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Application Nos. 60/645,170, filed January 19, 2005;
60/ 653, 405, filed February 15, 2005; 60/704, 160, filed
July 29, 2005; 60/723,409, tiled Cctober 4, 2005; and
60/ 725,919, filed October 11, 2005. The teachings of

t he above applications are incorporated herein by
reference. BACKGROUND OF THE | NVENTION Infections wth

;/: ;\leS\e”Sr UEM@DG niamof\isadf« ‘PWT%?@@EN%B@O@?AYE?%QL!EEUSLAR
flavivir us: LangggT?Fgﬁ%%mW§§% g\gliﬁvi rus,

Murray Valley encephalitis flavivirus, Tick-borne

f Rayivg fever flavivirus, can result in
seri| é&gﬂdgggggcexgg%ﬁwpossi bly death. Mosquitos and

ti cks Tharppiitatioanlaimn$ thelenéfitaofilVB r BrsesionEbA pebcatph &os.

R LR ER S Sl A Bl pUoaL T LA SN ¢ LS

dis§a0k 260 at1b@Nly 2005 66T, 509, EVULSHENS 20081961 80/725,919,
weakness, vision | oss, nunmbness, neningoencephalitis

afitpdiaetaberdil s2005h eide teachings o thewpoveanmliseians are ineerpgrated

a e | cal effects may be permanent. In cases
V\Aﬂ?rﬁﬂlrrw%ge?%s‘%hptons (e.g., fever, headache, and body

aches, nausea, vomting, and sonetinmes swollen |ynph

‘g BACIKSGROUNDB IO THEINVENTI@N chest , st omach and back),

cert ai npt ons, .such. as fever .and aches, n s§ an.
thei r Ewé.gﬂqn_ﬁ reriSes, &y adisg avivigespIacl sy Hepy NiE Bavivirus,
I eRUbEELANGTRIs RlphAAE A phdfitid IRAVIPRN angdbAlvidRus, Kunjin

adm ni stration of intravenous fluids and assistance
witlevivbns AduirasgV aligyt enoephalitis freivans, Tickaborne flagivirus and Yellow

i pf ect.ian. i ncl ude conmposi ti.ons of . live attenuated and
|t rpar st o et BERRoR 438k g oSl e Bl B ane

| @iglss ﬁaﬁ@ﬁﬂt&ﬁ&lgr@ thy/ flaviHIRE E PbexamPhy, sév@8¢Issimptdms of West Nile
unknown hazards_if inproperly prepared and may have

adlirey Bdection dncbydedugls feven deadache, acteniiness. gawper. disoneniation,

RIS S P R ok Lt s
meningoencephalitis and paralysis. These symptoms may last several weeks, and
neurological effects may be permanent. In cases with milder symptoms (e.g., fever,
headache, and body aches, nausea, vomiting, and sometimes swollen lymph glands
or a skin rash on the chest, stomach and back), certain symptoms, such as fever and
aches, can pass on their own. In more severe cases, people usually require
hospitalization for treatment, such as administration of intravenous fluids and
assistance with breathing.

Methods to prevent flavivirus infection include compositions of live
attenuated and inactivated virus. However, such compositions may be less than
optimally immunogenic, may result in unknown hazards if improperly prepared and
may have adverse side effects. There is a need to develop new compositions and

methods to prevent flavivirus infection.
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at | east a portion of at |east one pathogen-associ ated
nol ecul ar pattern (PAMP) and at |east a portion of at
| east one flavivirus. The cappositions, fusion protein
and pol ypeptides of the invention can be enployed in
mat hods to sti mul ate an imune response in a subject.

I tVE€TIglyention is a conposition
conprl sing at east a portion of at |east one antigen
and at Thegs¢seat ipuertionnelates it cdnqa:sttmmsl,efuslbagmttmm and

wher ei n l.e toneofthef ellin ks, at, |.east
p(?P[YPBHU%?S of SRy 8 Pt on i SicAndat D D A S A ndt
%Bﬁ | a‘ﬁﬁ al feaék afﬂb?ﬂlcﬁ{bﬂm abll SheGRMIR G cRted BBl pattern
i on of | east one antigen and at | east a portion

of(Pél\/ﬂt)ee@dtat bn@t afflogiéfal ofj an leagiamed]avivarus| dhs compesidgnst fsion
?&8 aaél B B}é)légﬁlc?e% n%ﬁ%%}w %EuBSr %ﬂ%‘ e lo egﬂ hﬂ%@thoggtoosﬁmulate

cmﬁm&t@w&mmwﬁm&ubygaat | east a portu on of at Ieast
one pat hogen- associ at ed nol ecyl ar pattern and, at ffaSt
a porti Iy eng emgpdiment thegpuengiop as a B?IB?%%l?Pfé“eqnéI?;rtSé‘ég gt a

%rt%rpéfpat ‘fﬁfﬁ@@dn%tahﬁ %nddt Wasta é}y ¥t £t%asp bt ﬁa%liljhrﬁ wherein
a I r

Langat™ vir prote| , a Kunjin protein,
Vait leayt eweed tealligellm lacks ak lept:tcatlmmon af Jbipge esgeon.

Ve panude eigiBedefh SveRtoh B RFAR pEGrGO iy o least a
y HortBOS e 'Iea@t!"@fé%ﬁ?dﬂ andlad EabtWVSiHibR Bf hiSest 6RNPAS I, Sherein

n‘%@l sing at | east portion of at |east one

sfermead shscilageion lmhseit: leestra pratieepha binge :gi9east a
por ti orin?]% aﬁ%@mﬁﬁ%&b&%ﬁ%&? rtﬁe MIIVEI?CIIO 1'3 \é%l sﬂar ﬁ tc&'n?nslng at
e nzZ-vira

wher ei n envel ope pro

oneasie poRionSE belehs dné pﬂm) gelneasgds@awd ﬁmtau&tr Ipﬁl@erﬁfan(SEQeast a
ID NO 22 and SEQ (f ?fp ano%her enbodi ren
t FOTHONQIAL Ssst qng varabwt%%tet F5f HOMIRT 810N CARSIF gt 2West Nile

PQJifal R)t@fl dﬂﬁ Bsita) PRRIRA R %¥§aﬁﬁseeﬁt scmf?tﬁvmegr

patte n an east a portio  eadt one “menb
s eneerthetiti§ viorhpréteings dapenese eecephiligs vifal prddeim| a ckkrime

enve rotein,.a ir | envel ope.protein, a

Deeﬁlﬁe@f ﬁH V’éﬂ\?éﬁr’]tf)’ﬁea‘ﬁag?g g‘?tvt?r é{“%etﬁgt ‘ral envel ope

pr ot ei Nnlyat sldthdr cABOGIRRMNL, BHEPRLERRIM is alBRPbAUEA EbAPridiy at

a fusion’protein conprising at
least a portion of at least one pathogen-associated molecular pattern and at least a
portion of at least one Den2 viral envelope protein, wherein the Den2 viral envelope
protein is at least one member selected from the group consisting of SEQ ID NO: 22
and SEQ ID NO: 40. F

In another embodiment, the invention is a composition comprising at least a

portion of at least one pathogen-associated molecular pattern and at least a portion of
at least one member selected from the group consisting of a Denl viral envelope

protein, a Den?2 viral envelope protein, a Den3 viral envelope protein and a Den4

viral envelope protein.



