glu Gin Trp Lys Glu Lys Leu
2530 2535 2540

7454

7499

7544

7589

7634

7679

1724



Thr Ser Ala Val Gn Arg Au Hs Gn Ay Asn Gu lle
Val Asp 1750 1755 1760 gtg atg tge cac gee act ctg ace
cat aga ctg atg tca ceg aac 5429 Val Met Cys His Al a
Thr Leu Thr H's Arg Leu Met Ser Pro Asn 1765 1770 1775
aga gtg ccc aac tac aac ctgp/igg gtc atg gat gaa get
cat ttc 5474 Arg Val Pro Asn Tyr Asn Leu Phe Val Mt
Asp Qu Ala H's Phe 1780 1785 1790 ace gac eca gee agt
ata gcc gca cga gga tac att got ace aag 5519 Thr Asp
Pro Ala Ser Ile Ala Ala Arg Ay Tyr Ile Ala Thr Lys

aat gd79%tE8aE: hYA5SgeH gagaattt atygspadgegese g@gageag &ce ttt 7769
atg aca gcg ace ccg 5564 Val Qu Leu Ay Gu Ala Ala
Asn AWM aMbkeSéthare6 1 TaluAl BheThePLys T810An81Argsélu dda gga
ace acg gat cct ttt cct gac tca aat gcc cca ate cat
25809 Pro Ay Thr 2660 Asp Pro Phe Pr@b#sp Ser Asn Al a
Pro Ile H's 88/158 1825 1830 1835 gat ttg caa gat gag

ata cca gac agg gcg tgg age agt gga tac 5654 Asp Leu
Gn Asp u lle Pro Asp Arg Ala Trp Ser Ser Ay Tyr

ata afl84QagSdty ¥AB0cgaacitggead @caceggaxet gtt gagaggrt ®sa ace 1814
gtg tgg ttt gtg gca 5699
Ile Ile Glu Val Asp Arg Thr Glu Ala Arg Arg Ala Arg Arg Glu

2560 2565 25670

aat aac ata gtg gga gega cat ccg gtt tcg cga gge tca geca aaa 7859
Asn Asn Ile Val Gly Gly His Pro Val Ser Arg Gly Ser Ala Lys
2575 2580 26856

ctc cgt tgg ctc gta gag aaa gga ttt gtc teg cca ata gga aaa 7904
Leu Arg Trp Leu Val Glu Lys Gly Phe Val Ser Pro Ile Gly Lys
2590 2595 2600

gtc att gat cta ggg tgt ggg cgt gga gga tgeg age tac tac gea 7949
Val Ile Asp Leu Gly Cys Gly Arg Gly Gly Trp Ser Tyr Tyr Ala

2605 2610 26156

gca acc ctg aag aag gtc cag gaa gtc aga gga tac acg aaa ggt 7994
Ala Thr Leu Lys Lys Val Gln Glu Val Arg Gly Tyr Thr Lys Gly

2620 2625 2630

g88 BCE gga cat gaa gaa ccg atg ctc atg cag agc tac gge tgg 8039

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



aac

Asn

tca

Ser

cca

Pro

atg

Met

aaa

Lys

gtc

Val

tce

GQu Trp Ile Thr Au Tyr Ala Gy Lys Thr Val Trp Phe
Val Ala 1855 1860 1865 age gtg aaa atg ggg aac gag att
gea atg tgc etc caa aga gcg 5744 Ser Val Lys Met Ay
Asn Qu Ile Ala Met Cys Leu A n Arg Ala 1870 1875 1880
ggg aaa aag gtc ate caa ctggs/ap& CcQgc aag tee tat gac
aca gaa 5789 dy Lys Lys Val Ile dn Leu Asn Arg Lys
Ser Tyr Asp Thr Ju 1885 1890 1895 tac cca aaa tgt aag
2668 gga gac tgg g@b40tt gte ate ace 86455834 Tyr Pro
Lys Cys Lys Asn Ay Asp Trp Asp Phe Val Ile Thr Thr
1900 1905 1910 gac att tet gaa atg ggg gcc aac ttc ggt
gcg age agg gtc ate 5879 Asp Ile Ser Au Met Ay Al a
ctsn gRbet & \cthl aaBa@gtAr gea/agtel gac m15t1'920131392§3 g@é t gt
aga aag age gtg aag eec ace ate tta gaa gag aa
L&924ad98d5d eulbps Gex A6Ly IMad Sep Wadl Phes Tivro Tﬁr ng e
Leu Au Gu Ay Gu 1930 1935 1940 gge aga gtc ate etc
268 aac cca teg cciBbata ace agt gca g§605969 Ay Arg
Val Ile Leu Ay Asn Pro Ser Pro Ile Thr Ser Al a Ser
1945 1950 1955 gea get caa egg agg ggc aga gta gge aga
aac cct aac cag gtt 6014 '
gag ccc agt gac act ctg ttc tgc gac ata ggg gaa tcc tec

Glu Pro Ser Asp Thr Leu Phe Cys Asp Ile Gly Glu Ser Ser
2665 2670 2675

agt cca gaa gta gaa gaa caa cgc aca cta cgc gic cta gag
Ser Pro Glu Val Glu Glu Gln Arg Thr Leu Arg Val Leu Glu

2680 2685 2690

aca tct gac tgg ttg cac cga gga cct aga gag ttc tgt ata
Thr Ser Asp Trp Leu His Arg Gly Pro Arg Glu Phe Cys Ile
26956 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 cag cgc cgc tte gga ggt ggeg 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 ccg get

8084

8129

8174

8219

8264

8309

8354



Ser

EgC

Gly

F:4:44
Gly

gat

Asp

gte
Val

aaa

Lys

tac

Tyr

Ala Ala dn Arg Arg Gy Arg Val Gy Arg Asn Pro Asn
A n Val 1960 1965 1970 gga gat gaa tac cac tat ggg ggg
gcc ace agt gaa gat gae agt 6059 dy Asp Gu Tyr His
Tyr Ay Ay Ala Thr Ser A u Asp Asp Ser 1975 1980 1985
aac eta gcc cat tgg aca gagr/gés,m aag ate atg tta gat
aac ata 6104 Asn Leu Ala H's Trp Thr Au Ala Lys Ile
Met Leu Asp Asn Ile 1990 1995 2000 cac atg ccc aat gga
Axg g AghgSer disoaietCdut aMegJarcEep Jad Sexy GlyoPreidanet
Pro Asn Gy Leu Val Ala An Leu Tyr Glg/ Pro Gu Arg
27405 2010 2015 ga#Td4dg gcc ttc aca aBéP@at ggc gaa tac
cgt etc aga ggt gaa 6194 du Lys Ala Phe Thr Met Asp
Gy GQu Tyr Arg Leu Arg Ay du 2020 2025 2030 90/ 158
gaa aag aaa aac ttc tta gag ctg ctt agg acg get gac
agt c gteget@3Bc U dhgs £3c akgnadhagiceoadd EtReOt2 Al BAr g
Thr Ala Asp Leu Pro 2035 2040 2045 gtg t ctg gcc tac
Asimg Vgl gVak dlisedladtalggdsmiMs tc B tSea ﬁg@ 8%84Le“!/ euTr p
Leu Ala Tyr Lys Val Ala Ser Asn Ay Ile @ n. Tyr Thr
2880 2055 2060 gat278§a aag tgg tgt t8¥6%at ggg ccg cot
acg aat gcc ata ctg 6329

cga atg gat cge 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 gcee 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 asa atc aag aag aga atc cag aag ctt
His Ser Asn 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

cge 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

8b34

8579

8624



ggc
Gly

aaa

Lys

gac

Asp

gac

Asp

aac

Asn

aga

Arg

agce

Ser

Asp Arg Lys Trp Cys Phe Asp Ay Pro Arg Thr Asn Al a
Ile Leu 2065 2070 2075 gag gac aac ace gag gta gag ata
gtc ace egg atg ggt gag agg 6374 du Asp Asn Thr Qu
Val Qu lle Val Thr Arg Met Ay Gu Arg 2080 2085 2090
aaa ate etc aag ccg aga tg88/4db8 gat gca aga gtt tat
gca gat 6419 Lys Ile Leu Lys Pro Arg Trp Leu Asp Al a
Arg Val Tyr Ala Asp 2095 2100 2105 cac caa get etc aag
t£3g &cttcaﬁgé:céaﬁt? tetCyca2G A8 EE8 AF 388 G464218ja8E n

Ala Leu_ Lys Trp P Lys Asp Phe Ala dy Lys Arg
SE&l@LlElﬁS%/ZSfQ"OE?‘ég\’ea&ccgﬁﬁ t(ﬁé(gga% tA‘\}@aiaP&Sgégf“gMQt et ggt
atg cct gag cat, 6509 Ser Ala Val_Ser Phe Ile Qu
2% Leu Gy Arg I\/&%gro Qu H s 212528380 2135 91/158

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 gea acg get gag aaa
Cijbt t§§gg%\ egcgcﬁt*&&?ccgﬁa%t?d:cgét:c A ghe ersoatpactthy

Ala Ju Lys Ay Gy Lys Ala Hs Arg Met Ala Leu u
P535§1?16§¥f485¥b%dﬁ@tgi@%égﬂa?ﬁﬁéggbyﬁtgdgaagétéﬁ%‘aca
ofb¢ att ott get atg 0644 2870

ace acc cct ttt gga cag caa aga gtt ttc aag gag aaa gtt
Thr Thr Pro Phe Gly Gln Gln Arg Val Phe Lys Glu Lys Val
2875 2880 2885

acg aag gct cct gag cca cca act gga gct aag gaa gtg cte
Thr Lys Ala Pro Glu Pro Pro Thr Gly Ala Lys Glu Val Leu
2890 2895 2900

gag acc acc aac tgg ctg tgg gee tac ttg tca cgg gaa aaa
Glu Thr Thr Asn Trp Leu Trp Ala Tyr Leu Ser Arg Glu Lys
2905 2910 2915

cee  cge ttg tgc 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 get ctt gga geca gtg tic get gaa cag aat caa tgg
Asn Ala Ala Leu Gly Ala Val Phe Ala Glu Gln Asn Gln Trp
2935 2940 2945

8669

8714

8759

8804

8849

8894

8939



GQu Leu Pro Asp Ala Leu Qu Thr Ile Thr Leu Ile Va
Ala Ile 2170 2175 2180 act gtg atg aca gga gga ttc ttt
eta etc atg atg cag cga aag 6689 Thr Val Met Thr Qy
Gy Phe Phe Leu Leu Met Met G n Arg Lys 2185 2190 2195
ggt ata ggg aag atg ggt et¥/HPa get eta gtg etc acg
eta get 6734 dy lle Ay Lys Met Ay Leu Gy Ala Leu
Val Leu Thr Leu Ala 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 Ala Ju Val Pro Gy Thr Lys Ile Ala
age aczzlscezm Ra@BojggtacHBalt gaetereacet gifd ctge #ag ate at g 8984

tt etc ate cca 6824 Gy Thr Leu Leu Ile Ala Leu
Ser Th@euA e hngefblyaAla/Xpl | Asp Asp FPrl“é" dpg Ble IvsdboMstro40

aa ccg gaa aag cag_agg tea caa aca gat aat caa ctg
g gtg 6869 G u2ZPb® Qu Lys An ArdP88er A n Thr Asp
Asn G n Leu Ala Val 2245 2250 2255 ttt etc ate tgt gtc
ttg ace gtg gtt gga gtg gtg gea gca aac 6914 Phe Leu
Ile Cys Val Leu Thr Val Val dy Val Val Ala Ala Asn
gtt gat26ad X 229 B GAtaccagGLatepeesaa Rag akat L€ 388 gca 9029

gac etc aag age atg 6959
Val Asp Glu Glu Arg Glu Asn His Leu Arg Gly Glu Cys His Thr

2965 | 2970 2975

tgt atc tat aac atg atg gga aaa aga gag aag aag cct gga gag 9074
Cys Ile Tyr Asn Met Met Gly Lys Arg Glu Lys Lys Pro Gly Glu
2980 2985 2990

ttt gga aaa gct aaa gga agc agg gee att tgg ttec atg tgg ctt 9119
Phe Gly Lys Ala Lys Gly Ser Arg Ala Ile Trp Phe Met Trp Leu

