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vacci nes agai nst Japanese encephalitis virus and West

Nile virus. 10 Background of the Invention The

Fl avi virus genus of the Flaviviridae famly includes
approximately 70 viruses, nostly arboviruses, nany of

whi ch, such as yellow fever (YF), dengue (DEN),
JapBASKINESCAGAINS T TAPANESE BNGEPHALIBEY WERUS AND WEST NILE
encephalitis (TBE) viruses, 9 maj or human pat hogens
(rev in Burke and Monath, H-= Virol ogy, 4th

Ed.: 1043 15 1126, 2001) Fléf@gftﬁgmhﬁonJapanese

encephal itis is the | eading cause of viral

encephaltils inyentipnaglages toieaceneg 000N JepanssE, @Oephaditis vaseand West
ang r\gpuorted each year. As another exanple, since the
first' cases were di agnosed in the New York area in

1999, West Nile virus has continued to spread rapidly
across North Anerica._The risks of this virus

mgrating i nto South Begkerouad oftheJayqntign an epi deni ¢

in und t 1. gk

£t o0t 1R Tt Roqess GBI RaraRt Sl h OB aplBparely 70
vivirusess masity abediedkes whiry of adidhy aidhaus yleHo\nge\tdﬂ QYF); slengue

ective neasure The F| avi vi rus
C SR Libanast EnpRats e B fberbe cephil ok B iruses, are
capgbchuh A Pitkhgens FOE ifd Bﬁh&%@%&&tﬂ FigHd VHH %90'4% ah43-
enveél ope containing the envel ope glycoprotel
( 5@2@(20@%) Faredamplenddphnese heephditpriothei lsadihg FauBe kDayal
5Tr Iat| n of, th omd.c..RNA results in
oansRabi iy A dtheboroteLe 30000 e ey reper Pl pash vem As
v Iahathelpéxfahﬁﬂés Shck MHelfir¥t dagds Wérd URIsNSsed 1M tHeNevp YOS areﬁzin 1999,
N{M\E NS 1, NS2A, NS2B, NS3, NS4A, 2K, B,
]@rVél’uélhﬁW%lﬁlghedéoaﬁpéead iepidly agrossiNarth Aqnfrrpxan éfrhteslsks of

of r Luct U
prt %1% gﬁgés’fnﬁ qUI @g) Wh r ep lg:;a asylps glna%(a% R® 0& iga c{%Aeveloped
Ricowntri€s, atetextrdined) ltilgly EffedtiviethetR&ik- ﬂ@ﬁlvetﬁiﬂ@lﬂfectﬁiﬁby these

prM 30 proteanS kDa) is the intracel | ular
p?’éfefﬁss"é“r ngegpd, ith Yﬂ?ﬁ%ﬁl@“ R41ng the nes pesheHPsity e TReaRIIEr o

producege @Yad?\HFLQ' ;ﬁ&ldl@&ﬁltélﬂsea hwf&f&aﬁ{l% E%\ﬁ}é@%g I%F LASIMREA and

reticulum (ER) are transporte
suasatprotdin Gu g”lfhetrimeleecapsydtls) sursoupeedipyn eGlebapeageatanfing the

rM 06/ 0448 005/ 037369 occurs short

PR RT3 ARl g ausioi g (1 kDa).
Mt atisBitie: "of eHedchbihay RN)‘&I r@éiﬁts PR balyProtdh %%Hfsgiaﬂfak % cMaved by
protein, although a small fraction of uncleaved prM

Cﬁﬁ“‘dﬁrs@db@mbp@@ms mfpheraEpmtmseumthnes»rddnecanﬂ\d E, NS1, NS2A,
f 3pt
i) sl 814 3081 4T 966 SETRBTIE BTG 8

Epombomints‘ @ﬂrths vitioR @A W Tahrodph NS5 are nonstructural proteins required for
replication (Lindenbach and Rice, Fields Virology, 4™ Ed.:991-1041, 2001). The prM

protein (~ 25 kDa) is the intracellular precursor for M. Immature virions containing
prM are produced by budding into the lumen of the endoplasmic reticulum (ER) and
are transported to the cell surface through the exocytosis pathway. Cleavage of prM



the surface of mature viral particles at neutral pH,
has been resol ved by cryoelectron mcroscopy (Rey et

w@boog/oNasur e 375: 291- 298, 1995) and fitted i nteCT/182005/037369
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el ectron density map of viral particles (Kuhn et al.,

Cell 108:717-725, 2002). During infection, the E

plosewss shartly priploieariclereldagesin nost-Hokgl ¥esigent Mamwrg spercellular
et . A . i '
o ST B S P A e
t leen aled Be pregemti N the resulting endosonmes triggers

di ssoci_ation of the dipers sucp t hat. t he pr.evi ousl

y
hi dden Ty & BBIabISENS Haimoimetinss! i ahepr rtidrs,component of the
EXRME dl"li%%?@&?!irystrucﬁ%‘&%é €bldmaih REE! RBRE HASES homodimer on
into the cell (endosone) nenbrane and nononers
r ¢lar suafage of matwrevical gattetestat nengras pHasthigen raselved iy ngoekectron

the trinmers brjng he,ce vir nbr anes .
R LSRR 15841 208 1Rs TS AP e acmiy
I eh ATVl prBcIE@R IR al Ofell 1E8: VI7 75, RB0E) DRingThRctiHiE the E
cytopl asm Previous studies showed that sone

s poyeintfundtions a3 mclessell Eusignopretein GYlodEr! dndNagmre 43R3EH319, 2004).
a | . . ] Sekd.al S | Jse brai .
SRS R S5 e PR EBNE L g e
be&nltngtaldosoatksitiiggead dissidlagion b€ fe@desfsuéhthatiBe previously
structure of the protein, and were 20 reported to be

adidsien hydaphehin fustosrger of ¢ach menomer irexposrdioubrargy. t he

Vi h ' - '

! ey e I MR TR (Roblt) iy PheRE] mapomers

0 réartangé inpd-elongdtedotyineawstpBuriteo refolding dfitiee tmnare bpogsdhegell and
par eﬁggal Vi rus iéol ate.. .So changes | r} Si X .resi dges

| i HgempREcHnt epse REOHID] Wdderegu ey fusspieleasigg the contents

268 the ¥AlpA 1k iABRANE QtdHEsnh G9ERBud Fudled oW eli khat §8ne
region i s proposed as a focus for the 25 | ow pH

meuhstitusipns onthe Mhproteimef DENand dEr whigh mesiselastedidveing serial
surfsacees eXDosuy e. ofndt.he ltc%i?seor gd ].gédr ophobi ¢ 'th h

f HET°8%°5 DO UL dE R CHRCF St 6’§yy bidnen gl Beryuitg gglls, have
ThesElot5liZRa itpirdenaeregidat of e 35 @hicturdBE (e ProtdinParl Wérd
plays a role in the events |leading to virus

| EROFtRd e badssesiated yrthighanges dwthsrfasien fimgHomalthgviapes. The

appHEGI ol i ' r .

oBRIRSLARLEL L K8 M S, S PSRRvanes dorasa

mby Poensts uait dpdompansyporith e cprregpending pa@htal virus isolate.
rticles. The prM protei so facilitate r Qper

P teaies i S 8 DS oy Lk B3 5858 . 20, 265,

?%@k?ﬂr}ﬁlap fo4RE toReSinldenPiPl € This{/r\??o#i r9h &l alh BRus for the

rom premature conformational 2 WO 2006/ 044857
PGV pE2006diA@8 2eBrmatexnal ehrgerrequiredifor thy paisagmoshrerndthe

ticl t ds the. | f t h i di
D SRisPisr v HBHBRNE i AT lepp i 60 oY mipEy 3715445550, 1997)
Vi rol . Théielidds vhideite thA9fe smAAhAKRPM Siotedh playh ESlk Adthe
191: 921-931, 1992). Chineri VaxTM t echnol og%@has been

uskents lsading 4 wiryy internadizatégiuiera dhe/ensloperae or kasrialy @ice gppreciable

agal | cal ' [ | avd vig us Lt S

¢ RENDEh. TR Sntolec R @l pPYE IS0 ok S fORIEYS:

pidrphapenass aidaranepdractstogedytvitahparfic k. ETREm@S pfoteimadso
facilitates proper folding of E (Loreriz et al., J. Virol. 76:5480-5491, 2002) and

functions to protect the E protein dimer from premature conformational



het er ol ogous Fl avi virus, such as JE, dengue, West
Nile, or St. Louis encephalitis viruses (Mnath et

wa@bkoos/0MRsTi ne 17: 1869-1882, 1999; Mnat h et al PCT/C82005/037369
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Drug Targets - Inf. Disorders 1:37-50, 2001, I\/bnath

et Vaccj ne 20: 1004-1018, .2002; 10 Guirakhoo et

S reAdpe R T ae Paags At BATes GBS yurgce tirgugh acidic
Vige@lletory Bork A ir&kHOT et @Hf@éﬁﬁ‘%’r ?t7za -14260] fqy

298: 14571%98&%%12 &?’thr acﬁes aef al 3 i323 1\§29, i@ﬁi,
P{puisakhod et 83\6@70@8@1 R0, CQHZI)akhoo et aI J.

Virol. 48: 47

Chi mer i 3@ vta?slgf ﬁ%gyj‘?als ll.?gen %Sgﬂ?%Frﬁgtl"?leFhaéteBFW%vaccme
g&ﬁﬁ&dﬁt&@ﬁgdim medithtly ifdpottant FSivirubese I8dh B%@WED vaccine

vacci ne used in China), was propagated to h|
t i WiRis &S p yester i waiph thequME geresiare repliiced wupph@m@«ﬁiﬁwnes from a

I IR a—

t ednuees (Monafir &all.| va@me mm@hme 199@nMddat}pétlanl Cadr. Drug
trjal s (l\/t%nath et Vacci ne 20: 1004- 1018, 2002
elnt dpisordgrs 17 H50.,200F Monatht ala Mpceing30: 19663918, 2002;

Si Gﬂlfaﬁhbé/ et U‘%%?t%&%ﬂ g*§§%92 {/99@1 ﬁﬂ(ma{oote‘i LRl 8 \RRY85.7200-

been conductéd w t I meri vacci ne
c A364.,200&; Gﬁ@akhmocchaladhmiogbsm&'lh%prﬂﬂ EO&EmmgMerf amiat. J.

DEatastat. 33 ST R OO R R e o Vol B d2s FgT 512906

| PeEaaSty, Ahd CRiMALIVOR ™ (RRAEYR: ﬁ}u aj: Jino Vi
78 1246713507 2004) . Sunmary oF [ fingXhe POE gongp from the

i Mﬂtl%% Vp’ﬂ%OIV@@ﬁemM YRSpIne Iﬁlieaivlln\ﬂhm@ewas prapagated to high
mut at i
( SRS BRGAL Rl i ERA A n s B Pty Bl sein )

a$Momam1aat a0 Biotoivalsed3t ENUBIAS200%. Bl vy svbéddsiulle teted in
mut ai‘ll ons that decrease the viscerotropisnivirema

of
t REecRnied| andrithaye I anddll ebijen! giste {Venath abal.iMagcige 20H804-1018,
Fhgyd, Wibtkth eCH" iy NG eRE %?Ql%%! 1%] 153(9 ej)Ol(Bf Uéd;nlﬂraﬁg,os%cgessful Phase

manuf’acturing i'n” serumfree &t
i hchiiaglarivlahevaleeeniconducydidelits a CﬁhﬁerWﬁJ MviviNUsesinefcatidigate,

FPRAR AP e RV SR GuRe T (iesh N erais G @ e, with theee
p%@éc@ﬁ@ﬁnﬁ% a@ld cfh'aﬁ ifdoBydrited Hito (e B protén YEIn RYs ﬁgeg[latlon

virus, such %e% and nenbr ane Ia)md/ or enve
pl(étr@}'mgt abf J. za\’ls@cb%l&l2497am507rw4][ e.g., Japanese
encephalitis virus, West Nile 3 WO 2006/ 044857

PCT/ US2005/ 037369 virus, a dengue virus (dengue-1,
dengue-2, dengue-3, ORugRNGVES the\thvdagibn St. Louis
encephalitis virus, Mrray Valley encephalitis virus,

ti ck- bANREVERERIpPIAVIdes Eccombingnt Blavivipases thet ipiydentiser more

v ERHpERe ) DRt e TR S sB5Y, 8T REoEeBis), such o

Fhanvations thee sttafuatettke Flaviiris osng Y 0RO b @erdate the,

substitutio can t.he transnmenbr ane or
eEFBﬂBﬁ%ﬁ"ﬁm{)‘%mﬁﬁi‘rﬁE‘;ﬁ E 18&\6%} AqUFasEgenetie sAbIIEY of e Flavivirus

NHhShd HOp&fioR h Eell duli@ird (%% QHarlefacﬁ{Hd'éQnﬂgﬂuﬂ?ﬁéé)cuqélr&S and/or

the predicted nenbrane
increase vaccine virus yields. The F 1av1v1ruses of the invention can be chimeric

Flaviviruses, such as Flaviviruses that include capsid and non-structural proteins of a
first Flavivirus (e.g., a yellow fever virus, such as YF 17D) and membrane and/or

envelope proteins of a second Flavivirus (e.g., Japanese encephalitis virus, West Nile
3



of the menbrane protein Mof the Flavivirus. As an
exanpl e, the nutation can be a substitution of am no

w@eood/068sof t he nenbrane protein of a Flavivi recr/ssmhs/037369
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as 10 Japanese encephalitis virus (e.g., arginine to
cysteine in the Japanese encephalitis virus M

prVéausi adengee virys (dengyerlo dprsigiZa ge@gﬁerfo ondenguef4 wins,ferLouis
FI o.acid in
gie\ﬁkéééﬁ‘ﬂ%a_.l:it&’ssV1rusE§/§u ag]a{ll‘?ltgg gxgcr?gflal 3 niuﬁ’aka ormne %rg:eﬂléq,ll%s virus, as
Flvaali asiahy sthea Rlavyiis thdt ¢0h Buthariyni i Bpedied gén &0onh theadCF JE, DEN,
sequence alignpent, as is well known to those of

slenfl TBEsefqgomple*es). As anot her exanpl e, the nutation

can be i@ ky l%bﬁ*ﬁée& F {h%rin\%u@ﬁ” tHE ikt gngcﬁ Ofs ﬁshﬁft on) can be in
nmenbrane protein o l"avi vi rus suc Hadt 1°€

v |t1neut$ar(smeg1b;rara oswbtstiomamlonf menibrheymote M. tForpxahplegthien

the M West Nil e iru or.in a. X
C Bl an Hie rhgon o rmfio a5l i the Prsflictag mprgbrane helix
Ololf Ee rﬁéﬁﬁﬂﬂé\h@ﬁrot&ﬂ@d ofMhe #dviWirdsS AAtandRAMBRY tHEEfH@t%ﬁ‘&?can bea
anchor anino acid, e.g., one or nore am no acid

s eu@@t@@nqu @mind @Cl@j 60 op thie|ragrikbrage prioteinbba Fbs'lv@lmue such as

4
on esEsre Bl SR (- npee o tindin R rese poCenblts
C @irneMPprohig or AN dRressdrding miab BEId Jfhavthd FiEwiOFhs. OF
ot her am no acid resi dues of the transmenbrane
d Sletarainafien of sdighrasing acifd op agW@anﬂlavswnt& iserrespondside that of
t QﬁethéMaﬁQ}rﬁ’sd%aderbaﬁiedtdﬁg b%taﬁ&a‘%& o ac‘cu? ge unrp ce atha ent, as
functronal significance Ael to

pnmelhknmmlamghose&ﬂ‘ skill inttkis M. mfssundtlﬁr emp&a&ﬁdnﬁamoﬁ ldan be a
t hr.esho] d i, nfé}%l on,. Therefore, it can _now be

eib‘&&'{l@d’n JEIT) 364 66 P Fra QB BroiFiTahf BBVIANF svibeps West
t NiRUGs QT NY sﬁfs‘tlgxtfblﬂ%?gﬁx%mg 1tH }%Bflﬂgfﬁcthé Rff]gfbftelﬂ B WAKSNile

del etions ©f insertions In no-term
evirogoominr, COmeSpcmdnfgawanq» acnti oﬁﬁndthm Riawpviotseiln otheotxamples, the

tlts m nal ¥droghob|c anchor. Thus, in

0 Pintations AEATGEIE: Pt OB Ao @ RS Rt e AR it e acids
OB&ledéd ff@ﬁl&héfgl‘o@b ifRARInk thd 66 MsidR, RCRIGlbREIALGIBI 1062, 63,
(residues 1 as described herein. This result is
qft®, ard&p ef:{a@anesg eneephelites vimslor 8¥esaNile wironforfcarrespiooding

2omiR G TBel ot BBlBk B anst inbahifiERanet ol T gumsmembrane

nmdoiniane protein mutations noted above, in the case of

chineric FIaV|V|ruses t hat i ncl ude nenbrane and
envel OB%C Fsopeviis for thy figgt dimagvidence that the ectpdomiain afdke M

L T e —
g abthp Moresidst invgeaséd thaiphiothesshald of Bifectibd8 Thiore,lif ¢an Bow be

224 and. 440. | n _other, Flaviviruses,

t ﬁ’&fﬁfrégi'ﬁ‘ c?fﬁas“@ﬁﬁ affgnytion SaR be ﬁchI%Vﬁﬁ tough gRinorpgid changes or
C HtfoR 8RN tvaribiesSe itk BPiREHidss 1nAﬁe Qmﬁf?)et‘éfrjflfnﬁl ectodomain, or
exanpl e, the Flavivirus can include a nutati
ceurfass }D@lﬁ of g Meroteinanotomisits Crierviisal Hyiltophivbic [and’(oej hus, in
aH? glo ex%mrpge G&e%gr%gs (ﬁ'r tﬁ) ! Elvgntglrjltlra}ctzlu engneagr rrallonr]e r}r?utgtloncslsl'n the M

correspondingt
protein ectodomain (residues 1-40) as described herein. This result is quite

unexpected, given the lack of any known function of the mature M protein of

Flaviviruses.



Nile virus amino acids 107, 316, and 440. |In addition
to the nutations described 10 above, the Fl aviviruses

wo@bRookhetssnventi on can al so i ncl ude one or noOr ePCT/US2005/037369
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nmutations in the hydrophobic pocket of the hinge

regi on of the enyelo rotein, as described
el sewhdP@ddidieg |“|‘1%il If'ﬂt‘g'f‘li’fp © profeat myfrtioppagted abovysein the case of

I rtqltlﬁstecdmaowtrh@es\fha&mtsde%eﬁﬁ%ne by 81Vel PR pRSt€ins of 2 West Nile

nmutations in the 3'UTR the capsid protelﬁ or ot her

eriisisothe Vpns:qsexf therletmlmmg camctigieonk beofuertvietpe lpecbtelw mutations
15 The |nv rovi des vacci pe conp o]

¢ RRETTH Rl B o P el REE RO T AR, 176,177

el Zanpey, st €316 . TH IR ERVIVIRBES, 1heah@@PERRIaR be present in

carriers or diluents, as wel|l as nethods of I nduci ng

| rAvine aelégﬁv@hg@sesp@ldﬂpamse iamipceacidsn /e $neatfc expiple, the

0
TV bRl o AHEION B0 AERERTRORNUIHERD mBRaipgie M
t hesteir dnino d@ldrﬁﬁtanﬁa?vlﬁpteﬁmtnuwtlenﬁit aniifik acils cavabordingto West
nfection 20 by, Elavivirus, as well as patients

WP amine atid 1@@ 3 feand| 440; ?%thWrtPﬁWtatmé described
' MR, 'tﬁ@"FI‘aﬁQirHQﬁ f tﬂ?:einb'éﬁloﬂf eu[tl o ﬁlcﬂi@eéa'n& Bﬁ fivre mutat1ons in the
descri’b herein in the prophylactic an er apeut
nﬁtykimphobies)ockdb eflthedvimgerTegian ofihelenagopaprbtedn, as descrlbed

S RFSeFeif RS AR S Ui bt eIy G e of the
V afednfiBs atdatitatid 1HQ|1‘?e FUTZE thd @pkMiprstsinasr &ﬁ&cerdv@%ge protein

herei n, which invol ve introducing into th nbr ane
prregiens, as described farther halewis a nut ati on that resul ts in

decrea vi.rem a, and/ or |nc .

genet | iﬁg t a%e%?g{‘ ggs 1% ?Vdggs Vﬁccrltl%‘édrmpqsﬂéonis AL Lb‘% e Flaviviruses
prd@smﬂbeﬁ abored &ﬂcelsa%dremteﬁl@ bihEphainiutitalNRLeptable carriers or
corresponding to the %enorres of the Flaviviruses
deliluentpeg Wwedlrasimetheds ot irdusiigimerins respeRes éd F lavivamges in patients

[
e RS e RUEL Sl SRR el o
t tsech methots molude ¢haad viantia gethiy e ia attﬁft risk of Béxeldidng, infection
ed. V|rulen shown decr eased
v DSCB BET oS i Sl s Paont fhalArhinfortieby e Flairieyso frther, the
I @H\Q:Int 6 irR&idRs Yhe RS of HIENALSH
count elr pélrt S, \M?en 3 5 WO ZOOGfJ()SgSA%JSbgh?:’eCT Zoogj;egg%hé’ petic and
acﬂhnrmeytle meghods dpweribedhereinAas weldlat indhamandfaereagfmedicaments
th? nutatlons such as the M60 nutation in
NEXHRES E, pr ecI ude accumnul ati on of undesirable

rrut at i ame invufibm inhRE fiovVRieFBHAS bPpRdLEIAL vaSRs What §nclude a
coul d conprom se safety, and increase nmanufacturing

y iFdavipgrus g dpscribad hergiy afmcagévsolm infiedueing inte rsgnembrane protein
de. s guences

YR e o, B0, B e
e mnmxehsa@ garyie sabaitgyiehls- Furthia] the ddveption provides nublelacid

(E% ha ggﬂits fet establ i shed for >60 years,

Qe Test RiPON{IBR toiths @snomaero b hlaviviruses

a d

o@&?e‘i‘ﬂb&% ?fl‘égla(B?tehfr&g@%eng t'h%rgte)ﬂ é;frélgﬁ?tﬁoélsg)&}gx g-%rsﬁt:lll Rlkleic

acid molecules to make the viruses of the invention.

The Flaviviruses of the invention are advantageous because, in having
decreased virulence (shown, e.g., by decreased viscerotropism/viremia), they provide

an additional level of safety, as compared to their non-mutated counterparts, when
5



immunity rapidly, within a few days of inoculation. In
addition, the vaccine viruses 10 of the invention

W@ 200504887 acti ve infection in the treated patipBit/BES2005037369
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the cytokine mlieu and innate inmmune response of
i mmuni.zed individuals are simlar to those in al

| ﬁﬂ%‘?lﬁt&ﬁfd to patienkt | A2 Additional adwapfags er%th?wolmremhegpns such as the
fb@" Al&(ta{ &{ e(ﬁh Kl’faQTMT?E | 208 ERLARRROR B?uﬂcfeggﬁﬁé Gifhtations
|C|ent aptlve I'mune’ response i s ust,

a mhirlrrg chyna mamgidineitbdiotherdse Told lcempformsakafaypamt iacrease

of nu ions.in t rot.ein on cci ne saf et

e e it oA eiioRd B Garred® nb OEre Whum e ppuetethy the foct
it hdyGn hRdtdeQeq @t eSO ow! G ira8 stbdin Y1 708k Y, 8edllences
protein of FIaV|V|ruses O her features and advant ages

ofengdring eapsitk andmopisiructyeal apﬁan@nwhfchdml% bad ftmaf@twestgbhshed

v o Biaty AT R v AT e IR oS hilErea ®

S pheiag,i () frﬁﬁé&%ﬂﬁﬁg?lﬂmr@ﬂo@f)f infigunity At singleaiond ane giuf) Anduces
of yellow fever virus, which shows domai ns wthi

t imanunétyyiremidlyy wishiare fswlaenetinopajon. 1o afdispn.dhe vactine viruses
%qwgsast@%aus acﬁ@éjxé%&‘aog in ttxreg@ I%ﬁl@r{?}l ! A9 thehcg{okme

structur exanp ons

c amilibe anditina@dthnmiune résponderdf: Slﬁﬁllmfzeﬂ hvedividuas antemimﬂa. tg.those in
del etions dA, dB, dC, dD, d7, d14, CS2 d5, CSé
dfeuralntv%ﬂ%ﬂresangggreﬁewa% PXpap égeh?%tnrewrg(ffo ds

S%G#ﬁ)%@tlﬁﬁ‘quﬁ%'eé %%&%@@%ynﬂys FHe%EM\Fe lﬁﬁ@gig%épeﬁse is

untransl ated regi on of | ow T ever
virohust, ahd oremdrg is establibledof t he 3d RS eI errent to the
end of

6 154 T D BRBTc g gaecisigt il s MR e Syfety and

t hean@Pdctu¥Bin odfl chltbreardhbt ¢l 60 Ecté& rdienlth€lack of any known
predi ction produced using the Zu RNA f ol di ng

alfgrmonwmheenmezlv%ww@ﬁamwseezoos/ 037369 Flg 1D

(shown e PREGER B PERC ORELT Rivnull % PefRat BO

(shown uker e

offbliloveing MEtallédDd st riptodn) (e drawingaraadwhd ¢laiisg. 1 Q  Fig.
2A is a schematic representation of the sequence of
the capsid protein of tick-borne encephalitis virus,

as well as deletio ted by

Kofler et 5 al. nﬁné é i téﬁ) S £2002 Fi g.

28 is :flgdmemmtschemzemremes&nmuwmf die 3’ hmtmnﬂateahmglcm‘of yellow
e ca Sld |n of . YF 17D virus. I ons ct.ed

byt ey S Smain e bk rerea S Ruess 1)

Stcbhléé%%eﬁ@me&l ¢SETIT, !11\6 the@s eX@érhe S8mPNEP Qtl?\li@t_l?ﬂe? as well as

regions (solid bars) and del etions introduced inthis
premrephs phmptations thaCrinherinclagerivm W virysasebth¢ énvgntion (e.g.,

Aeflib'ea AB, M9 D, 47, d14, CS2 d5, and CS2 d16).

Fig. 1B is a schematic representation of the sequence and published secondary
structure prediction of the 3’ untranslated region of yellow fever 17D virus, from the
middle of the 3™ RS element to the end of .the UTR (Proutski et al., J. Gen. Virol.
78:1543-1549, 1999).

Fig. 1C is an illustration of the optimal YF 17D 3'UTR secondary structure
prediction produced using the Zuker RNA folding algorithm.



10 C2; boxed) are indicated. Fig. 3 is a graph show ng
grom h of the indicated viruses (WNO1, WNO2 P5, Large

web@guesstmal | Pl aque, and YF/17D) in Hep& cebdBHUSTo0Y037369
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4 is a graph show ng growth of the indicated viruses
(WNOL, WNO2 P5, Large Plaque, Small| Plaque, and
YF/ 17DF18. anH@EJI@Sérétl%of ths effpgjs 053" Redelstionn (shewmifagthe dC

t

REISHbE T RpysaBTRS Biebobh VI RYethiBfrt RER AN, 1C).
10), aiig. Ra ge sE’he:imaI& reﬁxﬁﬁ@tatllanw)lja seffuagnce Gf e oap51d protein of
schemati c representati on of e.pass

f SF
fePmysecaiali Evings, py el aﬁﬁqgs%on(sgn TS i rompead by Kofler et

P%ﬁsﬁ%‘l%lt% $43udsagengpi ¢ stability). 20 Fig. 7 is a
graph showi ng 'growth curves of SF Chi neri VaxTM JE

vi r use$i®2B is hechamatictreprasefitatioh ofi g sequened ofBe (CBpsidFiotein of

N T vics desiomatediet Y BpBpvEninahai Eielr o i ghiandary
g%ﬁ%ﬂ\éatl rﬁ:lr %tﬁ%éwo s[c\géﬁ h’s{] t?yrﬁlggpe-‘ébfc%%ﬁﬁ{'gbﬁ& b%ra and dcfletlons

Eintﬂdﬂlﬁcqiﬂlmrthis@lrtaainnﬁ céfgin IChumenneax( M}WN‘MMBBS &. @sdeletlons Cl1 and

red to ngnnu ant virus (P2). 25 Fig. 8Ais a
»Roxsd dreigdicatedet i vities of the M5 Chimeri VaxTM JE

t ant
glﬁldarC]] grllée @:19(@%3?1 ;ﬁ@ﬂw%t aLg?S'wEh%f‘?@e iﬁﬂfc‘a&ﬁ%uk’é‘“(@i’ﬁ@l, kWN'@Z PS5,

non- nutant (C one
MLetgerRlaquet Sl(rlawmua)axldf\fféﬂlb)mdﬁwpﬁ?tcaﬂsth a range of

acidic..pH. O si i ficance,i he .a ar.ance..of

¥ ones Fib d is Ceamn o witievi & L BaRBRA VR Tulof MNo2 ps,

bllfargréqila% udl Sinall Pldguehdi YF/87 S}hhemEEJMeﬂé‘; (e.g., at pH
2006/ 044857 PCT/ US2005/ 037369 FlgbVSB is a

Sur vi valig Plige aphehping the ki in hametersanduced by gy ipdicated

e S S DA POl P e R b
PERNEOBED)).as determined by back titration of inocula)

in 3-4 day old_ suckling mce inocul ated bélfthe ™
| m rac&i®e @rlari s¢hsipatic r@rpﬁegtatlsra:c’f the passaeg Pl Chingrivax —-JE

RIS IR {i Aol oy 0

c orrpar IF$o17 i5 gi@hmm)g WO cubaglof SPRUinies ¥ags'-JE viruses of

ofts Bt IReT S Rl E307hp PRt Dt sdp bR, ana ps

r QU €E-167)9 at BRPiIRIOM& tM&s REH oAl whlkh sREWS Ei%heﬂ: 1§¢vﬁf‘rates in

assay, which provides a 10 conpari son of P7
GSFrmimmmDmms wméus@g therMet/fargiing lﬁRbchcyS@rne (C) and E-

e TN Ty o

PlO (dIF@gTISMﬁ)a gréph sHo iRy 1hi&ﬁﬁﬁb£ﬁ%em EmeriVax""-JE mutant
(triangl es) and P10 (di anonds) ; Chi mer i VaxTM DEN3

Pi/Slops B) compprgd &85 ypglopergyaccine bulk and Clone I (E-107 mutant), non-
mutant (Clone A), and M-60 mutant (Clone C) after treatment with a range of acidic

pH. Of significance is the appearance of the slopes and at which pH the viruses lost
infectivity, but not initial titers in diluted samples (e.g., at pH 6.8).



(di anonds); D, ChineriVaxTM DENA PMS P7 (triangl es)
and P 10 (dianonds). 15 Fig. 8E shows the results of

w@moobndissect Fusi on assay with the Chi meri VaxTRCT/USENS037369
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conparing the PM5s (P7) vaccine with the Vaccine lot (P

10) and _the P15 virus. The virus ﬁpégut for each
exper i Fest8Bise BEYERIRlakef GhimstiYaxardE prosined 1 Slogy PFU/dose, as

O ST EEL IR o5 £00h o AR5

DipiNitaft-(p)4db g, PFU/dose, {saletemminzdibstdadk timatBYf in@@ilh)fin 3-4 day old
Chi neri VaxTM DENT virus. (Guirakhoo et al., J. Virol.
7@“9‘@9‘8—‘&‘@99@“‘2@@’ the jyracerpbralfouic i on of t he

posi ti \fg% (§igaar§1§9whmb ﬂ%eﬂi’a&mhl@% %%n% i@ ﬁ%glo

( PMV5, virus is s di spl ays sp eres o
siPAéfldose avdntedame&\balbacrlamatx)on qf ap}cekaém empamisoff by ¥E-VAX™ (0.9

P s B AF PD R RO ISR o) o ki
( BhicChRRflattl B3fthéBiilescBraP@uted panel A (C 25 The
same area as in panel B fromthe E protein nodel of

t he nutFagtSIDEws\the tesultsofian, Indiz@s Rusiio afsaynvisFiaptoyides a
Seclogﬁ) gon orPlﬁ?oa ap I%Sof C'fwgl%qg TB ﬁﬁgllgl %B&ng h’?hvglwrurg ou yput for

st repr esen ation grey, car

NidatlP@iRrinthbwks daxygadd by stgitfardplayue assayl. fAJ,rChlﬁ’ieﬁV aQP-DEN1
| s a %ra h show ngﬂt he penetration effici

RIS AT OV iemoBaOBOC R aX TLDR2 BMS B riangles)
imn"%’??t 10 (G fiBRad) ¢, AR BT thngs) abdP10)
mytiatrioads)f B¢ Chinert\easx ™ J2¥0e4 PMS Ph(trianghes) wad 81¢ édibmonds).

. 5 and 10 ninute t] ints. SE Vero .
igffgeﬁg 3 Shobeesron it Bnndime Bl e itk dhe s Py ™.
(Bog afg BRPNISI '(P‘7)S@aﬁéiﬁé &/1t‘14@1e299§!11%168 10) and the P15 virus.
LEPTE T othpatine BPNS (B7SAE dium for b, 0, or 60

mi Thetvaris onipdt foly emchmqpenmetawoﬂetqrmn&drhmr@grdmlaweaassay

" Satined Ye2he DERa b ey PYOIRpon Rl atio by sy Eapares)

tWI ce VHif IRFRBOws @itdstiudfite SDNDENY &1 - §rdﬁﬁﬁ@uﬁé’x€(61n@idjac\ﬂdst Nto 394)
cel Iﬁ(;,]_ose fol |l owed by st aining g es on

ctyrnmemygx DENS s (6rFaigpe eyl dr Vioha Bo5 P8 2b04). (&)
S 0D 3R SE 62058, RbaBRE SRR LAY g%&?g{ﬁfg (BRs,

ci‘ne ared to con
V\QOMK) wvirad iswhoen by €PKe@ispldys spiies sn&tdeadamﬂer Wlayloiadie).

g 9B is a_schemtic r%&glresent tion Ig; | gcati.ons
offCRiRRentatipn 7 Thigesstruciyepl dRmaips 416 sHEWE AR aplé oeads L) Heht grey

t r{ﬁorﬁgﬁ’leﬁ Ofid M@gl%'?’r(&mgalﬂ )'dl&éég.\?re it e(f 18a il[ppanel A. (O

hypot het i cal eff of the resi u5| on.
d didtessdms tareatas n panel Befram heof progionaiadel of thé ket DENl v1rus (P10,

P B pEREt Bladhl SelreRaGByno afifeh HREHS Pas Fpboaayh i stick
Mg §dﬁﬁlt1Q)BeM&ﬁurﬁ|grey, BiaboH; Qark/&rey Qﬂ{ro"g%ﬁ; bl%&Q kygen] l1€ht grey,
M5 residue is in the N ternina part

eévlfdbrml n of the Mprotein. The E
Fig. 9A is a graph showing the penetration efficiency of ChimeriVax ™-JE

viruses M60 mutant (Clone C), E107 mutant (Clone I), and non-mutant (Clone A) at
the indicated times. These results indicate that the M60 mutation facilitates
penetration in SF Vero cells apparent at the 5 and 10 minute time points. SF Vero

cells were infected with appropriately diluted viruses (Clones A, C, and [ in serum
8



protein nononmers rearrange into trinmeric conpl exes,
which fold to force the cell and 15 virus nenbranes to

wo e/ offebli s et al., Nature 427(6972):313- 319, p@CD082005/037369
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The M protein may be a functional conponent of the
conpl exes, e.g., facilitating fusion of the viral
rréiﬁbmamleum) fon 5t Hi 26001 60nintuteanadvthen WeEs tiaatedrfacs nomutes with

the |dueLs bet we
b g R v R e e skl s, Well
paware Glagtddewide WillePBStRdakdn MOndlhydidWweeverlAadviv methyl-
menbr anes during fusion. 20 Detail ed Description The

i ﬁvléwweoﬂ@llmvéd/ byj stainingRipqites oa Hay ﬁertlﬁb%staloﬁolgts eEﬁﬂmency of
%M&ﬂa‘illoﬁgs sgi%gljlés rp@ﬁ:te(}@g?slzlf%l\%eryw (@ I us ber ycme

Tlmam&tnh adconpparéde donttelnhfeoted el tiadt wyeré ﬁrwéd/emh PBS instead of
vacci nation of subjects 25 with a |ive, attenuated
cB¥ES ¢ Flavivirus that consists of a first

Fl avi vim% Y€ a%chema)fi%lr%]g@%efgﬁa‘éi%ﬁ o‘rf;.g{eti&atloﬂs wﬂ}q% :1‘596‘73 M5, and

nmore structural protei nmbrane and
elMéIOcapanqa @t edsiBies hothe eb@opermplemsdijand It/Il;}ﬂhjstrstdnnghe a

ZE&E@E Fl VI A gﬁl(%mﬂ:\g%lfiﬁeggrp %r;g%e ggg lﬁ,ljrtetci%ﬁé&le tip of

NRIeRa g opﬂl@tl:?ﬁlﬂfeupf:oﬁtilﬁm%hhé@f 189 rQé(idJer}@pﬂeWﬁlb @kion peptide
i ncl ude one or nore nutations, as is describ

f Ge-dheop) pehishyinsarts intareel] meabrme |(Be>detk@él, qur@?ijbﬁ 14228, 1995).
a rane andfor [ i ns. of
R R e el

J @ﬁﬂé\lﬂ&ﬁorﬁlﬁm@maﬁgeﬁnml tFib@rio I’coMﬁEé&eNWh@chVﬂo[dlﬁ) fbfbettllikﬁcell and
chimeric viruses of the present | nvention. Furth

t NEURBIFBIbEHIES (it %@%(MO%F%\%IP e #27(68 7St % ﬁOQ"dn The M
h?cﬁel% n¥$on Cﬁh&%ﬁﬁgﬁﬁemgé é&%%l@)@c% g h f%?l?tgttu;n%ﬁlswn of

tact I'neric Flaviviruses
I itlst vachl Ienehirae, wittothe ceh olendirmge \am ycs rm@’aetocemenh thedi proteln The

B e S TR R e b

A jafd if (R RAMRARIoAT rif fu
[ ﬁ?}@iﬁ gd l| r% t he vagmorﬁglseggu%aIvfrﬁl\émléﬂr;i\glrea%??%un I's %iﬁré

human yel | ow fever vaccine strain, YF 17D (e.g.,

YF17D- 204 (YF-VAX(r), Olfl- asteur, Sw ftwater, PA,
USA; Stamaril (r), Sanofﬁ%é&l\:DS;FPI’?J’%lrl cy- L' Etoile,

Fr ance ThéRiveWdonl povidas ¥ iRineSRRK etHodY &rRROIN prefenting and
FLAVI MUN(r), Berna Biotech, Bern, Switzer| and);

YEeAmel)avirranee. (JResusy encraisiitin Y JE) vr West Dole (WNBvirus®
t(ﬁlég&lo%t T%le met éi %3?1% ¢ ?grm%é%p ?%Y &1%§ za)vaC(lbﬁ]atm o% subjects

nmenbrane envel 0

r &plhaclekcb mﬂtéﬂilalteb ehﬂi&ﬂi&ﬂﬂﬂ&vmﬁﬂhmkl@l@ of Bﬁ'@it&ﬂﬁ&wrus (e.g.,
an M Ghel n nmutation, such as

| u

s éfg'iqw YET BEUS) iR ORE O EBOEG SRS HarelieHs (e &+ MERPENSsand/or

eRERAGR ﬁrBﬂe%s)’thé%eeﬁ FepBREA Woth (RIRHPL Ge otnh%cliaXF Vl}%s[ee g,

menbr ane and " envel ope pr oteins are r e

t hapapessfenaephektis (E) end/or West(Wihe (Wt nguaralskdl see below). The
membrane proteins of the chimeras of the invention include one or more mutations, as
is described further below. Also as is described below, structural proteins such as
membrane and/or envelope proteins of other Flaviviruses can be used in place of

those of Japanese encephalitis virus or West Nile virus in the chimeric viruses of the

present invention. Further, the membrane protein mutations of the invention can also
9



protein nmutation, such as a substitution in M6, as
descri bed herein). 15 In other exanples, another

wo-b@eiwissus, such as a dengue virus (serotype BCT/B$2085/037369
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or 4), St. Louis encephalitis virus, Miurray Valley

encephalitis virus, yellow fever virus, inc¢luding
175 used 1) ingact, apn-hymsICHdaVivinses (4. uany @é@%ﬁl@(ﬁﬂd@@%mt

Vi P IAERE gof P REmERY BF RORBAGRSINR, Ml HERaR FIAREE bErgore

acacdditixbhmlgnutxaubﬂme suchwas titase descbed herinas i nt act,

non- chi ric.viruses or .as 20 the_sour e of
and/ or ‘MRS 35 of imgic Kirvethaoan ﬁdlil%ge%df*ﬁ%ervaccmes of

NRREHIVERI RO BE tln@ YELIbWSESer vaLtGhe ﬁﬁmKlW 17D (ERSYE17D-204
encephal i.tis, and I|l’heus viruses; ti ck-borne

FIGWVAXIs §snofsﬂaﬂﬁeua,ssmémateau P@USAe &wnen&ge Paadfi-Pageur, Marcy-

o EIHE FERES MO ke, R T Pod I FLAVIMUN®, Berma

HeBTBtet NaRHrA, Svieetltnd)L VERTD Q04 FrancBQXasEEM X 15e6l)s WiF1 7D-204,
Abset t ar ov, Hansal ova, and pr 25 viruses; as

w3 WS (Ripe gfsads Seiensn %29@02%7&35; 195 hen yaishshg megibrane and

b S OB M LR YL 9

YEiﬁﬁkﬁﬂghdK&yﬂ&anhnﬁmam&$udma@&muﬂdﬂiﬂ6ﬂnlNm@ Saddsasbedtherein)
Vi rus Resng 35: 35- @5995) g} |l ow fever

VO d PSS RS vis dPioB 2p3l, I4P membrane and

Vi Béhe

R R S A wﬁ??ﬁ"%%@%ﬁ“ﬁ 39kl

stpretetnumutatipn, stei assa sihstitbeon msMO6 et desarived hmg:nt)o t he
i nventi.on,, The V|rusespéb§ted.abov eac have so

pr op engppylef SXEII?HIESC AQY FAYIrgs, § fjgue virus (serotype 1, 2,3,
Vios ARIRI AR sibealitib ofts Mﬁ@@@all@h@@aﬁﬁnwﬂy ga!dx@ Rever

of vital visceral organs, such as observed in

v ddepracladias N Tat HY stsains os enyiotherddavisirencan privissithe memprane

" ep%ﬁgc é?\%%ﬁ)%g[ﬁ‘ t%lns %C;E{CH%Z %e)rlf;iéexg)cg\%% A(%:dg t];l]gn%ﬁkl %%é%xgeés tﬁ% can be

Y Ia[teﬂma&(i?mtdorﬂhig&o tlﬁ‘f!)lmt'éntfbm whéther ers\lﬁlt%btg)ﬁomﬁhlhféﬁc viruses or as
central nervous system Decreasing the viscerotropism
ofthg $pvEes q}’.m%%lagneo@ndfﬁrteageﬁ@%m@t%@rcamja% énalyge other

Hr]xg&sﬁﬁo HOMEHARANGRY S{é §iihc Ro&%%nc%ﬂ%%g 'a8§’ Ilﬁéus viruses;

Iruses to cause a verse viscerotro
amxdkdmontenf lavivardeestsdueh 8s Geratiah Ear@emaetmep]wimemabmztn &cephalitis,

T B R e b KOS L BT B i

eXavep) Iﬁ)uphfgqlleﬁ&@@gsﬂ{ NRBIAL 'A?J@etta%\a@{dnbilbfva @fb@{ Qhd Hypr
repl [ Catl on. ,T mut at1rons are pr esent In

rrem;s%n@s wcléﬂevwseefrgm the¢ Hlepanavitusgennelery: aﬁh@aneg Conrug). Other

cX2lF S5 RS b YEATEREGHABHR Aifortionalth oty osm.

