CEJVA SEQUENCE OF DENGUE VI RUS SEROTYPE 1 (SI NGAPORE STRAI N) QGEIIF%?E‘) -8
present invention relates to Dengue Virus Type 1. Dengue vi _
infection may | ead to dengue fever (DF) or its 5 nore severe dﬁégg W
haenorrhagi ¢ fever (DHF) and dengue shock syndrone (DSS). DHF is an

| nportant virus di sease of gl obal si.gnificance, especially in Southeast
Asia. There are four serotypes of Déngue virus (DEN1, DEN2, DEN3 and

DEN4) belonging to the famly Flaviviradae. 10 The conpl ete genom ¢
sequence of DEN2 (Jammi ca) has been published by Deubel et al; Virology
165, 234-244 (1988). The conpl ete genom ¢ sequence of DEN3 (H87) has
been publ i shetDHay SEHENOEIOF ADEHGEEI N IRDS ISEROMIPEOL dGYNGAPERE 64RAIN) = 647
(1990).. The conpl ete genom c' sequence of DEN4 has been 15 published by
Zhao et al; Virology 155, 77-88. To date, only a partial sequence of

any vari ant Q.E‘gg)ggl&eg)gé \g%l%atu%iuréﬁlatesar@ De%iu{%nr i ned; Mason et

al, Virol ogy ave Tow'fdentified a
previously uBlengWe YirusninfeQpiomndy akepdstalldengus ﬁQ@erM)etoer its

nucl eot i de s%lt@ngaverzh&engue rl?é(\éﬁéfﬁh 1@%&27 x-&@ diappee ted at

t he European Col | ctlon 'S Q | -Cu] tures CACC quton Do GB
under Budapeﬁhoﬁkeﬁﬁ’? ESHRi (PD% onm?l ¥Drif AR disease. Of;

nunber V9204%0bbal BElhiELFESNEE, de$1[>e¢sa25y sm@mﬁt@ﬂﬁ y\sf:raomm DEN3

and DEN4 in ta“:fé‘f%o%fr SedHEYpEs of BQHRquVlr\TQeS =1 © ShEL, HENETRRI Of
significant renges between 275/ 90, and’ DENL (Nauru Isl and).

The present |%ﬁt|&?r°PH&§9pF8vFB%sfa’bE?\M Blavyghradae. ( EcACC V92042111) .
The i nverttd on f ur tiiher cpmpletlesghblhic38eqdrdé 90f (BEMEC( JARRIE)] THas f or use

as a d'agnosn&ﬁa#gﬁﬁﬁgghed byTBSuEDVeQE'Q?rab§9096ﬁ¥'9§§ CENI- 3275/ 90 1 n

i nacti vat ed as a di agnostic rea vaccl ne.
The invention(}d&8d - pr6‘\?‘@d§§mPl%8tﬁu8P§PE1§cFGq§6aﬁén€§ DEN3 ofH&RH. D3 No. 1

and DNA sequaswds fhitldishiedl alyl ps3tomGoahaspandybgnti 9 PEELIEyNO17d4, €19~
degenerate vaf Anli$go). ‘HE" &3hp3Yk"geRB512" sIRLENAUCLECOLENE $08"9Een PUL
15 published by Zhao et al; Virology 155, 77-88. To date,
only a partial sequence of any variant of DEN1l, DEN1 (Nauru
Island), has been determined; Mason et al, Virology 161,
262-267 (1987). ' '
Wé have now identified a previously unknown strain of
20 DEN1 and established its complete nucleotide sequence. The
new strain, DEN1-S275/90, was deposited at the European
Collection of Animal Cell Cultures (ECACC) Porton Down, GB
under Budapest Tréaty conditions on 21 April 1992 and given
' accession number'992042111; DEN1-S275/90 differs
25 significantly from DEN2, DEN3 and DEN4 in terms of segquence
homology. There'are also a number of significant
differences between DEN1-5S275/90 and DEN1l (Nauru Island).
The present invention th"s provides. DEN1-S275/90
(ECACC V92042111). The invention further provides DEN1-
30 S275/90 (ECACC V92042111). for use as a diagnostic reagent.
' The invention also provides DEN1-S275/90 in inactivated
.form for use as a diagnostic reagenf or a vaccine.
The invention also provides the nucleic_acid sequence
of Seq. ID No. 1 and DNA sequences sdbstant?élly‘
ds corresponding to SEQ ID No. 1, e.g. degenerate Qariants
thereof having one or more pucleotlde changgs but
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-2- . ; neverthel ess capable of being translated to give the sanme

protein sequence. The invention further provides fragnents of such DNA
pdl ynucl eoti des, .in particular the fragnents encoding the C, C,PreM M
E, NS1, NS2A, NS2B, NS3, NS4A, 5 NS4B and NS5 genes of the genone of the
virus. The start and end points of these preferred fragnents in the
nucl ei c aci d sequence of Seq |.D. No. 1 are shown below in Table 1.
Table 1 al so shows the start and end points of the proteins encoded by
t hese genes, using the nunmbering of Seq. ID Nos. 10 1 and 2. :

TABLE 1 Start and end points of _the nucleic acid (n) nunbers

encodi ng the genes of S275/90. The table?also shows the 15 start and end
poi nts of the caorre

by S275/90. "eVe ﬁe%%gdicg%tag{lgz E’i)fngﬁéng%nfra“%wws'%gf?fﬁy@{é)tﬂ“{l’ encoded

. ! Enq£§g C

81 _ 42protein sequencel The inyeption further proy s fra

éSG ' 1%6;162&CIP"@\M polgnu‘lﬁ%otidesé @95p§1éticular tﬂégiragments?ogz M

281 Shooding e C,” O Prally M. E.gig). Ns2a, Ns287ons3, Nséh, oo

NS2A 5 3M88B and Nd4 Zyenes of thel g2home of ;344vg§usN523he starty113

4499 134& i ¥4 'S%% d f¥alfents if3kfle nucleic 1475
d t hese ferre en

2093 NS4A B30 ° O 6809 2094 2242, man)

6810 7586id sequence of) Seq I.DoNg, 1 arﬁsghown bel?gS.}n a o83

2493

32861801 also showdhethricitaint agidd esdqpeicds of the PROEALNSn may
be used egy/! f ' G MRS ¥IC@eQl. ID NBBsence
of DEN - 5275 DGBRER By Endle GoRE { Meid T ecta

ey may bDe incorporated into a vector, eg. an
expressi 39 véceds. 235 Nucl ei ¢ acid fragnents according to the
i nvention may be made by known nethods of chem cal synthesis or cloned

‘TABLE 1
Start and end points of the nucleic acid (n) numbers
encoding the genes of S275/90. The table also shows the
15 start and end points of the corresponding proteins (p)
within the polyprotein encoded by 5275/90. '

Gene Start(n) -End(n) Start(p) End(p)
C 81 422 1 114
c’ 123 422 15 114
20 PreM T 423 695 ' 115 205
M 696° 920 206 280
E - 921 2402 281 AL
NS1 2403 3464 7175 1128
NS2A 3465 4112 1129 1344
25 NS2B 4113 44§9 1345 1474
. NS3 4500 6359 1475 2093
NS4a 6360 6809 . 2094 2242
NS4B 6810 7556 2243 2492
NSS 7557 10268 2493 3396
30
The nucleic acid sequences of the invention may be
used as probes in an assay to determine the presence or
absence of DEN1-S275/90, or they may be incorporated into 2
vector, ' eg. an expression vector.
35

Nucleic acid fragments according to the invention may
be made by known methods of*éhemical synthesis or cloned
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- 3- + fromthe virus itself using known reconbi nant techniques.

Fragnments according to the invention nmay al so be produced by replication
of DNA or RNA, by transcription fromDNA to form RNA fragnents or
reverse transcription fromRNA 5 fragments to form DNA fragments. Such
transcription may be in a cell free systemor may be effected in cells
for I nstance by cloning. Cell free systens include an appropriate
replicase, transcriptase or reverse transcri ptase, suitable nucleotide
precursors and a nucleic 10 acid tenplate or appropriate sequence,

together with buffers and any necessary or desirable cofactors.

The present invention also provides a pol ﬁ?otein as set forth in Seq.

ID No. 1 and , , PreM
ME NSt NGR ehSaVered 2Rl RAMER dnoun iR ina (RBntayEer 1T 00
above in Tab&agments’ aRgordingt F‘ant‘ﬂﬁué“‘tﬁrtfv’r%@aa/ FoISP &t PFEANES®ANg an
arrP no Sgcmir &e@ue&emaubstanmabky%mr I’WIJQ.I‘HBF duy fpx iidie f&muau%toh
snown 1 n agnent. thereo usl S I C
|ncorporateci B'N%“@ngag Sggfsgeﬁﬁrspr% %Fcflﬁklon é%é%r € polyprotein
and proteiths fazmemtﬁgtpofpwe DNA Engegmnen®s. neSudie Yranhamsicdihons wayhdei c
peptide chemisf ray ¥l frelays9é.ﬁ&ﬁssrnaaye3é0é§f@@éédflm ddW £1rerdi ng the

proteins in a suitable cell in _otde roduce g ession of the DNA,
D Fol Towed HYFSAIER, 3% Sloning-exsPelobres, STEFHES SRR

expr essi ng arnpmmater\gerpeld@ﬂbienamrapsotephc$e| oc| xeverse f usion
proteins, ar etﬁ’ﬂécxl&%%é N Nfadilk nucleotide PrefIREPLE add®a %ﬁml%%% on

of a polygept|de of th I nventi on, an expression vect or

const r uct &k¥¥b§§‘GﬁpVé@FdFthsﬁﬁﬁﬁaF%d Eﬂ?%ﬁh%ﬁﬁﬁﬂﬁées a DNA
sequence encadsiiffes Eold/ et inteedsalrye orndestirablandofactdrs. i s capabl e
of expressing the o éﬁzﬁ:ee%ténq:e Wt%?\v'a&‘ég pﬂrgbldes ?agéﬂ*ﬁ%)%&#oﬁ
eucaryotic or procaryotic

transl at i onal S€enfeoth e’rférﬁ,ﬁﬂ-s IaPr é‘o 35} ﬁPGvﬁGécl IPnHPudi2 ngnNa PrIwBRRES f or

the DNA sequethéredf, eg. ttmnseyigt, oawlM,t 6r,MENaNsQ) N5kR, RSEB, NS3,
translatlggaluéggrtns43 and NS5 proteins as 1dent1f1ed above in Table 1.
The invention thus provides a polyppptlde having an amino
acid sequence substantially corre:aﬁnding to the sequence
shown in SEQ ID No. 2 or a fragment thereof. Fusion
proteins which incorporate these peptides are also
20 provided.

The polyprotein and proteins according to the
invention may be produced by synthetic peptide chemistry or
by expressing vectors carrying DNA encoding the proteins in
a suitable cell in order to produce expressibn of the DNA,

25 followed by recovery of the expressed protein. Methods of
expressing and recovering recombinant proteins, including
fusion proteins, are well known in the art.

For example, for expression of a polypeptide of the
invention, an expression vector may be constructed. An
-expression vector is prepared which comprises a DNA
sequence encoding a polypeptide of the invention and which .
is capable of expressing the polypeptide when provided with
a suitable host, eucaryotic or prbcaryotic. Appropriate

30

transcriptional and transla;ional control elements are
35 provided, including a promoter for the DNA sequence, a

transcriptional termination site, and translational start



and stop codons. The DNA sequence is provided in the  correct franme such

as to enabl e expression of the pol ypeptide to occur in a host conpatible
with the vector. The expression vector may be selected to be suitable to
5 express the nucleic acid sequences of the invention in, for exanpl e,
a bacterial e.g. E. coli, yeast, insect or manmal i an ceII. A bacul ovi rus
expressi on system may be used. The nucleic acid may be expressed in
order that a protein or peptide encoded by the fragnent alone is 10
produced or alternatively it may be expressed to prOV|de a fusi on
protein in which DENL-S275/90 or a protein thereof, e.g. E, NSI1, NS2,
NS3 or NS5 as identified in Table 1 above* ~ is fused to a second am no

St ansor ase”sy T SSHOTS" pAha: RFoPBRAFACEr 15 € TETHhA™ SR L or mi nal

si gnal S RFEReE fs*m sushgaente sapbler esrueps borREecthte fusion

protein to bepagugtadd r'dyﬂotcla.%rcth s Ebgte&aﬁsséiene w1tP{et§Hé3rvécQ:ctxhen
provi ded mnthran a rgpr|at are
&

0
grown so as tg'en e'%?‘ﬁr“esﬁc r2('5“’3"t oé&ﬂl?cgeahg°v€€t %e°a pl asni d
or a viral5veptpress the nuclikdcoesiig seduehees désthabieyemmqme:m. for

purification é’iample he RAlehi iR Pduced Byy1an 9&9&@55i9£‘e<\!€%1‘3r in a hOSt
cel | may be by neans known in the 3rt. Such mean$ are desi gned

separat e the PR IPBCeYe | rﬁ/e’r?t‘i“&ﬁ"fllr&% FPf@rSFﬁéP“ZBYSB?'Bt BIN PG the
host cell. Swsédbl eTheansclgicd wddd maycbeowxpegsapli tnsepdent tivat i t he

recovered proﬁgggbln or 'ggaé%ga@gaNHy Qh%ngrﬁgﬁgngﬁlgé75?g i nvention

may be used as a vaccine a 90 and
ot her DENOvi Pﬁ%‘e‘é‘:e‘?SLﬁ“f aﬁalrtyerﬂarfel"pﬁ]c)‘t dithdayndPep epprgssesf tIoPFAELF®vant i on
will be conbi pedishtreceoiarimomiidc DENA-527 5y00eRirakl predeihetheredf | uent

onooart i bo PESGR £, WE] PhaF sy G SOMAS AL THOTNBEE Peanoye

In a I mruni zi n uman agal nst
DEN1 i nf e2fi nsed B a secop AnifeAXId segusIEE n€- eorrgo§rt=eemagh| nst

DENL may £6HBENEE deFivédlErdh WL h IBHE PHHadFerastObrenaipbse
: 15 binding protein or a C-terminal or N-terminal signal
sequence. Such a sequence may for example cause the fusion
'protein to be exported from the cell. The expression
vector is then provided with an appropriate host. Cells
harbouring the vector are grown so as to enable expression
20 to occur.” The vector may be a plasmid or a viral vector.

Recovery and where desirable, further purification of
the protein produced by an expression vector in a host cell
may be by means known in the art. Such means are designed .
to separate the protein of the invention from the other

25 proteins of the host cell. Suitable means include
chromatographic separation of the recovered protein.

The polyprotein and peptides of the invention may be
used as immunogens for a vaccine against DEN1-S275/90 and
other DEN1 viruses. Suitably, the proteins and peptides of

30 the invention will be combined with a pharmaceutically '
acceptable carrier or diluent in order to prepare a sterile
vaccine'composition. The vaccine composition may then be
used in a method of immunizing a human against DEN1
‘infections. '

s Advantageously, a vaccine composition against DEN1 may
comprise a mixture of two or more peptides. For example,



- 5- i it may conprise one non-structural (NS) peptide,. eg. NS1 or NS3, .
together with a capsid (C), Mor E peptide. A mxture of two or nore NS

peptides coul d eillhstshéyeHa;@eleeplaced The proteins a d.”%péﬁ pEBR

i nvention may als |BRRt s-antigens in an i noas i égt ect
presence or ab !ﬁﬁ ] \ and especially DEN /u

proteins and peptides are optionally |labelled with a detectable | abel ,
eg a radioi sotope, biotin or a fl uorophore. The i Mmunoassay may be
conducted by bringing 10 a known quantity of |abelled protein (antigen)

I nt o cont act W th a sanpl e suspected gf -contai ning anti body agai nst DEN1
and detecting the presence or absence of anti body-antigen conpl ex

cont ai ni ng t e hapetdmsk v iqy@en non-structufhé KNSEnbephide scePr NS Hesxr -
antibodi es aga4 nsfzo%m %,5 Juaéﬁmse as%@t Idoraesi PHobL e ﬁspa?élaéptlﬂeﬁn@éuwe
|

I nvention. The I es may be nonocl onal or onal Monocl onal
ant i bodi es n8§ B%°p?€mmR%RiWﬁ/RﬁRFHQﬁﬁnE°PééhﬁlaﬁegekHB the art or
by recombi nant nepRre ﬁ@ownvs dethdh\gueptd des offntthbodnemnswoh mayhamaol}zed

anti bodi eg. 20 ar an ngnlg bgdi gs Bva}n@%ss e@_%) %Eﬁ%rgy_ Qg ?ggséﬂcg

net hod of treaf2 assi've | miuni sati on, ections. The
anti bodi es may abgense 9&e@ﬁﬁ¥pe§ﬂﬁﬂ9ﬁﬂFQﬂally n@W&gﬁ8§Pé9°eg Bhe

| munoassay, pE'@t@QBQC&n&h SepE MC&@rOptmma@nqameaENa:mn a sanpl e.

The anti bodi bel | ed as,descr.i he proteins and
pepti des % %«3 ﬁﬁvzﬁ{’?gh q’h%yr%mlﬁom e Ig‘(o%\‘:l E:vvlgt h a toxin
or isotope séﬂeoreéhpoeklIThellmmum¢ﬁ$§AXHﬂdxﬂﬂQ;CondUQQﬂQ BydbEdngdngnst

NS1 are pay t i@ty t.avxeu(:?dois' 086e NRlg prot &iEXQIRSiSRM )0 nicke conthaee of
Dengue virus-infect eg 30

The anti podi es Qf fhe inventi
al so ‘be used%ifhya sampﬁ'ﬁt ﬁBﬁpFStﬂ‘ét‘éEtc?'h%a’d?’éé%r?&t%r b &GRILSE D%Eﬁl
protein in and @e&&mmhag The peebedcenyr coppence 9f ianfi ipdvrardriderody
i nto cont act %¥éﬁ% t aqﬁ gpgﬁgegagglgg@tgﬁ@l&gﬂﬂ. proteins
n ectl ng

(antigens) a nmount anti b % 35, antigen conpl ex
formed. | munoassd&p$ a‘éﬁ’&“&lﬁg péspherovides RREIPAAL ¢ AR DT S anpl e,
conpetitive (agpveardieritiined proteins and peptides of the invention.

The antibodies may be monoclonal or polyclonal. Monoclonal
antibodies may be produced by hybridoma techniques known in
the art or by recombinant means to provide hybrid
antibodies such as humanized antibodies. ,

20 The antibodies of the invention may be used in a
method of treatment, eg passive 1mmunlsatlon, of DEN1
infections. The antibodies may also be used in a method of
diagnosis, eg by immunoassay, to detect the presence or
absence of DEN1 in a sample. The antibodies may be

25 labelled as described above for the proteins and peptides
of the invention. They may also be labelled with a toxin
or isotope selected to kill virus-infected cells.
Antibodies against NS1 are particularly favoured since NS1
is expressed on the surface 6f-Dengue virus-infected cells.

30 The antibodies of the invention may glso be used in a
method to detect the presence or absence of DEN1 protein in
a sample. The method may comprise bringing the antibody
into contact with a sample suspected to contain DEN1
proteins (antigens) and detecting the amount of antibody-

35 antigen complex formed. Immuncassays according to the

invention may be, for example, competitive (eg radioimmune



-6 :assays - RIA) or non-conpetitive (eg enzyme |inked i munosor bent

as says - ELISA). The followi ng Exanples illustrate the invention.

| n' t he acconpanying drawings: 5 Figure | is a diagramatic

representati on of the cDNA of Dengue virus Type 1 (Singapore strain
+S275/ 90) and fragnents of said DNA in expression vectors; Figure 2
shows gel results confirm ng serol ogic responses in mce after

i mruni sations with fusion proteins prepared 10 as in Exanples 2 - 5 with or
Wi t hout conplete Freund's adj uvant (CFA). Gel . Lanes: Lane 1. M
Lane 2: anti E, Lane 3: anti-E+ CFA, Lane 4: anti-NSl,
Lane 5: anti-NS2, Lane66 anti - NS2+ CFA, Lane 7:

anti-NS3, 15 jgqa _ K”f_) kxaof}!-c%mp%rltl'uUtS.sTegFé\ ﬁ@elgnké‘éf' - NS5,

Lane 10: anti - NS5+ : rabbit sera,
Lane 12: negaiqum%n%@r%ays = ELISA). . Lane 13: M Figure 3

shows gel results TuuﬁfdludnnﬁgwsﬂamprhsraageasEata 2Re [ﬂ@@?tﬁoﬂftefn ()
| mruni sati ons X‘U &ﬁéo&ﬂié)ttﬁlaqﬁ éepare as in Examples 2 to 5. (-),

serum before | m*rum r'um after i nmruni sati on. CGel Lanes:
Lane 1: (- § Figere: 1(n§ q”ﬂiaq;aqggﬁ;qgrepresentatlon of the ¢DHA ofine 4:

(+) anti-NS1, pbAgge Svikus . Tﬁéﬁﬁhz¥81ngapore straln s87s5 éb)aaha NS2, Lane 7.
(-), Lane 8 %rg ents of id e g , Lane 10: (+)
anti - gm NESD e ‘1'1 ’f?d:sﬁstm\?@ Eﬁ?ﬁ gE: 'Lane 12:

pati ent sera; Fig@de Fi ghlwes Mshmdlmrm@mnm seusdogycoi*e@bﬂéesel | s

infected w thijhepgue JY@@r11&%&3;§5€HEB§N%¥¥KjﬂNgiQn prot@&hbb? Eﬁr@ga'nSt
reconbi nant. fusi on prote A, control . .ant |serum B,

e s b, a3 PR\ S SReLES o SN ER e witiRiie Rpplece Freuna’s
'~ adjuvant (CFAa).

Gel. Lanes: Lane 1: M, Lane 2: anti E, Lane 3: anti-E+
CFA, Lane 4: anti-NS1, Lane S: anti-NS2,

o Lane 6: anti-NS2+ CFA, Lane 7: anti-NS3,

15 - _ Lane 8: anti-NS3+ CFA, Lane 9: anti-NSS,
Lane 10: anti-NSS5+ CFA, Lane 1ll: positive
rabbit sera, Lane 12: negative rabbit sera,
Lane 13: M;

Flgure 3 shows gel results confirming serologic response 1n

20 rabbits after immunisations with fusion proteins prepared

as in Examples 2 to $5. (-), serum before immunisation; (+)

serum after immunisation.

Gel Lanes: Lane 1: (-), Lane 2: (+) anti-E, Lane 3:
(=), Lane 4: (+) anti-NS1, Lane S5: (~), Lane

25 : _ 6: (+) anti-NS2, Lane 7{ (-), Lane 8: (+)
anti-NS3, Lane 9: (~-), Lane 10: (+) anti-
NS5, Lane 11: positive Dengue, Lane 12:
patient sera;

30 ‘Figure 4 shows fluorescence microscopy of C6/36 cells
infected with Dengue Type 1 DI-275 and probed with
‘antibodies against recombinant fusion proteins. A, control
antiserum; B, anti-E; C, anti-NS1; D, anti-NS2; E, anti-
NS3; F anti-NSS.



-7- > EXAMPLE 1 DENL virus, strain S275/90, was isolated in 1990
from the serumof a DHF patient in Singapore by 3 passages in AP61
(Aedes psuedoscutellaris) cells followed by 3 passages 5 in C6/36 (Aedes

al bopictus) cells, and identified by  inmmunofluorescence using

t ype-speci fi c nonocl onal anti bodies. After a further 8 to 13 passages in
C6/ 36 cells, the virus-infected culture fluid was partially purified

by precipitation with pol yethyl ene glycol and 10 wultracentrifugation on a

30% sucrose cushion (6). The viral RNA was extracted fromthe purified

virus by treatment with phenol in the presence of sodi um dodecyl

sul phate. Follow ng cDNA synthesis (cDNA Synthesis System Pl us,
Aner sham) usiBX@MPA&dam primers, the assorted cDNAs 15 were cloned into

EcoRl sites of pUgkRivegtas V%%rEQ‘P-RL'ﬂS/sada@&Qr§séf’£9ém9?r) -195% from
Esheri chi a coI| transformants contalnlnngTpgue speci fi1c segquences were.

screened by the S&T&My Oy Br PHEsRECIEN £A P F%b’@YI BPIINE G dfes
prepar ed ARG Ir e(\Aedes msaeﬁosbpmeaﬂamﬁsstcannsSEBSISOe&@#y s hges

cl oni g procegyics Meel deteavenlapniiisG DN TLONERa 1aehld Al | nserts

ranging in size om e én ese prl y cl ones
and their sLﬂkﬂ%ﬂﬂﬂﬁ1“°rQﬂﬁﬁ§Fﬁe@SﬂwgnéypﬁdseéFéFFGnEPnaﬁh??% s
(Er ase- a- Baseantibddidsem afteieed)fuidhersgbiectedphesdqubl en st6 ful

Sequenc! N9 2oee HEIGEE NS LA, ltided Shales.Riopheelenly | The
sequence data genera ed cover s ap the génom<T nce of
S275/ 90. pPurif img & jryecddddindaon é\‘tlrt@cmrlé@thwénﬁeéh}'%%tw%t ed

for the 5io ar\m&a@é}d&muq‘alta\eﬁndmwso(A,suZ:,ro&)e cheniisg aeP0 predl emin

bt I t act d t f
The 5’ and 3 v IHEOI g TE iRt Tron S0 e faRtndes i Ehances of |

obt ai ni ng cIohesawmnmﬁ1w1th(nhﬁmpl1Iﬂuﬁhaspngaampesodsswshhmadodheylern1naI

end.  sequengpshXe ! N IENRMENG RS QfntHdAI (%%Zé!%@ ‘Q?ngs:séysegﬁ\a' ned
by random pri and oligo(dT), primng (after F tarling of the
Virus - RNA) EL%% wk”%?%ﬁﬁ”hfq qnfan Oom primers, the assorted cDNASs

15 were cloned into EcoRI sites of pUCl8 vector via EcoRI
adaptors (Promega). The Esherichia coli transformants
' éoptaining Dengue-specific - sequences were screened by
colony hybridisation with 3P-labelled cDNA probes prepared
by reverse transcription of strain S275/90 RNA. The
20 cloning procedure yielded oveflapping c¢DNA clones
containing inserts ranging in size from 0.5kb to 2.7kb. '
The ends of these primary clones and their subclones
obtained by nested deletional analysis (Erase-a-Base
System, Promega) were subjected to double-strand sequencing
25 (Sequenase Version 2.0, United States Biochemical). The
sequence data generated covers about 90% of the genomic
sequence of 5275/90.
Potential secondary structures have been postulated
for the 5’ and 3’ ends of flaviviruses (4, 7; 8), posing a
30 problem in obtaining clones with intact ends. A different
stragegy for sequencing the S5’ and 3’ noncoding régions was
used to increase the chances of obtaining clones which
contain these sequences as well as the terminal end
sequences of the genome. <CcDNAs of strain S275/90 were
35 obtained by random priming and oligo(df) priming (after
poly(A) tailing of the virus RNA); these were amplified by



- 8- : pol ynerase chain reaction (PCR) in the presence of speci fic
primers, 796 and 10090/ B, respectively. The cDNAs of interest were then
religated into pUCL8 vector. The nucl eoti de sequences of the priners are
as follows: primer 5 796, 5 CCG TGA ATC CIG GGI' GIC 3'; primer 10090/ B,
5 GG AAT TCC AGT GGT GIG GATC 3' with a BanH site at its: 5 end.
The sequences of the prinmers were selected fromthat of the initial

cl ones of strain' S275/90.- To obtain the sequences at the 5 noncodi ng
regi on, random cDNA clones 10 were first generated as descri bed above,

fol |l oned by ligation to EcoRl adaptors before insertion into the EcoR
sites of the pUCLl8 vector. These Iigated Br oduct s of assorted cDNA
inserts were fl anked by the reverse an forward sequenci ng priners of

M3 in the plRIETeRa wlrsaaqto\%rdl’géauéncm@ BFFRERCSERT t hus used as
one of the spgmif&uspﬁiueﬂ%]?7§ﬁuadd gameolaDNAesbeuesVemye UBleel ESNAS

tenpl ates foroPCRitdyde Poesains, dle R AR 138 pOESR yaceBndspie the

plus strand o ate at nucleotl posftion to 8 of strain
S275/ 90) and Phﬁleﬁﬁh%? cseavenrce /s sﬁhsaglpéds‘leﬂrénarsr pRefoliowtn ARMLEEA CGG

CCAGT 3', s 78barsuactes . rdhearandrd icr @alwmhphﬁeat apboed/thes’ cge

ponIinker fr t 8 C e, and an skie fpat
nucl eoti de pos gﬁcég% %%Fté;gé ﬁ%‘f% eﬁ"d‘ h argpm H§ Sf-ﬁg 3t I‘*‘lonc%dl ng
region, an adehtiu onBhesseqguenses nef Lkhel MEngxisowereDRalegkiedefren thatr

extraction, the auei Lhedial chEREsiCid@aifNE2M8T doai | @3 BytRehythe
pol ynerase (Bethesda

sear¢h Labo atorles) W th ATP. ﬁg's s followed
by GDNA sYRERBEFES AFnRoI T GoRTHToLn DS oF STHe cPNP §{PRRa
cDNA syntﬁ@3|yer?hélsanegpnecedadessodeiﬁxﬂﬁedmﬁh@w@rsf&albwgdtbwn and
insertion int Q1§QQ%nSEBe§CQ§ItQ§a€% B’@Eéz‘l{ msefﬁro% ieReAkRd: pEBRI