2995 3000 - 3005

gga gca cgg tat cta gag ttt gaa get ttg ggg tte ctg aat gaa 9164
Gly Ala Arg Tyr Leu Glu Phe Glu Ala Leu Gly Phe Leu Asn Glu
3010 3015 3020

gat cat tgg ctg agc cga gag aat tca gpga get gga gtg gaa gge 9209
Asp His Trp Leu Ser Arg Glu Asn Ser Gly Gly Gly Val Glu Gly
3025 3030 3035

tca ggc gtc caa aag ctg gga tac atc ctc cgt gat ata geca gga 9254

Ser Gly Val Gln Lys Leu Gly Tyr Ile Leu Arg Asp Ile Ala Gly



aag

Lys

act

Thr

gag
Glu

gaa

Glu

gea

Ala

agg

Arg

aac

Gu Tyr
Ser Met

gga ctg
Adn A a

atg gca
t at ggg

3&4 ace

Thr Val

Gy Met Leu Qu Lys Thr Lys Ala Asp Leu Lys
2275 2280 2285 ttt ggc gga aag aeg cag gca tea
act gga tta cea age 7004 Phe Ay dy Lys Thr
Ser Ay Leu Thr Ay Leu Pro Ser 2290 2295 2300
ctg gac ctg cgt ccd04H8 aca get tgg gca etg
7049 Met Ala Leu Asp Leu Arg Pro Ala Thr Al a
Leu Tyr 4@ 4§305 2310 2315 ggg age aca gtc gtg
cct ett ct ag cac ctg ate 607094 Ay Ser
Val Leu Thr Pro Leu Leu Lys His Leu Ile Thr

2320 2325 2330 tcg gaa tac gtc ace aca tcg eta gcc tea

att aac

tea caa get 7139 93/158 Ser du Tyr Val Thr

Cqhr 858 BER PR gtget,aq | BCAFRISEAt @GF Ara RBESSLEBARRC345
ttf gte ttg cca c ect ttt acc
g tYaGiﬂlg-iY h}’g Ty EQH Weg%%q@egtlﬁ’r dr15; dreyAspyy)

it ot

Thr Val

Thr Asp Le 65350 2355 2360 gg étg ace gtt ggc
ttc ctt g gt tgg ggt caa PE° 7229 Asp Leu
Gy Leu Val Phe Leu Gy Cys Trp Ay Gnlle

2365 2370 2375 ace etc aca aeg ttt ttg aca gee atg gtt
ctg ng aca ctt cac 7274

aga~ a

t acc aga act gat tta gaa aat gaa gcc aag gtg ctig

Arg Ile Thr Arg Thr Asp Leu Glu Asn Glu Ala Lys Val Leu

3070

ctt cta
Leu Leu

3085

ttg act
Leu Thr
3100

gaa gga
Glu Gly
3115

ggg agt
Gly Ser

3130

atc gct

3075 3080

gac

Asp

tac

Tyr

aag

Lys

gga

Gly

gte

get

Gly

age

Arg

acc

Thr

cag

Gln

cag

gaa

Glu

cac

His

gtg
Val

gtg
Val

cte

cac
His

3090

aaa
Lys
3105

atg
Met

3120

gte

Val

3135

gte

cge

Arg

gtg
Val

gac

Asp

act

Thr

agg

atg

Met

gte
Val

gtg
Val

tat

Tyr

ctg

cte

Leu

aag

Lys

ata

Ile

get
Ala

atg

gee

Ala

gte
Val

teca

Ser

ctt

Leu

gag

cga
Arg
3095

atg
Met

3110

ageg
Arg
3125

aac

Asn

3140

get

gce ata

Ala Ile

aga cct

Arg Pro

gag gat
Glu Asp

act tte

Thr Phe

gag ggg

att

Ile

gca

Ala

caa

Gln

acg

Thr

gtc

9299

9344

9389

9434

9479

9524

9569



Asn

att

Ile

get
Ala

agg

Arg

gac

Asp

gte

Val

gat

Asp

Thr Leu Thr Thr Phe Leu Thr Ala Met Val Leu Ala Thr
Leu His 2380 2385 2390 tat ggg tac atg etc cct gga tgg
caa gea gaa gca etc agg gca 7319 Tyr dy Tyr Met Leu

Pro Ay Trp Gn Ala Gu Ala Leu Arg Ala 2395 2400 2405

gcc cag aga agg aca gcg ga01/46& ata atg aag aat gcc
gtt gtt 7364 Ala G n Arg Arg Thr Ala Ala Ay Ile Mt
Asn Ala Val Val 2410 2415 2420 gac a atg C gcc
it AbatVaj: Gleckewdal cihyegheu dleg 63 e Grodindpiay
Met Val Ala Thr Asp Val Pro Qu Leu GQu Arg Thr Thr
31A825 2430 2435 94B1B8 cet ctg atg c¥dbbaag aaa gtc gga
cag gtg etc etc ata ggg gta 7454 Pro Leu Met @ n Lys
Lys Val Gy Gn Val Leu Leu Ile Gy Val 2440 2445 2450
age gtg gea gcg ttc etc gtc aac cot aat gtc acc act
B&ft gcefLapig9ec S goal qaqgacAaachh@gﬁe@avaaaAsaﬁ@ﬁéaAsn
Val Thr Thr Val Arg 2455 2460 2465 gaa gea %tg ttg
6Lt gPre Slgelfiadienbductiabeuthyy Agg Jon
Gy Val Leu Val Thr Ala Ala Thr Leu Thr Leu Trp Asp
36070 2475 2480 aadlfBa gcc agt gcc gdt?& gg aat tcc ace
act gec acg gga etc 7589

gtc 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 gtec aag ccg ctg gac
Met Ala Ile Ser Gly Asp Asp Cys Val Val Lys Pro Leu Asp
3190 3195 3200

aga ttc gcc acg gee cte cac ttc ctc aac gea 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 . 32256 3230

tgg cag caa gtt ccc tte tge tet 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



gteg
Val

Asn Gy Ala Ser Ala Val Trp Asn Ser Thr Thr A a Thr
Gy Leu 2485 2490 2495 tge cat gta atg ega ggt age tac
ctg get gga ggc too att get 7634 Cys His Val Met Arg
Gy Ser Tyr Leu Ala Gy Gy Ser Ile Ala 2500 2505 2510
tgg act etc ate aag aac geb2/9e& aag ccc 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 cct ggg gge agg
atargaed Fajggegagecagt t gifaagyt gix aar tlca AF24LEAACHEPr o
Gy Ay Arg Thr Leu dy u G@n Trp Lys GQu Lys Leu
Maa53Dy2 56 B Ares5e68 IlzaValcalaPyo Lxs adnedaly §do ttt
ttt aaa the egg aga gag gec 7769 Asn Ala Met Ser Arg

© 3280u A u Phe Phe L$85dyr Arg Arg G u 360 2545 2550 2555

gat

Asp

aat

Asn

tgg

Trp

aat

Asn

agg

Arg

gaa

Glu

ata ate gag gtg gac cgc act gaa gca ego 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 aat aac ata gtg gga
gapgactatatacgegtage ggtegecggtectexr gea g8fa BBHXREANIREASH
Ile Val Gy Gy Hs Pro Val Ser Arg Ay Ser Ala Lys
Ghb76er5HE B585Arg dlagtAnggdletSemPaod@ly addadyy Trp gte
teg cea ata gga aaa 7904
3265 3270 3275

gtg aag gac aca gct tgt cig gcc aaa gca tat gea cag atg
Val Lys Asp Thr Ala Cys Leu Ala Lys Ala Tyr Ala Gln Met
3280 3285 3290

cta ctc e¢ta tac ttc cat cgt agg gac ttg cgt cte atg gea
Leu Leu Leu Tyr Phe His Arg Arg Asp Leu Arg Leu Met Ala
3295 3300 33056

geg att tge tea gea gtg cca gtg gat tgg gtg ccc acg gge
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
3326 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



Leu Arg Trp Leu Val GQu Lys Ay Phe Val Ser Pro Ile

Ay Lys 2590 2595 2600 gtc att gat cta ggg tgt ggg cgt
gga gga tgg age tac tac gca 7949 Val Ile Asp Leu Ay
Cys Ay Arg Ay Ay Trp Ser Tyr Tyr Ala 2605 2610 2615

gca acc ctg aag aag gtc c3gg3qgd dtc aga gga tac acg
aaa ggt 7994 Ala Thr Leu Lys Lys Val dn Gu Val Arg

Ay Tyr Thr Lys Ay 2620 2625 2630 8039 ggg geg gga
cat Bas Bas ccg atg etc atg cag age tac ggc tgg Ay
Ala Ay Hs Gu Gu Pro Met Leu Met A n Ser Tyr Ay

gaa tdd Paff/ 468 gadb3de 2640 2&xdataasce tagegtgg t @eacgar aig agt
gga gtg gac gtt ttt tac aaa cct 8084 Asn Leu Val Ser

Glu THeuMeysVEemnspl Vys/dhrAspro/dllePhier Ber Tys FPho 2§5¥a2655
2660 tca gag ccc agt gac act ctg ttc.tgc gac ata ggg
3355 tee tee 8129 3360 G u Pro Ser As@36thr Leu Phe Cys
Asp Ile Ay G u Ser Ser 2665 2670 2675 cca agt cca gaa
gta gaa gaa caa cgc aca eta cgc gtc eta gag 8174 Pro
Ser Pro du Val Qu Gu An Arg Thr Leu Arg Val Leu

ccg t43 Uug2pBfX @ 2P Gag gac atc tgg tgt ggc age ctc atc

Pro Tyr Val Gly Lys Arg Glu Asp Ile Trp Cys Gly Ser Leu Ile

3370 3375 3380

gga acg cga tcc aga gea ace tgg get gag aac atc tac geg gog
Gly Thr Arg Ser Arg Ala Thr Trp Ala Glu Asn Ile Tyr Ala Ala
3385 3390 33956

ata aac cag gtt aga gct gtc att ggg aaa gaa aat tat gtt gac
Ile Asn Gln Val Arg Ala Val Ile Gly Lys Glu Asn Tyr Val Asp

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
34156 3420 3425

gac agg gtc atc tagtgtgatt taaggtggaa aagcagatta tgtaaataat
Asp Arg Val Ile

3430

gtaaatgaga aaatgcatge atatggagic aggccagcaa aagctgecac cggatactgg

10199

10244

10289

10334

10379

10431

10491



atg aca tct gac tgg ttg cac cga gga ect aga gag ttc

tgt ata 8219 Met Thr Ser Asp Trp Leu Hs Arg Ay Pro

Arg Au Phe Cys Ile 2695 2700 2705 aaa gtt ctt tgc ccc

tac atg coo aag gtt ata gaa aaa atg gaa 8264 Lys Val

Leu Cys Pro Tyr Met Pro Lye4XI&4B Ile G u Lys Met Qu

2710 2715 2720 gtc ctg cag ego cgc ttc gga ggt ggg eta

gtg cgt ctt ccc ctg 8309 Val Leu Gn Arg Arg Phe Ay
gtagaqygteGrietaigogh| copagteesr MEgRERetery B tagmpal7gtracaacag c 10551

aac tee aat cac gag atg tac tgg gtt agt gga ccg get

8354 97/158 Ser Arg Asn Ser Asn His Gu Met Tyr Trp

Val Ser Ay Pro Ala 2740 2745 2750 %gc aat gtg gtg cac
aaagtgpgaagageenicagegacnad chges aageatrte stectcapigogaagtfegpay 10611