66{R1f7]1 DES (GiBaAl A cBesOibR INb. NAOST; dob SehtBeEt aQnanle @@s $3:35-41
within the predicted t r ansmenbr ane domai n

9O B ancyeliot GvesrviilAD naRS dsotFsy bygtalle i 41y abdines
Nnkgj/m %‘24%&%@@@ QinQlisoltiGishh QJ@e%Mkbgse gfmsedeﬁé yHich

cr’'fic exa rane i'n"am nho
( Aegralogoms |struumtad1ptqunﬁs mmnmete&mpmag td the irentisn.

The viruses listed above each have some propensity to infect visceral organs.

>

The viscerotropism of these viruses may cause dysfunction of vital visceral organs,

such as observed in YF vaccine-associated adverse disease events, albeit very
10



can be replaced with another am no acid, such as
cysteine. A substitution from 15 arginine to cysteine

wW@eooposissi on M 60 in the ChineriVax TM - JE Vi rBGI/US2005/037369
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significantly reduced the virem a (viscerotropisn) of
the virus for humans in clinical trials in which
v anfreguestlof Thdwephcation oé ving in thesd onganh ourt alsheaus Gfremia and thus

vvereles Tables 11A and.l 1B
RGBRERET 1 ShGsion af i aflarruan St REcr i by iscerotropism
SQF tH¥Se virtes 89 nfifagen&Hiy/4dchRIing W ithd SRbdHe invRhGon cdiftBus reduce the
substitute the wild type am no acid at position 60 of
t labilitigs phthgvameesyp cause adverse wsestdirapicedisease end/metelineade the
p am.no_ac 6 (leucine in wild type Wst Nle
vrb?adrzfﬂ%%\ausﬁgnceggﬁg{:sed wi t h anot her am no acid, such

as pr olTheenutatichsad tie in®dhtiol rggullin Ba;efmtdneffechywmghﬁmd@ which
am no acjids, such as isol eucine, nethionine,

v &R A ludgy fos gramplarnsisassd jatenuatiop (tahality fmﬁi(cnéex&rcatlon The

I
0 s oS0V eRUPRE thé Hichtalfe pbbicfh, bR G pRTRAGBRb frB Fegion or
c eimtlmlesmdbmaﬁﬁofphemnﬂarann pmlenne $po n:dann]ge ahe mutaions sarbe in
ot her LVirLus as .descri bed herein
o i i b Ot B B e e nd R T 450 (ERFE APHAA s itin the

g@éd‘fdt&l trERAHAH AR dRFINER. AChGsy Bhe QPﬁbFé &ﬂﬁmﬁé acii€40-75), or
and/ or 64 can be substituted, alone or

c anthien¥tdrovinalieetaderaain oftiteayl preteim (e at,Nr5) aths plowmlﬁo pxample,
CBreafr BBl 41 258k m S %% BPbheEnsephat i)
pesi b¢ epfactd withen¥bst andido Meidesuchiab SytEREr ANAbRIAEE fom
sequence include: valine to al ani ne” at Rosition 61,
v&{gnﬁee tq gystsin 2 ppeitiae Mr6@ in the (himei Viex atThviens sighfiemtly
i

PRSP RISEANSE) IR Frgnd AL 5L i

plva’.iszﬁmi of the vaaineositioan wihautitioMag0 Giatadibn didi€tested (Tables 11A

| se as descri bed herein. 11 WO 2006/ 044857
b@bgsﬁéél’ﬂgeéo CYs{eiiR Pgser ming asids; sughias serings threpnane,
Wu{erﬁe{mﬂ% raf&s'ctm uhﬁ‘e &Q%mlﬁgyé Mﬁm%@ﬁt%%g%n 60 of the

ot el h sequence incl e any of remal ni ng
ameﬁwrmetmomhe Inanptécm axainpie, nteatbranedesicireameibfaet 660feucine in

Vi sger ot and/or_yvaccjne, vi

Y R PER ST B B PERElaRF Wb aRoberspinageid. such as proine.
MaNadEd ol J261inY, bihe PRy REFHOBUEHNinSabias, sSBcle¥PH¥Ble8Sin, Methionine,
chimeric or non-chineric Flaviviruses include any

aft wlingcorsmall gminp agids.creh axadlamiee or glyeing wabiswkatitwe the wild type

' th{b gli %’og}ti%ﬁ %%l?e%%h%ng Pro&%g %Q Q8 1‘1‘3'ta{] iops Gap @ }so be

ose resi € pro e
apra@léﬂteﬁ bmlﬂe(sphmdlﬁg mamocm&is@f seter FlaRiviruses] as é’escﬁbed‘]herén
etc., anmno acids |on introduced into the ectodonain
and/ or %ﬂ?éherter%mglﬁﬁ sdutionsdhat can be madgnp merbrane prefein

| BeRdflies] #Rinb A8 gt esn{HﬁE 81942, 68 eanmﬁ%ﬁﬁ‘ be 'él%s‘?l'tlﬂed alone or

nmut ati ons noted abo viruses of the I nvent
c anccamlsnathmwmlml eachroghapya mutaﬁomdtbdsntmmeﬂo mmuiatmm poﬁnbn 66,
e Virus,

E %fr?glrerr] t rt‘%{q%gﬁ( gj(mggﬁs Bgsqbﬁtltpﬂgns q,téléqss l;?og]tlons in the West

Q%Ibtvhﬁﬁ nﬂle(orfr% Iﬁ§>te1(ﬂ-sethrEE inchHR: (£ird-to aRnfrR aVDosi¥én 61, valine
e.g., 0
to glutam%c acid or methionine at position 62, phenylalanine to serine at position 63,

and valine to isoleucine at position 64. These mutations can also be present in

corresponding amino acids of other Flaviviruses, as described herein.
11



conmbi nation thereof) of the Wst N le virus envel ope
protein. The nutations can thus 15 be, for exanple, in

wWonweos488Dr e of am no acids 102-112, 138 (e.g.PCEUSI™05/037369
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K) , 176(eg Yto\/) 177 (e.g., T to A), 244
(eg Eto G) (e Qto H), 280 (e.g., Kto
. 3Exagples %fﬁH‘P%‘rmtszlS Alpsser suFeURE PNlﬂl@lsenwltﬂ Mperus

pr, ue
f@%‘ﬁ‘ﬁ? o B SREENCQ ReIRRERRY e HBAnD 28 4 I RAL e
Acmp&statmm thatrdodersirédd-d B&8 Bﬁ)flsaeroaoplenheamdm ®acdimevihysi ne
8& htl on 07 Caﬂﬁ‘g 20 repl aced w th phenyl al ani ne,

i/ piab e S H1en cpugpe 28l ephigved. Other
V%'xhx‘ﬁﬁles 1@&ﬁﬁ1@ﬁc bPRor-¥BiiRfic & vﬂgﬁisff- 4 {381 gé Qn)s: Qrﬂ IBeamd
repl aced with arginine. Exan'paI ad
c srbstrietians palowsf oranicombinatioiss, irhthe Netenmbel mlbckimain of the M protein
BRS80Sl s
Fyegher 2, 3, uhg ssc. Mathiab ia6ids 1&1%5‘ 11@1'089&!@1@nﬁrtﬁ§ 8&tbddrhain a.nd/or the
corr espondl ng am no acids of other 25 Fl aviviruses,
ddsesmerabrape demain oftlee Mrrptein. Vax TM - JE vacci ne
g:ogglag?f% 'a&]rrdljlt E)z nrgeI Ag Sn?(lt OE glﬁ?aé)n\lr/]lzs’ra?%tér%gem mu?'atlo%lg' ngted above, the

SAdraschb{ Zhesipeantionead klse invstidentic ofdbiré h@liBbnal ailitHNAC Fer
changes i n the E rotein can al so be sel ected and

i FEHBRlgcBdhecase af SYest Nue V%%W%@@@tiqmbmutaﬁon(s) can be in the

S C 0] t I

a:rf eﬁ{l g{ ;I%g&w(ﬂ 1?075(@ g0 t%liﬁ dﬁ SGE(? %Bg%a)bvf or Qg@t‘e{]%oﬁ% R) (or a
rngombm@hgn timneo@ cﬁcthcb&Vqsr Niemirus envetope @sqnand iTig nﬁmltftﬁls can thus

VB IRDETII S opteT He o 38 [l st (o, Edo Khel 76 (..
ary ua,ov)aqvwl&: Q‘H’%’A?bﬁi\ﬁe gl lEetofmb%zi (.1 QS HS ?%attt@ \%gfifg) M),

with other am no acids, such as am ho aci ds
r 8831 andios 43 &rdd aof ths WhsiNjlesenivelope piobms.e Asatspecific example,

ah r bsttto ically. inelud
URLE mRAAEY BF WS NP R Sl o Wi e Yo 5 frban
aLAandassl@n Niahted AF 19683 ) 4€ b Refereadds] theely§ihd 8 pRRRA 107Can be
éﬁ-ﬂ? 3 gl utam c acid, asparagi ne, and gl utam ne;
dced #ith nhepyalanie; the planive ahmﬁltmﬂgii lnﬁ qae be replaced with valine,

PRS0 b 83 3% B0l KASLAe (TG A kg | Bmptes o

i nventi o apanese encepna
viaddites] camblinationsarfiamifd mldsmhau.t&ﬁfbelnﬁlﬂhtéd hr[tﬂudmﬁf@ hfBlows:

P randepP L Sap g ok a%@%@? aﬁéagéﬂ 6. 1%7.né 280. Further,
MiHedd MARKiShs i dso be]&e&ﬁmrc%ﬁ% 'aﬂnﬁy E@Eé Qﬂétiler

di scussed above, one or nore ns I'n
r Elgiviyitrusgs, as’n‘éeShlyhhddph@ml C pocket of t he envel ope

r ot ei mut.ati ons e resu
Pn dec?lé%gggnm sae(ero@ V@B?lgﬁ?hl?‘?\%ﬁéqcﬁ ‘g"ts Hp\f/,r}le\]a%ow-pgqed SAl4-
764-298¢ci fid BritatioR9 BLit cYMP RS tHEOSOIAL 1 AZ.sp VRO TE Qﬁ?&%& Additional
Qui rakhoo et al J. Virol. 78(18):9998-10008, 2004)

Tﬁ@lrﬁcﬂcy\o@mwen Eea proggin parealecmb@s@@@eqomkletmdac@a ibssed on the
g g B RO A £ o Mefaion 5. o

descnbed below). These mutations can also be present in corresponding amino acids

of other Flaviviruses, as described herein.
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1), and an i nmunogl obulin-1ike nodul e domain (domain
I11). The hinge region is present between donains I

w@peoi48smd, upon exposure to acidic pH, undermﬂssmosmsnw
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30

conformati onal change (hence the designation "hinge")

that results in the formation of envel ope protein

t r i mer dniafdition tethicayvnoe auds motcd]daorva,sth@ ﬁuhstltunonabarabﬂjmade with
ranes

r eglgﬁtaglﬂn%cdflsaf% nagg%g, ?%éﬁe{l}a Y!;Plll arl‘ g{) ulttn ﬁgns)érvatlve changes from

C QhdsemBdd HBM. CHRPAtIvE AthsifufibRd icallLinkIRIS/GbstititidndSvithin
formof dinmers. Nunmerous envel ope am no acids are

prtb%@rhlpwmg gIouDS: ighiginey algnian, valiaeughlensine and leagiappyispartic acid,

@rgm\f’;cfircgcg a?;%rgg}net ]agiY glja%ﬁma?'rkgnfl[g wgef%% ?)Jsk‘%ggsi arginine;

Armd@heﬁﬂﬁmnaammm@meds or closely surroundi ng am no

25 aci (and c espondi ng am no aci ds in other

Fl avi vi VI%?ﬁeqf%%mSmOéﬁ (&®) Japansseracephiaife apd West Nile

aGLREE, Bed Hﬁm@ﬂ@ F la'@i’\ﬁﬁ"sésoiﬁclué n&brésk ¥ envelope 8rotems from

attenuati on. particular intérest are amno acids

vmth¢$|e ior bher ﬂyv:im@tp@)mao atrocdkdtideiin atdldmohltu@@ megiion(s) @&s.,
%Pel?flc ngt gen shown ¢ the hi

s d’B tab)i P’i‘?&el%w 119 ‘bf‘%‘ﬁseedr’i‘ an RB8° 8%5“8“2‘62 afigng ig the hinge

Rhregivh bﬁmelﬁdtoﬁhblﬂ@ pboiek epiheRhel Bleifas bt Htd86ns have

region, in a chineric Flavivirus 3 |nclud|ng dengue 1
er’Wéﬂl @p@vrptioaﬁ%ﬂhnsié@f@mde@cm«vgemseﬂc{Mmla&l & al.el.1\oypl. 76:1932-

e s el S L
S Uig618)19998-00008; 2064)t O herpoipeptiditdhain dMhé aevetipe pesteinefolds into
of the enve| ope protein, such that _internolecul ar

hxﬁbﬁeé gisfinglsiomains: pseniEd dowa (dempand)he %ﬁe#}éwnﬁaﬂaln (domain
5
ript Hﬁ/a&g%&x%?g?ﬁbu}f?%?%%d%f& e(gﬁgnd rﬁ%ﬁgc d 1%1%3%@ %er\/\}glon s

i presantt et ednadonain el andtll amls upan d:)tpoﬂurmnm acreicpH, 'ﬁhdsrgoes a
obsegvation |led t posal that.the attenyat.i

¢ datiormAon pitnee RheGeElBERT euation hinge duBeuEsiinas dheagpation of
| h0EI8pd f)r%[b‘i'*n trithérs bhat BRNBK IV REInShE Bsiono? vithi ardd@dosomal
protein in the pre-fusion conformation, nost |ikely by
almembragest h@erp'ms npekhby cbcgptphmedxa@dreaqmyrtm fRnor to the
fusigon of vir cel |

i B Elop bRing SR PR Yk Bresit of Rl R oF tirdPein vt el

mut ant Nurferdhd &1veRgd iafnii @i sSdi® pekéridin ﬂi&fhnﬁg’eeregiﬁﬁ Ghclliding, for
increase intranplecular_interactions in

hydrsplsonmnossidedf-61, batil Al and 196283 ﬁﬁmll%hfevemﬁm (Bgy et al,
OfNa?M%|37§]ﬁt9ﬁt2g§ nﬁ!ﬁz %{1& Bf'{h' at 011519 g&g& i cﬁ%eﬁrfasgﬁohﬁhmg amino

the hydrophobit ‘pock ruse

ofacide éandmmtpmﬂmgl angihol dedsumthctrtmi\nm e elope E&ﬂéﬁ{s) can be
E204K, E252¥ g}gL E257E, .E258 and E261H é

c SRy iRiep arrardige st dyentipn.grd tssteddphattenption: f Ia?é‘é@)lar interest
A'%Ye ARINBACRIS 'ﬂth‘ﬁhﬁl@gﬁ&dpﬁoﬁlb oLt bEHRR e'?%loﬁ.egk 3'@ Hific
the E protein of WN viruses can be designe Bhd

i esampley aﬁlesjb@wbdwn ohat smtlmyeewhj@aﬁrowmmhmgwsi 204 (K to

R hERY 3 Bioet bl por i i B BRtorl + ¢8R Flasivirus
f uRghding danghetingrelbie p@@éiﬁ Sequibhdes BRteRed Ao 8 98It ReAr Pivus

Hurrel bri nk and M
vector results in attenuation (Gulrakhoo et al., J. Virol. 78:9998-10008, 2004). This

substitution leads to an alteration in the structure of the envelope protein, such that

intermolecular hydrogen bonding between one envelope monomer and another in the
13



(Adv. Virus D's. 60:1-42, 2003). The functional
regions of the E protein in which nutations nay be

w0 nmenies7 t hat, together with the nmenbrane PCT/US2005/037369
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del etions/nmutations described in the present

appl i cation, result i n_an _appropri at el t enuat ed
vl tee progein Lﬁj%smase A replacsd W e clésewy%ﬁ%mﬁfgacﬁons

r &GkAR uHé?s epfli S5t Rlvaill feﬁqgwgfrcl)ﬁ)QHQhﬁ thd z!lttenmttlogpresultmg

t he nol ecular hinge region bet domai ns | and
wHrarh ﬂ?dESlﬂ]St’mlltleﬁ it dvee ta ¢thede nele peadetignscwhich mhmgedhaistructure of

changes .of h rotel in.the en nd redu

¢ RRC DGRt toPuriin fagl DEAY B afdng 68 b Shreshold
| nhgan{ Agired Rir %ﬁ&%f\nﬁﬂ AleRibie Witk ﬁﬁ'h@@t fl, id¥eprotides a basis
protein that interfaces with prMfollow ng the

r dar thadgeigenf ﬁtruhomttnnmtpd maitanty imavhielf additionak pbstipiéiopgpare used

Hin. the th [
adRaREasF e R e s 8 e P Sk s Bine g
t h@ten®itiohaBR awplek bEs@ﬂdﬁl&@ﬂf@lsﬂummﬂldrﬂ&m rah bg atadem the
events; and e) the stemanchaor region, which is also

f (hyetapbabicippek e, andeslyded in hecnmes Fribe Brvantion aghefessubgtitutions
t N6 EB0BK OF fi4k §iish DORaFH pagsiiGerl s IR EME Rk corresponding

|ona atUenuating I'ons that can I nclu
wisthibstomorsrin nmeeFlammdnsesmeApy ammorncnmmxnngms thexcdrissponding

viruses _of the inv i on_.ipclude tations.in the 30
SIERHDR SR BRTLH) D s WPRGTER POVPS o i neSrporated based
bagkhoREowiEHE: S AR %%tu%%{:btélfl strb&ul% UTR of a yellow

fever virus vaccine strain whi ch is shared by

aI | Offfhed? panecdMairisriusasonali ®nmnﬁvw1thln vAiigh ammo acid changes may

ud fr h
rBiRt e et Ghée iadensEoitulsidhithy S HHEIG B spg Movtinn
f L(Watv' Vhudbisd 60:4-2002800 6184 48RP T4 8rahOB H3&8in in which

pronmoter for mnus-strand RNA synthesis and is
c gneatiensanaobe iabqrted|thali toRetherekith theimembrape delptiansipaations

S RV fu? h%[f)?{gkte o% ap cé.]tlo%nf%a lt\m%u? %ﬁg\ﬁ%ﬂiel& Pérgﬁted vaccine

degree o € sequente

misciudd: @) therpueative avdepior bivelng @gtbn(dnl thg exteimglsurface bf domain III, b)
West African yellow fever virus strains, jncludjng. the
Y#hqu)(ﬁﬁe@r hisiggiregian betwegrdamuppl and rwhich dgigapines the acid-

o Pﬁg&ﬁg@ﬁ@&gﬁ%r et @,]9 B ok Ee'il’?m%ﬁé RE LAGRDMBANG gfmce the

4 f640nG8H virh9 @¢malizac o3, dYTA2 Iake$ﬁuce walM ded Equorergusregion of the

stem | oog structures t hose in

b Dol e st S PERARLOV s tearrRpdRa RS o imer aftr
a%x?@sﬁiré? tFdw ;fH i e e&&so&eta'ﬁhwp 3 HRRsibA B8bm&EM b @Bmain I, which
included in the viruses of the invention generally are

1os ghvehted lquseqmtthm@leméra@@ obHe e@ﬂosonmdlémgﬁpﬂe@ahmw events; and

Z)mhe sgenrz] lﬂz%lcéq.ortrle%%%o\gl%ﬁlg s,;.)als,]quuEBtlo ally 3 1§Vcr>]ll\jg<?j eocgjl% ergnatlonal

i I’bhbﬁ’g@tolﬂ)he Ephteifrdttng am&ﬁrﬂiulc@difusﬁiﬁ Mests. 60/ 674, 546
and 60/674,415). In sonme exanples, the short 3' UTR
del et i ohdditional genugtiagmptptigasthabran;bednelndedswitlh apmpymore

t hﬂé&gﬁ%r@p%elﬂ Ao B et %e!g%f?ﬁeqm/exﬁlto'hlfﬁ«;lh'&eeriu{aﬂon%m the

Itionto etions, nutations In
st¥ uttamskagedaagion b the kbllow ddved girsslskbonet I”EheS)rgMatmn of the

m&y a ye?lS u tIeveIrrlllr%ts %;rigc?r}ersltjr%}nu VE dﬁ)St 1(':14 {szs grleg %y ail n

ChimeriVax™ viruses, is shown in Fig. 1A. It includes in order from the 3’ end (i) a

3’-extreme stem-and-loop structure that has been hypothesized to function as a
14



exanpl es, the stem |l oop structures that are subject to
the nutations are present in non- conserved regions of

WO bweB448FR or in conserved regions that can toPEr/Es®05/037369
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such mutations (e.g., in CS2). For exanple, the stem
destabi i zi ng mutatjons can be present in any one or
roRremgter feramigegirandiNe: eynihosis and isrcensesyrsider alh Fliviyiruses, (ii)

(RO e fen R RS TR T A R S b Bree of

S p&mldotlde seqaspdedmadd drewith et atealEiso-bdrna FleRllmséﬁfah@(iﬁ) unique
}'/% fever virus include nutatjons that conprise,
f@ Agricay ygllow fever yprusstenyincbigingide Yo 7Preaccine virts, three

L9 SRSy YO iy 1

AGTTUTR (©@bamBers@AGCAANARET! Gﬂ;crdﬂiﬁﬂ' %&49(6’3&(19@@3 The 3°UTR also
GGIGGTAG,  GGCGTCT, . 25 A and TTGACG
THB@%%“&W%%S%%O% e eSpF‘b?Qé’ﬁttthﬂ n %PPB%B?F‘&Y%‘ egion
ardowhs6drdl Sroff the sty \é'déb'x%f%a in 8f. dBScri bed

herein. In addition to stem destabilizing nutations,

ot her shER mutagpnothet ¢an behecladedirtiwaviruses efth énvention generally are

ot s R o0 TR PRSP BRI o 3. et and
exmmlze (etgne 1%, exaooualsysdes&ra Badclositicati &h% It e Pateht
a

J. rol . 70:3930-3937, 1996: U.S. Patent No.
6 41821109@9!1 Ifsa)6oéﬁ74rﬁ§6@pfi 6RG744443). flaspmaexamples.tthg ghort 3°UTR

| s F@ggg a%%l;%mgﬁ %staﬂ@tglec‘ ghﬁssgéonﬁ%e ié gf;or{egw\f%ﬂ{re 8? the stem
arstructoreson 28 L EIR. , Inkd@ibion 20 @€letichs Lantadioddlin snel Suctures can also
6-12, 7-11, 8-10, or. .9) nucleotides in length w.thin

t Hfléuﬁieeﬂlijbaﬁﬁm%&s tba%%@éﬁgﬁy ESUL PR Stryethislestbrlization. 15 certain
W@x 2B s Ofté Sterh-BB6 s M@ﬁﬁ? ZI%@gbj eéth?ﬁg ﬁlﬁﬁtlsﬁ’@are present in non-

i nclude deletion d7, in | ow ng

nisohsesydddegions ofithe Bf @TRe)g ummnscrved(t%gitms dlna ceietodererd:such mutations

et 8T T bt GF e P s fRnRiarsgnt in any one o
C Qa6 o thetpredivted @ien%cﬂf’éﬁhoaiﬁ)m F %ﬁBt WARS shb@ﬂbur examples of
i ncl ude deletion of, for exanple 4

aitish felefians (el @ dCaad DY b nsadd@tnorstoshese apecsfc enspls, other
S %Q%Pfég of'3 %ﬂi ﬁ&éﬂt{gﬁ% 5{92 qlow]fe{fg%n!urs] \1/ne nt ldtghgrés t&lwmpnse e.g.,

exanpr e short S in conserve

arne2 G%, 47, eori5nE hmdecdldeﬁl of the foliorveing Bt@ﬁ} seﬁﬁlﬁfees whlch are shown in Fig.
| ude del etion of

T6s e o 103 - JTGA ﬁJ@%ﬁ/&@é%ﬁTth%feGTTT *5GCTG,

S e I
SREeAGTOUOITTAS RIS gatebadd dpsqorer

SGXGA@EC(T%EM%@I@ECG CBﬂad&ﬁIutaElogs ceinﬁélsmb@pn’b@ent in
et ed CS2 t YEL17D- f ur
VP EEPORLDEAIIN FRIL I LT AR o fgierbgkbstsve, 1,

2, 3, 4um additién ﬁﬁﬁéﬁl'd@ﬁ@ﬂ)lhﬁ%? |nﬁﬁ£tic91‘§ Sotflér%mntt rE'l@leaonsolth tRe 3°UTR can
end of this sequence can be used. For ot

f |atp@ibgiingladegt ne @i rnmeanemmm (aod possibly béuemum;anons in the viruses

ooF 1L PR FOEEERIAL N PG BB B0 g 1.

f Naxol VIO 3839s393ay E9%$EDS FRdllanlt slaeel 1 860 Blf & madRAAEthat fall within
Kunjin, and TBE (see %éi 15 Proutskl et al., Virus
usa

RAUS Segyenesran s usad obh exfniple sthe Invention inghidgk sy gble deletions
€lhdthre 1,9; 3, etc., and up to 29 (e.g., 1-25, 2-20, 3-15, 4-14, 5-13, 6-12, 7-11, 8-10, or

9) nucleotides in length within this region. As a specific example, viruses of the
15



Virol. 70:3363-3371, 1996). Further, nunerous 3' UTR
nucl eoti de sequences for many strains of flaviviruses

wo epoessat i ng all four maj or seroconpl exes ( YRPCTES2005/037369
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dengue, and TBE) are avail able from GenBank.

Sequences of additjignal_strains can be determ ned by
vilR\patign gareineludg deletign dbdp mdghythe follosting Buclegtides 8@@1 this region in

SSPHOTF R PR BT LR DS e 1 ko

pof dret 3 BITRs tafter the MGA sdrmigition esddrheftthe eimal (BR B lfip eLA). tMutations

mut agene uIdb not.ed tha e true . ,
séla%%a%vfﬁ Hlctigocty BESHnd. 3 LfiRd: ISP, inprlegddss from the 3° or
i @CleH@bf‘@u Ydeqdetide ‘éfer Mo ﬁﬂh&dﬁﬁ%ﬂ@i’fﬁe&ﬁﬁﬁqﬁ%ﬂéﬂ %Rﬁnﬁl@? short

no avai | ab e  nethods to experinentally prove their
exiektiencim donsdrined seqnensxs C81 anh €52 avd incleded ingthe irdgntion. These

bR e R P s Pa> B2, 4 Fhoelh o 18 pyctcotdes o

1B)ese RBYheheesi @&Qﬁvb%ﬁémﬁ%ih\‘n;ﬂéé ﬁﬁé]édtidé@ 360388 (@GITAS WS 2dS5; Fig.
be predicted to form relative

I
o catier pEdlkatiics d6UB75 (RORTROAGEBFINCOOTACS 28I Fig. 14) are
a { 1,
st S PR P 9ien o SATTIS  PAEHE Y EF i beRetiion o, for
steepaplef 1118, !WI o"r&l additfoﬁabﬁlltl@tlda'sf fiuem st Bfadrl® @8d ofithidequence can
i nfl yenced by rormatl on_of various 30 pseudoknots

(@ls§tbﬁc}l§?4\ Bat %her amigAruy 3 18 TAs, stmpjar npgations £ag be giage. based on the
tlju@ttu?‘é's%%ﬁ@ STRE- ﬁredwﬁ{)\lﬁ &?]’sg‘l:c{/nl%i?xé}l RRUcARE of 3'UTR of

| teractions A| varez et
79)11&6 Iavie6dsss haQé)BE@n)pubhshed/et k., &8 depgmsi, KluejikNad TBE (see, e.g.,

cRpHeE %%&”:W%%?% Bz ool (e g Kfpimaley ctal, 1.

hﬁ 9’70 $343- A GuhRfsis 3MBIR Alcld&iddequences for many
2006/ 044857 PCT 2005/ 037369 operations are often

ustrdins ofiflAvizgugen rfmreﬁemﬁmg all foyr vfyquaetorahpaefet dE, dengue, and

St—lf‘fﬁ:t)ta[ﬁu?b%? q]]uﬁlpt oty %g?ﬁrﬁ% egi;lgqcts%gfe%&éﬁﬁwe %tgf{ﬁlgsgccag Sbe determined by

t Rerus 8éduehdifif. alTheisR@ofdariNstBuctiiied G0thedR se$laéncé§>&adlﬂé@as1ly predicted
steps, and subjective selectlon of preferred

s wgIStANdarg|se FBAtes(e o 16f0ld MRAAFolE programs) Jo reyealpotential stem-loop

7 d, we 5 folded the
%@%ﬁéﬁ&%gg%égcﬁ%cft th%%legfsgl ng the conmonly used
Zuker ' dt ghoalti et naved thhohe itdub secontiary piredinet eflthed’ UTRs of

' rs from

structure i.s sho inFig 1 which diff
t FdavBrigies el IBEIVE | v i 5 qn}ﬁnwggeofsse ¢ age no available
| TRARSRND ekﬁ@{mérﬁaﬁlyﬁff@{/é thg§ |e§?1!‘sfeﬁ51§1n tﬁ’@coﬂi@et of glho‘f@rlruses and

d7, and d14 in Figs. B generally destabilized

t hleerpﬁoeejpldatheued pradlucV@SYFgl?lB thpurerrh¢te¢ fargd(F 17Ixpy dmehitski and co-
subopt ruct yres. a e of. one such 10 .

o YePi (g, AL Pt Rcontel. (P4 oelies RERNES oftobeprsdisted to form
| Nn Eir@ativéhy 10nB FRAQA nidsdule gﬁxﬁe@%ﬁ AN. A@RdI@@i@ﬂ-@M 2001), and it is
deletions (Figs. 1A and 1 di d not noticeably chan e

t rp@ssalpls ithad i ffegentslructyres lﬁmtn!lmeor mipys seandppformand ﬁmgn at different

IS S B SR T BB o RRELE O i o s

b)pswdokﬂ@ts 0D1sdlooart etraf, RN 7:387ue3Te 2001)GEha 1¢ey raﬁge RNA interactions
ther._than the 3'UR structure, or alternativel é/
? &6 31-6643,

£-8r RN Sxpizaion adpiher iRtsractens (Adyarezet abhdisYirgly
t RoYs)), W8 & pdshisledl kiR MR Wit RSk SRedi-RgR6@iRN To further

complicate interpretation of published results of theoretical computer predictions, manual
16



the Proutski structure prediction (Fig. 1B), their
true effect may be due to destabilizing different

wWGa 00485 el enments than the predicted stem | oPEEUSI005/037369
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Fig. 1B. Additional nutations that can be included
wi th nmenbrane protein (and possibly other) nutations
i wpehagons areisfien afedt EhEh iag mmztllfoklutgrcr:f psi‘t'mﬂ Be@eh&ts iwdth subsequent

del et i
ng?'gmg&% émﬁgltl;l”ﬁ&lc%g Sgaf)tgfed ”ﬂ)tP éfré?tﬁres @@ﬂ‘?ﬁ? 43 %ﬁqu‘?ﬂcﬁs the
MakidifNSe oPNAVARREG 1ﬂ11ﬂalri%f(ﬁﬁ%§{€§‘s hid $udbfectile ARt I referred

capsid protein, include viable deletions affecting
Helriistute edgmertte(eg: Mbichi ¢tobel. Figl. ZA965229655e2004)c To this end, we

t at {
B s VR SO R 1 2pl R Biap S sPY Zujer's
( predlictidA)algdehial ThB@rddidied @tin®d Stridtutells ShdvRfindlg (RS, which differs
as corresponding 25 nutations in other Flavivirus

sérlqm’e @ggyut@lgfprg@ctl@gq}@@'nﬂg,F igilBilt 1st1§npgﬁ@pt that the small deletions
?jgég Iﬁga%trl 8(%% ; d7agﬁjd & AMindi éso oe}nﬁzliﬁjﬁngl\r/afl19?1(3&‘[%’1%%(11%\@/ gredlcted

n-sequences O ruses

b eetivepVBI17Bhegptimat (I@g 1(f)cnhd'EBE)ptMN1 sfﬁlkmntel A».ﬂlh_exampté of one such
et al

deﬁgrgg @gtlz{gglss%%géﬁﬁ ?forl-qlilg P'@W) h@shgyv@ ig Eé%:lllq % contrast, the CS2d5
eX%AMPIS081 OielCUMT e 1A aYd Vi &iﬁ %%t n&?’m'er 2Ly @Cgﬁ%e% optimal native

deposited with the Aneri can tu ectl
( AIF@@yrei mdivahng ﬁaSthem dajdtiving mayLatt@mue thadeus (d’n@nuzeromswas

of, t he Bud t, Treat ant ed and
Jgﬁﬂgpvm%éa R e o Rl ot E £ DI vifhe Bt Ssrine the
@(}deﬂ&%ﬂﬂim erGRIrffBEd than'@le ROWTReWaEtude! oMihe?RAR/e tzerlng some
CT) US2005/ 037369 170/ Dengue Type 2 Vi rus (YF/D% 5

TaOPsistad stEachiren Ui ewn@@ugkszsgsyf thexdedet@mis meere @eSIgned based on

O LB DL, ENS ST P B30 W i

Dﬂif&trbn':t sefictordd]srgeradibag Itheq)rvdlma efem 10dpt irchig. .. used
in the inventjon are provided, for exanple, in US.

Pat ent Additiagamygggongthatppn heﬁ@@v%w@hmen@me,pégpmdﬁgd
CEPTR a0 EHARARY o ARE BT EOCh P BALI R

ers et
7 delstois F10 2, 3,999 minaaddgmeutaties witlow ildadplié ipeatein. Examples

T se net hods can ified for in the present .
8] SHRTBI B9, Wy 80 LerERdado g YHii 7 BuHies (e oG, include

W[a%lé"&étl&fdn@ Qﬁ'e@ﬁl§ &1 Jreskk pr@féh?{s@e FIY 9A). nﬁesbtsﬁﬁc example of
sequences (e.g., Japanese encephalitis vitus or

Nishah a/imutagion (s metieaka, whmhemqiuctﬂs agletetion gé qmarmg)s PSR from

t h C used duc uses
IR B 20 “hebSpboRitalials BB AL S ppondfe
03428 8n fiBer Flalivfus &Rueled)dan bilidstdd o Giabity AR dReRation,
in the V|ruses of the invention using standard

méhd easalso by wsed an thejipventipp.e Ceped pisteinsemsnecs ofather flaviviruses -
e e [ e

KB o bl B T SRR el PP, e
t ypads Vofologyt BM:250263s 12d0)as del etions and insertions,

can be used as well. In addition, as is noted above,
t he The following are specific examples of chimeric Flaviviruses, which were

deposited with the American Type Culture Collection (ATCC) in Manassas, Virginia,
U.S.A. under the terms of the Budapest Treaty and granted a deposit date of January

6, 1998, that can be used to make viruses of the invention: Chimeric Yellow Fever
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mut ati ons can be present singly or in the context of
one or nore additional nutations, whether within the

woreosbnass7 protein itself or in any conbi nati onPI/1S2005/037369
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e.g., 3'"UTR capsid, or envel ope sequences. 20 The
viruses (including chineras) of the present invention

carDhRengne dypes 2 Yarus SYEMEN; Adidfoapsessipn Hanker AT (g VR-2593)
IR YA IR bR CERADENA S04 o ORG

em1r3, @sTCO facbsfib® htinbed ATCC IV‘RSQ594)[ (D‘Btzwh;l ocf Im.':(ldltg ¢Himeric viruses
super nat ants .of which) progeny virus can

piliat £3EkE usedin thedRvention aee Rrawded for %@H@éﬁe&l ﬁ{)h %SE?&&N@
t B& oYl ?3‘1’%%3 iRORh RN Fﬁﬁlﬁw@s@cﬂr@@?masé’zﬁ%wm/ﬁﬁmfﬁm

celTs”(Yasunura et a on Rinsho 21:1201-121
1%:1)’USW32$131s(wm11r8&apz)aanmehanberacnad FoViealul3:3025-101, 1999,

ArbEre 0 PP EER™ 1RB<IHE O GRS BT GOl 45 g gresent
i %J&ﬁﬁéﬁ?ﬁj} ﬁféllfd‘ir%"a §t&?of RRdanmd &e%'rﬁ&e fiRatédRls la§ dBRYiBed

been cul tured harvested virus is treated with a
n bcﬂem@ meerged seauﬁneq:sc(@rgud bransse erncaphatitiy vadeer WestNibawrus
0 Benz on U,S. Paten
P i e BT B DR GRT HE s P grpgucine
C aﬁu!‘,& ikl gRAnvéifidn aheal St fibedria ®OTRUR OO BT (Vgerasyedoss A2,
at 2-8C for about 16 or nore hours to allow for

dilseses brow)- nucl ei ¢ aci ds. The nucl ease-treated virus
s he'ﬂfl?tﬁﬁé}fs%ﬁ BQBﬁQe i1fthd Vimp of ¥ife 19(1%&{{0&1 éﬁ(ﬁél sunﬂglldqﬂethods

using a avi ng a nol ecular wel

2@@@ 448 5lTret¥ed. hhﬁ@éﬁ&di@fﬂ&ﬁ&anqﬂﬁ ebﬁhé typl ,of mugatjong¥Esent in the
ﬁg a Pejllcon 2 M ni ﬂ%rafllt r cassette)),

d.vaqu Fasinverion s SUbREEOD PHg SRS AL TR, R as

f QERHLAL £1 19% eriidiR, S Hetdsed adkvell. aﬁlt KRIRion2Ais n%teldta%f)%j the

info a sterile container. Details of this nethod aré
pnmtatdmd camb&\re8@t 0BGHAES in A. coRtext hone arahdrs addidndl gputations,

at . viruses of .the dnvention can. be grows,
P TEE ki Pe RSt (L Bt SabGiRioRRE 873 UTR,
VlcﬁM%r@ﬁvél&}fé defjiyédkd.on can be adnmini ster ed as
primar prophylactlc agents in those at risk of

| nf ect iIba virgeesdielugding demeras) %féb%m‘éﬁrst/ inygetigrscandie made using
at I gneéfloc{s%ﬁ ‘iheedarp aﬁor%? Bl]e,a {)ﬁgulg 'c[)xggs%?n&)i;lg to the

at anﬂuat e are par

agehdthsbf @ltfﬂr@sfbah(be 1ﬁlifodulc6d<1nltmplmma@uﬁll§, chittaimbagos, bediploid cell
el derly, children, or 10 I nfected persons. The
v &iBes ioan Whishdpeige E@qué@t? Af \YBick} PragFRy EpisicaR then be purified.