| east a portion of at |east one pathogen-associ ated
nol ecul ar pattern and at |east a portion of at |east

wor@cw7seat protein selected fromthe group conBCHUSINE6/001623
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of a West Nile viral protein, a Langat viral protein,

a Kunjin viral protein, a Murray Valley encephalitis
viral protein, a Japanese enﬁephalitis viral protein,

a tickbonE encephalitis viral protein, and a Yell ow
fever nal e

| nvent Foi aBeotbsr it bt i S FaTRoRPRug sphffsing o
P Qb e(JI{SbrﬁBn at af 1e@$ bnopahsRAbL ockat ERbRAular fatteh @nd}[t@&ﬂ@t a
consi s a Sal monel la typhinmuriumflagellint

y
2 pemo]n&f strlﬁzgt ongyirgl pretsin Serlfrq“f@ fromn dheagrgup coRfsHBE Ok Vest Nile
n 0
LRt b e B M B R in R ey
e Bﬂ@:ﬂpﬁ@l@tlwlfﬁl @tdteinpa lpadese Ien@elphelntvsethb erqieing @tickbome
Den3 vi ral envel ope pr n4 viral envel ope
pFBIPAALILY Yiral REriigr ar{%%g‘ Vef Y’ﬁ ee¥ntion is a

fusi on A Qi dhat OB6diRleRGofhe inQ@ﬁﬁonais B%&b@?ro@efm 8émprising at
| east one pat hogen-associ ated nol ecul ar pattern and at

| desta porpontolf ehleardt ont miemdst sedaséedrisoth dhe greue eensipting ofrp

A A N T

PrleRtREndMd dle RAstw Iﬁo’ithoﬁﬂﬁla&ﬂéa@téorw efber. sel‘éﬁt&ﬂffﬁm the group
enbodi nent_ of the invention is a_polypeptide encoded
byosEeingmidyedgyiral ﬁn‘gﬁé@p@dﬁﬁ%ﬁ@ﬁe? é(éﬁaﬂ?éﬁ’ﬁ lopg pEotein, a Den3

SS,YIEF%]AV%%PI ﬁ){(ﬁteﬁ%}ﬂ% datd4qgrai Qﬁleldﬂ%ﬁtlr%ﬁrs SEQ 1D NO

enbodi nent, the ention is a
pol ypefh iadethbisathgliment] thashveatiom s BE%bongestbintopntpoisiBE@L least a

s B B S L
| 3 @ét@l@tmerﬁﬂﬁ sbl@&%&‘ 1'ﬁ’oi?if‘thla $rctpRhYiReRs d)fqﬁDExlﬂla'hral envelope

des . In an add| tional enbodi nent,
t peoteiny e lend rvmalserafebpr }vpéqam aiDenhviralgnselopeproteinpesia Dend
70% | deniltyto SEQ I D NO 32.
Vlra envelope proten.

Another embodiment of the invention is a polypeptide encoded by SEQ ID
NO: 29. |

In yet another embodiment, the invention is a polypeptide that includes SEQ
ID NO: 30, |

In a further embodiment, the invention is a polypeptide having at least about
85% identity to SEQ ID NO: 30.

In still another embodiment, the invention is a polypeptide encoded by SEQ
ID NO: 31. | |

In another embodiment, the invention is a polypeptide that includes SEQ ID
NO: 32.

In an additional embodiment, the invention is a polypeptide having at least
about 70% identity to SEQ ID NO: 32.

In yet another embodiment, the invention is a polypeptide encoded by SEQ
ID NO: 33.
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pol ypepti de encoded by SEQ ID NGO 33.-Aln another
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includes SEQ ID NO 34. In still another enbodi nent,
the invention is a pol ypeptide having at |east about
70% identity to SEQID NO 34. In an additiona

enbodi ment, the invention is a polypeptide encoded by

s a pal e qehdmet B Bl ST e WS Rk Se0

and®h®t. enbodi nent, the invention is a pol ypeptide
havi ng .at .l east 80% identity.to SEQID NO 36. In

anot her SHY 3eR rﬁ@deHBmFﬁ%éﬁP@Bﬂoq %¥ﬂ§¥§988$???ﬁgatha“
engettemobert th BHYAD §0: 34n still anot her enbodi ment,
the invention is a polypeptide that includes SEQ ID

NO  38.Inpp additiona embedivelingshe inverteon; is e @atyipeptidesengoded by SEQ
pgbm@@pggde having at | east 70%identity to SEQ I D NO
38 I'n"an additional enbodinent, the invention is a

pol ype it adertisreatedinmnt IAnvEhtNa is 2polyipBpidiathitehcludes SEQ ID
eﬁ% di ment, the invention is a polypeptide that
i 6' s SEQ ID NO 55. Another enbodi nent of the

: y : . : Z o0
el P B £V LSl Qo
erfddidentity to SEQ IINNénBbon i s a pol ypepti de that

' f h
e b Sl PR BB LS RE LS8 BYBeo o

anabher enbodi nent, the invention i's a pol ypeptide

encoded by at |east _ o _ )
In still another embodiment, the invention is a polypeptide that includes SEQ

ID NO: 38.

In another embodiment, the invention is a polypeptide having at least 70%
identity to SEQ ID NO: 38.

In an additional embodiment, the invention is a polypeptide encoded by SEQ
ID NO: 54.

In another embodiment, the invention is a polypeptide that includes SEQ ID
NO: 55.

Another embodiment of the invention is a polypeptide having at least about
70% identity to SEQ ID NO: 55.

In still another embodiment, the invention is a polypeptide that includes at
least one member selected from the group consisting of SEQ ID NO: 71 and SEQ ID
NO: 72.

In another embodiment, the invention is a polypeptide encoded by at least
one member selected from the group consisting of SEQ ID NO: 70 and SEQ ID NO:
73. o '

In yet another embodiment, the invention is a polypeptide having at least .
about 70% identity to at least one member selected from the group consisting of
SEQ ID NO: 71 and SEQ ID NO: 72.
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| east about 70%identity to at |east one nenber
selected fromthe group consisting of SEQID NO 7 1
and SEQID NGO 72.1n still agother enbodi nent, the
invention is a polypeptide that i ncI udes at |east one

nb f |
TP A PR P BB b o
i MBaetdnieanemliser dclpaky frept thd gr@p&@ﬂﬁ@tlf@/oféﬂEQ HaNO:0r%eand SEQ ID