Val Val H's Ala Val Asn Met Thr Ser G n Val Leu Leu

2755 2760 2765 ggg cga atg gat ego aca gtg tgg aga ggg

cca aag tat gag gaa 8444 dy Arg Met Asp Arg Thr Val
gaccagugl cAPgREIarapp ot LI 8T¢RC (oGETt RARE PELRTEETCI7RORGARCCHE o 10671

aac tta ggg age gga aca aga gcc gtg gga aag gga gaa

8489 Asp Val Asn Leu Ay Ser Gy Thr Arg Ala Val dy

Lys Ay Gu 2785 2790 2795
aggaggactg ggttaccaaa geegttgage ccccacggee caagectegt ctaggatgea 10731

atagacgagg tgtaaggact agaggttaga ggagaccccg tggaaacaac aacatgegge 10791
ccaagcccce tcgaagetgt agaggaggte gaaggactag aggttagagg agaccccgea 10851
tttgcatcaa acagcatatt gacacctgeg aatagactgg gagatcttct gectctatctc 10911
aacatcagct actaggcaca gagcgccgaa gtatgtaget ggtggtgagg aagaacacag 10971
gatct 10976
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



gtc cat age aat cag gag aaa ate aag aag aga ate cag
aag ctt 8534 Val Hs Ser Asn G n Qu Lys Ile Lys Lys
Arg Ile An Lys Leu 2800 2805 2810 aaa gaa gaa ttc gcc
ace aeg tgg cac aaa gac cot gag cat cca 8579 Lys du
G u Phe Ala Thr Thr Trp H195t68 Asp Pro Gu H's Pro
2815 2820 2825 tac cgc act tgg aca tac cac gga ago tat
gaa gtg aag get act 8624 Tyr Arg Thr Trp Thr Tyr His
Gy Ser Tvfek GQu Val Lys Al al®hr 2830 2835 2841p 98/ 158
ggc tea get agt tat etc gtc aac gga gtg gtg aag etc
atg age 8669 dy Ser Ala Ser Ser Leu VvVal Asn Gy Val
Val Lys Leu Met Ser 2845 2850 2855 aaa act tgg gac gee
att gee aac gtc ace ace atg gee atg act 8714 Lys Pro
p Ala lle Ala Asn Val Thr Thr Met Ala Met Thr

Trp As
Leu Lsta’ﬁgzelsﬁ [287Brgatrea¥el e Bro hau Vgladblyadaddbyndareggt t

ttc aag gag aaa gtt 8759 Asp Thr Thr Pro Phe Ay dn
Adn Argdval Phe Lys du 2%s Val 2875 288038885 gae acg
aag get act gag eca cca act gga get aag gaa gtg etc
8804 Asp Thr Lys Ala Pro Qu Pro Pro Thr Ay Ala Lys
G u Vval Leu 2890 2895 2900

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



Met

Lys

Asp

145

Cys

Thr

Asp

Thr

aac gag ace ace aac tgg ctg tgg gee tac ttg tea egg
gaa aaa 8849 Asn Gu Thr Thr Asn Trp Leu Trp Ala Tyr
Leu Ser Arg G u Lys 2905 2910 2915 aga ace age ttg tgc
ace aag gaa gaa ttc ata aag aaa gtc aat 8894 Arg Pro
Arg Leu Cys Thr Lys G u Gioefbg |l e Lys Lys Val Asn
2920 2925 2930 age aac gag get ett gga gea gtg ttc get
gaa cag aat caa tgg 8939 Ser Asn Ala Ala Leu Ay Al a

TialLeRhkl 2ASarAen @la ¥eh Valnlle plao6ss 2d40Gkpsla¥etss
age acg gcg cgt gag get gtg gat gac ccg egg ttt tgg
gadlétg 8984 Ser Thi2ha Arg Gu Al a Asp Asp Pro
Arg Phe Trp G u Met 2950 2955 2960 gtt gat gaa gag agg
gaa aae cat ctg cga gga gag tgt cac ace, 9029 Val Asp
Gu GQu Arg Gu Asn His Leu Arg Ay GQu Cys His Thr
2965 2970 2975 tgt etc tat aac atg atg gga aaa age gag
aag aag cet gga gag 9074 C{s Ile Tyr Asn Met Met Ay

Léwy Sesr 4stGPhelGbn [Gly Py l@uy Len Metogbr oblss Aspolsn {Thrgga
aaa get aaa gga age agg gee att tgg ttc atg tgg ett

1319 Phe Ay Lysl3Ala Lys Ay Ser @ Ala lle Trp Phe
Met Trp Leu 2995 3000 3005

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



gga gee egg tat eta gag ttt gaa get ttg ggg ttc ctg
eat gaa 9164 dy Ala Arg Tyr Leu Qu Phe Gu Ala Leu
@y Phe Leu Asn A u 3010 3015 3020 gat cat tgg ctg age
ega gag eat tca gga ggt gga gtg gaa gge 9209 Asp His
Trp Leu Ser Arg Gu Asn Sqprasy Gy Ay Val Gu Gy
3025 3030 3035 tca ggc gtc caa aag ctg gga tac etc etc
cgt gat ata gca gga 9254 Ser Ay Val An Lys Leu Ay
Tyr Ile Leu Arg Asp Ile Ala Gy 100/158 3040 3045
3050 aag caa gga gga aaa atg tac get gat gat ace gcc
Thr HnG1lygél wsero@P Leuy¥ald AxnGlys Ay Gys At TFprLledl Aspsp
Asp Thr Ala Gy Trp Asp 3055 3060 3065 act aga att ace
225 aga act gat t230gaa aat gaa gc23bag gtg ctg 9344 240hr
Arg Ile Thr Arg Thr Asp Leu u Asn Gu Ala Lys Va
Leu 3070 3075 3080 gag ctt eta gac ggt gaa cac cgc atg
etc gcc cga gcc ata att 9389 du Leu Leu Asp Ay Qu
Hs 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
Ser Tlgcd.y948Y%a THruAtglyrhLeilWMetALys Hhr Gys Adl Tval Ile/d1wal
Met Arg Pro Ala 3100 3105 3110
245 2580 255

Arg Asn Pro Gly Tyr Ala Phe Leu Ala Ala Val Leu Gly Trp Met Leu

260 : 265 270

Gly Ser Asn Asn Gly Gln Arg Val Val Phe Thr Ile Leu Leu Leu Leu
275 280 285

Val Ala Pro Ala Tyr Ser Phe Asn Cys Leu Gly Met Gly Asn Arg Asp
290 295 300

Phe Ile Glu Gly Ala Ser Gly Ala Thr Trp Val Asp Leu Val Leu Glu
305 310 315 320

Gly Asp Ser Cys Leu Thr Ile Met Ala Asn Asp Lys Pro Thr Leu Asp
325 330 335



gea gaa gga aag ace gtg atg gac gtg ata tea agg gag
gat caa 9479 Ala Qu @y Lys Thr Vval Met Asp Vval Ile
Ser Arg Au Asp A n 3115 3120 3125 agg ggg agt gga cag
gtg gtc act tat get ett aac act ttc acg 9524 Arg Ay
Ser Ay Gn Val Val Thr TypgAlsg Leu Asn Thr Phe Thr
3130 3135 3140 aac ate get gtc cag etc gte agg ctg atg
gag get gag ggg gte 9569 101/158 Asn Ile Ala vVal dn
Leu Val Arg Leu Met Qu Ala Qu Gy Val 3145 3150 3155
att gga cca caa cac ttg gaa cag eta cot aga aaa aac
aag ata 9614 Ile dy Pro An Hs Leu AQu @n Leu Pro
Arg Lys Asn Lys Ile 3160 3165 3170 get gtc agg ace tgg

Val AfE Meltt T1@agndle Ghla adg 0 Gigalat dlhc6liDdad Arg Seval
Arg Thr Trp Leu Phe Gu Asn Gy GQu Gu Arg Val Ser
3175 3389 3185 agg atg g5 ate age gga gadbfac tgt gte
gte 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 gee acg gee etc cac tte etc aac gca atg tca aag
9749 Asp Arg Phe Ala Thr Ala Leu H s Phe Leu Asn Al a
Met Ser Lys 3205 3210 3215

Tyr Cys Tyr His Ala Ser Val Thr Asp Ile Ser Thr Val Ala Arg Cys

355 360 365

Pro Thr Thr Gly Glu Ala His Asn Glu Lys Arg Ala Asp Ser Ser Tyr
370 375 380

Val Cys Lys Gln Gly Phe Thr Asp Arg Gly Trp Gly Asn Gly Cys Gly
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



gte aga aaa gac ate cag gaa tgg aag cct tca cat ggc
tgg cac 9794 Val Arg Lys Asp Ile dn GQu 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 Asp Trp
A@n Adn Val Pro Phe Cys Sa09/488 H's Phe Gn AQu lle
3235 3240 3245 102/158 gtg atg aaa gat gga agg agt
ata tt gtc cog tgc %%? gga cag 9884 Val Met Lys Asp
g Ser Ile Vval Pro Cys Arg 34#53 n 3250 3255
3260 gat gag ctg ata ggc agg get cge ate tee cca gga
get gga tgg 9929 Asp Qu Leu Ile Gy Arg Ala Arg Ile
Ser Pro Ay Ala Ay Trp 3265 3270 3275 aat gtg aag gac
aca get tgt ctg gee aaa gca tat gca cag atg 9974 Asn
Val Lys Asp Thr Ala Cys Leu Ala Ly Ala G n
Tyr SewetAl328n ¥2d56bpddat ger dila Ale Peltaal-vac?het )ci'hEaYa]cé'bragg
ac ttg cgt etc atg gca 10019 Trp Leu Leu Leu Tyr Phe
s Arg Arg Asp 1489 Arg Leu Met Al 468295 3300 3305 aat
gcg att tgc tea gca gtg cea gtg gat tgg gtg ccc acg
gge 10064 Asn Ala lle Cys Ser Ala Val Pro Val Asp Trp
Val Pro Thr dy 3310 3315 3320

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
530 535 540



Ser

545

Ala

- Gly

Thr

Ala

Ser

625

Asp

agg aca tcc tgg tcg ata cac tog aaa gga gag tgg atg
ace aca 10109 Arg Thr Ser Trp Ser Ile H's Ser Lys Gy
Gu Trp Met Thr Thr 3325 3330 3335 gaa gac atg ctg cag
gtc tgg aac aga gtc tgg att gaa gaa aat 10154 du Asp
Met Leu Gn Val Trp Asn Ango}asB Trp Ile u G 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 Va

Vs VallyAldHreuPGby ISe Ghn @ar Gy pGlshLensthisv&ln3856 L3860
- 3365 ccg tat gtg gga aag egg gag gac ate tgg tgt ggc
age etc ate 162@a4 Pro Tyr Val %% Lys Arg G u Olle
Trp Cys Ay Ser Leu Ile 3370 3375 3380 gga acg cga tcc
aga gca ace tgg get gag aac ate tac gcg gcg 10289 dy
Thr Arg Ser Arg Ala Thr Trp Ala Qu Asn Ile Tyr Al a
Ala 3385 3390 3395 ata aac cag gtt aga get gtc att ggg
aaa gaa aat tat gtt gac 10334 Ile Asn G n Val Arg Ala

GlalAlal éleVall sl Glm Asn Sear Swal SexsYal4bws 3405Tey £@rt ac
atg ace tea etc agg aga tac gaa gat gte ttg ate cag
gaa 10379 56Byr Met Thr Ser B&0 Arg Arg Tyr G @73sp Val
Leu Ile Gn du 3415 3420 3425

His Leu Lys Cys Arg Leu Lys Met Asp Lys Leu Ala Leu Lys Gly
580 585 590

Thr Tyr Gly Met Cys Thr Glu Lys Phe Ser Phe Ala Lys Asn Pro

595 600 605

Asp Thr Gly His Gly Thr Val Val Ile GlurLeu Ser Tyr Ser Gly
610 615 620

Asp Gly Pro Cys Lys Ile Pro Ile Val Ser Val Ala Ser Leu Asn
630 635 640

Met Thr Pro Val Gly Arg Leu Val Thr Val Asn Pro Phe Val Ala

645 650 | 655



gac agg gtc ate tagtgtgatt taaggtggaa aagcagatta
t gt aaataat 10431 Asp Arg Val |Ile 3430 gtaaatgaga
aaat gcat gc at at ggagt c aggccagcaa aagctgccac cggat act gg
10491 104/158 gtagacggtg ctgtctgcgt cccagtccca
ggaggact gg gttaacaaat ctggagpgeg@g 10551 aaagtgagaa
agccct caga accgtctcgg aagcaggtcc ctgctcactg gaagttgaag
10611 gaccaacgtc aggccacaaa tttgtgccac tccgctgagg
agt gcggcct gcgcagcccc 10671 aggaggactg ggttaccaaa
gccgttgagc ccccacggcc caagcctcgt ctaggatgca 10731
Thr St 3gaCAROAshos@adgacVahdaggVshgH ugdey &dac Bgo tRyyaRbeaac
aacatgcggc 10791 ccaagccccc tcgaagctgt agaggaggtg
gaaggagdeg aggttagagg adgdscccgca 10851 t6FQcat caa
acagcatatt gacacctggg aatagactgg gagatcttct gctctatctc
10911 aacatcagct actaggcaca gagcgccgaa gt at gtagct
ggt ggt gagg aagaacacag 10971 gatct 10976 <210> 4
<211> 3432 <212> PRT <213> Japanese encephalitis
virus <400> 4 Met Thr Lys Lys Pro Ay Ay Pro Gy Lys
Gly A&SSefr Dy N Id eHea AsvalMaly ArkOB1#3p Lys Gln Ile 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