€ Adrothel Pr%ett}tb% th¥ GG b8 ﬂgéflﬁ é)?(gddag fRSARA r?'ﬁl()y Vﬁsctérof}lolx@cells
virus infection, or in vaCC|nat|on onest
petch 4seVgo ceBaf&suonsst abidihon Rasshp 21i \203118¢ &, 1(963@ In this
shee catt] e, S i rds, oat s and va

> Breics S Byt acld Bptoogle (68 an AR BRRRkL o SRt By e

t Renorh&YER wr&ms GRPoduB&d M@tﬁthe h¥iefdploid THIE) vASs B HaRleBRE iffom the
virus, including a particular nutation 15 (e.g., the

MBrediBo in whithdhe 6gis have becngntureinangd haivesigdeimp ishireated with a
v Inqlglégsse (le %C i§1Inrégdosnlljl?:féaserEH}ltacfeIgroaags' both DNA and RNA, such as

Benzonase ™; U.S. Patent No. 5,173,418). In the case of Benzonase ™, 15 units/mL
can be used, and the conditioned medium refrigerated at 2-8°C for about 16 or more
hours to allow for digestion of nucleic acids. The nuclease-treated virus is then

concentrated (e.g., by use of ultrafiltration using a filter having a molecular weight
18



Formul ati on of the viruses of the invention can be
carried out using nethods that are standard in the

wa@rdaoc/oMsser ous pharmaceutical |y accept abl e sol pCT/O®05/037369
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for use 1in vaccine preparation are well known and can
readily be adapted for use in the 20 present invention
byut-bff o, cof., SO0 kDa (erg. ,tthdheO‘rt 2 Mieeynleafilter cReaite)ytdiafileered

gg%ﬁg‘ﬁtgﬁﬁ%é@mh 35 e qig%ﬁﬁg, %ngllaf(égilyélhe aqjafjon cffnlactose and
U ViftePdEiGtd d Gerit RBRaERY. b@ﬁué’bf &l?serﬁetﬁé&arfe%mgiéa ROV 003/060088

M ni mum Essential Medium Earle's Salt
c k- diwnthey cEllSosedfor prspaandn f Gvuses afihe serentivm CdUPE grown in

or % cogi ai ni H% rbitol. However, the viruses
cafgt gy e i fr&t 0‘55 physi ol ogi cal | y

accept aIMeanﬁ@éstaﬂtH@mv&um A b8 hemilige®alak pEmaty srophiylhdic
buffered saline, In another exanple, the viruses can

bageprittheseataisk oA enfecionuorgan e usest aSeszﬁ?ﬁsiaéy ageptsifptreating
S
a%g@?. sasBécgﬁseytﬁl: Lf%‘@ée@ ﬁ%earttefnlge en ae n%lrggalrgy @R11-suited

SUS ensi on

't ifsssadeninidtragorf ioljiadrlkiamdﬁ&dlmds”fsndﬂas:thb bldetly tohildsen, or HIV
[ nf
10 ,

ctgd with _the chineri el low fever virus. 30 The

ted perspns nkhe VRgeiRes G CRISCA iy ST UAEY CARLS: g 10 1 the
”%Mﬂa?uohft%oﬁ;%? a%ﬁl)sjt wé%FNW@ virls fff&tRh! or ﬁ%je vaccination of
appropriate anoun t he vacci nes to be adm ni stered

c alomeste@pkits (e.becatie togsyambirdy), livestoek ¢f.g. ssbhebp dattlet pigs, birds,

i e85 & S STF SRR AR Eathn et fejger s of the

admdﬂhéﬁ 4n memdea vﬁi@g %nan aeslciiderORELS Qﬁ(ﬂﬁdlﬁ% a %mcular mutation
factors such as, %{’Iﬁ@t e size and general health of

t Négs&thétMﬁa wdéﬁm mylitafthspg),uusanuxtutﬁewah iririsestlegkans; such
F%ut tFoq,{gp the viruses of the invention can be

f or ed as sterile aqueous sol uti ons contai ni ng

bet wee . lAg1.apg oﬁ%@ virdsdd: of tﬂeq;lv‘%rﬁloi'lQ:Zn BE chPidd b lilrgggﬁethods
i nfectious unit orming units or t

c uhdt areestandfastini theiart stm)ous mhamademte:aﬂp hemeptabfe 9ohitione for use
1.0 M, to be adm ni stered by, for l e, :

i vpinePBTatong ol KBt 4t 69 FendEreRdRled fssdn the

| hréaedak ﬁﬂf&fﬁwn tbﬁ@ﬁé&% Qf Eikifi\h WHi§ 48 Bee, r@gf k@mm@%ﬁ’zasbﬁﬁarﬁaceuttcal
infectin uman host via nucosal routes such

t helegees (%8 ogqh@on)( el s Genparoe d 9%, Mack Bubkisiiog fe., Easton PA). In
Enc l. J tls I n,The Arbovi.rus Ecal o d 10 .
B G SRRE etmmb i gl Y Fiii et g n ek Medium

F|Baflled68alﬂ(ﬁ'®\/lEyed>ﬂtﬁliﬁldg\77 5% Tactos@Qdd 2. 300 Bumbh B&8H &inin or
be adm ni stered by nmucosal (e.g., oral) routes as

weYEME=antaiaing 10visoriited c Hessves thepyarupencansimply badilpted in a
g> ﬁbl%%f?gl?f aéc@ @bl%!sgﬂlltlﬁl\ll,gsﬁ?ﬁ adteril@ Q{;lllr%n(ﬁ'l efile Buf ered saline. In

nIS an I nNvo e use O
f ahbtdlwed(ab‘;plc)mhze GrusaOcan deﬁtlmstere(dl(md§01trﬂnﬂhte&,rfer example in the

adm ni st er ed, nths. later, as determ ned to
bSHp FIAGPET asithe ﬁ%lowlévwhﬁi%va&ﬁmgk? £4 3 ficlR Bed;yspension of
OF?ﬁfth@é‘ khﬂékerﬁ&hW@ Rksuel &34 ﬂﬁH %a%‘%&\é@ flofh éé“l"c%@tu?éé'lﬁﬂe@tgd with

in the art can bé used in the adm nistration of
vithaidemené yellov faveevitison. Adj uvants that can be used

to
The vaccines of the invention can be administered using methods that are well

known in the art, and appropriate amounts of the vaccines to be administered can

readily be determined by those of skill in the art. What is determined to be an
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enhance the i munogenicity of the viruses include, for
exanpl e, liposomal fornulations, synthetic adjuvants,

wemb/oass{e. 9., QS21), nuranyl di peptide, 20 PCT/US2005/037369
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nmonophosphoryl |ipid A or polyphosphazine. Al though
these adj uvants are typically wused to enhance inmmune

ERPEtaLe araoyn E Virys! @én\me@r ernshe derrsinedrbyadossidpration of
| V C
SR L B 6T OO B g i

mimh’unﬁdqr&d« d?dr&x&np]le ths virnses e de-ihediitiog chké EbrﬁfulaEed as

col i g tant derivations of LT gan be used7 .
“i}“\'} Afideots sp awstqoawmla%h@ye@h KO A d 0o Pkl B de 1950t 10* to

t hﬁiﬁ ﬁ?ééﬁofi’sdlhﬂifﬁgg PlqLy] 'f(%fhﬁlgg ﬁlﬁ& %s&ll%%'ithfé%f&h&st des) in a

Vi ruses. genés enco

G\ﬂo@@polum_e-@ 0.1 1L0-11Q mlJ to b:b&dnnmstbted?by, foanxhﬁplbm&amaﬁbular
E‘ﬂer with. nthgﬁg oduce a

eBf %netoﬂat"fﬂ sl igd diio ﬁl&?e aevgwﬁgéglay&ﬁ

t Cbafﬁtﬂé' bin@eck AR WY KmdaH KRESE %JEQE.CQ r&R@sC 5hdHCAIthy oral route
towards cellular, hunoral, or nucosal responses.

Ac(&ir@ﬁﬂfﬂwet aldj Teknbame Racepbalitissplni Brealrbyvinees firvldgn a0

P MohAGHER (Rt ik Sk RARR, BloriffBsgovolupe v, 177-

t f%Bb:,aB@vmised eqighbteadniinlsteesd BNEheSsalC@igRIrAlF routes as well. Further,
ﬁVIVIruse ncl udi ng menbrane and envel ope proteins

IS VIFEHGE 8?@‘? ARentign sathiag adgpinisteredoiniamingle desei qfa@pttmally
c aa’anhﬁl\.s’t?it}b% dah $nv oML 'qupo epﬁrHE%Qi'ogé’ fo‘?lga)eﬁ B oft! or %Ie - booster

of the dengue serotypes, uses o inventy

cahs@eh@tgecjadmlmsitﬂred @rgni- élmamlthsdﬁtet @t teteahi@sd to be appropnate by
ﬁCInz ¥ or 5 all of the viruses used in such

t phifjin

%%%%Iatlons can include one or nore

nmut at i ecrease.Vvi scerotrqpis )
descrlgggoh Bt % J“Fﬁé%@“@é%ag’ l?iﬂ”%SaFGPﬁPeu“ﬁ‘n
t ahe ainahen’atlm efxae &Iruﬁa@ of &e iaventiBRI Adjdhis Mkt can be used to

r | ation, or can be admnistered 1n series. In the

nee the imamyneganigity ofthe virhees indhudey firexempleplipessmaf

e t he a unts f
it S E A SLILTOL 500, Ay TR
adminopbésphenyl hp\lch ree pobphospansiné. VItERIghQAS&S -édﬁ&)mts Ifbetyplcally
|nv%gt| al so i ncludes nuc] ei¢c acid nol ecul es

RUECHP CE &mgune respRROES frhinactinated)vaceings, Bsycar 9]@9 ge pged with
t li9c YERMES 1Pfhelch& d@arﬂﬁﬁ%eﬂ r&f'@la a%&%%élqglfll%, ff)ﬁ g)éaemple,

descri bed herein, or the conp enents t hereo
neelly mugesabadivyastadueh as the hlw labidetxinf ff £, exAfpTeor mbtant

nuf act ur,i ng .t he viyuses. of the |nvent|on
BRI BEL A Rt TRREiedh e encoms oyikines
C gtialt Bsaiflivagt Acdivithe caeBORer®dd ifitothé Vudes. ALY, %gﬂ&%codmg
into cells in which the virus can be produced

(rjéﬂlo}(’@ﬁi - 8UGheasGM-G8F i 3, TLd@) 11813,(?11 IH(;-:é eamdreyinssrted together with
VR Anfil et Eprploe AL RLA] ol b pbaid il

whispr)seg oo gempdulatelimnoatitytdiretted endpel spckifRdily [0wRees cellular
t hods can further i nclude virus purification ste

a8umgral, or mpcpsal responses. Additiggal; adiyyants dhas ey eptianetly f: gsed in
the'TﬁVén'ﬁgn GhUIMERS t B- 1k FutBr (TAk) MBRuRAGUsed in the
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invention are provided, for exanple, in U S. Patent
No. 6,696,281 Bl; international applications

weonbES87 03894 (WO 98/ 37911) and PCT/ USOCQO 3282AtT/(1¥¥005/037369
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01/ 39802); and Chanbers et al., J. Virol.
73: 3095-3101, 1999. Details of the construction of a
chi meri B the a%qe\pif derguervéusesi ang/op ckinresietilaivingses including

(egfrﬁg&@@e (?peﬁ?ot% nsé?g%nlggsu V%[l]l Q&JS{ ! l;l]lsf‘d}ﬁlaflg‘al vaccination

pr cmlsnwslvofheyﬁdidmmn béltﬁnnumlty a@ms&ﬁle fdmlf 09 tHéQiéng‘@e serotypes, the
foll ows. .These rret S can readily be adapted by

t hYEysey, of g inyent I?P? ejpsed frpthe é%@lqlﬁw@cﬂfé?tm)/@lephgacmnes Any or
c ham@mé virﬁgés Wwdidig sh&?tetawlah'f&%ﬂ?o%ﬁ nggﬁl%hla% ro%' Ut nfdre

as chineras 1 ncluding other pre-ne
enmeta@pes tshet:;ieerﬁ@efsws@@otammﬁ |ag is discnlvmiheu)ﬁnofrha vthée& fcan be

S o S PSR plcbedlibns S0 piadForie oo agoppr saarbe

Y%lﬁbsterddﬁﬂn%aneﬁqﬁ@l@cafsg ef & i%trﬁ@ﬂéiﬂ%@éné regﬁﬁ‘valent oups of
nucl eoti des 1-2,276 and 8, 279-10, 861 ( YF5' a“é

Wb yBPOERE 87 usr@T/Als;m@a/ebe ﬁ@@mountsmﬁeaqlemhs diftegent viruses
New Bi 296,

| guESenein b efinferdl vigeh %r%@@%g@f&ld by
i gati IS eri
1o t oty iR ARGl Bl TR Aol L BT "RNCY A .
aI@WE}\/BlogecubIS)athm (nbsresp(mdttdnfm geeoﬂlznas:etdhbylrhs]tcbe olﬁ the invention as
cofre n nces from.the start of the 5 prMm

o sk ERRARCIFRD on FrerompIaents iHeohc  Bess g icioreislgaleowes can be
FJd\s@d Jo£&:QaMA¢)8n filctRds bNHah&thARe are%%sesq{ﬁtﬁ‘é)m@gﬁt?on In such
817). C ones of authentic JE structura proteln gene

wenethedss a nueleig amddmltende g@ressmmngm the genanaof alrds i me

PR B AR B R Rl i o B e ot FibTonS (g primry

Cadells, maxck@a{wy@d@lpwai célNBnekabenel¥rbpid défl 1Hes RES e%mens)) and
Unjt, Yale University, New Haven, Connecti cut,

artEPrhich (ﬂéﬁ!etSHper@tgtaﬁ pﬁwblcbhp@gsmsgwmsaan Fi@eﬁléqeaawéied These
STIGFEE AP MO b8k b T B i PR
and passag %Qteﬂ Rbb+LCdMids oﬁﬁhlhﬁ% Eﬁinfém: Qf’lrﬂse%Lﬂ‘lit cﬁh %Q'ﬁaed in the

amounts of virus for cDNA clon The strategy
i HW‘G’IHV@@aEﬂmﬂYldqi tforeexemples iU, ngt No. 6,606,281 Bl gaesnational

wAPRIKER PRIRsEEa (g S e PEA AT MR st

eX01/®SOBY ahd CRABEO LEA ST SVREL. T5B654-80 1L h6odMBe GRS bfthe
and first strand s&nt hesis of negativé sense cDNA was

c sPRstagtion, pf @Jghlﬁlgnp {evivgmistincdwding prstraemwbrang id envelope proteins
L e T Te—
s Iptcﬁsmﬁ of yalloonfener virus} aralpkovidedtag folwie StHek@ethlodKShideadily be
L
itﬁ%géggdzn? g%_c?l@e@flerteﬁ,e aswelt SOUGRERS 15&1591}?@8 hgxolngegrggmbrane and
envelope sequences.
Briefly, derivation of a YF/JE chimera can involve the following. YF
genomic sequences are propagated in two plasmids (YF5'3'TV and YFMS5.2), which
encode the YF sequences from nucleotides 1-2,276 and 8,279-10,861 (YF5'3'TV) and
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usi ng the sanme negative sense priner and a positive
sense prinmer (JE nucl eotides sequence 1,108-1, 130)

weonwsaissng nested Xbal and Nsil restriction sPCEES1005/037369
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cloning into pBluescript and YFM5.2(Narl),
rzgpectlvel JE sequences were verified by 25

O o3 Tioh TOhEXES 4) §ise P dina NevcBistsiatd :285-296, 1989). Full-

n uc#gtot des temgt‘éga\'%%ghﬁ’gteh gg 1'gatqbu (gtc a%BEQng{Q restriction fragments
angdrived da tl’lﬁseﬂﬁlasrmégat Y¥eeqienagtdvidiin tmDMS IV Bgd FFMS .2

A EURS STl b ERuRSs et BT
COpAVE RS '(ﬁlﬁ:léo@idé 578" Uelif9Ldid§8s rfthfo% i %EW cleava%e site

containing an restrictio
\Ne(méclc@t@xieeﬁ%%tamnp&m&b?)l pt and JE 30 sequences were

Y ony osioabuptiRgt 3 s PRauS Lola, eded Srfgneraled from the JE
NUSA R 4-Q6%raikr FE 4108, 4RI Rdckih staihdF) sAZ4- M‘Q virus is available
2006/ 044857 PCT/ US2005/ 037369 To |Insert the

t elrom ApsCertters er Diseasa (ontspls Fort §lodlins, €plorss and tE XalelArbovirus

Flrllfe(%g%g éngllt al{}ﬁ%rw h?‘geé?m ra}ng%;ltlgﬁ} \“?’vlhlcg are World Health

ol (D@amua:mcemes@mﬂ Mér&d:e@ﬂn&@@ e ArbodtustHIm the Uhab@ Skites). JE
ses%iwgf at the E/NS 1 c|leavage site (YF nucleotides
"A5HUS ahpasereadevel PBXe? ey pbiatned aadpassaged in LLCMK,

YRS & 3@£1h)sufﬁ%he-ﬁf aﬁag&{tg BE Sirdlefo} gﬁﬁrg 4188t eFRL 84880y used

incorporating this change were ¢
i nhedvéd¢loning tick synueludai degiors pretwiof piecek Ifag ovdrliptay as Ml dife (JE

o aEa RS 2o e 35 b agb R vh v igeipor i pt) . The
JE sequen%sfe&aa@téulﬁbﬁ%mﬁasyeﬂs éiQ§feEféd ‘& ﬂmvg,% and first

subcl oned from several i ndependent erl VE P Ohes
ofstrpm] shehesispf hggativa lS@lSYIEDBUQWBncamedI euhgutgmvarsn @arBcriptase

r.est yi-Ct i ites. YE5 JE cl.ones
contha??ﬁ aﬁg? %Q]s?(ﬁmgﬂ ﬂugﬁg ‘i‘? ¥UEnEGi2 oﬁ% '}Mgept@glgl}&j%gsted
1- )dv]zB)ncHNaﬂ@éwﬁcttdﬁ sitbefol Elopidy ikitiafg D pweﬁcrs&ﬁ i} KSE#) bynd
nplification. To derive sequences containing the

j GH‘&eﬂ%‘Wﬂé{flmPﬁ@FMﬁ 26¥¢3), eespeadively. diinet steandr\vé)@%ﬁ synghesis was
&E@W mkgnﬁﬁlhgﬁfonlﬁqﬁ]@j ﬁ]&qhgﬁcse ffor h 3??\/]%1%? isl%g 2,471

Ive sense I mer- corresp 0

YIFIEi'ng th%ammi%aﬁhvaheaseﬁ)rﬁﬁ& -and G3dsitioe gate patr BB hucleotides
fr a ment f 0% ajg wer e .t hen used as n?\aat ive sense PCR
pPF pee [A0% AP Bheantaipingnesie d resiEption step fasicloning

C QKB IpBIRRE Mt Yanl T HNIS 2 el%gﬁécm/e X‘p ﬁfi géqu%ﬁgéé?%ﬁ‘g verified by

upstream of the EcoR to a
Sé‘i‘fmw@ efeymsodigdstion amévlaclsmld:crseqmtngo rTherJEtrimeleotlde sequence

e R
NYDNFOdiflEa hegdatiDe séﬁéls: gﬁﬁ)%k‘l:&ké%ﬁoxﬁﬁ? {or @ﬁ[ﬁ%ﬁd%f F16 to 1,130

|nserted|ntothe 31V usi ng the
E&RRR PPEHYT FeBE¢ PIHMEY <t0ér§spon|dirg te dESlupl@QtldQSdrtDal|8nbothtcb3tammg

e F yntr ansl
gﬁﬁgé@g@%ﬁ&g L gee gju%(f:régger%iwel&c %:ed 1 %blescgwgan%rhi
C seruances Weln@vé‘di‘fﬁid tsiruelebtlde seqaémid. dﬁ)gkthk? s k&pttich@%loning
o{‘ thel}E sequence from nucleotides 1-2,471 (amino acids 1-792).
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vitro ligation. 25 To use the Nhel site within the JE
envel ope sequence as a 5" in vitro ligation site, a

wo edbandast Nhel site in the YFMb. 2 plasm d ( nuedBUS1008037369

10

150

20

25

30

5,459) was elim nat ed Thi s was acconplished by

si enF ’g%ﬁtn% x'ﬁgnn 4t n%)n g&fgle HRAVEIS R%Pror@é{ﬁ F&%'Y%EE\ISAl cjleavage

(T C fe"\ies

| nuite poigheNaHrtridffovbsitd wag uhttcﬂﬂxbd:cpﬁht@fhe NS Qpplasadie by
restriction fragnents and introduced into
YRNESoDYleatiderdirectsd natageapgeof the signalase gvanCRik the E/NST cleavage

f

TIPSR R D A R S SREE s 00

| i Brahsceipts cﬁnBecpEbmstemplawmmcoeprgawuhacbhdmgméme:hmk@ﬂ for

the_Aatll sjt. | ly used t full-]

téﬁm bRk I GEE Bl TGRSR (F PTG I e
ﬁ‘lﬁ?&téﬂ%qﬁ@ gfaqh@fdrﬁﬁné&l%ﬂz SWaEQQ%Qﬂﬂﬁﬂscnpt) The JE

/'US2005/ 037369 ~ structural sequence, precluding use
ofseqwtﬁnse Somenvodgotides 403 tv 2, 4'glaWasasub):loﬁhds frBeysElers] independent

(GRS R el P T BRof P i VAL ST PG il it ana

| W WsiYietidn Rite  XENPRDE TR tloABPERRAhIAL Shd BB 5T iftfdnSAted region
fragnents. The unique site was incorporated into

YF(wsclzqtuiEs byl 18X ediagrgbtoche I erg-Kingispere deriughsnPCRand

i nf -5' 3" I VIJE(prM E) plasnids by three-piece

lig t| on i appropriate restriction fragments from

t hese phr darivepbqeicebscontathihg thiajanctide loff et YN eapzid HFME @M, a
(BspEl) dele .the YF sequerlge bet ween t he EcoRI .
s.%esétlvasenﬁﬁélv S5 BRmerISPARRITS 59 PEiaiKes YSeoMth Aasiive sense

rfntf@ cégeégﬁlﬁgbélg@@Y?tS R ThucliBligd d185- @G%toe%etng&?é P’@kx:ragments

dchar act I N expression experinments or it
c ab'acwetrg/ theo u»stctlwmgptnm @ussa RER pnnmmmtcpnxuseteon mtg a posmve
Ml da et al )/ B]§8360 1987; the
R AR Spglem Pt Sori e SR g of the
Di RS SitdCenhmplify thok s@leﬂlder(énco@@(ﬁ B RY&se 8@chtattdhein Yid €

Arbovirus Research Unit, Yale University, New Haven,
ommwmme):tormgm narlsplides®l] Naterthinue oﬁﬁtemth protenc)fthrough the

c T K
nUVShg?Eﬁe at.n ?160%’ ‘# Pﬁ J’Eh Isurl}lgrrlgiéeglafr ﬁ[ﬁlealgs w%re ﬁrésened into the
avavs am plamﬁt Usiirgy the Vol dn@ FcoRI feetrickib®sitdsV Tthls cvnetnR® @bntains

Ngﬁ’ to replace the_entire prME region in the two
p|ﬂa% Qprogaterapeeedingthe ¥y S -yniganslated rggionofollewvgd by the sequence:

[
or Jo Oy prE), b frfns WeAHRLURSIERUIRIEEN 2 Reauired for n
Pnéeetgates. f or gener ating full-length cDNA tenpl at es
are es nt| ed in Rice et al The
New B areotsedhe st 5 G gh Shyeiops reaveri son Scin e figation

t %ﬂ'@'aﬁ%ﬁﬁndaﬁhﬁhﬂ' s ﬂr% Y'ﬁ\ﬁS 3 ééﬁﬂ@(l{lfé[el&l@ 5aR9) was ehmmated
YFI\/B 2/ JE are digested with hel / BspEl and 1n Vit

| ilgat Wanadcgmplistiedryesdlentghuigtigoor thaNdgequacoht quu:tledhlded 461 (T
f '@ Eﬁ%n €, alln?n ! he ﬁ)ze?ﬁﬁ Stie f w}:ggl%oratgf‘ m?o YHWS 2 by ligation of

[ igation’pro
appropriate restrlctlon fragments and introduced into YFMS5.2(NarD)/JE by exchange

of an Nsil/Narl fragment encoding the chimeric YF/JE sequence.
To create a unique 3' restriction site for in vitro ligation, a BspEl site was
engineered downstream of the Aatll site normally used to generate full-length

templates from YF5'3'TV and YFMS5.2. (Multiple AafI sites are present in the JE
23



with Xhol to allow run-off transcription. SP6

transcripts are synthesized using 50 25 nanograns of
w@oshias7 t enpl at e, quantitated by incorpor atipar/v§2005/037369

3H UTP, and integrity of the RNAis verified by

AR e FRDIITE YRt IhE SUF RNV eI LaaGRD Y | O Bep Bl sit

USWBDCrbdtb® b SRR et RionTISIF Alc1MRUER, 58% (ARFE.GSRAL, affino acid
full-length transcripts. Transfection of RNA

t r ZREQ) 1t was introdieced it SHNS Bfby exalianga pEaprirpprioerestricsion

c ' as .described by Rice.et , ra or YE
g S S R e B i MR T heh e oF he
5 of XedliSpRI fragrhérdyind inteIRS YIFSGIIVAERSMAES blabini® %; thHS-pR&d
yell ow fever virus sequences, the two-plasm d system
deld#3tiop Qf apnsertate kstrigtien figemants drom thesparens plasptids andrfeom a

begis oY MR PSRt DR s

f | arlaotided badda6,21383- 99, sequence GenBank accessi on
nunber 6835. Viru pr NE cDNA was obt.ai ned by )
RT- PCR {CAApEeR Ricone oL Nakpyama stigig, whick has bgen eyyqnsively

10 Pr i8RRS4 KlpRRSiEn RS MGy arfd fof H?ca%acgdtggﬁﬁg&&r\gective

17D capsid gene by overlap-extension P
pomyawnitydsce; Rge Molda Fted., ¥irobogy 168:34BS6E, STethed® Makayama

al sg. cl ane reci sel t the 5 end, o e YF NS1

e o> QLRSI et o R3S GeBho b Gathig Colorado, and
Mtha ylaRNErHeRTres RedehRf UGHT Yiali Unit/BGitP Qe A& erD CorhMRRY, was
Eto create unique restriction sites Bsp El and Eag

| .al99 yped in e construgtion abclpmadeflagvinises ThédekayamayabPsA was
hat. \wer. | i fied and
s PSRERYlo RAYHIRRIRALE. ARSolSh s PSRl A eaR s et o

C DNAIL ah BpeDivi\Mims) toiresadel the ehtive bV el drOin ke two plasmid
facilitate in vitro transcription by SP6 pol ynerase

( épf?telélrf—?‘f%gt _for-rfh%nmnm%tse% at pqq,ttmd{?@ wdnghrives left intact in
SUHAENO Llifiz @t el ARFOPRI S B OF viTal RNA

t . .
translation and replication the virus. As with the
YF/ JE dhperdnis folessoetabegl fibleugth cIN Atdnapiste fre ekfemtially as

20 o EBiopdin BRSO NGV Bilanii P ashad Bl Tibessaer chimeric
FltenpMick Usie plakmRisasF LRIV/PE (RNBENSST St 3/PE Brexdi Bstd with

strategy, using natural or engineered restrictron
siNhe¥ Baplel anfl ér vigrodigatien isaperfponed ising 30knmograrssofgsirified

MR 0 e s DT P04 AR ol Pk e
Exeitipkied to AovEXAMBE R@nsdrptioR! SPE trakdetipRlard/spntheMzz8\bking 50
25 %%éégg;g E)fa Il)urlF\f)ieeSclutlelgllsalate, quantitated by incorporation of *H-UTP, and integrity
of the RNA is verified by non-denaturing agarose gel electrophoresis. Yields range
from 5 to 10 micrograms of RNA per reaction using this procedure, most of which is
present as full-length transcripts. Transfection of RNA transcripts in the presence of
cationic liposomes is carried out as described by Rice et al. (supra) for YF 17D, to
30  generate the chimeric viruses.
In the case of chimeric flaviviruses including West Nile virus and yellow fever

virus sequences, the two-plasmid system described above can also be used. In one

example, the West Nile (WN) virus prM and E genes used were cloned from WNV
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Background and Sunmary 25 A chineric yellow fever-Wst
Nile (YF-WN) virus, ChineriVaxTMWN, was produced by

w0 n®eni4ssn of pre-nenbrane (prM and envel ope PE/USBNRE37369

10

15

20

25

30

of a WN virus (NY99) into the YF17D backbone. The

i : in Vi |1 d f
Bl e I e VE! eSS ity G REL B, Virs
| NFAVIDBBNIAChY obt@ined b RiTLIEER Y xLIPEE |G, PBikERE G e’rgeos’ end of

and has been tested in a phase | study in humans.
AJWN P gEneawaseelorad precisdly atrthe §odiofitheWW T iED cBid gene by

de ] b ee.SAl4-14-2- s i fi tatigns i
RS R ARG 5 RsnBBTEL b B P ol ene v
Vadl§d ¢18ned préSiselyatsthé §%hd BE tHeOVF N&1@BHinkRedquerEe WA drlap-

when tested in _nouse and nonkeys inoculated by the FC

r FEsiRd (Jr o P Bent ataHans Weraimtodvesd intadharnqrencs afpovl aad E to

?, ey aRe kel g M AYR/4 1057, BT bERICALSATHER v
etthede.enzfmes geniaxrafedd])NADfragme&ts]tB%er& g@lﬁju’rﬂi@ﬂ 2)1@1 lighted in vitro to
vacci, ne thHB_Lis con}F ai ned_a_m xed%lgopul ation of viruses

( é%ﬂ?hlﬂetai ength ¢ il,'negf: cDNA| ’glileg , Né, was| lwwed with X#o I to

PhRagtYOSS)isro Wah&hpHbd bEsed b 6phiCerfT).N ghﬁk
residue in tr%e M p?ot ei§na at pp Si f?%%gg%ge‘?’%e?}.‘@ [ spmduct was
muntedusad ditol ewiaryaticfeet tlins perunissirerfot eind RMNA ttahslatior argi

far 8. da d sucklin 1L.C royo et al.,. . J. Viraol.
7aenA6 R p5lts S o MomTh€ S, dschuten e, maions of
dege trivestid@nbeSHeRIEYd MGV FIWS cHybrag s adscAPed RIBALSsing
virema in the host and thus can be used to inprove
tﬁéanéalﬂé?‘}‘ho‘iﬁ the current vacci ne (Chineri VaxTM W02,
P5, m ' nt_and tant. viruses) or.
the 1 aroer AR RS it B3 B0 bn Aered Mo Bligtle] EREky, Seine
nuatwedtdr daginedred rgeitabi yitds-anaYor e%anlplansligontddA debiimers as
was observed in the consensus sequence of

CI‘T‘?‘?P@PP"’V sotfltest Nile vaccine virus at P5 produced in
Vero cefreSnitnd6h istsedNid f)ﬁf, haRd E)gﬂeﬁﬂrcénta pésﬁltwésgrti% A'n the
woul d result 1 n presence o viruses contal ning el Hef
arfplheviagiBtamplsi ne (nutant) or Leucine (parent wild
type) in the nmenbrane (M protein at residue 66

(herein designated as M66 nmutation). The 15 sequences

of Chi meri VaxTMANO2 and t hex@mpess Vax TMANOZ2 M66

variant are provided in the enclosed sequence

a 1: V. cludes an alignment of the

ar@ @gn?g: lg% R&gHences of these proteins. The Mprotein
0 us contains 75 am no acids. The

s Badkdroned @id Sirnarpr ot ei n was predi cted and conpar ed

to the structures of Mproteins of JE SA14 20 "

( AAAG 7 TyehimeRe yeliqy fexapasiile (XEAVNErises Chimeri GuE - MBIN, was

( A7 By indEd ( lk%liﬂ SSi 0 Q{’II :

; ﬁﬁ;e zﬁlpr ot lz)lv it searllj o g%t o%ﬁﬂaééﬁlrﬁ/ﬁ%za)en@foﬁe geries of a virus

h{N¥99) imtanthp Y78t ipckb @ien The yiroebas podutdd ialVero cells under

predi cted struct klr 834 t hg gg rst. 40 amng acids of the

I\/ISerluglt ecconditions (at Passage 5, P5), evaluated for safety, immunogenicity, and
efficacy in preclinical models, and has been tested in a phase I study in humans.
Additional attenuation of the vaccine virus (P5) is determined by three SA14-14-2-
specific mutations in the E protein (residues 107, 316, and 440). The vaccine virus
was less neurovirulent than YE-VAX® when tested in mouse and monkeys inoculated

by the IC route and protected mice, hamsters, and monkeys upon a single inoculation
25



( SLTVQTHGESTLANKKGAWWDSTKATRYLVKTESW LRN) are
predicted to be 25 a non-nenbrane regi on, whereas the

WO eovaionissy 35 ami no aci ds (40-75) PCT/US2005/037369

10

15

20

25

30

(PGYALVAAVIGMNLGSNTNQRVVFVVLLLLVAPAYS) are predi ct ed

Lo Rfoyataf! . yiff ?’é [ 2o BIRY }&%@ﬁ%@ ol it s, 8:1392-
D) 1301 260Dasihe v@RlﬁH vikis dUhia'iHeﬂ atrﬁﬁceﬁ Ipf)ﬁlnaﬁ&] mﬁﬁesa@kgxbmng

resi dues, whereas there is onl one char ged
ac?laalé tadnd Jargg, Ly Eklﬂ%@l@@gtyoes)awmca differed by 2 su@el; aqmu/amd

e%:l xﬁ% I\{I%)Eotﬁ}g%gpgsgﬁé @3 (l\gﬁ Cr’llhgse%ll Pn P%ﬁ réo aﬁfect

b| mﬁtungv;dndéndeh)éthel vins foys dz{}t &d a@dmmg nitd PAroydl & al., J. Virol.

ﬂéﬁ? no. acids. 26 WO 2006/ 04485
c%’?g o%@%%& )- rthe pursent énveptipm aveodgpcidlie thpdiscovery that the
v a%riﬁutwlé'ﬂjl%dﬁées Bﬁ'eﬁl?av %thﬂos?z?.ﬁ& 169 cROPUL AL 1Q pné)lfﬁge the safety

and S plaque size phenot sequenci ng
P2of the curent Vacrmind:(EthcmMasT -welo2aPps, dnb(bdbop&laldﬁﬁfﬁ}iak@ﬁ and

firs ar.ed P4 (10% of, the total popul ation) and

r eac%8@9?%%cfrﬁﬁﬁrgeﬂ&@@gﬁﬂ%“r???%m&fanf)ﬁ’émg and L

pl ague AsRtrRbege Wterb eit?@oﬂ(ﬁ@ of Vaddus S@Jﬁﬁy@é&) bk oBQ:‘f‘ved in
mutati on is responsi change | agque’si ze

f rtéﬁ\cﬂnsl%s‘@ seqtgggmofg’llamnyam r-Wéest Nile arad;(sne( prespaPé graficed in
reg&d %ﬁs cfe&J §gr+191 ﬁjeg 1?1819 @E}g %rlﬁ ﬂénﬂyc&ég geslup tin E)rré(seelnrce of

neuroviru ence

( pqﬂﬁe@ﬁﬁnlf)xmngreﬁhé‘{&ﬁilﬁé a@@ PeblinRRutdit) )L ebtins @r&ft w1ld type) in

fl d S viruses were produced in Vero cel

5@6‘?%@%6{%%}6%&6 (heremadesigapied as b6p mutatlon) The
C QRGhdnc O of ¥inBriV llgT MG Sc‘m(? Fhe%ﬁl%%thl %@g&&g@ q’!ﬂﬁl are

purifications and roun Vi rus a

s @gedded imghetndkied Secpmdcd_appleﬁdm ewhick YR8 i®dudes 3hRULSment of the
am no aci.d di ffer? ce in the M6 residue (S virus

c SAPHP AL SEFENEHOT heSRBWIFIRS i due, whereas L virus
cont ai ne¢ Mlpestein T kst N"]!e%x%h E@ﬁtamlb? e ggflﬁsat'f‘h%rktructure of

seemsd to be stable under |arge scale actu
dhriprotesmwas pedivtadrad Somipargd ¢o ﬂlersusct@i%sib(ﬁ M BWIM\BBJ E SAl4

' K%ﬁl??)n%m RALZERE DB PN BT vsr cappaeos, and

c @mem(m4mepby1 albmlgy& 6FR) pﬁftelh Gg‘kei}&l’ Bhe

virus, variant (P10, . In sera S an

h@%&%ﬁ@&%&@&hﬂgﬁwﬁitﬁem alfhm’mcm sRBcturasythe first 40 amino
(Qﬁﬁgaf@l@‘i%tipotég S and L plaque variants), the

maj orit viruses were of L plaque size phenotype.

| hShWQEMESTEAMKK%WMDSFHIAM\‘&(WEBWRMra?é’\br%&cﬁed to be
lower titer than th 20 L plaques in human heéepatoma

c&PPmeplyaneicgion, whergas the F?fl&%l@ag@ﬁ@mm}ém@ @0ate
V(I"@YA(LWV[GWII@SW?Q hurra fﬁ‘\%’ %gﬁ&@) af® ﬁlreclhcgg %§ be

a lower level of virema’in
Chilthisy ﬁhvg(ml\mvwb@né wigidro Uin alBibion) tharci apid-, 10&hﬁfrged amino acids (3-
bl e (safe)

t
g I L —

t theresisdaly ohe dhbﬂgbﬁi afitho Rid (HaMc) ATEGERLPE IO Praviviruses (WNV
Agﬁlttlonal mutations in the MTegion ’
MVE, JE, and Kunjin) described here. Thus, it may be that the M60 residue

plays a vital role in biology of the virus by interaction within its neighboring amino

acids.
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25 were found by sequenci ng individual plaques
isolated fromlarge scal e manufacturing passages

w@ 200g/0448862, M3, and M64) of PMS S pl aque fropePUS2008037369

P12 or nonkeys inoculated with ChineriVaxTM WNO2

" vaccine (e.g., MO, M61l, and M63). These nutations
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can al $ge bﬁqu@ﬁx@rpmldglyébf elnsicEide Wironatdrs reivealsks mitedtgfopulation

i nventi on. 30 Production of PMS of S t%d é g# }‘11 5

vPf L 484 Sinkaaye sze PRFNQIYRSS| e ﬁ%}ﬁmwwg e¥ze and P5 viruses
%fﬁ‘ﬁ‘aﬁ@t 1 §&ullationd End

P8 TRl RSP ER LS P g oot

| ekaohdd +50do asPS.| Bhgeyuércing ofdheS pnd keﬂaqUEa@ﬂatﬁSQﬁ the accine

was t hen ﬁass ed on Serun1Fr§ Vero, cell.s,., and OnﬁanAoS.

\mr%%h? PRI STSTRIBFSEOT pLORRE MREART YR
gﬁ & QﬁJ]L'v%E %ﬁants-r @?epgf&l% Qébreﬁrcm&uﬁ)eﬂi@ @bﬁ:ﬂ Fgﬂeantly differ in

time, a total of three round que
pthemfneuectwminnca' Fo Splayplbsysiting mict (psoP 99@15) ( P8) wer e

22?: Isf E’ Ht }%ég qcmg rﬁﬁy&f)r gs,gc}f%g%ﬂ%necggra%{r&eﬁe }{ﬁ{dgced in
theY@éélféq}oﬁlﬁ‘ Chihaedk "MWNS G5 )l dbataanisieassoweaditied” by 3

to find 5 a PM5 candi date free of spurlqys nutatlogé

T\r@lnds of direst plagne tq pladis muridgationssad 2rawndsgyf virgs aupliption.
n-sile [

bd PR FRLCTS oA Eixi36 deohd £4illS SRR AidTBfickéhoe i the

OtMIGY residnt €8 niegk enwdineidRrubmea M66 fesideacwhedas(ITainhsecontained

2 These two i sol ates were then

in |
f LausiBe adhiscilet: cbhe MAR iR ERed Iy Decatle Wl Grge seale
E’la?lﬂf‘acﬁ%n EMGnd P oﬂso)Wﬁbl‘I Hﬁ%ﬁpla&@ VRREP1 6, IMSPWhd fn¥cihted into

Viruses pro uced at large scale In order to
déhmsmsmy subcutheeo8s plosylatioptiendugede vesy bmalsvel afvitenip a

| arge s rmnufactu r t.he srmll

PR L e opite S Pl P BT Ry flf BBl (P ) M. 1n s
| R Bfdnk &\ M8 'h‘ﬁnﬁﬁ& |iSca@la@d WigvCHighevaRT SEN PR firuegcontained
conditions to 15 produce the P12 virus. The P12 virus

waéO]ﬁQrS/@gﬂeglagmv@a@wébe majogityaf Ymmegayvgge of Iyplaque size
rra oxig L (ip 1?’108 P AdE ?ho@??{ ‘gf‘tg‘i‘?,\g Eﬂdpulsi gﬁﬁ/ to-lévﬁ%%/ tn%f than the

praques  “aval

OTL $Pad(es on homen hemsagegell lated. Theseplatdindiegticd matvﬂm S plaque virus
transcribed(a I|f|ed Vi a Tlt One- Tube RT- PCR k
(Bbiveey LY e WA ify MGf il oBd g aUREen e TG sifemia in
Yl PR AR R4 eri ORETL WM%MG Huchitfn 2d ARk SEould
was contirmed via | nmmuno-stalning using speci f

rmmﬁit(wa al suitalsle (dafe)iVENl. vadding tandidatef fop Oatpiske uetswduals ” such as

£ he G5 Blbongp ST TRl REARTR R M reion

flo @fkivid@al § 556latddefrdid 180 t@ld@enufact
rI\T/LB{’EééII( E‘gﬁ‘gﬁgﬁgﬁg e an1V |gowli§{g #16a cont ai 2Er‘;rgd am xré%lac uring

parasdages ©1E- d‘ﬂ62vtMé3xdm%664)TJIﬁ8%S 3 @lague &iopnBlQ @tl’e@ or monkeys
t hat e t he.
t dn%“éﬂ%?dgﬁéf’?é"@ F axt h{é&?ég gugﬁg f WI\E% ey o |6§g These

anButdI&y can also be used in the construction of viruses of the invention.