K%ntg% selected fromthe group consisting of SEQ ID
and SEQ ID NO 5. In another enbodi nent, the

i nvent iop fisthcRoPBLYRRAL HEAR0AHIOAT: BhobBasideaR &ched%% least

identity to at [east one ne rom -t
geobemembassieddctatgrah ﬂ&E@oh}Dcmmﬁé o RBQIEQNOD7R@nd BEQIID NO:
ag addi ti onal enbodi nment, the invention is a

| ypeptide that includes at | east one nenber selected

f rom t nea gty Rt Bmh i, Itﬁgn%ntﬁﬁﬁs lbBoNGep@ haBg dt li%alé{CEbout
82, SEQ ID NO 84andSEQI NO 8 I'n still another

erfBYdrersiY 1o atheast presmember selectedfismy ﬁ@;ﬁr@meccémtmg df B§Q ID
r. sel ected fromthe group consisting

o;N ?%S"F‘B%%@@W EQ ID NG 83, SEQID NO 85 and SEQ

| D NO I1B#n additienaf embhdimeﬁnﬂmihmnion it hpolypereiteitha ililcﬂudits at

p ptide havin ast about, 70%

i%%‘f f@ﬁ%@%@lﬁc@é%@& SFUBrFOPHEg Lﬁi %93%&% gEerID

S&@ 19, 86) BNOSERADSRIAZ0, §Q | D NO. 84 and SEQ 1D

I'n an additional” enbodi nent, the invention is
a poI y ib.’emll gwthdnambodimantiebe BEtEN 1Exl@po]]y5)9pt1demryzed1ed by at

o Sa By S PO Ao s B <afue i Tt i Rk £ S
| NGBR3 OBQITD NOP®S ¥REPENTD Weveng at | east about 70%
|dent|ty to SEQ I D NO 159.
In a further embodiment, the invention is a polypeptide having at least about
70% identity to at least one member selected from the group consisting of SEQ ID
NO: 80, SEQ ID NO: 82, SEQ ID NO: 84 and SEQ ID NO: 86.
In an additional embodiment, the invention is a polypeptide that includes
SEQ ID NO: 159.
In yet another embodiment, the invention is a polypeptide encoded by SEQ
ID NO: 158.
In another embodiment, the invention is a polypeptide having at least about
70% identity to SEQ ID NO: 159.
In yet another embodiment, the invention is a composition comprising at
least one Pam3Cys and at least a portion of at least one flavivirus protein.
In an additional embodiment, the invention is a composition comprising at
least one Pam2Cys and at least a portion of at least one flavivirus protein.
In still another embodiment, the invention is a method of stimulating an
immune response in a subject, comprising the 'step of administering to the subject a

composition that includes at least a portion of at least one pathogen-associated



In yet another enbodi nent, the invention is a
conposition conprising at |east one PanBCys and at
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an additional enbodinment, the invention is a

conposition conprising at |east one PanRCys and at

| east a portion of at |east_gne flavivirus protein. In
still another enbodi nent, the invention is a method of

S

C%{r?p'f%hg? hgtg?rﬁgndm ]a'bggm e S 1egst%n§ l&ﬁhlﬁ%&em %elected from the
c gmm@&iohﬂuﬁtmgtdfathnNﬂbdxeﬁal @totélﬁ,aeSLartgapﬂraﬂ ipesteiaf a KlunJ in viral

| east, one_pat en- asso | ecul attern at
! BEeines Myptay SRIET DR B TG A apise pheeni! Sevam!
?Jﬂﬂéﬂi haetl&rbgﬁf% e‘ﬁ@&ﬁfaﬁﬁé {8al ot@mv\ﬁ?& 8 el &w \févrei?‘{urus protein.

ot el n, angat vi ral pr eln a unjln viral
pr otei Ma am@r clabocltaieh‘eyheemwmmalw il n:@thudmélstlpnbutleg an immune

Japanese encephalitis.vi tein, a. bor
orBRnRR I £ PEE Bty s PR B of b it 601 Bier e

p a&hgd)snnoﬂ haBinblubE R NeaB8NDHGHIBR OF at 14be ohd AR deBhsbStidAed

nmet hod of stinulating an 1 mmune_ response in a subject,

c awrdulr pgtiern end eldsash p pariAnmiat eestrne Reng wavelops ristein,
t %e e%%ﬁjegm?%ﬂvélﬁﬁé ALY &91!1 ﬁdsg%céh ﬂo%?ﬁx% Ig?mg)t c,rotnglgpnaé:{)jf %I%Q ID

| east one hoge SocCi at nol ecu tern
IMtZOamﬂ(StEQ IﬁnN@f 49t | east one Den2 envel ope pr ot ein,

wherein the el ope protein i.s se fromthe
gr oup é%ﬁ%tl%t)‘i dgﬁgg therigyensign %mg‘ﬂ_a@g IOEStN@u lajpg an
| '?mih%e ?é@ﬁ&ﬁ@ n & g@cﬁgdt N pristdpehb BB RE !a.(ﬁﬁlnhs?er&gn@ thodibiect a

of stinulating an I'nmune response In a subject

c Guspori wotegn thla‘emshléps oileastiaporition of ahlgast one h@h@gﬁmr@mmaed
fusi on r ot ei In des on.o

| SRR fad aieat 8 ot SiPees Mo S aftap plei T Plpm the

| easip o@nﬂgﬂiﬂg &M WestaNild @iag tprcﬁéh@ ¥ Ladat ’@i’rﬂtp@dﬂﬂlﬁ elkegligdiral

fromthe group consisting of a West Nile viral -

P PEAtRInNE ay ﬁ/gaélf:y gpqeghalmso‘{lgl ﬁrotean,@r}ﬁpmpsg ERGgphalitis viral
P g%tgihna i@ é?ﬁ«v,e Yakitig ¥1r§l]% dt | eltdw ?elvg PYioh %&cﬁem

anese enceph I's vir a tick
encephdh aﬁother\emmldummtthe mvantdoms‘éehdzthm ﬁtameiatmg araimmune
protein. In another enbodi nent he .i nvent| n is

mEESROBSCAR A FHPISE: FRIIBHTIR 6 SED L apuEeTRE 1 %ﬁ}bé%cﬁ 2
c %Hﬁgbﬁh&gt}fahﬁcﬁﬁ%oat%as@&' Bbﬁ'oﬁto% bd 1R8kt bRe P&’cﬁo §éﬂbals§&51at@d

sitron that includes at | east a portion
I aaslecuiawammhng ehleast sqoirtadnee atrtﬁaemeanemmrtselmeéﬁ@naﬁw

| east a porti f at. lLeast one
58 SO B S0P S SR b .
a @B Zindl érdelopB ‘ﬁﬁit@iﬁ Qn@ b PRl ViraBenvelope protein.

In still another embodiment, the invention is a method stimulating an
immune response in a subject, comprising the step of administering to the subject a
fusion protein that includes at least a portion of at least one member selected from
the group consisting of a Salmonella typhimurium flagellin type 2 (fjB/STF2), an E.
coli fliC, and a S. muenchen f1iC and at least a portion of at least one member
selected from the group consisting of a Denl viral envelope protein, a Den2 viral

envelope protein, a Den3 viral envelope protein and a Den4 viral envelope protein.