1510 15 Leu Lys Arg Ay Leu Pro Arg Val Phe Pro Leu
Val dy Val Lys Arg 20 25 30 Val Val Met Ser Leu Leu
Asp Ay Arg Gy Pro Val Arg Phe Val Leu 35 40 45 Ala
Leu Il e Thr Phe Phe Lys Phe Thr Ala Leu Ala Pro Thr
Lys Ala 50 55 60 Leu Ley;fggArg Trp Lys Ala Val GQu
Lys Ser Val Ala Met Lys Hs 65 70 75 80 Leu Thr Ser
Phe Lys Arg Qu Leu Ay Thr Leu Ile Asp Ala Val Asn 85
90 95 Lys Arg Gy Arg Lys An Asn Lys Arg Ay Ay Asn
Gu dy Ser Ile 100 105 110 106/158 Met Trp Leu Al a
Ser Leu Ala Val Vval Ile Ala Cys Ala Ay Ala Met 115
120 125 Lys Leu Ser Asn Phe G n Ay Lys Leu Leu Met

Ala AIT%WASH ErfFerAtDe la LABM1L3Phd 40vAddal Tler Al Ghp Vel
|

Leu

785

Asp

Asn

Pro

Cys

Val

e Val Ile Pro Thr Ser Lys Gy Gu Asn Arg 145 150

7465 160 Cys Trp Ma&l Arg Ala Ile Aggoval Ay Tyr Met

Cys GQu Asp Thr Ile 165 170 175

Val Phe Leu Ala Thr Asn Val His Ala Asp Thr Gly Cys Ala Ile

790 795 800

Ile Thr Arg Lys Glu Met Arg Cys Gly Ser Gly Ile Phe Val His

805 | 810 815

Asp Val Glu Ala Trp Val Asp Arg Tyr Lys Tyr Leu Pro Glu Thr

820 826 830

Arg Ser Leu Ala Lys Ile Val His Lys Ala His Lys Glu Gly Val

835 840 | 845

Gly Val Arg Ser Val Thr Arg Leu Glu His Gln Met Trp Glu Ala
850 855 860

Arg Asp Glu Leu Asn Val Leu Leu Lys Glu Asn Ala Val Asp Leu



Thr
Au
du
Arg
Val
Leu
240
Asn
865 Phe
Ay
Leu
Asn
I'le

Tyr Au Cys Pro Lys Leu Ala Met Ay Asn Asp Pro
Asp Val 180 185 190 Asp Cys Trp Cys Asp Asn G n
Val Tyr Val Gn Tyr Ay Arg Cys 195 200 205 Thr
Thr Arg H's Ser Lys Arg Ser Arg Arg Ser Val Ser
G n 210 215 220 5 10741pRsg Thr His Gy G u Ser Ser
Val Asn Lys Lys Au Aa’Trp Leu Asp 225 230 235
Ser Thr Lys Ala Thr Arg Tyr Leu Met Lys Thr Qu
Trp Ile IA?'PO 245 250 255 ArgygAsn Pro Ay Tyrggba
Leu Ala Ala Val Leu Ay Trp Met Leu 260 265 270
Ser Asn Asn Ay A@n Arg Val Val Phe Thr Ile Leu
Leu Leu 275 280 285 Val Ala Pro Ala Tyr Ser Phe
Cys Leu Ay Met Ay Asn Arg Asp 290 295 300 Phe
GQu dy Ala Ser Ay Ala Thr Trp Val Asp Leu Val

5 |
Ser Vﬁ;\!’aﬁ galAgx%% AE%Q F3boVa2 G 1yChye Al §9§ fRAS ALePrLYEI €

Lys Pro Thr Leu Asp 325 330 335
885 890 895

Arg Leu Ser Met Thr Gln Glu Lys Phe Glu Met Gly Trp Lys Ala Trp

900 905 910

Gly Lys Ser Ile Leu Phe Ala Pro Glu Leu Ala Asn Ser Thr Phe Val

915 920 925

Val Asp Gly Pro Glu Thr Lys Glu Cys Pro Asp Glu His Arg Ala Trp

930

936 940

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

Ser

Ala

Thr

His

Tyr

Leu

S 108/158 Val Arg Met Ile Asn Ile Gu Ala Ser A n Leu
Ala Qu Val Arg Ser 340 345 350 Tyr Cys Tyr Hs Al a
Ser Val Thr Asp Ile Ser Thr Val Ala Arg Cys 355 360
365 Pro Thr Thr Ay Qu Ala Hs Asn Qu Lys Arg Ala
Asp Ser Ser Tyr 370 375 38fy/15@l Cys Lys G n Ay Phe
Thr Asp Arg Ay Trp Ay Asn Gly Cys Ay 385 390 395
400 Leu Phe Ay Lys Ay Ser Ile Asp Thr Cys Ala Lys

11%161?%&(% Tyl 495 GLOH4a5ValSHlalysl Mis Sée ASpyLéug
Thr 1le A n Pro Gu Asn Ile Lys Tyr Lys 420 425 430
Val Ggggle Phe Val Hsg8by Ala Thr Thr Se90d u Asn
Hs Ay Asn x 109/158 435 440 445 Tyr Ser Ala An
Val Gy Ala Ser An Ala Ala Lys Phe Thr Val Thr 450
455 460 Pro Asn Ala Pro Ser Ile Thr Leu Lys Leu Gy

Asp Tyr Ay Au Val 465 470 475 480

Tyr Trp 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



Asp

Gly

Pro

Ile

Val

Leu

Trp

Thr Leu Asp Cys Gu Pro Arg Ser Ay Leu Asn Thr GQu
Ala Phe Tyr 485 490 495 Val Met Thr Val Ay Ser Lys
Ser Phe Leu Val Hs Arg Gu Trp Phe 500 505 510 Hi s
Asp Leu Ala Leu Pro Trp Thr Ser Pro Ser Ser Thr Ala
Trp Arg 515 520 525 Asnf¥ ’%f gu Leu Leu Met Qu Phe
GQu Qu Ala H's Ala Thr Lys n 530 535 540 110/ 158
Ser Val Val Ala Leu Gy Ser An AQu Ay Gy Leu His
G n Ala Leu 545 550 555 560 Ala Gy Ala Ile Val Va
u Tyr Ser Ser Ser Val Lys Leu Thr Ser 565 570 575
y glips Y10 A Shrl 941 Lt WRE D Irko Ad SBka
Cl@eu(}hL-lksl‘}lé'lel)‘rk5§81 g 5%80 Thr Thr Tyr Ay I\/Et%s Thr
s Lys Phe Ser Pheggfl a Lys Asn Pro 1688 600 605 Al a
Asp Thr Gy Hs Ay Thr val Val Ile Qu Leu Ser Tyr
Ser Ay 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 Al a

Lys Leu Ile Thr Asp Trp Cys Cys Arg Ser Cys Ser Leu Pro
1100 1105 1110

Leu Arg Phe Arg Thr Glu Asn Gly Cys Trp Tyr Gly Met Glu
1115 1120 1125

Arg Pro Val Arg His Asp Glu Thr Thr Leu Val Arg Ser Gln
1130 | 1135 1140 '

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



Val

Val

Asp

Ala

Glu

Ser

Ala

645
Leu
Ser
H s
dy
Al a
705
Ser
ay
740

Val
Tyr Ile Val
Al a
Arg
715
dy
Al a
750

Phe
Leu
720
Lys
Phe

Lys
dn
710
I'le
ady
745
Leu

Val 770 775

Val

Al a Val

Met Ay Val

80  Leu Val
1A Asp Thr Gy Qjsggla lle

Phe Ay Ser

Asn

650 655 111/158 Thr Ser Ser Ala Asn Ser

Lys Val

GQu Mt Au Pro Pro Phe 660 665 670 Gy Asp
Gy Arg Ay Asp Lys @n Ile Asn
675 680 685 His Trp His Lys Ala Ay Ser Thr
Ser Thr Thyig
Ala Ala Leu

Leu

0 695 700 Leu Lys Ay
y Asp"Thr Ala Trp Asp
lle dy Gy Val
Hs 725 730 735 G n Val
Arg Thr Leu Phe Ay Gy Met Ser Trp
Ile Thr An Ay Leu Met Ay Ala Leu Leu

Trp 755 760 765 112/158 Ala Arg

LeiS PMéY Q.e%emg'@lﬁlneLerhrNrarPn& hep K Rhs Gy TEry
Phe Leu Ala Thr Asn Val

785 79019t 800 Asp lle

Phe Asn
Phe

H s

Thr Arg Lys Qu Met Arg Cys Ay Ser Ay Ile Phe Val

H s

Val Leu Val Ala Ala
1205

Val Leu His Leu Ala
1220

Phe Leu Val Met Asn

1235

Asn Val Val Leu Val

1250

Val Asp Leu Gln Ile
1265

Ile Ala Trp Met Ile

Ala Phe Ala Glu
1210

Leu Ile Ala Val
1225

Met Leu Ser Thr

1240

Leu Gly Ala Ala

1255

Gly Val His Gly‘

1270

Val Arg Ala Ile

Ala

Phe

Arg

Phe

Ile

Thr

Asn Ser Gly Gly

1215

Lys Ile Gln Pro

1230

Trp Thr Asn Gln
1245

Phe Gln Leu Ala

1260

Leu Asn Ala Ala
1275

Phe Pro Thr Thr



Ser

Arg

Gly

Lys

Trp

Pro

805
Lys
Al a
840
dn
Asn
865

12800
Met
900
Al a

Adu
935

810
Tyr
Lys
845
Met
Val
870
Tyr
Thr
905
Asn
Thr
940

815 Asn Asp Val GQu Ala Trp Val Asp Arg Tyr

Leu Pro
Il e Val

A u Thr 820 825 830 Pro Arg Ser Leu
Hs Lys Ala Hs Lys Au Ay Val 835

Cys Ay Vval Arg Ser Val Thr Arg Leu Au H's

Trp Au
Leu Leu
875 880
Arg Ser
An du
910 Ay
Ser Thr
Lys Qu
Asn Ser

Al a 850 8 Val Arg Asp Gu Leu
Lys Qu Aghﬁlilgg Val Asp Leu 113/158
Ser Val Val Val Asn Lys Pro Val dy
Aljagpro Lys 885 890 g#i® Arg Leu Ser
Lys Phe Gu Met Ay Trp Lys Ala Trp
Lys Ser Ile Leu Phe Ala Pro Qu Leu
Phe Val 915 920 925 Val Asp Gy Pro
Cys Pro Asp Au His Arg Ala Trp 930
Mt An lle Qu Asp Phe Ay Phe Gy

séﬂ eVHrTlﬁeMejﬁhPrMI %du 238 PSS 18G0ThValPrdr ¢l detlys

1299753

Arg
975

Gu du

Ser Thr Asp Qu Cys Asp Ay Ala 965
1300 1305

Ala Leu Tyr Leu Asp Thr Tyr Arg Ile Ile Leu Leu Val Ile

1310

1316 1320

Ile Cys Ser Leu Leu Gln Glu Arg Lys Lys Thr Met Ala Lys

1325

Lys
1340

1330 1335

Gly Ala Val Leu Leu Gly Leu Ala Leu Thr Ser Thr Gly

1345 1350

Phe Ser Pro Thr Thr Ile Ala Ala Gly Leu Met Val Cys Asn

13556

1360 1365

Asn Lys Lys Arg Gly Trp Pro Ala Thr Glu Phe Leu Ser Ala

1370

1375 1380




Val G

Ile

Val

Ser

His

Arg

114/158 1Ile lle Gy Thr Ala Val Lys Gy H's Val Al a
Val His Ser Asp Leu 980 985 990 Ser Tyr Trp Ile Gu
Ser Arg Tyr Asn Asp Thr Trp Lys Leu Au Arg 995 1000
1005 Ala vVal Phe Ay du Val Lys Ser Cys Thr Trp Pro
GQu Thr H's 1010 1015 102 Leu Trp Gy Asp Ay
Val Qu Qu Ser Qu Leu IIe I e Pro 1025 1030 1035