‘Iigated products were galn sub anplification using the
" prinmer 10090/ SitRSi €F & ﬁdQUC13 Vectae- n1?ﬁ%§%t%¥%ﬁf%ﬁ pducEFpPrit e at

nucl eoti de posisisioated cDNAOif86rts #6r&9P1adiked Ny rths? e i)seamtdt he
;gp”rﬁ[f;g' b gtgrgz%aﬁ;gggﬁ B%Eﬂ&nd EEJnE’Pé-of M13 in tHd [ptEAPI R e The
e/ forward seguencing primer was thus used as one of the
primers for PCR. The ligated cDNA clones were .used as
templates for PCR in the presence'of pfimer 796 (which
binds to the plus strand of the template at nucleotide
position 808 to 825 of strain S$275/90) and the commercial
20 M13 single-strand primer (5‘GTA AAA CGA CGG CCAGT 3/,
Pharmacia). The ampiified cDNAs thus contained the
polylinker from the pUC1l8 vector at one end and an Xbal
site (at nucleotide position 728) at the other end. For’
the 3’ noncoding region, an additional step was included
25 before cDNA synthesis. After extraction, the purified
Dengue viral RNA was tailed by poly A polymerase (Bethesda
Research Laboratories) with ATP. This-was followed by cDNA
synthesis using oligo(dT) as primer for the first strand
CDNA synthesis. The same procedures of EcCORI adaptors
30 1ligation and insertion into EcoRI sites of the pUCl18 vector
were repeated. The ligated products were again subjected
to PCR amplification using the primer 10090/B (which binds
to the minus strand of the template at nuéleotide positions
110,086 to 10,099 of strain S275/90) and the commercial M13
'35 single-strand primer. |

All samples were amplified by 30 cycles of PCR with



-9- ¢ nmelting, annealing and polynerisation conditions of 1 m nut e at

94[err]C, 2 mnutes at 55 err]C and 3 mnutes at 72[err]C, respectively.
The anplified DNA was purified by el ectroelution in agarose gel followed
by appropriate 5 restriction enzyme digestions. The PCR anplified cDNAs
at the 5' noncodi ng region were double digested with Xbal and - EcoRl,
whil e those at the 3' noncodi ng region were digested with BanmH and
Ecol R before cloning into the appropriate sites of the pUCL8 vector. The
clones were screened and 10 subjected to doubl e-strand sequenci ng as
descri bed above. The sequence dat a, obtained fromthe overl apping
cDNA cl ones was ordered by honol ogy alignnent with the published

" sequences of medtfiaygr Ehﬁguelﬁ@r@ﬁdpﬁél 43 tafhs o DENA Usi ng
t he conputer f bur and Se 1 _shows the
conpl ete nucl eotlgg%gqag\ﬁ%é %fmnu Str € é% 959% \M%!’B‘r?‘ﬁs a§g721§-

‘nucl eoti des i KeSERGERVeRNd Thel@EPHeﬂueédDQM1wnsennmhsmmmewce The

readi ng franeél%@t&%elutl%“ﬂ thgafbsst gVG S nding to
nucleotlde 81 t%r and con?alsa %en reaf%%ﬁ&?gg p58§Q%0 188

nucleotldes enc ﬁ&té°BoF9ﬁ¥8Fe?hgﬁ?tB 0% ant® FCR %Rﬁkkfleﬁh§P§A§rét80
nucl eoti des i rthehdé”’ 5nongndétgngegéghonere dauﬂldE&hqhgﬁéanwn&asXbaItEﬁd3

noncodi ng regiRRRIThG n the | PLE n the
(rrst A el ““;fﬁgﬁﬁ 88 e °7 danBadens M P\ AT P RIEEEHE,
e

25 al | Dengue E?IRTHQfPEﬁg?ﬁ°B+"§hénEP the qnﬁﬁ9@§ﬂﬁ§ereg|on
of strain 8275ﬁ3@8|gflﬁhgepuchanvébabrof The ObbRe$ 4ldr&Edre@inedesha DEN3

(433 nucIepingﬁh 3 cleotlde
conposition of stfgﬁgdggggfgsblg g? 8@5 gg&gggééngqgfid%ﬁ?ﬁﬁgé% a5LN& -20. 7%
C. As reported folfbeh&egugere datp| abtaipadesronhthe soneemianpiagr cONA
‘conposition waslones @bsebradreandythaﬁelbéyaalaéﬁﬁaﬁﬁ Wit alnd pupiiadfkegat

o a5 comor SRR 85t Ul blHbaCER BiTngRCh A, “SATEL et e
det erm ned fr(ﬂﬁNHh@Sﬂ@Grtb@ngeap§éﬁ6t9pegramhe§ewclbana@nd Llpman (9).

15 Seq ID No. 1 shows the complete nucleotide sequence of
strain S$275/90, which is 10,718 nucleotides in length, and
its deduced amino acid sequence. .Qne reading frame begins
with the first AUG start codon, corresponding to
nucleotides 81 to 83, and contains an open reading frame of

20 10,188 nucleotides encoding a polypfotein'of-3396 amino

- acids; there are 80 nucleotides in the'S’ noncoding region
and 450 nucleotides in the 3‘ noncoding region. The -
sequence in the 5’ noncoding region preceding the first AUG
codon of the open reading frame appears to be conserved for

25 all Dengue virus types (1-4). The length of the 3¢ ,
nonceoding region of strain S275/90 is longer than that of
DEN2 (412 nucleotldes), DEN3 (433 nucleotides) and DEN4
(384 nucleotides). .

The nucleotide composition of strain $275/90 is 31.9%

30 A, 25.9% G, 21.5% T-and 20.7% C. As reported for the other
flaviviruses, the same purine-rich coﬁposition was
observed, and there is an absence of poly(A) tract at the
3’ end.

The individual protein coding segments are based on

35 comparison with protein sequence data for all the proteins _

determined from the four Dengue serotypes. These cleavage



sites ray reveal the involvenent of viral or cellular pr ot eases invol ved
in_protein processing. The C, preM M E, NS1, NS2A, NS2B, NS3, NS4A,

NS4B and NS5 proteins are” " cleaved at the sites M MNQRKK, A/ FXL, RXKR/ SV,
XI MRCXG, 5 VQA/ DXGCV, VXA/ GXG X/ SWPLN, KXQR/ XG GRX/'S, VXA/ NE and R G

respectively, where X refers to any residue. The cl eavage sites of NS2A,
NS3 and NS4B conformto the reported consensus sequences (4, 5), which
were originally established by Rice et al (10). 10 The nucl eoti de
sequences of the structural and nonstructural regions (5 noncoding end
to NS1, about 2400 nucl eotides in Iength) of Nauru Island strain of
DENL1 (isolated in 1974) and strain S2#¥8/ 90 were conpar ed.

Nucl eot i de varnglog §h93§ g?a% tran§$£|ons ar out 8%1@@f¥glar
[tranS|t|ons/€tranS|fa ons ransver sions Qn structural

regi on and 92 Pf%tleﬁsteﬁelle%@ b, PISLe bt RWSIHG badhe kangpEeMar ¥,
transversi ons g,n NS1€ mswctusgh regs Prueasl, nsap . 4 iNsd i élinsearen. The

~overall 236 nug Ieotlde ere rd 27 aci d
substitutions.® Esa§h5ﬁﬁ Fﬁ ?ﬁb gﬁéqﬁgKe #k%ﬁi;n ix?ﬁéyﬂ)ﬁfgﬁqg§'93.l@b
and when (VR AXEcYd, VKRAEGHRL n¥/ SEPEN hoRBORLNG i SR/ B%VXA/NEAlarnidough

both strains vgre 'I%Hp"ék%(ivfamm Qh&i‘:érﬁn{-efers 9@&95%9@&5'{% Onspyy th an
i nterval of 16 years observed between the

two strains. agceaﬁlé‘l o°l§e“§§én Pﬁ3Tgé?eN§4?h%?n§?’F'&|?P .5/ 90 shows a
hi gher honDIogmewmnﬁedjaﬂ&sbhsnsmsbhuEEhEsand,EEhm.wﬂtmh weré&ust Bpinald y

di ver gence of égggbﬁggyadsﬁf i%etﬁﬂnaﬁh?lo transl ated amno acid
di vergence. The great est eotid and am no aci d changes, and hence
the great e? evoILnTQﬁlnqﬁieqtléelﬁeﬂH§“ﬁ8ﬁsPﬁu&PErﬁFr@%ﬁ%r 2040 all the

four Dengue nosetnisthesl Adyighshqspl agyicoaihquaddi 8o NES1 an@hoNBB 24¢0 ch
contai n conser c t .al 1).c ee
13@@1‘{?&[ ei% Aensth); ef, a'dﬁﬁ II%la‘\é Le£Q Id%% {

t opot ypes of I ' nes -an ean)
genetically 351%?14¢Edeﬁvéﬁ6ﬁé @@@léﬁraIWe§2ﬂédﬁ§ Hacﬁeepmaere@anges to
be less than SRubuéot ISt it dn EHower ¢haes +ehnd¥tdbnkh8re about 85.0%

15 (transitions/(transitions + transversions) x 100%] in the
structural region and 92.1% in~thé NS1 region; 15% of. these
base changes are transversions in tﬁe_structural region and
7.9% in the NS1 region. The overall 236 nucleotide
differences have given rise to 27 amino acid substitutions.

20 As shown in Table 2, the nucleotide homology is 93.1% and
when translated, the amino acid homology is 97.6%.

Although both strains were isolated from different
geographic regions with an interval of 16 years, a higher
homology was still observed between the two strains. It

25 can also be seen in Table 2 that strain 3275/90 shows a

- higher homology with DEN3 then with DEN2 and DEN4. The
nucleotide divergence of each gene is less than the
translated amino acid divergence. The greatest nucleotide

" and amino acid changes, and hence the greatest evolution,

30 lie in the nonstructural gene NS2A in all the four Dengue
serotypes. A high homology is found in NS3 and NS5, which
contain conserved sequences.

Chu et al (11) compared three topotypes of DEN1
strains.(Thailand, Philippines and Caribbean) genetically

35 at the envelope region. They found nucleotide changes to
be less than 5% but translational differences of 2% at the



amno acid level. Qur strain S275/90 shows nucl eotide changes of 7.7%and
am no acid changes of 2.6%in the envel ope regi on. Ri co-Hesse (6)
conpar ed nucl eoti de sequences wWithin a chosen E/NS1 region to estimate 5
evol utionary rel ati onshi ps anong 40 DEN1l strains of di fferent geographic
range and tinme period. TABLE 2 HOMOLOGY (%
COVPARI SON OF ALI GNED NUCLEOTI DE SEQJENCES OF THE FOUR DENGUE SEROTYPES

W TH STRAI N S275/90 (AM NO ACI D ALI GNMENT ~ W THI N BRACKETS) . S275/ 90
DEN1 °MERe acld levedpNgoOur straimySRAS/S¢fhows nugledtide7. 6) 67.1

(70.9) 70.4chAbgls o651 Uy @AdGpmihengiia ch5ngét0l‘b-f 2168 in the 81.7

93. 8 210600k 8gfon.C pico- re@ric 80.5 (80.7
68.1 (67.9) SPIBQH% Rlcé SQS?A(? '%;’ EO"%&%'E‘% 68.0%68.13
¥ 03 53589 Vi = shoben Balss foalln coogsriates) |

92.3 (97.4) e¥9MMtigmany red@atiopsBiny arhgs4GUEN) strWShs of  92.6 (98.0)
70.1 (73.6) di4ferend. iéogrm:hic( §8m§é andVedfle perlod 55.1 (39.0)
57.0 (46.8) 51.7 (37.9) NS2B 66.0 (60.8) 69.4 (69.2)
63.1 (60.8 NS3 - 7 9.3 74.0 (84.5 69. 9 75. 4
NS4A( ) - 630(61 4) 69'13%&‘%% 7)) 628((58 7)) (754
69.7 (76. 7 __ﬂQLgQY(&2)ggouﬁﬁhxkg§76r9inrcﬁ#35NUCLEOTIDE SEQUENCES B& ¥H 78.7)
73.8 (81. 0)EQURQDENG

ROT TH _STRAIN S275/90 NO ACID A NHRENT
79.5 codi THIN BRACKETS

5275790 DEN1 DENZ DEN3 DEN4
Full 93.1 (97.6) | 67.1 (70.9) | 70.4 (75.5) |-65.1 (67.6)
Yength T ) .

5 non- | 100 81.7 | 93.8 | 87.7

coding _

c 97.4 (98.2) | 70.5 (67.5) | 80.5 (80.7) | 68.1 (67.9)
PrM 91.6 (95.6) | 71.1 (75.8) | 75.8 (78.0) | 68.0 (68.1)
M ~_193.3 (98.7) | 64.0 ¢70.7) | 70.3 (78.7) | 60.7 (60.3)
E__ 92.3 (97.4) | 65.4 (67.7) | 69.0 (76.4) | 64.8 (61.8)
NS1 92.6 (98.0) | 70.1 (73.6) | 74.5 (78.7) | 70.1 (68.8)
NS2A - 55.1 (39.0) | 57.0 (46.8) | 51.7 (37.9)
NS2B - 66.0 (60.8) | 69.4 (69.2) | 63.1 (60.8)
NS3 - . | 72.0 (79.3) | 74.0 (84.5) | 69.9 (75.4)
NS4a - 63.0 (61.4) | 69.6 (68.7) | 62.8 (58.7)
NS4B - 69.7 (76.7) | 74.9 (82.3) | 71.1 (75.9)
NS5 - 71.7 (78.7) | 73.8 (81.0) | 69.9 (72.9) "
3’ non- - 83.8 87.4 79.5
ceoding
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EXAMPLE 2 CONSTRUCTI ON OF EXPRESSI ON  PLASM DS St andard
reconbi nant DNA techni ques were used for 5 construction of the expression
plasni ds. descri bed bel ow and summarised in Fig. 1 (Sanbrook et al.,
Mol ecul ar Coning: a | aborat ory manual . Cold Spring Harbor Laboratory
Press, N.Y.). For construction of plasm ds, the cDNA regi ons
for E, 10 NS1, NS2, NS3 and NS5 of clone DI -275, a DENL cDNA cl one
derived from DENL virus Singapore Strain S275/90 as in Exanple 1, were
anplified by the polynerase chain reaction (PCR) and digested with
restriction enzynes. The restriction enzyne sites were built into the
15 ol igonucleotide priners used in the PPR as set out in Table 3 and
Seq I D Nos. 3-12. Fragments of E, NS3 and NS5 cDNA digested with
restriction enzynes were ligated to the pGEX-KG vector - (Guan and
D xon, Anal. gﬁggﬂﬁgiﬁigg, 262- 267, 1991). 20 . Fragnents of NS1 and NS2
cDNA were lig - L-c and pMAL-cRI vectors (New Engl and
Bi ol abs), resfQUSTRYGTIMHQF EXPRESSION PLREMIDSExp. Pur. 2, 96-107, 1991;
Mina et al., Cene standdéh :¥mbipantoBRh deckHifuel dbre G080 £l 21-30,
1991). The constructlon of gone I.n St aggs The 25
5' -regi on,® t heSTHRIITEIR M ﬁ?ﬁh@ﬁ@gFééﬂPBep a5nidsg eﬁ?rlb hegkow \apd
made by PCR, dégmesdeisedtin Juld. and s@mkirooknedtt hé., Moletuleg|c¢pni¢gx a
fragment from | (d
| sol ated di rec?%g&feér)%dr’n hrggrzl%l\}A OC?JJ)S tg%g%% Harbog LQB%rgf%%ngrm) by d al
and Sacl doubl ¥- ¥t estlon The 30 two parts of NSS were |igated together,
then ligated into For cohetpEidiGofegilasnidRecanki nalt pkgsanhdsfoere,
e RS uehst ¢ 82, s olhg B U loi@in A0 EL o bRISeofth) cRbAR I O°
encoded Dengue Vil pfoteins fused to at hi one
S-transferase SFrNMP@o§§°B|%%Nth¥FQﬁeﬁ%ﬂ%ﬁﬂﬂwﬁ 3§§aln §275/90 ad in

Example 1, were amplified by the polymerase chain reaction
(PCR) and digested with restriction enzymes. The

restriction enzyme sites were built into the

15 oligonucleotide primers used in the PCR as set out in Tabie

3 and Seq ID Nos. 3-12.

 Fragments of E, NS3 and NS5 ¢DNA digested with
restriction enzymes were ligated to the pGEX-KG vector
(Guan and Dixon, Anal. Biochem. 192, 262-267, 1991).

20 Fragments of NS1 and NS2 cDNA were ligated to pMAL-c and
pMAL~cRI vectors (New England Biolabs), respectively (Foid
et al., Prot. Exp. Pur. 2, 96-107, 1991; Maina et al., Gene
74, 365—373, 1988; di Guan et al., Gene, 67, 21-30, 1991).

' The construction of NS5 cDNA was done in two stages. The

25 5’-region, the cDNA fragment from nucleotide 7544-8365 of
NS5, was made by PCR, digested with Sall and Clal; and the
3’~-region, the fragment from nucleotide 8275 (Clal) to the
3’-end of NS5, was isolated directly from the cDNA of clone
DI-275 (D-275 cDNA) by Clal and Sacl double digestion. The

30 two parts of NS5 were ligated together, then ligated into
the pGEX-KG vector. Recombinant plasmids were transformed

into E. coli DHSa or c600 HF1 strains. All plasmids
encoded Dengué virus proteins fuéed to the C-terminus of

glutathione S-transferase or Maltose Binding Protein (MBP).
3%



- 14 -= EXAMPLE 3 PURI FI CATI ON OF E. NS3 AND NS5 PROTEI NS FROM
RECOVBI NANT E. COLl 5 E. col, harbouring E, NS3 and NS5 genes
(separately) - were grown in LB nedium[err] of 0.5 at 37[err]C, then

i nduced with IPTGat 0.2mMfor 2 h at 30[err]C. The bacteria were
harvested and resuspended on ice in MIPBS buffer (0.15 M NaCl, 0.016 M
[err] 0.005 M[err] with 0.1 ng/m 10 | ysozyme, 1%triton X-100, 0.5
[err]/m aprotinin, 0.05 [err]/m lleypeptin, 0.25 [err]/m pepstatin
5mM DTT and 0. 175 [err]/m PMSF, and kept on ice for 10 mn. The cells
wer e soni cat ed at maxi mum power for 3 x 1 min while chilled. The

| ysat e $x uged at 12,000 x g. The supernatant was added 15 to
1nm d utathlonezggééagose 4B beads (Pharn30|a) and |ncubated at
4[err]C on a r RUBIEICARION OFt P, JfS PROFEINS FRQ M

beads were centy.i fu-gggl and washed W|th PBS buffer (by centri fugatlon)
at least 6_tines, he, wash sol uti ad zero,at rl,n a
spect r ophof omet er . °°#ﬁe B%%H%“V&ﬁ%& e§ﬁ?p€ﬁ§egsg gFﬁFﬁnﬁfﬁpi é%%t
buffer, and wertahgrmngma LB rmed juotAinef ver e at 3R, difent Hadyegds wit h
thrombin at 47 ghthCrbat %thﬁ 2108 S SHPETH 22 No- Ccomrﬁb”bQGtena Wergue Virus

proteins, was recovere centrifugation, an rotein .
stored at.-80[ &Aryestes ahd resagpeed on 1°§o}BBP4EP§§TP%QfﬁND(?>U§ﬁf CATI.ON
OF A FUSI ON PRBEELN GFolB1M Na,HPBROM |ddCG WSINGN.BOPI ESth ¢.1 mg/mlE. coli
cont ai ni ng,t he I oQgp L0 e r 0 except tac
.pronntersgmerelyéé &%% mﬁ%h£g£gﬁﬂdyﬁfog'q%ﬁ%ﬁ%%nﬁlgpﬁgggﬁgnbaéf§$|
harvested, 1 giewpgbtin, 0.2{eckghnl gpepstatoln, \Hadl P@?u@ﬂén@ea7§n#5/m4 IyS|s
buffer with pmsrl Yapay RBpet oft- Bc8UfSE ANGhiMAS TP calae LekeZsdnilbated.

b0 n o) "4 Rl e, Bt Cf UL B MR REY, e fGBAEL T V0%
final concentr aeisocentr@f8yedr atoh2 X04Q0% g. The supernatant was added
15 to 1 ml Glutathione-Sepharose 4B beads (Pharmacia), and
incubated at 4°C on a rotator for 1 h to absorb the fusion
proteins. Then the beads were centrifuged and washed with

PBS buffer (by centrifugation) at least 6 times, or until
the wash solutlon read zero at Ay, in a spectrophotometer.
20 The beads were resuspended in thrombin cleavage buffer, and
the Dengue virus proteins were cleaved off the beads with
thrombin at 4°C for 1 hr. The supernatant, cqntalnlng
Dengue virus proteins, was recovered by centrifugation, and
the proteins were stored at -80°C.
25 : e
EXAMPLE 4 ' ,
SOLUBILISATION AND PURIFICATION OF A FUSION PROTEIN OF NS1
FROM INCLUSION "BODIES
E. coli containing the NS1 fusion protein was grown as

.30 above, except the tac promoters were induced with 0.3mM
IPTG for 16 h. The bacteria were harvested, 1 gram wet
weight of E. coli was resuspended in 5 ml lysis buffer with
lysozyme at 1.6 mg/ml and was sonicated for 2 x 15 sec.
After centrifugation at 1000 x g the supernatant was again -

35 centrifuged (és,ooo X g). The pellet was resuspended in 2

ml HO , adding 2 final concentration of 0.%% Triton X-107,



- 15 - 10 mM EDTA, and 100 mM Nad, then centrifuged at 20,000 x g
tw ce. The pellet was washed with 1 mM 2 Murea tw ce and di ssolved in 8

Murea in 0.1 MTris-HC pH 8.8, 0.14 M 2- - mer captoet hanol. The urea
concentration was reduced to 1 M by adding [err] and anyl ose resin (New
Engl and Bi ol abs) was added to adsorb the solubilised fusion protein at
22[err] C for

1 h. The anyl ose resin was washed with buffer (New England
Bi ol abs) five times until the [err] of the clarified super nat ant was

near zero. A final concentration of 50 mM nmal t ose was then added to
elute the fusion protein, which 10 was recovered by renoving the beads
by centrifugation. EXAMPLE 5 PUREFLCATI ON OF A SOLUBLE FUSI ON
PROTEI N OF NS2 After gromth of E. coli transforned with 15

PMAL- CRI / NSA0L mM yRATA arathcs QUiicc a4 mnlasthanEb&miﬂzﬁﬂlq%lD\ﬂ zo ooloh& g
clarified ex@wla&;_ c S f usi on
adsor bed ont %%lll oglgjteaé:ml nriqetf Qﬁ Qjag?’be% I‘>J§%h\/\gsrxlﬂn 7 M t| on ot'%ntdhe NS2

fusi on proté Yof phinrf|Me urea 4“hl90\JeM TFis- HC]E)EWFQ_'E"G 0.14 M 2-

:\IS Ng/UN:\géTl mﬁcmﬁﬁ:ﬂ#\i) M'I]fﬂi urea cr%acﬂiﬁcr%odm Bvd &St @ud¥ O 1 rhS zpf E,
an ified fromreconbina coli_, a

and 5 255 NS'govlénq |ﬁgaugﬁgghBSdfﬁglﬁoE%EVnFﬂalPﬁg %éfngg gﬁas

protei n whi chdfed b‘éeﬂfﬁiwaﬂw splubul tired Musgioen eishtein st 2g° @Qstom

Exanpl e 4, werm. p"ﬁﬁ@da:ﬁiﬂ@%'x\/eé{h%'%i{éw w1thbHuf?érf?ﬁe@r§rR§l[é’ttd ve

SDS- PAGE i n QQ}{%) gl%/ Iamd rg proteins were visualised

by staining W % b594 mesdﬁ‘a'ﬁ’a]sstf B‘T!&Pe°1f0|thf0%¥1f‘llﬁg gel segnents

wer e cut andsuperhénn99nwaednearszerale PBS nal xednokebhhrEtéondds aadj wivant

d ted | t | d
SEbCLtha ﬁgoﬁsﬁdutegkhwagnkﬁeﬂhsﬁseﬁal%’ éguéé‘ Eﬁ.g“%ﬁgk% \6501;9.1@“ high

first S xt

200- 500 [ err 2§t rF&QVSﬁEﬁrBt'erﬁmsmngn}ﬂe%tegads buos‘entaﬁeqaitasm ts
bl ed 14 days after the |ast booster

EXAMPLE 5

wer e

PURIFICATION OF A SOLUBLE FUSION PROTEIN OF NS2°

15 After growth of E. coli transformed with

PMAL-cRI/NS2-1, lysis and sonicat &n as in Example 3 above,

the clarified extract containing 1i.e soluble NS2 fusion
protein was adsorbed onto amylose resin, followed by

washing and elution of the N$2 fusion protein.;s in Example
4 above. )

20

EXAMPLE 6
IMMUNISATION OF RABBITS AND MICE

The soluble fusion proteins of E, NS2, NS3 and NS5
’s purified’frbm recombinant E. coli, as in Examples 3 and 5
above, and inclusion bodies containing the NS1 fusion
. protein which had been purified up-td the 2M urea wash
stage as in Example 4, were placed'directly in SDS loading .

buffer for preparative SDS-PAGE in 10% SDS-polyacrylamide

50 gels. The proteins were visualised by staining with 0.05% -

Coomassie Blue for 10 min. The gel segments were cut and

homogenized in sterile PBS, mixed with Freund’s adjuvant
and injected directly into white rabbits intramuscularly
and subhcutandously on the first,

days with ahout 200-500 pug of fusion protein per injected

dose.  The rabhite were bled 14 days after the

sixth and twenty first

lact hooster



- 16 - dose. For immuni sation of mce, 12-day old female Sw ss

nice ‘were inmunised with the sol uble prot-ei ns of E, NSI1, NS2, NS3 and
NS5 fusion proteins with or without Freund's ~ ~ adjuvant. The injections
were intraperitoneal or 5 subcut aneous on the first, fourth, and
fourteenth day, usi ng about 20 [err] fusion protein per dose. The mce
wer e bl ed 14 days after the | ast dose. The sera of rabbits and

"mice were used for | FA and i nmunopreci pitat% on assays. EXAMPLE 7
RADI O MVIUNOPRE TATI o] reci pit at r
wi th rabbit angbgg ngﬁgéraﬁ?m%%ﬁ?eg?ggalﬂg¥n8£e g%rﬁifhéfqn%é%§f%(¥alss

non- st ruct ur al Mice WBERgABRYNiged eI PRINO IRl 9 PTPBe ML OE DNSAS, At
36- 15 40 h pse2t, - NsBeahl8onsof fGH136 pedbteins thiengHewiialse Freuris/b/ 90

trai |1 di h. di
cont &l hi ng. 3 [ SEOLVEPTEc, Mk SR LERLAGE LA Minprap PR BRI n | 2€ C0F on
of fresh.nedi ussRcUtapeppp on thﬁefh¥%ﬁtn@°%ft90 apdr fourtegnts dagfs ]/ m

actinomycin D h@ﬁn@ EBoutfnbtberfasbon pheté&chl emeaeseMBSfﬁﬁimmdélwé&éi

PBS, di ss I.n Rl PA Trls pH

NG, 10 i EDPASS Linaxs =pter o g% 9858 uphe PEleqof Katilse, a1,
[err]/n1 PNBF]m@ﬁeIGQI?OPSthfOFhéﬁA and phavieprecipitanion PFAs 40 mn.
The | ysates were 25 precleared w th normal serumand protein A '
Sepharose10 For. |qnunopreC|p|tat|on rabbit and nouse sera that had
been prea th nornal uni nfected C6/ 36 cell extract fixed
by col d acet on®ARIIOd PRECH ARIONBel ed antigen over ni ght at

4lerr] C. The virus @h@w@lamﬁnbbbeexpieaﬁhsxssw§93 AWRECWRERCERLE £ E4nii t h
protein A—Sepharose and eC|p|tat|on buffer

r
[10 mM Tris- HO® ug@v@&ﬁlbodles BQQ@EﬁFoFPﬁuﬁtr$$tH528 apd RPRTTRE UEtYER Y
NaCl], 6 t|nesDengudlumru%XrSBBmBAﬁEnbufhelomasraddeds bdi bed7%0r RtnBa-

and h8e suREHYRU- g&gckqaﬂeef085?3%24%§9§ quxaﬁ@xbaa1d§rgel 35

After fixing enhanC|ng and drying el was exposed t K film
The results comfd AP t B3R E&&lle§“t1 ure medium was replaced g7t

methionine-free pedlum contalnlng 3 ug/ml actlnomyczn D for
3 h, followed by the addition of fresh medium with (¥s}
methionine at 20 pCi/ml and 3 ug/ml actinomycin D for a

20  further 3 h.. The cells were .washed with cold PBS,
dissolved in RIPA buffer (100 wM Tris-~HCl pH7.5, 150 mM
NaCl, 10 mM EDTA, 0.1% SDS, 0.1% NP 40, 1% sodium
dexoycholate, 100 gg/ml PMSF] on ice for 1 h, then
clarified at 1000 x g for 10 min. The lysates were- _

25 precleared with normal serum and protein A Sepharose. For
immunoprecipitation, rabbit and mouse sera that had been
preabsorbed with normal,‘uninfected C6/36 cell extract

~ fixed by cold acetone were incubated with labeled antigen

overnight at 4°C. The virus protein-antibody. complexes

30 were precipitated with protein A-Sepharose and were washed
with immunoprecipitation buffer [10 mM Tris-HCl, pH7.4,
0.05% aprotinin, 1% NP40, 2 mM EDTA, 0.15 M-NaCl), 6 times
then 2Y SDS-PAGE buffer was added, boiled for 2 min, and
the supernatant was locaded on a 12% SDS-polyacrylamide gel.