Den3 viral envel ope protein and. a Den4 viral envel ope
protein. In still another enbodi nent, the invention is
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conprising the step of administering to the subject a
fusion protein that includes at |east a portion of at
| east one nenber selected framthe group consisting of
a Sal m)nel la typhimuriumflagellin type 2 (fJjB/STF2),
an E a
port ] oft 8tadgial Sfedhnciy, MRAFIRRn 1 4 iofR Bl AR5

C onmusd tedport ifla Bibjdct, \Uofrqinsﬁig\ithé Spp oﬁ adlhmnsmamg terXubject a
viral envel gpe protein, Vlraﬁﬁ enveIH%ﬁe protein
- Fapica. Tpaien (it i TUgRRAS Ilf’c?é%a mfap@ Pha Jgash Ane pfhegegrassociated

eqRedLE gauerh Rfd LYGRE Eeﬁlohsof%t LR nSdoh gy 'sélEét&er@ﬁ the

i Mmmune response In a subject, conprising the step of
agruupicsh@stimpgpftadertevimli bnpx@htpeaprouqm, eMep? virel gnveloat protein, a

i ncl ydes at | east  a

o RS R elos Bioech et 054 e PR BrOOE: | east a

por ti ofy, @ furfler bABSIINMRAE (HENDETi0naY & ede@tbdf df@ﬂinﬁlhﬁmg BRURmune
consisting of a Denl viral envel ope protein, a_Den2

viesapnse nne|sulmectp¢mmsmg the R L @dmwlst@rmgeqodb%w&mf &in

an 4

0 B el DB PRERERE e BB 1 s
apottivhwiat feas paa fegdllin avisudih acteastomer ilei ftugeline lak @pleast a
of adm n| stering to the subject a conposition

coapiongt agdinge @88t a portion of at |east one antigen

and at pl %?cﬁfxer%n%ﬁfﬂlé}ﬁ 8¢ iRenfiGPRta RO bAGRIIIAhg an immune
wherein at | east one of the flagellins |ack at |east a

poespbuse ink sabjethgemprisipoihe step cfadmirdstedngiodherstysct 8 figsion

L%‘é ﬁhgcggﬁpﬁsggggﬁfg&P é%‘i‘tbﬂralqi a8 or{q%aéi%g?ré%n z?c?east a portion of

agMeRit She Fliapalih Ovhdi€in St Rh & Gne df thesllapaeliisObed 4t least a protion of a
conpri sing at l'east a portion of at |east one antigen

ahthgatregiemst a portion of at |east one flagellin,

wher e pl"h%]t‘colél%ﬁ? hor?sn ﬁlspofns %)pﬁﬁi.\%g %g@ﬁ_plgge?‘pt dackr t‘ﬂ 1ﬂv%ﬁ1§5n &hn be

pr otion o 1 ons, US on

p reﬁip@dylaa t@ Eltﬂinﬂleteydnanmm%spﬁ)nid‘m a subgeot. i z@dhvanmlgebef the claimed
ed to stlrrul ate an i mmune reﬁﬁonse in.a.su

Adi@/‘@ﬁ%l gy 630 BEludRdOb eIk, PrevFatien shiledrrysiaiogden mjfaoﬁuﬁﬂect m
X3RSy sPCRISDE 4 gﬁ'tleﬁlauf itrﬁl\é\eﬂ bf Y&ud, REQCE LMaviing protem that

subj ect I'n a manner specif for a particul ar antigen
ohay effergive smumna@enalty hmbreduequm@ offfesitn , Therrdaimigd sompositions,
effectiv

c Iﬁéﬁl%ﬁr ged% 888’??% 1¥d r%ggioﬁse g'clflrf }?edergi)l%?ede tfofp?'g\;ent or treeat
infection and, therefore, avoid serious diseases consequent to antigen or viral

infection.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 depicts the amino acid sequence (SEQ ID NO: 1) of Salmonella
typhimurium flagellin type 2 (fliB/STF2, also referred to herein as “STF2”). The
hinge region (also referred to herein as “the hypervariable” or the “hypervariable

hinge region™) is underlined.
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enpl oyed to prevent or treat infection and, therefore,
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i nfection. BRI EF DESCRI PTION OF THE FI GURES Figure 1
depicts the am no acid sequence (SEQ ID NO 1) of
Sal monel | a typhi murium fl ageglin type 2 (flj B/ STF2,
also referred to herein as "STF2"). The hinge region

(al'so F ?er %?Q 1&8 tﬁeeﬁ&hé?ﬂ: ﬁd )S(I, &n @g‘gﬁﬂnw l&? Iénc%rdintfrgeEQ

"hyperv a i'nge reg S un gure
dEpING:4. tTe mictdieheid aajuencamdediog tHeIhyd BBgivtlis @iderlined.

encoding SEQ 1D NO 1. The, nucleic acid seqguence _.
encodi AU he dAPIREELS UBINGRCIdSCaIEs (§hiedD Pﬁ?gﬁroé agliB/STE2A

?Fejﬂéoctteﬁentea% @giieﬂpasaqgﬁ/ STEUer eSflsz}g.ls @TEQA i$3 S@F2 Bicking at

B/ STF2D (also reférred to herein | Bl STF2D" or

" BaF20Yortior5FFRD hirgeaeSFk2 Thaakifingl hingé exgsen ia vpdertingh

of the_hin region. The artificial hi Lon |
(nder | FRBEES Arghisansmiiy Bd sréh R BONF S Sl
(BERG:B. NDie ficlg el isetfhemeRncBiiNOthertififig] MiHEd Rifonagi d

sequence encoding the artificial hinge region is
ubadlingded. Figure 5 depicts the nucleic acid sequence

SEQ | : i ng.. : ,
(520 | P 5Bl sk a8: . BETLALEEABL a5 i o
apETSTH2ALIBilIndasioe giokeini TheloudMie aciddequenoeehcoding the artificial

nucl ei c ,acj d, seguence, encodi ng.the |inker between X
SHBEPTeEien Fedonble Ynderlinaty K pevBlIcierAGid AERIERCCTSeNE the linker

S 8eMRBE STEDA A H TBIE ] shnderiified ?%I%N%xclégé gua %ecﬁxegge'gérﬁé

&i
the am no acid sequence (SEQ ) encoded by Elég
| ER is®oldede artificial hinge is double underlined.

The |ipker twe STF2D and JEI || 4.4 rli ned h
Tnino Bie QEEHERIASER AR P ek find s Lol Beea BB
depNG:ss. thie dtiekRl Bingé istoaBRUANEENESEThd BhiilNObe@REn STF2A and
encoding a STF2.Elll+ fusion protein. The nucleic acid

s dgliknic emderdiped-nghe wainkiangecreed At @IIISﬁF_bo}d@d-

ender T TSR SRR P e

r 8FFREIGH fEI62 prseinndee hudieid acid sequence encoding the hinge region of
STF2 is underlined.

Figure 8 depicts the amino acid sequence (SEQ ID NO: 30) encoded by SEQ
ID NO: 29. The hinge region of STF2 is underlined.

Figure 9 depicts the nucleic acid sequence (SEQ ID NO: 31) encoding a
STEF2A.EIII+ fusion protein. The naturally occurring hinge region of STF2 has been
removed and replaced with an artificial hinge region. The nucleic acid sequence
encoding the artificial hinge region is underlined. The nucleic acid sequence
encoding EIII+ is bolded.

Figure 10 depicts the amino acid sequence (SEQ ID NO: 32) encoded by
SEQ ID NO: 31. The artificial hinge region is underlined. The EIII+amino acid
sequence is bolded.