HisThrIIeAIaGIy Pro Lys Ser Lys His Asn Arg Arg

ULQ; Wet1PAQ MQA51405Q1TEly Loty Thi Qan 630 [Gun AGhY
p Asp Gu Asn Ay Ile Val 1055 1060 1065 Leu

13%%p Phe Asp Tyr Cyggfro Gy Thr Lys @5 Thr Ile Thr
Gu 1070 1075 1080 115/158 Asp Cys Gy Lys Arg Gy

Pro Ser Val Arg Thr Thr Thr Asp Ser 1085 1090 1095

Gy 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 Au 1115 1120 1125
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 Fhe
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



Val

Arg

Lys

Ile

Val

Ser

Asp

Ile Arg Pro Val Arg His Asp Au Thr Thr Leu Val Arg
Ser An 1130 1135 1140 Val Asp Ala Phe Asn Ay Qu
Met Val Asp Pro Phe G n Lau Ay 1145 1150 1155 Leu
Leu Val Met Phe Leu Ala Thr Gn GQu Val Leu Arg Lys
Arg 1160 1165 1170 Trp 'ﬂ‘g/ %a Arg Leu Thr Ile Pro
Ala Val Leu Ay Ala Leu Leu 1 5 1180 1185 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 Al a
Phe Ala Gu Ala Asn Ser Ay Gy 1205 1210 1215 Asp

pryal aAtgud PhbmﬂgrL%d LeuAa Vah [Rre s THreLgkn
Pro 1220 1225 123 Al a Phe Leu Val Met Asn Met Leu

49" Thr Arg Trp Thgggsn G n 1235 124500245 G u Asn
Val Val Leu Val Leu Gy Ala Ala Phe Phe A n Leu Al a
1250 1255 1260 Ser Val Asp Leu Anlle Ay Val Hs Qy
Ile Leu Asn Ala Ala 1265 1270 1275 Ala lle Ala Trp
Met Ile Val Arg Ala Ile Thr Phe Pro Thr Thr

Gly Gly Val Phe Trp Asp Thr Pro Ser Pro Lys Pro Cys Ser
1605 ) 1510 1515

Gly Asp Thr Thr Thr Gly Val Tyr Arg Ile Met Ala Arg Gly
1520 1525 1530

Leu Gly Thr Tyr Gln Ala Gly Val Gly Val Met Tyr Glu Asn
1535 1540 : 1545

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



117/ 158 1280 1285 1290 Ser Ser Val Thr Met Pro Val
Leu Ala Leu Leu Thr Pro Ay Met 1295 1300 1305 Arg
Ala Leu Tyr Leu Asp Thr Tyr Arg lle Ile Leu Leu Val
Ile 1310 1315 1320 dy Ile Cys Ser Leu Leu Gn Qu
Arg Lys Lys Thr Met Al a Lyso/18825 1330 1335 Lys Lys
Gy Ala Val Leu Leu Ay Leu a Leu Thr Ser Thr Ay
1340 1345 1350 Trp Phe Ser Pro Thr Thr Ile Ala Al a
Gy Leu Met Val Cys Asn 1355 1360 1365 Pro Asn Lys
Lys Arg Gy Trp Pro Ala Thr Gu Phe Leu Ser Ala 1370
1375 1380 118/158 Val Gy Leu Met Phe Ala lle Val Qy
Gy Leu Ala Gu Leu Asp 1385 1390 1395 Ile Gu Ser

t TRETAdY Rsp¥alPGgnMalallele Al Gy Ghu Peo Glyaly&400
Asn GlyijS 141(5J Vg Ser Tyr Val Val Ser Ay Lys Ala Thr Asp

gt Trp Leu Gu 1686 1420 1425 Arglgism Ala Asp lle
Ser Trp Au Met Asp Ala Ala Ile Thr Ay

Ala Ala Val Asn Ile Gln Thr Lys Pro Gly Val Phe Arg Thr Pro
1610 1615 1620

Phe Gly Glu Val Gly Ala Val Ser Leu Asp Tyr Pro Arg Gly Thr
1625 1630 1635

Ser Gly Ser Pro Ile Leu Asp Ser Asn Gly Asp Ile Ile Gly Leu

1640 1645 1650

Tyr Gly Asn Gly Val Glu Leu Gly Asp Gly Ser Tyr Val Ser Ala
1655 1660 1665

Ile Val Gln Gly Asp Arg Gln Glu Glu Pro Val Pro Glu Ala Tyr
1670 1675 1680

Thr Pro Asn Met Leu Arg Lys Arg Gln Met Thr Val Leu Asp Leu



His

Lys

Thr

Pro

Asn

Leu

Ser dy u Gy Ly
Prq s GdyuSer sdy Kmdhrsﬂsvs Ags htg LiewePye

1430 1435 1440 Ser Ser Arg Arg Leu Asp Val Lys Leu
Asp Asp Asp Ay Asp Phe 1445 1450 1455 His Leu Ile
Asp Asp Pro Gy Val Pro Trp Lys Val Trp Val Leu 1460
1465 1470 Arg Met Ser Cys Ile Ay Leu Ala Ala Leu Thr
Pro Trp Ala |le 1475 1480 123858119/ 158 Val Pro Al a
Ala Phe Gy Tyr Trp Leu Thr Leu Lys Thr Thr Lys 1490
1495 1500 Arg Gy Ay Val Phe Trp Asp Thr Pro Ser Pro
Pro Cys Ser 14688 1510 1515 Lys &9 Asp Thr Thr
Thr Gy Vval Tyr Arg Ile Met Ala Arg Ay 1520 1525
1530 Ile Leu dy Thr Tyr dn Ala Ay Val Gy Val Met
Tyr A u Asn 1535 1540 1545 Val Phe Hi's Thr Leu Trp
His Thr Thr Arg Ay Ala Ala Ile Met 1550 1555 1560
S Leu Thr Pro Tyr Trp Q.y r Val
aGWriSf? vl y
Pro Trp Arg Phe Asp Arg Lys Trp 15801%15535 1590

1700 1705

Asp Ala Ile Gln Gln Arg Leu Arg Thr Ala Val Leu Ala Pro

1715 1720 1726

Arg Val Val Ala Ala Glu Met Ala Glu Ala Leu Arg Gly Leu
1730 17356 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

120/158 Asn Gy Thr Asp Asp Val Gn Vval Ile Val Va
GQu Pro Ay Lys 1595 1600 1605 Ala Ala Val Asn lle
@n Thr Lys Pro Ay Val Phe Arg Thr Pro 1610 1615
1620 Phe Ay GQu Val Gy Ala Val Ser Leu Asp Tyr Pro
Arg Ay Thr 1625 1630 16359/, 58" Ay Ser Pro Ile Leu
Asp Ser Asn Ay Asp lle lle éy Leu 1640 1645 1650
Tyr Ay Asn Ay Val.Qu Leu Ay Asp Gy Ser Tyr Val

Gﬁ?r Abaisl Ghe TKOAsH66Prd IAdaVeér Gle My Alp Arg GHyn

GQu Pro Val Pro u Ala Tyr 1670 1675 1680 Thr

1ﬁy(p Asn Met Leu Angebys Arg A n Met Tipo Val Leu, Asp

Leu 121/158 1685 1690 1695 His Pro Ay Ser Ay Lys
Thr Lys Lys Ile Leu Pro An lle Ile 1700 1705 1710
Lys Asp Ala Ile Gn Gn Arg Leu Arg Thr Ala Val Leu
Ala Pro 1715 1720 1725 Thr Arg Val Val Ala Ala Qu
Met Ala Gu Ala Leu Arg Ay Leu 1730 1735 1740

Ile Ala Thr Lys Val Glu Leu Gly Glu Ala 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 Ile 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

Pro
dn

Cys
Met
Met
Asp
Tyr
I'le
Thr

Val Arg Tyr A n Thr Ser Ala Val Gn Arg u H's
@y 1745 1750 1755 Asn Qu Ile Val Asp Vval Met
Hs Ala Thr Leu Thr H's Arg 1760 1765 1770 Leu
Ser Pro Asn Arg Val Pro Asn Tyr Asn Leu Phe Val

1775 1780 1785 122/ 1383880 G u Ala Hi s Phe Thr
Pro Ala Ser Ile Ala Ala Arg Ay 1790 1795 1800

Ile Ala Thr Lys Val GQu Leu Gy Qu Ala Ala Ala
Phe 1805 1810 1815 Met Thr Ala Thr Pro Pro Ay
Thr Asp Pro Phe Pro Asp Ser 1820 1825 1830 Asn

T aAFs’gmM 10 Py Aol ey HoysAbps @su G6le Rsp Temp AApg

Al a
1848

1835 1840 1845 Trp Ser Ser Ay Tyr GQu Trp Ile
Gu Tyr Ala Apgobys Thr 1850 185905860 Val Trp

Phe Val Ala Ser Val Lys Met Ay Asn GQu Ile Ala Mt
1865 1870 1875 Cys Leu @n Arg Ala Gy Lys Lys Val

Ile

A n Leu Asn Arg Lys 1880 1885 1890 123/158

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



Met

Tyr

Arg

Thr

Gly

Thr

Arg

Ser Tyr Asp Thr Au Tyr Pro Lys Cys Lys Asn Gy Asp
Ile Thr Thr Asp lle
Ser Gu Met Ay Ala Asn Phe Gy 1910 1915 1920 Al a

Trp Asp 1895 1900 1905 Phe Val

Ser Arg Val Ile Asp Cys Arg Lys Ser Val

[le 1925 1930 1935 Leu

Lys Pro Thr
ggu Gy Au Gy Arg Val

Ile Leu Ay Asn Pro Ser Pro 1940 1945 1950 He Thr Ser

Ala Ser Ala Ala G n Arg Arg Ay Arg Val

@y Arg 1955

1960 1965 Asn Pro Asn An Val Ay Asp Gu Tyr H's Tyr
Gy Ay Ala Thr 1970 1975 1980 Ser du Asp Asp Ser
Asn Leu Ala H's Trp Thr Qu Ala Lys Ile 1985 1990 1995
124/ 158 Met Leu Asp Asn Ile Hs Met Pro Asn Ay Leu

Le\(ﬁl ASh A N1bayi 2000 28Q5A20101y Tya Gl Ris Gdrullng

G u Lys Ala Phe Thr Met Asp Gy GQu Tyr

2015 2020

o@f25 Arg Leu Arg @gs3d u G u Lys Lys208n Phe Leu Gu
Leu Leu Arg 2030 2035 2040 Thr Ala Asp Leu Pro Val
Trp Leu Ala Tyr Lys Val Ala Ser Asn

Gly Pro Glu Arg Glu Lys Ala Phe Thr Met Asp Gly

2015 2020

Leu Arg Gly Glu Glu Lys Lys Asn Phe
2030 2035

Ala Asp Leu Pro Val Trp Leu Ala Tyr

2045 2050

Ile Gln Tyr Thr Asp Arg Lys Trp Cys

2060 2065

Asn Ala Ile Leu Glu Asp Asn Thr Glu
2075 2080

Met Gly Glu Arg Lys Ile Leu Lys Pro

Leu

Lys

Phe

Val

Arg

2025

Glu Leu
2040

Val Ala
2055

Asp Gly
2070

Glu Ile
2085

Trp Leu

Glu Tyr

Leu Arg

Ser Asn

Pro Arg

Val Thr

Asp Ala



2045 2050 2055 dy Ile Gn Tyr Thr Asp Arg Lys Trp
Cys Phe Asp Ay Pro Arg 2060 2065 2070 Thr Asn Al a
Ile Leu Gu Asp Asn Thr Au Val Qu Ile Vval Thr 2075
2080 2085 Arg Met Gy GQu Arg Lys Ile Leu Lys Pro Arg
Trp Leu Asp Ala 125/158 200452095 2100 Arg Val Tyr
Ala Asp Hs An Ala Leu Lys Trp Phe Lys Asp Phe 2105
2110 2115 Ala Ala dy Lys Arg Ser Ala Val Ser Phe lle
ofdou Val Leu Gy 298052125 2130 Arg 20 Pro Gu Hi s
Phe Met Gy Lys Thr Arg Qu Ala Leu Asp 2135 2140
2145 Thr Met Tyr Leu Val Ala Thr Ala Qu Lys Ay Qy
Lys Ala H's 2150 2155 2160 Arg Met Ala Leu Gu Qu
Leu Pro Asp Ala Leu A u Thr Ile Thr 2165 2170 2175
Leu Ile Val Ala Ile Thr Val Met Thr Gy Ay Phe Phe