Production of PMS of S and L plaque viruses in Vero cells
ChimeriVax ™-WNO02 vaccine material (P5) was grown in Serum Free Vero
cells; 10 plaques identified as “small” (S) and 10 plaques identified as “large” (L)

were picked. Each isolate was then passaged on Serum Free Vero cells, and one
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anplification proved to be of S size. Only one pl aque
(#4) out of 20 appeared to be of L size, apparently

waolpmehotssr mut ati on at M63 from L to P. Pl aque BABUS2005/037369

10

15
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25

30

appeared to produce a m xed popul ation of |arge and

smal | plague size vi ruses containing both wt L and
mRIagHe vrsucked from gachdsolyesiThe procse pvas Fipsatgy ongfinal time, for

T o e R of L AL B AT ol Bp L RBRlcs g were

vvemmhﬁtﬁen ﬁéﬂ CHi tﬂaskSCdmntmnng/Sm:ﬁM Mkﬁl/ e(cw:dlki (ﬁr}d)gown in serum

D0t GRABS b RS2 318550 Fuf JRelalet wefpsequenced tofind

EgallsMSEﬁﬁ@ldatg%Q of MRiduk l‘rﬁﬁlatkfng) FHoNHIREE Fere lﬁhﬁﬁféd%o be free
and L plaque " Chi meri VaxTMWN LP (E107, E313, E316
:}wnr) si

araf egagssed enbldn Catipns: pn@wmm@nﬁam@wto teamml plaque
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produce a mixed population of large and small plaque size viruses containing both wt

L and mutant P amino acids at position M66 (Table 3).

Growth of ChimeriVax™-WN virus variants in hepatic cells
Human hepatoma cell lines HepG2 and THLE-3 cells were infected with

ChimeriVax™-WNO1 (wild type prME), ChimeriVax™-WN02 P5 (containing
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Virol. 84:2781-2793, 2003). These data showed that the
SP virus variant grows to a lower titer than those of

WOR006M44357 LP vi ruses, indicating that the Mo6 pPait/g51005037369
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Cp Rfladred oY ”‘%ﬂ%sg DEPRHIE e RplAAE
Lack of detection of ChimeriVax™-WN, SP viruses after inoculation of monkeys with
mixed (SP and LP viruses) P5 vaccine virus
A total of 8 naive cynomolgus monkeys that lacked detectable antibodies to

Flaviviruses, such as WN, JE, and YF viruses (as determined by plaque reduction
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Vero cells. After addition of the second agarose
overlay with neutral red, individual plaques (4 S and

w@2006pkmeues) were picked and directly sequencedr/Us2005/037369
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identify the presence of the M66 nutant virus (Table
6). None of the isolated plaques contained 30 the M6
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bl Virus concentration in the
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in the inoculum the peak virema titefr was | owered

aPpRayss (fel and,3 L plaques) were picked and directly sequenced to 1dent1fy the
presence of the M66 mutant virus (Table 6). None of the isolated plaques contained
the M66 mutation (L to P substitution), indicating that the M66 mutant virus is not
responsible for the high level of viremia that was detected in these animals.

Interestingly, 3 other mutations were observed in the M region (M60, M61, and M63).
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half of the LP virus induced virem a |evel.
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increasing the rate of virus replication.
15 mares: i Dresnfection dest was 10 pfifand thblinquuiinevokin{eEvasli®0 (K. An
r M 60 o .C nutation and suggested a

to L.o . S) ar
f mbttioawasroug%% PRk Sé‘flﬂ(“?lﬁémmcfﬁdd’t’léh H0Q 1!l efhdrus diluent as

Prpss \d ' 1en.. | oticeabl e .
RSl O S B g o o R B Ry Ty e
atdapopost ingecti®n, bibo@ arhipies Werzrcotledted Byiad drbitdDbdERI flom all
( The effects of nmutations wthin

Chi i VaxT .
{ R FRP! 18 S A Al v Al il wermEegihestzet by inlation

20 (fifdflubfane eHRE be4bMiekhi 1 ; L
Chi neri VaX?I'M DENTb and - DENéngaFaﬁlg%/é%ggatl:oﬁ. Virus concentration in the

Criesteampias PRAsEEseringd byiditeoiglaqlingotp@ i ilesf bfl Otdilated serum

% ' ef Line Al of . these chineric viruses
SRS MBS ELEy b Bl R EE5 T T et
Mat er i @lsSis altovint Figds a Higilek fevand 18R B 1YBhH %v&%%é)%f%ﬁkeviremia
ori %I gal |y received fromthe Anerican Type Culture
CHF & f%fﬁi 10 A58 sapaessepdiscted/fromddl vigds inffctédctamstereevhile a
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plaque virus) in the inoculum, the peak viremia titer was lowered to approximately
half of the LP virus induced viremia level. Additionally, the viremia peak time was
delayed for at least 1 day to 4 days post infection.
30 These data demonstrated that the LP and SP variants isolated from the same
parent virus, ChimeriVax ™-WN02, have different biological properties. The LP

virus replicated to a higher level at a faster rate, in comparison with the SP virus in
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Cells and media

25

Vero cells were originally received from the American Type Culture
Collection (ATCC; Manassas, VA; CCL 81; African green monkey kidney cells).
30  These cells were adapted to grow in SF media and were obtained from Baxter (Orth,

Austria) at passage 133, and then were used directly by seeding into flasks or seeded
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Consensus sequenci ng Consensus sequenci ng of indicated
virus sanples was perforned as previously described

w@ Bwgaefssy et al ., Vaccine 20:996-999, 2003). Bri/e51095/037369
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mutations (E 204 in ChimeriVaxTM-DENl) significantly reduced viscerotropism of

the virus in non-human primates (Guirakhoo et al., J. Virol. 78:9998-10008, 2004).
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5 pH threshold of virus inactivation (Indirect Fusion
Assay) One of the consequences of exposure of
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5 incubated for 4 days at 37C, 5% CO2, and were then
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| odl 4due?B 0o heat inactivated (HI) FBS was added to each vial and the pH of each
solution was neutralized with sodium bicarbonate. A volume of 100 ul of each virus
at each pH value was used to infect Vero-cell monolayers (seeded at a density of
9x10° cells/well, in 6-well plates) to determine its titer. Infection was performed in
duplicate, so as to cause 50 PFU/well; two non-infected wells of cells were kept per
plate and served as negative controls. The pH 7.0 and 6.8 samples were taken as

references. Titers were analyzed using the standard plaque assay. In this assay, Vero

cells were infected with serial dilutions of viruses (10 to 10°®) into duplicate wells.
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10 Results Adaptive nmutations in uncloned SF
Chi meri VaxT N JE virus, and preparation of cloned
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10 uncl oned P2 PMS virus, a biological clone at P7,
Clone A virus, which did not have any am no acid

WG psD48Et | ons was obt ai ned by three sequenti abCPUSIHOR037369
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nucleotide 1301 observed as a 50:50% heterogeneity (Table 7). This was an
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10 Effects of the M 60 and E-107 nutations on virus
growmh in SF Vero cells To conpare growth kinetics of
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g.s. passages mimicking manufacturing events were performed in SF culture (Fig. 6)

(sequential passages designated S were done in T-225 flasks, and passages designates
F were done in a 5 or 15 L bioreactor in which Vero cells were grown on Cytodex 1
microcarrier beads). Sequencing of the prM-E region only (cDNA Fragment I) was
performed for the SSS and SSF samples (obtained by three Static passages, or two

Static plus one Fermenter passages, respectively) of both candidates, and the FFF
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clone A P7 virus, clone C P10 virus (M 60 nutation),
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groups devel oped | ow | evel postinocul ation virem a of
short duration, which was w thin acceptable limts,
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articles displayed no clinical toxicity, and had
significantly |l ower discrimnator and conbined |esion
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reference control (YF-VAX(r)). The test articles did

not differ fromthe reference control (YF-VAX(r)) in
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neurovirulence in this test. The most comprehensive measure of neurovirulence in the

monkey neurovirulence test for Flavivirus vaccines is the combined group mean
lesion score, representing the average of the mean target area and mean discriminator
area scores. The target areas in cynomolgus monkeys are the substantia nigra and the
cervical and lumbar enlargements of the spinal cord and represent regions of the

central nervous system (CNS) that are injured by all Flaviviruses. The discriminator
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30  ChimeriVax™ —JE virus was detected in the sera of 5 (100%) of S seronegative

monkeys inoculated with original uncloned P5 ChimeriVax™ —JE vaccine. The
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20 function in the process of fusion triggered by a
| ow pH in endosones followi ng virus adsorption and
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previously solely to the envelope E protein. The pH
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et al., Virology 257:363-372, 1999). By site-directed mutagenesis it was shown that

. . . . . . ™ .
some of these residues were involved in attenuation of ChimeriVax " -JE virus.
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determ ned, after returning the pHto the neutral pH,
usi ng a standard pl ague assay. As shown in Table 13,
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simlar between P7 and P10 of Chineri VaxTM DEN2 and

DEN4 viruses (pH 6.4). In _contrast, the pH threshold
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attenuated phenotype of the virus for the host. Apparently, the M-5 mutation is
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(the E-protein of DEN3 is 2 amino acids shorter than other 3 serotypes, therefore, the

E-202 residue in this virus is homologous to E-204 in DEN1). The less dramatic
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etal., J. Virol. 76:1932-1943, 2002). In Fig. 8F, the homology model of the E-
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It remains to be seen if K to R mutation in ChimeriVax™-DEN3 or ChimeriVax ™.-

DEN4 would lower their viscerotropism in their hosts.
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pQ@deﬁib% tHQ_JE E%&%m Mrpl@l *@%ﬂl@ﬁhe resPc{u%L LHAE, 195_1%@5[ Rould
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d yci ne ni ne
AS:b@n@ghthEH (tharieshehd formw ABised »n Almrmoﬁbly diis hkeéls itlhaee tie)

T e T
10804 W T (B ebt AR tbnf Jf@RiReri R™Lyp/aeed. ne Lot ) .

Position Am no Acid change NT position NT change
E(313) dycine -+ aRginine 1919 GGG - AGG dycine

B R e —

| sol at Geaffees oPthaddiGli(Qhale Paiss) aas E01f07t(®0r§ I ihuSitQtations
on vgrri)ls peneltrgtlg/r? {n?o %1% l\}e?*o geﬂﬂe“r/erg g)r(:rrrlr;n];é ﬁselng ?hrgzdnllétlhgg gf Chambers
(Vlaycheva et al., J. Virol. 76:6172-6184, 2002). In this experiment, SF Vero cells
were infected with appropriately diluted viruses (to yield ~ 50 plaques/well at each
time point) for 5, 10, 20, or 60 minutes. Un-internalized virus is inactivated by
addition of acidic glycine silution, while control parallel wells are treated with PBS
(neutral pH). Cells are washed with PBS and overlaid with methyl-cellulose overlay,
followed by visualization and counting of plaques on day 5. The efficiency of
penetration is presented as a percentage of the average number of plaques in glycine-
treated wells relative to the number of plaques in control, PBS treated wells. A
preliminary penetration test result is shown in Fig. 9A. It is important that the
percentages of penetrated Clone C and Clone I viruses were higher than the non-
mutant Clone A virus at 5 and 10 minute time points, at which effects of mutations on

penetration are more likely to be detected. The result is not statistically significant as

evidenced by standard deviation bars and needs to be confirmed in additional repeat
49



LP Isolate Position Amino Acid Change NT NT change
| mmuno- # Stain #3, #7, Mb6 Leucine - Proline 954 CTA

WO 20060488CA #8, #9, #10, #11, #12, #13, #14,Pea/B$S2005/037369

10

15

20

25

30
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TAT Mo6 Leucine -* Proline 954 CTA --> CCA #2 M2
var§thelN everth@ley% ithie emr@n@uggsst@ixhamm Mq@ and B-107

Sl S T A g o

- -viruf @ cdlR gr#\ﬁn MBSF Vedditiens: A ﬁd)@fblld’lme&fhﬁlsﬁir iﬁ” the Elft&R of the M-
0o 187 essicues o0 PIgesS g8 membris et J5 DHSrasrOn HiE@Br The
#10-ésid@d isri@ca'ted* 1n%@ﬂhﬂ %e?nﬁ%%%r@#ilg tl\%tﬁi E%sﬁgl\yﬁns into

Leucine --> Proline 954
Cthe caty 8EMhBG el addhaitvo memboines are $au e CA us€foN owilg loMBEH -

V%elpgn%ent_'- reLrSrgAg%yn%hp of tgg' E p(r';c-)rt(e:m_(iviic%%aé;icon our data could be

facilitated by the M protein ectodomain). A more appropriate amino acid at either of
these two residues may facilitate fusion of the membranes.

Because our data establish for the first time that both the ectodomain of the M
protein and its transmembrane domain are of functional significance, the entire M
protein can now be considered an attractive target for mutagenesis to attenuate
Flaviviruses for the purpose of developing new live attenuated vaccines. For
example, random or specific (following further analysis of protein structure) amino
acid changes, or deletions of increasing length, e.g., of 1, 2, 3, 4, 5, etc., amino acids,
can be incorporated throughout the protein with the expectation that biological

phenotype of the virus will be altered, resulting in significant attenuation.

Results from clinical trial

The viremia profiles of ChimeriVax ™-JE with the arginine and cysteine M60
residues as obtained from the clinical trials noted above are compared in Tables 11 A
and B. In subjects receiving ChimeriVax ™-JE M60 arginine, 67-100% of the
subjects were viremic on one or more days, compared to 29-50% for subjects
receiving ChimeriVax ™-JE M60 cysteine. The mean maximum viremia levels in
subjects receiving ChimeriVax"™-JE M60 arginine ranged from 13 to 40 PFU/ml,
compared to mean maximum viremia levels of 3.5-6.3 PFU/ml in the case of
ChimeriVax™.-JE M60 cysteine. The duration of viremia was also notably longer in
the case of ChimeriVax ™-JE M60 arginine.

These data demonstrated that the level of viremia is notably lower in the case
of the vaccine containing the M60 mutation. Viremia is a measure of viscerotropism
(virulence) of the vaccine virus. A vaccine with reduced viremia is considered safer,
since cell damage and dysfunction of organs sustaining virus replication and

contributing to viremia is reduced, as is the likelihood that the virus will cross the
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Table 2. Consensus sequence of large plaque PMS (P10, PMS) (P/N IT-0117;

L/N 1030804A) (derived from p5 Run 1 Vaccine Lot).
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Amino Acid change NT position NT change
E(313) Glycine — aRginine 1919 GGG — AGG
Glycine (Silent) 7126 GGA — GGG
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Mo66 Leucine — Proline 954 | CTA —
CCA
#4 Mé63 Phenylalanine — Serine 945 | TTT —»TCT | LP
#5 Mé62 Valine — Alanine 942 | GTG — SP
M66 Leucine — Proline GCG
#6 Mé66 Leucine — Proline 954 |CTA — SP
CCA
Mo4 Valine (Silent) 949 | GTC —
GTT
#15 Mé62 Valine — Alanine 942 | GTG — SP
GCG
Mé66 Leucine — Proline 954 | CTA —
CCA
#16 wt Leucine N/A | CTA LP/SP
M66 Leucine — Proline 954 | CTA —
CCA
#17 Mé4 Valine — Isoleucine 947 | GTC — SP
ATC
Mé66 Leucine — Proline 954 | CTA —
CCA
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P4 (PS) Baxter cGW Full E-107 1301 T/C F/ L Reversion
to W (-50%. P5 (VB) genone Baxter M 60 nutant P10

wo-ob/oM880 935 Cto T R to C Desired/ expected pct/usmoin37369

10

PMS enone NS2A-26 3616 Ato G- Silent SSS P13 prME
M60 935 Cto T Rto C No subpopul ati ons detected s.
SSF P13 prME M60 935 Cto T Rto C No subpopul ati ons

dwhsﬁt&ct)bﬁrv&FEPEherpreMﬁ M 60 935 Cto T Rto C No

subpopul ations detected s. Non-nutant P7 PVS Ful |

- 5, C[tq 1T - bllet coteSAgeng)rreméyb- 78
% S.tso%\ I'ent SCP?Opr = N(L
b~ fec—\] Ipat Aot + ol o ad fa o NI}

n

NIl ol iBhe | 0% ohbT [ @e o, Liof Iiea- 11008 [100%
W N AE 0% V8 hi0 Yhi 1130% 1 0%} & "02_/& 1P0%eiln
54 WNB00d/054488% PAY%uS65/ 9573680%Th#% 8| ~100% | 100%
NeuMONS r ul|é¥6e | 6F6 c| Ore |A%W7,| 3OPoné0% PN0% hdPered
PSYHB® q@w ail 006 g| 8%andxd,| sae | YEeVAX(0006 yilooes in
day-ol d suckling mce. Virus a.a. change Dilution

| 4961 ?tVﬂ'@lB%{ i Rbhkeys iRfied witlPERinGi v e WI2 :Refe or

I hocu ated PFU nortality) Cone A P7
@ﬁvﬁzg? 5.1 1/11 (9% >5.1 11 PMS 10.1 4.1 3/11

(279% 14 10-2 3.1 1/10(10% 14 10'3 2.1 1/12(8.3% 11

104 1.1 0/12(0% N A O saenkeyM 60 Dapt (5.5 2/ 11 (18%
>b5. 5 ThdatnRH? GR¥Bp10. 1 4NantbelO (0% *N A Day2 | Day3 | Day4
YF-Vax® MF21157M 0 0 20 200
YF-Vax® MF21214F 0 0 0 0
YF-Vax® MF21151M 0 0 10 60
YF-Vax® MF21252F 0 0 0 0
ChimeriVax M-WN
Vaccine (P5) MF2808M 0 30 790 820
ChimeriVax M-WN '
Vaccine (P5) MF21205F 0 50 160 100
ChimeriVax M-WN
Vaccine (P5) MF21139M 0 10 180 70
ChimeriVax M-WN
Vaccine (P5) MF21191F 0 80 970 1000

*Viremia expressed as pfu/mL
**Day 1: Study Day 1, monkeys inoculated on Study Day 1
Zero PFU/mL means below the limit of detection, theoretical assay cutoff = 10 PFU/mL
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10.2 3.5 1/12(8.3% 13 10"3 2.5 0/12 (0% N A 10"4
1.5 0112(0% N A Uncl oned E-107 Neat 5.3 9/10 (90%
W®206044857 P5 VB 10.1 4.3 10/ 11 (91% 10.7 10.2CcBUS2005/037369

9/ 11 (82%

1/10(10% 9 FBS-

CTabRi6)i Sg

i

11.8 10'3 2.3 1/11 (9% 14 10"4 1.3
none Neat 5.3 0/10 (0% >5.3 N A
utficelofdhd M rddion 0P FNWA clsinmina @abthid€ dir8ctB from a

Faqué 39h1até Grdm virleini® mbakdysdndcitlated withOWNOZ\vactmAAikits.

A 10 2.4 10/10 (100% <2.4 8.8 Sham N A NA N A
v, NN A @Y= BS 5 T E 9. s
l\le}liji;é(&)'\yfﬁﬁl snglé)yvf).or C,yyg&a us l\/br%’g?keof Mﬁﬁifg,one Alc\l/?:;?:rlls
C) Master "B oduc sloonegeeds So - VAX('r cohtro}v.[
G oup Numbbr Treatment Dose LesMSHPM%es (group nean:
SD (ran Np. Male/Fe- (PFU /0. 289L88eff | ar get
Discrinunal Conbined nmle' inochicking)areas or Areas
YF- 9M305. 4B6 4/5 (Conmédcial 5.5 RP104 SD 0.490 0.610 NO
0. 52808 Ye|| owd Fever (0#85-0.81) SBP0. 417 SD 0194 NO
Vaccigog) (p.2531.38) (0#29-0.87) ChineriVaxTNBJE 5/ B160 (R to G)
Vacoinng Mapter21.0 x 10H00.196 0.188 0.191 2 NOr al NO
Bank 1Rl Sp 0.210 SD 0.#447 SD 0. 168p (M 60) (Q60.56)M61 (V to A)

(0-91f¢y) (P-0.47) Chinmri VaxTM JEgP/ 5 Vacci ngo NO
OO 5 53— 0106 Ot 6T . ,
12 240 C‘hlﬁ 120 g,—ﬁﬁ\quq ~Yo ULPOI sV ralk}ObanK M63 (Fto S)

Table 7. Nucleotide and amino acid sequences of the uncloned and cloned SF

5  ChimeriVax"™-JE samples (see Fig. 6).
Candidate Passage Part of Protein — Nt No.? Nucleotide Amino acid Comments
genome a.a. No. change/ change/
sequenced heterogeneity heterogen.
Uncloned P2 Full No mutations
(PMS) genome
P3 a.a. M-60 No M-60 mutation
g. s. from only
PMS
P4 a.a. M-60 M-60 935 c/T R/C M-60 mutation first
g. s. from only detectable and dominant
PMS
PS5 Full M-60 935 CtoT Rto C M-60 mutation located in
g. s. from genome the cytoplasmic hydrophilic
PMS stretch of the M protein
P10 95% full M-60 935 CtoT Rto C M-60 is the only detected
g. s. from genome mutation
PMS
cGMP prM-E E-107 1301 Tle F/L Reversion to WT first
P3 (MS) detectable
Baxter
cGMP prM-E E-107 1301 T/c F/L Reversion to WT
P4 (PS)
Baxter
cGMP Full E-107 1301 T/IC F/L Reversion to WT (~50%).
PS5 (VB) genome
Baxter
M-60 mutant P10 Full M-60 935 CtoT RtoC Desired/expected
clone C PMS genome NS2A-26 3616 AtoG - Silent
SSS P13 prM-E M-60 935 CtoT RtoC No subpopulations detected
gs.
SSF P13 prM-E M-60 935 CtoT RtoC No subpopulations detected
g.s.
FFF P13 prM-E M-60 935 CtoT Rto C No subpopulations detected
g.s.
Non-mutant P7 PMS Full NS4B-12 6952 CtoT Silent
clone A genome NS4B-77 7147 Tto C Silent
SSS P10 prM-E - - - No subpopulations detected
g.s.
SSF P10 prM-E No subpopulations detected
g.S.

% From the beginning of the genome ®; From the N-terminus of indicated protein
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(M60) (0-0.56) (0-0.31) (0-0.63) PFU =
pl aque-formng units 10 24 of 11, 2 of 11, and | of |

wo 2@eismEs in groups 1, 2, and 3, respectivel yPCTESB®05/037369

10

excluded from score cal cul ati ons' because they were
found to be JE-seropositive on day | (pre-inocul ation)
i nLable 8¢ Neypaxdrylencemfigiong A B3: clophCH10; ynclgped: PS5, FBS-
se9ntainipng standardyand ¥E:VAXE ifuses jor day-eldiucling mivkO
2006/ 044857 PCT/ US2005/ 037369 Tabl e 10. Conpari son of

e t udeg-aghangd 1 Bitien andg#cn'#imogerﬂ'qr?ltt in LDs, | AST
gynonol gyis nonkeys i nocul @f &g, SC W mggugﬁ%i@ ori gi gyt |
Uncl oned|P5 Chi ireri VaxTM JE vacci ne rpitamguced |i n

REBRooRTt aiNereng ndigaim ( cloFt ai ni ng o1 ®%hut at | ors.1 11
gxC8pt for E491) [ghd thel flew O one ¥ 618 puriflied |1

: 14
vacci ne bulk (M |68 mutanty). Sanpl ewé@&&»(PFU) 11
\l- f er_ﬁ' : a'__bégu_t_(_a! L ng Nulmber ant iqfﬂﬂm"l;) titer | G aupNA
dfockian pYER titercvean |dif ation t Pogy 31 NG 1

Val e/ Fe- |t SD (PFu’m ) SD4 days) (|geemstyic nale nean
PRNT50 titer (miif., max)3)? 1 3/3 TEIHent 0 0 0 N A
. .y PRI L AP 2 1. 1 1 Pl 4~ ana_olNA
Cilihdmagal VEETIVITE 2neit S Oy nat UG gAgREe,) L O X 104 2g,
3POVE. 4 + 1.34 168Y (640,43%5120 P§ Wateime C gne C | 107
M 60) 3|3/3 Chi iithi VaxTNFJJE 1.0 X H0#2%60 123 3. 7518
1.26 761(320, 2560%0* vacgime, purifli@dabl k, P |13 ' 2 of
658X of Grorand 2| B4t 6 ariFbal s i n drosap®s) 1, 2, [aad 3 NA
néeReeti vely, wef&zexcluded from ca%&ﬁﬁj tions jof theVA
vailues because tidy weriesf ound t d da€pdE- ser ogosi t i vmea
oNFHRY | [Mpre-inb®l atid®® in a r UPONPEEL | ve |PRNTHB8
t whith is LOAnDre |9¥nsitive toHan%HAI t egiNaiSedvA
fg%Fég)es creeni ng{ Tabl e [11A. Virenia prof! I es in
subjects enrolTed in Study H040-003 Tnm which
Chinmeri VaxTMJE with the M50 argi ni ne am no aci d was
admbié %t Newcvirtiencd daeCyniamgigus Mdilesls bEVB60{CRke IG) Master
t hat Rrodeétidn seddois) aTF-Viadif cdnltkd140- 007) in which the
15 nmutant M 60 cysteine vacci ne was adm ni stered. ~V11
M TSI — —rrh ;

) - 7 =

YF-VAX™ 0.436
6/5 (Commercial 5.5x% 10 SD 0.190 0.610 0.526
1 Yellow Fever (0.25-0.81) SD 0.417 SD 0.194
Vaccine) (0.25-1.38) (0.29-0.87)
ChimeriVax™-JE
5/6 Vaccine Master 1.0x10° 0.196 0.183 0.191
2 Viral Bank P11 SD 0.210 SD 0.177 SD 0.163
(M-60) (0-0.56) (0-0.44) (0-0.47)
ChimeriVax™.-JE
6/5 Vaccine Production | 1.0 x 10° 0.223 0.106 0.167
3 Viral Bank P12 SD 0.349 SD 0.138 SD 0.231
(M-60) (0-0.56) (0-0.31) (0-0.63)

PFU = plaque-forming units
240f 11,2 0f 1 1,and 1 of 11 animals in groups 1, 2, and 3, respectively, were excluded from score calculations

because they were found to be JE-seropositive on day 1 (pre-inoculation) in a retrospective PRNTS0 test, which is
more sensitive than HAI test used for prescreening.

55



5.8 4.8 3.8 2.8 1.8

Viremc on 1 or
W Mmes/ovissem c/ t ot al

I 01 (n=33) (n=11) (n=1 1)

Range in peak virema 0-20 0-40 0-50 O -
(PFU nL) Mean duration (days) 0.9 1.6 1.4 2.7 2.2

REABR 100 @Biﬁ
200
ptﬁi Lﬁ

it b

r.'v&x -JE 160

nore 5/10 22/33 9/11 11/11 9/11 days

(%9] (50% (67% (82% (10PCH/USBBSD37369
Mean peak virema 7.0 13.0 16.4 40.9 18.2

( PFU/ L)
220 0-50

rison di-mladiritud@s 8f Virémfkr 4nd inkaus pgérfcityGn

YsUpsQied 3G fh thabliginhl Bncl‘o’hé& p5a

gﬂj‘m s*mtua%ahé

g

?mnweg:%ﬂ FBY. c?Inlﬂmh

iSSP

d'¥nk

ogl o

B&hﬁ

g Bé@iuP coh Faining no
gﬁpwee bulk (M-

cystel ne 5.0 4.0 3.0 N31 N=32 N=

Viremc on T or nmdre 9731 16/32 13/32 days (29% o
)| [No. vVirersampleot al| Pos¢ 80Y) |41/ 0 Meavirgaak virem a| Neutralizing
3. Buab& 4.4 (PFU nlL)| Range in _peak virema 0-20 0-3 antibody titer
Group(- 100f (PFU/ nL) Mean duration (|ddspg)peak titer], 8legn gurafitmge  onday3l
No. jInMglefFation 0-2 0-4 0-3 (days)* TREIRV/MY | valSDddaypf piH (geometric
tlhr 88kol ¢ for fusion {found w th the fusidn assay for mean PRNTs,
gach 5 Chinmeri VaxTM|JE vacci nje. titer (min.,
max))
1 3/3 Diluent 0 0 0 N/D
ChimeriVax™-JE
2 33 original uncloned 1.0x 10* 244 +310 34+1.34 1689 (640, 5120
PS5 Vaccine
Clone C (M-60)
3 33 ChimeriVax™-JE 1 ¢t 160 = 123 375+ 126 761 (320, 2560
vaccine, purified
bulk, P13
2 0f 6, 1 of 6, and 2 of 6 animals in groups 1, 2, and 3, respectively, were excluded from calculations of the values
because they were found to be JE-seropositive on day 1 (pre-inoculation) in a retrospective PRNTS50 test, which is
10 more sensitive than HAI test used for prescreening.

Table 11A. Viremia profiles in subjects enrolled in Study H-040-003 in which

ChimeriVax™

-JE with the M60 arginine amino acid was administered. The dose

range in bold is similar to that given in another study (H-040-007) in which the

15

mutant M-60 cysteine vaccine was administered

Viremic on 1 or more 5/10 22/33 9/11 11/11 9/11
days

[No. viremic/total (%)) (50%) (67%) (82%) (100%) (82%)
Mean peak viremia 7.0 13.0 16.4 40.9 18.2
(PFU/mL)

Range in peak viremia 0-20 0-40 0-50 0-220 0-50
(PFU/mL)

Mean duration (days) 0.9 1.6 1.4 2.7 22
Range in duration 0-4 0-5 0-3 1-6 0-5
(days)
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1)N thrc hold for Virus fusion ChineriVaxTM JE
parent, clone A P7 (contains all 10 E nutations) 5.9

w@Ehoorms48yax - JE clone C P10 (M50 R to C nut ant PCT/US2005/037369

contains all 10 E 5.9 nutations) ChineriVax -JE cl one
| P6 (E107 F to L revertant, contains 9 E nutations)
Fable 1B n¥iremia profiles il subjecs mo{l%u@@dyﬂlmmoﬂ in which

R S ReerB s MR < Ee?"oefﬁ{%'\%oﬁff‘ﬁ? dipir G

(ET T Ve == 1 T i DEN4 PMB P7
6.4 G VAR TM DENG VL| P1376. 4| 57" R0 2()06/ 044857
PCT 7369 'I(aibd)e 14 i neer i
YF\I%anlr?%II ,fogﬂf(/?llr BT %l% A u:fﬁ?jgu ||—|TL,@%/ 8L M Chi neric

e St esh unctloﬁ3juwct|4o4n2 |i gati on3

Nt
li gatt ord—eHmra c+reated YA
R

X- E?_EEE?’S@%@%T‘T gaag?}jf(’c apag®dd t{g~8deccgcggtttaa

Aa (SEQ 1D NO— 1) (QFQIDN{'}?) 10 YF/ DEN-1

X- aMng‘tda@&wt(@gQ)gggct €dc gpt cOBcagt acddaccgcggttt aa

Aat RhngoRldubtiorPhl | n BEN  [SEQ,I D NO 3); (SEQ I D NG 4)

YF| @y 2 X- aaggt agat t ggt gt gcattg paccctcaltag
ccacccgcggittaa AatTT Sphn (SEQTD NO5) (SEQ ID

NG 6) YF/ DEN-3 X-aaggtgaattgaagtgctcta accccca cg

adabbeckly cYatues abpHahidshaldl fol fushol fawndDEth tHéfusomQsk4y for each

5 NOQhinetiSa® ' IENGcBne( Sphl in  DEN)

ChimeriVax "-JE parent, clone A P7 (contains all 10 E mutations) 59

ChimeriVax ' "-JE clone C P10 (M60 R to C mutant, contains all 10 E 59
mutations) )

ChimeriVax "-JE clone I P6 (E107 F to L revertant, contains 9 E mutations) 59

ChimeriVax V-JE clone E P6 (M5 Q to P mutant, contains all 10 E mutations) 6.3

Table 13. Values of pH threshold for fusion found with the indirect fusion assay
for each couple of ChimeriVax ™M-DEN P7 and P10.

ChlmeeraxTM-DENl PMS P7 6.4
ChimeriVax™-DEN1 VL P10 6.0
ChimeriVax™-DEN2 PMS P7 6.4
ChimeriVax™-DEN2 VL P10 6.4
ChimeriVax™-DEN3 PMS P7 6.4
ChimeriVax™-DEN3 VL P10 6.2
ChimeriVax™-DEN4 PMS P7 6.4
ChimeriVax™-DEN4 VL P10 6.4
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10

15

20

25

30

35

YF/ DEN- 4 X- aaaaggaacagttgttctcta acccgaagt tg
caaccgcggtttaa Aatll Nsil (SEQID NO9) (SEQID

wOen0d0)48¥F/ SLE X- aacgt gaat agt t ggat agtc PCT/US2005/037369

accttggtcgcacecgcggtttaa Aatll Sphl Aatll in SLE 20
(SEQ ID NO 11) (SEQ ID I\IO 12) . YF/ WE
X- aat t t cgaaaggt ggaaggt c ga Qﬁb‘fttacagccgcggtttaa
Aat 11 Agel (Agel Bnginékding ¢SERFIviKs chidneraSEQ | D NO.
14) YF/ TBE X-tactgcgaacgacgttgccac
actgggaacctcaccc tttaa Aatl | el (Agel in YF)
(80 | D NoChTss'cﬁ? | D Né’h'"fBjE’Q% The, col unp S
i | | ust r at esiupgien’ ol i gonucl ebmitdE used td'gg‘é'her'éﬂ“é’" eliminated
chimeric YF/ Flavivirus prinmers corresponding to t Pprdcreated)
C/prMor E/NS1 junction. (See text). X = carboxyl
tYerwn nal codéangegeqyenre qhagdclzascibesqapsi dalI Thedsi
under | i ned (sEgboi:1gOr r espasmEpiNG:2j he t ar get ed
hetoenal 090USgREiieRGactdMBEicRisRldh ddR gt e aBaiof stdne Nahilin DEN
site (anti@sgNB&om) CCICIg)seQibing.4gite allows insertion
Gfp/IBR Pr ow&gg%ganggg%c&tpe \ﬁcsefaa C&Jélaggglgt)taaplmm Gpal
required fQggq lg%%; ating cDNA telrrpl at es.

nucl gof, e pegj et gr0 us
\%F?%éli& §§§}5{ % Eﬂn tct§ %ﬁﬂ%@&ég@%ﬁéﬂl |A§{he d%‘g? /(\;{ po,fIl?nDEN
%EN34 T ni-qu restric onstes used for

gﬁfd 4ng r e)?&aEa&g%chQBth agng ;Qégc e k)lgtﬂl S%z_ﬁt ed_
|gate d; oto R B - ength chinmeric

%t enp %faac t aata g atagtc . ,accgt Calélzisc<:ec: cFét[rE t?[ueg};gles dgatll in SLE
cont ai n_tg ﬁ“é t‘g%‘gl;“—ﬁﬁqg% i NG of

pr riaté Esq Pa& s reqw( &Y one cases (footnote
9& ‘g parlrrHeseaselr o sppstafiaaree P of“Enz st si gin YP)
t hat rrust B%EQ:'Pé’é’t‘é)d ei t hé?EQ'RNCH® YF backbone or the
35/TREL er ol cyBUAsEcRacEiigccaco RhtpegaarcissercpEs @t 4ol virgdt o (Mgelin YF)
ligation. SPEEEN@IE) i n par@ERR&OE8 nust be el i m nat ed.
ALZI Tts todinn ilngalestttie ligbriudevrgdeaseeto domae dhiners ﬂFéhtmwwtnagewegpcsdmg to

orePNALPePr ﬁﬁ@e&ﬂe§ éaettowv'éfme‘wé%‘é‘g SBIHA hgeyd The
{e 10 b ;o (t) rol S ?@f}?ﬁp t re{\/arrlesni )
&dﬁ{d e ﬁé 3; 1oy w%é i gﬁ@jghdfi Eﬂ TG rered &

s virus. Oligonucleotide

Ghmaefenma»smz Fi naI Pr oduct Bott I ed (Run 1) L/ N#

Qal'ﬂnl umcﬁé Rttt dr Be DQQ or ErSkikgaRdtion HagMat AL GEToldtod eali GEakAA Tirro to
TPEAECETICEAT cHI@EE CINACAWRIatesdte AFACBAGTFT O STMBREAPPLAntain convenient sites,
AWW%°WF‘FMSPTWA“‘ *fsslmweévmir GAGCGATTAG

Sites®

GNGW%@EF@I ¢ RSCAGAGRECAYMY\jtes that TuGRETE €¥sthe
R A R
he spe v l cat&that no
s
V R S L SN 20rl AACAAAAAAC AAAACAAATT GGAAACAGAC

CTGGACCTTCKQKTKQI GNRPGPS
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241 AAGAGGIGIT CAAGGATTTA TCTTTTTCIT TTTGITCAAC R GV
QGFI FFFLFN281 ATTTTGACTG GAAAAAAGAT

WEAGAGLBEAC CTAAAGAGGT | L T GKKI T AHL KRUSBEL037369

41
81

1.21
161
201
241
.281

321

3sl’

401

441

481

521

561

601

641

TGTGGAAAAT GCTGGACCCA AGACAAGGCT TGGCTGTTCT L WK M L
DPRQGL AVL 361 AAGGAAAGTC AAGAGAGTGG
TGGCCAGTTT GATGAGAGGA R KV KRV VA SL MR G 401
TTGTCCTCAA GGAAACGCCG TTCCCATGAT GTTCTGACTG L S S R K
RRSHDVL T 441 TGCAATTCCT AATTTTGGGA ATGCTGTTGA
CM@@@@@W@@ \Figag rqdupt Giogtiled Guw B /N QREAGTTREHCTE-0008
TCTAACTTCC AAGGGAAGGT CATERSERé5 VT LSNFQGKV
M M T 521 GTAAATGCTA CTGACGTCAC AGATGTCATC ACGATTCCAA
VNATDVTDVI Tl P 561 CAGCTGCTGG AAAGAACCTA
TQUAREETCRN GREIGAREAGRGEIGEATG TCACIS@Al V R A M D 601
TGTGGGATAC ATGTGCGATG ATACTATCAC TTATGAATGC V G Y M C

% Bl ity S G oo

2006/ 044857 PCT/ US2005/ 037369 Chi neri vaxWN0O2 Fi nal

Pr getietrcBot ichectATRue chisabANdtcORdIAtAAdRTN# FP- 0008
[Strand]. 681 GITGGTGCAC AAAGTCAGCA G[CTACGTCA
GGTATGGAAG CWC TKSAVYVRYGR 721
ATELIREEAAY ACARKISEAE CrEARRICERCAECRERRAGGTCA C T K T R
HSRKR B SRR R S 861lc CTRAGAGLGC AGRCACACGG AGAAAGCACT