Figure 11 depicts the nucleic acid sequence (SEQ ID NO: 33) of a
STF2A.EHI+ fusion protein. The nucleic acid sequence encoding the artificial hinge



Figure 9 depicts the nucleic acid sequence (SEQ I D NO
31) encoding a STF2D. ElIl 1+ fusion protein. The

wWo 10602865 occurring hinge regi on of STF2 has PERNS2006/001623
renoved and replaced with an artificial hinge region.
The nucleic acid sequence encoding the artificial
hi nge region is underlined. Thg_nucleic acid sequence
encoding ElIll+ is bolded. Figure 10 depicts the am no

gil dfg’ﬁg%g} on bl(es % med%e%%glelgqgﬁ%gcﬁ.\gg %@%&ngewﬁﬁfween

Ici a inge regiron 1rsu 959%e
amn CS’IER‘ZlAdmﬂ mlle mdenhnhm I ’ElmdmcIénogmrcHsedlﬂeIﬂe pretimgtBIH+ is
nucl uence. (S I .33 f. a STE2D. FEl || +
st didsoVarr shifen oppredal b Toan i uRbucidreniee
art : fici aIFl%ur@gM@gdtmhe |aﬁmdm¢d kd@q?mﬂe(s*.ﬂ@ﬁu N(E13@) encoded by
nucl ei ¢ acid sequence_encoding a |l i F2
n 5 15 NO 38 RS R B6A Rhes fradnd 0Bl At nker
encodjeRgkelISTiFIAlafid BAIHIR GindfaRE0 MTHS QEHHRERd !;e‘éluéﬂw ek ded3m+ is
at the 3' end of the nucleic acid sequence.

depi croddedh @omﬁrhld)fakq Westdlsatinis pratimis h9lded, ané 4‘?110123(1 (MEKLQ,
e n co ng%? BY NSE@7)P ngrerg’éndeTQ? tlfé bbidkd SdeRiknddi Nge re g ion

e underlined. The |inker between STF2D and

EI N KLKQH%@YCSKéEKFfFﬁ@ PAMW@EVU@@@)@Q@@?CKN@ISSVASLN

| I | )
Elr ot e| n I S Bﬂg’g'\/é\%ﬂ? it ??%Fyg?mﬁg%béggwéﬂéthMH
172) .KIBSSIGKSEQUIE NOf 176) és drapaieHI efthe emicedope protein of the West

e e L e R L

KSGSSefdnusSEQ | D NO. 176) is domain |1l of the

envel ope ot e Vi [
seguence Eﬁegﬁgygg?%%§§nv@?ﬁﬁ%@ggpgmﬁgﬁEgﬁﬁﬁgﬁ'g@<ﬁﬁe
clasr b SBR2eRTIH-Tus on progitr. €THESudewi actcﬂseq&mcmmbémg tigechinge region of

seque STE2. ElL Il + fu on

o ot oY H2 i R e ARl f oot FRE b TF2 and
r egi aElIefis Goliel 4ndl untetindd. rEe . nudlee amdcsb@uencamcdding EIII+ is
sequgg&gﬂencoding a linker between STF2 and ElIll+ is

bol d d underlined. The nucl eic acid sequence

enc gdi ng HEigrd 14 depia dﬁl\ldomugjé@w ﬁ:qﬁ&glcg QB NhS6peicoded by
aC| sequence EQ | D enco .SEQ I D NO
TS REE 35 S hined ginnde pdramed T RBY ke b st Wohend

STFZ NG is bolded and underlined. The amino acid sequence of EIII+ is bolded.

Figure 15 depicts the nucleic acid sequence (SEQ ID NO: 37) encoding a
fljB/STF2A.EIIl+ fusion protein. There is no linker between STFA and EITI+,

Figure 16 depicts the amino acid sequence (SEQ ID NO: 38) encoded by

25 SEQID NO: 37. The amino acid sequence of EIIl+ is bolded.

Figure 17 depicts the nucleic acid sequence (SEQ ID NO: 54) of a
fljB/STF2.EIlI+ fusion protein. The nucleic acid sequence encoding the hinge
region of STF2 is underlined. The nucleic acid sequence encoding a linker between
STF2 and EII+ is bolded and underlined. The nucleic acid sequence encoding

30  EIII+is bolded.

RECTIFIED SHEET (RULE 91) ISA/EP



Elll+ is bolded and underlined. The am no acid
sequence of ElIll-+- is bolded. Figure 15 depicts the

woe@bersssaci d sequence (SEQ I D NO 37) encodi nBCHUS2006/001623
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fljB/ STF2 D.ElIl1+ fusion protein. There is no |inker
between STFD and Elll+. Figure 16 depicts the am no
aci d sequence (SEQ ID NO 38),_encoded by SEQ I D NO
37. The am no acid sequence of ElIH+ is bolded. Figure

17 depicts nucl.ei c_.aci d. .sequenc L 5

of a I FIBISHSEmEet fF Fig0 A3 alars CER NG o7 by
S GHIEME RO BE OThE Smirltadid ReRefRBI L hgeTEE@ni of STF2 is
under | ined. The nucleic acid sequence encodi ng a

| iungestingset TheamisTpoid saanemrs pithe dnkey|bgbwpermd F2 and EIII+ is

u rlined, nuel ei [ n :0¢l] EBIII+
e

( SEQ | Bidwe 1589pies gndaninbyciBEQudacNSEG@ D NKve5 & ot Salmonella
aci d sequence of the hinge region of STF]%1 is . . .
Ter e e in Gt e AHuRerad R of g Wage rokegyis underlined.
bet weekr: [ ' :

e e 5 8 st o S sugs e gt s
dEPiNGs5& HEheamicteic @i seqenessmeedinSER Hizeanegiond) underlined.

Sal | | hen flagellin fliC, ] id ..
sequendisint 21 ERS Mhscn s sl stasiind SRR AT bt ger
depi ct $idhe27a&}iek GhePGhFhoSeRILLAEDcE BEY MDNYD 6H Y Hepatitis C

encodi ng SEQ I D NO 58. The nucleic acid sequence
eddedi ng the hinge region is underlined. Figure 2 1

depi ct s.. .8 ' :

1 picor g2 455 Sl bhibo SERIEHIRC RO IONE: o3k s C
| B2NO. 64) of Hepatitis C El. Figure 23 depicts the

am no acid sequence (SEQ.ID NO 65 (tis C E2.

Fi gur e EEED e dhompaieie avig S%eag%ém@&%%&ng SEQ
N@H 1§8) s£ncoding SEQ ID NO 64. Figure 25 depicts the

nucl el c acid sequence (SEQ ID NO 67) encoding SEQ I D

NO 65 Figirg2$ depiéts depnedtisic aeid seqrienee GEQIIR d§Uere enqogE@ SEQ

I 68) of E.Coli fliC The am no acid sequence of
tﬁglﬁ)ﬁ)ngﬁz region is underlined.

Figure 26 depicts the amino acid sequence (SEQ ID NO: 68) of £.Coli fliC.
The amino acid sequence of the hinge region is underlined.

Figure 27 depicts the nucleic acid sequence (SEQ ID NO: 69) encoding SEQ
ID NO: 68. The nucleic acid sequence encoding the hinge region is underlined.

Figure 28 depicts the nucleic acid sequence (SEQ ID NO: 70) encoding a
fljB/STF2A.EIIIl+ fusion protein. The nucleic acid sequence encoding the artificial
hinge region is double underlined. The nucleic acid sequence encoding a linker
between STF2A and EIII+ is underlined. The nucleic acid sequence encoding the
EIIl+ is bolded. Vector sequence is not bolded at the 3’ end of the sequence.

Figure 29 depicts the amino acid sequence (SEQ ID NO: 71) encoded by
SEQ ID NO: 70. The artificial hinge region is double underlined. The amino acid
sequence of the linker between STF2A énd EIll+ is underlined. The amino acid
sequence of the EIII+ is bolded. Vector sequence at the carboxy-terminus is not

bolded.