3% After fixing enhancing and drying, the gel was exposed to
Y-ray film. The reéults confirmed that antibodies to




reconbi nant E, NS1, NS2, NS3 -and NS5 had been generated in mce (Fig.

2) and in rabbits (Fig. 3). These antibodies ‘reacted with the native
E, NS1, NS2, NS3 and NS5 proteins synt hesised in infected C6/ 36 cells.
5 EXAMPLE 8 | NDI RECT | MMUNOFLUORESCENCE ASSAY The C6/ 36
cells infected with Dengue virus S275/90 for 2 days were fixed on
glass plates with cold acetone for 10 i mrunof | uorescence. 2-fold
dilutions of the sera of -rabbits or mce were incubated with the fixed
cells for 1 h at 37[err]C, then washed with PBS. Secondary anti bodies
were . linked to fluorescein and incubated for 1 h, followed by

washing Wi th PBScéMbiiseryatidan wsbNgnkhUghasSH89CRadOveehl SENSENNa 1410 4
shows t he ant|%§£g LpiE, Sl,ANSZ,rggg. Fand NS5 rfgcted sgs&h¥10ally
with the Dengul V§rtstE27g g9 7 TPRPAEFedFEar1 47 - putPRBRL T AN 1 S%r um
did no react. reactedanith fthieomadfivieh&,r 8Sal.t Nfas N8B and NHS TR ke Y)s

showed t hgyneRed T8BHE A BFURER AL @62ble £@3@8hI nant Dengue virus 20 -
‘proteins (E, NS1, NS2, NS3 and NS5) occurred in both mce and rabbits.
- 18 - TABLE 3 A i gonucl eotides used to prepare cDNA

fragments COEKAMPBE® ng t o Dengue virus proteins (by PCR) 1.
PGEX- KG EX- 20 InpIrE@f riMmunorLuckEscekce? ¥ekag/ NS - 104
The C6/36 cells infected with Dengue virus S275/90 for
2 days were fixed on glass plates with cold acetone for
10° immunofluorescence. 2-folé dilutions of the sera of
rabbits or mice were incubated with the fixed cells for 1 h
at 37°C, then washed.with PBS. Secondary antibodies were
linked ‘to fluorescein and incubated for 1 h, followed by
washing with PBS for observation using fluorescence
15 microscopy. Fig 4 shows the antisera to E, NS1, NS2, NS3
and NS5 reacted specifically with the Dengue virus S275/90
‘infected cells, but control antiserum did no react.
Quantitation of the result (as set out in Table 4) showed
that:an.immune response to all recombinantioengue virus
20 proteins (E, NSl,'st, NS3 and NSS) occurred in both mice
and rabbits. o - '



[err] 15 | 3. pMAL-cRI/ NS2-1 DI R-NS2PM EcoRI NS2 [err]
pGEX- KG NS3 BHC6001 [err] 5. pGEX- KG@ NS5(C600 HF1) [err]

- 19 - - TABLE 4 | MMUNE RESPONSES OF M CE
AND RABBI TS: | NDI RECT ' '

- 18 -

TABLE 3
‘Oligonucleotides used to prepare cDNA fragments
corresponding to Dengque virus proteins (by PCR)
1. PGEX~KG/EX-20 '
5 DIFQZOEéFCORI E

5/CCA TGA ATT CCCJATG CGA TGC GTG GGA
DIF2400X Xhol

S’CAC ATCLTCG AGT éiG CTT GAA CCA TGA

10 2. pMAL-c/NS1-104
DIR2400S Smal—NS1
5/ TGG TTC CCG GGG ACT CGG GAT GTG TA
DIF3458H HindIII NSl
5/ACT #AG CTT GAT CAT GCA GAG ACC ATT GA
15
3. pMAL-cRI/st-l
DIR-NS2PM_ ECORI - NS2
5/AAT CAGVAAT TCT CTG CAG GGT CAG GGG AA
DIF-NS2H HindIIT _NS2
20 5/ATA ACA AAG CTT ATC TTT GTT TCT TTT TCT

4. pPGEX-KG/NS3 BHC6001
DIR~-NS3B BamHI S3

5/GAA AGG ATC dgc TGG AGT GTT ATG GGA CAC A
25 DIF-6360H_HindIII S3

s

5'ACC CAA GCT TCA TCT TCT TCC TGC TGC

S. pGEX-KG/NSS5(C600 HF1)
- DIR-75445 Sall NS5

30 5’/AGG AGG TCG ACG AGG TAC GGG AGC C
DIF-8365

S’CAA TGA TAT CTA GGT TGG CT



| MMUNGFLUORESCENCE ASSAYS No.

r econbi nant

Dengue virus type 1
[err]

preot ei ns IFA E
11 14.91 E + CFA

39.62 NS1 ' 10

10 12.05 NS2 + CFA

12. 07.: NS3 11

CFA 10 42.56 NS5
10 7.94 NS5 + CFA ~ 1° -

10.47 E + NS1 17

18 10. 87 NS2 +NS3 '

9.23 NS5 + NS3 BLE

4 IMMUNE RESPONEEs F MICE AN% RABBITS: INDIRECT
< 4 PBS IMMUNOFLUORESCENCE ASSAYS

virus type I  No. of rabbits r econbi nant

of mce

Titrations of

10
14. 89 NSZ
10
10.94 NS3 +
10
16. 66 NS3 + NS1
14
32.14 MBP
4
< 4 Dengue

Titrati ons[fol plutﬁFﬁS Ferr—FA——t
1 Dengue viqgg)tymg;l No. of mice - ;
160 NS2 ($7) recombinant 1 Y Ti2580ioNS20f6
1 Profgansnga 1 IFA
2560 NS5 | E 131 : 1631
- 20 - E + CFA SEQUENCE LISTING (1) $ENERAL
INFCRNATIONISI 10 14.89

NS2 i0 12.05

NS2 + CFA 10 12.07 .

NS3 - 11 10.94

NS3 + CFx 10 42.56

NS5 10 7.94

NSS + CFi 10 10.47

E-+ NS1 17 16.66

NS3 + Ns1 18 10.87

NS2 + NS3 14 9.23

NS5 4+ Ns3 10 32.14

MBP. 4 < 4

GST 4 < 4 .

PBS 2 < & i

" Dengue virus type 1 No. of rabbits -

recombinant ' Y Titrations of
proteins “IFA

E 1l 160

NS1 . 1 160

NS2 (67) 1 2560

NS2 (68) 1 640

NS3 1 2560

NS5 1 160




(i) -APPLI CANT:

(A) NAME: Nati onal
(B) SIREET: 10 Kent "Ri'dige Crescent

Uni versity of Singapore
(G dATY: Singapore

(B ""T' £y L asiBagn Repbica . (F) POSTAL CODE (4 (1i)
TI TLE engue Virus (Tii) NUMBER WH@@@%
(iv) Cf | n' FORM (A) MEDI UM JIYPE: REDRYES! %EN I
. (B) CCJVPUTER | BM corrpati bl e C) OPERATHFNG=SYSTEM

PC- DOS/ Ms- DOS : (D) SOFTWARE: Paté tT'n Rel ease #1.0, Version #1.25
(EPO (v) CURRENT APPLI CAT APPLI CATI ON NUMBER:
(2) I NFORMATI ON FOR SEQ I D NOg%JEgélE %E?WG SEQUENCE CHARACTERI STI CsS:

(A) LENGTH. 10718 base pairs (B) TYPE: nucleic acid
STRANDEDNESS(l)sFﬁgF%M- INFORMATION:D) TOPOLOGY: |i near (i) MOLECULE
TYPE: cDNA correg Pg‘gchpé RNA (genom c) (iii) HYPOTHETI CAL: NO
(iv)-ANTI 'SENSE (a) NAMH:) NERlGEh NAlni ‘of Singapore (A) ORGANI SM
Dengue Fever Virus Tyme 4TREET: 10 Kenf BRidg RA N:erﬁZ?%/ 90 (i x) FEATURE:
(A) NAME/ KEY: CDS (C) CITY: Bingda@ord| ON: 81 ..10268 (xi) SEQUENCE
DESCRI PTI ON: SEQ I D ﬁ%@% RA%CAGTT TCGAATCGGA AGCTTGCTTA
ACGTAGTTCT AACAGTTTT A CAGATCTCTG ATG AAC AAC CAA CGA
AAA AAG ACG GCT (€GA TITLE OF INYENTION: Dengue Virus Met Asn Asn A n Arg

(O

Lys Lys Thr Al a Ar . 1 5
10 CCG TCT TTéiAAg NRHEBERRE RRRURHEES 3@ AGA AAC CGC GTG TCA ACT GGT
158 Pro Ser Phe (Asp ddeeuter RexsasdEgrddia Arg Asn Arg Val Ser Thr Gy

(A) MEDIUM TYPE: Floppy disk

(B) COMPUTER: IBM PC compatible

{C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25 (EPO)

(v) CURRENT APPLICATION DATA:
APPLICATION NUMBER:

(2) INFORMATION FOR SEQ ID NO:1:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 10718 base pairs
(B} TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: RNA (genomic)

(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

ORIGINAL SOURCE:
(A) ORGANISM: Dengue Fever Virus Type 1
(B) STRAIN: S275/90

(vi)

FEATURE:.
(A) .NAME/KEY: CDS
(B) LOCATION: 81..10268

(ix)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1l:

GTGGACCGCA AAGAACAGTT TCGAATCGGA'AGCTTGCTTA'ACGTAGTTCT'AACAGTTTTT 60
CAGATCTCTG ATd AAC AAC CAA CGA AARA AAG ACG GCT CGA
Met Asn Asn Gln’ Arg Lys Lys Thr Ala Arg

1 10

TATTAGAGAG 110

CCG TCT TTC AAT ATG
Pro Ser Phe Asn Met
15

TCA CAG TTG GCG AAG
Ser Gln Leu Ala Lys
30

CTG ARA CGC GCG AGA AAC CGC GTG TCA ACT GGT
Leu Lys Arg Ala Arg Asn Arg Val Ser Thr Gly
20 25

AGA TTC TCA AAA GGA TTG CTT TCA GGC CAA GGA
Arg Phe Ser Lys Gly Leu Leu Ser Gly Gln Gly
35

i1s8

206



15 . 20 25 TCA CAG TTG GCG AAG AGA TTC TCA

AAA GGA TTG CTT TCA GGC CAA GEA 206 Ser A n Leu Ala Lys Arg Phe Ser
Lys Ay Leu Leu Ser Ay An Qy 30 : 35

40 : _ ' - 21 - CCC ATG AAA TTG
GIG ATG GCT TTC ATA GCA TTC CTA AGA TTT CTA GCC 254 Pro Met Lys Leu
Val Met Ala Phe Ile Ala Phe Leu Arg Phe Leu Ala 45 . _

50 - 55 ATA CCC CCA AGA £LA- GGA ATT TTG GCT AGA TGG G&C
TCA TTC AAG AAG 302 ILe Pro Pro Thr Ala Ay Ile Leu Ala Arg Trp Ay

Ser Phe L)SSCLYHES AAA THHGTG ATG GCT TTIC ATA GEE TTC CTA AGA TTT CTA GCG(Q  AAT25RGA
GOG ATC AA’A°<§?§ A 'eVEErerTt nABE AR BRh PRFCSMCRIpAES Lev Maggg asn @y -
Ala Ile Lys Val Leu Arg Ay Phe Lys Lys Qu Ile -Ser Asn 75

80 ATA CCC CCA A@GEGCA GGA ATT TTG GCT AGKH TGATGCITGR AAC KAGAAAT G AAT JGCA
AGG AAA AGAeT 0 &re Recrhgy@igTli ey Ala arg 3ug M%‘ SeePhashys LESMet Asn Arg
Arg Lys Arg Sefr  Val Thr Met Leu®Leu 95 ' 100
105 ATG Gr® €3 ICAMIGTcTdTA ©CE GGICTEA RAE TAAMAGHA Ao £EAAREG GGA 350

446 Met Lehsnlely Rle Idw Lpb ValeleWAzg Rl Phe LUysulyEhGluileAser @Gy Q y

110 75 115 80 120 85GAG CCA CAC ATG9Z\TA GTT AGC
AAG CAG GArcAfs GAA MACATEARSThod BGe ana aca 194cfd WcBleHbsc Mak |1 e Vg Ser
Lys A n GMetALén @sH 1) MSCrashehrd Qg Lys Arg Sk25val Thr Met Leu Leu 130

135 TTT AAG ACC TCT GTAEGT GIC AAC ATGIT@GC ACC CTT ATA BGG ATG GAT

11 e e S 2 Sl e O IO O D e 1
y

TGC CCT CGA ATT 11690 Leu uilseu Cys G u Asp iBlor Met Thr [err]
Cys Pro Arg Ile 155 160 165
170 G CCA CAC ATG ATA GTT AGC AAG CAG GAA AGA GAA AAG TCA CTC TTG 494
Glu Pro His Met Ile Val Ser Lys Gln Glu Arg Glu Lys Ser Leu Leu
' 1258 130 135
TTT AAG ACC TCT GTA GGT GTC AAC ATG TGC ACC CTT ATA GCG ATG GAT 542
Phe Lys Thr Ser Vval Gly Val Asn Met Cys Thr Leu Ile Ala Met Asp
140 145 . 150
TTG GGA GAG TTA TGT GAG GAC ACA ATG ACT TAT gAA TGC CCT CGA ATT 590
Leu Gly Glu Leu Cys Glu Asp Thr Met Thr Tyr ~.rs Cys Pro Arg Ile
155 - 160 165 170
ACT GAG GCG GAR CCA GAT GAC GTT GAT TGT TGG TGC AAT GCT ACA GAC - 638
Thr Glu Ala Glu Pro Asp Asp Val Asp Cys Trp Cys Asn Ala Thr Asp
175 180 185
ACA TGG GTG ACC TAT GGA ACA TGT TCC CAA ACT GGC GAG CAC CGA CGG 686
Thr Trp Val Thr Tyr Gly Thr Cys Ser Gln Thr Gly Glu His Arg Arg
190 o 195 200 .
* GAC ARA CGT TCC GTC GCA CTG GCC CCA CAC GTG GGA CTT GGT CTA GARA 734
Asp Lys Arg Ser Val Ala Leu Ala Pro His Val Gly Leu Gly Leu Glu
208 210 215
ACA AGA ACC GAA ACG TGG ATG TCC TCT‘GAA GGC GCT TGG AAR CAAR ATA 782
Thr Arg Thr Glu Thr Trp Met Ser Ser Glu Gly Ala Trp Lys Gln Ile
220 225 . 230
CAA AGA GTG GAG ACT TGG GCT TTG CGA CAC CCA GGA TTC ACG GTG ATA . 830
Gln Arg Val Glu Thr Trp Ala Leu Arg His Pro Gly Phe Thr Val Ile
238 240 245 250 _
GCC CTT TTT CTT GCA- CAT GCC ATA GGA ACA TCC ATC ACT CAG AAA GéG 878
Ala Leu Phe Leu Ala His Ala Ile Gly Thr Ser Ile Thr Gln Lys Gly
28S 260 265
ATT ATT TTC ATT TTG TTAR ATG CTA GTA ACA CCA TCC ATG GCC ATG CGA 926
Ile’' Ile Phe Ile Leu Leu Met Leu Val Thr Pro Ser Met Ala Met Arg
270 275 280
TGC GTG GGA ATA GGC AGC AGG GAC TTC GTG GAA GGA CTA TCA GGA GCA 974

Cys Val Gly Ile Gly Ser Arg Asp Phe Val Glu Gly Leu Ser Gly Ala
285 290 _ 295



ACTGAGGCGGAACCAGATGACGTTGATTGTTGGTGCAATGCTACAGAC.

Thr Au Ala Gu Pro Asp Asp Val
180

175

TGT TCC CAA ACT GGC GAG CAC CGA CGG
Cys Ser An Thr Ay Au Hs Arg Arg

200 GAC AAA CGT TCC GIC GCA CTG GOC OCA CAC GTG GGA CTT GGT CTA GAA

734 Asp Lys Arg Ser Val

205 210
TCC TCT ( ¢ (‘%
Ser Ser rGI oA D

240

Ala Leu Ala Pro-H 3 Val

XS CAB/CTRARTRA AR CAT GGA ARZ2TGH GTAr
Ve§sv
230 CAA AGA GTG GAG ACT TGG

 Hod

Asp Cys Trp Cys Asn Ala Thr Asp

638

185 ACA TGG GTG ACC -TAT GGA ACA
686 Thr Trp Val
' 190

Thr Tyr Ay Thr

195

Gy Leu Ay Leu Qu
215 ACA AGA ACC GAA ACG TGG ATG
ECTMBC %!;;g Thr ¥93# Met

|q%u His Eéb Ser Cys Val

TTG CGA CAC CCAGGA TTC ACG GTG ATA

830 G n ArGCA/ARAGIAS KOk CEADAGN TG GACANTY KA (ICOCTS WARASGTHAG \ITC | e 207
CAT GCC

" ATA GGA ACAYrcc ATC ACT cAGRrA G

Ile Ay ThacSamclter ¢b¢ c@ehcdey8c&AAA cTG TGC ATT GAA GCT2hHA ATA TCA
260 Thr Asn Pro AP§ValAleh AY¥G LYECLAT Cyd TReTGn ALS& WYBAILH SesCA CCA TCC

ATG GCC ATG CERA

Met

la Lys Asp LygPro Thr Leu Asp Ile ngg.eucﬂ}l @&y TherSty WV

33

8 Ala Leu Phe Léu Ala H s Al a

3356 1le Ile Phe PP2 Leu Leu Met LéERSval

TCC GIG GGAs\bAr iz ARE A4

Cys- Val
290

1022 Thr Trp Val

GAC ATT

325
ACG
‘Thr
395

CAR
Gln
GAC
Asp
ACC
Thr

GGA
Gly

GAG
Glu
475

CAA
Gln

TCC
Ser

GCT
Ala

GCA

Ala’

TGT
Cys

TAT
Tyr

CAG
Gln

ATA
Ile

GCC
Ala
460

ATG

Met

TGG
Trp

CAA
Gln

CAT
His

ATG
Met
840

GCT
Ala

GAA
Glu

CAC
His

ACA
Thr
445

CTC
Leu

GTG
val

TTT
Phe

GAG

Glu

GCA
Ala
§2%

CAC
His

330

ARG
Lys

aAC
Asn

CAG
Gln
430

CCT
Pro

ACA
Thr

CTA
Leu

CTA
Leu

ACT
Thr
510

ARG
Lys

ACT
Thr

TTC
Phe

TTA
Leu
415

GTG
val

CARA
Gln

TTG
Leu

TTG
Leu

GAC
Asp
495

TGG
Trp
ARG
Lys

GCG
Ala

Lys
400

ARA
Lys

GGA
Gly

GCT
Ala

GAC

‘Asp

ACA
Thr
480

TTA
Leu
AAC
Asn

CAG
Gln

TTG

Leu

T

TGT GTG ACA

Cys

TAT
Tyr

AAC
Asn

CCT
Pro

TGC
Cys
465

ATG
Met

CCA
Pro

AGA
Arg

GRA
Glu

ACT
Thr
545

val

TCA
Ser

GAG
Glu

ACG
Thr
450

TCA
Ser

ARR
Lys

CTG
Leu

CAA
Gln

GTA
val
530

GGG’

Gly

Thr

GTG
val

ACT
Thr
43%

TCG
Ser

CCT
Pro

GAA
Glu

CCT
Pro

GAT
Asp
§15

GTC
val

'GCG

Ala

GGl MB s Lt bt

Va Leu An Hi s

GiC A CASERCCHS B Mt

A CTA TTT

Ware 818

AAR
Lys

ATA
Ile
420

ACA
Thr

GAA
Glu

AGA

Arg

ARA

Lys

TGG
Trp
500

TTG
Leu

GTA
vVal

ACA
Thr

A

1

QassVaI
GCA AAA GAC AAA

&WQ“?J%?ALﬁg b

CTA
Leu
405

GTC
val

GAA
Glu

ATA
Ile

ACT
Thr

TCA
Ser
485

ACT
Thr

CTG
Leu

CTG
Leu

GAA

‘Glu

390

GAA
Glu

ACT
Thr

CAT
His

CAG
Gln

GGG
Gly
470

TGG
Trp

TCG
Ser

GTC
val

GGA
Gly

ATC
Ile
550

GGA
Gly

GTC
val

GGA
Gly

CTG
Leu
455

CTG
Leu

CTT
Leu

GGG
Gly

ACA
Thr

TCA
Ser
535

CAA
Gln

AAG
Lys

CAC
His

ACA
Thr

ATA
Ile

ACT
Thr
425

ATT
Ile

440

ACC
Thr

GAC
Asp

GTT
Val

GCT
Ala

TTC
Phe
520

CAG
Gln

ACG
Thr

GAC
Asp

TTT
Phe

CAC

His

TCA
Ser
505

ARG
Lys

GAA
Glu

TCT
Ser

Al a MehadVagc acc acc GAT TCA/%GA TGT CCA ACA CAA GEH ¥AR GCT ACA CIG
@AA ¥oAc I 410Gl TR Gat
Ay Ile Gy 89 Arg Asp Phe Va$5 G u Ay Leu Se?éd@y Al a

22 - ACT ﬁisiéiﬁi?@xé‘gﬁ

.'ﬁ&sp VaI

1118

Thr Pro

1260

S ol sior Yo e ool Tcil

Thr Thr

Met

Ser

974
285

CCA ACA_TTG

%%s Pro 1#f%

GTT
Val
410

GGG

Gly

GCA
Ala

TAC
Tyr

BAT

Asn

ARA
Lys
490

ACA
Thr

ACA
Thr

GGA
Gly

GGA
Gly

1310

1358

1406 -

1454

1502

1580

1598

1646

1694

1742



ACG AAC CCT GCC GTC CTG CGC AAA CTG TGC ATT GAA GCT AAA ATA TCA
1118 Thr Asn Pro Al a Val Leu Arg Lys Leu Cys Ile Au Ala Lys Ile Ser

335 340 345 AAC ACC ACC ACC GAT TCA AGA
TGT CCA ACA CAA GGA GAA GCT ACA CTG 1166 Asn Thr Thr Thr Asp Ser
Arg Cys Pro Thr Gn Ay du Ala Thr Leu 350 355

360 GIG GAA GAA CAA GAC GCG AAC TTT GI62 GI' CGA CGA ACG TTC GTG GAC
1214 Val du Gu G@n Asp Ala Asn Phe Val s Arg Arg Thr Phe Val Asp

365 ACG ACA ACA ATFOTTT GCA GGA CAC CTG AAR /BT AGA GRCACRIETRAAT GG JTC

GGA CTA TTRrGBA MAA IBEAPHGELCEAY(TG Leu Lys cyk2RPg Aleg Ly MEEpRSE Y Asn Gy
Oys Ay LAPhe Ay Lys d y5®er Leu Leu 56380 570 385

390 ACG TGLLG G TA GT
1310 Thr &sﬂ g‘g\;?ﬁ?&éh@ d ¥ Sy e ﬁT %a y&ggﬁg%@ %@%ﬁ e Va?i8§55

400 80410 CAA TAT G&8s AAC TTA AAA TAT

TCA GIG A;pjﬁ C%& % n% %E‘{é % CAG calr?’éga Czé'xc'r c-l;_'f/r < uGT%sn Leulalggs
Tyr Ser Vi g Ixia EhY c1n Jig gy, The Ve g val

C CAG CAesAG GI' AT ACA GAA CAT
GGAACAATT AspGInHisGInVaIGIyAsnGIuThr Thr GQu

Hs Ay Tﬁcl%ﬁ% TAC GAA cca ACAGAT GCA CCA TGC AAG A'rc4g;'r-r TCG 1934
440 Acc ATR YEAR EY CBY %@“ﬁt@’&ﬂ%‘rﬁs @8 TEPRREEAC TAC

1454 Thr Ile Thr Pro Gn Ala Pro Thr Ser Qu Ile @ n Leu Thr Asp Tyr

445 ACC CAR GAT GHGORAR GGA GTG ACC CAG ARZTSA TIGA ADBCACETCCAGRTTTG GACETGC
TCA CCT AGRTACH BB CYCHAE TRl AR Cln Asn A'f5gg3 Gl MmAiesthr Leu Asp
Cys Ser Pro Arg Thr Ay Leu Asp Phe Asn 465 .
470 GAG ATG GRGCTITACT [ACADR ARG IMAACAAATAMMNCT AT TG ATAT &R TcdBAC AAR030
1550 G u IBER Wt Ve FRECRSPTRYS Ma kypsPa YalyisnSete Bip TwUGWIPEG s Lys 475
480 485 &5 cAA TGG TTT PR GAC TTA CEA
CTG CCT TeerAat 3665cm6QddCTad GAcCAEH cTa o cchb88r @rR A cBherdeeu Aspokeu
Pro Leu PiPgoTehe Jhy GPerse@ yyrAllaeSexl Var Gly Ala Gly Glu Lys 495 Leu '

500 506%5 TCC CAA GAG AGPOTGG 'AAC AGA CAASBAT TTG CTG GIC

ACA TTC Al B 1o Tee TTEORK %éﬁ@na&' YedNira 686 AR %T@C%&Sp Ley,bLegu

Val Thr Phgslgis d¢f¥ Trp Phe Lys Lys Ser Ser Ile Gly Lys Phe Glu
520 GCT CAT GCA AAG7PAG CAG GAA GTAsGIC GTA CTG €A CAG GAA GGA

1694 Ala Heg fdea céé/%ggy 5 bdh Bk AR A 'x\éalcc\é%él‘ce:i"c X o A& L& ud %174

525 Ala Thr Ala ly Ala Arg Arg Met Al e Leu Gly Asp Thr Ala
685 - . 690 695

TGG GAC TTC GGT TCT ATA GGA GGA GTG TTC ACG TCT GTG GGA AAA TTA 2222
Trp Asp Phe Gly Ser Ile Gly Gly Val Phe Thr Ser Val Gly Lys Leu
. 700 705 . 710

GTG CAT CAG GTT TTT GGA ACC GCA TAT GGG GTT CTG TTC AGC GGT GTT 2270
Val His Gln Val Phe Gly Thr Ala Tyr Gly Val Leu Phe Ser Gly Val
715 720 : 725 . 730

TCT TGG ACC ATG AAA ATA GGA ATA GGG ATT CTG CTG ACA TGG TTG GGA 2318
Ser Trp Thr Met Lys Ile Gly Ile Gly Ile Leu Leu Thr Trp Leu Gly
738 740 74S

TTA AAT TCA AGG AGC ACG TCA CTT.TCG_ATG ACG TGC ATT GCA GTT GGC 2366
Leu Asn Ser Arg Ser Thr Ser Leu Ser Met Thr Cys lle Ala Val Gly
750 ri1] 760

ATG GTC ACA CTG TAC CTA GGA GTC ATG GTT CAA GCG GAC TCG GGA TGT 7414
Met Val Thr Leu Tyr Leu Gly Val Met Val Gln Ala Asp Ser Gly Cys
765 770 . 775

GTA ATC AAC TGG AAG GGC AGA GAA CTC AAA TGT GGA AGT GGC ATT TTT 2462
Val Ile Asn Trp Lys Gly Arg Glu Leu Lys Cys Gly Ser Gly Ile Phe
780 . 785 790

GTC ACT AAT GAA GTC CAC ACT TGG ACA GAG CAAR TAC AAA TTT CAA GCT- 2510
Val Thr Asn Glu Val His Thr Trp Thr Glu Gln Tyr Lys Phe Gln Ala
798 . 800 805 ' 810