CT chcdadtTe: éEth&%%éAsiAcﬂAAﬁfﬂﬂ 801 AGAAGEEGCC
TGGAC AGCACCAA KKGAWMDSTK

A TMRVY RgA TCTT@GTM AEA(?AAT‘@A’K GEATCTTGAG
GAASRZEEGIKC AAAACARATT GGAAACAGAC CTGGACCTTC

K Q KT K QI GNURUP G P §

AAGAGGTGTT CAAGGATTTA TCTTTTTCTT TTTGTTCAAC
R GV QGF I FFF L FN

ATTTTGACTG GAARAAAGAT CACAGCCCAC CTAAAGAGGT -

I L TG KK I TaH L KR
TGTGGAARAT GCTGGACCCA AGACAAGGCT TGGCTGTTCT

"L W K M L D P R Q G L AV L
AAGGAAAGTC AAGAGAGTGG TGGCCAGTTT GATGAGAGGA

R KV KR VYV A S8 L M R G
TTGTCCTCAA GGAAACGCCG TTCCCATGAT GTTCTGACTG

L S S R K R R S H D vV L T
TGCAATTCCT AATTTTGGGA ATGCTGTTGA TGACGGGTGG

V @ F L I L.¢ ML L M T G G
. AGTTACCCTC TCTAACTTCC AAGGGAAGGT GATGATGACG

vV T L S N F Q G K v MMT
GTAAATGCTA CTGACGTCAC AGATGTCATC ACGATTCCAA

VNAT DVT DV I TTI P
CAGCTGCTGG AAAGAACCTA TGCATTGTCA GAGCAATGGA

T A A G K N L ¢c I vV R A M D
TGTGGGATAC ATGTGCGATG ATACTATCAC TTATGAATGC

vV 6 Y M C DD T I T Y E C
CCAGTGCTGT CGGCTGGTAA TGATCCAGAA GACATCGACT

P V L S A G N D P E D I D
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LVKTESWI LRNPG 881 TATGCCCTGG TGECAGCCGT

CATTGGITGG ATGCTTGEGA YA L VA AV

GWML G921

WEDATABEAT GCAGAGAGTT GTGTTTGTCG TGCTATTGCT  BoMUT20M/@7369
RVVFVVLLL 961 TTTGGTGECC CCAGCTTACA
GCTTCAACTG CCTTGGAATG L VAPAYSFEFNCL GM 1001
AGCAACAGAG ACTTCTTGGA AGGAGTGTCT GGAGCAACAT S NRDF
LEGV SGAT 1041 GGGTGGATTT GGTTCTCGAA GGCGACAGCT
Ch(:?&iéffﬁ%@mm RANY1 DPtodvct Hot®lE SRGn M )TLYN# X08M1; P/N# FP-0008
CATGTCTAAG GACAAGCCTA CCATSGAGET CAAGATGATG M S K D K
PTI DVKMM 1121 AATATGGAGG CGGCCAACCT GGCAGAGGTC
CGCAGTTATT NMEAANLAEVRSY 1161 GCTATTTGGC
TASHIGESAEE GATETTREOCATOOMNEE o damcL ATV SDL S
T KA A 1201 ATGCOCGACC ATGGGAGAAG CTCACAATGA

derecrt c P F MG E AHND KR R1241 GACCCAGCTT

681

721

| TTRSACRECS ACHOSCEARST CAERISSBAISGRAGSIAA F V C R Q G V

-V DR $281 CETECEHECAA GRIGRTCGECGA THTETTGGECA AAGGATCCAT

761
801
841
881
921
961

1001

- 1041

‘1081
1121
;161
1201
1241
1281

1321

cSU AR AR AR TR

CATGC
AKFACSTK

A 1L 80 YWoR006/ §44857EPGT/ BS2G05A 037369

Clmmss@mmm ABcacihratc BmathembThRUN 1) L/ N#

| ﬁ@% [gtrA%G%Acfrlsgl TR ENT K
Y ”ETT\‘?GEE T GECEEATEEAGRA %‘?EETGTGG AGTCGCACGG

"AIIFVIKGP E TsVE SIHIG rR1441 AAATTACTCC

ACAGRCETTIdS FA6IGACH T AnTREGIEEaticidbcR T QV G AT Q A

CR AL v 2aav I G W ML G

GCAACACCAT GCAGAGAGTT GTIGTITTGTCG TGCTATTGCT

S NTM QR V V F VYV L L L
TTTGGTGGCC CCAGCTTACA GCTTCAACTG CCTTGGAATG

"L V A P A Y s F N C L G M
AGCAACAGAG ACTTCTTGGA AGGAGTGTCT GGAGCAACAT

§ N R D F L E G V 8 G A T

GGGTGGATTT GGTTCTCGAA GGCGACAGCT GCGTGACTAT

W VDUL VLE 66DSC V TTI
CATGTCTAAG GACAAGCCTA CCATCGACGT CAAGATGATG

M S XK DKPT I DV KMM
AATATGGAGG CGGCCAACCT GGCAGAGGTC CGCAGTTATT

N M EA ANTL AEV RS Y
GCTATTTGGC TACCGTCAGC GATCTCTCCA CCAAAGCTGC

C YL A T V 8§ D L 8 T K A A
ATGCCCGACC ATGGGAGAAG CTCACAATGA CAAACGTGCT

¢c P T M G EA HNUD KUR A

D pPpAF V CR Q GV VvV D R
GCTGGGGCAA CGGCTGCGGA TTTTTTGGCA AAGGATCCAT

G WGN G C G F F G K G S I
TGACACATGC GCCAAATTTG CCTGCTCTAC CAAGGCAATA

D T C A K F & ¢ s T K A I
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1481 TTCAGCATCA CTCCTGCTGC GCCTTCATAC ACACTAAAGC F S
I TPAAPSYTL K1521 TTCGAGAATA TGGAGAGGTG

WRAGIEASACT GTGAACCACG L GE Y GE V T V D C BECRUR005/037369

1561 GICAGGGATT GACACCAATG CATACTACGI GATGACTGIT S. G
I DT NAYYVMTYV 1601 GGAACAAAGA CGITCTTGGT
CCATCGTGAG TGGITTCATGG GTKTFL VHREWF M1641

- .ACCTCAACCT CCCTTGGAGC AGIGCTGGAA GTACTGTGTG DLNLP

Chy}ﬁéi%aﬁ‘wﬁms Fhin¥1 Wroh@8d B@@‘% lcf"A

’1361
1401
1441
1481
1521
1561
1601

1641

1681

1721

1761

1801

1841

1881

1921

1961

2001

P/N_;t FP- 0008
TGGAGTTTGA GGAACCACAC R Ni&R.Endj L ME F E E P

GCCACGAAGC AGICTGTGAT AGCATTGEEC TCACAAGAGG A T K Q s
AL GSQE 1761 GAGCTCTGCA TCAAGCTTTG GCTGGAGCCA

THGSARIER) Sl by ol NTTTTCHEE

G 1§ LR TN841 AAGKGIAGAS TGAMAGATGEA RAAATTGCAG
TTOGAREEHA CEATCGRCEA IKCRAdTGHGE AQTEcdAcGE 1881 CAACCTATGG

<k L T erodd dlgadnd sascacrer

CESFARETEA \POGLFCIECR 1961 TTGCAGTACA
CTGmA@C{SATﬁBmT@:AAAA@TT@CTA ¢ ® YTGTDGPC

K 'M"cﬂGé’zQM Eﬁﬁ&%&e@ﬁ%ﬁ@i&%@@éﬂ AA CGCCAGTGGG
| SSVAS V G 61 WD 2006/ 044857

PCT/ U§20105/T037P36§ pChI ?rersi vaxwWlo2t F¥nal Pr oduct
BOTTICEAGRATR FOGACAGET: AGAFIPSACT/GIRARIEAGE08 ( St r and]

2041 cCAFATTGE CrAGT GTGAACC CTI TTETRTCRAGTGGCCACG R L

Y b ot AR BT T

D T N A Y Y V M T V
GGAACAAAGA CGTTCTTGGT CCATCGTGAG TGGTTCATGG

‘6 T K T F L V HRE WUF M
ACCTCAACCT CCCTTGGAGC AGTGCTGGAA GTACTGTGIG -

D L N L P W S S A G 8 T ‘V W
'GAGGAACAGA GAGACGTTAA TGGAGTTTGA GGAACCACAC

"R NR E T UL M EVF E E P H
GCCACGAAGC AGTCTGTGAT AGCATTGGGC TCACAAGAGG

AT KQ S VI ALG S Q E
GAGCTCTGCA TCAAGCTTTG GCTGGAGCCA TTCCTGTGGA

G A L H . QAL AGATI PV E
ATTTTCAAGC AACACTGTCA AGTTGACGTC GGGTCATTTG

FSS NTVZEK LTS G HL.
- AAGTGTAGAG TGAAGATGGA AAAATTGCAG TTGAAGGGAA

K ¢ R V K M E XK L Q L K G
CAACCTATGG CGTCTGTTCA AAGGCTTTCA AGTTTCTTAG

T TYG VCS KATFU XK F L R
GACTCCCGTG GACACCGGTC ACGGCACTGT GGTGTTGGAA

T P V DT G H G T V V L E
TTGCAGTACA CTGGCACGGA TGGACCTTGC AAAGTTCCTA

L QYT G TD G PC K V p
TCTCGTCAGT GGCTTCATTG AACGACCTAA CGCCAGTGGGE

I s SV ASL NDULT PV G
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ANAKVLI ELEPPF 2121 GAGACTCATA CATAGIGGIG
GGCCAGAGGAG A ACA ACAGAT GDSY I VVGRGEQQI

WQ 108/ 0085T CACCAT TGGECACAAGI CTGGAAGCAG CATTGCEREUSI0$4037369
HWHKSGSSI| GK 2201 GCCTTTACAA CCACCCTCAA
AGGAGCGCAG AGACTACCCG AFTTTLKGAQRLA 2241
CTCTAGGAGA CACACCTTGG GACTTTGEAT CAGITCGGAGG A L GD T
AWDFGSV GG. 2281 CIFFGFTOACF AGIGTTGGEEC

CIEBECT GHOTA 2 TCAANTT EFddict \BSt tLed® e B ANM#Ho£udA F 282 1Fp-0008
GGAGGAGCAT TCCGCTCACT GITCSAEET ATGTCCTGCA G GA F R
SLFGGMSW 2361 TAACGCAAGG ATTGCCTGEEGEG GCTCTCCTGT

TGTGGATGEG | TQGLLGALLLWMG 2401

2041 CATRGIATIGETC GETEAACETCIOoAdAGETAIIdGASETTCTC | N AR D
- RSI ALTEL?2441 GCAGITGGAG GAGTTCTGCT CTTCCTCTCC

GreAACETas A WeNe Pv E LVESL 9VANT 2481
| 2081 m@%ﬂ@mm@d%@mmwwm GADQG

C Al N E GK R B _252F GCTGAAGIGS GRAGATGGTA

| 1 FRDS 2561
2121 &%@ Wmﬁ%ﬁ%gﬁ%%mm DDWL N

| K¢ PYSy P EID V2801 CTETGAAECT ATATATICAATA GTGAAAGCCT
2161 CTW H‘GGCKCAAGA\ AN GACRTRGERIR. 2641

GTT GCAT GKCGL
o g § f‘sr‘}‘k E ﬁl GiéA %@q&g GGGC AGATGAGATC
2200 AA s‘ﬁﬁ’*ﬁc"ﬁ]‘é RCAQTAGECG 62 WO

- 2008/ 14857 PCT/ US2@05/03¥3@0 hihexi vaxWNO2 Fi nal
2241 Pr odeniceReA tdaeflcdien daerietddi rOdtdkaehéd\ FP- 0008
-|jSkraEujh ‘D T A W D F G S V G G
2281 GGTGTTCACT AGTGTTGGGC GGGCTGTCCA TCAAGTGTTC

, VFT SVGEGR AVEH QUV F
2321 GGAGGAGCAT TCCGCTCACT GTTCGGAGGC ATGTCCTGGA

G G A F R S L F G G M s W
"2361  TAACGCAAGG ATTGCTGGGG GCTC’I‘CCTGT TGTGGATGGG
_ I T QGG L L 6 AL L L W M G
- '2401 . CATCAATGCT CGTGATAGGT CCATAGCTCT CACGTTTCTC

I NA R DR S I AL T F L
2441 GCAGTTGGAG GAGTTCTGCT CTTCCTCTCC GTGAACGTGG

A VGG VLL FLS VNV
2481  GCGCCGATCA AGGATGCGCC ATCAACTTTG GCAAGAGAGA

G ADOQ G CA INTFG KR E
2521  GCTCAAGTGC GGAGATGGTA TCTTCATATT TAGAGACTCT

L K C G D G I F I F R D s
2561 GATGACTGGC TGAACAAGTA CTCATACTAT CCAGAAGATC

_ D D WL N K Y S Y Y P E D
2601  CTGTGAAGCT TGCATCAATA GTGAAAGCCT CTTTTGAAGA

P V K L A S I V K A 8§ F E E
2641 AGGGAAGTGT GGCCTAAATT CAGTTGACTC CCTTGAGCAT

G K C GL NS VDS L EH
2681  GAGATGTGGA GAAGCAGGGC AGATGAGATC AATGCCATTT

E M W R S R A D E I N A I
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2721 TTGAGGAAAA CGAGGIGGAC ATTTCTGITG TCGTGCAGA F E

ENEVDI SVVVQD 2761 TCCAAAGAAT GITTACCAGA
WORBGEMNEITCA TCCATTTTCC P K NV Y QR GT H P P&/ULR0037369

AGAATTCGGEG ATGGTCTGCA GTATGGTTGG AAGACTTGEG R I R D G

L QY GWK T W2841 GTAAGAACCT TGIGITCTCC CCAGGGAGGA

AGAATCGAAG GKNLVFSPGRKNGS 2881

-CTTCATCATA GATGGAAAGI CCAGGGAGGA ATGCCCGITT FI I D G :
Ch¥ney iRaKWIEO C FRnkl 2392{c T GAAATLISERuT G GLANT DCHI T T GOAGAFA- 0008

GAGGAGTTTG S N R V WN S[€ergnhd] E E F 2961 GGACGGGAGT . -

GTTCACCACA CGCGTGTACA TGGACGCAGT G TGV FTTRVY

MDAV 3001 CITTTGAATAC ACCATAGACT GCGATGGATC

2721 TATGAGEAAR EGZ&G¥GaAd A@rﬁ:ﬂa@m Bcbrdeaoaa 3041 GCAGCGGTGA
CTCCAA AAVNGKKSAH

ACGGAAAAAA GAGTGCCCAT . GGCT
c¥% B Fsf CAFrT‘r‘TcR;ATIcﬁ;A)&GVCATV GRAGTAAATG GGACATGGAT
2761 T TCCRAAFABTSCFFIACCAGE GAGCARCKAFA TCPATITATCCACACC

TTGRAGECAT TAGATTACAA @A@TQ}I’GA@ PHsTLEALDYKE

TCA GTTGAAGAGA

2601 mrﬁé%s#gﬁ%éﬁ@\?@@f%&} TGTT CATGCOGAGA
TCRATEGEAGPGOCCAETTAG YSCE M FKMP RS | GGP V S

2841 3mmmmmmwmrmmmmmmﬂmmcemc S HN

Y T T Al
| A(EJTAEAEET& AAGA&AGSAAG 3@@:&% STV K RE 3321
ETGTGA ACPGT
S VFl 1 D GIN @ x 3361r TERGACGCCEG ARATCAACCA
2921 CATRRACARC ERBAKICorfrdRefr cRadadt®cT T D S G 63
S NRV WNS FQTI EEF
2961  GGACGGGAGT GTTCACCACA CGCGTGTACA TGGACGCAGT
' G T GV FTT RVYM DAV
3001  CTTTGAATAC ACCATAGACT GCGATGGATC TATCTTGGGT
FEY TIDGC DGS I L G
3041  GCAGCGGTGA ACGGAAAAAA GAGTGCCCAT GGCTCTCCAR
A A VN G KK S AH G S P
3081  CATTTTGGAT GGGAAGTCAT GAAGTABAATG GGACATGGAT
T FWM GSH EVNG. T WM
3121  GATCCACACC TTGGAGGCAT TAGATTACAA GGAGTGTGAG
. I HT L EAL DY XK E C E
3161  TGGCCACTGA CACATACGAT TGGAACATCA GTTGAAGAGA
W PLT HTTI GTSGS V E E
3201 - GTGARATGTT CATGCCGAGA TCAATCGGAG GCCCAGTTAG
'S EMF M PR S I GG P -V S
3241  CTCTCACAAT CATATCCCTG GATACAAGGT TCAGACGAAC
S HN H I PG Y KV QO T-'N
3281  GGACCTTGGA TGCAGGTACC ACTAGAAGTG AAGAGAGAAG
G PWM QVP L EV X R E
3321  CTTGCCCAGG GACTAGCGTG ATCATTGATG GCAACTGTGA
A CPG TSV I I DG NOCTD
3361  TGGACGGGGA AAATCAACCA GATCCACCAC GGATAGCGGG

G RG KBS TR 8 T T D S @

2881
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WO 2006/ 044857 PCT/ US2005/ 037369 Chi meri vaxWN0O2 Fi na
Product Bottled (Run 1) L/N# 02HO01; P/ N# FP-0008

WO Siocands7 3401 AAAGITATTC CTGAATGGTG TTGCCGCTEA/US2005/037369
TGCACAATGC K VI PEWCCRSCT M3441 CGCCTGTGAG
CTTCCATGGT AGTGATGGGT GITGGTATCC PPV SFHGSDG
CWY .P 3481 CATGGAAATT AGGCCAAGGA AAACGCATCGA
AACCCATCTGME |l RPRKTHESHL 3521 GﬂGfEITCIT

._GGGTTACAGC TCIBAG%JVXFA CATCCTGTCC VRS WV.T AGE

CWW\J/V%WHW c@s@@? w@hﬁ(@@%%ﬁéﬁ‘w 0008
PFGLVSMMI ME V% 1 CCTAAGGAAA
/KBACﬁ(IXBAC:C)NAA(I)NAAT GITGGTTGCA L RK RQ G P K cg|w L

. V G 3641' GGAGTAGTGC TCTTGGGAGC AATGCTGGTC GGGCAAGTAA

3401 G RARGTTATTES TGRALCGICGI IYCEHR TEIRGCRETSCTGA TTTGCTGAAA

CTCRCABTGG £TCECGRATT T k lgD g Iy Kyl TVAVGL

e g RNV B RN S7eT RHeceaT A TocTaoeTT

. TTEAATCAGASCCAGEECHFEC SMPA € € AVA E &1 R P G L 3801
3481 TC@@MTTT PRCRACEBRECIECCCGA L I GF G

| &%@&%‘Sﬁ@&#él Ve T%LFG ANV E | 3881
_.3521 Q%éé@r%éﬁ?%&éﬁﬁcmA ALGGYV

M GVG T\ KWY v 3922 ATGCCAGITTCH TGTCYVGCATC CTGACAATAA

| 2561 ATGETEIEROT Sbrbadcificl nfennborh, hothusriot 3961
TTCT AGGAAA GCATCAAATA CCATCTTGCC CCTCATGECT S RK A'S

- L9 B MYA S40b1 1&TTAMAC ETETCACTAT GGCTGAGETG
. 36°1A(¥Q§TH¥§§@@$ AGACAGGAC\CAPAGHRIATE GUTGETITGER
. L' R’ XK R Q GP K QM L V G
3641  GGAGTAGTGC TCTTGGGAGC AATGCTGGTC GGGCAAGTAA
' 6 VVL LGA MLVY GQ V.
3681  CTCTCCTTGA TTTGCTGAAA CTCACAGTGG CTGTGGGATT
. T L LD L L X L TVA A V &L
3721  GCATTTCCAT GAGATGAACA ATGGAGGAGA CGCCATGTAT
. H FH EMDNN G GD A MY
' 3761 ATGGCGTTGA TTGCTGCCTT TTCAATCAGA CCAGGGCTGC
M ALI AAF S IR PGL
- 3801  TCATCGGCTT TGGGCTCAGG ACCCTATGGA GCCCTCGGGA

'L I GF GLR T LWS P RE
3841  ACGCCTTGTG CTGACCCTAG GAGCAGCCAT GGTGGAGATT

. R L V L T LG AAM VEI
3881  GCCTTGGGTG GCGTGATGGG CGGCCTGTGG AAGTATCTAA

AL GG VMG GL W K VYL

3921  ATGCAGTTTC TCTCTGCATC CTGACAATAA ATGCTGTTGC
N AV S L ¢CI L TTIN A VA

3961  TTCTAGGAAA GCATCAAATA CCATCTTGCC CCTCATGGCT

S R K A SNT I LGP L MA
4001  CTGTTGACAC CTGTCACTAT GGCTGAGGTG AGACTTGCCG

) L LT P V TM A EV R L A
4041 CAATGTTCTT TTGTGCCATG GTTATCATAG GGGTCCTTCA

A MF F CA M VI I G V L H
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4041 CAATGITCTT TTGIGCCATG GITATCATAG GGGICCTTCA A M
FFCAMVI I GVLH 64 W 2006/ 044857
wEDOSRED5/ 037369 Chi meri vaxWNO2 Fi nal Pr oduBtT/US2005/037369
Bottled (Run 1) L/N# 02HO1; P/ N# FP-0008 (Strand]
4081 CCAGAATTTC AAGGACACCT CCATGCAGAA GACTATACCT QN
FKDTSMQKTI P. 4121 CTGGIGECCC TCACACTCAC
ATCTTACCTG GCCTTGACACL VAL TLTSYLGL T 4161
AACCTTTTTT GGGCCTGIGI GCATTTCTGG CAACCCGCAT QP F L G
ChimeZ iXaRWRO Fingl |Predoqt APYriagoiimm AGGAGHAPEECL; P/N# FP-0008
CAGTGAATGA GGCACTCGCA F BtRapdls | PV NE AL A 4241 '
GCAGCTGGTC TAGTGGGAGT GCTGGCAGEA CTGECTTTTC A A G L V
GVLAGLAF 4281 AGGAGATGGA GAACTTCCTT GGICCGATTG
4081 CAGRESTAIC AEEBECME NCETACAGMP GACRATHCE G 4321

VLS R U8 ot Beirdhc Foaccr roaToma
TERFEERIHS EAPETEAK RETIAGCE 78 4401 AGGAGGCGGA
GATCAGGAGGLAGHT OCGACC SCRATGATGT LETE AE | SGS S A

s161 R ahcPTYrivd oddsabed AT Tt 6 EEEa T TCAAGCT
GCITICTGAA AL SEQGEF K(LSG% %(E 4481 GAGAAAGTGC
CATGEGACCA GETTETCATGRACCTEGATGGESK V P WD QV V M T

4201 S ATTTEERACRACEFGASTATEY: CORTSPATE RECEAIREEATTTG CTCTTCTGCT

- ALN &A&ALR HPIFA LvLy #5634 GSTGCTTGCT GGGTGGCTGT

TT ‘ L VR G AR 4601
1241 Aé’@% ARTE;E’GTi %T[%C&/GA#XQBF%ACTCCTAAGA RSGD V

L WDAI ® F P XK CGa6%1 FCATCRBAGEA ATETGAACAT CTGGAGGATG
4281 CIX&EK@AWGEB GAACTTCCTT‘GGTCCGATTG CAGTTGGAGG

Q EME NFL GPIRBA VGG
4321  ACTCCTGATG ATGCTGGTTA GCGTGGCTGG GAGGGTGGAT

. L L M M L V 8 vV A G R Vv D
4361 GGGCTAGAGC TCAAGAAGCT TGGTGAAGTT TCATGGGAAG

. G L EL XK KUIL GEV S W E
4401  AGGAGGCGGA GATCAGCGGG AGTTCCGCCC GCTATGATGT

E E A E I § G S 8§ A R Y D VvV
4441 GGCACTCAGT GAACAAGGGG AGTTCAAGCT GCTTTCTGAA

A L S E Q G E F K L L § E
4481 GAGAAAGTGC CATGGGACCA GGTTGTGATG ACCTCGCTGG

E K VP WDQ VVM T S L
4521 - CCTTGGTTGG GGCTGCCCTC CATCCATTTG CTCTTCTGCT

A°'L VG AAL HPFA L L L
4561  GGTCCTTGCT GGGTGGCTGT TTCATGTCAG GGGAGCTAGG

V L A G W L F H V R G A R
4601 . AGAAGTGGGG ATGTCTTGTG GGATATTCCC ACTCCTAAGA

R 8 G D V L W DI P T P K
4641 TCATCGAGGA ATGTGAACAT CTGGAGGATG GGATTTATGG

I I E E ¢C EHRHR L E D.G I Y G
4681 CATATTCCAG TCAACCTTCT TGGGGGCCTC CCAGCGAGGA

_ I F Q 8 TP FUL G A S QR G
4721 GTGGGAGTGG CACAGGGAGG GGTGTTCCAC ACAATGTGGC

vV GeVA QGG VFH TMGUW

4121
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Il Il EECEHLEDGI Y G 4681 CATATTCCAG TCAACCTTCT

TGGGEEGECCTC CCAGCCGAGA | F QS TFL GASQRG 4721
WETBEEAMIIGG CACAGCGAGG GGTGTTCCAC ACAATGTGGC W@/ USAM0£D37369

GGVFHT. MW 65 W 2006/ 044857 PCT/ US2005/ 037369

Chi meri vaxWNO2 Fi nal Product Bottled (Run 1) L/N#

02HO1; P/ N# FP-0008 [Strand] 4761 ATGICACAAG

AGGAGCTTTC CTTGICAGGA ATGCCAAGAA HV TRGAFL VR

N G K K 4801 GITGATTCCA TCTTGGGCTT CAGTAAAGGA
ChAGAGEEXENQ [FihaP BBodngt oVtke® (Buh N LAGH' ORHGCCTR/IGEGFS-0008

GCTCATGGAA GITGGAAGGC AGATEI@asdG A Y GG S WK L E G

R WD 4881 GAGAGGAAGA GGICCAGITG ATCGCGGCTG TTCCAGGAAA

GE EEVQLI AAVPGK 4921 GAACGTGGTC

4761 ANGIGTCRAGE RAMACERAGTEITTGECCGRacthAéaN NV Q T K P S L
4961 _GT T "GTC GCTCTTGACT
. v*g CSpGREI%AE % 5 %?ﬁf GG CATTTCAGGA
4801 GWG@A@GAWG@CS PI VNRN
' 5041;, CGG%GAG&ST@ AT T@EGEGGIGk ACGEBAATGE CATCCTTGIC G E V

sea1 | &dTA%/G&GNG&dATéGAA o%@é’ém@ﬁif %MT@CT TCGIGIC
ATCC CAGACTGAGG GDNSFVSAI SQT E 5121
: TG@G@AAEAGAG@AAKG&G BAGTECARG WGRTCCCGAC V K E E G
4881 K GAGAGEAAJAEGETRATTTS AETCEGTOE TINASESGRAAGGAATGA
. CAGAC'EGT}QZCE TGATETTEAT ¢ M,;r 5 KeGMT;TeV L DF H 5201
' %A C” c_,;Eg GATCT P GA GK
T GA CGCTTGCGCA

4921
T
CTICNTGTGMT R A EQCTA F\KRPR B_ RLT E K L

4961  GTGAGGAATG GGGGAGAAAT CGGGGCTGTC GCTCTTGACT

' VRN G GEI GAV A LD
5001 ATCCGAGTGG CACTTCAGGA TCTCCTATTG TTAACAGGAA

Y PS G T SG SPIV NRN
5041  CGGAGAGGTG ATTGGGCTGT ACGGCAATGG CATCCTTGIC

, "G EV I GLY GNG I L V

5081  GGTGACAACT CCTTCGTGTC CGCCATATCC CAGACTGAGG
GDNGS F VS ATIS QT E

5121  TGAAGGAAGA AGGAAAGGAG GAGCTCCAAG AGATCCCGAC

VKEE GKE ELOQE I P T
5161 AATGCTAAAG AAAGGAATGA CAACTGTCCT TGATTTICAT

M L K K G MT T VL D F H
5201 CCTGGAGCTG GGAAGACAAG ACGTTTCCTC CCACAGATCT

P GA G K TR RF L P Q I
5241  TGGCCGAGTG CGCACGGAGA CGCTTGCGCA CTCTTGTGTT

L A E C A R R R L R T L V L
5281 GGCCCCCACC AGGGTTGTTC TTTCTGAAAT GAAGGAGGCT

A PT RV VL S8 EM X E A
5321  TTTCACGGCC TGGACGTGAA ATTCCACACA CAGGCTTTTT

F H G L D V K F HT Q A F
5361 CCGCTCACGG CAGCGGGAGA GAAGTCATTG ATGCCATGTG

'8 A H G 8 G R E VI D A M C
5401 CCATGCCACC CTAACTTACA GGATGITGGA ACCAACTAGG

H AT L T Y R M L E P T R
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5281 GGCCCCCACC AGGGITGITC TTTCTGAAAT GAAGGAGCCT AP T
RVVLSEMKEA 5321 TTTCACGECC TGGACGTGAA

WRIDROABACA CAGCCTTTTT FHGL DV. KF HT (&I/EStH86137369
CCGCTCACGG CAGCGEGAGA GAAGTCATTG ATGCCATGIG . S AHG
SGREVI DA MC 5401 CCATGCCACC CTAACTTACA
GGATGITGGA ACCAACTAGGHA T LT YRMLEPTR 66 W
2006/ 044857 PCT/ US2005/ 037369 Chi neri vax\WWN02 Fi nal

chiARdusimot Fhesh CRUAuD) BbiNEDOIRR 1) PN BEH@QO&/N# FP-0008
[ Strand) 5441 GITGITAACT (So=dWd3TGAT CATTATGGAT

GAAGCCCATT VV NWE VI | MDE A H 5481.
TTTTGGATCC AGCCAGCATA GCCGECTAGAG GITGEECAGC F L D P A

S8l iﬁk&%ﬁ%%%%ﬁ%%@l L M 5561

ACRGCCABACK CGECTGGEAC TABTGATGRAATTHRCCACATT T AT P P
"s5481  GTTTSGAATCE ASCRABIATAGOCC BGAAGAT GTTCAAACGG

A V., Q 5641
%ﬁ(ﬁ(c:gA@ BW%C 'I%GA}&T&GA%CET&CTGAC EPWNT

& GGTT ccTTCCATCC
ATCAGAEGC'AG M R RV TEA WFAL P SI| IR W 5721 CAAATGTCAT

sse1 CRCAGE&AtRE dGUCEEddMConéTRrG\ahderdichirY MA A S L R K A
GKS 5761 TGTGGT%‘GI’C CTGAACAGGA, AAACCTTTGA

AGRATAE VRV ENR R FF E F ERY 5801 COCACGATAA
5601 A@@A@Q@%W@@FTWWWTAQﬁWI KQKKPDF

| & A 841 @TGé\C/bTAGG EAPAECEH WC%H

I L A D
5681 AAAAGGCCCA CGGCATGGTT CCTTCCATCC ATCAGAGCTG

K RPT A WVF L PGS IRA
5721 CABATGTCAT GGCTGCCTCT TTGCGTAAGG CTGGARAGAG

A N VM A A S L R KA G K S
5761 TGTGGTGGTC CTGAACAGGA AAACCTTTGA GAGAGAATAC

VVV LNREK TFE REY
5801  CCCACGATAA AGCAGAAGAA ACCTGACTTT ATATTGGCCA

P T I K Q K K P DVF 1 L A
5841 CTGACATAGC TGAAATGGGA GCCAACCTTT GCGTGGAGCG .

. T DI A E MG A NUL C V E R
‘5881 AGTGCTGGAT TGCAGGACGG ,CTTTTAAGCC TGTGCTTGTG

_ v L. b C R T A F K P VvV L V.
5921 GATGARGGGA GGAAGGTGGC AATARAAGGG CCACTTCGTA

D EGR KV A I X G P L R
5961 TCTCCGCATC CTCTGCTGCT CAARGGAGGEG .GGCGCATTGCS

I S A S S A A Q R R G R I G
6001 GAGRAATCCC AACAGAGATG GAGACTCATA CTACTATTCT

R N P N-R D G D 8 Y Y Y 8§
6041 GAGCCTACAA GTGAAAATAA TGCCCACCAC GTCTGCTGGT

E P T S E N N A H H vV ¢ W
6081 TGGAGGCCTC AATGCTCTTG GACAACATGGE AGGTGAGGGGE

LEAS MLL DNME VR G

5521
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VLDCRTAFKPVL YV 5921 GATGAAGGGA GGAAGGTIGEC
AATAAAAGEG CCACTTCGTA DEGRKVAI KGPL R 5961
wa aneeEsaTC CTCTGCTCCT CAAAGGAGEGE. GGCGCATTGG | PEI/BSI808037369

AAQRRGRI G 6001 GAGAAATCCC ATCAGAGATG
GAGACTCATA CTACTATTCT R NP NRDGDSYYYS 6041
GAGCCTACAA GI'GAAAATAA TGCCCACCAC GICTCCTGGT E P T S E
NNAHHYCW 6081 TGGAGECCTC AATGCCTCTITG GACAACATGG

ST o \
o6/ 044857LFPC§3T}AUP§2%%? éBg?ptM\A é%%‘/rﬁgr K e 2 wp-000s

Product Bottled (Run 1) L/h# OZFDl P/ N# FP- 0008
[Strand] 6121 TGGAATGGTC GCCCCACTCT ATGGCGITGA

A ' P Y, 6161 ACACCAGITT
ml,-c%%% i%%ﬁé&@réTi%%&%t&E&&%% VSPGEMRL
R DSD M6201 AGRGGAAAGT €T VCABAGEA TTAGTGAGGA
‘6161 ATIGTGAAAT QCRTECYCA ARTEAIACY: RaNerdAck 6241

- u | GGITTG PV W L
Sﬁcg 4 NELE o1 AR & APCGTARGTG
GRER EFXSAEREIRETARKICRCRE DTRCTKEAREE F E G P E 6321
AACARGAGAT CTH GRATIEACLAGECGRTGAAACCAGTGAAGTG E HE | L

i N T GGAGCAA
c2i1 déc@eﬁqrec c%s@sc@%ﬁér@é@%ﬁg%&% SR P R 6401

. TCI;‘-'FG‘I@'WG AaaEaatcic Atcheacad ABSTEBCGCTGT WC D E R
6281 \/ PRGRCEAATGSATCGTAAGTR STCITTAMAA BRFCTIRAGETTGCT. GAAGGTAGGA

-CORGAECHECDS | Fil K FCAE § Rg RoGyA A 6481
on [ FREHGH CHARACRAGR Sardie 1T BV LY

) E H E I L' N D S G ET V K C
6361 - CAGGGCTCCT GGAGGAGCAA AGAAGCCTCT GCGCCCAAGG

R AP GGAZ K K PTIL R P R
6401 . TGGTGTGATG AAAGGGTGTC ATCTGACCAG AGTGCGCTGT

WCDE RVS 8§DQ S AL
6441  CTGAATTTAT TAAGTTTGCT GAAGGTAGGA GGGGAGCTGC

S E F I K F A-E G R R G A A
6481 TGAAGTGCTA GTTGTGCTGA GTGAACTCCC TGATTTCCTG

EVL VVLS ELZP DFL
6521  GCTARAAAAG GTGGAGAGGC AATGGATACC ATCAGTGTGT

A K K G G EA MDT I s V
6561 - TCCTCCACTC TGAGGAAGGC TCTAGGGCTT ACCGCAATGC:

.F L H S E E G S R A Y R N A
6601 - ACTATCAATG ATGCCTGAGG CAATGACAAT AGTCATGCTG

L S M M P EA M T I V M L
6641 - TTTATACTGG CTGGACTACT GACATCGGGA ATGGTCATCT

F I LA GLIL T S G MV I.
6681  TTTTCATGTC TCCCAAAGGC ATCAGTAGAA TGTCTATGGC

F FMS P KOG I SRM S MA
6721  GATGGGCACA ATGGCCGGCT GTGGATATCT CATGTTCCTT

M G T M A G C G Y L M F L
6761 GGAGGCGTCA AACCCACTCA CATCTCCTAT GTCATGCTCA

G G.V K P T H I s Y V M L

6201

68



6521 GCTAAAAAAG GTGGAGAGGEC AATGGATACC ATCAGIGIGT A K
KGGEAMDTIl SV 6561 TCCTCCACTC TGAGGAAGGEC

waamnsoEaseETT ACCGCCAATGC F L HS E E G S R AY RQI/BS2005/037369

6601 ACTATCAATG ATGCCTGAGG CAATGACAAT AGICATGCTG L S
MMPEAMTI V ML 6641 TTTATACTGG CTGGACTACT

GACATCGEGA ATGGTCATCT FI LAGL L TSGMVI 6681
TTTTCATGIC TCCCAAAGEC ATCAGTAGAA TGICTATGEC F F MS P

erErdetly et el lE R TG Ty /gyg-oves

éBOl
6841
6881
6921

6961

7001

7041
7081
7121
7161
7201
. 7241
7281
7321
7361
7401

7441

GGAGGCGTCA AACCCACTCA CAT: T GTCATGCTCA GG V K
PTHI SYVML 68 W 2006/ 044857 PCT/ US2005/ 037369
Chi meri vaxWNO2 Fi nal Product Bottled (Run 1) L/ N#
0 FRBICTBIRE %5%6@%“ FRETEREEC BEBECFreTTTeT
C@TGAT@GT@ GETGTGATCS CEGACCBAGE B BV L MV V VI P
@4 11 ANGAAARAREETCEAAGACARCCAAGT GGCATACCTC
QOQRSI QDNOQVAYL 6881 ATTATTGGCA TCCTGACGCT
GGT?(EAGEG@G@CE@CEA NP &I 2 FLIPVSAVAAG921

 AGGNEITRACE TATCEIETAS TAARAEGARKG ASIRCCTCTT N E L G M

L E KT E DL £ 16961 FCGCAAGAAG AACTTAATTC

CA SASPW 7001

AT TR R P BRI T T S WP D L
DML K Pt GSA Al W.7041 CAGTGYAGGT TGBCANTGTT ACAATGCTCT

CUGCANTERE AMLTYANTTY GyvicTHeTedTioRdeTht L 7081

LT AT WD a0 K
GGA GCTGCCTGGA

S W P D L D L K P G A A W
CAGTGTACGT TGGCATTGTT ACAATGCTCT CTCCAATGTT

T VYV G I V T ML 8§ P M L
GCACCACTGG ATCAAAGTCG AATATGGCAA CCTGTCTCTG

H HW I KVE YG&UN L S L
TCTGGAATAG CCCAGTCAGC CTCAGTCCTT TCTTTCATGG

s G I A Q S A S vV L S F M
ACAAGGGGAT ACCATTCATG AAGATGAATA TCTCGGTCAT

D KGI PFM KMNTI S8V I
AATGCTGCTG GTCAGTGGCT GGAATTCAAT AACAGTGATG

M L L V S8 GW N s 1I T V- M
CCTCTGCTCT GTGGCATAGG GTGCGCCATG CTCCACTGGT

P L L C G I G CcC A M L H W
CTCTCATTTT ACCTGGAATC AAAGCGCAGC AGTCAAAGCT

§ L I L P G I K 2 Q Q S K L
TGCACAGAGA AGGGTGTTCC ATGGCGTTGC CAAGAACCCT

A QR RV FH GVA KNP
GTGGTTGATG GGAATCCAAC AGTTGACATT GAGGAAGCTC

vV VDG NPT VDTI EE A
CTGAAATGCC TGCCCTTTAT GAGAAGAAAC TGGCTCTATA

P EMZP ALY EKZ XTUIL ALY
TCTCCTTCTT GCTCTCAGCC TAGCTTCTGT TGCCATGTGC

L LL AL STL A SV AM.OC
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SGI AQSASVLSF M7161 ACAAGCEGAT ACCATTCATG
AAGATGAATA TCTCGGTCAT DK GI PFMKMNI S VI
WO 2008/0A8FCCTCCTG GICAGTGECT GGAATTCAAT AACAGT GAdTaURL005/037369
VSGWNSI TVM 7241 CCTCTGCTCT GIGGCATAGG
GIGCGCCATG CTCCACTGGT PL L CGI GCAML HW7281
CTCTCATTTT ACCTGGAATC AAAGCGCAGC AGTCAAAGCT S L ILP
Gl KAQQSKL 7321 TGCACAGAGA AGGGIGITCC
ATGECGTTGC CAAGAACCCT AQRRV FHGV AKNP 7361
ChimEEGTRGADTS AT EEAACT ASTERGAGATRUNGAGGANGCTZIOL ;V PPNE B¥-0008
PTVDI EEA 7401 CTGSWAEGIC TGCCCTTTAT GAGAAGAAAC
TGECTCTATA PEMPALYEKKLALY 7441
TCTCCTTCTT GCTCTCAGCC TAGCTTCTGI TGCCATGTGC L L L A

sa01  LagdecheB MérénMdGe RANWEAQ06Q4ASEH
- PCT/ US2005/ 037369 _ Chi [i vaxV\NOZ Fi nal Product

: BoRt I®dP(Run %) /R §2Hd1;! P/N#LFP‘ooos [ Strand]
7521 74BACTRGARTBGCEICCTY geT GTCCTAGCAT R T

R ZSFPS h ALE @lpViL A ¥E5Z44 QACIHG@CE.TEAGGGGCCGCN C SIE

7561 éé@g@@W%&ér%# GACAGGAGTC L W
- N GPWMAE VG M T AV P08 AMTGAHGEGEA ATCACTATGC
7601 TATGAKOGGEA METOATGRACKTINIEEME NICAIGYABF V GV M Y

761TgT GGRA LAL GGAGCECGAA N L W
eil $é§l llﬁT G % R .G $ A%%g&écﬁg & CT TTGGGTIGAAG