Fi gure 27 depicts the nucleic acid sequence (SEQ ID
NG 69) encoding SEQ ID NO 68. The nucleic acid
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Fi gure 28 depicts the nucleic acid sequence (SEQ ID
NO 70) encoding a fljB/ STF2D. ElIl |+ fusion protein.
The nucl eic acid sequence entoding the artificia

hi nge region is doubl e underlined. The nucleic acid

Sequene RN fie hidiGLiDSlHBRR §E521@1W7§j bt e

under | ined. The nucl eic acid sequence encodi n
B TF2A EdlIpofudied prcxi’emt dihe ggificeal hindegegion 1sbtﬁubbdlmiterltmé The

- el ash ehief SO e iR Rafien a2y et BF hfertined.

7DomAhel rrihd West il BirfgSrofe@Dis®d]ded 26O ubli@zeCE (%:ID‘FJ@) 172).
The ammp aci d sequence of the |inker between STF2D and

Efh¢ remaindey agide bplded seqreaceisidapaicilioidbe gavedepeairoeine(SEQ ID
U -T75 of{%ﬁé %gt Nl\{gglii‘l%r gﬁ%ﬁgﬁg ﬁltalrfsli‘%Bd I are Eefer{eﬁl é[o as

carbox -termnus 1s not b Igure epl ct's
abilho Hedtor sequpnenatth¢ ShQokPiddinusd) tief pratefd jsBmbolded. The

STF2D. El | | f usi t h ti I .
RGBT ghA B oh neaded i Bra swos e Shig Eneene
eRSRIAE Notht REmb kdpk&S ofbcﬁé WRRS? oBEESNRRNG: 7 b Fiduse 29.

underl i ned. Domain of the West Nile virus protein is

bol dedandB 31t @pmﬁ Tile@uglsE@cld}emnc@ 350Q prﬁxéor Ehesnnading SEQ
ID W'ﬁ 3 ;lesr{gg %{q%)éin ItL"? a’ﬁﬁf -3 if,‘l]lr}cﬁgeglor? is double

P@ﬂiddrl@[bﬂ ahe @Laalaicraeldl seq{ﬂﬁlcb khco@igy the ﬂlﬁkérefétW@naserzA and
ElLIl+, Vector sequence at the carboxy-term nus of the

prH{’e}Sﬂm%ﬂl@%&’lﬁhé%P cofier eeqdingthe seningresigne belded.i Rhgpucleic
B e BBy RIS RO} il A L QB RARNE
TudboddedRexpat the9 endi gur e 3 1 gepl cts tlhe nucl ei c ?’ﬁl d
hucl o Bl RRLIE STt 60f MgEre SPA B 7o Rpre

r SOT/RTFLA. J@@[‘P—b bRidH8letd. MBIk ari RS aNMAS LI AGE Eio§tﬁ9 HEdKrBned.
encodi ng the linker between STF2D and ElN 1+ is

uhbeahingedidgervench of thedebrtwekmyl ffearwbiHIHe is sndeglired.

d, Th | di
Bl e By GG & § Bt TR HRBRRUGT IR ARGt shirab s virs
t 8Xolded ahb G}taﬁclz@mMDKLQlll’ @E@ZIDij) qQys). tTe amiho acidGkguence of
sequence (SEQ ID 76). of a pET/STF2 D.JEILI|+ fusion

p? BP%ioR of theelogan Hi éf the Trpangs GneghlsHts ¥irgoisdolded

UAEET Y R ¥ C TEKFSFAKNPVDTGHGTVVIELSYSGSDGPCKIPIVSVASLND
MTPVGRLVTVNPFVATSSANSKVLVEMEPPFGDSYIVVGRGDKQINHHWH
KAGSTLGKA, SEQ ID NO: 177). Portions of domains I and III are referred to as
“JEIII+.” )

Figure 33 depicts the nucleic acid sequence (SEQ ID NO: 77) encoding SEQ

ID NO: 76. The nucleic acid sequence encoding the artificial hinge region is double
underlined. The nucleic acid sequence encoding a linker between STF2A and JEIII+
is underlined. The nucleic acid sequence encoding a portion of domain I of the

Japanese encephalitis virus is bolded and italicized. The nucleic acid sequence



The ami no acid sequence of the |inker between STF2D
and JEIIl+ is underlined. The am no acid sequence of a
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is bolded and italicized (MDKLAL, SEQ ID NGO 173). The
am no acid sequence of a portion of the domain Il of
the Japanese encephalitis vipus is bol ded

( KGTTYGVMCTEKFSF AKNPVDTGHGTWVI ELSYSGSDGPCKI Pl VSVASLND

RESTIEANERST B i p Bt Ree gl d! Wity
| Portune of dbenine d aidIlhsre rdfEtrtd fo 4s FEgRFe 33 depicts the

nucl ei ¢ acid sequence (SEQ I.D NO 77) encodi n% SEQ I.D
NO 76 Figthe 3% depels thepyclpicadid ssenesncEQ ByNGie8) encoding

anihL Cf : _ . . | ._
IS TR mit 00 8cid S Rfed Sho B0 Bl SE dohin 1 ofghe
arniveléivd ivbinsdedérlined] . Ththemimghghecleic iacidsequeane encodes at

encodi ng .a pertian.of .domain | of the Japanese

crs AT En B GorpdlE (ofh MugoRREIHAI | oi red. - The

nucl ei giagk d5 651618 AELANHO dbidGedud?os {3 IDfN@'.O'l%ieﬂcddleH by
of the Japanese encephalitis virus is bolded. Portions
oSEGOHRANEY 78. dvideast 3 pertien pedempiad of thesgnvelppe protein is bolded

el Rl R b, S T TBQR S aomaRel Or e

eenvdbpegprateid.east a portion of domain | of the
envel ope protein is underlined. The remaining nucleic

aci d seefHEhce IBHES dersAmaipo pEdSPAREIER T O AD OO dBhefA |11
o V I | :

e Coarener PRI el fedna ey Reas PR

7 8ndetingd a4 tinkergstwéenrd 1312 Adaddpen 1| EIBF is tunderbinece| ope

protein.is l.ded and italicized. Th (. .

P equondifite S2pe s el ot ABienci SECATE NY: 8 ecading sBQ
eMYeVOPE). PTIRY Riclkic i@ ERed® hebdiak $hd Hefidal MA@ stdn is double
sequence (SEQ ID NO 80) of a pET/STF2 D. Denl El FI

f usfiahngst ot pclefhecid pequenes qalcoding fee linkgt betwieen §5TbA and

u (% i nker between STF2D and Denl ElIIIl is
un g?lqlgg%@%%%erﬁé 37 depicts the nucleic acid

sequendégurSERXefic e fidino eidadqigcSESEQ IDND: §9.of The

v b2 b PR e arvagy, Thret Al Kres eiea 1S e

ena@iifg. thg drhink 8EidReduMRe oSHE 2k & Whtween STF2A and Den2 EIII is
underlined.

Figure 39 depicts the nucleic acid sequence (SEQ ID NO: 83) encoded by
SEQ ID NO: 82. The nucleic acid sequence encoding the artificial hinge region is
double underlined. The nucleic acid sequence encoding the linker between STF2A
and Den?2 EIII is underlined.