GCA ATG CAC ACT GCG TTG ACT GGG GCG ACA GAA ATC CAA ACG TCT GGA

1742 Ala Met Hi's Thr Ala Leu Thr Ay Ala Thr Qu Ile @n Thr Ser Ay

540 545 550

- 23 - ACG ACA ACA ATT TTT GCA GGA CAC CTG AAA TGT AGA CTA AAA ATG GAC
1790 Thr Thr Thr Ile Phe Ala Ay His Leu Lys Cys Arg Leu Lys Met Asp 555
560 . 565 : 570 AAA CTG ACT CTA AAA GGG ATG
TCA TAT GIG ATG TGC ACA GGC TCA TTT - 241838 Lys Leu Thr Leu Lys Ay Met
Ser Tyr Val Met cys Thr Ay Ser Phe - 575 58Q
585 AAG GIA T9GCCAAGRBARCIGRIA GTR SN JRCCATAGSEATA G ACE GICT GRTA. GT (2558
1886 Lys L'éf WuPESLvE QidvdeuAter &y A 1B Sk lrsahya TP Gley Val

590 595 0 CAG GIT AAATAC GAA GGA ACA
GAT GCA CGATTEG ARG GERCATOCCA TIRATGE: ACT C6T c1OBhcGARC \lalc Ays 1dyr A u26dey
Thr Asp ASRYPfd €y% qiysile drprisrphda $hyr Arg Leu Glg0@sn Ile Met Trp 610
615 ACC CAA GAT A . GGA GTG ACC %3G AAT AGA TTG AFR ACA GCC AAT

1982 Thr @an depath wdaymﬁcm\éaﬂc ARE cAcNATS RTAYErTLGHA [A@ dAY afba Asnggsy
620 Lys Gln Ile $325Asn Glu Leu Asn His IG3QeuQEh AT\ 2XShTAACHeGAC AAA GAA
AAA CCA GTC AAC AfT GAG ACA GAA CBR0 2030 PB8S|1e Val Thr Asp Lys

G u Lys PraaVelc ASK drct R

g Vo Paanele doh cecelt walonthn B 880 2t g ssEen o o Ber
GAA AAA CCT TeRG 2078 P& Phe Ay Qu S@’IOTyrIIeVaI VaI GIyAIa

Ay Gu Lys,ALa keu 5o
665 AAA CRh HECI0AT Tﬁi’?{/&m@ EEARCCIRRT R B8 s o
2126 Lys @@n QIS Trp Phe weolLys Gy Ser Sems$le Gy Lys Met gbhhe G u

670 680 GCA ACC GCC CGA GGA GCA C&A

AGG ATG GGA GCh GAG ATANCAG PHC MG ABE o 3 2788,
Arg Ar g nggcﬁﬁg Wieuaggk‘ésp %ﬁ/ﬁﬁ%{ 3},3 AsPﬂ{(?Ag%" hsn ggs E\ ? y690

695

TTC ATC ATT GAC GGC CCA GAT ACT CCA GAA TGT CCT GAT GAC CAA AGA 2846
Phe Ile Ile Asp Gly Pro Asp Thr Pro Glu Cys Pro, Asp Asp Gln Arg
_ 910 : 915 920
GCA TGG AAC ATT TGG GAA GTT GAG GAC TAT GGG TTC GGA ATT TTC ACG 2894
Ala Trp Asn Ile Trp Glu Val Glu Asp Tyr Gly Phe Gly Ile Phe Thr
925 930 935
ACA AAC ATA TGG TTG ARA TTG CGT GAC TCC TAC ACC CAA ATG TGT GAC 2942
Thr Asn Ile Trp Leu Lys Leu Arg Asp Ser Tyr Thr Gln Met Cys Asp
940 945 950
) C@C CGG CTA ATG TCA GCT GCC ATC AAG GAC AGC AAG GCA GTC CAT GCT 2990
His Arg Leu Met Ser Ala Ala Ile Lys Asp Ser Lys Ala Val His Ala
955 : 960 965 970 -
GAT ATG GGG TAC TGG ATA GAA AGT GAA AAG AAC GAG ACC TGG AAG CTG 3038
Asp Met Gly Tyr Trp Ile Glu Ser Glu Lys Asn Glu Thr Trp Lys Leu
. ) 875 . 280 ’ 985S
GCA AGA GCC TCT TTC ATA GAA GTT AAA ACA TGT GTC TGG CCA AAA TCC 3086
Ala Arg Ala Ser Phe Ile Glu Val Lys Thr Cys Val Trp Pro Lys Ser
990 995 1000
C@C_ACT CTA TGG AGC AAT GGA GTT CTG GAA AGT GAA ATG ATA ATT CCA 3134
His Thr Leu Trp Ser Asn Gly Val Leu Glu Ser Glu Met Ile lle Pro
1005 R : 1010 101s . .
ARG ATC TAT GGA GGA CCA ATA TCT CAG CAC AAC TAC AGA CCA GGA TAT 3182
Lys Ile Tyr Gly Gly Pro Ile Ser Gln His Asn Tyr Arg Pro Gly Tyr
1020 : 1025 1030
TTC ACA CAA ACG GCA GGG CCA TGG CAC CTA GGC AAG TTG GAA CTG GAT 3230
Phe Thr Gln Thr Ala Gly Pro Trp His Leu Gly Lys Leu Glu Leu Asp
1035 1040 104s 1050
TTT GAT TTG TGT GAG GGT ACC ACA GTT GTT GTG GAT GAA CAT TGT GGA 3275

Phe Asp Leu Cys Glu Gly Thr Thr Val Val Val Asp Glu His Cys Gly
-1085 1060 1065



TGG GAC TTC GGT TCT ATA GGA GGA GIG TTC ACG TCT GIG GGA AAA TTA
2222 Trp Asp Phe Gy Ser Ile Ay Ay Val Phe Thr Ser Val Gy Lys Leu

700 705 710 GIG CAT CAG GIT TTT GGA ACC
GCA TAT GGG GIT CTG TTC AGC GGT GIT 2270 Val- H's Gn Val Phe Gy
Thr Ala Tyr Ay Val Leu Phe Ser Gy Vval 715 720

725 . 730 TCT TGG ACC ATG AAA ATA GGA ATA GGG ATT CTG CTG
ACA TGG TTG GGA - 2318 Ser Trp Thr Met-Lys Ile dy Ile Ay Ile Leu -
Leu Thr Trp Leu GI @1:4“735 ‘F@M‘F‘T‘ﬁ'%CAT'GT s
745 TTA BOBCGRCIBEC MO8 T 26
2366 Leu éﬁ g? § CAYP gg, ‘r%“s%?q 86 e TRt/ aTh ey Yy e e 1A

750 ]7 760 .ATG GTC ABA CTG TAC CTA GA

GIC ATG GIRTCOMRA GGG TICTICRAGBRACTTGFT ACG CTA cCA cc@4tda Matr ¥ed akhr LeusIpr
Leu Gy VaisVElu\Esp €¥s Cas PrasperSEys Ghy By Pro Pro Ley@dg Phe Lys 770
775 GTA ATC AAC *P88 AAG Gac AGA &RA° CTC ArA TGT GERSAGT GGC ATT TTT

2462 Val |dcn 88K cRirPods S d6cAia Godl AzRUchy RTEYRcaCta S8t Bl chhe Phesss:

780 Gly Glu Asp GHb5Cys Trp Tyr Gly Met GlAOQle Qg AT VAATLE{sAB1GTC CAC ACT
TGG ACA GAG CAROTAC AAA TTT CARYQSCT 2519%al Thr Asn Gu Val Hs
Thr Trp ThiacChka @8 AW chX e BaCr8aAlR €72 Tor cea coe Tca cos SRR 3470
. 805 Lys Glu Glu Ashl@eu val Lys Ser Met Val Ser Ala Gly Ser Gly Glu -
24 - GAC IGE€ CCA AAA AGA QRROTCA GCA CcCC A'IIG;NEBGA AAG GCA TCGELBAG GAG
2558 ASp ‘éEI[G E£(9 AE%S%QCJ:E&ASS& %Lé AIA T é% ié%é EIJ-TGCU@SIIBCA
815 Val As Ser Ser Leu Gl Leu Leu C
GOC ACT CGT CTC GAG AACIAIEC ATG T 11402606 Gy VaI msGy Ile Arg Ser
Ala Thr Ar Lg‘%%(} u Asntlcl e I}\/Et Tr ASACANY ATS 830 G35656
20, e O AR B R R R
u T r r L e
2654 Lys Gn ITe Sr} &P ASh g MYT detetPuLEe” p Met
CTG GCT GTG TTC CTC CTT CTC ATA ATG GGA CAA TTG ACA TGG AAT GAT 3614
Leu Ala Val Phe Leu Leu Leu Ile Met Gly Gln Leu Thr Trp Asn Asp
1165 © 1170 1175
CTG ATC AGG TTA TGC ATC ATG GTT GGA GCC AAT GCT TCA GAC AGG ATG 3662
Leu Ile Arg Leu Cys Ile Met Val Gly Ala Asn Ala Ser Asp Arg Met
1180 1185 ' 1190
GGG ATG GGA ACA ACG TAC CTA GCT CTG ATG GCC ACT TTT AAA ATG AGA 3710
Gly Met Gly Thr Thr Tyr Leu Ala Leu Met Ala Thr Phe Lys Met Arg
1195 1200 1205 1210
CCA ATG TTT GCT GTC GGG CTG TTG TTC CGC AGA CTA ACA TCT AGA GARA 3758
Pro Met Phe Ala Val Gly Leu Leu Phe Arg Arg Leu Thr Ser Arg Glu
_ 121S 1220 1225
GTT CTT CTT CTT ACA ATT GGA TTG AGT CTA GTG GCA TCT GTG GAG TTA 3806
Val Leu Leu Leu Thr Ile Gly Leu Ser Leu Val Ala Ser Val Glu Leu
1230 123S ’ 1240
CCA AAT TCC CTG GAG GAG CTG GGG GAT GGA CTT GCA ATG GGC ATT ATG 3854
Pro Asn Ser Leu Glu Glu Leu Gly Asp Gly Leu Ala Met Gly Ile Met
1245 ' 1250 - 1255
ATT TTA AAA TTA TTG ACT GAC TTT CAG TCA CAT CAG CTG TGG GCT ACC 3902
Ile Leu Lys Leu Leu Thr Asp Phe Gln Ser His Gln Leu Trp Ala Thr :
1260 . 1265 1270
TTG CTG TCC.TTG ACA TTT GTC AAAR ACA ACG TTT TCC TTG CAC TAT GCA 3950
Leu Leu Ser Leu Thr Phe Val Lys Thr Thr Phe Ser Leu His Tyr Ala
1275 1280 : 1285 1290
TGG AAG ACA ATG GCT ATG GTA CTG TCA ATT GTA TCT CTC TTC CCC TTA 3998
Trp Lys Thr Met Ala Met Val Leu Ser Ile Val Ser Leu Phe Pro Leu
. 12958 1300 1305
TGC 'CTG TCC ACG ACC TCC CAA AAA ACA ACA TGG CTT CCG GTG CTA TTG 4046

Cys Leu Ser Thr Thr Ser Gln Lys Thr Thr Trp Leu Pro Val Leu Leu
1310 ' 1315 1320



845 . 850 855 AAA TTC ACA GTG GIT GTA GGA
" GAT GTT GIT GGG ATC TTG GCC CAA GGG 2702 Lys Phe Thr Val Vval Val Qy

AsSp Val Val Gy Ile Leu Ala @n Gy 860 865
870 AAA AAA ATG ATT AGA CCA CAA CCC ATG GAA CAC AAA TAC TCA TGG AAA
2750 Lys Lys Met Ile Arg Pro G n Pro Met GQu H's Lys Tyr Ser Trp Lys 875

880 885 890 AGC TGG GGA AAA GCC AAA ATC
ATA GGA GCA GAC ATA CAG AAC ACC ACC - ,4 2798 Ser Trp Gy Lys Ala Lys Ile
Ile Ay Ala Asp Ile G n Asn Thr Thr 895 900

905 TTC Adk T ctA\GeiFeChAn @R &6l aACEATGASrT CTc GTR & dBACUCAA AGA094
2846 Phe khe SelreL éslﬂ Gy sPiLps A3P. IF¢'H’ TRF gte@ BheQlsuFie Asp GAspA n Arg
910 915 920 GCA ¥3& AAC ATT TGG GAA GTT

GAG GAC TakaGee HEG%G%TMT;@T% cce crc RRP4aR eaThic Agie &¢e Trp {Gaz Val
A u Asp Tyks@ne Phe cOiyyadd eyPheerTiifp Pro Leu AS2Slu Gly Ile Met Ala 930
935 ACA AAC WRA& TGG TTG AAA TIR3SCGI GAC TCC TAGSACC CAA ATG TGT GAC

2942 Th T, As
040 Va? éé" ?g %@% SeiL)é?ELfé% S5 ¥e3Prehrd Kre %ﬁ%&ﬂ&f 4%

ATCAAGGA@SA AAG GCA Gras&s S)SEJHls Arg Leu IVEIOSerAIa Al a
Ile Lys Asp Ser XS Al a Val HISAl

CGC CTA G ‘B 4
e * T iy wﬁ%ﬁ%ﬁ%ﬁ?ﬁ?ﬁé IR ot B e

Thr Trp Lys Leu 980

985 GCA ATA T‘F‘C‘FGFTQFCAFAAC%GE @TCrT ?@ ‘§CA TCC 288
3086 Al a Afg Neasg’ér‘g.:ggﬁe‘f ISE- AP 08P 1Sis Seﬁ1 aBoPro Lys Ser

990 1000 CAC ACT CTA TGG AGC AAT GGA

GIT CTG GBACARNC @O GARGGAT ARATACICGAR CAC TCT B¢BAOG TCAIGACLAAT Rfh Ser A3H Gy
Val Leu QValseer cqr Qs Gy Slp| M@PMLS Ser G}p(ga Ser His Asn Ile 141

1015 AAG ATC TAT? GGA CCA ATA! CAG CAC AAC RS aca cca G TAT
3182 Lys Igt@ d¥d ot Yo1@ ¥akradrl ber Ben Adcnatd swésaraTyaa Amg &x0 86y Tyr 4382

1020 Leu Val Glu Vi)28ln Asp Asp Gly Thr MgQ3gs IMPCLWCASCARLWAGE: GCA GGG CCA
TGG CAC CTA GE200AG TTG GAA CTEEEAT 3230*¥Re Thr G n Thr Ala @y Pro
Trp H's LekaGiyr lXe AQUcH hdeChrPRc 1685ana oea acc cre ctal8édl) oTT 4430
1045 Arg Asp Asp Thk0R8u ThETI{ALed TeuTis GAS THBTLACCACALGVELGIT GTG GAT
GAA CAT TGR3E&GA 3278148e Asp Leu Cys @% Gy Thr Thr W4POVal Val Asp
du Hs QI‘ISCAGGév(G GTG TAC CCA TTA TCA %\Qé CCA GCA ACC CTT TTIT JCQ(@OTGG TAC 4478
1065 Ser Gly Val' Tyr Pro Leu Ser Ile Pro Ala Thr Leu Phe Val Trp Tyr
1455 1460 1465
TTT TGG CAG AAA AAG AAA CAA AGA TCT GGA GIG TTA TGG .GAC ACA CCT 4526
Phe Trp Gln Lys Lys Lys Gln Arg Ser Gly Val Leu Trp Asp Thr Pro
" 1470 1475 1480
AGC CCT éCA GAA GTG GAA AGA GCA GTC CTT GAT GAT GGT ATC TAT AGA 4574
Ser Pro Pro Glu Val Glu Arg Ala Val Leu Asp Asp Gly Ile Tyr Arg
1485 _ 1490 1495 _
ATT ATG CAG AGA GGA CTG TTG GGC AGG TCC CAA GTA GGA GTG GGA GTT 4622
Ile Met Gln Arg Gly Leu Leu Gly Arg Ser Gln Val Gly Val Gly Val
1500 _ 1505 1510

TTC CAA GAC GGC GTG TTC CAC ACA ATG TGG CAC GTC ACC AGG GGA GCT 4670

Phe Gln Asp Gly Val Phe His Thr Met Trp His Val Thr Arg Gly Ala

151S 1520 1825 . 1530

GTC CTT ATG TAC CAA GGG AAG AGG CTG GAA CCA AGC TGG GCC AGT GTC - 4718

Val Leu Met Tyr Gln Gly Lys Arg Leu Glu Pro Ser Trp Ala Ser Val :

: 1535 1540 1545
AAA AAA GAC TTG ATC TCA TAT GGA GGA GGT TGG AGG TTT CAA GGA TCC 4766
Lys Lys Asp Leu Ile Ser Tyr Gly Gly Gly Trp Arg Phe Gln Gly Ser
1550 1585 1560
TGG AAC ACG GGA GAA GAA GTG CAG GTG ATT GCT GTT GAAR CCA GGA AAA ‘4814

Trp Asn Thr Gly Glu Glu Val Gln Val Ile Ala Val Glu Pro Gly Lys
1565 1570 1575



- 25 - AAT CGA GGT CCA TCT CTT AGA ACC ACA ACA GIC ACA GGA AAG ATA ATT
3326 Asn Arg Gy Pro Ser Leu Arg Thr Thr Thr Val Thr Ay Lys Ile lle

1070 1075 1080 CAT GAA TGG TGTI TGC AGA TCT
TGT ACGCTACCACCCTTACGTTTCAAA 3374 -Hs Gu Trp Cys Cys Arg
Ser Cys Thr Leu Pro Pro Leu Arg Phe Lys 1085 1090

1095 GGA GAA GAT GGA TGT TGG TAC GGT ATG GAA ATC AGA CCA GIC AAG GAA
3422 Ay Gu Asp Gy Cys Trp. Tyr Ay Mt Q@ ulle Arg Pro Val Lys Qu

Tea ATG GRS B R SO ai ok Lo

Tea ATG GRS S5 AR 0 597 Mg e PR e OOk T gy
Lys Ser Met \/HslsoSer AI a Gly Sersgdy Qu 1115 1s90 :
1125 GTT GGA 3 G}'G GAC AGC TTT TCA CTA GGA CTG CTA TGC AXTAOTCA
ATA ATG ASESCE O cob SR AT K2) S TERAT B GR 1R O

Ser Ile Mikaos Cf 1600 B 1605 610

1145 GAG GT G ATgS AGAr TSAC%AGQ TGGSASC %ﬁg% AAA A-I‘;%L EC;]' 19 |\7§;G qq/?yCTA@mATﬁch; .s
3566 G u e y r

1150 L Fgf 555,,','3 et 3 Lys'l WC&?’G‘*WY&‘%@‘E‘ CTC CTT CTC
ATA ATG GGA CAA TTG ACA % AAT GAT 3614 Leu Al a a2I Phe Leu Leu
Leu |l e MSGAGTA GFr¢1 ACBUATKIAGTr GGAARNC AT GTC AGT GCL1B8%A GCc CAA GCC 40620
1175 CTGGArd%G@IrPgéw ArC mrmm@a@beerm? Gtﬁktgmmelme ATG

3662 Leu Ile Arg Le [le Met Val AIaAsn Ala S Asp Arg Met .
1180 aAA ccA Tca chh8Ban Goc cocc cTa cch cAd 0T dAGGeAT GAGGETACEr ACG TAG4CTA
CCT CTG AT&= (3@ AEH CITTC A& LIATEFAGAu Pro Glu I?éé'lcl).uc;\zp NMauw @Y Phdhr Thr Tyr
Leu Ala Leu Met AP# Thr Phe Lys M3fSArg 1195 1200 .
1205 acc aan aca aabt23Pn A nA ®rd -ERCG@FA Cle &aCa6d @ck Tzl Afn CCC As¥pCTA

ACA TCT A®fgGAA Arg Asn LY Tfhir Ile Met Asp Leu His Pro Gly Ser Gly Lys

1660 1665 1670
ACA AGA AGA TAT CTT CCA GCC ATA GTC CGT GAG GCC ATA AGA AGG AAC ' $180
Thr Arg Arg Tyr Leu Pro Ala Ile Val Arg Glu Ala Ile Arg Arg Asn
1675 1680 1685 . 1690
GTG CGC ACA CTA ATT TTG GCT CCC ACA AGG GTT ?TC GCT TCC GAA ATG 5198
Val Arg Thr Leu Ile Leu Ala Pro Thr Arg Va _'21 Ala Ser Glu Met ’
1685 1700 ’ 1705
GCA GAG GCG CTC AAG GGA ATG CCA ATA AGG TAC CAA ACA ACA GCA GTG 5246
Ala Glu Ala Leu Lys Gly Met Pro Ile Arg Tyr Gln Thr Thr Ala Val .
1710 1718 1720
AAG AGT GAR CAC ACA GGA ARA GAG ATA GTT GAC CTC ATG TGT CAC GCC 5294
Lys Ser Glu His Thr Gly Lys Glu Ile Val Asp Leu Met Cys His Ala ’
1728 . 1730 1735
ACT TTC ACC ATG CGT CTC CTG TCT CCC GTG AGA GTT CCC AAT TAC AAC $342
Thr Phe Thr Met Arg Leu Leu Ser Pro Val Arg Val Pro Asn Tyr Asn
© 1740 : ' 1745 , 1750
ATG ATT ATC ATG GAT GAA GCA CAT TTT ACC GAT CCA GCC AGC ATA GCG . 5390
Met Ile Ile Met Asp Glu Ala His Phe Thr Asp Pro Ala Ser Ile Ala
1755 . 1760 1765 1770
CGC AGA GGG TAC ATC TCA ACC CGA GTG GGC ATG GGT GAA GCA GCT GCG ' 5438
Arg Arg Gly Tyr Ile Ser Thr Arg Val Gly Met Gly Glu Ala Ala Ala
1775 . 1780 1785
ATC TTC ATG ACA GCC ACT CCC CCA GGA TCG GTG GAG GCC TTT CCA CAG 5486
Ile Phe Met Thr Ala Thr Pro Pro Gly Ser Val Glu Ala Phe Pro Gln
1790 1795 1800
AGC AAT GCA GTT ATC CAA GAT GAG GAA AGA GAC ATT CCT GAG AGA TCA 5534
Ser Asn Ala Val Ile Gln Asp Glu Glu Arg Asp Ile Pro Glu Arg Ser
1805 : 1810 1815
TGG AAC TCA GGC TAT GAG TGG ATC ACT GAC TTC CCA GGT AAA ACA GTC 6682

Trp Asn Ser Gly Tyr Glu Trp Ile Thr Asp Phe Pro Gly Lys Thr Val
1820 1825 1830



Pro Met Phe Ala Val Ay Leu Leu Phe Arg Arg Leu Thr Ser Arg Qu

1215 1220 1225 GIT CIT CIT CIT ACA ATT GGA
TTG AGT CTA GTG GCA TCT GIG GAG TTA 3806 Val Leu Leu Leu Thr Ile
Ay Leu Ser Leu Val Ala Ser Val du Leu 1230 '

1235 -+ 1240 CCA AAT TCC CTG GAG GAG CTG GGG GAT GGA CTT GCA
ATG GEC ATT ATG 3854 Pro Asn Ser Leu GQu Au Leu Ay Asp Ay Leu
Ala Mt Ay Ile Mt 1245 28 - 1250 1255
ATT TTA AAfeel Tor TehG €6 AGeCadd I%TEA GAT ACAT @ctTaCrdc Al 5630
3902 Il e Letp lpye \LaunL@Lg hg1A3R Ly ASAradp 31&4MalRen Eyp tAua Thr

1260 1835 1265 1840 127084STTG CTG TCC TR@SACA TTT GIC

AAA ACA ACG TTIG T I ?:ﬁ b ShalRA F0E iy Thr (Phe
Val Lys Thgy %t F& é%%ﬁ i ALen ﬁiﬁS’s?er Arg Lys The Phe 80

1285 AAG ACA AheetT ATL GTA CTGesCA ATT GTA TCT
CTC TTC CCC TTA 3998 Trp LXAS Thr Met Ala Met Val Leu Ser Il e Val

Ser Leu Ph%;%@& CAA ARA ACA m %9 @ GAC TGG GAC TAT GT ggi 5726
1305 TGC Y& STERE XA MEATIRA SRR Pr&EP CFf ’,‘_3% S"ErA TTG
4046 Cys Leu Ser Thr Thr Ser A@n Lys Thr Thr Trp Leu Pro Val Leu Leu
1310 ACA GAT ATC TBESAA ATG GGA GCA AAC TER20GA GCC GAC AGG GTG ATA 5774

- 26 - CCRhT@FPCRE GRA ClactenAlecilackan RBE MG I ATAIACR GAA AAC
4094 Gy Ser Leu ](ﬂy Cys Lys Pro Leu Thr Met Phe Leu e Ala Au Asn

1325 GACc cca AaGA t330rcT cTG aan ccG GTA AEB35TA AAA ARTCCICECERRGAGG AAB2AGT
TGG CCC CTESIATo Qv B8 QYECLAT GySOTro Val Ile nq‘uzuyexvm Bty Frg €y Arg Lys
Ser Trp Pro Lé8%%sn Au Ay I1&%RBt Al a 1340 1345

1350 GIT &R AEAfe! erhA@Eec\E6a b6 AT cOPTeTECACCERG (dde AG cdATcdAT GlGg70
4190 Val Chyg vae Mad pL&Grald elyauolier Beo \@ar Thewaleala ger Ada msap Val 1355

1360 1915 1365 . 1920 1378925
CAG AGG AGA GGA AGA ATT GGA AGG AAC CAA AAC AAA GAA GGT GAT CAG 5918
Gln Arg Arg Gly Arg Ile Gly Arg Asn Gln Asn Lys Glu Gly Asp Gln
1935 1940 _ 1945
TAC GTT TAC ATG GGA CAG CCT TTA AAT AAT GAT GAG GAT CAC GCT CAT 5966
Tyr Val Tyr Met Gly Gln Pro Leu Asn Asn Asp Glu Asp His Ala His
1950 195S 1960
TGG ACA GAA GCA AAA ATG CTC CTT GAC AAT ATA AAC ACA CCA GAA GGG 6014
Trp Thr Glu Ala Lys Met Leu Leu Asp Asn Ile Asn Thr Pro Glu Gly
1965 1970 1975

ATC ATC CCA GCC CTC TTT GAG CCA GAG AGA GAA AAG AGT GCA GCA ATA _6062
Ile Ile Pro Ala Leu Phe Glu Pro Glu Arg Glu Lys Ser Ala Ala I1le

1980 : 1985 1990
GAC GGG GAG TAC AGA CTG CGG GGA GAA GCA AGA AAR ACG TTT GTG GAG 6110
Asp Gly Glu Tyr Arg Leu Arg Gly Glu Ala Arg Lys Thr Phe Val Glu
1995 2000 2005 2010
CTC ATG AGA AGA GGA GAT CTA CCT GTC TGG CTA TCC TAC AAA GTT GCC 6158

' Leu Met Arg Arg Gly Asp Leu Pro Val Trp Leu Ser Tyr Lys Val Ala

' 2015 : 2020 2025
TCA GAA GGC TTC CAG TAC TCT GAC AGA AGA TGG TGC TTT GAC GGG GAA 6206
Ser Glu Gly Phe Gln Tyr Ser Asp Arg Arg Trp Cys Phe Asp Gly Glu

2030 : 2035 2040
AGG AAC AAC CAG GTG TTG GAG GAG AAC ATG GAC GTG GAG ATG TGG ACA - 6254
Arg Asn Asn Gln Val Leu Glu Glu Asn Met Asp Val Glu Met Trp Thr
- 2045 2050 2055

ARAA GAA GGA GAA CGA AAG AAA CTA CGA CCC CGC TGG CTG GAT GCC AGA 6302
Lys Glu Gly Glu Arg Lys Lys Leu Arg Pro Arg Trp Leu Asp Ala Arg

2060 ) 2065 . 2070
ACA TAC TCA GAC CCA CTG GCC CTG CGC GAG TTT AARA GAG TTT GCA GCA 6350

Thr Tyr Ser Asp Pro Leu Ala Leu Arg Glu Phe Lys Glu Phe Ala Ala
2075 2080 2085 2090



CCG CTA GCT. GGG CCA CTA ATA GCT GGA GGC ATG CTA ATA GCA TGT TAC
4238 Pro Leu Ala Ay Pro Leu lle Ala Gy Ay Mt Leu Ile Ala Cys Tyr

1375 11380 1385 GIT ATA TCT GGA AGC TCA GCC
GAC TTA TCA CTA GAG AAA GCG CCT. GAG 4286 Val Ile Ser Gy Ser Ser
Ala Asp Leu Ser Leu Qu Lys Ala Ala Qu 1390

1395 - 1400 -GTIC TCC TGG @AA-GAA GAA GCA GAA CAC TCT GGT GCC
TCA CAC AAT ATA 4334 Val Ser Trp Gu Gu Gu Ala Qu Hi's Ser Ay

Al a Ser HicsaAgm hé® AGT GTCc TcA BEOSGAT CTA ATA TTA GAA JMIROGGG ARA CTT 6398415

TTA GTG GS&Y BTG &\ SBATVAFeGEAY AP Aﬂ;gm AT RIAAR eGRYY NG

4382 Leu Val du Vval G?}O"Rsp Asp Gy Thr t Lys Ile Lys Agf) Gu Qu

1420 cca caA cAc TT&4R& car AcG Gec caG ArT436c TAGAHOARACAGGAESS CTA AGGs ATT
CTC CTT AktoGA ACE 10XKETALABAg(ATa Gln Asn Al 3Qu Aksp Asg) Legpvdhr Leu Thr
Ile Leu Leu Lys Al a2BAP Leu Leu Al a V¥aR51435 . 1440

1445 4, T, Cifs GCA CTT
T oo 1A o MR gl LR CTo g SepaT I TTR S A

Leu Phe Val Trp 2y2s 2130 1455 2135 1460
1465 TTT TGG CAG AAA AA G IIA Iﬁﬁ CA ccgg -

A c 42
s520 pre B BDEELSTYE gm ot e g s
1470 2140 2145 : GGZ CCT CCA GAA GTG GAA AGA
GCA GIC CTIT GAT GATGGTATC TAT AGA 4 Ser Pro Pro (3 u Val

Ar Al a VQCTL% f‘l G-I- TTC T;C CTAl GGA AAG GGC ng
1495 ATT SALE é{ %‘ ggstéjgcﬁ‘eréﬁﬁ/& %‘,%G&A“s kA orT Fao

4622 1l e I\/Et Gn Arg Gy Leu Leu Gy Arg Ser dn Val Ay Val dy Vval

1500 CTA GGG AAA ACRS50ST ATT GGC CTA cTC 'rqq-,g_;@c Ccmc IR GTG TH38CAC

ACA ATG TEBUCHY &YE %Gcgﬁiéle@h@é?“ Leu oye VABAPPAL &°R ¥ '8y val Phe

Hs Thr Met Trp H s Val Arg Ay Ala 135815 1520 .