Arg Va€U TF?UM%%E Ri85131901al 260168 TWpt P&t LEsnAsY Fhkys
Ay [le dy Lys Mot Gy Leu Ay Ala Leu
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
21356 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



2195 2200 2205 Val Leu Thr Leu Ala Thr Phe Phe Leu
Trp Ala Ala Qu Val Pro 2210 2215 2220 Ay Thr Lys
Ile Ala Gy Thr Leu Leu Ile Ala Leu Leu Leu Met 2225
2230 2235 Vval Val Leu Ile Pro Qu Pro Qu Lys Gn Arg
Ser @ n Thr Asp 2240 2245;2¢88s Asn G n Leu Ala Val
Phe Leu Ile Cys Val Leu Thr VaI Val dy 2255 2260
2265 Val Val Ala Ala Asn Qu Tyr Gy Met Leu Qu Lys
Met Me-@"'r GLYSArY Bys 3240 1287513289s Map GLeuLdwy s GBerAldeLefhe
Gy Ay Lys Thr An Ala Ser Gy Leu 2285 2290 2295

oflgg7/ 158 Thr Ay kegoPro Ser Met Al a2308u Asp Leu Arg
Pro Ala Thr Ala 2300 2305 2310 Trp Ala Leu Tyr Ay

@y Ser Thr Vval Val Leu Thr Pro Leu Leu 2315 2320
2325 Lys His Leu Ile Thr Ser A u Tyr Val Thr Thr Ser
Leu Ala Ser 2330 2335 2340 1Ile Asn Ser A n Ala Ay
Ser Leu Phe Val Leu Pro Arg Ay Val 2345 2350 2355

Val Leu Thr Leu Ala Thr Phe Phe Leu Trp Ala Ala Glu Val 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
22565 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

Pro Phe Thr Asp Leu Asp Leu Thr Val Gy Leu Val Phe
Leu Ay 2360 2365 2370 Cys Trp Ay An Ile Thr Leu

Thr Thr Phe Leu Thr Al a Met Val

Ala Thr Leu H's Tyr Ay Tyr Met Leu Pro Ay Trp An

Ala 2390 2395 2400 128/ 15§57 Ghal

Ala Leu Arg Ala Al a

Gn Arg Arg Thr Ala Ala Ay Ile Met 2405 2410 2415
Lys Asn Ala Val Val Asp Ay Met Val Ala Thr Asp Val

Pro Au 2420 2425 2430 Leu G u

Arg Thr Thr Pro Leu

Met A n Lys Lys Val Ay A n Val 2435 2440 2445 Leu

GlAHgULbb Pid BeValetSANaValevagpAleu Ritg Py ¥ah Tan ARwo
n 2450 2455 2460 Val Thr Thr Val Arg AQu Ala Ay

o998 Leu Val Thr Alagosl a Thr
Leu Trp Asp Asn Ay Ala Ser Al a Val
2480 2485 2490 Thr Ala Thr Gy Leu Cys H s Val

2465 24T @475 Leu Thr
Trp Asn Ser Thr
Met

Arg Ay Ser Tyr Leu Ala 129/158 2495 2500 2505

Trp Ala Leu Tyr Gly Gly Ser Thr Val Val Leu Thr Pro Leu Leu

Lys

Ile

Pro

Cys

Leu

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

2320 2325

Glu Tyr Val Thr Thr Ser Leu Ala Ser
2335 2340

Ser Leu Phe Val Leu Pro Arg Gly Val
2350 2355

Leu Thr Val Gly Leu Val Phe Leu Gly
2365 2370

Leu Thr Thr Phe Leu Thr Ala Met Val
2380 2385

Gly Tyr Met Leu Pro Gly Trp Gln Ala
2395 _ 2400

2375 2380 2385 Leu



Gy Ay Ser Ile Ala Trp Thr Leu Ile Lys Asn Ala Asp
Lys Pro 2510 2515 2520 Ser Leu Lys Arg Gy Arg Pro
Gy Gy Arg Thr Leu Gy GAu A n 2525 2530 2535 Trp
Lys GQu Lys Leu Asn Ala Met Ser Arg Gu du Phe Phe
Lys 2540 2545 2550 Tyr Aqgg/AAeg Gu Ala lle Ile GQu
Val Asp Arg Thr Au Ala Arg 2555 2560 2565 Arg Al a
Arg Arg Qu Asn Asn Ile Val Ay @y Hs Pro Val Ser
2570 2575 2580 Arg Gy Ser Ala Lys Leu Arg Trp Leu
Val GQu Lys Ay Phe Val 2585 2590 2595 130/ 158 Ser
Prolle Ay Lys Val Ile Asp Leu dy Cys Ay Arg Ay
Ay 2600 2605 2610 Trp Ser Tyr Tyr Ala Ala Thr Leu
Glu Ale/SLbiSANAIALE M 4EGUnVadrg\Age Pl A1268D 2625 Hey Meyr
Thr Lys Ay Ay Ala Ay Hs Gu Au Pro Met Leu Met
9430 2635 2640 dzq1er Tyr Ay Trp 2816 Leu Val Ser
Leu Lys Ser Ay Val Asp 2645 2650 2655 Val Phe Tyr
Lys Pro Ser G u Pro Ser Asp Thr Leu Phe Cys Asp

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
2435 2440 2445

Leu Leu Ile Gly Val Ser Val Ala Ala Phe Leu Val Asn Pro Asn
2450 2455 2460

Val Thr Thr Val Arg Glu Ala Gly Val Leu Val Thr Ala Ala Thr
2465 2470 2475

Leu Thr Leu Trp Asp Asn Gly Ala Ser Ala Val Trp Asn Ser Thr
2480 2485 2490

Thr Ala Thr Gly Leu Cys His Val Met Arg Gly Ser Tyr Leu Ala



Gly G

Ser

Trp

Tyr

Arg

2660 2665 2670 Ile Ay GQu Ser Ser Pro Ser Pro G u Val
Gu Qu An Arg Thr 2675 2680 2685 Leu Arg Val Leu
G u Met Thr Ser Asp Trp Leu His Arg Ay Pro 2690 2695
2700 131/158 Arg Au Phe Cys Ile Lys Val Leu Cys Pro
Tyr Met Pro Lys Val 2705 ﬁcjﬁ 2715 1lle Gu Lys Met
Gu Val Leu dn Arg Arg Phe Gy Ay Ay Leu 2720 2725
2730 Val Arg Leu Pro Leu Ser Arg Asn Ser Asn Hs Qu

oddgt Tyr Trp 273598340 2745 Val Ser2885y Pro Ala Gy
Asn Val Val H's Ala Val Asn Met Thr 2750 2755 2760
Ser An Val Leu Leu Ay Arg Met Asp Arg Thr Val Trp
Arg Ay 2765 2770 2775 Pro Lys Tyr u du Asp Val
Asn Leu Ay Ser Ay Thr Arg Ala 2780 2785 2790 Val
Gy Lys Ay Glu Val H's Ser Asn A n du Lys Ile Lys

1—3?/3 Ser9b1 2808 PROThE32Uekb81eAys Ase A0 Ayp Lyu Prgs
Qu GQu Phe Ala Thr Thr Trp Hi s Lys

2510 2515 25620

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

25856 2590 2595



Ser

Trp

Gly

Gln

Val

Ile

Leu

2810 2815 2820 Asp Pro Qu Hi's Pro Tyr Arg Thr Trp
Thr Tyr Hs Ay Ser Tyr 2825 2830 2835 G u Val Lys
Ala Thr Ay Ser Ala Ser Ser Leu Val Asn dy Val 2840
2845 2850 Val Lys Leu Met Ser Lys Pro Trp Asp Ala lle

Al'la Asn Val Thr 2855 2860, g@@% Thr Met Ala Met Thr
Asp Thr Thr Pro Phe Ay dn n Arg Val 2870 2875
2880 Phe Lys GQu Lys Val Asp Thr Lys Ala Pro Qu Pro

Pch)f o17HG1F Kys ABAS 1289 pBRBu (yaCkySGIG UAVRIGIyeGLlisn
GQu Thr Thr"Asn Trp Leu Trp Ala Tyr 133/158 2900 2905

l0 Leu Ser Arg ekpslys Arg Pro Argzdi®u Cys Thr Lys
GQu du Phe 2915 2920 2925 1le Lys Lys Val Asn Ser

Asn Ala Ala Leu Gy Ala Val Phe Al a 2930 2935 2940
Gu dn Asn Gn Trp Ser Thr Ala Arg Qu Ala Val Asp
Asp Pro 2945 2950 2955 Arg Phe Trp G u Met Val Asp
GQu Qu Arg Gu Asn H's Leu Arg 2960 2965 2970

Ser Tyr Tyr Ala Ala Thr Leu Lys Lys Val Gln Glu Val Arg
2615 2620 2625

Tyr Thr Lys Gly Gly Ala Gly His Glu Glu Pro Met Leu Met
2630 2635 2640

Ser Tyr Gly Trp Asn Leu Val Ser Leu Lys Ser Gly Val Asp

2645 9650 | 2656

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



Arg

Ile

Val

VYal

Ser

Pro

Val

Gy Qu Cs Hs Thr Cys Ile Tyr Asn Met Met Gy Lys
Arg A u 2975 2980 2985 Lys Lys Pro Ay GQu Phe Ay
Lys Ala Lys Gy Ser Arg Ala Ile 2990 2995 3000
134/ 158 Trp Phe Met Trp Leu Ay Ala Arg Tyr Leu Qu
Phe G u Ala Leu 3005 3010;g)4kg Gy Phe Leu Asn Qu
Asp His Trp Leu Ser Arg Qu Asn Ser Ay 3020 3025
3030 Ay Gy Val u dy Ser Ay Val Gn Lys Leu Ay
Tyr Ile Leu 3035 3040 3045 Arg Asp Ile Ala Ay Lys
Gn dy Ay Lys Met Tyr Ala Asp Asp 3050 3055 3060
Gﬂhr PR Ty@ Y14 yAYR1 THievACYs | P> The Metg Pho 1Asp Vadu
Q@ u Asn 3065 3070 3075 Gu Ala'Lys Val Leu Gu Leu
odggu Asp Ay du Hggidrg Met Leu 308271085 3090 Al a
Arg Ala lle Ile Qu Leu Thr Tyr Arg His Lys Val Val
Lys 3095 3100 3105 136/158 Val Met Arg Pro Ala Ala
GQu @y Lys Thr Val Met Asp Val Ile 3110 3115 3120

Glu Lys Met Glu Val Leu Gln Arg Arg Phe Gly Gly Gly Leu
2720 ' 2726 2730

Arg Leu Pro Leu Ser Arg Asn Ser Asn His Glu Met Tyr Trp
2735 2740 2745

Ser Gly Pro 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




Arg

Asp

Glu

Val

Thr

Phe

Ala

Ser Arg Au Asp Gn Arg
3125 3130 3135
G@n Leu Val
Ala Gu @y Vval
Pro 3155 3160 3165
Thr Trp Leu Phe Gu
Ser Arg Met
3185 3190 3195 \Val
Thr Ala Leu Hi s Phe
Ala Met Ser
Pro 3215 3220 3225

Tyr Al a
Al a Val

Arg Val

Ile

Lys Val

Arg
dy
Arg
Asn
Al a
Lys
Leu
Arg
Ser

Val Thr
Ile
du
Leu
Arg
Au
Val
Al a
Asn
Lys
dn

Gy Ser dy dn Val
Leu Asn Thr Phe Thr Asn
Leu Met 3140 3145 3150
Pro dn Hs Leu u dn
LyseAs® Lys Ile Ala Val
Gy 3170 3175 3180 A u
Ile Ser Ay Asp Asp Cys
Pro Leu Asp Asp Arg Phe
3200 3205 3210 136/ 158