_ KRELNT7Y721
CRGITTGBACA ABCEACAGT TS TBRARTGTATS AAMAAGGACCG L L D K R

1681 QrGaRnAAAYT KrTRGETCRAGOFCGATIAST CEAREGARBATCGT GATACGGCAC
CAGATIT L ¢ e v Wk R B L N
7721 CTGTTGGACA AGCGACAGTT TGAGTTGTAT AAAAGGACCG
| L LDK RQF ELY KRT
7761  ACATTGTGGA GGTGGATCGT GATACGGCAC GCAGGCATTT
‘D I VE VDR DTA AR R H L
7801  GGCCGAAGGG AAGGTGGACA CCGGGGTGGC GGTCTCCAGG
| AEG KVDT GVA V S R
7841  GGGACCGCAR AGTTAAGGTG GTTCCATGAG CGTGGCTATG .
| GFT.A'KLRWFHERGY
7881  TCAAGCTGGA AGGTAGGGTG ATTGACCTGG GGTGTGGCCG
Y XK LE GRV IDLG CG R
7921 CGGAGGCTGG TGTTACTACG CTGCTGCGCA AAAGGAAGTG
| G GW . CYYA AAQ KE V.
7961 - AGTGGGGTCA AAGGATTTAC TCTTGGAAGA GACGGCCATG
's G VK GFT L GR D G H
8001 - AGAAACCCAT GAATGTGCAA AGTCTGGGAT GGAACATCAT
E XK PM NV Q S L G W NTII
8041  CACCTTCAAG GACAAAACTG ATATCCACCG CCTAGAACCA
T FXK DXKTUD I HTPR L E P
8081  GTGAAATGTG ACACCCTTTT GTGTGACATT GGAGAGTCAT

vV K C D T L L C D 1I G E S8
8121 CATCGTCATC GGTCACAGAG GGGGAAAGGA CCGTGAGAGT

S $.8 8 V T E G ERT V R V
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DI VEVDRDTARRHL 7801 GECCGAAGGG
AAGGTGGACA COGGGGTGGEC GGTCTCCAGG AE GK VDT GV A
WO 2064488741 GGGACCGCAA AGTTAAGGTG GTTCCATGAG  PCT/US2005/037369
CGTGECTATG GT. AKLRWFHERGY 7881
TCAAGCTGGA AGGTAGGGTG ATTGACCTGG GGTGTGGCCG V K L E G
RVI DL GCGR 7921 CGGAGGCTGG TGTTACTACG
CTGCTGOGCA AAAGGAAGTG GGWCY YAAAQKEV. 791 .
ChiANST GERCA PAGBATIJAGE TETTRGAAGANGACGIBEATBI01S 6/ KEG0008
FTLGRDGH 8001 AGASABEAAT GAATGTGCAA AGTCTGGGAT .
GGAACATAAT EK P MNV QS L GWN I 1 8041
- CACCTTCAAG GACAAAACTG ATATCCACCG. CCTAGAACCA T F K D K
161 | TErtcatalt leTEcAABR8 1cdeebAYECTSadefeACTTTT GITGTGACATT
" GEAGAGICAT VKCDTLLCDI GES 8121 CATCGTCATC
GGTEABCAGRG EodEaKAdbA. EodrGiGadt 8 FSSVTEGERT
8201 VARCRMCTRUG \NGARGEGYID MBI ZCIE MBIXIBEATIZ 7369

Chigmey | waxyWOg2 Rj nal Rroguct Bpttd ed (Run 1) L/ N#

e chRRd e PR R TV E K w A

- GW D EZ201 AAGTTETGIG RGAAGBTGET AGSTCCATAC
8281 ARGCAAGATE ANcEACLAfcKrdtdeadcAd YTddaeTEAT 8241 TTCTTGAGAA

BTG dont ACATEATE AOORTE rocAcsan - -

8321 TPAESEART AC?T@T‘?TGI% PGS CECRSRARFETCRCRT 8321 GAAATGTACT
ACBT T CYG& AGECGOECAGC MAARGTCAMTVE MY Y VS GA RS N

8361 VT’-EAc&%@az; ¥c 3 R%&%%S@%T%MW GA TGAGGAGAAT
F M R R M

8401 GAGGCGTCCA_ACTGGAAAAG TGACCCTGGA GGCTGACGTC

R RP TGKV TLE ADYV
8441  ATCCTCCCAA TTGGGACACG CAGTGTTGAG ACAGACAAGG

, 1 L°PI GTR S8SVE TDK
8481  GACCCCTGGA CAAAGAGGCC ATAGAAGAAA GGGTTGAGAG

G P L D K E A I EE R V E R
8521 GATAAAATCT GAGTACATGA CCTCTTGGTT TTATGACAAT

I XS EYMT S WPF Y DN
8561  GACAACCCCT ACAGGACCTG GCACTACTGT GGCTCCTATG
DNPY RTW HYC G S ¥
. 8601  TCACAARAAC CTCCGGAAGT GCGGCGAGCA TGGTAAATGG

V T KT 8 GS AASM VNG
8641  TGTTATTAAA ATTCTGACAT ATCCATGGGA CAGGATAGAG

v I K I L T Y P W D R I E
8681.° GAGGTCACAA GAATGGCAAT GACTGACACA ACCCCTTTTG

E VTR MAM TDT T PF
8721  GACAGCARAG AGTGTTTAAA GAAAARAGTTG ACACCAGAGC

G Q QR VF X EKUVD TR A
8761  AARGGATCCA CCAGCGGGAA CTAGGAAGAT CATGAAAGTT

. K D P P A G'T R K I M K V
8801 GTCAACAGGT GGCTGTTCCG CCACCTGGCC AGAGAAAAGA

V N R W L F R H L A R E K
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8401 GAGGCGTCCA ACTGGAAAAG TGACCCTGGA GGCTGACGTC R R
PTGKVTLEADYV 8441 ATCCTCCCAA TTGGGACACG
WCEAGBEGIREAG ACAGACAAGG | L P GT R SV E T Dp&r/uSZ84/037369
GACCCCTGGA CAAAGAGGCC ATAGAAGAAA GGGTTGAGAG G P L D K
EAIl EERVE R 8521 GATAAAATCT GAGTACATGA
CCTCTTGGIT TTATGACAAT | KSEYMT SWF YDN 8561
GACAACCCCT ACAGGACCTG GCACTACTGT GGCTCCTATG D NP Y R
TWHYCGSY 8601 TCACAAAAAC OOG;—:AA GOGGCGAGCA
Chivespinanyes Ringl Prpdyce Botaled SRNp\L) /R 94p1;: P/N# FP-0008
TGTTATTAAA ATTCTGACAT ATCERFEREA CAGGATAGAG V I K I L
TYPWDRI| E 8681 GAGGTCACAA GAATGGCAAT GACTGACACA
ACCCCTTTTGEVTRMAMTDTTPF 8721 GACAGCAAAG
‘e84l AWW@AAWQRVF KEKYV

_ - DJ B AR8761 AAAGGATCEGA (CTHGGAAGAT

o 8801 GTCAACAGGT
. 8881 W@%&&@?@%M@@ﬁxﬁ WL FRHLAR
| E 'R 31 H\D B0GS/ 044B57APGT/ US2B05% 087369

goz1 ChiAmenbyeas\WeZcTdcnad Tenesticre RelachestabRun 1) L/ N#

| 02H01 Styapd] 8841 ACCOCAGACT
o M%AEA%TT"?A ] éPARLCTKEEF
8961 | .AWWTWBQEWW@%RWC@A@T TACCT

- GGAAGAMNGAL . R & HpA A IEGRAKY L BIEQQ 8921

2001 EhERs AAEIEPMurE A GhacbAaACCCAA  E Q WK T
ANE AV QD P 8961 AGITCIGGGA ACTGGTGGAT GAAGAAAGGA

| AGCRECEORA KRR WELVYVIENE ®KMLH Q 9001
9041 AGRAGCENTS FETTEIATT TROBTIIGHAGRAGCANAGET GGGG

K R EK KL S EFG K AK
9081  GAAGCCGTGC CATATGGTAT ATGTGGCTGG GAGCGCGGTA

G S RA I WY M WUILG AR Y
9121  TCTTGAGTTT GAGGCCCTGG GATTCCTGAA TGAGGACCAT

'L EF EA LG FLN ETDH
9161  TGGGCTTCCA GGGAAAACTC AGGAGGAGGA GTGGAAGGCA

- W A S R E NS G G G V E ©
9201  TTGGCTTACA ATACCTAGGA TATGTGATCA GAGACCTGGC

| I ¢L Qg YL G YVIUR DL A
9241  TGCAATGGAT GGTGGTGGAT TCTACGCGGA TGACACCGCT

A MD GGGF YAD DTA
5281 GGATGGGACA CGCGCATCAC AGAGGCAGAC CTTGATGATG

G WDT R IT EAD L DD
9321 - ARCAGGAGAT CTTGAACTAC ATGAGCCCAC ATCACAARAA

. EQ E I L N Y M S PH H K K
9361 = ACTGGCACAA GCAGTGATGG AAATGACATA' CAAGAACAAA

L AQ AVME MTZY KNK
5401  GTGGTGARAG TGTTGAGACC AGCCCCAGGA GGGARAGCCT |

.V V KV L RP A PG G K A
9441  ACATGGATGT CATAAGTCGA CGAGACCAGA GAGGATCCGG

Y M DV I SR RDOTPR G S G
9481  GCAGGTAGTG ACTTATGCTC TGAACACCAT CACCAACTTG

Q VV TYAL NTTI TNL
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QGRCRTCVYNMMG 9041 AAAAGAGAGA AGAACCTGTIC

AGAGTTTGCGEG A A AGCAAAGG K'REKKL SEFGKA K 9081
WO2BGECLRIEC CATATGGTAT ATGIGGECTGG GAGCGCGGTA B BUR0AS/037369

WY MWL GARY 9121 TCITGAGITT GAGGECCTTGG

GATTCCTGAA TGAGGACCAT LE FEAL GFL NEDH 9161

TGGGCTTCCA GGCGAAAACTC AGGAGGAGGA GIGGAAGGCCA WA S R E

NS GGGV E G9201 TTGECTTACA ATACCTAGCGA TATGIGATCA
ChinRACCTRYZ Fin& lprQaYed B&ed RR&%.@)LL/N# %Zﬂél ﬁéN# FP-0008

TGCAATGGAT GGTGGTGGAT TCTACZEEAIA TGACACCCCT A

.9521
9561
9601
9641
9681
9721

9761

9801 -

9841
9881
. 9921
. 9961
10601
10041
10081
10121

10161

GFYADDTA 9281 GGATGEGACA CGCGCATCAC AGAGECAGAC
CTTGATGATG GWDTRI. TEADLD D 9321 AACAGGAGAT

R e A S rtacama.
H'HK K 9361 ACTGGECACAA TGACATA
CAKGAACAAALL A RAM/ M EEMA YEKMN K 9401 GIGGTGAAAG
T@WWWQAGWTMK VLRPAPG

G.K 43 AGATEGATGT, CAT CCAGA GAGGATCCGG
b ian Deal sl koo

& FEETPY TYALNTI T

N LT 72 WO 2008/ 064857 TPCE/ BS2005/033369
Chuymeranmawi«xieét¢uﬂ Gihrmdm@ic Battdrede¢ Run 1) L/ N#

BT R cahadion CABATOLTBA T KYY Q'L 1 R M A E A

TF/F‘%FC%”S 1CGPK€A%§CEK%€AW¢@W@¢EGTGATG
AATGAGETCT | H bl QH¥ @ D,CaD F,SgV & 9601

€ S CEEUS M%AM%% GTGAC T RL. E
AW ek p 1 s s

TGGCAGCCAT CAAAAGGGTG GAATGATTGG GAGAATGTGC
W QP S K G W N D W E N V
CCTTCTGTTC CCACCACTTC CATGAACTAC AGCTGAAGGA

PFCS HHF HETLGOQ L KD
TGGCAGGAGG ATTGTGGTGC CTTGCCGAGA ACAGGACGAG

"G RR I VV&P CRTE QODE
CTCATTGGGA GAGGAAGGGT GTCTCCAGGA AACGGCTGGA

L I G R G R V S P G N G W
TGATCAAGGA AACAGCTTGC CTCAGCAAAG CCTATGCCAA

.M I K E T A C L 8 KA Y A N
CATGTGGTCA CTGATGTATT TTCACAAAAG GGACATGAGG A

M W S L MY F H KR D M R.
CTACTGTCAT TGGCTGTTTC CTCAGCTGTT CCCACCTCAT

L L 8§ L A V 8§ S AV P T S
GGGTTCCACA AGGACGCACA ACATGGTCGA TTCATGGGAA

WV PQ GRT T W S I HGHK
AGGGGAGTGG ATGACCACGG AAGACATGCT TGAGGTGTGG .

G E W M T T E D M L E V W
AACAGAGTAT GGATAACCAA CAACCCACAC ATGCAGGACA

N RVW I TN NPH MOQD
AGACAATGGT GAAAAAATGG AGAGATGTCC CTTATCTAAC

K TMYV KKXKW RDVGP Y L T
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9641 AGACTGAAGA GGATGECGGT GAGTGGAGAC GACTGIGIGG R L
KRMAVSGDDCYV 9681 TCCGECCCAT CGATGACAGG
wad10eeR3I G CCCTGTCCCA V R P I DD RF GL A LpSI/HS2005/037369
9721 TCTCAACGCC ATGTCCAAGG TTAGAAAGGA CATATCTGAA L N
AMSKVRKDI S E 9761 TGECAGCCAT CAAAAGGGTG
GAATGATTGG GAGAATGTGC WQ P S K GWNDWE NV 9801
CCTTCTGITC CCACCACTTC CATGAACTAC ACCTGAAGGA P F C S H
HF HEL QL KD 9841 TGGECAGGAGG ATTGIGGTGC :
ChiGIHCCEMAGA FICAGGACGAC: MBLRLR | (Run\ViP LENR RHQLD E/N8&P-0008
CTCATTGGGA GAGGAAGGGT GIGIaGsaeEA AACGGCTGGA L I G R G
RVSPGNGW 9921 TGATCAAGGA AACAGCTTGC CTCAGCAAAG
CCTATGCCAA M | KETACLSKAYAN . 9961

I

B 10041
10241 WTWTGGGAA WV P QG
' RO WaSpJ HrGw Ka 1@0&1 ACCHAGT G ATGACCACGG

o RO R TR S ATacacmca. R

VEWH B NNP IFMQDB 90R1EAGKCAATEGT GAAAAAATGG
10321 mmmmmmmmwmmwm DVPYLT 73
WD 2006/ 044857, PGT/AJS2Q05/ 037369 ,Chy meri vax\WN02 Fi nal

o Poghlich Rt el U L pabl Bl e o 000t

B GOTEGEAMATG KEREIQD KIL CGS LI GM 10241
- 10401 AREATAREES GCEACACRERIECACTCAAGACAIA CCAIACT AGT CA

'1.9441 TCCCCACAAC CTéAAACCGG GATATARACC ACGGCTGGAG
1081 ARCCGGACTC CGCACTTAAA_ ATGAAACAGA AACCGGGATA
1021 MCTAC% ATGGAGRACC GGACTCCAéA CATTGAGACA
Joss1  GAAGARGTTG TCAGCCCAGA ACCCCACACS. AGTTTTGCCA
- Jos01. CTGCTAAGCT GTGAGGCAGT GCAGGCTGGG ACAGCQGACC
10641 . TCCAGGTTGC GAAARACCTG GTTTCTGGGA CCTCCCACCC
10681 . CAGAGTAMAR AGAACGAAGC CTCCGCTACC ACCCTCCCAC
10721 GTGGTGGTAG ARAGACGGGG TCTAGAGGTT AGAGGAGACC
10761 CTCCAGGGAA CAAATAGTGG GACCATATTG ACGCCAGGGA
10801  AAGACCGGAG TGGTTCTCTG CTTTTCCTCC AGAGGTCIGT

10841 GAGCACAGTT TGCTCAAGAA TAAGCAGACC TTTGGATGAC
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TNRATWASHI HL V 10281 TCCATCGTAT CCGAACCCTG
ATTGGACAGG AGAAATACAC | HRIT RT LI GQEKYT

wa 0mB44BEACTACCTA ACAGICATGG ACAGGTATTC TGT GGARCIZTS2005/037369
LTVMDRYSVDA 10361 GACCTGCAAC TGGGTGAGCT
TATCTGAAAC ACCATCTAAC DL QL GE L I 10401
AGGAATAACC GGGATACAAA CCACGEGTIGG AGAACCGGAC 10441
TCCCCACAAC CTGAAACCGG GATATAAACC ACCECTGGAG 10481

o SRR ST O MO8 o

GAAGAAGI TG TCAGCCCAGA A G AGITTTGCCA 10601
CTGCTAAGCT GIGAGGCAGT GCAGGCTGEEG ACAGCCGACC 10641.
TCCAGGITGC GAAAAACCTG GITTCTGGEGA CCTCCCACCC 10681
10881  CARRBFARMA CAERKCGGAGC CTCCGCTACC ACCCTCCCAC 10721
GIGGTGGTAG AAAGACGEEG TCTAGAGGTT AGAGGAGACC 10761
CTCCAGGGAA CAAATAGIGG GACCATATTG ACGCCAGEEA 10801
AAGACCGGAG TGGITCTCTG CTTTTCCTCC AGAGGTCTGT 10841
GAGCACAGIT TGCTCAAGAA TCAGCAGACC TTTGGATGAC 74 WO
2006/ 044857 PCT/ US2005/ 037369 Chi meri vaxWN02 Fi nal
Product Bottled (Run 1) L/N# 02HO1; P/ N# FP-0008
(Strand] 10881 AAACACAAAA CCACAA 75 WD 2006/ 044857
PCT/ US2005/ 037369 Chi meri vax WNO2 M6 vari ant
[ St rand] 1 NGTAAATCCT GIGIGCTAAT TGAGGTGCAT
TGGTCTGCAA 41 ATCGAGITGC TAGGCAATAA ACACATTTGG
ATTAATTTTA 81 ATCGITCGTT GAGCGATTAG CAGAGAACTG
ACCAGAACAT M 121 GICTGGICGT AAAGCTCAGG GAAGAACCCT
GGECGTCAAT S'"GRKAQGKTL GV N 161 ATGGTACGAC
GAGGAGITCG CTCCTTGICA AACAAAATAA
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MVRRGVRSLSNKI 201 AACAAAATAC AAAACAAATT
GGAAACAGAC CTGGACCTTC K QK T KQI GNRPGPS 241
WERBHOEABET T CAAGGATTTA TCTTTTTCTT TTTGITCAAC PCTAUS2005/G37369
FI FFFLFNZ281 ATTTTGACTG GAAAAAAGAT CACAGCCCAC
CTAAAGAGGT | L TGKKIT TAHL KR 321 TGTGGAAAAT
GCTGGACCCA AGACAAGCT TGECTGITCT L WK ML DPRQGL
AV L 361 AAGGAAAGIC AAGAGAGIGG TGGCOAGTTT GATGAGAGGA

RKVKRVVA %hEliR,aQ G% GGAAACGCCG

TTCCCATGAT GITCTGACTG DVLT 441
TGCAATTCCT AATTTTGGGA AT TGACGGGT GVQFLI
LGMLLMTGG 481 AGTTACCCTC TCTAACTTCC

. SNEOGKYV MMT 521
o @W W%@%&Aﬁc@% TCCAA VNATD
VTDV I P 561 CAGCTGCTGG AAAGAACCTA TGCATTGTCA

a1 Gmuaﬁa@ TA@Ga%A@AzK AataTee \AtaArMT? 601 TGTGGEGATAC
ATGTGCGATG. ATACTATCAC TTATGAATGCC VGY MCDDTI T
o Y E C 641 CCAGTGCTGI CGGCTGGTAA TGATCCAGAA GACATCGACT
81 p AfCTECGHTCCNFGTABTRS [SREAGRACTE AQCAONTBIT044857
-PCT/ US2005/ 037369 Chi meri vax WNO2 Mo vari ant

121 [ Srcatgtcetd Rl SRR GRAAMET, CTACGTCA
- GGTATGGAAG CWCTKSAVY R 721 ATGCACCAAG

C ACACCEAGT AAGACRALG TEGEAGETCAE VCMT K TRH SR R
161 S FTGRTACCALG GAGRGATAG PECCTNGACA QRO MBAAAGCACT

CTACCGAACARL e WWOR HsGE 8 Ty & N
‘201 ARCAAAARAC' AAAACAAATT GGAAACAGAC CTGGACCTTC
‘ K QKT KQ1I GNZRTP G P §
241 . ARGAGGTGTT CAAGGATTTA TCTTTTTCTT TTTGTTCAAC -

_ R GV QGF I FFF L F N
281 ATTTTGACTG GAAAAAAGAT CACAGCCCAC CTAAAGAGGT -

| I L TG KXKTI TAH L KR
321  TGTGGAAAAT GCTGGACCCA AGACAAGGCT TGGCTGTTCT

'L WKM L DP RQGTL AV L
361 ARGGARAGTC AAGAGAGTGG TGGCCAGTTT GATGAGAGGA

R XKV KR VYV A SL MR G
401 ~ TTGTCCTCAA GGAAACGCCG TTCCCATGAT GTTCTGACTG

L S SR KRR S HD VUL T
441  TGCAATTCCT AATTTTGGGA ATGCTGTTGA TGACGGGTGS

VQFL I LG MLLM T G @
481 - AGTTACCCTC TCTAACTTCC AAGGGAAGGT GATGATGACG

VTL SNTFOQ GXV MMT
521 . GTAAATGCTA CTGACGTCAC AGATGTCATC ACGATTCCAA

VNAT DVT DVTI TTIFP
~ 561 CAGCTGCTGG AAAGAACCTA TGCATTGTCA GAGCAATGGA

T AAG KNIL CI VR AMD
601  TGTGGGATAC ATGTGCGATG ATACTATCAC TTATGAATGC
' VGY M CDD TIT Y E-C
641  CCAGTGCTGT CGGCTGGTAA TGATCCAGAA GACATCGACT
P VLS AGN DPE DI D
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801 AGAAGGEGEEGEC TTGGATGGAC AGCAACAAAG CCACAAGGTA K K G
AWMDST. KATRY 841 TTTGGTAAAA ACAGAATCAT

WOEBAEOIREAG GAACCCTGGA L VK T E S WI L R N PCTBUSBB1037369

681

721

761

801

841

881

921

961

1001

1041

1081

1121 .

1161

1201

1241

1281

1321

TATGCCCTGG TGGCAGCCGT CATTGGTTGG ATGCTTGGGA Y A L V A
AV GWML G 921 GCAACACCAT GCAGAGAGTT GTGITTGTCG
TGCCATTGCT SNTMQRVV FV VP L L 961 TTTGGTGECC
CCAGCTTACA GCTTCAACTG CCTTGGAATG L VAPAY SFNC
L GM 1001 AGCAACAGAG ACTTCTTGGA AGGAGTGTCT
GGAGCAACAT S N REprmerivex WNg2 168 Xafdanfns1 GGGTGGATTT
GGTTCTCGAAGGCGACACI:TGCG{@ T WVDLVLEGDS
CV T | 1081 CATGTCTAAG GACAAGCCTA CCATCGACGT

. CAAGATGCATG MSKDKPTI DVKMM 1121.

ASTAFEISEAG RACIOHECTFTCIACATNGCFTATSCEMETTATT N ME A A
Nd_ A B VIR % Ys 1161y GGTATTROGG; TACGETCAGC GATCTCTCCA

NPECRHEE NFGARGNIAERI TR GTecT ¢ p T M G

EACHN B KR AR H241 @CBCAECTE RIGFGTGCAG ACAAGGAGTG
G3GACNTEOE AsNeAfnEeeVACRRRGRRCT \CTMdRARCA 1281 GCTGGGGECAA

K& 1T Toladrd dwbs Borecrerac

WTEG%‘ REFAGKPESE CRABARGT™A 77 WO
20061{04@1857 RCTMUS200S/ 08786 Chi rer kvax WNO2 MB6

vawﬂr@afAﬂﬁitA@ﬂ@ithéﬁs@éAfE@%é&ivaiﬁécéBEEIC¥NAA(¥\
GAATATCAAG TACGAAGTGG G R T I L KENI KY E V 1401

ccatTTITET ceafaAcka AETAU‘%;rGE% AsTEGCACGE

TATGCCCTGG TGGCAGCCGT CATTGGTTGG ATGCTTGGGA

Yy ALV A AV I GW ML G
GCAACACCAT GCAGAGAGTT GTGTTTGTCG TGCCATTGCT

S NTM QR VYV VFVV P L L
TTTGGTGGCC CCAGCTTACA GCTTCAACTG CCTTGGAATG

L VA PAYS FNC L GM
AGCAACAGAG ACTTCTTGGA AGGAGTGTCT GGAGCAACAT

S NRD FLE GUVS GAT
GGGTGGATTT GGTTCTCGAA GGCGACAGCT GCGTGACTAT
WVDL VLE GDSC VTI
CATGTCTAAG GACAAGCCTA CCATCGACGT CAAGATGATG

M 8 K D K P T I DV K MM
AATATGGAGG CGGCCAACCT GGCAGAGGTC CGCAGTTATT

N M EA ANTUL A EV R 8 Y
GCTATTTGGC TACCGTCAGC GATCTCTCCA CCAAAGCTGC

CcC YL A T V 8 DL 8 T K A A
ATGCCCGACC ATGGGAGAAG CTCACAATGA CAAACGTGCT

c P T M G E A H N D K R A
GACCCAGCTT TTGTGTGCAG ACAAGGAGTG GTGGACAGGG

D P A F 'V CR Q G VvV V D R
GCTGGGGCAA CGGCTGCGGA TTTTTTGGCA AAGGATCCAT

G W G N G C G F F G K G s I
TGACACATGC GCCAAATTTG CCTGCTCTAC CAAGGCAATA

D TC AKTFA A CST KATI
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Al FVHGPTTVESHG 1441 AAATTACTCC
ACACAGGTTG GAGCCACTCA GGCCGGCCCA N Y STQV GA T QA
W@2(R6/044881 TTCAGCATCA CTCCTGCTGC GCCTTCATAC AQRCITBSeMEIN37369

FSI TPAAPSYTL K 1521 TTGGAGAATA TGGAGAGGTG

ACAGTGGACT GTGAACCACG L GEYGEVTVDCEPR
1561 GTCAGGGATT GACACCAATG CATACTACGT GATGACTGIT S G |
DTNAYYVMTYV 1601 GGAACAAAGA CGTTCTTGGT
CCATCGTGAG TGGTTCATGG. GT. K TE LV HRE WF M 1641
ACCTCAACCT CCCT C RETHR BrA8TeTGTG DL NL P
WSSAGSTVW 1681 GA GAGACGTTAA
TGGAGTTTGA GGAACCACAC RN RETL MEFEEPH 1721
. GCCACGAAGC AGTCTGIGAT AGCATTGGGC TAAGAAGAGG A T K QS
1361 \GGRRGARCER FCEYGRAPGR CRAARPRPASEACCRRAIGECTTTG GCTGGAGCCA
7 TTECRGTE®A G AKLEH @ AALKA GAel P V E 1801

1401 ATTITESAAGC AAGEET GRrACTHBACRHCGERRECATTTG F S S N T
. VKL TS GHL 1841 AAGTGIAGAG TGAAGATGGA

MAAETTECAG THGAAGEAE R  REV B MMEXK L Q L K G 1881
1441 CAROCRATEGACSACRETT GAGANGICE TROAGAGTRTCTTAG T T Y G V

- C S KyA gF K Ry LyR 51921 GAGTCGCGEG GACACCGGTC
C ' D H TVVL E 1961
o AR ST L BN DD GRE TV VL £ 1001
o _T FDSGP T KFK R 2BO1LPTHCERTCAGTLCXTTCATTG AACGACCTAA
1521  CERSCAGRARGTGEAG\ETY &xasrdcA¥TDstcrhcPadé G 78 WO

290%0 4857 ECT U§20015/ 937]5368 5 gﬁ_i gerﬂ vax WNO2 Mb6
. 1se1 Vg{‘CIAaGrC];GA'{’T ' hehCdante catacTacer eateacTerT
' s ¢ I DTNA YYV MTUV
1601 GGAACAAAGA CGTTCTTGGT CCATCGTGAG TGGTTCATGG
6. T KT F LV HRE WFM
1641 = ACCTCAACCT CCCTTGGAGC AGTGCTGGAA GTACTGTGTG
. DL NL P WS S AGS TV W
1681  GAGGAACAGA GAGACGTTAA TGGAGTTTGA GGAACCACAC
R NR ETLM EFTE E P H
1721  GCCACGAAGC AGTCTGTGAT AGCATTGGGC TCACAAGAGG
' A'TXKQ S§VI ALG § QE
1761 GAGCTCTGCA TCAAGCTTTG GCTGGAGCCA TTCCTGTGGA
: "G ALHE QAL AGA ATI PV E
1801 ATTTTCAAGC AACACTGTCA AGTTGACGTC GGGTCATTTG
| FSSNTVKLVTSGHL'
1841 - AAGTGTAGAG TGAAGATGGA AAAATTGCAG TTGAAGGGAA
’ K CRV KME KLOQ 'L K @
1881  CAACCTATGG CGTCTGTTCA AAGGCTTTCA AGTTTCTTAG
, T TYG V CS KATFTZ K F L R
1921 . GACTCCCGTG GACACCGGTC ACGGCACTGT GGTGTTGGAA
TPV DTGH GTV V L E
1961  TTGCAGTACA CTGGCACGGA TGGACCTTGC AAAGTTCCTA
' L QYT GTD GPC KUV p
2001  TCTCGTCAGT GGCTTCATTG AACGACCTAA CGCCAGTGGG

I s s v A S L NUDULT P V G
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2041 CAGATTGGTC. ACTGTCAACC CTTTTGITTC AGTGGCCACG R L
VTVWP FV SV AT 2081 GOCAACGCTA AGGTCCTGAT

WO BMITEEAA CCACCCTTTG ANAKV L1 E L E P RRFUSDIR137369
GAGACTCATA CATAGTGGTG GGCAGAGGAG AACAACAGAT G D S Y |
VVGRGE QQI 2161 CAATCACCAT TGGCACAAGT
CTGGAAGCAG CATTGGCAAA NHHWHK SGS S| G K 2201
GCCTTTACAA CCACCCTCAA AGGAGCGCAG AGACTAGCCG AF T T T
L KGA QRL A CRMIiCICTAGEARS GACAGETTGG GACTTTGGAT
CAGTTGGAGG A L GD T A WBtEadllS V G G 2281
GGTGTTCACT AGTGTTGGGC GGGCTGTCCA TCAAGTGTTC V F T SV
GRAVHQV F 2321 GGAGGAGCAT TCCGCTCACT GTTCGGAGGC

4 ATTORTO0 CoraTaer BT AT 2361 TAACEOAAGG
w MGT i 1%?(:&?“% FoGYeATAGST AcCRTAGCTCT

2081 CACCRACRCTE AGCTRCTCAT BRARTEGEAM CCAQUATTEC 2441 GCAGTTGGAG
CAGTTETGCTk CTROGICRCC £TEAMGTEGp AV GGV L L F L' S

nn IR R R e

GETCAAGTGE GAAGATAGTACTETTEAEBATTIR TRGABACTCT L K C G D
2161 GOAAFCACHAT RrdBCSCRAH] CW@Q@'@B@I‘T@@A@L\AGT A CTCATACTAT

L N SY Y.P 2601 CTGTGAAGCT
%5‘5&%@% T&AG&&EVQLAMVKAS
2201 pRECES CRERT ARATPERBITGACTC
CCRTGAGTATT GTK C G L & 8 VoD 8§ LL EaH 2681 GAGATGTGGA
2241 G‘@%@ﬁ?@ﬁ@ %@@@T@‘AWHETT@A%WR SRADEI

N A‘L T A W D F G S v G G
2281 GGTGTTCACT AGTGTTGGGC GGGCTGTCCA TCAAGTGTTC

VvV FT 8 VGR AVH QUV F
2321  GGAGGAGCAT TCCGCTCACT GTTCGGAGGC ATGTCCTGGA

G GAF R SL F GG M S W
2361  TAACGCAAGG ATTGCTGGGG GCTCTCCTGT TGTGGATGGS

I T Q G L' L6 AL L L W M G
2401 CATCAATGCT CGTGATAGGT CCATAGCTCT CACGTTTCTC

I NA RDURS I AL TF L
2441  GCAGTTGGAG GAGTTCTGCT CTTCCTCTCC GTGAACGTGG

A V G G V L L F L 8 V N.V
2481 GCGCCGATCA AGGATGCGCC ATCAACTTTG GCAAGAGAGA

G A D Q G C » I N F G K R E
2521 GCTCAAGTGC GGAGATGGTA TCTTCATATT TAGAGACTCT

L K C G D G 1 F I F R D 8§
2561 GATGACTGGC TGAACAAGTA CTCATACTAT CCAGAAGATC

D D W L N K Y S Y Y P E D
2601 CTGTGAAGCT TGCATCAATA GTGAAAGCCT CTTTTGAAGA

» P V K L A S8 I V X A 5 F E E
2641 AGGGAAGTGT GGCCTAAATT CAGTTGACTC CCTTGAGCAT

G X C G L N S VvV D S§ L E H
2681 GAGATGTGGA GAAGCAGGGC AGATGAGATC AATGCCATTT

E M W R S R A DE I NATII
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WO 2006/ 044857 PCT/ US2005/ 037369 Chi neri vax WNO2 M6
variant [Strand] 2721 TTGAGGAAAA CGAGGTGGAC

WRAIMEABITG TCGTGCAGGA F EENE V DI S V V RCTUE2005/037369
2761 TCCAAAGAAT GITTACCAGA GAGGAACTCA, TCCATTTTCC P K
NVYQRGTHPFS 2801 AGAATTCGGG ATGGTCTGCA

GTATGGITGG A AGACTCEGG RT RDGL QY G WK T W 2841
GTAAGAACCT. TGTGITCTCC CCAGCGAGGA AGAATGGAAG GK‘ N L

VFSPGRK Ncﬁﬁe?ﬁ%k WJMEW% %\}';
CCAGGAAAGA ATGOCCGITT  F lgtrddaf EC P F 2921
 TCAATCCGGG TCTGGAATTC TTTCCAGATA GAGGAGTTTG S NR V W
NSF QI EEF 2961 GGACGGGAGT GTTCACCACA CGCGTGTACA

T = V 3001
27e UWMW%%W‘F GGGT FEYTI
: DE [¥GESY¥ LEGV 3041 IGCAGYGGT GAVAGEGRAAAAA GAGTGCCCAT
. 2761 COTIERECAAT ATATALANGIS dAGKASDAA HrdGaBTFrcc3081 CATTTTGGAT

G TR 211 o A e TTOAGaEAT TABATTACAA |

2802 GOAETETEAES ATCEICECLA STATECTICG JAGACETESG 3161 TGGECCACTGA
CACATACGAT DTGGAAGATEA GTTEARGAGA WRyL THT I G T S

2sa1 V ErARcaReOl TETGAMESTEASATEREGAGA TCCGAG
% GCCCAGTTAG S E M F@-I\E/i-Eé RS GOGPNVS 3241

S cTeETEARAT CAYAFCOBETGPGAT ARAAKGT NTCAGRCGAAC S H N H |
2881 P ETRCARCATA)GATGEAMRGTE CORGHEATA GRECTATAIIGTACC ACTAGAAGTG

AAGHAGAAS GpP VM Q V R Lk EgV K RLE 3321 CTTGCCCAGG
222 CALTAGEES ACRARTAT G i nde G TSV 1 1 D

. S NR V W NS F QI E E F
2961 GGACGGGAGT GTTCACCACA CGCGTGTACA TGGACGCAGT

6 T 6 VvV F TT RV YM DAV
3001 CTTTGAATAC ACCATAGACT GCGATGGATC TATCTTGGGT

~ FEY TIDC DGS I L @
3041 . GCAGCGGTGA ACGGAAAAAA GAGTGCCCAT GGCTCTCCAA

- A A VN G K K 8 A H G s P
" 3081 - CATTTTGGAT GGGAAGTCAT GAAGTAAATG GGACATGGAT

_ T F WM G S H E V N G T W M
3121 GATCCACACC TTGGAGGCAT TAGATTACAA GGAGTGTGAG

_ I H T L E A L D Y K E C E
3161 TGGCCACTGA CACATAC‘GAT TGGAACATCA GTTGAAGAGA

VWPL'.‘PHTIGTSVEEv
3201 . GTGAAATGTT CATGCCGAGA TCAATCGGAG GCCCAGTTAG ‘

S EMF M PR 8 I GG P .V 8§
3241 CTCTCACAAT CATATCCCTG GATACAAGGT TCAGACGAAC

. S H N H I P G Y KV Q TN
3281 - GGACCTTGGA TGCAGGTACC ACTAGAAGTG AAGAGAGAAG

G P W M Q v P L E V K R E
3321 CTTGCCCAGG GACTAGCGTG A‘I‘CA’ITGATG GCAACTGTGA

A C P G T s v I I D G N C D
3361 TGGACGGGGA AAATCAACCA GATCCACCAC GGATAGCGGG

G RG KS TR S TT D s G

80



3361 TGGACGGGGA AAATCAACCA GATCCACAAC GGATAGCGEG G R
GK STRSTTDSG 80 W 2006/ 044857

wWEINSRID5/ 037369 Chi neri vax VWNO2 M6 vari anPCT/US2005/037369
[ Strand] 3401 AAAGITATTC CTGAATGGTG TTGCCGCTCC
TGCACAATGC KVI PEWCCRSCT M 3441 CGCCTGTGAG
CTTCCATGGT AGIGATGGGT GITGGTATCC PPV SFHGSDG
C WY P 3481 CATGGAAATT AGGCCAAGGA AAACGCATGA

AAGCCATCTG M E | oRBrRd Tk Ficd bhilian521 GTGOGCTCCT
GGGTTACAGC TGGAGAAATA CATGLIGIGC VR S WV T AGE |

H AV 3561 CTTTTGGITT GGITGAGCATG ATGATAGCAA TGGAAGTGGT
PFGLVSMMI AMEYVYV 3601 CCTAAGGAAA

A T RQGPKQML
3401 V%C%SW%%@%@@C GGGCAAGTAA
' G¥ WLIL B AEMW ¥ GQ ¥ 3681CCHCTECTTGA TTTGCTGAAA
1441 CTEAGATERS GTCTAXIGATAGTGATEedT Bricdratcd. T VA V G L
3721 TTTCCAT.. GAGATG A CGCCATGTAT H F H
- Epmlﬁegf G D A I\G/I%Y %ﬁg% AJI;%GG% TTGCTGCCTT
3481 TEEIQGPAAER ACCACRSCRADACGRATCA ARGLARCEG S | R P G L 3801
TCANCGEECIT TREGECHCASG ACCETAICE @CCCTCCEGA L I G F G
3521 ég&%é Pt SRR &3 Bdeh AT ACEA Sl ¢ &ACCCTAG
T GGIGGAGATT RLVLT. LGAAMVE]I 3881

GCETTRGETE GCBTCATAGG TCECCTGTEG MABTATCTAA AL GG V
3561  MCGITIAGTW KGCEGRCTUZ] APGREEAGIT TEGSARGTCFTCATC CTGACAATAA

ATGGIGEIGE N AGVyS LyCyl 4 T | N A VWA 3961
se01 | CCTANGAARA AL AN T Ol T Pt LEA TOCT
' L R XK R Q GP KQM L V G
3641  GGAGTAGTGC TCTTGGGAGC AATGCTGGTC GGGCAAGTAA
G VVL L GA MLV G QV
3681  CTCTCCTTGA TTTGCTGAAA CTCACAGTGG CTGTGGGATT
T L L D L L K L T VWA V G L
3721  GCATTTCCAT GAGATGAACA ATGGAGGAGA CGCCATGTAT
H FH EMNN GGD A M Y.
3761  ATGGCGTTGA TTGCTGCCTT TTCAATCAGA CCAGGGCTGC
M ALTI AAF S IR PG UL
3801  TCATCGGCTT TGGGCTCAGG ACCCTATGGA GCCCTCGGGA
L I GF G LR TLTWS PR E
3841  ACGCCTTGTG CTGACCCTAG GAGCAGCCAT GGTGGAGATT
. R L V L T LG AAM V E I
3881  GCCTTGGGTG GCGTGATGGG CGGCCTGTGG AAGTATCTAA
AL GG VMG G L W K Y L
3921  ATGCAGTTTC TCTCTGCATC CTGACAATAA ATGCTGTTGC
NAVS L CI LTTIN AVA
3961  TTCTAGGAAA GCATCAAATA CCATCTTGCC CCTCATGGCT
S RK A SNT I L P L MA
4001  CTGTTGACAC CTGTCACTAT GGCTGAGGTG AGACTTGCCG
L L TP VTM AEV RL A
4041  CAATGTTCTT TTGTGCCATG GTTATCATAG GGGTCCTTCA
AMPFPF CAM VIIG VLH
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SRKASNTI LPLMA 4001 CTGITTGACAC CTGICACTAT
GGCTGAGGTG AGACTTGCCG L L TPV TMAEVRL A 4041
WE2WSEIBETT TTGTGCCATG GITATCATAG GGGTCCTTCA  BCVUB2005/637369
AMVI I GVLH 81 W 2006/ 044857 PCT/ US2005/ 037369
Chi nerivax WNO2 Me6 variant [Strand] 4081 CCAGAATTTC
AAGGACACCT CCATGCAGAA GACTATACCT QNF KDT S MQK
T 1 P 4121 CTGGTGECCC TCACACTCAC ATCTTACCTG GGCTTGACAC
LVALTLTSYLGLT 4161 AACCITTITTT GEECCTGIGT
GCATTTCTGG CAACCEREIE 1¢7 WBV02 g{ VerRHE | A TR I
4201 ATTTGGGOGA AGGAGTATCECR TGA GGCACTCGCA F G
RRSI PVNEAL A 4241. GCAGCTGGTC TAGTGGGAGT
GCTGGCAGGA CTGECTTTTC AAGLVGVLAGLAF 4281
4081 AGGRCGAATIIN SEETACIT FCISBCEAPRCIERCFTGGAGG Q E M E N