%?3%5GCC . cTG CTA TGG ATEH36c ACEG1CT EAATBTTAKT @oh IBBCEAAGCACEICCRG: GAA OBBEAGC
AGRuGKE Trp Met ALFIBr\¥dl Cdw Byet Hiy Trg Hechia ¢y Itéu Gu Pro

Ser Trp Ala Ser Val 2190 ¥335 2230 15?10

1545 AAA SAACEAGAETETATEC K28 AN cEEATGCEArOaTT Téda ARES CERTGKAAGEGA TCEY34

4766 Lys Ly pep cleurid enh&SareuTyet Gay Kduy L& )IlErlp-‘OA Fiyve &mA&by Ser

1550 2205 1555 2210 1560 £ AAC ACG GGA GAA GAA

GIG CAG GT&(@I{ C?‘F gé‘pc GCA TAT é‘i%lﬁ'm TR &P rtbr G yefd

flu Val e Al NsrPrGQn

&4 hYS Tyr val val 12@5Gly Leu

2220 ‘ 2225 2230
TTA TTC ATG ATA CTC ACA GTG GCA GCC AAT GAG ATG GGA TTA TTG GAA 6830
Leu Phe Met Ile Leu Thr Val Ala Ala Asn Glu Met Gly Leu Leu Glu
2235 ' 2240 2245 2250
ACC ACA AAG AAA GAC TTA GGG ATT GGC CAT GTA GCC GCC.GAA AAC CAC 6878 -
Thr Thr Lys.Lys Asp Leu Gly Ile Gly His Val Ala Ala Glu Asn His
2255 2260 2265
CAC CAT GCT ACA ATG CTG GAC GTA GAC CTA CGT CCA GCT TCA GCC TGG 6926
His His Ala Thr Met Leu Asp Val Asp Leu Arg Pro Ala Ser Ala Trp
2270 227S - 2280
ACC CTC TAT GCA GTA GCC ACA ACA GTT ATC ACC CCC ATG ATG AGA CAC 6974
Thr Leu Tyr Ala Val Ala Thr Thr Val Ile Thr Pro Met Met Arg His
2285 2290 2295
ACA ATT GAA AAT ACA ACG GCA AAT ATT TCC CTG ACA GCC ATT GCA AAC 7022
Thr Ile Glu Asn Thr Thr Ala Asn Ile Ser Leu Thr Ala Ile Ala Asn
2300 2308 .+2310
CAG GCA GCT ATA TTG ATG GGA CTT GAT AAA GGA TGG CCA ATA TCG ARG 7070
Gln Ala Ala Ile Leu Met Gly Leu Asp Lys Gly Trp Pro Ile Ser Lys
2315 2320 2325 2330
ATG GAC ATA GGA GTT CCA CTT CTC GCC TTG GGG TGC TAT TCC CAG GTG 7118

Met Asp Ile Gly Val Pro Leu Leu Ala Leu Gly Cys Tyr Ser Gln Val
2335 2340 2345



- 27 AAC CCC AAA AAT GTACAGACAGCGCCGGGTACCTTC'AAGACCCCTGAA
4862 Asn Pro Lys Asn Val @ n Thr Ala Pro Ay Thr Phe Lys Thr Pro Qu

1580 1585 . 1590 GGT GAA GIT GGA CGCT ATT GCC
CTA GAT TTT AAA CCC GCC ACA TCT GEA 4910 Ay Gu Val Ay Ala lle
Ala Leu Asp Phe Lys Pro Ay Thr Ser Gy 1595 1600

1605 1610 TCT CCC ATC GIG AAC AGA GAA GGA AAA ATA GTA GGT
CTT TAT GGA AAT 4958 Ser Pro llejgal. Asn Arg Gu Gy Lys Ile Val
Ay Leu Tyr Ay Asn 1615 1620

1625 ° GGA ABT/CABT CTAGAGACH: ACK @GACEOCTA ARCCAT: AGE XeCclT ArBCRACAA CBTes
5006 Ay V&P Rrs) L'rhrTh}E?e‘s@br @Y Fhr VEjrlevatieSdeuNd ple HilsaTy® n Al a

1630 : 1640 AAA CGBROCA CAA GAA GGG CCC
CTA CCA GA&GcATTR 865 cGACCEAGCIRGTIAR Gea ana cEOMeTLa ShR @A N G Yoy
Pro Leu PRdadle [le GlyuP#sGlydleuValn Ple Lys Ala ThiGRKy Glu Ala Gln 1650
1655 AGG AAA AGAR3SAC TTA ACA ATAZEG GAC CTA CAT mA GGA TCG GGG AAA,

5102 Arg laxs #¥cOaé®&chesecTBEa AR Md

1660 Lys Arg Thr Ali6Kf Gly Ile Met ﬁp:];"rx“eggg 'I%A y@% T%é& GCC
ATA GTC CGT (3880GCC ATA AGA AR38BAC 51509<Ihr Arg Arg Tyr Leu Pro

a1 V9 G o WU s ol T e

GCT TCC GRAIA 519800/al Arg Thr "Lepadd e Leu r Arg Va
[err] g\g&r u Q’* e 1?”?“95 - 1700 crese
1705 GCAG ey ARG ESC@ e SGCA

5246 Ala G U Ala Leu Lym@figgl\%’“% ?ﬁ‘de‘ ﬁ‘ﬁ it C%? N a val

1710 1715 720 AAG AGT GAA CAC ACA GGA AAA

GAG ATA Gﬁg ?&g E%ﬁ?@%gﬁcaﬁ TGT GAA TGDQIC|ACK SEG GCCUAGE s Thr74Ghy
Lys Gu I F€"Val" AP hey Wel"RfS 2 fyg clu ser Tig7ly Leu Ala Thr- 1730
1735 -

GGA CCT CTG ACC ACG CTT TGG GAG GGA TCT CCa GGA AAA TTT TGG AAC 7454
Gly Pro Leu Thr Thr Leu Trp Glu Gly Ser Pro Gly Lys Phe Trp Asn
2445 2450 _ 2455 '
ACC ACG ATA GCG GTT TCC ATd GCA AAC ATT TTC AGG GGA AGT TAT CTA 7502 -
Thr Thr Ile Ala Val Ser Met Ala Asn Ile Phe Arg Gly Ser Tyr' Leu
2460 2465 2470

GCA GGA GCA GGC CTG GCC TTC TCA TTA ATG AAA TCT CTA GGA GGA GGT 7550
Ala Gly Ala Gly Leu Ala Phe Ser Leu Met Lys Ser Leu Gly Gly Gly
2475 2480 2485 2490
AGG AGA GGT ACG GGA GCC AAG GGG AAA CAC TGG GAG AGA AAT GGA AAA 7598
Arg Arg Gly Thr Gly Ala Lys Gly Lys His Trp Glu Arg Asn Gly Lys

2495 2500 2505
GAC AGA CTG AAC CAA CTG AGC AAG TCA GAA TTC ARC ACT TAC AAA AGG 7646
Asp Arg Leu Asn Gln Leu Ser Lys Ser Glu Phe Asn Thr Tyr Lys Arg

) 2510 2515 2520
AGT GGG ATT ATG GAR GTG GAC AGA TCC GAA GCC AAA GAG GGA CTG AAA 7694
Ser Gly Ile Met Glu Val Asp-Arg Ser Glu Ala Lys Glu Gly Leu Lys
2825 _ 2530 2535
AGA GGA GAA ACA ACC AAA CAT GCA GTG TCG AGA éGA ACC GCC AAA TTG 7742
Arg Gly Glu Thr Thr Lys His Ala Val Ser Arg Gly Thr Ala Lys Leu
2540 2545 2550

AGG TGG TTC GTG GAG AGG AAC CTT GTG AAA CCA GAA GGG AAA GTC ATA 7790
Arg Trp Phe Val Glu Arg Asn Leu Val Lys Pro Glu Gly Lys Val Ile
2555 . 2560 2565 : 2570
GAC CTC GGT TGT GGA AGA GGT GGC TGG TCA TAC TAT TGC GCT GGG CTG 7838
Asp Leu Gly Cys Gly Arg Gly Gly Trp Ser Tyr Tyr Cys Ala Gly Leu

257s 2580 ' _ 2588
AAG AAA GTC ACA GAA GTG AAG GGA TAC ACA AAA GGA GGA CCT GGA CAT 7886

Lys Lys Val Thr Glu Vval Lys Gly Tyr Thr Lys Gly Gly Pro Gly His
2590 2595 . 2600



ACT TTC ACC ATG CGTI CTC CTG TCT CCC GIG AGA GIT CCC AAT TAC AAC
5342 Thr Phe Thr Met Arg Leu Leu Ser Pro Val Arg Val Pro Asn Tyr Asn

1740 - 1745 1750 ATG ATT ATC ATG GAT GAA CCA
CAT TTT ACC GAT CCA GCC AGC ATA GCG 5390 Met Ile Ile Met Asp Qu

Ala H's Phe Thr Asp Pro Ala Ser Ile Ala 1755 . 1760

1765 1770 CGC AGA GEC TAC ATC TCA ACC CGA GIG GGC ATG GGT

GAA GCA CGCT GGG 5438 Arg Arg G-yTIlyr-IIe Ser Thr Arg Val Ay Mt
Ay u Ala Ala Al

2 34
1785  ATC ?(%gT AR ggxﬁ @g%%@@éﬁs % tea el
5486 Ile CT ?ﬁﬁ?%@égﬁcéfﬁ er sAl a Ighe Pro Gn
1790 1795 . 1800 AGC AAT GCA GIT ATC CAA GAT
GAG GAA AGACGHES AFT P@@TG@@TAG&W@AT ACA CCA 65'53@1*6 SpAC ACh WAlATaAl 11 e’
Asp G u Qlyr b Meehep Yol %Qé'? ge &y Pro Pro Slpohs Cys Asp ThE 1810
1815 TGG AA GGC TAT GAG ATC ACT GAC TTC CCA GGT AAA ACA GIC
5582 Trp Aam f T6r\calyATTlasTTess frbe THIr cots pPACIGCAPROT GITH GAM GXAr Val 8030

1820 Leu Leu Cys Aspggge Gly Glu Ser Ser Prq_ Pro Thr Ile G Gluo

- 28 - TES3FTT GIT CcA AGRCATC AAA TCA GGA “r cac ATT aoc AR Tae TTA
5630 Trp R Nl aRtorietct lddclymn BRE AToyciskadsqral e Alte AsncBys LeusddBs
1840 Gly Arg Thr Leél84bg Val Leu Lys Met VAB%Qu GATHAGeAMNTISEY AAA CGG GTG
ATT CAA TTG AGC AGG AAA2BEC TTT GAT 2660578 Arg Lys As®®@y Lys Arg Val
Ile An LelhcSeka A9 +6S aTh asRNErARA anT ccc Tac ate ccd&RE cTc 616 2126
1860 Asn Gln Phe Gy8621e AGA CAGLEAGLARrAAAr AlA AL seACVAARaGAC TGG GAC

TAT GTC GIC ACA 2679726 Thr G u Ty267€ n Lys Thr Lys*688n Asn Asp Trp Asp
Tyr Val Val_ Thr

K G AT GI8 RESHATCIAG I BRIREBMENER A 1o

Thr Asp Ile Ser @egsMet Ay Al a Aswsedhe Arg Ala Aspeds g VaI IIe
1885 1890 189
AAT CCA CTT TCA AGA AAT TCT ACT CAT GAA ATG TAT TGG GTT TCA TGT 8222
' " Asn Pro Leu Ser Arg Asn Ser Thr His Glu Met Tyr Trp Val Ser Cys
2700 ' 2708 _ 2710

GGA ACA GGA AAC ATT GTG TCA GCA GTA AAC'ATG ACA TCT AGA ATG TTG 8270
Gly Thr Gly Asn Ile Val Ser Ala Val Asn Met Thr Ser Arg Met Leu
2715 ' 2720 ' 2725 _ 2730

CTA AAT CGA TTC ACA ATG GCT CAC AGG AAA CCA ACA TAT GAA AGA GAC 8318
Leu Asn Arg Phe Thr Met Ala His Arg Lys Pro Thr Tyr Glu Arg Asp
2735 2740 2745

GTG GAC TTA GGC GCT GGA ACA AGA CAT GTG GCA GTG GAA CCA GAG GTA 8366
Val Asp Leu Gly Ala Gly Thr Arg His Val Ala Val Glu Pro Glu val
2750 . 2755 2760

GCC AAC CTA GAT ATC ATT GGC CAG AGG ATA GAG AAC ATA AARR C@T GAA 8414
Ala Asn Leu Asp Ile Ile Gly Gln Arg Ile Glu Asn Ile Lys. His Glu
: 2765 . 2770 2775 )

CAT AAG TCA ACA TGG CAT TAT GAT GAG GAC AAT CCA TAT AAA ACA TGG 8462
His Lys Ser Thr Trp His Tyr Asp Glu Asp Asn Pro Tyr Lys Thr Trp
2780 2785 2790

GCC TAT CAT GGA TCA TAT GAG GTC ARG CCA TCA GGA TCA GCC TCA TCC 8510
Ala Tyr His Gly Ser Tyr Glu Val Lys Pro Ser Gly Ser Ala Ser Ser
2795 2800 L 2805 2810

ATG GTC AAT GGC GTG GTG AAA CTG CTC ACC AAA CCA TGG GAT GCC ATC 8558
Met Val Asn Gly Val Val Lys Leu Leu Thr Lys Pro Trp Asp Ala Ile
' ' 2815 ) 2820 2825

CCC ATG GTC ACA éAA ATA GCC ATG ACT GAC ACC ACA CCC TTT GGA CAA 8606
Pro Met Val Thr Gln Ile Ala Met Thr Asp Thr Thr Pro Phe Gly Gln
2830 2835 2840

CAG AGG GTG TTT AAA GAG ARA GTT GAC ACG.CGC ACA CCA AAA GCA 'ARA 8654
Gln Arg Val Phe Lys Glu Lys Val Asp Thr Arg Thr Pro Lys Ala Lys
_ 2845 2850 : 2855



"GAC CCA AGA CGG TGT CTG AAA CCG GTA ATA CTA AAA GAT GGT CCA GAG 5822

Asp Pro Arg Arg Cys Leu Lys Pro Val Ile Leu Lys Asp Gy Pro Qu 1900
1905 1910 CGC GIC ATT CTA GCC GGA CCG ATG CCA GIG ACT GIG
GCC AGI GCT GCC 5870 Arg Val lle Leu Ala Gy Pro Met Pro Val Thr Val
Ala Ser Ala Ala 1915 ' 1920 1925

1930 CAG AGG AGA GGA AGA ATT GGA AGG AAC CAA AAC AAA GAA GGT GAT CAG

5918 G n Arg Arg Ay Arg Ile Ay Arg ASn*@ m Asn Lys Gu Ay Asp Gn
1935

T e wSEEE 050 RTCR T o a0l BB RERIIE S #Re

Leu Asn Asn Aspsoel u Asp His Alzsad s 1955
1960 TGG T C

sot 1o ke By Aty S 6 MR Iﬁ%ﬁ“”* Wt @y e
1965 2875 2880 esATC ¥CCca G268 &TC TTT GAG
CCA GAG AGA GAA AAG AGTA%CACSCQMA;AA cce G(ggzcéhl g'rcl;l-r(?rcpcrn(?'r AIQ% Leu Ig%aa A u
Pro u Ar I 5

1990 GAC %A%A & ’tiﬁs“?i;&‘m%g YRR Kah TR "%E%E;TG GAG

6110 Asp Gy G u Tyr Arg Leu Arg Ay Qu a Arg Lys Thr Phe Val G u 1995
2000 GAA AAT CAA TGE)@BC TCA GCA AAA GAA GCR) LG @WPCGAT GAGFCGAGERCCGA GAFAELCTA
CCT GTC T3uChen fide rpp\RegTlaghrs Slu Ala 6’358‘3{%059?/? uphif RP§ Gy Asp Leu
Pro Val Trp Leu Ser Tyr Lys Val Ala

2020 T6G Gac cTT ¢RORBc ABBACKEAAGEREGTTEr CAG MARCACTBAMAGATAGA T8 A GC
TTT GAC G33ZPGA#p Leu Val BQ@@rSe@tGAchglyﬂ Pete P@ISnLYIByFlSéﬂYABBpF A¥§ Arg Trp Cys
Phe Asp Ay Qu 2925 2030 293¢ 203835 2040

AGG AAC ANecCAks @EP dTHOTit G hrd e Adda %AGIG::@AMTQAT@E% RGA 8945254
Arg Asn AskiaCrhr (s v8U TE WAstl etAmat Mitly Bgp Aval 66 nybbiysTLen By

2045 ' 2940 2050 2945 2055 20 GAA GGA GAA CGA AAG AAA
CTA CGA (L, WaF e\ cot 3R27dd $a8 AbcCOrds Grd A9 le¥so LYS
Leu Arg Pr@luAE’ge %ﬁa g\n.yél é1\s@r arg %CQ‘%%]-E Trp Tyr Met Trp 4/@5

2070 ACA 2956 TCA GAC CCA @BE0CGCC CTG CCC GAGeTTT AAA GAG TTRIGTA GCA

5350 T 1o SoE A0Pr 0ok "kt L S50SLU LB Yo BLE dhe A2 375

Gly Ala Arg P Phe Glu Ala L Phe Met Asn Glu Asp

2975 : 2980 . 2985
CAC TGG TTC AGT AGA GAG AAT TCA CTC AGT GGA GTG GAA GGA GAA GGA 9086
His Trp Phe Ser Arg Glu Asn Ser Leu Ser Gly Val Glu Gly Glu Gly
T 2990 ' 2995 3000
CTC CAC AAR CTC GGA TAT ATA CTC AGA GAC ATA TCA AAG ATT CCA GGG 9134
Leu His Lys Leu Gly Tyr Ile Leu Arg Asp Ile Ser Lys Ile Pro Gly
- 3008 , 3010 3018 : _
' GGA AAT ATG TAT GCA GAT GAC ACA GCC GGA TGG GAT ACA AGG ATA ACA " 9182
Gly Asn Met Tyr Ala Asp Asp Thr Ala Gly Trp Asp Thr Arg Ile Thr
3020 3025 3030
GAG GAT GAT CTT CAG AAT GAG GCC AAA ATT ACT GAC ATC ATG GAG CCC 9230
Glu Asp Asp Leu Gln Asn Glu Ala Lys Ile Thr Asp Ile Met Glu Pro
3038 : 3040 3045 3080
GAA CAT GCC CTA CTG GCT ACG TCA ATC TTC AAG CTG ACC TAC CAA AAT 9278
Glu His Ala Leu Leu Ala Thr Ser Ile Phe Lys Leu Thr Tyr Gln Asn
. 3085 3060 3065
AAG GTG GTA AGG GTA CAG AGA CCA GCG ARA AAT GGA ACC GTG ATG GAT 9326
Lys Val Val Arg Val Gln Arg Pro Ala Lys Asn Gly Thr Val Met Asp
_ . 3070 307s ' : 3080
GTC ATA TCC AGA CGT GAC CAG AGA GGA AGT GGC CAG GTC GGA ACT TAT : 9374
Val Ile Ser Arg Arg Asp Gln Arg Gly Ser Gly Gln Val Gly Thr Tyr
3085 3090 3095
GGC TTA AAC ACT TTC ACT AAC ATG GAA GCC CAG CTA ATA AGA CAA ATG 9422

_ Gly Leu Asn Thr Phe Thr Asn Met Glu Ala Gln Leu Ile Arg Gln Met
3100 . 310% _ 3110



- 29 . GGA AGA AGA AGT GIC TCA GGI' GAT CTA ATA TTAGAAATAGGGAAA.CTT
6398 Ay Arg Arg Ser Val Ser Ay Asp Leu Ile Leu Qu Ile @y Lys Leu

2095 2100 - 2105 CCA CAA CAC TTG ACG CAA AGG
GCC CAG AAT GCC TTG GAC AAC CTG GIT 6446 Pro A n His Leu Thr A n Arg
Ala A n Asn Ala Leu Asp Asn Leu Val 2110 2115

2120 ATG TTG CAC AAC TCC GAA CAA GGA GGA AGA GCC TAC AGA CAT GCA ATG

6494 Met Leu His Asn Ser Gu Gn Ay Gy Arg Ala Tyr Arg Hs Ala Mt :
2125 2130 3735 GAA GAA CTT CCA GAC ACC ATA

GAA ACG TEfs ATE EHCC cGAAFECTTT TeAAdde ace carODAR cBcUadd WwcheAnTPEeR ASp Téyv0ol | €
G u Thr LEuMer ¢y GRguIl e Bh¢ Sgr| Pro Ser ¢ljDeu Glu Thr Pro Asn R4ul5

2150 GCT &G TTA ACT GGT &R GTG ACG CTG TTEESTTC CTA TCA GGAl¥AG GaC

6590 Al a ¥at dreUadiilcT® drchic MRk dfd chRUnlBheaPhRcletc 38k AoV ckys G YoAkO5

2160 Ala Glu Arg VA16Eeu Asp Trp Leu Glu Lyl TOr dQTAVAGG1AANACS TCT ATT GGC
CTA CTC TGC GIG ATG GCT3IRSA AGC GTA 3149638 Leu Ay Ly¥4phr Ser Ile Ay

Leu Leu CygaVidh M ﬁéag%éjé%r Véhr cac_t6C GIG G jgég T 6
2180 Lys Arg Met 8hie c&?AA sgﬁsﬁl@ C%lécigﬁAT T ATA
GCG GCC TCC ATC 3156686 Leu Leu Trpsdkt Ala Ser Valsiebu Pro His Trp lle
Ala Ala S 2190

1l e , | 2195 2200
ATA CTA G%&{f P%“ %‘g %ﬁ@“ %ﬁr"%ﬁzﬁ‘?ﬁ A § 96)¥734
lle Leu Gu -Iftgi Agﬁ g?/a “S%%d(_gg eA ro yfcch@(;gyi?% %

2205 T 22100 2215 CAG CGC ACT CCA CAG GAC AAC

CAG TTA C?%APQ’F @‘Bg‘rcg%mfwcm Cccc TCHG D C@"n"'%" (jg“Th‘FMPFBGG n A8$FZAsn
G n Leu AN T§RoVaR WAIT1T & GELEL" Pro $bYs § Y TP R AP 35B5

2230 TTA TTC ATG ATA CTC ACA GIG GCA GOC AAT GAG ATG GGA TTA TTG GAA

6830 Leu PAd gﬁtgﬁ"%;gegmgm\?;\ fha g@ﬂaggn@@@chgr&ammeu Q@ uo2E85

2240 4Bhe Cys Ser His His s Glncley tARSS GAC TTA GGG
ATT aac cAPPErA aoc aoc aad?¥ac cac eg%"’ Thr Thr Lys Ly&*%sp Leu Gy

Ile Ay Hear\@s Ab@ cAhaafd eTd\rcHESA TGe cGe AAC can GARADA ¢TT GTG 9758
2260 Asp Gly Arg GA@6Ele GAU VBATPECTYACA ARSNGB BAC ATHALE@ACaCTA CGT CCA
GCT TCA GCC TGG 6926 3220 3225
GGT AGG GCT AGA GTA TCA CAA GGT GCT GGA TGG .3C CTG AGA GAA ACT 9806
Gly Arg Ala Arg Val Ser Gln Gly Ala Gly Try ..r Leu Arg Glu Thr
3230 3235 3240
GCA TGC CTA GGC AAG TCA TAT GCA CAA ATG TGG CAG CTG ATG TAC TTC 9854
Ala Cys Leu Gly Lys Ser Tyr Ala Gln Met Trp Gln Leu Met Tyr Phe
3245 . 3250 3255
CAC AGG AGA GAC CTG AGA CTA GCT GCT AAT GCT ATC TGT TCA GCC GTT 9902
His Arg Arg Asp Leu Arg Leu Ala Ala Asn Ala Ile Cys Ser Ala Val
3260 3265 3270
CCA GTT GAT TGG GTC CCA ACC AGC CGC ACC ACT TGG TCG ATC CAT GCC 9950
Pro Val Asp Trp Val Pro Thr Ser Arg Thr Thr Trp Ser Ile His Ala .
3278 3280 ' 3288 ~3290
CAT CAC CAA TGG ATG ACA ACA GAA GAC ATG TTG TCA GTG TGG AAT AGG 9998
His His Gln Trp Met Thr Thr Glu Asp Met Leu Ser Val Trp Asn Arg
' 3295 3300 3305
GTT TGG ATA GAG GAA AAC CCA TGG ATG GAG GAC AAA ACC CAT GTA TCC 10046
Val Trp Ile Glu Glu Asn Pro Trp Met Glu Asp Lys Thr His Val Ser
3310 33158 3320
AGT TGG-GAA GAT GTT CCA TAT TTA GGA AAA AGG GAA GAT CAG TGG TGT 10094
Ser Trp Glu Asp Val Pro Tyr Leu Gly Lys Arg Glu Asp Gln Trp Cys '
3328 3330 3335, '
GGA TCC CTG ATA GGC TTA ACA GCA AGG GCT ACC TGG GCC ACC AAC ATA 10142
Gly Ser Leu Ile Gly Leu Thr Ala Arg Ala Thr Trp Ala Thr Asn Ile
3340 - 3345 3350
CAA GTG GCC ATA AAC CAAR GTG AGA AGA ' CTA ATC GGG AAT GAG AAT TAT 10190

Gln Val Ala Ile Asn Gln Val Arg Arg Leu Ile Gly Asn Glu Asn Tyr
3355 . 3360 3365 3370



H's H.,s Ala Thr Met Leu Asp Val Asp Leu Arg Pro Ala Ser Ala Trp

2270 2275 2280 ACC CTC TAT GCA GTA GCC ACA
ACA GIT ATC ACC CCC ATG ATG AGA CAC 6974 Thr Leu Tyr Ala Val Ala Thr
Thr Val Ile Thr Pro Met Met Arg Hi s 2285 2290

2295 ACA ATT GAA AAT ACA ACG GCA AAT ATT TCC CTG ACA GCC ATT GCA AAC
7022 Thr Ile Au Asn Thr Thr Ala Asn Ile Ser Leu Thr Ala Ile Ala Asn

5300 2305 - 32310 CAG GCA GCT ATA TTG ATG GGA
CTT GAT AAA o T%C); C%\‘QTA TCG 3MS L 7970 Gn Ala Ala lle Leu et Gy
Leu Asp L @ % i o

2325 H 330hs ATG BRCAT E;%tgge‘ﬁs 8ER Birser ntcRccchice
TAT TCC CAG GIG 7118 Met Asp Ile Ay Val Pro Leu Leu Ala Leu Ay Cys
Tyr Ser GMG\%G CAC TCT GGT GAG TCA Q%GAC TTA TGAAAATAAR G?WTMG 10288
2345 Lys Gly His Ser Gly Glu Ser Thr His Leu - 30 - AAT- CCA CTG
ACG CTG ACA oG 6oG BfR 176 aTe cra &€ aoT caT TAC 7166 Asn Pro

Leu Thr Letde:Mham@lcamtelc LeRGGREECA FUAAGTICATE STRCEGTMAG AGCTATGCTG  1GB38(

2355 GCC ATA ATT GGA ACT
AGA GAA GEFTERgRece °°°T°°"7’ff4“iﬁ TRAME PPETESS %Q % @Qﬁ?a Lygzil
Thr Arg Gatcdbde1eeNeTeTAGCTTC RBEETGGGGA TGTARAAACC rc&&i@cc’re CAMCCCATGG 1045375
AAA AGG ACA GCG GCC GGA ATA ATG AAA AAT CCA ACC GIT GAT GGA ATT

7262 Lys APRGCTGHACA) GATSCECTAG) CRAFACTRETC CFTAGRSAAPASCERTCARR ARGITENGE || 10528

2380 CAGCAGCGGG GCCRARGACC AGGGGAAGCT GTATERSET (GTARSERTALNdATAIN G #¥esCCT
GIG GIT TAT GAT GCA AAA TTT GAG AAA 7310 Val Ala |le Asp Leu Asp

Pro Val VaiGATRECGRSPGHUATAAGAR PRMAGRGOAT VS Tczsgg;src GGAGAGACCA GAGATZGEDGF 10648

P15 e st Mg R A o O, ST SR 1, 9B

Thr Ser G anchterdegu 2415 2420 10718
2425 .