Figure 40 depicts the amino acid sequence (SEQ ID NO: 84) ofa
pET/STF2A.Den3 EIII fusion protein. The artificial hinge region is double
underlined. The amino acid sequence of the linker between STF2A and Den3 EIII is
underlined. ,

Figure 41 depicts the nucleic acid sequence (SEQ ID NO: 85) encoding SEQ
ID NO: 84. The nucleic acid sequence encoding the artificial hinge region is double



Denl EIll is underlined. Figure 38 depicts the am no
acid sequence (SEQ ID NGO 82) of a pET/ STF2 D. Den2

WERG0b/0786ST on protein. The artificial hinge regPONUSR06/001623

doubl e underlined. The am no acid sequence of the

i nker between STF2D and Den2 EIll is underlined.

Fi gure 39 depicts the nucleis acid sequence (SEQ ID
NO 83) encoded by SEQ ID NO 82. The nucleic acid

S I [
JRRRRY, ABERALEE DAL LR g P AR Ry (T8 2
tben3 EHkﬁrunldeﬂmeén STF2D and Den2 ElIl is underlined.

Fi gure_40 de he am no.acid se S NOG,
s o Figuisie dspis e aER® 15 e TN OR SO
aéf]?T/@I‘?Qﬂ'DJHﬂEIﬁ f.60h BFbdis. dRs BHE N BRTgk irf86h isTdvable

no acid sequence of the |inker between STF2D and
Dem@rlizied] Tihs agrineadidl sesgendg) of (fheelinkes belayser SIFLA @nd Dend EIIL is
nucd gll C aC| d sequence (SEQ ID NO 85) encoding SEQ ID
The nucl ei ¢ aci d sequence encodi ng the
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nucl ei ¢ aci d sequence encoding the_lin

sﬁf@@ $6d ToeciEia acid SABEeeRIRE thﬁ.agﬁ”e%al%?laféfs@e’e i double
D e?l?@% Iﬁ%ﬁcﬁ%&%&ﬁu&éﬁ@n&@n@he%)(eroget\@eé?lES-Ff@-ﬁFﬁld

sion protein. The artificial hinge
r BgoRII & weletliredunder | i ned. The anmino acid sequence

f the_|link b STF2 d
O o e s L B L Aoy SRR NG, 170 or e
S EGHENR oA th: Mk-Hdfle @REMAIIAG eﬁ&@ﬂe@rh@n 86 The

nucl ei'c ‘aci d sequence encoding the artificial

r egi onFigreiél Bemcta thteanting aeid squmsnet/HEQ & AQ:@ é@éfmwﬁé@\hle
GRS ST SRR TR L &
( SR PoRuBOintd BN+ 0bnstrhets enueletifzed mmm amdsfz9m4@6) Amino
LSSa 0L By heshrl L shvel o BLoLel e US4 Srepond
VA PSR et ot SN a7
Figure 46 depicts fusion contructs in a pET24 vector. T7:T7 promoter; /acO:
lac operator; STF2: Salmonella typhimurium flagellin; STF2A= STF2 with the hinge
region deleted; EIT" is domain IIT of a West Nile envelope protein with 6 amino
acids of domain I amino acid.
Figures 47A and 47B depict TLR-5 bioactivity of STF2.EIIl+ (SEQ ID
NOS: 54, 55) and STF2AEII+ (SEQ ID NOS: 70, 71) fusion proteins. Serial
dilutions of purified proteins were added to HEK293 (TLR5+) cells overnight and
IL-8 content of the supernatants measured by ELISA. Purified STF2.0VA was used
as a positive control (Figure 47A).- The TLR-2 agonist Pam3CSK4 was used as a
negative control (Figure 47B).
Figure 48 depicts STF2A EIIl+ antigenic epitopes assessed by ELISA.
Plates were coated with full-length WNE (open bars) (SEQ ID NO: 39) or
STF2A.EIII+ (SEQ ID NOS: 70, 71) and probed with the indicated antibodies
(mAb). Poly = polyclonal antiserum to WNE; 3D9 through 7H2 = neutralizing



i ncorporated into Elll+ constructs is underlined
(am no acids 292-406). Ami no acids 292-297 correspond

WO 000a/0psss1 i on of domain |; am no acids 298- 406PCT/US2006/001623
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correspond to domain Il11. SEQID NO 39 is encoded by
SEQ ID NO 57 (Figure 67). Figure 46 depicts fusion
contacts in a pET24 vector..147:T7 pronoter; lacQO |[ac
operator; STF2: Sal nonella typhinmuriumflagellin;

STF2Ds STE2.with i : i
TRATIor ARG i IRk At RIS BbnoBiob aglifody o

affhgeliraci ds of domamin | am no acid. Figures 47A and

47B depict TLR-5 bioactivj of STF2.Ell L+ )
N5  Shieus Oan Ao B pEA4SD sy Tras ot §3F 2 ERsER ID Nos:
fpgg [Sisgisii i 5! 54, S TP ETTE 6S TR0 IO NS 70,
vvgfgéqg%)gesgﬁtggiﬁaggg I?TII\I_éRE;)’ﬂ’ch??%@over ni ght q%n IL-8
cBhitfasibn pfot¢ihe withpetibatierto SVNEasd fladellip. Blat@ayere coated with

Purified STE2. s used.as.a positiv trol ..

( Bisigingoteing Dloshed apg ncsPEEd SthrBARURIW RN Bggin,
nﬁﬂﬁ%dé%‘e&&ﬂ‘it&%as(d&e@%ﬁ%%hg ifcuBbtich wWith GE®-Dbsled species’
STF2D. El | | + anti geni c epitopes assessed by ELI SA
Precdts lger Platonwerd develapsduin/the pigsange vﬁ@@% pehstpigragy

» = + - 70, 71 '
S R ARG Sty s NSRS fol y
pol ycl Bhyke sW8émas WG saumhiblioBing ihjectoughitl Hsion pro‘Feins. Mice
e M
CoR e Rsaf¥0, st iR e YOS 2 0 .
525 pgSIFAAEISFRN B g STESED-ESHEE) NO;, 547 1P) fFrisiomg
. . ' . : R
DTS B, 1L BkoRosl &5 ey [emaablias ietss, on
| ey batigchiiidd sanhAlbadicthaliongdllkitr WINAgSbraiffom individual mice
Ant’i body reactivity was detected follow ng incub tl,(%n
wilday FaRmeragisrasierizgd by diseeiddd e te detgrning) Ia@elev‘;iﬁe raPé"“ ted
d . f .t at-e .o .
o HRYEE Plhugf (PR JEINOER s d R B aRheEa S R Cayy, Toi
S @htiy#r(60) sﬁgsg%b];au&_a i Epoaipsilk gCr biartaggelqirb®is. ng
I njection wt usion prot el I
W th RS > PR B e RS (BRI NESedonEdPIE TTL1H (SEQ
b o] - : @ 5

ST 0 TBREH Ry o W Rl MR o

immunized and challenged with a lethal dose of WNV strain 2741 on day 35.

Survival was monitored for 21 days.

Figure 52 depicts IgG sera titers following immunization with fusion
proteins. STF2A EIIl+ proteins induce WNV-specific IgG antibodies. Mice were
immunized s.c. on days 0, 14 and 28 with PBS alone or about 25 pg of STF2A EIll+
(SEQ ID NOS: 70, 71) (045 [positive control]), STF2A.EIII+ (067, trimer),
STE2A.EIIT+ (070, monomer) or STF2A.EIlls+ (SEQ ID NOS: 72, 73) (069). On
day 35 sera from individual mice were characterized by direct ELISA to determine
IgG levels. Purified WNV-E protein (060, produced in Drosophila as a his-tagged'

protein) was used as the antigen in this assay.