FLGR IrAY G Gr 432IMAGTCETGATG A’;;GCTGGTTA

| G RV D 4361.
an SRR R b St e L B Lk
K I GVE & § WE L44D1 AGRAGECGGA BATMCAGOGGEG AGITOCGCCC
4161 COPATEATET &@C&GET GSA'@‘ET@GKARC&’C@AV 4441
T TCTGAA AL S E Q
% ET%QGEL E 44 WEA CCA GGTTGTGATG
4201 W‘BT‘E?A@G% FERCEGR 4521,
CCTmmG cmcmcwc CATRCAETTG CRCETCTGCT AL V G A

a2¢1. A deadcifedroATheteckac® B tcddnbel Tohged gt GCCTGT
TTCATGTCAGGGGA(%TAGG VLAGWLFHVRGAR
AR G oL OV V L A G L A F

4281 AGGAGATGGA GAACTTCCTT GGTCCGATTG CAGTTGGAGG

Q EME N F L G P I A V G G
4321 ACTCCTGATG ATGCTGGTTA GCGTGGCTGG GAGGGTGGAT

L L M ML VS VAG RTVD

4361. GGGCTAGAGC TCAAGAAGCT TGGTGAAGTT TCATGGGAAG
" @ L EL KXUL G EV S WE
4401  AGGAGGCGGA GATCAGCGGG AGTTCCGCCC GCTATGATGT

EEAE I SG S SAR YDV
4441  GGCACTCAGT GAACAAGGGG AGTTCAAGCT GCTTTCTGAA

AL S EQGE F KL L S8 E
4481  GAGARAGTGC CATGGGACCA GGTTGTGATG ACCTCGCTGG

.. E K VP WDOQ V VM T S L
4521 . CCTTGGTTGG GGCTGCCCTC CATCCATTTG CTCTTCTGCT

_ AL VG AAL HPVFA L L L
4561 . GGTCCTTGCT GGGTGGCTGT TTCATGTCAG GGGAGCTAGGE

vV L A G.WUL F HV R G AR
4601  AGAAGTGGGG ATGTCTTGTG GGATATTCCC ACTCCTAAGA

R 8§ G D V L W D I P T P K
4641 TCATCGAGGA ATGTGAACAT CTGGAGGATG GGATTTATGG

I I EE CEH LEDG G I Y G
4681  CATATTCCAG TCAACCTTCT TGGGGGCCTC CCAGCGAGGA

I F Q S T F L G A S8 Q R G-
4721. GTGGGAGTGG CACAGGGAGG GGTGTTCCAC ACAATGTGGC

VeEeVA QGG VFH T MW
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4601 AGAAGTGGEGEG ATGTCTTGTG GGATATTCCC ACTCCTAAGA R S
GDVLWDI PTPK 4641 TCATCGAGGA ATGTGAACAT
WCETOGAEBATG GGATTTATGG | | E E CE H L E D G | POT/GS2005/037369

4681 CATATTCCAG TCAACCTTCT TGGGGGCCTC CCAGCGAGGA | F
QSTFLGASOQRGA4721. GIGEGAGTGG CACAGGGAGG
GGTGTTCCAC ACAATGTGGC VGV AQGGVFHT . MW 82
WO 2006/ 044857 PCT/ US2005/ 037369 Chi neri vax WNO2 M66
variant [Strand) 4761 ATGICACAAG AGGAGCTTTC
CTTGTCAGGA ATGCCARRALVRK \WNP2RMIGE XaFianty R N G K K
4801 GTTGATTCCA TCTTGGGCTHtCABHAAAGGA AGACCTTGIC L |
PSWASVKEDLV 4841 GCCTATGGTG GCTCATGGAA

, GTTGGAAGGC AGATGGGATG A Y GGS WK L EGR WD 4881

4761 GHGOGOAAGA RERGCASTT GITHIOEIECET@MRGERCGAAA  GEEE V Q

mer?T&A&P %w“gﬁlmﬁm 5‘? 561 GTCAGOARTG
NG GEI GAV

A LIE)IESGOl ATBCAAGBGG CART TEAGGA TCYCCTATTG

ssa1 | AOCAEA cOrdRrEefa Ertodanbel AJGAyeééABGN 5041
CGGAGAGGT G ATTGERCTGT éCGGCAATGG CCTTGTC GE VI G

‘ L YGING P LS WsdB1 CGTGTC CGCCATATCC
1881 CAAGATENGE EFTSCROTIG APCERGRCIC FTECACGRAAS 121 TGAAGGAAGA

AGARAGEAG CABCECGAAGTAGATECGEACE 6 KkE E GK E E L Q

021 E CLLAME AMAGEANTGAGARCT GTCCT
1921 GRPCEIECL oAb C A oA 5201 OCTGGAGCTG

. GGAARGAYAAG ARGFTTRCHC CEAGAGATCE F K

4961 GTGAGGRATG GGGGAGARAT CGGGGCTGTC GCTCTTGACT

VRN G GETI GAV A LD
5001  ATCCGAGTGG CACTTCAGGA TCTCCTATTG TTAACAGGAR

Y P S8 G T 8 G S P I V N RN
5041 CGGAGAGGTG ATTGGGCTGT ACGGCAATGG CATCCTTGTC

o G EV I LY G NG I L V
5081  GGTGACAACT CCTTCGTGTC CGCCATATCC CAGACTGAGG

G DNS F VS A IS QTE
5121  TGAAGGAAGA AGGAAAGGAG GAGCTCCAAG AGATCCCGAC

V K EE G KE ELQE I P T
5161  AATGCTAAAG AAAGGAATGA CAACTGTCCT TGATTTTCAT

. M. L K K GGM T T VL DF H
5201 CCTGGAGCTG GGAAGACAAG ACGTTTCCTC CCACAGATCT

P GGAG K TR RFUL P QI
5241 TGGCCGAGTG CGCACGGAGA CGCTTGCGCA CTCTTGTGTT

L A EC A RR RL RT L V L
5281  GGCCCCCACC AGGGTTGITC TTTCTGAAAT GAAGGAGGCT

, A PT RV VL S.EM KEA
§321  TTTCACGGCC TGGACGTGAA ATTCCACACA CAGGCTTTTT

F H GL DV K F HT Q &ATF
5361 CCGCTCACGG CAGCGGGAGA GAAGTCATTG ATGCCATGTG

S AH G 8§ GR E V I D A M C
5401 CCATGCCACC CTAACTTACA GGATGTTGGA ACCAACTAGG

H AT L TYUR M LE P TR

4801
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PGAGKTRRFLPOQI 5241 TGGCCGAGTG CGCACGGAGA

OGCTTGCGCA CTCTTGTGTT LAECARRRLRTL VL
W®284/0Q8€CCCCACC AGGGTTGTTC TTTCTGAAAT GAAGGAQGECITUS 05037369

TRVVLSEMKEA 5321 TTTCACGGCC TGGACGTGAA
ATTTCACACA CAGGCTTTTT FHGL DV KFHT QA F 5361
CCGCTCACGG CAGCGGGAGA GAAGTCATTG ATGCCATGTG S AH G S
GREVI DA MC 5401 CCATGCCACC CTAACTTACA
GGATGTTGGA ACCAACTAGG HATLTYRML E'PTR 83
WO 2006/ 044857 P@W‘@@%’S{W@S VER AT i vax WNO2 MB6
variant [Strand] 5441 CT GGGAAGTGAT
CATTATGGAT GAAGCCCATT VVNWE VI | MDE A H 5481
TTTTGGATCC AGCCAGCATA GOCGCTAGAG GTTGGGCAGC F L D P A

5441 SGETM’MARTG?%AAGWMSGQETW@A&?FCAMAAATG

FCAAGAAECTFGATG H R AR A MEgS AT | L M 5561
» CATT TATPP
9%@%%% AR FoTAAATEL AR RRIAGARGAT GTTCAAACGS
A@ATAC@;CA@ SNSGE [AED¥ G T D A RS 5641

, AATIGASTEEATCAGRBECTGAC E P WN T

| ATcxm%Vc%G £ § giogl WG‘?C? T B 5751 CARATGTCAT
5561 GACRELEHEF THEEETR R CHREEMAEGAE LAY MA A S L RK

A @ KaST 5861 PTG&'G@TGGQ'CDCTE:‘AA@ACEAHAAACCTTTGA

ss01 CAGASNMIAR MMeXataNaRréaahcbs 'icBrz!é:c\éAG5801 CCCACGATAA

AGCAGAAGAA A(X?TG¥K§FTT Aﬂ7¥TTG£II)\ PTI KQKKPDF
| S LN]\(E E Q P S

5641 TGAGCCCTGG AACACAGGGC ATGACTGGAT CCTGGCTGAC

E P W N T G H D W I L A D
5681 AAAAGGCCCA CGGCATGGTT CCTTCCATCC ATCAGAGCTG

K R PT AWTPF LPS IRA
5721  CAAATGTCAT GGCTGCCTCT TTGCGTAAGG CTGGARAGAG

A NVM AAS LREKUBA GZK S
5761  TGTGGTGGTC CTGAACAGGA ARACCTTTGA GAGAGAATAC

vV VYV LNRZEK TFE RE Y
5801  CCCACGATAA AGCAGARGAA ACCTGACTTT ATATTGGCCA

P T I K Q KK PDF I L A
5841  CTGACATAGC TGARATGGGA GCCAACCTTT GCGTGGAGCG

» T DI A E MG A NL C V E R
. 5881 AGTGCTGGAT TGCAGGACGG CTTTTAAGCC TGTGCTTGTG

-V L D C R TA F KP vV L V.
5921 - GATGAAGGGA GGAAGGTGGC AATAAAAGGG CCACTTCGTA

D E G R K Vv A I K G P L R
5961 TCTCCGCATC CTCTGCTGCT CAAAGGAGGG GGCGCATTGG

I 8 A S S A A Q R R G R I G
6001 GAGAAATCCC AACAGAGATG GAGACTCATA CTACTATTCT

R NP NRDG DS Y Y Y 8
6041 . GAGCCTACAA GTGAAAATAA TGCCCACCAC GTCTGCTGGT

_ ‘E P T S8 E N N A H H vV C W
6081 TGGAGGCCTC AATGCTCTTG GACAACATGG AGGTGAGGGG

L E A S M L L D N M E V R G

5521
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5841 CTGACATAGC TGAAATGGGA GCCAACCTTT GOGTGGAGCG T D

| AEMGANL CV ER 5881 AGTGCTGGAT TGCAGGACGG
WETHETABREOC TGTGCTTGTGV L DCR T A F K P V LPoI/USAR4/037369

GATGAAGGGA GGAAGGTGGC AATAAAAGGG CCACTTCGTA D E G R K
VAI KGPL R 591 TCTCOGCATC CTCTGCTGCT CAAAGGAGGG
GGCGCATTGG | SASSAAQRRGRI G 6001
GAGAAATCCC AACAGAGATG GAGACTCATA CTACTATTCT RN P N R
DGDSYVYYS 6041 GAGCCTACAA GTGAAAATAA TGCCCACCAC
GTCTGCTGGT E P dhiBeEivxNWioH M6 \WG14h6081 TGGAGGCCTC
AATGCTCTTG GACAACATGG AGTSEGAGEEG L EASML LDNM
EVRG 84 W 2006/ 044857 PCT/ US2005/ 037369

.~ Chinmerivax WNO2 Ms6 variant [Strand] 6121 TGGAATGGIC

G@m@ﬂ SIE] ACACACTTT QOUTCOTGA SATGAGACTG AGTGATGACC

TPV B %Jgﬁg cngAGTCTTCAGAGAA

6161  CRASTAREEA W@@WWAWT@@ VRNCDL
6241 FGCECE TTEG &CTETCHI GRC IAAGTGECCGAA GGCTGGITTG P V

o Rt el S AR T o P
6921R KACATGEGAY ETTAAATGAC RGCEGTBAAA CAGTGAAGIG E H
6241 - EGECIGTNITES STETECTHAY M@GGMGMCT GGAGGAGCAA

A KPLRP R 6401

S Al B dgrs MeR

5281 TTGCT GAAGGTAGGA
R K W C F E G P E

6321 . AACATGAGAT CTTGAATGAC AGCGGTGAAA CAGTGAAGTG

EHEI L ND S GET V K C
6361  CAGGGCTCCT GGAGGAGCAA AGAAGCCTCT GCGCCCAAGG

. R A P G GA K KPL R PR
6401  TGGTGTGATG AAAGGGTGTC ATCTGACCAG AGTGCGCTGT

_ W CDE RV S 8 DQ S A L
6441  CTGAATTTAT TAAGTTTGCT GAAGGTAGGA GGGGAGCTGC
_ S EF. I KFA EGURU R G A A
6481 TGAAGTGCTA, GTTGTGCTGA GTGAACTCCC TGATTTCCTG
- EVL VVLS ELZP DFL
6521  GCTARAAAAG GTGGAGAGGC AATGGATACC ATCAGTGTGT

B A K K G GEA MDT I S V
6561 . TCCTCCACTC TGAGGAAGGC TCTAGGGCTT ACCGCAATGC

.FLHSEEGSR,AYRNA
6601 ACTATCAATG ATGCCTGAGG CAATGACAAT AGTCATGCTG

' L s M MPEA A MTI V M L
6641 TTTATACTGG CTGGACTACT GACATCGGGA ATGGTCATCT

FI LA GLL T SG MV I
6681  TTTTCATGTC TCCCAAAGGC ATCAGTAGAA TGTCTATGGC

F FMS P KOG I S RM S§ M A
6721 GATGGGCACA ATGGCCGGCT GTGGATATCT CATGTTCCTT

M ¢ T MAGT C GY UL MTF L
6761  GGAGGCGTCA AACCCACTCA CATCTCCTAT GTCATGCTCA

G G VK PTH I SY VML
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SEFI KF AEGRRGAA 6481 TGAAGIGCTA GITGIGCTGA
GIGAACTCCC TGATTTCCTG EV L VVLSELUPDFL 6521

WELIADABEAG GTCGAGAGEC AATGGATACC ATCAGIGIGI  ECRUR0G/G37369

'6501
6841
6881
6921
6961
7001
7041
7081

7121

7161

7201

© 7241

7281

7321

7361

7401

7441

EAMDTI SV 6561 TCCTCCACTC TGAGGAAGGC TCTAGGGCTT
ACCGCAATGCC FLHSEEGSRAYRNA 6601
ACTATCAATG ATGCCTGAGG CAATGACAAT AGTCATGCTG L S MMP
EAMT I V ML 6641 TTTATACTGG CTGGACTACT GACATCGGGA
ATGGTCATCT F | khfndzikak wvo2 @edVivriant6681 TTTTCATGIC
TCCCAAAGGC ATCAGTAGAA TGTERARGEC F F .MS P K GI SR
MS MA 6721 GATGEGCACA ATGRCCGGCT GTGGATATCT
CATGITCCTT MGT MAGCGY L MF L 6761 GGAGICGICA
ANGGEARTH EAIETESTA T AT HofngéeaggY K P T HI S'Y
V ML 85 WD 2006/ 044857 PCT/ US2005/ 037369  Chi mer i vax
WO2FMEB Varilan® [Str¥nd] 16801 FAPTCFTTGT. CCTGATGGTG
GTRBRGNIRSG CORAGT \BGCATAGZTY V | P E P G

684 w&f TGCATCGPAG APAAGCAAGT, GBCATACCTC  Q Q

g&s’ NE%%@&%‘;T ‘?Tcl_%g’t%@ﬁ;ﬁ@ﬁ 6921

“ACGAGCTAGGICATCCTGEAG BASACEAAAG AGBACCTCTT NEL G M

L AcaKedTaCcECrdeTEch® 6 AR ACSREANGRARCARGTTAATTC

AGTGC TT. G, GKKNLI P SSA.SPW
%‘\gﬁg%ecégé ATCTTEA KGL{%GCEA&;AFGCTGCCTGGA S WP
D TSCERRCARCPRAGT TRART )\ LAY EIAETERA RGeS IPCTGRCATTGTT
ACABTGET@T CRCEAATGET. & ¥ YaV @ IpVWT ML S P ML
~ AGTTGGCCGG ATCTTGACCT GRAGCCAGGA GCTGCCTGGA

S W P D L DL KPG A AW
CAGTGTACGT TGGCATTGTT ACAATGCTCT CTCCAATGTT

T vy Vv 6 I V TMIL S P MIL
GCACCACTGG ATCAAAGTCG AATATGGCAA CCTGTCTCIG .

H HW I KVE YGN L S L
'TCTGGAATAG CCCAGTCAGC CTCAGTCCTT TCTTTCATGG

8§ G I A Q S A s V L S F M
ACAAGGGGAT ACCATTCATG AAGATGAATA TCTCGGTCAT

D KGI PFM KMNTI 8V I
ARTGCTGCTG GTCAGTGGCT GGAATTCAAT AACAGTGATG

M L L V S5 G W N S I T V M
CCTCTGCTCT GTGGCATAGG GTGCGCCATG CTCCACTGGT

P L L C G I G C A M L H W
. CTCTCATTTT ACCTGGAATC AAAGCGCAGC AGTCARAGCT

S L I L P G I K A Q Q S K L
TGCACAGAGA AGGGTGTTCC ATGGCGTTGC CAAGAACCCT

A QR RVFH GVA KNP
GTGGTTGATG GGAATCCAAC AGTTGACATT GAGGAAGCTC

v vbD G N P T VDI E E A
CTGAAATGCC TGCCCTTTAT GAGAAGAAAC TGGCTCTATA

P EMP A LY E K K L A LY
TCTCCTTCTT GCTCTCAGCC TAGCTTCTGT TGCCATGTGC

L LL ALSTL A SV AMSOC
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7081 GCACCACTGG ATCAAAGICG AATATGGECAA CCTGICTCTG H H
WI KVEYGNLSL 7121 TCTGGAATAG CCCAGICAGC

WETGAGIBETT TCTTTCATGG .S GI A QS A SV L S PCMISH260A37369

7481
7521
7561
: i501

- 7641

ACAAGGGGAT ACCATTCATG AAGATGAATA TCTCGGTCAT DK G| P
FMKMNI SV I 7201 AATGCTGCTG GTCAGTGGCT
GGAATTCAAT AACAGTGATG ML L VS GWNSI TV M 7241
CCTCTGCTCT GTGGCATAGG GTGOGCCATG CTCCACTGGT P L L C G
| GCA ML H W ch28drivaCiRHGATIE WaRACSRGGAATC
AAAGCGCAGC AGTCAAAGCT S IstrabdP G| KA QQS K L
7321 TGCACAGAGA AGGGTGTTCC ATGGCGTTGC CAAGAACCCT A Q
RRVFHGVAKNP 7361 GTGGTTGATG GGAATCCAAC

AGIHR06Adcr TAIAMEEd @cdhdbdrrS d¥cbracddTD | E E A 7401

CTGAAATGOC _TGCCCTTTAT GAGAAGAAAC TGGCTCTATA P E MP A
L WYETK K F AS ¥ 2241ETErCETTET TR GATCTCAGCC
TAGGITETCON FeECATCIGATAGAGGGAR ACRCGAGCCA S V A M C 86

WO 2Q064 044857 RCTY, US2005/ @37369 Ghi geri vax W02 MB6

st EREn e RARERRERT (5 | 4 7501

CAGEZTGECHT ABGCECOBCFC ATAGAGBGAA AEAGCAGCCT S AAL G
P ATdAGEC@ANATCARTATGT T8 T TIIGEER GRAETCTABACCCATGG

setalaty %Q?F’*%% T ‘Wsl?’ea{i\ fdaarca R ok

TF‘&I’VGMG%‘% c, SYARAACT GGACGCCGEG

’GGAG&ISC@MK N1 L KWK I\/IGKIT@FGR@S&ANN 7681

7681
7721
7761
‘ 7801

7841

7881 -

7921

7961
8001

8041

8081 .

8121

TGREAARAK ST Héé‘&%@ﬁ?é\@&&fz@@ﬁé%@%ﬁ\ggm

G KT L GEV WZ KR ETULN
CTGTTGGACA AGCGACAGTT TGAGTTGTAT AARAGGACCG .

L.L DK RQFPF EIL Y KTRT
ACATTGTGGA GGTGGATCGT GATACGGCAC GCAGGCATTT

‘D I V E VDR D TAIR R H L
GGCCGAAGGG AAGGTGGACA CCGGGGTGGC GGTCTCCAGG

A E G K V- D T G VA V S R
GGGACCGCAA AGTTAAGGTG GTTCCATGAG CGTGGCTATG

G TAK L R W F H E R G ¥
TCAAGCTGGA AGGTAGGGTG ATTGACCTGG GGTGTGGCCG

V K LE GRV I DLG COGR
CGGAGGCTGG TGTTACTACG CTGCTGCGCA AAAGGAAGTG

G G W CY YA AAOQ KEV
. AGTGGGGTCA ‘AAGGATTTAC TCTTGGAAGA GACCGCCATG

.8 6 VK G F T L GR DGH
AGAAACCCAT GAATGTGCAA AGTCTGGGAT GGAACATCAT

E KPM NVQ S LGW NTITI
CACCTTCAAG GACAAARACTG ATATCCACCG CCTAGAACCA

T F K D K T D I H R L E P
GTGARATGTG ACACCCTTTT GTGTGACATT GGAGAGTCAT

VKCD TLUL C€DZI G E S8
CATCGTCATC GGTCACAGAG GGGGAAAGGA CCGTGAGAGT

S S SS VTE GETZRT VRV
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GKTLGEVWKRELN 7721 CTGITTGGACA AGCGACAGIT
TGAGITGTAT AAAAGGACCG L .LDKRQFEL Y KRT 7761
WORINUEBECA GGTGGATCGT GATACGGECAC GCAGGCATTT  BLT/UN20B5/887369

DRDTARRHL 7801 GGCCGAAGGG AAGGTGGACA
CCEEEGTEEC GGITCTCCAGG AL EGKV DTGV AV SR 7841
GGGACCGCCAA AGTITAAGGTG GITCCATGAG CGTGECTATG G T AK L
RWFHERG Y 7881 TCAAGCTGEA AGGTAGEGTG ATTGACCTGG
GGIGTGEECCG VKL EGRVI DLGCGR 7921
CGGAGGCTGG TGTTAUHAEG. GFGENGEMEA »WEGEAAGTG G G WC Y
Y AAAQKEV 7961 AGISEESTEA AAGGATTTAC TCTTGGAAGA
GACGECCATG S GV KGFTL GRD GH 8001 AGAAACCCAT
- © GAATGTGCAA AGTCTGGGAT GGAACATCAT EKP MNV QS L G
s161 WWINITGATACS BIRAGAXEET TGAAGE ATCCACCG

SO hpe ol TR A KRG &%@??&w' VKCDT
9201 | ARCEGGEC é%@%ﬁ@&”’?&ﬁﬁﬁ? GAG GGGGAAAGGA

CCSTGAGAGTV SKSW® &S VA E @ER VR V 87 WO

s241  2QQBIRAERR AdPEdAAINE0BRIAR{GHD cofRicdEREd vax W02 M6
vari ant_ [ Strand 8161 TCTTGATACT GTAGAAAAAT

, 6 TéaE:TEeAd R RTRVY FKSWE A C G vV D 8201
8281 AABTAGTEATS ASGAACKSICT TCTNCAFEAPATACSIATEECAGATG N F C V K

V L7AP ¥ MP R 8241 TTCRTGAGAA ACTEGAATTG CTCCAAAGGA

e RS M@&%&@&%ﬁi‘@%ﬁaﬁl TVI RN

PE¥RINSTVYHS 6 A R 8 N V T
8361  TTACTGTGAA CCAAACATCC CGCCTCCTGA TGAGGAGAAT

F T V N Q T S R L L M R R M
8401 GAGGCGTCCA ACTGGARAAG TGACCCTGGA GGCTGACGTC

"R R P T G K V T L .E A D V.
8441 ATCCTCCCAA TTGGGACACG CAGTGTTGAG ACAGACAAGG

"ILPI'GTR S VE T DK
8481  GACCCCTGGA CARAGAGGCC ATAGAAGAAA GGGTTGAGAG

¢ PLD KEA IEET R VER
8521  GATAAAATCT GAGTACATGA CCTCTTGGTT TTATGACAAT

I1 KS EYMT S8 WF Y DN
8561  GACAACCCCT ACAGGACCTG GCACTACTGT GGCTCCTATG .

DN P Y R T W H Y C G S Y
8601 . TCACAAAAAC CTCCGGAAGT GCGGCGAGCA TGGTAAATGG .

v T K T S G S A A S M V NG
8641 TGTTATTAAA ATTCTGACAT ATCCATGGGA CAGGATAGAG

v I K I L TY P WD R I E
8681 GAGGTCACAA GAATGGCAAT GACTGACACA ACCCCTTTTG

EV TR MAM TDT TP F
8721  GACAGCARAG AGTGTTTAAA GAAAAAGTTG ACACCAGAGC

G Q QOR V F XK EKXKV.D TR RA
8761  ARAGGATCCA CCAGCGGGAA CTAGGAAGAT CATGAAAGTT

: K D P P A GT RIX.I MZEKX V
8801  GTCAACAGGT GGCTGTTCCG CCACCTGGCC AGAGAAARAGA

VN RW L F R H L A R E K
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8321 GAAATGTACT ACGTGTCTGG AGCCCGCAGC AATGTCACAT E M
YYVSGARSN VT 8361 TTACTGTGAA CCAAACATCC
WEBOETORTCA TGAGGAAMMAT F TV N QT S RL L M R® /2005037369

8401 GAGGOGTCCA ACTGGAAAAG TGACCCTGGA GGCTGACGTC R R
PTGKVTLEADYV 8441 ATCCTCCCAA TTGGGACACG
CAGTGTTGAG ACAGACAAGG 'I LPI GTRSVETDK
8481 GACCCCTGGA CAAAGAGGCC ATAGAAGAGA GGGTTGAGAG .G P
L. DKEAI EERV ER 8521 GATAAAATCT GAGTACATGA
CCTCTTGGIT TTATGECHRFLVRX WNG2pMep We¥idiSy F v D N 8561
GACAACCCCT ACAGGACCTG GCACTEAGREr GGCTCCTATG D NP Y R
TWHY CGSY 8601 TCACAAAAC CTCCGGAAGT GCGGCGAGCA
TGGTAMATGGV TKTSGSAASMV NG 8641

8841 TGETTATAGRAA ATCOATERA CIREABAGRTAGAG VI K1 L

" T B WDR Ic Er8681 GAGETEAGAA SAATGRECAAT GACTGACACA
AQCEE] 8721 GACAGCAAAG
B8 - AGIGT ’TJAAE M@r%ﬁ#@&w‘éﬁé@ RVFKEKVD
‘ T RRA 58751 MAAGGATECA XCAGCOSGGRA ETRGGAAGAT
po21 CARBAANETE AGAMIGECE AGRACTRIK dAABACCCHABB01 GTCAACAGGT

| VNRWLERHLA
o E ggsf?\o ?oog 5‘ 8@%2{? ggo%s/‘;gsmag Chi ner i vax
8961 W52 Tﬁ%%G%a FHRECF Hr‘%ﬁ EEXSERGACT GTGCACAAAG
| 'G%GRATVTTATTK:‘CAAM\GTE I\EPRRIL CLTH(EEFI A KV

9001 S%W%W&G@%MG@A@A@A . R
S HAA E\Q Y891%1 %AAMCA%TGGA AGACTGCCAA

TGA&ﬁrGFC Gndachcha

. 9041 AAARGAGAGA AGAAGCTGTC AGAGTTTGGG AAAGCAAAGG

K R EK K L 8§ E F G K A K
9081 . GAAGCCGTGC CATATGGTAT ATGTGGCTGG GAGCGCGGTA

G S R A I W Y M W L G A R Y
9121 TCTTGAGTTT GAGGCCCTGG GATTCCTGAA TGAGGACCAT

'L EF EALG F L N E D H
9161  TGGGCTTCCA GGGAAAACTC AGGAGGAGGA GTGGAAGGCA
. WA SR ENS GGG V E G
9201 TTGGCTTACA ATACCTAGGA TATGTGATCA GAGACCTGGC
' I1 ¢ L Q ¥YLG YVTIR DL A
9241  TGCAATGGAT GGTGGTGGAT TCTACGCGGA TGACACCGCT

A MD GGG.-F YAD DT A
9281 GGATGGGACA CGCGCATCAC AGAGGCAGAC CTTGATGATG

: G WDT RIT EAD L DD
9321 . AACAGGAGAT CTTGAACTAC ATGAGCCCAC ATCACAARAA -
" E Q EI L NY M S PH HKK
9361  ACTGGCACAA GCAGTGATGG AAATGACATA CAAGAACAAA

.. L AQ AVME MTZY KNK
9401  GTGGTGARAG TGTTGAGACC AGCCCCAGGA GGGAAAGCCT

_ Vv VvV K V L R P A PG G K A
9441 ACATGGATGT CATAAGTCGA CGAGACCAGA GAGGATCCGG

Y M DV I SR RDUOZR G S G
9481 - GCAGGTAGTG ACTTATGCTC TGAACACCAT CACCAACTTG

Q VV TYAL NTTI TNL
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EQWKTANEAVYQDP 8961 AGTTCTGGGA ACTGGTGGAT
GAAGAAAGGA AGCTGCACCA KFWE L V. DEERKL HQ
WO DK ABIAGGCAGG TGTCGGACTT GTGTGTACAA CATGATQRARUSIR37369

RCRTCVYNMMG .9041 AAAAGAGAGA AGAAGCTGTC
AGAGTTTGGG AMMGCAAAGG K REK KL SEF GK A K 9081,
GAAGCCGTGC CATATGGTAT ATGTGGCTGG GAGOGCGGTA G S R A |
WY MWL GARY 9121 TCTTGAGTTT GAGGCCCTGG
GATTCCTGAA TGA L NEDH
9161 TGGGCTTCCA E:i% GGAAGGCA WA S
RENSGGGVEG 9201 TACAATACCTAGGA
TATGTGATCA GAGACCTGGC | GL QYL GYVI RDL A

. 9241 TGCAATGGAT GGTGGIGGAT TCTACGCGGA TGACACCGCT A M

9521 ) RAAETECART JGATCGAGRRT CRCAGHGEA CARRESTIREA CGOGCATCAC
AGAGGEZAGACLCTTIGARGATG & WDAT RIMTVE ADL DD 9321

9561 AAﬁAﬁ@&QEB m@%@ﬁ@ﬁm@cﬁw EQEI L
Y MS P HH K K 9361 ACTGGCACAA GCAGTGATGG

AA&AT&AG&TR CAAGHACRAAD 1SAPOR VMME M T Y K N K 9401
9601 GIRECFEARAS FEACRARCACCCALISBCCAGERATEIGABAGCCT V V K V L

R. P-IA R GGK A 441 AESAECATGE GATHAGTCGA CGAGACCAGA

o1 CARRETTIORR SRt G IR R gT'?’é81Q VVTY

A IRNLT ¥ R NM ARV WF200D6P04485¢ RCT/ US2005/ 037369
9681 ClTQUSGCOEHT VRKIGANBES race@uurce Stacaarijccn9521 AAAGTCCAAT

TGN%C‘}AAE CEAGPARCALGAGATGGTGA, K ViQ.L | RMA E A

9721 TCTCAACGCC ATGTCCAAGG TTAGAAAGGA CATATCTGAA

L NA M S KV R K. D I 8 E
9761 = TGGCAGCCAT CAAAAGGGTG GRATGATTGG GAGAATGTGC

W QPSS KGW NDUW ENV
9801  CCTTCTGTTC CCACCACTTC CATGAACTAC AGCTGAAGGA

, P FCS HHPF HETLOGO L KD
9841  TGGCAGGAGG ATTGTGGTGC CTTGCCGAGRA ACAGGACGAG

.G R R I vvep C R E Q D E
9881  CTCATTGGGA GAGGAAGGGT GTCTCCAGGA AACGGCTGGA

L I G R G RV 8§ P G N G W
9921 TGATCAAGGA AACAGCTTGC CTCAGCAAAG CCTATGCCAA

M I. K E T AC L 8 KA Y AN
9961  CATGTGGTCA CTGATGTATT TTCACAAAAG GGACATGAGG ]

M WS L MYTF HKR DMR
10001 CTACTGTCAT TGGCTGTTTC CTCAGCTGTT CCCACCTCAT

L L SL A V.S 8§ AV P T 8
10041 GGGTTCCACA AGGACGCACA ACATGGTCGA TTCATGGGAA

W VPQ GRT TW.8 I HG K
10081  AGGGGAGTGG ATGACCACGG AAGACATGCT TGAGGTGTGG

G E W M- T T E D ML E V W
10121  AACAGAGTAT GGATAACCAA CAACCCACAC ATGCAGGACA

: N RV W I TN NPH M QD
10161 AGACAATGGT GAAAAAATGG AGAGATGTCC CTTATCTAAC

K TMYV KKW RDV P Y L T

i
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9561 TACATCACCA ACATGITCAA GATTGIGITG AATCAGITCT | H
HQHVQQDCDESVL 9601 GACCAGCCTG GAGGECATGEC

wa RCIRECA CGCGATGTGAC T RL EAWL T E H G O/uSH4E037369

AGACTGAAGA GGATGECGGT GAGTGRAGAC GACTGIGTGG R L KR M
AV S GDDCYV 9681 TCCGECCCAT CGATGACAGG TTCGECCTGG
CCCTGTCCCA VR PI DDRFGL AL SH 9721

TCTCAACGCC ATGTCOA\AGGTTAGAAAGGA CATATCTGAA LNAMSK

VRKDISE91TGGCA G GAATGATTGG
GAGAATGTGC W Q §"?{“ @@ GE"rﬁrva 01 CCTTCTGITC
CCACCACTTC CATGAACTAC A PFCSHHFHEL
QL KD 9841 TGGCAGGAGG ATTGTGGTGC CTTGOCGAGA
ACAGGACGAG .GRR|I VVPCRE QD E 9881,

10201 CTRATAGASAA CRQAARRPYTSPCRSRTFALAGARTIRAEECTGGA L | G R G
RVKS ® @ NS W9I92L TGATGAAGGATAACAGCTTGC CTCAGCAAAG

10241 C%&I%% éAdCTéecE: &éc&dm@ dArfraoréaN 9961
CATGTGGICA_ CTGATGTATT  TTCACAAAAG CGACATGAGG MW S L M

Y FHKR B MR W10°001S CHACTGTEATL TEGCTGTTTC
10281 CTICASTTGET CTBACCTICARTTEGACASS AGRARTACAS S AV P T S

1004} GGEGETCGACA AGGAECGGA &(@Tﬁgﬁ&g}ﬁoﬂm AY;

o L P e

ML EV W 10121
: AACBGAGTAT GGATAACCRA GAACGCCACAE ATGBAGGACA N R VW
10361 | GRACNTOCARCHrdddDcREAD ThECREARVAATCRTCTRAAAAAAT GG

- A GICC. CTTAT KTMVKKWRDVPYLT 90

_ WO GAi‘jrﬁ/%4£|585"/’ﬁl:”g[éﬁSZE)05/ 037369 Chineri vax WNO2 M6
20801 AGEARFARCC COGATACAAA CCACGGGTGG AGAACCGGAC

10431 TCCCCACAAC CTGAAACCGG GATATAAACC ACGGCTGGAG

10481 AACCGGACTC CGCACTTAAA ATngaACAéA AACCGGGATA

 10521 'AAAACTACGG ATGGAGAACC GGACTCCACA CATTGAGACA

10561 éAAGAAGTTé TCAGCCCAGR ACCCCACACG AGTTTTGCCA

10601 CTGCTAAGCT GTGAGGCAGT GCAGGCTGGé ACAGCCGACC

10641 TCCAGGTTGC GAAARACCTG GTTTCTGGGA CCTCCCACCC

10681 | CAGAGTAARA AGRACGEAGC CTCCGCTACC ACCCTCCCAC

10721  GTGGTGGTAG ARAGACGGGG TCTAGAGETT AGAGGAGACC

10761 CTCCAGGGAA CARATAGTGG GACCATATTG ACGCCAGGGA

10801 AAGACCGGAG TGGTTCTCTG CTTTTCCTCC AGAGGTCTGT

10841 GAGCACAGTT TGCTCAAGAAR TAAGCAGACC TTTGGATGAC

91



(Strand) 10201 CAAGAGACAA GACAAGCTGT. GCGGATCACT
GATTCGAATG KR QDKL CGS LI GM10241 ACCAATAGEG
WELAGOAREGEC CTCCCACATC CATTTAGICA T N R A T Wa&I/8S1403/037369

HLV 10281 TCCATCGTAT CCGAACGCTG ATTGGACAGG
AGAAATACACI HRI RTLI GQEKYT 10321
TGACTACCTA ACAGICATGG ACAGGTATTC TGTGGATGCT DY L T V
MDRY SVDA10361 GACCTGCAAC TGGGTGAGCT

TATCTGAAAC ACCAT E L I 10401
AGGAATAACC GGGAT 10441
TCCCCACAAC CTGAAACCGG GAT ACGGCTGGAG 10481

AACCGGACTC CGCACTTAAA ATGAAACAGA AACCGGGATA 10521
AAAACTA ATGGAGAACC GGACTCCACA CATTGAGACA 10561
10881 G@&égﬁr\ TEABBCCAGA ACCCCACACG AGTTTTGCCA 10601
- CTGCTAAGCT GTGAGGCAGT GCAGGCTGGG AAAGCAGACC 10641
TCCAGGTTGC GAAAAACCTG GTTTCTGGGA CCTCCCACCC 10681 .
CAGAGTAAAA AGAACGGAGC CTCCGCTACC ACCCTCCCAC 10721
GTGGTGGTAG AAAGACGGEG TCTAGAGGTT AGAGGAGACC 10761
CTCCAGGGAA CAAATAGTGG GACCATATTG ACGCCAGGGA 10801
AAGACCGGAG TGGITCTCTG CTTTTCCTCC AGAGGTCTGT 10841
GAGCACAGIT TGCTCAAGAA TAAGCAGACC TTTGGATGAC 91 WO
2006/ 044857 PCT/ US2005/ 037369 Chi nerivax WNO2 Mo56
variant (Strand] 10881 AAACACAAAA CCACAA 92 WO
2006/ 044857 PCT/ US2005/ 037369 ### DNA Strider TM 1317
### WN 02 x M66 Variant => DNA Alignnment DNA sequence
10896 bp *GTAAATCCTGT :.. ACAAAACCACAA |inear DNA
sequence 10896 bp *GIAAATCCTGT ... ACAAAACCACAA | i near
Layout: Conpact ed

92



Met hod: Bl ocks (Martinez) M smatch penalty: Smaller
(1) Gap penalty: Medium (2) Translation: Of 1

WO SDAMNBECT GT GTGCTAA7 TGAGGT GCATTGGT Cl GCAAAT CGATTT GE2DAD (87369
OAATAAF~CACATTI C, GATTAATTTTA 80 1 ..

........................ 80 81
ATCGTTCGTI GAGC(, ATTAGCAGAGAACTGACCAGAACATGICTC, GITCGTAA
A CCCTGGECdPC2U-T 160 81 ............

### DNA 'Strider"“l.3f7 FHE ¢ s

............ 160 161 ATGGTACGACGAGGAGTr CGC

~WN0;;xﬁgvggﬁgzgwfﬁﬁgﬁ@pﬁcmﬁﬁx|cnmﬁﬁﬁmcmcrﬁcnmCCTTc 240
161 . .. ... TGGACCTI C

DNA  ssargnce) 4 1 108AGARGT (STAPETREIGIAT TACARAACCACAA.  11near

o stERACATIRRGART COMMARARE. ;. ZARadaiECaGRECTAAAGAGE, |,

320 241 ... 320 320 321
Laybént GGAAAA~compacted '
‘ ﬁ A% GG7GGCC AGTTTGATGAC, AGGA 400
Medium A2) o e e

HW%O%GA@WWGFTTGATGAGAG A 400 401
T@MWMWA@ TTAATTTTA 80

| 48%%@%6%%‘%@%560

‘saﬂéﬁcm&@ﬂocmcrmmmmm@mmcwmm 720
AT CCACONAGACACBEEAGH GAAG -ACG, - AGT GO 5§¥§§§§§ﬁﬁﬁ%

8018 8hAGGEGGCTTGGATCRACAGCACCAAGGCCACAAGGTATTIGGTAARAACA . 80
8°%(#V«XﬂEBSCTTGGATGI¥KEKXJKJDNAGGﬁcwﬂxvxzanﬁTT AACAGeo0

961, WMWMCMMM%WMWT 1040

P AT GOCCTC GTGECAGEEGEGATT GBF TG v 1eves-veeeesnrrsreronoo 1040
SERGAGAGTTCnhctEA I,
et S el B SR

1121, AATATGGAGGCGG@AACCTGGCAGAGG@CGCAG’I‘IATK%@QTI‘G&@
o o “oae AGGTTACAL 1 4R mﬁ%ﬁew 1200

1361 ..L...:..:....:Q;..:.;i: .............
........................................... 1440

93



WO 2006/04483120 1121 AATATGGA GOCAACCTGGCAGAGG 1HQ1/US2005/037369
........................... 4ACCGCAGTTATTGCTATTI GGCPACCG

1200 1201 1201 ATGCCCGACCATGGEGAGAAGCTC
e P .~ CAATGACAAACGTGCTGAOOOAGCTTTTG

1441 AAA
1441 .

1521

1601

1601 .