{(2) INFORMATION FOR SEQ ID NO:2:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 3396 amino acids
{B) TYPE: amino acid
{9) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein '
(xi) ;‘.‘;EQUENCE DESCRIPTION: SEQ ID NO:2:

Met Asn Asn Gln Arg Lys Lys Thr Ala Arg Pro Ser Phe Asn Met Leu
1 5 10 _ 15

Lys Arg Ala Arg Asn Arg Val Ser Thr Gly Ser Gln Leu Ala Lys Arg
20 25 30

Phe Ser Lys Gly Leu Leu Ser Gly Gln Gly Pro Met Lys Leu Val Met
35 40 . 45

Ala Phe Ile Ala Phe Leu Arg Phe Leu Ala Ile Pro Pro Thr Ala Gly
50 : 55 60

Ile Leu Ala Arg Trp Gly Ser Phe Lys Lys Asn Gly Ala Ile Lys Val
65 70 75 80

Leu Arg Gly Phe Lys Lys Glu Ile Ser Asn Met Leu Asn Ile Met Asn
85 90 95

Arg Arg Lys Arg Ser Val Thr Met Leu Leu Met Leu Leu Pro Thr Ala
100 105 110

Leu Ala Phe His Leu Thr Thr Arg Gly Gly Glu Pro His Met Ile Val '
115 120 _ 125

~ Ser Lys Gln Glu Arg Glu Lys Ser Leu Leu Phe Lys Thr Ser Val Gly
130 135 140



TTG ATG CGG ACT ACA TGG GCC TTG TGT GAA TCC ATC ACA CTG GCC ACT
7406 Leu Met Arg Thr Thr Trp Ala Leu Cys Qu Ser Il'e Thr Leu Ala Thr

2430 2435 2440 . GGA CCT CTG ACC ACG CTT TGG
GAG GGA TCT CCA GGA AAA TTT TGG AAC 7454 Gy Pro Leu Thr Thr Leu
Trp Qu Ay Ser Pro Ay Lys Phe Trp Asn 2445 2450

2455 ACC ACG ATA GCG GIT TCC ATG GCA AAC ATT TTC AGG GGA AGT TAT CTA

7502 Thr Thr tle Ala Val Ser Met Ala Asn 3%e-Phe Arg Ay Ser Tyr Leu

2460 2465 © 2470 GCA GGA GCA GBC CTG G&CC TTC
TCA TTA ATG AN, T 7955 y Leu Al a
Phe Ser Leﬁé\/@f L'% gg 'ii%uiﬁsélgqygad‘eyt 5‘29&5‘5 Bt &2 fzgéso

2485 2490 AGG AGA GGT ACG GGA GCC AAG GGG AAA CAC TGG GAG
AGA AAT G&PARRr Met Thr TyzoBys\Cys Arg &Y ITarThg §lunrda |Gy %% AsPs His Trp
Gu Arg Asn Ay Lys  -16° 249879 . 0

2505  GAC pAveT Gy £ pClfe Ask MACTHICAsE Y rTTEp AAL AT THAGLAAA AGG

7646 Asp Arg Leu Asnig@n Leu Ser Lys 8% d u Phe Asn Tif0 Tyr Lys Arg .
2510 GAA GIG GAC

2515 . 2520 GI GGG, AT
Ach TCC GAREES 385 ERE o GIAES Mra A3 Amp Y FS 34 FrE N G o va
Asp Arg Ser Qu a Lys Au @y Leu Lys 2525 2530

2535 AGA ISGAAGAPRCRIAGCGEIANY CAT GRALET GLTOBrA&Yg QBA MRCTHCETAAA TTG
7742 Arg Gy @ Thr Thr Lys H%d5Ala Val Ser Ardg*@y Thr Ala Lys Leu

2540 Met Ser Ser 6254;51 Ala Trp Lys Gln 1255(91:: A@V-E@C%LTthEGpGAG AGG AAC
CTT GIG AAAzsCCAGAAGGGA,KAszC KT,&' 73590 Arg Trp Phe Mal Gu Arg
Asn Leu Val Lys Pro Qu dy Lysp- Val 1le 2555 2560

2565 Ala Leu Arg Hpg785c GhC M@’GGY’“I’C%&?@%@ R FEETLRGALTERSTCA TAC TAT
TSC CCT GGG CTG 38 Asp Leu Ay s Ay Arg Ay y Trp Ser Tyr
Tyr Cys AlmialCiyelely Thr ser Ile Thr Gln 2P Ely Ile Ile Phe Ile L2B83Gu

2585 AAG AAA GIC.- ACASGAA GIG AAG GGA2§AC ACA AAA GGA &fA CCT GGA CAT

7886 L | ‘G u Val_L P Hi
7886 Lys Lya Yal ;Tgr ngggoager x&%gfg JAYs A}ggﬁ}}m%y@:h hg Gy Hs

285

Arg Asp Phe Val Glu Gly Leu Ser Gly Ala Thr Trp Val Asp Val val
280 295 . 300. .

Leu Glu His Gly Ser Cys Val Thr Thr Met Ala Lys Asp'Lys Pro Thr
308 310 315 320

Leu Asp Ile élu Leu Leu Lys Thr Glu Val Thr Asn Pro Ala Val Leu
325 _ : 330 335

Arg Lys Leu cys Ile Glu Ala Lys Ile Ser Asn Thr Thr Thr Asp Ser
. 340 345 : 350

Arg Cys Pro Thr Gln Gly Glu Ala Thr Leu Val Glu Glu Gln Asp Ala
355 360 365

Asn Phe Val Cys Arg Arg Thr Phe Val Asp Arg Gly Trp Gly Asn Gly
370 - 375 380

Cys Gly Leu Phe Gly Lys Gly Ser Leu Leu Thr Cys Ala Lys'Phe Lys
385 390 395 400

" Cys Val Thr Lys Leu Glu Gly Lys Ile Val Gln Tyr Glu Asn Leu Lys.
405 410 415

Tyr Ser Val Ile Val Thr Val Hié Thr Gly Asp Gln His Gln Val Gly
420 - 425 430

Asn Glu Thr Thr Glu His Gly Thr Ile Ala Thr Ile Thr Pro Gln Ala
435 440 _ 445

Pro Thr Ser Glu Ile Gln Leu Thr Asp Tyr Gly Ala Leu Thr Leu Asp
" 450 455 460

Cys Ser Pro Arg Thr Gly Leu Asp Phe Asn Glu Met Val Leu Leu Thr
465 470 475 480



GAG GAA CCA ATC CCA ATG GCG ACC TAT GGA TGG AAC CTA GTA AAG CTA
7934°Au GQu Prolle Pro Mt Ala Thr Tyr dy Trp Asn Leu Val Lys Leu

2605 - 2610 2615 TAC TCC GGG AAA GAC GTIA TTC
TTT ACA CCA CCT GAG AAG TGT GAC ACC 7982 Tyr Ser dy Lys Asp Val
Phe Phe Thr Pro Pro G u Lys Cys Asp Thr 2620 2625

2630 CIT TTG TGI GAT ATT GGI' GAG TCC TCT CCA AAC CCA ACT ATA GAA GAA
8030 Leu Leu Cys Asp Ile Ay Qu Ser Ser"P?® Asn Pro Thr Ile Gu du 2635

2640 4 . .26 A TTA CGC GIC CTA
ARG ATG GTA kYRS &S %‘Eé Realepat His ‘4“9’83‘%‘?8%%"%%%“%32 s Arg Val

Leu Lys Met Val Qu Pro Trp Leu Arg Ay 2655 :
2660 ' Pro Leu Pro ggw‘hrmes G AEETSEIGEThATIRFARKE AFF UTFATPARSECC TAC ATG
CCA AGT GTG GTG %126 Asn A n Phe®Tys Ile Lys I1e°1%u Asn Pro Tyr Met

Pro Ser Val aMplein Asp Leu Leu VO/@hr Phe i.ys Thr ala RO Rla Lys Lys Gln 2680
GAA ACT CTG GAG CAASATG CAA AGA AA&/2CAT GGA GGA ATGSEFA GIG CGG

8174 G u Thy, L Met Gn Arg L Hi s y. dy Mt Le al Arg

2685 bud ¥ Sl G PR el Bl R Bg it Rk e R MBicn Sar Tt
ACT CAT GAA ATG TAT TGG GIT TCA TGT 8222 Asn Pro Leu Ser Arg Asn
Ser Thr Hi sTi® §l¥eAlaTFhr Ty YA GBerTh@ySer Gly 2THG0Thr Thr Ile Phe Ala 2705

2710 GGA AT GGA AAC ATT GTESOTCA GCA GTA AACSATG ACA TCT AGA SK%G TTG

8270 Gy TherfPm Atk LL8 Al aPhed i3 sVide AS ! LdbhrrnPele Lgs ML, Leu 2715
2720 Pl 5 L8 3l acP el e Ao R L el e B oo are oo
CAC AGG AAA CCA ACA TAT GAA AGA GAC - 8318 Leu Asn Arg Phe Thr Met
Ala H's Ar g“?_‘i/ssePrH‘ngl TR ey TAF d’lﬁ&s%%rcphe Lys Leu Glu Lys)G3g Val

2740 2 % GIG GAC TTA GCT GGA ACA AGA CAT GIG GCA GIG
GAA CCA GAGR LAl &lu Tl;r Gln 8366cMalrhAs@aileen Gay d¥naval wysShryAcguHily Val Al a
Val Gu Pro du Va$?s 2753®0 _ 603755

2760 GCC AQG. U G ATT, i T GAA

8414 Ala Asn L%?A% F f%%&ﬁ%ﬁﬁ%%ﬁ?ﬁﬁ%ﬁ% f%ﬁwgé Y qu |
2765 2770 : 2775 CAT AAG TCA ACA TGG CAT TAT
GAT GAG GACZ FhoCR "TAT AR I¥e@hr Ala Asngbhmpp Ijp §’ally'§hISéFP'I§ng Trp H's
Tyr Asp G u p Asn Pro Tyr B3 Thr Trp 280 2785

2790 Glu Lys Pro Val Asn Ile Glu Thr Glu Pro Pro Phe Gly Glu Ser Tyr
645 650 655

Ile Val Val Gly Ala Gly Glu Lys Ala Leu Lys Gln Cys frp Phe Lys
’ - 660 . 665 670

Lys Gly Ser Ser Ile Gly Lys Met Phe Glu Ala Thr Ala Arg Gly Aia
675 680 . 685

Arg Arg Met Ala Ile Leu Gly Asp Thr Ala Trp Asp Phe Gly Ser Ile .
690 695 700

Gly Gly Val Phe Thr Ser Val Gly Lys Leu Val His Gln Val Phe Gly
705 710 715 720

Thr Ala Tyr Gly Val Leu Phe. Ser Gly Val Ser Trp Thr Met Lys Ile
725 730 735

Gly Ile Gly Ile Leu Leﬁ Thr Trp Leu Gly Leu Asn Ser Arg Ser Thr
740 745 750

Ser Leu Ser Met Thr Cys Ile Ala. Val Gly Met Val Thr Leu Tyr Leu
755 760 765

Gly Val Met Val Gln Ala Asp Ser Gly Cys Val Ile Asn Trp Lys Gly
770 775 780

Arg Glu Leu Lys Cys Gly Ser Gly .Ile Phe Val Thr Asn Glu Val His
78S 790 795 : 800

Thr Trp Thr Glu Gln Tyr Lys Phe Gln Ala Asp Ser Pro Lys Arg Leu
805 810 815



GCC TAT-CAT GGA TCA TAT GAG GTC AAG CCA TCA GGA TCA GCC TCA TCC
8510 Ala Tyr His Ay Ser Tyr Gu Val Lys Pro Ser Gy Ser Ala Ser Ser 2795

2800 2805 2810 ATG GIC AAT GGC GIG GIG AAA
CTG CTC ACC AAA CCA TGG GAT GCC ATC 8558 Met Val Asn dy Val Val
Lys Leu Leu Thr Lys Pro Trp Asp Ala lle 2815 '
2820 2825 CCC ATG GIC ACA CAA ATA GCC ATG ACT GAC ACC ACA
CCC TTT GG CAA 8606 Pro Met Val sfhr- A n Ile Ala Met Thr Asp Thr
Thr Pro Phe Ay Gn 2830 : 2835

2840 CAG AGG, GTG TTT AAA GAG AAA GTT GAC ACG CGC ACA CCA AAA GCA AAA
8654 G n AY Vi *PRelly Sl@lysiy? Pap GapSThCLANRITRYS Fily s Aaga Lys
2845 S 8850 257 o855 830

- 32 - CGlrCEG ABA GRALGASIATAATE GG SHGLACA 1G0T AGe T E14 TGG GGT
8702 Arg Ay Thr 88Fa A n Ile Met @0 Val Thr Ala ABgsTrp Leu Trp Ay

GCA AcA ATFTRSE AR RERTEAG agyrten hee et Ly ihomi? el Vol Tt e e

Lys Pro Arg Ile Cys. Thr Arg Au d u Phe 2875 2880
2885. Glls’ Asp Val VaA3Gly TAEGALAGALA/ANCTy ABS HGAMSAG18CRedCBEoATT GGA GCA.
GTG TTC GIP%GAT 8799%hr Arg Lys ValB72rg Ser Asn Ala8Pa Ile Ay

Al a Val PhanVato AR Glu His ng\ T{'r ser 2 Lys Ser

Trp Gly L szgpé) Lys
2005 GAA AAT CAA TGG AAES T ©CA GTG CAA A

TadsAG CGG TTC

8846 A u Asn gen G‘[g,p nspSeIrleAIGian Ii%ﬁ %ruTN a Val GIIu Asp G,' u Arg Phe

e L
2910 5 S0 T2970° MEGIEAGIETIGFEPCAC AGA GAG
AGG GAG CTT CAC AAA CAG GGA AAA TGT 8894 Trp ASp Leu Val' His Arg

A u Arg GAsp 8br Hirg ¢\us CE rPr@l Jsp WSp B3I Arg Ala THORBBn Ile Trp Glu 2930
2935 GCC ACG TGPETT TAC AAC ATG9ATG GGG AAG AGA &A% AAA AAA CTA GGA

8942 A a Ty &Y ARl ryly baf¥heMBly L f/ ThY St it WS IS pgY @Y
: 935

940 g

Leu Arg Asp Ser Tyr Thr Gln Met Cys Asp His Arg Leu Met Ser Ala
945 950 955 : 960

Ala Ile Lys Asp Ser Lys Ala Val His Ala Asp Met Gly Tyr Trp Ile
. 965 970 975

Glu Ser Glu Lys Asn Glu Thr Trp Lys Leu Ala Arg Ala Ser Phe Ile
980 985 990

Glu Val Lys Thr Cys Val Trp Pro Lyé Ser His Thr Leu Trp Ser Asn
998 1000 1005

Gly Val Leu Glu Ser Glu Met Ile Ile Pro Lys Ile Tyr Gly Gly Pro
o 1010 1018 1020 .

Ile Ser Gln His Asn Tyr Arg Pro Gly '_Tyr Phe Thr Gln Thr Ala Gly
1025 1030 1035 1040

Pro Trp His Leu Gly Lys Leu Glu Leu Asp Phe Asp Leu Cys Glu Gly
1045 1050 . 1055

Thr Thr Val Val Val Asp Glu His Cys Gly Asn Arg Gly Pro Ser Leu
1060 1065 1070

Arg Thr Thr Thr Val Thr Gly Lys Ile Ile His Glu Trp Cys Cys Arg
1075 1080 ~ 10858

Ser Cys Thr Leu Pro Pro Leu Arg Phe Lys Gly Glu Asp Gly Cys Trp
1090 1095 1100 ’

Tyr Gly Met Glu Ile Arg Pro Val Lys Glu Lys Glu Glu Asn Leu Val
1108 1110 : 1115 1120

Lys Ser Met Val Ser Ala Gly Ser Gly Glu Val Asp Ser Phe Ser Leu
11258 1130 1135

Gly Leu Leu Cys Ile Ser Ile Met Ile Glu Glu Val Met Arg Ser Arg
1140 1145 1150



2940 2945 2950 GAG TTC GGA AAG GCA AAA GA
AGT CGI GCA ATA TGG TAC ATG TGG TTG 8990 Gu Phe Ay Lys Ala Lys
Gy Ser Arg Ala lle Trp Tyr Met Trp Leu 2955 2960

2965 o 2970 GGA GCA CCGC TTT CTA GAG TTC GAA GCT CTT GGTI TTC
ATG AAC GAA GAT 9038 Ay Ala Arg Phe Leu G'u Phe Gu Ala Leu Ay
Phe Met Asn G u Asp 2975 2980

2985 CAC TGG TTC AGT AGA GAG AAT TCA GTGAGT GGA GIG GAA GGA GAA GGA

9086 His Trp Phe Ser Arg G u Asn Ser Leu Ser Ay Val Qu Gy u dy .

2990 Trp Ser Arg Ig0Bet Leu Met Thr Gly TBOO0Gu XIECVOAChAARWCEE: GGA TAT ATA
CTC AGA GAC ATA T&AS AAG ATT CCA G380 9134 L&l6H s Lys Leu Ay Tyr
Il e Leu AguAsit lMe® 36/ chi Ll 8nPrepQleh Asp Leu 113085 Leu cys 11e - 3010
3015 GGA AATIIEG TAT 'GCA GAT A ACA GCC T(IB0GAT ACA AGG ATA ACA
9182 Gy Asn Met Tyr Ala Asp Asp Thr Ala d Tr%& Thr Arg IIeThr

e thA’T*’ FAG AAT GAG

3020 © Met Val Gly Ps’lcyzgsn la Set Asp Arg Met,) %8
acc Asa ATPRRcT cac aTc ATé &G coc 330 @ u AspAs Y Gn Asn

G u Al a Lyeul Aba Ten MapabherhYephduys led BORPro Met Phe ala val 8040

3045 303805 GAA CAT GOC CFALCTG GCT ACG TGRIATC TTC AAG CTG -

ACC TAC 7, j ' e Phe Lys
Leu Thl’ _Cr"%ugegn; Kgﬁ ?;goa% L%uGrk'r l_sl'e§3%gci'\?l{la&eﬁ£ﬂ& E%gs‘g'g{) IUa
-3065 AAG GIG GTA AGG GTA CAG AGA CCA GCG AAA AAT GGA ACC GIG ATG GAT

9326 Lys &Y Y SAFQ'-%I""’GME‘AFEF P'uaé ‘?ﬂlluaLt‘y§fAs‘i'F gr Her SAd Shet Asp

3070 3075 3080 GTE*#TA TCC AGA CGT GAC CAG

AGA CA AGkuGHy Gaf IRCLENIACed Aly T1e Met IQ37£euV§{'s le@ R87 TREQ Arg Asp
An Arg Gy Se2sady A n Val d g28hr Tyr 3090

3095 GGC TT A AAC ATG GAA G CTA ATA AGA CAA ATG
2100 35058 Hrseﬁhgnﬂﬁzvﬁ%ﬁ“ deF R4, Tﬁg?f%*'“ LEG 1% R The wet

Val Lys Thr Thr Phe Ser Leu His Tyr Ala Trp Lys Thr Met Ala Met
1285 - 1290 . 1295

Val Leu Ser Ile Val Ser Leu Phe Pro Leu Cys Leu Ser Thr Thr Ser
1300 1305 1310

Gln Lys Thr Thr Trp Leu Pro Val Leu Leu Gly Ser Leu Gly Cys Lys
1315 -~ 1320 1328

Pro Leu Thr Met Phe Leu Ile Ala Glu Asn Lys Ile Trp Gly Arg Lys
1330 1335 1340

Ser Trp Pro Leu Asn Glu Gly Ile Met Ala val Gly Ile Val Ser Ile

1345 1350 1355 1360

Leu Leu Ser Ser Leu Leu Lys Asn Asp Val Pro Leu Ala Gly Pro Leu
1365 1370 _ 1375

Ile Ala Gly Gly Met Leu Ile Ala Cys Tyr Val Ile Ser Gly Ser Ser
1380 1385 " 1390

Ala Asp Leu Ser Leu Glu Lys Ala Ala Glu Val Ser Trp Glu Glu Glu
1395 . 1400 : 1405

Ala Glu His Ser Gly Ala Ser His Asn Ile Leu Val Glu Val Gln Asp
1410 1415 : 1420

Asp Gly Thr Met Lys Ile Lys Asp Glu Glu Arg Asp Asp Thr Leu Thr
1425 1430 o 1435 1440

Ile Leu Leu Lys Ala Thr Leu Leu Ala Val Ser Gly val Tyr Pro Leu
1445 1450 1455

Ser Ile Pro Ala Thr Leu Phe Val Trp Tyr Phe Trp Gln Lys Lys Lys
1460 1465 1470

Gln Arg Ser Gly Val Leu Trp Asp Thr Pro Ser Pro Pro Glu Val Glu
1475 - 1480 1485



- 33 5 GAG TCT GAG GGA ATC TTT TCA CCC AGC GAA TTG GAG ACC CCA AAT TTA
9470 Au Ser Qu Ay Ile Phe Ser Pro Ser Au Leu Qu Thr Pro Asn Leu 3115

3120 3125 3130 GCC GAG AGA GIT CTC GAC TGG
CTG GAA AAA TAT GGBC GIC GAA AGG CTG 9518 Ala G u Arg Val Leu Asp Trp
Leu Gu Lys Tyr dy Val Gu Arg Leu 3135

3140 3145 AAA AGA ATG GCA ATC AGC GGA GAT GAC TGC GIG GIG
AAA CCA ATT GAT 9566 Lys Arg Met” ASa-1le Ser Ay Asp Asp Cys Val Val
Lys Pro Ile - 3150 _ 3155 3160
Che: AGe TS BB XEh AP ATRGALGHE BYE DRTIIA PR G B . o614
Asp Arg Phe Ala Thr Ala Leu Thr Ala Leu Asn Asp Met Gy Lys Val

3165 Leu Gly Arg Spr7@ln Val Gly Val Gly Vi3] Phe GAGARSIARLE/VRIAFWe CCA CAA TGG
GAA CCC TGACRAA GGA TGG AARSEAT TGG 3852 Arg Lys Asp FF¥ Pro @ n Trp

G u Pro Sefislits fdey TRpﬂﬁ'@aMtTf\{;b Gly Ak8Wal Leu Met T ilﬁS
3190 CAA CAG GIG CCT TIg2sTGr TCA CAC 530TC CAC CAG (Y:TG.SA-ET ATG AAG

9710 A n Gn Val Pro Phe QIS Ser HHs. Hs Phe Hs Gn Leu Ile Met Lys 3195
3200 Lys Arg Leu Géi% K- T AL s Valokps AT SGR¥ ATA GTG GTG

CCA TGC CGC AAC CAA GAA CTT GIG **° " 9758 Asp @'y Arg Qu Ile Vval Val
Pro Cys Amgr/sly Gly) GAYpTEH Ar{ekheValn Gly Ser Trp Asn Thi321) Glu Glu
3220 1555 3205 GGT AGES®CT AGA GTA TCAIE¥S8A GGT GCT GGA TGG

[err] CTGaf\%n%&(fg Ala val 13886 @ﬁé/ é‘)'sgaélx %zArﬂyvilsnS?ag gp dy Ala dy

[err] Leu ArsgoG u 1575 1580
3240 . GCA TGC CTA GGC AAG TCA TAT GCA CAA ATG TGG CAG CTG ATG TAC TTC
9854 Al a @gg M@, Py fllxyghﬂsél’heg‘w Abm BoPrfive lvreruG’# Géw M@t I¥®r Phe

3245 3250 32 895 cAC AGG AGA GA (tTG AGA CTA
. GCT GCT AATaGGEhL AdE sROTLICArEG yGFr ser cly 8992 S1 @)1 Aldh Asp Leu Arg Leu
Ala Ala Asn AIaIIe Cysi&er Ala VaI B2G0 16153265
3270 CCA CAT GCC
9950 Pro JAI AdplHt digal oea! THE C‘ic FhAL YR GBE et o Ala 3275
3280 3285 90 CAT CAC CAA TGG ATG ACA ACA
GAA GAC ATG TTG TCA GIG TGG AAT A 9998. Hs Hs An Trp Met Thr Thr
du Asp VELY | B %é;sv\?él Ser [S‘IAS]H' Gln Ala Lys lia se g Glu Gly
3300 3305 GIT T ‘}A"rA GAG GAA AAC'YCA TGG ATG GAG GAC AAA
ACC CAT GPeoTied Pro GlulPl«l@lu Asp Glu Val Phe Arg Lys Arg Asn Leu Thr

1650 1655 _ 1660

Ile Met Asp Leu His Pro Gly Ser Gly Lys Thr Arg Arg Tyr-Leu Pro
1665 1670 _ 1675 1680

Ala Ile Val Arg Glu Ala Ile Arg Arg Asn Val Arg Thr Leu Ile Leu
1685 1690 . 1695

Ala Pro Thr Arg Val Val Ala Ser Glu Met Ala Glu Ala lLeu Lys Gly
1700 1708 1710

Met Pro Ile Arg Tyr Gln Thr Thr Ala Val Lys Sér'Glu His Thr Gly
1715 1720 1725

Lys Glu Ile val Asp Leu Met Cys His Ala Thr Phe Thr Met Arg Leu
1730 1735 - 1740

Leu Ser Pro Val Arg Val Pro Asn Tyr Asn Met Ile Ile Met Asp Glu
1745 1750 : _ 1785 1760

Ala His Phe Thr Asp Pro Ala Ser Ile Ala Arg Arg Gly Tyr Ile Ser’
1765 1770 1775

Thr Arg Val Gly Met Gly Glu Ala Ala Ala Ile Phe Met Thr Ala Thr
1780 ' 178s 1790

Pro Pro Gly Ser Val Glu Ala Phe Pro Gln Ser Asn Ala Val Ile Gln
1795 _ 1800 1805

Asp Glu Glu Arg Asp Ile Pro Glu Arg Ser Trp Asn Ser Gly Tyr Glu
1810 181s 1820



Val Trp Ile Gu GQu Asn Pro Trp Met GQu Asp Lys Thr H's Val Ser

3310: 3315 3320 AGT TGG GAA GAT GIT CCA TAT
TTA GGA AAA AGG GAA GAT CAG TGG TGT 10094 Ser Trp Gu Asp Val Pro Tyr
Leu Ay Lys Arg Au Asp An Trp Cys 3325 3330

3335, GGA TCC CTG ATA GGC TTA ACA GCA AGG GCT ACC TGG GCC ACC AAC ATA
10142 Ay Ser Leu lle Ay Leu Thr Al a Arg@la Thr Trp Ala Thr Asn Ile

3340 3345 50 CAA GIG CCC ATA AAC CAA GIG
AGA AGA. CTH ATt GAB Aegpﬁé\%mqﬂs e val0390p @ mavaémAls.ar lje Asn G n Val
Arg Arg Lews2sle Gy Asn A wessn 1835 0 1840

3365 '
-34-  CTA ’d&rs?'AélATﬁf'AQAP MG RRRCSYAGAS %% PEIANE AST BACLAGRRGAT O0G
10238 Leu Asp Tyr Met Thr er Met Lys Arg e Lys Asn Qu Ser Asp Pro

3375 val Ile Gln B&88Ber Arg Lys Thr Phe 238STThrAdn @b CAACLYETHSGT GAG TCA
ACA CAC TTA TGAAAATARBEOGGAAAATAAG 1865 10288 Lys G y2&¥0s Ser dy GI u Ser
Thr Hi s Le 9 .