Lys Asp Ile dn du Trp
Hs Ay Trp His Asp Trp

1@ NGYAl Ly elPhieysOB3uSet1uAPhe ARBThB2BEr 374p HH s LPke

Adn Au lle Val

@y Trp Asn Va

Pro Glu His
2825

Val Lys Ala
2840

Lys Leu Met

2855

Met Ala Met

2870

Lys Glu Lys

2885

Lys Glu Val

Pro Tyr Arg Thr Trp Thr

2830

Thr Gly Ser Ala Ser Ser

2845

Ser Lys Pro Trp Asp Ala

2860

Thr Asp Thr Thr Pro Phe

2875

Val Asp Thr Lys Ala Pro

2890

Leu Asn Glu Thr Thr Asn

Met Lys Asp Gy Arg Ser
281245 3250 3255 Prgleys Arg Ay An 2830 G u

Gy Arg Ala Arg Ile Ser 3260 3265 3270 Pro
Lys Asp Thr' Ala Cys Leu Al a

Val Val
Leu Ile
Ay Aa
Lys

Ile

Tyr His Gly Ser Tyr

2835

Leu Val Asn Gly Val

2850

Ile Ala Asn Val Thr

2865

Gly Gln Gln Arg Val

2880

Glu Pro Pro Thr Gly

2895

Trp Leu Trp Ala Tyr



Leu

Ile

Glu

Arg

Gly

Lys

3275 3280 3285 Ala Tyr Ala G 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 1 137/158
3305 3310 3315 Trp Val Pro Thr Gy Arg Thr Ser Trp
Ser Ile Hs Ser Lys Ay 333818825 3330 du Trp Met
Thr Thr A u Asp Met Leu G n Val Trp Asn Arg Val 3335
3340 3345 Trp Ile Qu Gu Asn Qu Trp Met Val Asp Lys
o0y Pro Ile Thr 3869 3355 3360 Ser29¥(p Thr Asp Val
Pro Tyr Val Ay Lys Arg Qu Asp Ile Trp 3365 3370 3375
Cys Ay Ser Leu lle Ay Thr Arg Ser Arg Ala Thr Trp
Ala Gu 3380 3385 3390 Asn Ile Tyr Ala Ala Ile Asn
G@n Val Arg Ala Val Ile Ay Lys 3395 3400 3405
138/158 du Asn Tyr Val Asp Tyr Met Thr Ser Leu Arg
Sé¥ O ATEIGId WyAsPpra410 3MdH 1L3420ys Thr Lys Glu Glu Phe

2915 2920 2925

Lys Lys Val Asn Ser Asn Ala Ala Leu Gly Ala Val Phe Ala
2930 | 2935 2940

Gln Asn Gln Trp Ser Thr Ala Arg Glu Ala Val Asp Asp Pro
2945 ' 2950 2955

Phe Trp Glu Met Val Asp Glu Glu Arg Glu Asn - His Leu Arg
2960 2965 2970

Glu Cys His Thr Cys Ile Tyr Asn Met Met Gly Lys Arg Glu

2975 2980 2985

Lys Pro Gly Glu Phe Gly Lys Ala Lys Gly Ser Arg Ala Ile
2990 2995 _ 3000



Trp

Gly

Gly

Arg

Thr

Glu

Ala

Val

<211> 34
<400> 5 agaagtttat ctgtgtgaac ttcttggctt agta 34

<210> 6 <211> 35

encephalitis virus
ccatgctttc cagcc 35
DNA <213> Japanese encephalitis virus

Leu Ile Gn Au Asp Arg Val

Ile 3425 3430
<212> DNA <213> Japanese encephalitis virus

<212> DNA <213> Japanese

O YoLbuaEE

9/ 158

aagagaa tgctttttcc
<211> 35 <212>

<400> 7

PHeC CHEEIGPHALBFANFANTE 2 I IRF AletAGYE P 361u FAeOked

3005

Phe Leu

3020

Gly Val
3035

Asp Ile

3050

Ala Gly
3065

Ala Lys

3080

Arg Ala
3095

Asn

Glu

Ala

Trp

Val

Ile

Glu Asp

Gly Ser

Gly Lys

Asp Thr

Leu Glu

Ile Glu

3010

His Trp Leu

3025

Gly Val Gln
3040

Gln Gly Gly
3055

Arg 1Ile Thr
3070

Leu Leu Asp
3085

Leu Thr Tyr
3100

Ser Arg

Lys Leu

Lys Met

Arg Thr

Gly Glu

Arg His

3015

Glu Asn Ser Gly
3030

Gly Tyr Ile Leu

3045

Tyr Ala Asp Asp
3060

Asp Leu Glu Asn

3075

His Arg Met Leu

3090

Lys Val Val Lys

3105

<210> 5



<211> 35 <212> DNA <213> Japanese encephalitis virus
<400> 8 gtcatgaaga tggctgctgc ctcccctaat tccac 35

<210> 9 <211> 36

encephalitis virus
tgcccaacta caacct 36
DNA <213> Japanese encephalitis virus

<212> DNA <213> Japanese

<219

140/ 158

ttttctataa ccttgggcat gtaagggcag agaac 35

<211> 35

<212> DNA <213> Japanese encephalitis virus

<400> 9 actgatgtca ccgaacagag
<211> 35 <212>
<400> 10

<210> 11

Val Met Arg Pro Ala Ala Glu Gly Lys Thr Val Met Asp Val Ile

Ser

Leu

Glu

Glu

Val

3110

Arg Glu Asp
3125

Asn Thr Phe
3140

Ala Glu Gly
31565

Lys Asn Lys

3170

Glu Arg Val
31856

Lys Pro Leu

3200

Gln

Thr

Val

Ile

Ser

Asp

Arg

Asn

Ile

Ala

Arg

Asp

3115

Gly Ser Gly
3130

Ile Ala Val
3145

Gly Pro Gln
3160

Val Arg Thr
3175

Met Ala Ile
3190

Arg Phe Ala
3205

Gln Val

Gln Leu

His Leu

Trp Leu

Ser Gly

Thr Ala

3120

Val Thr
3135

Vai Arg
3150

Glu Gln
3165

Phe Glu
3180

Asp Asp

3195

Leu His

3210

Tyr Ala

Leu Met

"Leu Pro

Asn Gly

Cys Val

Phe Leu



Asn

Ser

His

Pro

Prq

Ala

Leu

<400> 11 gggaatcctc tccaagtcca gaagtagaag aacaa 35
<212> DNA <213> Japanese

<210> 12 <211> 34
encephalitis virus
ccaccagcta cata 34
DNA <213> Japanese enceph
agaagtttat ctgtgtgaac 20

134/

<213> Japanese encephalitis virus

catgtggctc 20

Ala Met

3215

His Gly

3230

Phe Gln

3245

Cys Arg

3260

Gly Ala

3275

Tyr Ala

3290

Arg Leu

Ser

Trp

Glu

Gly

Gly

Gln

Met

Lys Val

His Asp

Ile Val

Gln Asp

Trp Asn

Met Trp

Ala Asn

<210> 15

Arg Lys Asp

3220

Trp Gln Gln
3235

Met Lys Asp

3250

Glu Leu Ile
3265

Val Lys Asp

3280

Leu Leu Leu

3295

Ala 1Ile Cys

Ile

Val

Gly

Gly

Thr

Tyr

Ser

Gln

Pro

Arg

Arg

Ala

Phe

Ala

<211> 20

Glu Trp Lys
3225

Phe Cys Ser
3240

Ser Ile Val
3255

Ala Arg Ile
3270

Cys Leu Ala

3285

His Arg Arg

3300

Val Pro Val

<400> 13

<400> 12 agatcctgtg ttcttcctca

<210> 13 141/ 158

E§ Vvirus
> 14 <211> 20

<212>

<212> DNA
<400> 14 aaggct caat

Pro

Asn

Val

Ser

Lys

Asp

Asp



<211> 20 <212> DNA <213> Japanese encephalitis virus
<400> 15 gaaagccaca cggtatctca 20 <210> 16 142/ 158
<211> 20 <212> DNA <213> Japanese encephalitis virus
<400> 16 ctgacatctc gacggtggct 20 <210> 17 <211> 20
<212> DNA <213> Japanese ek¥@éi#8alitis virus <400> 17
t ggact gaac actgaagcgt 20 <210> 18 <211> 20 <212> DNA

<213> J encephalitis virus
3365 3> Japanese enceph 3315

Trp Val Pro Thr Gly Arg Thr Ser Trp Ser Ile His Ser Lys Gly
3320 3325 3330

Glu Trp Met Thr Thr Glu Asp Met Leu Gln Val Trp Asn Arg Val
33356 3340 3345

Trp Ile Glu Glu Asn Glu Trp Met Val Asp Lys Thr Pro Ile Thr
3350 3355 3360

Ser Trp Thr Asp Val Pro Tyr Val Gly Lys Arg Glu Asp Ile Trp
3365 3370 3375

Cys Gly Ser Leu Ile Gly Thr Arg Ser Arg Ala Thr Trp Ala Glu
3380 3385 3390

Asn Ile Tyr Ala Ala Ile Asn Gln Val Arg Ala Val 1Ile Gly Lys
3395 3400 3405



<400> 18 ttgtcattga actatcctac 20 <210> 19 143/158
<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 ;52488 21 <211> 20 <212> DNA
<213> Japanese encephalitis virus <400> 21 tgaacaagcc
cgt gggaaga 20 <210> 22

Glu Asn Tyr Val Asp Tyr Met Thr Ser Leu Arg Arg Tyr Glu Asp

3410 3415 3420

Val Leu Ile Gln Glu Asp Arg Val Ile

34256 3430

<210> b5
211> 34
<212> DNA

213> Japanese encephalitis virus

<400> 5

agaagtttat ctgtgtgaac ttecttggett agta

<210> 6
211> 35
<212> DNA

213> Japanese encephalitis virus

<400> 6

gcaaagagaa tgetttttce ccatgetttc cagece

210> 7

34

35



144/ 158 <211> 20 <212> DNA <213> Japanese

encephalitis virus <400> 22 acttggccag agacacacac 20

<210> 23 <211> 20 <212> DNA <213> Japanese

encephalitis virus <400> 23 atggtgaaat ggttgaccct 20

<210> 24 <211> 20 <212> [phYy1s213> Japanese

encephalitis virus <400> 24 agcatggatg attgtccgag 20

<210> 25 145/158 <211> 20 <212> DNA
211> 35

<212> DNA

<213> Japanese encephalitis virus

<400> 7

tcctgetcaa agagaatgca gtggaccica gigtg

<210> 8
<211> 36
<212> DNA

<213> Japanese encephalitis virus

<400> 8

gtcatgaaga tggctgetge ctccectaat tccac

210> 9
211> 36
<212> DNA-

<213> Japanese encephalitis virus

<400> 9

actgatgtca ccgaacagag tgcccaacta caacct

210> 10

35

35

36



211>
212>
213>

<400>

<213> Japanese encephalitis virus <400> 25 agaaaggagc
tgtactcttg 20 <210> 26 <211> 20 <212> DNA <213>
Japanese encephalitis virus <400> 26 cctacgtggt

gt caggaaaa 20 <210> 27 <211> 20 <212> DNA <213>
Japanese encephalitis virygy/15400> 27 ttttccacac
actatggcac 20 <210> 28 146/ 158 <211> 20 <212> DNA
<213> Japanese encephalitis virus <400> 28 gaccgtcagg
aggaaccagt 20

DNA

Japanese encephalitis virus

10

ttttctataa ccttgggcat gtaagggcag agaac

210>
Q1
<212>
<213>

<400>

11
35
DNA

Japanese encephalitis virus

11

gggaatcecic tccaagtcca gaagtagaag aacaa

<2105
<2115
212>
213

<400>

12
34
DNA

Japanese encephalitis virus

12

agatcctgtg ttcttcctea ccaccageta cata

210>

13

35

35

34



2l
<212>
213>

<400>

<210> 29 <211> 19 <212> DNA <213> Japanese
encephalitis virus <400> 29 aaggtggaat taggggagg 19
<210> 30 <211> 19 <212> DNA <213> Japanese
encephalitis virus <400> 30 aagagggaga aggcagagt 19
<210> 31 147/158 <211> 2Q4xA%8> DNA <213> Japanese
encephalitis virus <400> 31 atgccatact ggaggacaac 20
<210> 32 <211> 20 <212> DNA