1681 m&mcmummmmcmmcmmmﬂmmm 1760,

1681 wevmcnnnrennernroneren e ener e e A0 O3 WD 2006/ 044857 1760

1761 mwwmmmmmwmmﬂm 1840

1761 Al 1 gﬁh‘én’t 14-'41 AAAT’TAC‘I‘CEACA’CA%' .»co.o. --------------------- 1840

1641 AAGTOOSGH ' CEDOE WMWEA@C
ACTAAAGC 1520 L L LR LR T LR P PRSP SEOAOPUI 1920

1921 @mmmmcmmmmmmmmammmmccmmmcm 2000,

1921 ..'._'_.._'_.‘_.:._.:._.:._':._.._._..f:._._'..1520 -]:5.21 ----- AEREREN] 3 -oa-. -------- ] ---»..-‘-o 2000 ‘

2001 TCTCH TR T AT ACARSCTGECAG R TACRE CANOS O BET CAGRRN

2001+ AN TCCATACT ACGTGATGACTGTT * 1600 - T52 1 1or 7 1o rereerees 2080

. O T T T
1680 1‘68’1 | 2320
2321 AGGH 7 RaANANCTCR TAC G X v YA "

B e e e e 8
2481 WWWWT@T@MMW&M 2560
2481 T L e et te e se s 2560

2721 mmmmmmmmmmmmam'@w@g@&mmmmm 2800

2121 e o T COUGT GEACACUGE: CEECACT GT GOTGT7 GGRATPCEAGTACACT GBCA

2801 AGAA ORI SETF AT A A CIGR TG CoT TGN TCOOCACEGAGGAAGAATGGARG 2880
b1 11 ) S T S DA S A A S 2880

ggg} cmwmgmwmmmmmﬁmmmm 2960
“TCTCGTCAGTGGECTY CATTGARCGATCT AACGCCAGT GAGCAGAT TGEFCASRG
gggi AR A T A R ATG B AT GCARP I GAATACACCATAGAC TGOGATCGATCTATCTTGEGT 3040

3041 GAGEBIFAACDDFRAAGACTGCCCATOGCICICCAACATTTTGATGGGAAGTCATGAAGTARATGGGACATGGAT 3120
: GCCAACGCT AAGGTCCTGATT‘GAAT"I’GG#ACCACCC'I’ TTGCAGACTCATACKPA

3121 Lee e e e e A e CATCR ST SARGAG ' 3200
.......................... 2160 2161
CAATCACCATTGGCACAAGT CTGGAAGCAGCAT TGGCAAAGCCTTTACAACCA
GAGACTAGCC G 2240 2161 ...............
.......................... 94. P



2241
CTCTAGGAGACACAGCTTGGGACT TZC, GATCAGT TGGAGGEGGTGT TCACTAGT

WETNEGEREGCOPWICCATCAAGTGTPC 2320 2241, PCT/US2005/037369
. .. ... ... 2320 2321
CPGTTOGGAGGCATGTCCTGGATAACGCAP. GGA TTGTGGATGEG 2400
2321
e ......... .. 2400 2401 .

WNO02 x M“W@M%@@MTAGGTCCATAGCTCTCAC GTTTCTCCIZAGTTCI:‘AGGAI

3281 mmmmmcmmm&é&%@éﬁmﬁmmm 3360
3281 ... . - TCAACT PZ CECAAGAGACAGCT CAAGT-GCEGAC; ATGGTATCT FCATAT2 BAGA

3361 mmmmﬂﬁﬁﬁmu&éﬁdmmccmmmmmmmmmmm 3440
3361 20 veeennancneasenentananenencnnenencenerennanrasrenanonetosentecenenenonn s 3440

3441 mmmmmmmmmammmﬂﬁwhammmm 3520
| 3441 ....CATGACTGOCZEAACAAGTACT CATACTAT CCAGAACATCSFGFGAAGSH T5aTA

3521 Gmmﬁﬂﬁéﬁém%ﬂﬂcm%ﬁ&cmmmmmmmammmr 3600
3521 2 eirseeecennencannatenesnosnotonnennnoonononennoinotnnosnnenteeteneenenenonnnos 3600

3601 cmmmmmmmmmmﬁﬁé&mc&ﬁéhmmmm 3680
. 3601 - AmAGFG’FmAAATTGA .................................... eessan 3680

3681 RCTOCBRRACEATTTC AL
3681 . 2641 ......................................... PR cetiseescsaveanes eees 3760
3761 Ammmmmmmmmmmmmmmm 3840 -
3761 wesereeranree s s DTROe e DPR e rrent ittt i ttititiiiiiiieeeaeas 3840
3841 MWWWMM%TQIT
3841 ... ACCAGAGAG ,* AACTC: ATCCATTFTCG 2800+ + - 271+ vvesse ceeciees 3920

3921 AMMNMWCMTMMWMAMG@WMWC&GAM 4000 -

. 4001 CTMMG@TWMNMWNAMTMW 4080
4001 ... TAAGAACECTH GTGT T CTCCCCAGECAGEAAGAAZCGAAG 2880 - - -280+1 4080

4081 CCAGAATTTCAAGGACACCTCCATGCAGARGACTATACCTCTGGTGGCOCTCACACTCACATCTPACGTEGGCPTGACAC 4160 -
T 2880 D88 R errreianaiiennnns 4160

440 1 A@m@mmsmmmmmmcmcmmmmmcm 4480 -

WOLor gt 13040 304+ GOAGDG - 44D
4481 ... (SOAT- - Q] OO -+ FEArcvrrrreresn wneeeeesnsessnrsrsssresersssansecseerees 4560
4561 GGICCTIGCTGGGTEGCTGTTICATGTCAGGGRAGCTAGGAGARGTEOGGATGTCTTGTGAGATATTCCCACTCCTARGA. 4640 -
B56L «vvnvennrnnenenrerneneerasnsenensensesensnnns 3120 -+ 312k v ovev o 4640

4801 cmﬂﬁﬂﬁﬁ&ﬁ&&épﬁﬁﬁﬁﬁﬁmc&%ﬁ&c&%&d&ﬁaﬂ@hmﬁm@wﬁm 4880
4801 ..... A} I gnTT'e-nt 3201---..-7 ----------------------------------------------- 4880
. AEEICEBACAEGAB RS A ARG AT ATARGCEESG
4881 ..... A :FACAA%TI' CA ACGAAC 32’80 BADe s esverarrcerracsanitasiaanns 4960
... ... 3280 3281

GGACCTTGGATGCAGGTACCACTAGAAGT GAAGAC, AGAAGCTTGCCCp, GEEA
CTAGCHAGATCATTGATGECAACTGTA 3360 3281

............................ 3360 3361
TGGACGCGEGGAAAAT CAACCAGAT CCACCACGGATAGCGEGAAAGT TATTCCAGA
ATGGIG CAA7CGC 3440 3361

TGGTAGTGATGEGTGI TGGPATC

NN TN A AT R 7 A A N A A R RPN SRR R RPN T NT" N ™\ "~ A A A



3521 GIGCGELC. ' TCC: TGGGTTACAGCTGGAGAAATACATCGCTGI CCT
r TGGT4TGGT GAGCATGATGATAGCAATGGAAGTGGT 3600 3521

WO 20060044857 . . . . . o PCT/US2005/037369
........................... 3600 3601
CCTAAGGAAAAGACAGGGACCAAAGC AAATGT TGGT1GGAGGAGTAG TC
TGGTCGGEGCAAGTAA 3680 3601 ..........
................. 3680 3681 CTCTC CAGIGCECTG
TCGA(~F, RGAACAAZC, GAGGA~TAT 3760 3681

4961 GTGAGGARTGAGEGAEARATCGCGACTGTEACTOTTGACTATCEGAOTCR R TTCR W@Q\n 5040

4961 ... TCAGACGAGECCTCCZCATG 3840« - 378 devvecerroecrieiiniaiiienrneens 5040

5041 CGGAGAGGTGATIGGECTETACGGEARTGECATCCTTOTCORTGACARCTCCTTCRTETCCGCCATATCCCAGACTGAGE” 5120
5081 iiiqernerarrerratistesairnernrtestorteraer s 3840...384L - AC. .. oaiel 5120

5121 rexbehnbAialddefeatbietancaan TCCTIGATTTTCAT 5200

5121 ... TAGGAGCAG,. - OGATGGT-G( /-\GATZ&C-T P(ESGT CIBCIST GA.CsLU ATGRRA
5201 wé&@cm%éﬂa&cmmmmmmsmm@cmmm 5280

5201 P R R N N R R R Y R LR PR PR RN T A RERERERLEETERE YN YN 5.280.

5281 GGCCCOCRCEAGGGTTOTTCTPTCTGARATGAA MMM 5360
5281 .. ALGOAGIF TCT-CHOI- GOAT (X, PGAGMTMAT&THT&IF%A&TGAG%A

361 c@%&l&k&ﬁ&% ceanw/e {oblk cm&gg&mmmce 5440

5361 AR A RN A LN A/ !. ..... AN AN AAS AR RS A RN A R R AN RN AN A RN AL R AN N .o,-- [ER R EXN] 54‘“

5441 GTTGTTARCTGGGAAGTGATCATTATGGATCAA( G&mm’légl%ﬂc
5441 - Ik TCAGAGE «h T CACT AT GHCT CAGET GAGAACT = m& 20
5521 m&&m&x&m&&%@cﬁ%@mmx@m 5600

5521 LA R LN LR AP B R A ® Qe g9 200p 0090 AR ERFELR X 5600
5601 mmmmmmmmmmmcmc&@&gu%%%m 5680
5601 o AAG A ARG - e verrerttrierasrsasssriesestosssssesasssnstanssasansocassnoane 5680
5761 'IG'IGG'IGG’N:C’IGAACAGGAARACC‘ITIGA W 840
5761 wevpneroornorrstose 4.],6.0 4161 AACCT LUV 840
5841 3 RARGY RIA/RY h (SO =1t > P - { /

5841 00'4-0161--_00_-9-_0_'0_-:-_' gggg g-.-qo_-!.-pc."- AR RAF RN N 5920

5921 GATGRAGGGAGGAAGGTEOCAA MW
5921 . &A@GT@FGFAGF%QGF&T@;-AC GACTGGCTT T4, CA %gA
6001 QME&@%@MMAMMW@&MT 6080

6001 +oupoegonnoroesostosaonnssossnonncsaesecsoeyee Semataemneee .. 6080
6081 TGGAGGECTCAATGETPCTTGGACAACA! MAGA@%&GMT&QE@QI%% 6160
6081 ... ACGCGLEEOLG. (A s e s sssveeaserevsraeierssessessssessossssnnsanss 6160
6161 mm&%%%wm&%o
3 T R B .ee. 6240
6241 mmmmmmm&mmmmmmm 6320
6241 .cpeeprenesnrrnrro st sarsnes B 9 T PRy 7 N Ny 6320
6321 m&@{aﬁ@%ﬁ AGRRAGEHGALE el Rl EBRIGAA80
6321 4o edhD e e roerertosassnnrnernernesosreantesetanterestananttecennnnnetennnnenos gigg '
6401 TGGTGTGATAAAAGEGTGTCATCTGACCA mcecmmaummma
6401 ...,.., ++4480...4481. . GAGAAAGT GLCALETGA ao*
mmmwmm%m ‘
6481 B 3 gggg
6561 mmmcmwmcmmmmam ATGACAATAGTCATGCIG
6561 L AL AAR AR EF A RS AAE EA R AN AN RN R *ge 00 4560 45 -1 --------- ?A-to; ...... e gg:g

6641 M&ﬁ%@&% ook AAGARGT GRCGAT
6641 ... GI.CRTGPGGS,: GATATTOO0ACTCCTAAGA. .4640. AR ., 6720

.......................... 4640 4641
TCATCGAGGAAT GT GAACAT CTGGAGGATGGGATTTATGGCATATTCCAGT CAA
CCTTC, TTGBGGGEOCTCOCAC, CGAGGA 4720 4641
gy AT
GTGGGAGT GBCACAGGGAGGGGT GTTCCACACAAT GTGGCATG! CACAAGAGGA
TGGCAAGAA 4800 4721
.. ... ... ........ 4800 4801
GTTGATTCCATCT GGGCTTCAGTAAAGGAAGACCM

N P NSNI""VT" AT NN NI = NS ) A T N A LA TN AT AN AN A



4881 GASGT

CAGTTGATCGCGGCTGT TCCAGGAAAGAACGT GGTCAACGT CCAGACAAAACCG
WRSHOSHERICAAA 4960 4881 PCT/US2005/037369

...................................... 4960 95 WO

2006/ 044857 PCT/ US2005/ 037369 WN 02 x M66 Variant =>

DNA Al i gnnment 4961

GTGAGGAATGGEGEGEC, AGAAATCGGEEECTGTCGCTCl 4GACTATCCGAGTO00AC

" TACAGGATCTC( " TATTGITAACAGC~-AA 5040 4961
WN 02 x M66 Variant => DNA Alignment

.......................................................

6721 GATGGGCACARTGGCCEGCTGTGGATATCTCATGTTCCTTGGAGGCE A ccadTO A rTeTCOTATG TCATGCTCA 6800 -
6721 ... COGAGACCT CATH GBGL: ! " TGTACCGECAAT BECATCCTFGF CEGT GACAASHEC
gggi TATTCTHTET GGG AR ECECACACROAN A R QaTc @R EarcearcTGecATACOTC ggag

25 8

6881 Ammmmmmmmmcummmmﬂ&&ﬂmmﬁﬂ&hw 6960
’_6981 TGQ\AGC’?AA@QA@AAAGGA@A@I CCAAGACAT CCCGACAAT GCTAAAGAZAG

7041 u@mmmmmmmmmc&&%m&%immmm 7120.
- T041 ....OCT7 C~GAGL CEGAAGARCAAGACGT FTCETFOQOACAGAT CFZGSCCHEAGT @REC

7121 mmmémcﬁ%&cnﬁaﬁhmmmmmmmmmmmmm 7200
O 7200

7201 mmmmmrﬂﬁ&m&%&c@c&ﬁ%&ﬁwmmmm 7280
7201 ... TGAAGGEP. ‘GCCTFTPPCACGECCT GEACCZGRAAT TC -CACACACAOQOF T TREP

7281 cmﬁﬁ@&am@&ﬁmmmmmmmmmmmmm 7360
7281 4 eaeecnaonancactoncnnaetetnnosennnnonntenentesnatnessonnnonnnnnstnneeennsny, 7360

7361 Gmmmmm&mmmm&@@&m&ﬁﬁ&rmmmmmm 7440
7L .. COBCT CACOICACIIG: GACAGIAGT CATT GAT GOGATGREGEAT

TAAL «. e eennnnsennnanrarennresenetoresennes ransetsestonsennsenrinaae o 7520

7521 ammcmmmmmmmmm&ﬂ&&a&é&&mm 7600
7521 ""GFZGTTAACT(XSGAAG‘FG@\T'CATTAT@ TGA/-\ ...................... “. 7600

7601 ATGAGECEHAL dnie CAnaNTEAR DY
T60L teuesuurnrere s nne st tes e et ta re st et e s eanes teevssavanesnes 7680

7681 mammmmacmmms&ﬁﬂﬁcmﬁ&ﬂﬂsmmmmmcrmmmm&s 7760
71681 ... QCACAGAGCTACCRCANTGAARGTF GCAACAAT CTTEAT GACAGCSGAGACCERET

7761 ACMW%WWMWW 7840

7761 4 ieeaeenneeracttaraneenateantetenetenatetnenncanotnonntenennnnononnconnonns 7840

7841 mcmammmmmmmmmmmmccﬁ@&cﬂw&ammmm 7920
7841 ... CANATECTCGAAAT AGRACAT GT TCAAACCEACATACCCAGTGAGCECT G~ T9MA

793 m&b&ﬁ&nﬁﬁﬂﬂc&&&mmcmmmmmcmmm 8000
T92L 4iuisecessssonsososoasacseseseteenonannnosnnnesesacessssssessonseennenennsnsnens 8000

" 8001 Ammcmmmmcmmmummmw&umﬁﬁ&immmm 8080
8001 ... . AANAGRCOCACARCATEG] - CCTI CCAZOCAT CAGAGTAGCAAATGTCA - P80

'8081 GTGARRAEIGACACEO TG TG TGACATTGGAGAGTCATCATCETCATCGGTCACAGAGGGGGARAGGACCGTGAGAGT 8160
BOBL evvvurensneroonanonasssnsnsostnsnosssnancsonesssessosnosssnsenencennonensessns. 8160

8161 mmamrmmmmmmm&&@ﬁms&%@ﬂmcm CATGCCAGATG 8240
8161 .... RGTCGTGET CCREAACAGEAAAACCTTTGAGAGAGAATACGOCAGGATAAARGCA

8241 TrCTfEAREMARARITICCACHA JATGAI It oRe TR 4 A canBd@dcTocaceRATTOCACTCAT 8320

B241 +ueueereancuraneentententennineirintensontentonetaernnesonsacennsanstonsessnsnss 8320
8321 GAARTGTACTACGTGTCTGGAGCCCGCAGCARTGTCACATITACTGTCARR AR cAre®@dcbrecranTarcancaaT 8400
8321 .... CTGACATAGC: 1GAAA - TOGACCEAGFECH Go~AFTGEA - | -CCr 1-GF6 - 5920
8401 GAGGEB B AACTGGARAR G TGACCCTGRAGGCTGACGTCATCCTCCCAATTGGGACACGCAGTOTTGAGACAGACAAGG 8480
R A AR A A A R L LR R R PR Ry R YT PR PY PRPRTPPRPN, 7 1:1 )
.......................... 5920 5921 GA
RE ', C 31ATAAAAGGGECCACTI CGTATCTOO0CATCC TTGG 6000
5921
. ... ...........9BO00 6001
GAGAAATCCCAACAGAGATGGAGACTCATACTACTATTCTGAGCCTACAAGTGA
AAATAATGCCCACCACGTCI GC. " TGGT 6080 6001 ...........
e

TGGAGGCCT CAATGCT CTTGGACAACAT GGAGGT GAGGGGT GGAATGGT000CC
CACTC PATGECG 6160 6081



6161

ACACCAGTTTOCCCT GGTGAAAT GAGACT GAGGGATGACCAGAGGAAAG C* F1
WEABABASCTAGT GAGGAATTGTGACCT 6240 6161 PCT/US2005/037369

. ... ...........6240 6241 GOCCG

CAAGE ' TGGTTTGAP, GACGAATGATCGTAAGTGGTG 6320 6241

.. ... ...... 6320 €321

AACATGAGAT CTTGAATGACAGCGGT CAAACAGTGAAGTGC A

TGCGCCCAAQ, G 6400 6321
WN 02 x M66 Variant = DNA Alignment

8481 GACCCCTGGACAARGAGGCCATAGAAGARAGGGTTGAGAGGATARMARNGACIAAAIGACCTCTTGGTTTTATGACAAT 8560
8481 TGS BT GATGARACESGTGTCATCTGACCAGRAE *C,"CGCTGITr GAATTTATTRA?

8561 Wm&@@mﬁmmmmmmcmmmmm gg-:g
B561 o2 oenacsencnnonsorenansasennsnsesnnesocstaneeeresanseeratotanoterristasttansans 4

RS S PR SRR ICHORC AR -
8641 .TGAACTECCTGATTTCCTGECTARARAACGTGRACGAGECAATERATACCATCAR

8721 FGEGRAREGETANS B ACTTGACACCAGAGCAAAGGATCCACCAGCGGGARCTACGARGATCATGAARGTT gaoo
D e 800

8801 GMAMMGM@WM&E@&W&G&B&AMWT 8880
8801 TCCTCCACT CT GAGGAA@GLTG'FAGCEIZT 'FACC@AAT@AC‘FA‘FCAATGAT@?°

A EnAMID:? 468BTeca 9200
9121 PCTf-LUS2005F 037369 W 02 - x* NBG Va'r'r-an't E)NA Al gnme*nt 9200

9201 1@FERTrARAT S TAEERIA TCTCATCAGAGACCTCECTGCAATCRATGGTGGTGGATTCTACGOGGATGACACCGCT 9280
9201 TCEATATCICATGTCT~CATCTCCTATGFCA 4 G(: " 1CA 6800 - - §7249 9280

9281 mmmmmcmmmmmmm&mm 9360
9281 ‘-'!'.'f'.".'.".'.".'.".'.".'.".'.".'f'.".'.“.‘.".'?"6‘800 68@1 ........ wessnsasaissess 9360 .

9361 TGC"‘GFWTACO pc 6‘880 ‘68’@1’ ................... erecsacas 9440
9441 ACATGGATGTCATAAGTCGACGAGACCAGAGAGGATCCGGGCAGGTAGTGACTTATGCTCTGAACACCATCACCAACTTG .9520
9441 L.ceesecencracnsretirartitorttiniscisnesss GREE:- 6881"'_’ ................... 9520
9521 Mmﬁz&m@mm AT RS RCAACENCKE TR

9521 A -CCTCTF*- 6966 ‘68‘81‘ ................ seessesasstretastrssuetertsaevones 9600 _
9601 Wmmmmmmmmmm@mmmamm .9680
9691 sesserssesassinaetitesenitisttserteserra 6‘98‘@ 6981""""_' .............. 9680

9681 @-@m@wm@q FOAE-- 696‘1’""""”"" ........ 9760
9761 mmmmmammmmmcmmmmmmmmm 9840
9761 Lesecrerrvesesecesernctcaresectsrseseonses T Qrp@ec P@efpe e vessrrsscensenns 9840
9841 MMMWWWW 9920
9841 TQ‘\AAGTGGA\ATP"TG ,..( A G TFL20 2 TOA s s orrmrrrersscrsarvraasenss 9920

9921 mmmmmmmam&mwmmrmmm 10000 -
9921 ._.:._.:._.._._.._._.._._.._._.._. ...... 7120 712.1...................f .................. 10000

10081 «oneesvronsaornerecsanrecrecesrccnsaennses PR+ F201 - AATCCTGCTCS 0w 10160
10161 AMWW&WM 10240
10161 72@1.._._.._ .................................................................... 10240

i . ... ........ 7280 7281
TTCCATGGOGTTGOCAAGAACCCT 7360 7281

i ... ..... 7360%7361
GTGGTTGATGGGAATCCAACAGTTGACA | C CX

TGOCCPTTATF: AGAAGAAACTGGCTC. TATA 7440 7361



7441 AGCTTCTGI7GCCATA C, CAGAAOOOCCTTTI CA TTGTCCTAGCAT
7520 7441 .

WO 2006/044857 . . . . oot PCT/US2005/037369
......................... 7520 7521 CAGCTGCC. TZAGGEGECC
GGTCATAGAGGGAAACACCAGCCTTCTI TGGAATGGAOO0ATGECTGICTCCAT
GACAGGAGIC 7600 7521

........................... 7600 7601
### DNA sm«;,?%#%w 2 Botbar21] IMEL T i A TCTACAATGTA 7680
WNO2 M Prot. x M66 M Prot. => Protein Alignment -~~~ " 7690" 7687

Protein seqiiGy AAAAAGT ied GELETBMNGT CT GBAABAGEGAAC] GAATCTGTI GGACAAG
protetn sedaldt\CTTPIEAGH RGIATAMACH (AR 7681

Layouts - - - - Standard - <o 7760 7761
| hothod: ACATTGHSDA KIREGAT CGT GAT ACGECACGCAGRCATRT GGO0GAA
'~gﬁ;;;gﬁggggxﬁgxﬁgggCTCCAGC 7840 7761 .................
Gap penalty:. . .. Medium (2) .. .. ... ...
Weighting: - ELOSUNEZ,q ' 7g47
' 1 sunSSCACCECAMBGTT AACGT CGT FOCAT GAGOGT GOGH ATGTCAAGCTGGAAGGT
e P T ey AR ELLLLASNS 75
1 SLTVQ’I‘HGESMNKKGAWMDSWTRXLVKTESWGXALVAAVIWSMRVVFVVMLVAPMS e d5
40 - .
.......................... 7920 79%%
% 14entiBESABGTIBBRGT TACTAC
- GGAAGTGAGTGGGGT CAAAGGATTTACT CTMGAAGAGACGGCCATG 8000
7921
e\ ... .............. 8OO0 8001
AGAAACCCATGAAT GT GCAAAGT CTGGGATGGAACATCATCACC
ATCCACCGOGTAGAACCA 8080 8001

8081

GTGAAATGTGACACCCTTTI GTGTGACATTGGAGAGT CATCATCGTCATOGGTC
ACA CGTGAGAGT 8160 8081

i .. ............. 8160 8161
TCTI C~ATACTGTAGAAAAAT GGCTGGCT TGTGBGGT TGACAACTTCTGTGTGA
AGGTGTTAGCTCCATACATGOCAGATG 8240 8161
i .. ... ....... 8240 8241
T1CTT' GAGAAACTGGAATI CCTCCAAAGGAGGTTTGC, CGGAACAGTGATCAG
CaAACCCTCTCTOCAGC, AATTCCAOTCAT 8320 8241

.......................... 8320 8321 GAAATGIACTACGIG
GCAATGTCACATTTACTGT GAACCAAACA CVTC- ATGAGGAGAAT 8400
8321 ... C
......................................... 8400 8401

GAGGCGT CYI ~GTGACCCPGGAGGECTGACGT CATCCTCCCAAT TGGGACACGCA
GTGTI GAGACAGACAAGG 8480 8401
.......................... 8480 97 WD 2006/ 044857
PCT/ US2005/ 037369 WN 02 x M66 Variant => DNA

Al i gnnent 8481

GACCCC2r ~GACAAAC~-AGCCCATAGAAGAAF~CGGT TGAGAGGATAAAATCTG
AGTA~A" PGACCTCTTGGTTI TATGACAAT 8560 8481

........ 8560 8561 99
GACAACCCC. TACAGGACCTGGCACTACTGZGGCTCCTATGTCACAAAAACCTC
OGG~| AGTGCC. GOGAGCATGGTAAATGG 8640 8561
.. ... .......... 8640 8641
TGTTATTAAAATTCZGACATATCCAZGY( , ACAGGATAGAGGAGGTCACAAGAA
TGGC AATGACTC, A 8720



......................... 8720 8721 GACAGCAAAGAGTG
W EADGABASCAAAGGAT CCACCACOGGEGAACTAP GAAGA! CATGAARGITTS BB 7369
8721
Ciiiiiii . ........... S8B0DAIGBOLl GTCAACAGGTGGCI G

CTGTGCACAAAGGAAGAATAT~- TAGCAAAAGT. 8880 8801 | .
1. A recombinant Flavivirus comprising a membrane protein mutation.

P 8880 8881
CCGAAGI CARSERSHEGATT bECAGE T AGRR [BGASGARMTARAGHADAEIGEARBAT irus.
TGCCAATGAGCCAGTCCAAGACCC A 8960 8881 ...... ......

oo 3. TREGYiEAR DS claim 2, wherein the mutation decreases the
AGTTCTGGCGAACTGGTGCGA' ~~GGECAGGTGICGGACI ' t G | GTGTACAACA~

901EeroBe@sm/viremia of the Flavivirus.

TCTI GAGTTPGAGGCCCPGGGATTCCI GAATGAGGACCATI GGGCTTCCAGGGA
AAP, 9200. 9121

...... 5. The Flavivirus.of claim .1, wherein the mutation.results in increased virus
e e R, 9200 _ 9201 . .
THBHeAtORCRAT AoretaltysAe Arerespreding S nscodinaheapitelors
GTGGATI CTACGCGGATGACACCGCT 9280 9201

9281
GGP. TGEGACACGCGCATCACAGAGECAGACCT TGA7 GA7 GAACAGGAGATCTI

GAA CATCALARNYMYi 309 claBr 8lwherein the chimeric Flavivirus comprises the

%%%%%ggg%wn T GACATACAAGAACAAAGT GGT GAAAGT GM

o e ek Wi 9440 fl9441 virssingyalow fover

9520, 9441 ....... .............
1%95 ................................ 9520 9521
AAAGTCCAAT' | " GATCAGAA7 GGCAGAAGCAGAGAT GGT GATACATCACCAAC

ATGTT 9. %J¥E[IIGV?\T-[IS of ;:rl(éjlpr\ne%, \l’v erel%ﬁt g yel?osvg%ever virus is YF-17D.

.......................... 9600 9601
EGGCATGGECI CACTGAGCACGGATGTGA~GGA C7G i GIGG 9680 9601

9681
o760 9761 o
TEEAGOCATCAAAAG. GGTGGAATGAT' | GEGAGAATGTGOCOMICTGY t*
" CACCACTTC( ATGAACTACAGCTGAAGGA 9840 9761
o840 9841 TG
GCAGGAGGATTGTGGT GCCT TGGOGAGAACAGGACGAGCT CATTGGGAGAGGAA
GGG TGTCTCCAGGAAACGGCTGGA 9920 | 9841
9920 9921 TGA
GCAAA( ' , OCTATGOCAACAT GTGGT CACT GATGT~GGGACATGAGG 10000



10081
AGGGGAGT GGATGACCACGC AAGA~TGGA. CAGAGTATGGATAACCAACAACC
WEAGATNFECAGGACA 10160 10081 PCT/US2005/037369
i .. ... .......... 10160 10161
AGACAA AT CEPEAGAT,GTICEET THITETAMTIANGAGAGAAGAEA from

A}%Tg(rgo-lllp con81-£%gcgt%A elngue v1-1|'-u%, %9 {Af)gis e%gél'p(?ljéliﬁs virus, Murray Valley

-ence&hali-tis-vims -and ‘Tick-bdrHE &fke %itf‘é‘@ir%@.ow 044857
PCT/US2005/ 037369 ### DNA Strider TM 13f 7 ###

Thur sday, Cctober 21, 2004 3:10:16 PM WNO2 M Prot. X

M66 M Pro oftein i.gnpent, Pr.otei n sequence .7
SLTVQT gﬁiﬁayl_wwﬁl?_lﬁ%hgyglereﬁp& ee(lperxllg%eg TS éieggéx%gl s dengue-
Sh INRERCE S ldengue-2Mipkd. LVAPAYS  Layout : Standard

Met hod: Single Block Block Length s: 6-aa M smatch
penalty: Smaller (1) Gap penalty; Medium (2)

wei ght i po- - 4 : e writhi
SLTVQTL%E&%%%@RA%@E%&WEENB&VAW AP BmLG
S Md ddmAdAlYthe fitembrane protein.

SLTVQTHGESTI ANKKGAWVDSTKATRYLVKTESW LRNPGYALVAAVI GAWLT
SNTMORWFW LLLVAPAYS 1

SLTVQT - - ; VARV one
SNTMORAEVRL L LVABAYS D8 16 A5 a8 Tl Teact £y o8 ataibifa

( FehBE) arSiBio WOL 66D BBy toRGT H4gBI0OGINBT 36ds 4GZAIEheL .

A reconbinant .Flayivirus co L Si a_menbr an rot.ei n
TEPFEK BB WY e S pieP e L TAPATCS Rt Ay tfls br a
mytat N8 vahd enuates the Flavivirus. 3. The Flavivirus

of claim2, wherein the nmutation decreases the
viscerotropismvirema of the Flavivirus. 4. The

Fl avi vi rus, of,.cl ai m ' . 1 OF : '
ner cadba PRt £8 SftagiR gL AkL R § fEithibfon Bran
Camnisdeanéeirigpdridand toiahtifio héd 160 g tHehternbitagé paitein oba Japaaese
Flavivirus of claim1l, wherein the nmutation results in

i procpbalBy Wilsus replication in cells, relative to a
correspondi ng Flavivirus |acking the mutation. 6. The
Flavivirus of claiml1l, wherein the Flavivirus is a

chi mer ilz. Fha¥lavivims of cldim Thevidreivithd muttioh reshilis m Hsubstitution

wherejin the chi ric Flavivirus c r.i,.ses the )
OF arg{nlne ngth cystque at amino amg position gg%f {he membrane protein.

18. The Flavivirus of claim 15, wherein the mutation is a substitution of an
amino acid corresponding to amino acid position 66 of the membrane protein of a

West Nile virus.

19. The Flavivirus of claim 18, wherein the mutation results in a substitution

of leucine with proline at amino acid position 66 of the membrane protein.

20. The Flavivirus of claim 15, wherein the mutation is in one or more amino
acids corresponding to those at positions 60, 61, 62, 63, 64, 65, or 66 of the membrane

protein of Japanese encephalitis virus or West Nile virus.
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capsid and non-structural proteins of a first

Fl avi virus and the nenbrane and/or envel ope proteins
wobkooa/osssond Fl avi virus. 8. The Fl avivirus of edEUS2065/037369

wherein the first Flavivirus is a yellow fever virus.

9. The Flavivirus of claim8, wherein the yellow fever

virus 2k The Blaldvirud 6f cldinel Rhleréivithammution isinrthd ectodomain of

wherein the second Flavivirus is a Japanese

ethe SHANARS RIOWER-ys. 11. The Flavivirus of claim?7,

wherein the second Flavivirus is a West Nile virus.

100 WD 2006/ 044857 PCT/ US2005/ 037369 12. The .

Fl avi v22.uShoFlagivausmiclainhat, eitrerdih hesmiatian H iawhwiningacid

IR e P SRR T e ARb el B RRLG,

encephalitis virus, and Tick-borne encephalltls Vi rus.
13. The Flavivirus of claim 12, wherein the dengue

virus 2% GenBlasivirus abelgine22,vheirin diremptation I%Peﬂ@é@unon in
x@@g@zw%ﬁsog@geﬁkg&#%hrus of claim1, wherein the

on 1S Wt transnenbrane domai n of the
menbrane protein. 15. The Flavivirus of claim 14,

wherein the nutation is a_substitution i.n one

am no &bi dke Elgvivagpghelaimgy23.0vhosan thegnpistign e
4gr?§mgg“éﬁg,3ﬂ§pbrane helix within the nenbrane
0

ein apanese encephalitis virus or a West
N|Ie virus. 16. The Fl avivirus of claim 15, mhereln

the nutatjon_js.a su tJt n

ot oop S Ra Ly s Op it o Ege Giend PlavREN Paftifes spg opmore
OEn\)%lolj%Ffﬁ&@ﬁlemutﬁﬁ&%ﬂh%élddeg? cHiréspdnding to Weet Kil@viryd éndslope
of claim 16, wherein the mutation results in a

s pitogein anmnmacldsméleategufmnméle\ﬁrmm eopsisenpef amingrids 184 188, 176,
posi 0 rane protein. 18. The

Ffztké Eﬁﬁ. $66$§1n1 "wherein the nutation is a
substitution of an amno acid corresponding to am no

acid position 66 of the nenbrane protein of a West
Ni | e vE¢.udhe Flavivime ofelain ¢2.rwieren thq Blarivirgs coipasss gnvelope

mp{%)héﬂg%rg{tétﬁ)gls glfﬁilgi(ﬁlgs dddre ?%pﬁﬂh%t t'otWEét le ﬁ;us AYAbPEprotein

am no ac tion the ne ane
pamirei 42ids207, Ihe akd 440.vi rus of claim 15 vvher ein the
mutation is in one or nore amno acids correspondi ng
to those at positions 60, 61, 62, 63, 64, 65, or 66 of

the mespr @H@Flapf\@rtug oPci9fm JERANESE tREBPRALS EdrfipNdek Wiutations at
or West Nile virus.
residues corresponding to West Nile virus position 66 of the membrane protein and

positions 107, 316, and 440 of the envelope protein.

28. The Flavivirus of claim 1, further comprising a mutation in the

hydrophobic pocket of the hinge region of the envelope protein of the Flavivirus.

29. The Flavivirus of claim 28, wherein the mutation is present in an amino

acid corresponding to amino acid 204 of the dengue 1 virus envelope protein.
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101 WO 2006/ 044857 PCT/ US2005/ 037369 21. The

Flavivirus of claiml1l, wherein the nutation is in the
weedodorsai n of the nmenbrane protein. 22. The PCT/US2005/037369

Fl avivirus of claim 21, wherein the nmutation is in an

amno acid selected fromthe group consisting of

am no 3@.i Tse Flagivirfus bf]elamw&dzdme’;in the2Butalibe isHiname vi mose hinge

of claim22,. mhereln g%g lon is a su stltu%lon id
aFRSHE Bung 28ids Forrgrpondip H’ PH.1C9E VIR G RA RIP Hba‘B‘fn" acids
ChatieM 2313 erLi196-08E mutation is a substitution of
glutamne with proline. 25. The Flavivirus of claimil,
wherein the Fl avivirus conprlses one or nore envelope
prote ons_in.resi Corresn ondi n o
N e viHuihEbEN e O AR &1 FrufRh PR b e Hygn in
t bR WhatBndaBS Eidnef thé FRfivitas.aci ds 107, 138, 176,

177, 224, 264, 280, 316, and 440. 26. The Fl avivirus

of claim 25, wherein the Flavivirus conprises envel ope

pr ot ei

Ni | e V?% ﬁﬁgﬁgg ru's Bf Elgﬁ’lll "iiuﬁ?tg?nrocrr?o ac?%dd rbgtyhl?@o;%%utatlon in

A8.capsid pﬂ'dianlﬁlfﬂw F/lavmsusof cl ai m 25, wherein the

Fl avi virus conprises nutations at residues

corresponding to West Nile virus position 66 of the

menbr aRe  ArkEho c@rﬂﬂomt@&?&&rﬁﬁﬁﬁlgjtgg Fladbfrus & glaﬁﬁq a‘ﬁﬁ a

the envel ope protein. 28. The Flavivirus of claim
fphmhmpanma@ya@xn@bhcauﬁabr@hwmh the hydrophobic

pocket of the hinge region of the envel ope protein of

the Flavivirus. 29. The Fl avivirus of claim 28,

wher ei B4 RemBMb@bI PAutifig B BE@Ohe fedpHic 88Th Favagha in a patient, the
corresponding to am no acid 204 of the dengue 1 virus
emm®§9nmr@tng|admlnlg@gny@ the patieny fgs/accine composition of claim 33.
PCT/ US2005/ 037369 30. The Fl avivirus of claim 28,

wherein the nmutation is in one or nore hinge region

am no 3si Whe aRiHodeRithI3g, Whergiel thepaticay docsiot tisve, but is at risk
envel ope protein am po_acids 48-61, 127-131, and
19%(1%@)91@1 infegtondyls Flaviydugt claim 1, further

conprising an attenuating nmutation in the

3'-untransl ated region of the Flavivirus. 32. The

Fl avi vB6.uFhemetiodi aficlasimf3dr whereindberpatiesit mgnfeated by the Flavivirus.
attenuating nutation in the capsid protein of the

Fl avivirus. 33. A vaccine conposition conprising the

Fl avi v ug QEthed 8F Plolludig a FacdtbadomisiRitlg £RLbibinant Flavivirus,

acceptabl e carrier or dilTuent.
the method comprising introducing a mutation into the membrane protein of the

Flavivirus.

38. The method of claim 37, wherein the mutation attenuates the Flavivirus,

relative to a corresponding Flavivirus lacking the mutation.

39. The method of claim 37, wherein the mutation results in increased

stability of the Flavivirus, relative to a corresponding Flavivirus lacking the mutation.
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34. A nethod of inducing an i mmune response to a
Flavivirus in a patient, the nethod conprising
w@oivsnisseri ng to the patient the vacci ne conpPST/UBDNS/037369
of claim33. 35. The nethod of claim 34, wherein the
pati ent does not have, but is at risk of devel oping,
i nf ect 4@nTHymethed bF eMiny 37 usherd thelinetativh hestlto in inbzehsed
34, wherein the patient .is infected by the Flavivirys.
3repligatioptof gie IRVi¥ GelAths 19 a\P&EE?Rﬁ’Qd‘é‘&‘FE?‘P‘é' acking the
rEﬁR@@hnant Fl avivirus, the nethod conprising
i ntroducing a nutation into the nmenbrane protein of
the Flavivirus. 38. The nmethod of claim 37, wherein

the nutation attenuates.the Fl.avjvirus rel at.ive a.
corr es%ﬁntﬁ‘%’&eéf’g\‘??ﬁ'a%ge’l “cil&q{?lﬁéhet VYIRS S ao?a‘nlmﬁg.c %%I‘féwrus‘
met hod of claim 37, wherein the nutation results in
increased stability of the Flavivirus, relative to a .

cor r esfdndimigleid apid moteguleicanripegdingdo Pgtagnpma of thedlawdrus of
2&06/ 44857 P /US%@%;&QS?SGQ 40. The nethod of claim
37N SF IOt atS'On resul ts in increased

replication of the Flavivirus, relative to a

correspondi ng Fl avi virus | acki the nutation.

n 41
The nethod resthed af mpmiactyfing Bp Raarisiod ¢lagmy Ly e rgethjod
chi mer i g o . ad i
c OB G BNLiA FRuclel g QLR PLGTARLRIR | SR pEnome of the
cFRivivirhs afto téits adripdlatirerflatimenepbductd .in feretlh fonothe cells or the
manuf acturing the Flavivirus of claim1, the nethod
cepsmatang eredfy oduci ng a nucl eic acid nol ecul e
corresponding to the genone of the Flavivirus into
cells and isolating Flavivirus produced in the cells
fromt #é The msthod of hizim g3 peherainghe cellsawre¥ero eplls. The
met hod of claim43, wherein the cells are Vero cells.
45. The nethod of claim43, wherein the cells are

cul tur gl TRe fRHIMITEREN 43PFhet8Bin tAddells are cultured in serum free
medium.
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