TeAGEOGEA Y ﬁi’é@é&ﬁsﬁi%&{f AT Rt The 5&3’355%’?@@@ COOTOCAAGS
ACGTAAAATG AAGTCAGGCC GAAAGCCACG GTTTGAGCAA 10408 ACCGTIGCTGC CTGTAGCTTC
ATCGTCIII;OF*PG:?WAC@ OABCEEATES AP 1B 39 ARGCFIT AGG CATGEGGTAG
CAGACTAGTIG GTI GGAG ACCCCT *AAACATAACG 15%%%5 CAGCAGCGEGEG GCCCAACACC
AGGGGAAGCTLYST AFEGTRGCT 1 SGEAAGSARTp ATHGEET AGA Ar910518& 1e TARAGALLE GCCATAACAA
TAAACAGCATR WFTGACGCTG GGAGABACCA GAGATCCTGC 12130648 TGT CT CT AKSAOGCATCATTCC

AGGCACAGAAP:Q:GQC@%AA@EL M@I& %TIC:;T;FL% Glnll(\)ng()%rg Gly Arg I e

10718 1925 1930 193s

Gly Arg Asn Gln Asn Lys Glu Gly Asp Gln Tyr Val Tyr Met Gly Gln
1940 1945 _ 1950

Pro Leu Asn Asn Asp Glu Asp His Ala His Trp Thr Glu Ala Lys Met
1955 _ : 1960 . 1965

Leu Leu Asp Asn Ile Asn Thr Pro Glu Gly Ile Ile Pro Ala Leu Phe
1970 1975 - 1980

Glu Pro Glu Arg Glu Lys Ser Ala Ala 1le Asp Gly Glu Tyr Arg Leu
1985 1990 1995 2000

-Arg Gly Glu Ala Arg Lys Thr Phe Val Glu Leu Met Arg Arg Gly Asp
2005 2010 2015

Leu Pro Val Trp Leu Ser Tyf Lys'Val Ala Ser Glu Gly Phe Gln Tyr
2020 2025 2030 -

Ser Asp Arg Arg Trp Cys Phe Asp Gly Glu Arg Asn Asn Gln Val Leu
203s 2040 ' 2045

Glu Glu Asn Met Asp Val Glu Met Trp Thr Lys Glu Gly Glu Arg Lys
2050 2055 . _ 2060

Lys Leu Arg Pro Arg Trp Leu Asp Ala Arg Thr Tyr Ser Asp Pro Leu
2065 2070 2075 2080

Ala Leu Arg Glu Phe Lys Glu Phe Ala Ala Gly Arg Arg Ser Val Ser
2085 2090 2095

Gly Asp Leu Ile Leu Glu Ile Gly Lys Leu Pro Gln His Leu Thr Gln
2100 2105 : 2110

Arg Ala Gln Asn Ala Leu Asp Asn Leu Val Met Leu His Asn Ser Glu
2115 2120 . 2125

Gln Gly Gly Arg Ala Tyr Arg His Ala Met Glu Glu Leu Pro Asp Thr
2130 2135 2140

Ile Glu Thr Leu Met Leu Leu Ala Leu Ile Ala Val Leu Thr Gly Gly
2145 2150 2155 . 2160



(2) ‘| NFORMATI ON FOR SEQ | D NO 2: (i). SEQUENCE CHARACTER! STI CS:

(A) LENGTH- 3396 am no aci ds (B) TYPE: am no acid

(D TOPOLOGY: [inear (ii) MOLECULE TYPE: protein (xi)
SEQUENCE DESCRI PTION: SEQ ID NG 2: Mt Asn Asn G n Arg Lys Lys Thr Ala Arg
Pro Ser Phe Asn Met Leu 1 5 ' 1

15 Lys Arg Ala Arg Asn Arg Val Ser Thr Ay Ser An Leu Ala Lys Arg

20 25 : 30 . Phe Ser Lys Ay Leu Leu Ser
Ay @n Ay Pro Met Lys Leu Val I\/Et - 4135 40

45 Ala Phe Il e Ala Phe Leu Arg Phe Leu Ala lle ProProThr 50
55 val Thr Leugfpe E?gslféusﬂ glﬁr‘QfSTgb"(ﬁley St LA ge‘j_JéeAsn Ay

Ala Ile Lys Val 65
80 Leu Arg clyyr&haehysys ysl Bet Ale sSerSetxsnaNmeuLw Asp HdceAMatSeAsn

85 902180 . 21855 Arg Arg Lys?¥®9g Ser Vval Thr
Met Leu Leu eu. Pro_ Thr 105
1 Glu Phe Phe L

110 Leu Ala :%ég%hs %ﬁ? f}h a?é; ?"G‘ie i grozlzlgs Vet 116 Val
115 120 125 ,Ser Lys dn GQu Arg Qu Lys
Ser Leu Leu lﬂ’feVe}/s‘-evhiaetSéie\Pao €y Pro Agmprg Gin bre Thr Pro Gimgisp
140 2210 2215 _ 2220 oo |

Asn Gln Leu Ala Tyr Val Val Ile Gly Leu Leu Phe Met Ile Leu Thr

2225 2230 2235 2240

Val Ala Ala Asn Glu Met Gly Leu Leu Glu Thr Thr Lys Lys Asp Leu
2245 . 2250 2255

Gly Ile Gly His val Ala Ala Glu Asn His His His Ala Thr Met Leu
2260 2265 _ 2270

Asp Val Asp Leu Arg Pro Ala Ser Ala Trp Thr Leu Tyr Ala Val Ala
2275 2280 2285

Thr Thr Val Ile Thr Pro Met Met Arg His Thr Ile Glu Asn Thr Thr
2290 ’ -2295 2300

" Ala Asn Ile Ser Leu Thr Ala Ile Ala Asn Gln Ala Ala Ile Leu Met
2305 2310 2315 2320

Gly Leu Asp Lys Gly Trp Pro Ile Ser Lys Met Asp Ile Gly Val Pro
2325 2330 2335

Leu Leu Rla Leu Gly Cys Tyr Ser Gln Val Asn Pro Leu Thr Leu Thr
2340 2345 2350

Ala Ala Val Leu Met Leu Val Ala His Tyr Ala Ile Ile Gly Pro Gly
2355 | 2360 2365

Leu Gln Ala Lys Ala Thr Arg Glu Ala Gln Lys Arg Thr Ala Ala Gly
2370 . 2375 2380 .

Ile Met Lys Asn Pro Thr Val Asp Gly Ile Val Ala Ile Asp Leu Asp
2385 2390 2395 2400

Pro Val val Tyr Asp Ala Lys Phe Glu Lys Gln Leu Gly Gln Ile Met
2405 2410 2415

Leu Leu Ile Leu Cys Thr Ser Gln Ile Leu Leu Met Arg Thr Thr Trp
2420 ' 2425 . 2430

Ala Leu Cys Glu Ser Ile Thr Leu Ala Thr Gly Pro Leu Thr Thr Leu
2435 2440 2445

Trp Glu Gly Ser Pro Gly Lys Phe Trp Asn Thr Thr Ile Ala Val Ser
2450 2455 2460

Met Ala Asn Ile Phe Arg Gly Ser Tyr Leu Ala Gly Ala Gly Leu Ala
2465 2470 _ 2475 2480

Phe Ser Leu Met Lys Ser Leu Gly Gly Gly Arg Arg Gly Thr Gly Ala
2485 . 2490 _ 2495



Val
150
Pro
170
Val

Thr
- 195
Ay
220
230

- Thr’

250
Phe
Met
275
Ser

300.

310
Thr
330
Thr
Arg
355
Phe
380
390
Lys
410
H s

Asn Met Cys Thr Leu Ile Ala Met ‘Asp Leu Ay GQu Leu Cys Gu 145

155 160 Asp Thr Met Thr Tyr Lys Cys
Arg Ile Thr Gu Ala Qu Pro Asp 165

175 Asp Val Asp Cys Trp Cys Asn Ala Thr Asp Thr Trp
Thr Tyr Ay 180 185 190
Cys Ser An Thr Ay Qu H's Arg Arg Asp Lys Arg Ser Val Al a

200 . ~-20pb -Leu Ala Pro-His Val Gy Leu
Leu u Thr Arg Thr Qu Thr Trp 210 215

Met Sers Skr L@geHIE FralcduThqy Ags @ynLH es@ hrg Areg Mal GGhLebhr Trp 225
25908 505240 Ala Leu AfY%is Pro Ay Phe
val | |§erAL?s lsey ah:ePi-r@q\s‘e‘l Podityr Lys Arg Ser Gl Ile2flex Glu v
2515255 AIaIIe 'thr Ser lle hrszfslnLys GIyIIeIIe
Ile Leu Leu , 270

Leu VASPTREY? 15°5 @é%“?\/bt“yﬁ\l ‘;g@ﬁyﬁ&“g‘ &Y% ”‘G’QIG 1p) BhrgThr daps
gg d—f’F 280 ?S 285 Ar g&:sp Phe Val Qu Ay Leu
Ay Al!ﬂ.sThIa Tap 3é&d Afdjmlya‘i‘hﬂ/ah.a Lys 286 Arg Trp Phe Val GluZy
Leu 4348 Hs Gy Ser @PSOVval Thr Thr MRS58l a Lys Asp Lys298@o Thr 305

e u leu Leu Lys
adu \@ﬂs eu Val ﬁ@gglvafly Las Val §§§LAS5 Heé*ﬂQy é%f %275Af%
335 Arg Lys Leu Cys Ile Qu Ala Lys Ile Ser Asn Thr
Thr ASCF}ySg}y Trp Ser Tyr Tyr3Qy¢s Ala Gly Leu Lys Ly%ygl Thr Glu Val 350

Cys Pro Thr @n ﬁgy GAu Ala Thr Bf°val du du G?‘\sgﬁsp Al a

Lys Gly Tyr ™i0Lys Gly Gly Pro Gly H36T1uASIu e Yad pey¥swer g Arg Thr

Val Asp Arg GI595Trp Gly Asn G2g00 370 2605 375

Cys Vi u, Phe Ly e eu_Le s Phe Lys 385
q\l jl' Ty TP Aanigtisg 5. i‘ys &Sbur ée%ﬁyﬁws If% dudy

Il e Val G n Tyr G u Asn Leu Lys 405 '

Phe Phe Thr Prp]Bro Biu E.eef Cyal Add e‘hk/aﬂeuTheu \les s ftlarcﬂ y Asp @n
Gn Vat®28 y 63

Glu Ser Ser Pro Asn Pro Thr Ile Glu Glu Gly Arg Thr Leu Arg Val
2645 2650 2655

Leu Lys Met Val Glu Pro Trp Leu Arg Gly Asn Gln Phe Cys Ile Lys
2660 2665 : 2670

Ile Leu Asn Pro Tyr Met Pro Ser Val Val Glu Thr Leu Glu Gln Met
2675 2680 2685

'~ Gln Arg Lys His Gly Gly Met Leu Val Arg Asn Pro Leu Ser Arg Asn
. 2690 2695 2700

Ser Thr His Glu Met Tyr Trp Val Ser Cys Gly Thr Gly Asn Ile Val
27058 2710 2715 _ 2720

Ser Ala Val Asn Met Thr Ser Arg Met Leu Leu Asn Arg Phe Thr Met
2725 2730 - ’ 2735

Ala His Arg Lys Pro Thr Tyr Glu Arg Asp Val Asp Leu Gly Ala Gly
2740 2745 2750

Thr Arg His Vval Ala Val Glu Pro Glu Val Ala Asn Leu Asp Ile Ile
2755 . : 2760 2765

Gly Gln Arg Ile Glu Asn Ile Lys His Glu His Lys Ser Thr Trp His
2770 2775 2780

Tyr Asp Glu Asp Asn Pro Tyr Lys Thr Trp Ala Tyr His Gly Ser Tyr
2788 2790 2795 2800

Glu Val Lys Pro Ser Gly Ser Ala Ser Ser Met Val Asn Gly Val Val
2805 2810 2815

_ Lys Leu Leu Thr Lys Pro Trp Asp Ala Ile Pro Met Val Thr Gln Ile
2820 2825 : 2830



420 , 425 430 Asn GQu Thr Thr Gu Hs dy

Thr Ile Ala Thr Ile Thr Pro An Al a 435 440

445 Pro Thr Ser Au lle G n Leu Thr Asp Tyr Ay Ala Leu Thr Leu. Asp

450 455 460 Cys Ser Pro Arg Thr Gy Leu
Asp Phe Asn Gu Met Val Leu Leu Thr 465 470

475 _ 480 - 43 - ' ' :
36 - Met.Lys Qu Lys Ser Trp Leu Val Hs Lys G n Trp Phe Leu Asp Leu

485 - Ala Met Thr H€f) Thr Thr Pro Phe Gly d.BBGlE’r;\):d_ggl F!rr@ IvypGThr Ser Gy
Ala Ser Thr Ser @%°Q u Thr Trp A2A40 50884 505

510 Arg Qg AP Aspu l'nelA a TPE 'B g sS4l @ Hrf- Al bYS axs G n
515 b 285045% g «dfne o v 15%- Arg zag‘;a rVa:L Val ILeu dy Ser
Gn du Ay Ala Mt HlsThr AIaLeu 530 535

540 Thr cgysﬁlla Ve Ty @1FI%9§F¥P Ay 'ISé’rG’er h;grewﬁﬁrﬁﬁg pER gg g Ala 545

550 555 y H's Leu Lys s Arg Leu
Lys Met Aspyd psolmig Tie ci@UrHryArddcYu Glu Phe Thr Arg Ly®GIal Arg ser 570
575 Met Ser Tyr Val MeR8&ys Thr Gy Ser2®He Lys Leu G u B§% d u Val

580 S it 90 Al Thr is Ay Thr
Vol Leu valerte e EEE oty vy var K9P caffern T SR s LY

605 Thr Asp Ala Pro Cys Lys Ile Pro Phe Ser Thr A n Asp Qu Lys Ay

610 Ala Lys Glu BYa& Val Glu Asp Gl“ A‘-'g B TfVaMPTFrP“G(ﬂ Bén MEg Leu |le

Thr Ala. Asn Pro 11%5val Thr Asp L)?

Glu Arg Glu Leu Hxs Lys Gln Gly Lys Cys Ala Thr Cys val Tyr Asn
2930 . 2935 2940

Met Met Gly Lys Arg Glu Lys Lys Leu Gly Glu Phe Gly Lys Ala Lys
2945 2950 : 2955 . 2960

Gly Ser Arg Ala Ile Trp Tyr Met Trp Leu Gly Ala Arg Phe Leu Glu
2965 2970 : 2975

Phe Glu Ala Leu Gly Phe Met Asn Glu Asp His Trp Phe Ser Arg Glu
2980 2985 2990

Asn Ser Leu Ser Gly Val Glu Gly Glu Gly Leu His Lys Leu Gly Tyr
2995 3000 3005 '

Ile Leu Arg Asp Ile Ser Lys Ile Pro Gly Gly Asn Met Tyr Ala Asp
3010 3015 3020

Asp Thr Ala Gly Trp Asp Thr Arg Ile Thr Glu Asp Asp Leu Gln Asn
3025 3030 3038 3040

Glu Ala Lys Ile Thr Asp Ile Met Glu Pro Glu His Ala Leu Leu Ala
: 3045 3050 . _ 3085

Thr Ser Ile Phe Lys Leu Thr Tyr Gln Asn Lys Val Val Arg Val Glin
3060 3065 3070

Arg Pro Ala Lys Asn Gly Thr Val Met Asp Val lle Ser Arg Arg Asp
’ 3078 3080 3085

Gln Arg Gly Ser Gly Gln Val Gly Thr Tyr ély Leu Asn Thr Phe Thr
3090 309s 3100

Asn Met Glu Ala Gln Leu Ile Arg Gln Met Glu Ser Glu Gly Ile Phe
3108 - 3110 3115 3120

Ser Pro Ser Glu Leu Glu Thr Pro Asn Leu Ala Glu Arg Val Leu Asp
3125 3130 . 3135

Trp Leu Glu Lys Tyr Gly Val Glu Arg Leu Lys Arg Met Ala Ile Ser
3140 3145 3150

Gly Asp Asp Cys Val Val Lys Pro Ile Asp Asp Arg Phe Ala Thr Ala
315% 3160 3165



625
Pro
650
Cys
Lys
680
Phe
Val

710
Ser
735
740

Al a.

765
770

795
Pro
815
I'le
825

. 630 635 : 640 A u Lys
Val Asn Ile Au Thr Qu Pro Pro Phe Ay A u Ser Tyr 645
655 Ile Val Val Ay Ala Ay Qu Lys Ala Leu Lys @n
Trp Phe Lys - 660 665 670
Gy Ser Ser Ile Ay Lys Met Phe Gu Ala Thr Ala Arg Ay Ala 675
685 Arg Arg Met Ala lle Leu Ay Asp Thr Ala Trp Asp
Ay Ser lle 690 - 845~ 700 Ay dy
Phe Thr I dy, Lys:Leu Val H s .G n_ Val _
Q. %‘?1 X?‘a Lel? 0 §sp %175@13( t‘ys Va.}zbrg tﬁé?ﬁpgl%}r& '\/al Leu Phe
Ay Vval Ser Trp Thr Met Lys lle 730

Ay rrre fGIuyPN éeEeIu(SLéLN Thp RympAgp (Fr@) glﬂ_ﬁlhnAéﬂ 8@9 PAchﬁer Thr
745 95Ser Leu Ser Met?Phr oys Ile

Val  GgyrNbls ¥8d phB uilsCH1d Bﬂéul—ﬁé Met Lys AJ%@ly Arg Glu Ile val /60
Gy Val Mt Val GI:nz a Asp Ser G y32@9s IIe Asnﬁup Lys Ay

780 g Lys QIS dy Ser
|1e PHEL\BRC 9HF 3@% % GLVAFPITA B val Gly Ard Ala m;@é
Thr Trp Thr u @n Tyr Lys aﬁe Adn Aa Asp Ser
Lys AGYnleiy Ala Gly Trp Ser Leu8Aky Glu Thr Ala Cys LeuB&ODy Lys Ser
3235 3240 3245, 37 . Ser Ala Al a

Gy LX’;:‘ 13 Iirp }géu'rxg ng%uvﬁét Qf? lg\‘eyﬂlé eAté‘rgrg Asp Leu Arg 820

3250 3255 : 3260

Leu Ala Ala Asn Ala Ile Cys Ser Ala Val Pro Val Asp Trp Val Pro
3265 3270 . 3275 3280

Thr Ser Arg Thr Thr Trp Ser Ile His Ala Hié His Gln Trp Met Thr
3285 _ 3290 - 3295

Thr Glu Asp Met Leu Ser Val Trp Asn Arg Val Trp Ile Glu Glu Asn
' 3300 3305 3310

Pro Trp Met Glu Asp Lys Thr His Val Ser Ser Trp Glu Asp Val Pro
3318 - 3320 3328 .

Tyr Leu Gly Lys Arg Glu Asp Gln Trp Cys Gly Ser Leu Ile Gly Leu
3330 3335 3340

Thr Ala Arg Ala Thr Trp Ala Thr Asn Ije Gln Val Ala Ile Asn Gln
3345 < 3350 3385 3360

Val Arg Arg Leu Ile Gly Asn Glu Asn Tyr Leu Asp Tyr Met Thr Ser
3365 3370 3375

Met Lys Arg Phe Lys Asn Glu Ser Asp Pro Lyé Gly His Ser Gly Glu
3380 3385 3390

Ser Thr His Leu
3398

(2) INFORMATION FOR SEQ ID NO:3:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 27 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(xi)'SEQUENCE.DESCRIPTION: SEQ ID NO:3:
CCATGAATTC CCATGCGATG CGTGGGA . . : 27
{2) INFORMATION FOR SEQ ID NO:4:

(i) SEQUENCE CHARACTERISTICS:



Ser Ala Thr Arg Leu Qu Asn Ile Met Trp Lys Gn Ile Ser Asn Gu . 835
840 : 845 Leu Asn Hs Ile LLeu Leu Gu Asn Asp Met Lys Phe
Thr Vval Val Val 850. 855 860 4y Asp
Val Val Ay Ile Leu Ala Gn @y Lys Lys Met Ile Arg Pro 865
870 _ 875 - 880 4G@n Pro Met Au H's Lys Tyr
Ser Trp Lys Ser Trp Ay Lys Ala Lys _ 885
890 - 895 Ilelle Ay AlasAsp Ile @ n Asn Thr Thr Phe |le
Ile Asp. Gy Pro - 900 905 910
Asp Thr Pro G u Cy&rPLENGEy ALpaserpafrg Ala Trp Asn Ile Trp Qu 915
920 gg; %ﬁiuo\%ﬁé ?u:%gheTyr Ay Phe Ay lle Phe Thr Thr Asn
Ile Trp Leu Lys (0 948pPoLOGY: linear 935 940 - Leu Arg
Asp Ser Tyr Thr @ n Met Cys Asp His Arg Leu Met Ser Ala 945
950 (ii) MOLECYEE TYPE: DNA (genomic) 960 Ala Ile Lys Asp Ser Lys Al a
Val Hs Ala Asp Met Ay Tyr Trp Ile 965
970 (xi) SEQUENEE pEScHISENG dkglYs wish: G u Thr Trp Lys Leu Ala Arg
Ala Ser Phe Ile 980 : 985 990
A u Val LyGRCXRGTOORPSCTROGCTPGA REGATGRS Ser His Thr Leu Trp Ser Asn 27 995
1000 y.val..leu Gu Ser Gu Met Ile lle Pro Lys Ile
Tyr Ay GV’Pf%mmrﬁﬁgéR SFoVr’do:bPY O Y 2 1020 lie Ser
A n H s Asn Tyti)AsgoWENncECQHARRGTERIS®Idhr G n Thr Ala Ay 1025 '
1030 (A) LBYGTH: 26 base pairs 1040 Pro Trp H's Leu Ay Lys Leu
Gu Leu Asp Phe Aséﬁ}%ﬁfﬁ?&{%?iﬁ"le 1045
1050 (D) h%Ex_oéB r fiHea¥al Val Val Asp GQu His Cys Ay Asn Arg
Gy Pro Ser Leu, 1060 - 1065 1070
Arg Thr Thr TR} NVEPLEGHLECFYPE:\QNA |(gepemdc)lis G u Trp Cys COys Arg

- 1075 1080 1085 Ser Cys Thr Leu Pro Pro Leu
Arg Phe Lys GiyiCseodmreChyscRysriion? sco 1o 1iB6: 1095

1100 Tyr Ay Met Qu lle Arngro Val Lys Au Lys Au @u Asn Leu Val

TGGTTCCCGG GGACTCGGGA TGTA

{2) INFORMATION FQOR SEQ ID NO:6: ]
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D)-.TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:
ACTAAGCTTG ATCATGCAGA GACCATTGA 29
(2) INFORMATION FOR SEQ ID NO:7:
(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
AATCAGAATT CTCTGCAGGG TCAGGGGAA ' 29
(2) INFORMATION FOR SEQ ID NO:8:

(i) SEQUENCE CHARACTERISTICS: )
{(A) LENGTH: 30 base pairs .
{B) TYPE: nucleic acid : t
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear



1105 | 1110 1115 | 1120 Lys Ser -
Met Val Ser Ala Ay Ser Ay A u Val Asp Ser Phe Ser Leu '

1125 1130 1135 Gy Leu Leu Cys Ile Ser Ile
Met Ile Gu Qu vVal Met Arg Ser Arg 1140 1145
1150 , : - 38 - Trp Ser Arg
Lys Met Leu Met Thr @y Thr Leu Ala Val J%;e Leu Leu ' 1155

1160 1165 Leu Ile Met™ @n Leu Thr Trp Asn Asp Leu lle
Arg Leu Cys 0 1175 1180 Met Val
Ay Ala Asn Alkg’ “g?E%AU;% Arg MR ége"?\'/“e‘tc’c; y Thr Thr Tyr 1185 '

1190 1200 Leu Ala Leu Met Ala Thr Phe
Lys Met Arg BXd ﬁEP"% RFSCRYBTIQY:ySEQ ID NO:8: 1205

1210 ATAACAARGC TTATCTETGT lﬁlﬂ‘r‘fﬁ‘d‘c?he Arg Arg Leu Thr Ser Arg Gu Valg Leu
Leu Leu Thr Ile 1225 1230

Gy Leu S&) ENEORYATIGY §03eseovap NQ @:Leu Pro Asn Ser Leu Qu Gu
1235 1245 Leu Gy Asp Ay Leu Ala Mt

Gy Ile et | (8 EQUREt crapacree Thete, 1250 Y255
C

1260 Asp Phe @ n(Ser'mdﬂn-:s fddlelewsciap Ala Thr Leu Leu Ser Leu Thr Phe 1265

1270 (C) STRABDEDNESS: single 1280 Val Lys Thr Thr Phe Ser Leu
H's Tyr Ala Trp Ly8? THAPORREY AL n9dst 1285 -
1290 (ii) MOLECJL%%YPQIabNL%e%,;m | e Val Ser Leu Phe Pro Leu Cys Leu
Ser Thr Thr Ser 1305 1310

A n Lys Thr Thr Trp Leu Pro VaI Leu Leu Gla/ Ser Leu Ay Cys Lys
_ (xi) SEQUENCE nzscnxpnon SEQ ID NO:9:

GAAAGGATCC TCTGGAGTGT TATGGGACAC A 31
(2) INFORMATION FOR SEQ ID NO:10:
(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 27 base pairs
(B) TYPE: nucleic-acid
{(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:
ACCCAAGCTT CATCTTCTTC CTGCTGC 27
{(2) INFORMATION FOR SEQ ID NO:11: .
(i) SEQUENCE CHhRACTERISTICS:
(RA) LENGTH: 2% base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

'(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:
AGGAGGTCGA CGAGGTACGG GAGCC . 25
'{(2) INFORMATION FOR SEQ ID NO:12:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
- (D) TOPOLOGY: linear
(ii) MOLECULE. TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:

CAATGATATC TAGGTTGGCT ' 20



1315 | | 1320 1325 Pro Leu Thr Met Phe Leu Ile

Ala Qu Asn-tys1le Trp-Gy Arg Lys 1330 %335 I
1340 Ser T uGylle Mt Ala Val Gy Ile Val Ser Ile 1345
1350 ﬁ‘%ﬂe?%% s 1360 Leu le=Ser—Ser—reu-teq Lys
Asn Asp Val rmlmH“ml lPro Leu - 1136818 SHEST HAG BEL ﬁul
1370 le Ala Ay Ay Met Leu Illle Al aREFEAFER val
Ser Ay Ser Ser ' 1380 : 1385 1390
NaAﬂ)muSmIﬁuGulysNa/MaGu\MISa'ﬁpGu(]uGu
1395 1400 . - 41405 Aa duHs Ser Gy Ala Ser
Hs Asn Ile Leu Val Qu Val. A n Asp 1410 1415
1420 Asp @y Thr Met Lys Ile Lys Asp g{u G u Arg Asp Asp Thr Leu Thr 1425
1430 1435 CLAINSA0 Ile Leu Leu Lys Al a Thr Leu
Leu Ala Val Ser Ay Val Tyr Pro Leu- 1445
1450 - 1. 1dBRi- §iﬁ%!463fﬁéhd%f%éﬂﬁh2EQHﬁPhe Val Trp Tyr Phe Trp
G@n Lys Lys Lys 65 1470
Gn Arg Ser Ay VAar LeBEPSALY 9% (BAFSHO 3943 130d &y ipartdygted
1475 s form. 1480 1485
- 39 - Arg Ala Vgl Le Jyr il _ Gy Leu
P 9 gl Loy ARR fsfy RN dd&dy Bedgf&l rll?e g\i‘fh 929§258G ey
Val dy Val pﬁgA@pnvg§B4@pylyavhgﬂ% gefrence is substant1 as shown
1515 in seq. 1H586. 1

4, A fragment of a DNA polynucleotide as claimed in

10 claim 3, said fragment encoding the C, C’, PreM, M, E, NS1,
NS2A, NS2B, NS3, NS4A, NS4B or NS5 gene of DEN1-5275/90-
(ECACC V92042111). .

5. A DNA polynucleotide or a fragment thereof
according to claim 3 or claim 4 in an expression vector.

15 6. An expression vector as claimed in claim 5
selected from pGEX-KG/EX-20, pMAL-c/NS1~104, pMAL-cRI/NS2-
1, pGEX-KG/NS3 BH c600-1 and pGEX-KG/NS5 c600 HF1.

7. A cell harbouring an expression vector as claimed
in claim $§ or claim 6.

20 8. A cell as claimed in claim 7 which is E.coli or
an insect cell. '

9. A polypeptide in substantially isolated form
_which is the c, ¢/, PreM, M, E, NS1, NS2a, NSZB, NS3, NS43,
NS4B or NSS polypeptide of DEN1-S275/90 (ECACC V92042111).

25 10. A polypeptide as claimed in claim 9 which. is in
the form of a fusion protein. _

'11. A fusion protein as claimed in claim 10 which is
coded by an expression vector selected from the expression
vectors of clalm 6.