20

DNA

Japanese encephalitis virus

13

agaagtttat ctgtgtgaac

<210>
21
212>
213>

<400>

14
20
DNA

Japanese encephalitis virus

14

aaggctcaat catgtggcetc

<2105
211>
212>
213>

<400>

16
20
DNA

Japanese encephalitis virus

15

gaaagccaca cggtatctca

<210>

16




<2115
212>
<213>

<400>

<213> Japanese encephalitis virus <400> 32 gaaagggt at
agggaagatg 20 <210> 33 <211> 20 <212> DNA <213>
Japanese encephalitis virus <400> 33 caccacatcg
ctagcctcaa 20 <210> 34 148/ 158 <211> 20 <212> DNA
<213> Japanese encephalitijgsmisgus <400> 34 ggtattggtg
acggcggcta 20 <210> 35 <211> 20 <212> DNA <213>
Japanese encephalitis virus <400> 35 tgtgggcgtg

gaggat ggag 20
DNA

Japanese encephalitis virus

16

ctgacatcte gacggtgegct

<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



211>
212>
213>

<400>

<210> 36 <211> 20 <212> DNA <213> Japanese
encephalitis virus <400> 36 ctagtgcgtc tcccecctgtc 20
<210> 37 149/158 <211> 20 <212> DNA <213> Japanese
encephalitis virus <400> 37 ctgacaccac cccttttgga 20
<210> 38 <211> 19 <212> [MH¥y;sg813> Japanese
encephalitis virus <400> 38 gctttggggt tcctgaatg 19
<210> 39 <211> 19 <212> DNA

20

DNA

Japanese encephalitis virus

19

gaacactctt tgggggaatg

<210>
21>
212>
213>

<400>

20
20
DNA

Japanese encephalitis virus

20

tgtggaagtg gcatctitgt

<210>
211>
212>
<213>

<400>

21
20
DNA

Japanese encephalitis virus

21

tgaacaagcc cgtgggaaga

<210>

22

20

20

20



2115
212>
213>

<400>

<213> Japanese encephalitis virus <400> 39 agaagatcaa
agggggagt 19 <210> 40 150/158 <211> 20 <212> DNA
<213> Japanese encephalitis virus <400> 40 ccgtgcagag
gacaggatga 20 <210> 41 <211> 18 <212> DNA <213>
Japanese encephalitis viryg4/15400> 41 tatgcggcga
taaaccag 18 <210> 42 <211> 18 <212> DNA <213>
Japanese encephalitis virus <400> 42 gcgcagcccc
ag@gaggac 18

DNA

Japanese encephalitis virus

22

acttggecag agacacacac

<2102
211>
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



<210> 43 151/158 <211> 20 <212> DNA <213> Japanese
encephalitis virus <400> 43 cgtcaatgag tgttccaagt 20
<210> 44 <211> 20 <212> DNA <213> Japanese
encephalitis virus <400> 44 caatccagta cgacaagtca 20
<210> 45 <211> 20 <212> Dphky1s813> Japanese
encephalitis virus <400> 45 tgaccttttt ccccgctctt 20
<210> 46 152/158 <211> 20

<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



211>
212>
<213>

<400>

<212> DNA <213> Japanese encephalitis virus <400> 46
ttcttgattt tctcctgatt 20 <210> 47 <211> 22 <212> DNA
<213> Japanese encephalitis virus <400> 47 agatcctgtg
ttcttcctca cc 22 <210> 48 <211> 62 <212> DNA <213>
Japanese encephalitis virage/15400> 48 aaatttaata
cgactcacta taagaagttt atctgtgtga acttcttggc ttagtatcgt
60 tg 62 4 153/158 <210> 49 <211> 45 <212> DNA

20 :

DNA

Japanese encephalitis virus

28

gaccgtcagg aggaaccagt

{210>
211>
212>
213>

<400>

29
19
DNA

Japanese encephalitis virus

29

aaggtggaat taggggagg

<210>
211>
<212>
<213>

<400>

30
19
DNA

Japanese encephalitis virus

30

aagagggaga aggcagagt

<210>

31




211>
212>
213>

<400>

<213> Japanese encephalitis virus <400> 49 cgtcatcaaa
agcttcccct ggaaattcga caactttatt gctcc 45 <210> 50
<211> 46 <212> DNA <213> Japanese encephalitis virus
<400> 50 cgcaagcttg gcagttgtca tagcttacgc aggagcaata
aagttg 46 <210> 51 <211>14%/158212> DNA <213> Japanese
encephalitis virus <400> 51 gctccaatct agtgacagat
ctgactccgc acacgccttc cttgt 45 154/158 <210> 52 <211>
4720 <212> DNA <213> Japanese encephalitis virus <400>
52 cacaagaaaa gagatgagat gtggaagtgg catctttgtg cacaacg
4’ DNA

Japanese encephalitis virus

31

atgccatact ggaggacaac

<2107
211>
212>
213>

<400>

32
20
DNA

Japanese encephalitis virus

32

gaaagggtat agggaagatg

210>
Q11
212>
213>

<400>

33
20
DNA

Japanese encephalitis virus

33

caccacatcg ctagcctcaa

210>

34



211>
212>
<213>

<400>

<210> 53 <211> 40 <212> DNA <213> Japanese
encephalitis virus <400> 53 agatcctgtg ttcttcctca
ccaccagcta catacttcgg 40 <210> 54 <211> 45 <212> DNA
<213> Japanese encephalitis virus <400> 54 ggtaaatacc
acgcgttgac cgttggtact gccaagagsc cagcc 45 155/ 158
<210> 55 <211> 45 <212> DNA <213> Japanese
encephalitis virus <400> 55 ttcctggcgg cgacacttgg
ctaggpgat gctt ggcagtacca acggt 45 <210> 56 <211> 46
<212> DNA

DNA

Japanese encephalitis virus

34

getattgegtyg acggeggeta

<210>
<2115
212>
213>

<400>

35
20
DNA

Japanese encephalitis virus

35

tgtgeggecgtg gaggatggag

{2105
211>
<212>
213>

<400>

36
20
DNA

Japanese encephalitis virus

36

ctagtgecgtec tcccectgte

210>

37

20

20

20



<213> Japanese encephalitis virus <400> 56 aagccggagc
gaccaacagc aggaggatgg taaataccac gcgttg 46 <210> 57
<211> 46 <212> DNA <213> Japanese encephalitis virus
<400> 57 caacgcgtgg tatttaccat cctcctgctg ttggtcgctc
cggctt 46 156/ 158 <210> 539442381> 62 <212> DNA <213>
Japanese encephalitis virus <400> 58 aaatttaata
cgactcacta taagaagttt atctgtgtga acttcttggc ttagtatcgt

<211>6®0 tg 62 <210> 59 <211> 70 <212> DNA <213>
Artificial <220>

<212> DNA

<213> Japanese encephalitis virus

<400> 37

ctgacaccac ccettttgga 20

<{210> 38
211> 19
<212> DNA

213> Japanese encephalitis virus

<400> 38

gctttggggt tcctgaatg 19

<210> 39
211> 19
<{212> DNA

<213> Japanese encephalitis virus

<400> 39

agaagatcaa agggggagt 19

<210> 40




y

-

<223> derived from Japanese encephalitis virus and
West Nile virus <400> 59 ccaagaagtc tctgttgctc
attccaaggc agttgaaact gtaagccgga gcgaccagca 60
gcaggaggat 70 <210> 60 1 157/158 <211> 70 <212> DNA
<213> Artificial <220> <258458erived from Japanese
encephalitis virus and West Nile virus <400> 60
<211>cg®catcctc ctgctgctgg tcgetcecgge ttacagtttc aactgecttg
gdat gagcaa 60 cagagacttc 70 <210> 61 <211> 73 <212>

<212>5§$%n<213> Artificial <220> <223> derived from

ese encephalitis virus and West Nile virus <400>

213> 6]Japanese encephalitis virus

<400> 40

ccgtgeagag gacaggatga

<210> 41
211> 18
<212> DNA

<213> Japanese encephalitis virué

<400> 41

tatgeggcga taaaccag

<210> 42
<211> 18
<212> DNA

<213> Japanese encephalitis virus

<400> 42

gcgcagecce aggaggac

<210> 43

20

18

18



<2115
{212>
213>

<400>

ctcttttctt gtgatgtcaa tggcacatcc agtgtcagcg tgcacgttca
cggagaggaa 60 gagcagaact cct 73 4 4 158/158 <210> 62
<211> 75 <212> DNA <213> Artificial <220> <223>
deri ved from Japanese encephalitis virus and West Nile
virus <400> 62 ggaggagttabsifé8cttcct ctccgtgaac

gt gcacgctg acactggatg tgccattgac 60 atcacaagaa aagag
75 <210> 63 <211> 40 <212> DNA <213> Japanese
edfephal itis virus <400> 63 agatcctgtg ttcttcctca

‘ccaccagcta catacttcgg 40

DNA

Japanese encephalitis virus

43

cgtcaatgag tgttccaagt

<210>
<21
<212>
213>

<400>

44
20
DNA

Japanese encephalitis virus

44

caatccagta cgacaagtca

210>
211>
212>
213>

<400>

45
20
DNA

Japanese encephalitis virus

45

tgaccttttt cecccgetett

210>

46

20

20

20



T

21

162/158

20

<212> DNA

{213>

<400>

Japanese encephalitis virus

46

ttcttgattt tectectgatt

<210>
211>
(212>
{213>

<400>

47
22
DNA

Japanese encephalitis virus

47

agatcetgtg ticttccteca cc

<210>
<211>
212>
213>

<400>

aaatttaata cgactcacta taagaagtitt atctgtgtga acttcttgge ttagtatcgt

tg

48
62
DNA

Japanese encephalitis virus

48

20

22

60

62



<210>
21D
212>
213>

<400>

163/158

49
45
DNA

Japanese encephalitis virus

49

cgtcatcaaa agecttcccet ggaaattcga caactttatt getee

210>
211>
212>
<213>

<400>

50
46
DNA

Japanese encephalitis virus

50

cgcaagettg geagttgtca tagettacge aggagcaata aagttg

{2105
211>
212>
213>

<400>

o1
45
DNA

Japanese encephalitis virus

51

getecaatet agtgacagat ctgactcege acacgectte ctigt

45

46

45



154/158

<210> 52
211> 47
212> DNA

<213> Japanese encephalitis virus

<400> 52

cacaagaaaa gagatgagat giggaagtigg catctttgtg cacaacg 47

<{210> 53
<211> 40
<212> DNA

<213> Japanese encephalitis virus

<400> 53

agatcctgtg ttcttccteca ccaccageta catacttcgg 40

<210> 54
211> 45
<{212> DNA

<213> Japanese encephalitis virus

<400> 54

ggtaaatacc acgegttgac cgttggtact gccaaccate cagec 45



210>
<2115
212>
213>

<400>

156/1568

55
45
DNA

Japanese encephalitis virus

55

ttcetggege cgacacttgg ctggatgett ggeagtacca acggt

210>

211>
212>
213>

<400>

56
46
DNA

Japanese encephalitis virus

56

aagccggage gaccaacagce aggaggatgg taaataccac gegtig

<210>
211>
212>
<213>

<400>

57
46
DNA

Japanese encephalitis virus

57

caacgcgtgg tatttaccat cctcctgetg ttgegtcgetec cggett

45

46

46



156/158

<210> 58
211> 62
<212> DNA

213> Japanese encephalitis virus

<400> 58

aaatttaata cgactcacta taagaagttt atctgtgtga acttcttgge ttagtatcgt 60

tg _ 62

<210> 59

211> 70

<212> DNA

<213> Artificial

<2205

{223> derived from Japanese encephalitis virus and West Nile virus

<400> 59
ccaagaagtc tctgttgete atteccaagge agttgaaact gtaagccgga gegaccagcea 60
gcaggaggat 70

<210> 60



211>
212>
213>

220>
223>

<400>

157/158

70
DNA
Artificial

derived from Japanese encephalitis virus and West Nile virus

60

caccatccic ctgetgetgg tegetccgge ttacagtitc aactgecttg gaatgagceaa 60

cagagacttc 70

210>
211>
212>
213>

220>

223>

<400>

61
73
DNA

Artificial

derived from Japanese encephalitis virus and West Nile virus

61

ctcttttctt gtgatgtcaa tggcacatcc agtgtcageg tgcacgttca cgragaggaa 60

gagcagaact cct 73



210>
211>
212>

213>

<2205
<2235

<400>

158/158

62
75
DNA

Artificial

derived from Japanese encephalitis virus and West Nile virus

62

ggaggagtic tgctcttect ctecgtgaac gigcacgetig acactggatg tgccatigac 60

atcacaagaa aagag 75

<2106>
2115
212>
213>

<400>

63
40
DNA

Japanese encephalitis virus

63

agatcctgtg ttcttecetca ccaccageta catacttegg 40