30 12. A method of preparing a polypeptide as claimed in
any one of claims 9 to 11 which comprlses culturlng a cell
line according to c1a1m 7 or claim 8 and recovering the
polypgptlde '

13. A polypeptide as claimed in claim 9 carrying a
35 label. ‘

mmmmmm



H's Thr -Met--Trp H s Val Thr Arg Ay Ala Val Leu Met Tyr G n Qy

1525 155heet}1asBeeimfF@ 1535 Lys Arg Leu Qu Pro Ser Trp
Al a Ser ‘val eu I l-e Ser 1540 1545
1550 Tyr G“m\m “ Arg Phe An Gy Ser T -Pcs—ﬁ~+l‘1‘|‘—ti"y‘ du

1555 1565  YalHigShEValHAY E-ta %{ Val Gu
Pro Ay Lys Asn Pro Lys Asn Val G n 1570 REPLACED 575

1580 Thr Ala Pro Ay Thr Phe Lys Thr Pro Qu Gy @u valr dy Ala Ile 1585
1590 + 1595 1600 Ala Leu Asp Phe Lys Pro Ay -
Thr Ser Ay Ser Pro Ile Val Asn Arg - 48 - 1605

1610 , 1615 Qu dy Lys Ile vVal @Ay Leu Tyr ¥1Asn Ay Vval

Val Thr Thr Ser 14.- A vaccygpFomprising one orjpoxe polypeptides asjgg
Ay Thr Tyr VYahime8 Ahaahyeoré aofGdlalng loyxd anr brSehedimaGtu vaited

1635 Ile Gu As
du Val Phe Xr aufygsArngAsed in cl.lhaa.m 2 %%g)%blg AR ! %uvPrt(?x 91255 e u P

1660 Ile NephAspaEeuthglwoa@e;pt@ebl@gﬂrw@rrmr Aiduen¥ -Tyr Leu Pro 1665

/%\670A Ass V I 15. 1@35Lvacc|1ne of claim hG\BtheNeﬁ.rJ lheVglo WipepBideAl a |1 e
r r n \a eu Lle:leu
1690 I%thgggr% !‘}1 J%f S g d‘sx?au N7 2R ]fg‘ 5‘°c3 PEAeiR% au

Al a Leu Lys @hereof capable ¢f0@liciting antibodiFr®o a DEN1 viral 1710
Met Pro lle @frg,t'girn(}n Thr Thr Al a Val Lys Ser Glu Hi s Thr Ay
1715

eu Met
Cys His Ala Thr PH® ThrA"IVEPtAP@dKeﬁgamsﬁﬁ%(Poly eptléje as éﬁl"}'ﬁfp i
1740 Leui®erar®r mnéalofArcdafals ProoAsh Fgpaliber dbtbinding ca NBENIASHLAL 1745

1750 A)roteln b onallg carrylng alf6Pea Ny "!I.§bcﬂ"e Thr Asp Pro Al a
Ser Ile Ala Arg Arg G 65
1770 17PV§ES‘FhP<1Ar 50\7th€; JehRELt PR ‘G‘- ‘A?aP‘A?%e%‘f% e Phe

Met Thr Al a T&]:Iisence of DEN1 Vif88 comprising the dn8bbody of claim 16 1790

Pro Pro Ay Ser Mal p%fhﬁ%p%ip € o7 21540 §eErA§5] A Zedato! hesH fa

1s support.
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1795 | 1800 ' 1805 Asp Gu Gu Arg Asp Ile Pro

GQu Arg Ser Trp Asn Ser Ay Tyr Qu 1810 1815

1820 - _ - 40 - Trp Ile Thr Asp
Phe Pro Gy Lys Thr Val Trp Phe Val Pro Ser Ile 1825 1830
1835 1840 Lys Ser Ay Asn Asp Ile Ala Asn Cys Leu Arg Lys
Asn Gy Lys Arg 1845 . 49 - 1850

1855 Val Ile @n Leu Ser Arg Lys Thr Phe Asp Thr G u Tyr @ n Lys Thr

1860 1865 1870 Lys Asn Asn Asp Trp Asp Tyr
Val Val Thr Thr Asp Ile Ser Gu Met ABSTRACT]875 1880

1885 Gy Ala Asn Phe Arg Ala Asp Arg Val Ile Asp Pro Arg Arg Cys Leu

Gy Pro G u APYASFOPRNCE oF RENcuR vigps ‘SEROTIRE 1 BTRABORE Sfithing® AP

1915 1920 Pro Met Pro Val Thr Val Ala Ser Ala Ala G n Arg
Arg Gy Arg || ®EN1-8275/90 (EcAccl¥d$042111) is a new stPa3Dn of Dengue virus

1935 dy ﬂ&ﬁ%@ G.u. 19'@%9 ‘Emef;ete cﬂnﬁs%%&%é’ %/ak:h 'y ‘Jﬁhs%se&e&p

1940 n Asp d
H's Ala HGlongd PR protelp-egdingifragnents thepeof have been use 9’6!) the
1965 Leu d:mst‘iﬁﬂ:t&&ﬂ blte efpPedBiolr P1{dnidd.y DEN2-ERe5Pe0 fhaihact Rreted

1970 8 er
£ - Ftind fhar&ht s v
Na Aall ox'gg D&Nl é%?/@ %o]qu_eé)tlingS g Pus:n‘.%r‘J [P e n gg r
1995 1n°°rP°rated2 doto xﬁgce't?s Fer A&lﬁ“wvwwmapﬁétvawé%ﬂw Met
Arg Arg G glnd\&:ﬂ:her DEN1 viruses. 2} invention furtherX@ifdbvides diagnostic
2015 reagents e.g. labelled antibodies to DEN1-S275/90 proteins, and
kits to detect DEN1 virus. ’

FIGURE 1



Leu Pr.o Val Trp Leu Ser Tyr Lys Val Ala Ser Au Ay Phe Gln Tyr

2020 : 2025. 2030 Ser Asp
Asp Gy Gu Arg Asn Asn G n Val Leu 2035
2045 Gdu du Asn Met Asp Val Qu Met Trp Thr Lys Qujjdy
2050 2055. }%60 Lys Leu
Asp Ala Arg Thr Tyr Ser Asp Pro Leu 2065
2075 2080 Al a Leu FIGURE Ahe Lys Gu Phe Ala Ala Ay Arg
Arg Ser Val Ser 2085 2090
2095 dy Asp Leu Ille Leu Au lle Ay Lys Leu Pro ArgH s Leu Thr dn
2100 2105 2110 Arg AldEd n Asn Ala Leu Asp
Asn Leu Val Met Leu His Asn Ser Qu 2115 = 2120 '
2125 An Ay dy Arg Ala Tyr Arg His Ala Met du G WBleu Pro Asp Thr
2130 2135 2140 Ile A ugnThr Leu Met Leu Leu
Ala Leu Ile Ala Val Leu Thr Ay Ay 2145 2150
2155 ' 2160 Val Thr LetéPhe Phe Leu Ser dvy
Lys Ay Leu Gy Lys Thr Ser Ile ' 2165 & 2170
2175 Gy Leu Leu Cys Val Met Ala Ser Ser Val Leu Le Trp Met Al a Ser
2180 2185 2190 Val GIE Pro Hs Trp lle Ala
Ala 'Ser lle lle Leu d u Phe Phe Leu : 2195 2200
2205 Met Val Leuptey Ile Pro Gu Pro Asp Arg An Arg—‘FPr Pro Gn Asp
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2210 2215 2220 Asn G@n Leu Ala Tyr Val Val

lle Ay Leu Leu Phe Met Ile Leu Thr 2225 2230
2235 . 2240 Val Ala Ala Asn Gu Met Ay Leu Leu Au Thr Thr
Lys Lys Asp Leu 2245 2250 e

l
A a

2255 dy lle Ay Hs Val Ala Ala GQu AsQ£j[||s Hs HE Aladl JTheTMets L:2EN

2260 2265 270 . Asp VAl Asprieund®d Pro

Ser Ala Trp Thr Leu Tyr Ala Val Al a 2275 L 2780

2285 Thr Thr Val Ile Thr Pro Met < .H's Thr Ile Gu Asn Thr Thr
MEoRE S,

2290 . 2295 O Ala Asn Ile Ser Leu Thr Al a
Ile Ala Asn G n Ala Ala Ile Leu Met 2305 2310

2315 2320 Gy lLeu Asp Lys Gy Trp Pro Ile Ser Lys Met Asp
Ile Ay Val Pro 2325 2330 '
2335 Leu Leu Ala Leu Ay Cys Tyr Ser Adn Val Asn Pro Leu Thr Leu Thr

2340 2345 2350 Ala Ala VvVal Leu Met Leu Val
Ala Hs Tyr Alalle lle dy Pro Ay - 2355 2360

2365 Leu @ n Ala Lys Ala Thr Arg Qu Ala Adn Lys Arg Thr Ala Ala Ay

2370 2375 2380 Ile Met Lys Asn Pro Thr Val
Asp Ay'lle Val Ala Ile™Asp Leu Asp_2 10 11 12398

2395 2400 2Pr3 Vél \‘r/’al yr Asp KI a Lys Phe Qu'Lys @ n Leu
Ay An lle Mt . - ATy T -

2415 Leu Leu_lle Leu Gy ' o FE&TLE g
2420 200"" 2472 - Al a . Q'S G u,ser Thr

Leu Al a Thr é ro Leu 3 4
2445 Trp du @4 Ber hy Th . Ala Val Ser
2450 69~~ 24504" : bt AR Asn*l e Phe_grg Gy
Ser  Tyr Leu Ala dy Al a g
2475 - : : o Y G Arg
dy Thr Ay A a46 - %& - 64
2495
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- 42 - Lys Ay Lys Hs Trp Au Arg Asn Gy Lys Asp Arg Leu Asn G n Leu

2500 2505 2510 Ser Lys Ser du Phe Asn Thr
- Tyr Lys Arg Ser Ay Ile Met du Val 2515 2520
2525 Asp Arg Ser u Ala Lys du Gly Leu Lys Arg Gy Qu Thr Thr L S
2530 _ 2535 34940 H AT
Ala Lys Leu Arg Trp Phe Val Qu Arg 2545
2555 2560 Asn Leu Val Lys Pro 4@ u,
Gy Cys Ay Arg 2565 -
2575 Ay dy Trp Ser Tyr Tyr Cys Ala Gy Leu Lys Lys Val Thr Qu VaI
2580 2585 _ 2590 Lys Ay Tyr Thr Lys Ay Ay
Pro Gy Hs Gu @u Pro Ile Pro Met 2595 2600
2605 Ala Thr Tyr Ay Trp Asn Leu Val Lys Leu Tyr Ser Ay Lys Asp Val
2610 2615 y Phe Phe Thr Pro Pro G u Lys
Oys Asp Thr Leu Leu Cys Asp Ile Gy RIGURE 2630
2635 2640 du Ser Ser Pro Asn Pro Thr Ile AQu Gu Gy Arg
Thr Leu Arg Val 2645 2650
2655 Leu Lys Met Val Gu Pro Trp Leu Arg Gy Asn G n Phe Cys Ile Lys
2660 2665 - _ _ 2670 Ile Leu Asn Pro Tyr Met Pro
Ser Val, Val Qu Thr Leu u A n Mt 2675 2680
2685 GAn Arg Lys Hs Gy Gy Mt Leu Val Arg Asn Pro Leu Ser Arg Asn
2690 26957 2 3 4 S5 627008 ¢ 10-11 12
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Ser Thr HHs Gu Met Tyr Trp Val Ser Cys Ay Thr Ay Asn Ile Val 2705

2710 - 2715 2720 Ser Ala Val Asn Met Thr Ser
Arg Met Leu Leu Asn Arg Phe Thr Met 2725

2730 2735 Ala Hs Arg Lys Pro Thr Tyr Gu Arg Asp Val Asp
Leu Ay Ala Ay 2740 2745. coTes ,2750
Thr Arg H's Val Al a Val GIuProGIuVaI&aAsnLeuAsplIelIe 4
2755 2760 2765 Ay -Gn.Arg-lle uAsh lle
Lys His Gu His Lys Ser Thr Trp His 2770 2775

2780 Tyr Asp GQu Asp Asn Pro Tyr Lys Thr Trp Ala Tyr H's Ay Ser Tyr 2785
2790 2795 FIGURE 4800 Qu Vval Lys Pro Ser @y Ser
Ala Ser Ser Met Val Asn dy Val Val 2805

2810 2815 Lys Leu Leu Thr Lys Pro Trp Asp Ala Ile Pro Met
Val Thr An lle 2820 2825 2830

- 43 - Ala Met Thr Asp Thr Thr Pro Phe Gy A n G n Arg Val Phe Lys Qu
2835 2840 2845 Lys Val Asp Thr Arg Thr Pro
Lys Ala Lys Arg Ay Thr Ala Anlle 2850 2855

2860 Met du Vval L S : pSD Lys 2865
2870 A Cys Thr Arg

G u du Phe Thr
2890 .
An Trp Asn Ser §
Ala Lys Qu Al a

Asp Q u Asn
2910.
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2015 2920 2925 @ fs—tys G n
‘Ady Lys Cys Ala Thr Cys Val Tyr Asn 2930 RE?EA Ffﬂl@ﬁ@ ET
2940 Met Met Ay Lys Arg Qu Lys Lys Leu Ay d {4 Phe @y Lys A lys 2945
2950 2955 2960 Qly [Sen A [felTrp Tyr
Met Trp Leu Ay Ala Arg Phe Leu Gu 236§J9N%%
2970 2975 Phe Qu All4eu Ay Phe p{H's Trp
" Phe Ser Arg GQu 2980 4985 2990
Asn Ser Leu Ser Ay Val Qu Ay Gu Gy Leu H s Lys Teu @y Tyr
2995 3000 3005 1Ile Leu Arg Asp Ile Ser Lys
lle Pro Ay Ay Asn Met Tyr Al a Asp 3010 015
3020 Asp Thr Ala Gy Trp Asp Thr Arg Ile Thr Qu Asp Asp L G@n Asn 3025
3030 ' 3035 3040 du Ala Lys ITe Thr Asp lle
Met Qu Pro Qu H's Ala Leu Leu Ala 3045 S
3050 3055 Thr Ser Ile Phe Lys Leu Thr Tyr ng Asn Lys Val
Val Arg Val dn 3060 . 3065 3070
Arg Pro Ala Lys Asn Ay Thr Val Met Asp Val Ile Ser Arg Argﬁsp
3075 3080 3085 dn Arg Ay Seir Ay dn Vval
@y Thr Tyr Ay Leu Asn Thr Phe Thr 3090 95
3100 Asn Met Gu Ala Gn Leu Ile Arg An_Met Gu Ser Au G Il e Phe 3105
3110 3115 3120 Ser Pro Ser %J Leu du Thr
Pro Asn Leu Ala Ju Arg Val Leu Asp 3125 a
3130 313 rp Leu Au Lys Tyr Ay Val Qu pa=gq Leu Lys Arg
Met Ala Ile Ser 3140 3145 « 3150
"Gy Asp Asp Cys Val Val Lys |Pro Ile Asp Asp Arg Phe Alg Thr} AlR
3155 3160 3165 2 .
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- 44 - Leu Thr Ala Leu Asn Asp Met GQy Lys Val Arg Lys Asp Ile Pro @n

3170 3175 3180 Trp Qu Pro Ser Lys Ay Trp
Asn Asp Trp G n @n Val Pro Phe Cys 3185 —3196

3195 3200 Ser H s Hs Phe H s G|REPRACTMENESHERT| Asp @y
Arg Gu .lle Val 3205 3210 ]

3215 Val Pro Cys Arg Asn A n Asp Qay4eu Val Ay Arg alf per

3220 3225 3230 din 1Ag?gﬁégay%rp Ser Leu
Arg Gu Thr Ala Cys Leu Ay Lys Ser 3235 240

3245 Tyr Ala @n Met Trp A n Leu Met Tyr Phe H§ Arg Arg Asp Leu Arg

3250 3255 3260 Leu Ala Ala Asn Ala Ile Cys
Ser Ala Val Pro Val Asp Trp Val Pro 3265 3270

3275 , 3280 Thr Ser Arg Thr Thr Trp Ser Ile Hs Ala His His
Gn Trp Met Thr . 3285 3290

3295 Thr GQu Asp Met Leu Ser Val Trp Asn Arg Val Trp Ile Gu Qu Asn
3300 3305 3310 Pro Trp Met Gu Asp Lys Thr
Hs Val Ser Ser Trp G u Asp Val Pr.o 3315 3320

3325 Tyr Leu Gy Lys Arg GIuA£ rp Cys Ay Ser Leu Ile Gy Leu
3330 3335 *®° 3340 Thr Ala Arg Ala Thr Trp Al a
Thr Asn Ile An Val Ala Ile Asn A n 3345 , 3350

3355 3360 Val Arg Arg Leu Ile Ay Asn Au Asn Tyr Leu Asp

Tyr Met Thr Ser 1 2 3 &L 3366 7 8 910 N /13

3375 Met Lys Arg rhc |_ya r\an Gt—Ser—Asp—Pro—tys—Gy I_IID Ser Ay Qu
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(2) | NFORMATI ON FOR SEQ I D NO. 3: (i) SEQUENCE CHARACTERI STI CS: .

(A) LENGTH. 27 base pairs (B) TYPE: nuclete—ae+d (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: | i nedREPLACRMENT SHFERULE
TYPE: DNA (genonic) (xi) SEQUENCE. DESCRI PTI OY: [SEQTD NO 3:
CCATGAATTC CCATGCGATG CGTGGGA 27
(2) I NFORVATI ON FOR SEQ I D NO 4: 3/41) SEQUENGE O—b&lﬁ&%l&?%‘l €S

- 45 - (A) LENGTH 27 base palrs BY—r¥PE—ntetf eifc aci d
(C) STRANDEDNESS: single (D TOPOLOGY: |Iijnear (i) MOLECULE
TYPE: DNA (genonic) (xi) SEQUENCE DESCRI PTI ON—SEQ TD NO 4:
CACATCTCGA GTCCGCTTGA ACCATCA 27
(2) I NFORVATI ON FOR SEQ I D NO 5: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH 26 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near

Fig. 3.
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(ii) MOLECULE TYPE: DNA (genomic) (xi) SEQUENCE DESCRI PTI ON: "SEQ I D
NO 5: TGGTTCCCGG GGACTCGGGA TGTGTA

26 (2) | NFORVATI ON FOR SEQ I D NQ. 6: (i) SEQU CHARACTER-STHCS:
(A) LENGTH. 29 base pairs - (B) TYPE: nucl eil®EREAGEMENT SHEET( o)
STRANDEDNESS: si ngl e (D).. TOPOLOGY: linearjy | (r1) MOE E
TYPE: DNA (genonic) (xi) SEQUEN@H4DESCRI PTI ON; EQ1I ‘PJW‘@%
ACTAAGCTTG ATCATGCAGA GACCATTGA L 29
(2) | NFORMATION FOR SEQ I D NO 7: (i) SEQUEN :

(A) LENGTH. 29 base pairs (B) TYPE: nucldic acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: linear (1) MOCECULE
TYPE: DNA (genonic) (xi) SEQUENCE DESCRI PTION: SEQ I D NO 7:
AATCAGAATT CTCTGCAGGG TCAGGGGAA 29
(2) | NFORVATI ON FOR SEQ I D NG 8: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH. 30 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near

Fig.4.
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4 6- (i1) MOLECULE TYPE: DNA (genom c) (5§§E§EQUFNCF
DESCRI PTION: SEQ I D NO 8: ATAACAAAGC TTATCTTTGT TT] FﬂﬁmﬂﬂWfﬁ;
30 (2) INFORVATION FOR SEQ I D NO 9: (1) SEQUEN

(A) LENGTH: 31 base pairs (B) TYPE: nucllei
STRANDEDNESS: si ngl e (D TOPOLOGY: |ineg

TYPE: DNA (genom c) (xi) SEQUENCE DESCRI PTI OY:
GAAAGGATCC TCTGGAGTGT TATGGGACAC A

(2) | NFORMATI ON FOR SEQ I D NG 10: - )- SEQUEN&E‘CHﬂRﬁfﬁEF$€H+£§E
(A) LENGTH 27 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESSI t shdg| €omprise one (HYn-ERQUAnEal i deyr peptidd,i egVOsGULE

T 89?’)%&01&( o

31

TYPE %T( gﬁg@%ﬁ,&tﬁ% FN R TP R O Fixcare

(2) | NFORVATPENCYOROBEEPT® R paptides cquld SHRENEE WB$HRACTERI STI CS:

(A) LENGTH 25 bagrePpiéteins and pefpBlads/Rbr the! BiferdCidh may also HL)

STRANDEDNESS: smgleanti e . (D) TOPOLOGY: Ilneg.iijﬂt éll) MOLECULE

TYPE: DNA’(g8RSHi & 9 {“ii}"sﬁgﬁm@‘?ﬁﬁ#ﬁ? Lot Ts iy §ence
or absence of DEN1, and especially DEN1-S275/90. The
proteins and peptides are optionally labelled with a

detectable label, eg a radioisotope, biotin or a

fluorophore. The immunoassay may be conducted by bringing
10

a known quantity of labelled protein {(antigen) into contact
N with a sample suspected of containing antibody against DEN1
and detecting the presence or absence of antibody-antigen
complex containing the labelled antigen. '
The invention also ﬁrovides antibodies against the
above-mentioned proteins and peptides of the invention.
The antibodies may be monoclonal or polyclonal.

15

Monoclonal
antibodies may be produced by hybridoma techniques known in

the art or by recombinant means to provide hybrid

antibodies such as humanized antibodies.

20 The antibodies of the invention may be used in a

method of treatment,

eg passive immunisation, of DEN1
infections.

The antibodies may also be used in a method of

diagnosis, eg by immunoassay, to detect the presence or

absence of DEN1 in a sample. The antibodies may be

labelled as described above for the proteins and peptides

of the invention. They may also be labelled with a toxin
or isotope selected to kill virus-infected cells.

Antibodies against NS1 are particularly favoured since NS1
" is expressed on the surface of Dengue virus-infected cells.

25

30 The antibodies of the invention may also be used in a

method to detect the presence or absence of DEN1l protein in

a sample. The method may comprise bringing the antibody

into contact with a sample suspected to contain DEN1
proteins (antigens) and detecting the amount of

antibody-
antigen complex formed.

3s Immunoassays according to the

invention may be, for example, competitive (eqg radiocimmune



- AGGAGGTCGA CGAGGTACGG GAGCC - -25

(2) | NFORMATION FOR SEQ I D NG 12: (i) SEQUENCE [CHARACTERISTHES—
(A) LENGTH 20 base pairs (B) TYPE: nucl ei d R&é) AU"E/ N?[I SHEE@)
STRANDEDNESS: si ngl e (D TOPOLOGY: |inear (i) MIXECOLE
TYPE: DNA (genomic) (xi) SEQUENCE DESCRIPTION: $EQ | B 3Ngh$2i97
CAATGATATC TAGGTTGCCT 20
- 47 - d ai ns 1. seobENE §gg15,{N%0 (ECACC V92Q421TH 2o
DENl S275/ 90 (ECACC V9204211 ) Ininactivated form 3. A
ol ynucl eoti de encodi DEN - S275/ 90 (ECACC V92042111) whose SequUence 1s
L()g’c aﬁﬁ“ﬁE&F*Pngé’Rg‘ﬁB ‘in Sequence ID No. 1. 4. A fragnent of a

DNA pol gnugbpoidagie.as clainmed in claim3, said fragnment encodi ng one or
nor e pol ypeps) d@sEs afiacbeal fundvedsiey Gf Cingadseedd M E, NS1, NS2A, NS2B,
NS3, NS4A, WET&EHTNSES? ity Béfas FessefmtDENL- S275/ 90 ( ECACC V92042111).

5. A Dlgg zgg/,rgr a fragnent thereof according to claim3 or
claim4 in am @@@mﬁ&m@ m@t;onwzsu

(ii) TITLE OF INVENTION: Dengue Virus
(iii) NUMBER OF SEQUENCES: 12

(iv) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
L : {D) SOFTWARE: PatentIn Release #1.0, Version #1.25 (EPO)

(v) CURRENT APPLICATION DATA:
APPLICATION NUMBER:

(2) INFORMATION FOR SEQ ID NO:1:
(i) SEQUENCE CHBARACTERISTICS:
(A) LENGTH: 10718 base pairs
(B) TYPE: nucleic acid
{(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: cDNA corresponding to RNA (genomic)
(iii) HYPOTHETICAL: NO
{(iv) ANTI—SENQE: NO
{vi) ORIGINAL SOURCE: )
(A) ORGANISM: Dengue Fever Virus Type 1
(B) STRAIN: 5275/90
\./ (ix) FEATURE:

(A} NAME/KEY: CDS
(B} LOCATION: 81..10268

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

GTGGACCGCA AAGAACAGTT TCGAATCGGA AGCTTGCTTA ACGTAGTTCT AACAGTTTTT 60
TATTAGAGAG CAGATCTCTG ATG AAC AAC CAA CGA AAA AAG ACG GCT CGA 110

Met Asn Asn Gln Arg Lys Lys Thr Ala Arg

1 10
CCG  TCT TTC AAT ATG CTG AAA CGC GCG AGA AAC CGC GTG TCA ACT GGT 158
Pro Ser Phe Asn Met Leu Lys Arg Ala Arg Asn Arg Val Ser Thr Gly
15 « 20 2S5

TCA CAG TTG GCG AAG AGA TTC TCA ARA GGA TTG CTT TCA GGC CAA GGA 206

Ser Gln Leu Ala Lys Arg Phe Ser Lys Gly Leu Leu Ser Gly Gln Gly
30 3s 40
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6. -~ An expression vector as clainmed in claim5 whi chts—a—plasm-d—or—
viral *vector. 7. A cell harbouring an expr estREFLAGMBNT SSHEET
claimed in claim5 or claimb®. 8. A cell as}cf= arim
which is E. coli, a yeast cell or an insect cell. .-

pol ypeptide in substantially isolated formwhich is th ' ch&g?W \Y

NS1, NS2A, NS2B, NS3, NS4A, NS4B, or NSbH pg%ypeptide o]

V92042111) as identified in Table 1 with réference to Pequence | D No. 2

- 48 - 10. A pol ypeptide as clained in claingwiTh T35 1T the
formof a fusion protein. 11. A nmet hod of preparing a pol ypeptide
as cl ai ned i%<§ﬂ%sn|9 or claim 10 which conprises culturing a cell line
according to 7 or claim@8 and recovering the pol ypepti de. 12.

A pol ypeptide as 1ol ai med DEN1CISE7R/P Oc ABCAGH Vo2 043411) 13. A
vacci ne conprising one or nore polypeptides as clainmed in claim9 or claim
10 or the inactivated virus as-clajned in claim?2 iq_%onbinati n.wth a
phar maceut i cal | y 2accept atiENIcAZ 50 b (BfAGTe%92042111), 40 1nagtayatsd, 55
clainmed in clfgy®.13 wherein one

3. A DNA polynucleotide encoding DEN1-S275/90 (ECACC
V92042111) whose sequence is substantially as shown in
Sequence ID No. 1.

o/

4. A fragment of a DNA polynucleotide as claimed in
claim 3, said fragment encoding one or more polypeptides
selected from the C, C’, PreM, M, E, NS1, NS2A, NS2B, NS3,
NS4A, NS4B and NS5 polypeptides of DEN1-8275/90 (ECACC
v92042111).

5. A DNA polynucleotide or a fragment thereof
according to claim 3 or claim 4 in an expression vector.

6. An expression vector as claimed in claim 5 which
is a plasmid or viral vector.

s 7. A cell harbouring an expression vector as claimed

in claim 5 or claim 6.

8. A cell as claimed in claim 7 which is E. coli, a

yeast cell or an insect cell.

9. A polypeptide in substantially isolated form
which is the C, C’, PreM, M, E, NS1, NS2A, NS2B, NS3, NS4A,
NS4B, or NS5 polypeptide of DEN1-8275/90 (ECACC V92042111) as
identified in Table 1 with reference to Sequence ID No.2

* c L m -5 *



pol ypeptide is selected fromE, NS1, NS2, NS3, NS5 and fusion proteins

t hef eof capable of eliciting antibodies to a DENL viral protein

15.

A method of preparing antibodies capabl e of bindi ng|REPEACEMENT! SHEBTEI n
| DI

wherein i mmuni sation is carried out enploying as th

nor e
pol ypeptides as clainmed in claim9 or claim10 or thelin ctivatg% rys as
clainmed in claim2. 16. A method as clai med iin .&SNGY 1 ch
further conprises |abelling one or nore a8 bodi es ¢a : I ndi hgj a
DEN viral protein. 17. A test kit for thejdetection of the
presence or absence of DENl virus conprising a poly ' ' in
claim9 or claimg2 fixed 19) 3,801 }de URP Lined in claim 9 which is in

the form of a fusion protein.

11. A method of preparing a polypeptide as claimed in
claim 9 or claim 10 which comprises culturing a cell line
according to claim 7 or claim 8 and recovering the
polypeptide.

12. A polypeptide as claimed in claim 9 carrying a

o/ label.
13. A vaccine comprising one or more polypeptides as

claimed in claim 9 or claim 10 or the inactivated wvirus as

claimed in claim 2 in combination with a pharmaceutically

acceptable carrier or diluent.

14. A vaccine ag claimed in claim 13 wherein one

polypeptide is selected from E, NS1, NS2, NS3, NS5 and fusion
proteins thereof capable of eliciting antibodies to a DEN1

viral protein.

15. A method of preparing antibodies capable of

binding a DEN1 viral protein wherein immunisation is carried

out employing as the immunogen one or more polypeptides as

claimed in claim 9 or claim 10 or the inactivated virus as

claimed in claim 2.

16. A method as claimed in claim 15 which further

comprises labelling one or more antibodies capable of binding

a DEN1 viral protein.

17. A test kit for the detection of the presence

or

absence of DEN1l virus compriging a polypeptide as claimed in

claim 9 or claim 12 fixed to a solid support.
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