25 ng STF2D. EllI+ s.c, 25 ng STF2. EIlI+ (SEQ I D NO

54, 55) Lp., 25 ng STF2.ElIll+ (SEQ ID NCS: 54, 55) or
wWQ2005/0Bb6F2. E (SEQ | D NOS: 158, 159). On day 35PCT/US2006/001623

i mmuni zed animals were chall enged with WNV. Sera from

i ndi vidual mce (day 35) were characterized by direct

ELISA to determne 1gGlevels Purified WNV-E protein

(SEQ I D NO 39) was used as the antigen in this assay.
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( SERA BINOREGID NG AN g3 ikRk. pE(l)tbir@ +habe b@a m anf@als

73) protective inmunity in mce fromWWV | et

chamumngréwﬂmmdj@@tectsﬁw “fepignrigrotems(Hi 2ds E%?rExﬁriZt Figure 60) were

£ usi
 EPhEReQ 5O iy s PR BB b O lblio o e
15 Npiiction Qﬂdcfn@eﬁnQI ahdd@ly&thw\eﬁ{/elbpﬁpxemh group (10
m ce/ group) _is indicated as per cen ure 54

a .
depi ct Elggemedsnisty ﬁp1§§’§dWPH§e9f thg angibogy rf'éﬁgl%efm%ed by
f g‘TﬁA%IﬁE-FK §€0 3 Nog>) d2 %)t]%@tl'(él‘?\re"f’of g)? %p%%gsmn
Isvveelncubate otin roteln
( PERihD MNEhwBXRerafiomtanenals domdnized with thﬁeinklsatwﬁ SHFPgAusion

B DO Ce R BT b PG 1 Sk Car e D ot A len

20 V‘€§121NM %emlghﬁlsv RicRslEitnaAR] 1B i8Sy e redide ipfhing itienE-21
Fi gure 55 depicts epitope mapping of the

anputcmgcbf W@s§ bblq@qu:lﬁpmpr@ﬁpnbyData retlects the response of sera to E-21
following the substitution of cysteine with serine (indicated by C,S); and the

sequential replacement of amino acids with alanine. The peptides tested are listed in
Figure 57.
25 Figure 57 depicts EIII+ peptide arrays. The sequences include domains I and
I1I of the West Nile virus envelope protein. Amino acids that correspond to domain
III are underlined. Amino acids that are not underlined correspond to domain I.
Figure 58 depicts Pam3Cys. WNV001 (SEQ ID NO: 168) inducing EIII
specific IgG antibodies. Mice were immunized s.c. on days 0, 14 and 28 with PBS
30  alone, 22mg of unmodified WNV001 (SEQ ID NO: 168) or 30 pg of



STF2D. El'l 1+ (SEQ I DNOS: 72, 73) fusion proteins.
| mune sera fromanimals i muni zed with indi cat ed

W@IMBdeasi on proteins (E2-21, E27-E52, Fi gur ePGDYS2006/€01623
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exam ned for the ability to recogni ze overl appi ng
pepti des corresponding to the junction of domains |
and I'l'l of the WAV envel opejprotein. Figure 56 depicts
epitope mappi ng of the anti body response induced by

p ;o eék% WV@O?E%4 @assjmerg from s 1?1211\/51'11%%((%%&!: op. z?actemzed by

epi t ope ion proteins nmine sera
adirem EL I8 Amudetzednevighlavhls to sylithetice W NSITR Deptids. on

Po°5S! BlaekefS vt 550nS BT birafnces (3800 NOSe 8:%5) it
SEI/Em E&cﬁd@k&ﬁﬁ@s@ Nil, Jagsﬁktsb EMcdphglidieslddvgsud edetding

epi tope of |l e envel ope protein. Data
r éﬁb@h@ vithisesy ddhpoest Nale epiippe dentEiiusing dngiggmadronhe

STFDEe Rl B8 e M DR Sleaptnes

V\@éﬂtldalmzm@sEQI'l’[em:eng)jes tested are listed in Figure
57. Fi gure 57 depicts ElIlIL+ &%&tide arrays

. Th
sequenBiEams FLiTes Beramsatide QR 11D NG: 19Ad Shealpuisg peen array.
VIAElHﬁO Efl}ﬂﬁhg?gorﬁéﬁg&ﬁl 8- doﬁmrf‘ﬂl ehdsy écfg e GRuE @ﬁs‘%‘i’dg)@ PrOein

domai n I'ned. Am no acl at are n

u actemiderhiedd.c Anries pudthatoare ootaindetlined IéDgcapen& & dremiin{ of the
%ﬁ VWNVO01 (SEQ ID NO 168) inducing EIll specific
Shht'F8BHTes. M ce were immunized s.c. on days 0, 14

and 28 E
Do RS oty st et ENED LOF)

f fbernpeleicwridupaquence enopding thh linkes terweegn $ Thy a@ﬁ p@@hbumln (OVA)

E%’sl 1?@8}1&@&?%&8} %@ué&%@ alt ?16% 3nd 9 bc’d@écpa% dﬁngm%]

pep i guf e the am no acl d sequences
( SEQ | Blgl’dE§62 &Hi&bin ﬁlﬁlﬂo%lcﬂdqﬁéﬂde (BEQCID NO: 153) eésded by

e, anese encephal itis and Den rotype
tﬁ}i&@mﬁ)} 193 agelnker praugpes baveen %73'? GVacaun ?réaed

u§;| %rg&%lgﬁ uﬁ&e?fﬁe%ﬂza%oﬁieh' S+ | mmuni zed animals is

|s sequence corresponds to peptide E2-21

( SEQ | Bigu 631@:5@1cts ﬁlegmmao 60d depients (SEQ P2 Nepitshlef ¢\@H@miIn.

D R ARl RE SR o BP0 o

egvgheps, protein are underlined. Am no aci ds that are

not underlined correspond to donmain | of the
Figure 65 depicts the nucleic acid sequence (SEQ ID NO: 158) encoding a

STF2.E fusion protein. The nucleic acid sequence encoding the full-length West
Nile virus envelope protein (E) is underlined.

Figure 66 depicts the amino acid sequence (SEQ ID NO: 159) encoded by
SEQ ID NO: 158. The amino acid sequence of the West Nile virus envelope protein
is underlined.

Figure 67 depicts the nucleic acid sequence (SEQ ID NO: 57) encoding SEQ
ID NO: 39 (Figure 45). The full length sequence of the West Nile virus envelope
protein is depicted. |

Figure 68 depicts the amino acid sequence (SEQ ID NO: 160) of the Dengue

1 virus (also referred to herein as “Den-1,” “Den 1” or “Denl”).



West Nile virus. Figure 6 1 depicts a STF2. OVA nucleic
acid sequence (SEQ ID NGO 152). The nucleic acid

W@ e@ersss7 encodi ng the |inker between STF2 andPCT/US2006/001623
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oval bum n (OVA) is underlined. Vector sequence at the
3" end is bolded and underlined. Figure 62 depicts an
am no acid sequence (SEQ I D.NO: 153) encoded by SEQ ID
NO 152. The linker sequence between STF2 and OVA is

der | ig
L D Y964 06 RERURACE BT ISERP RO 8P s
. SEAD)]D)NOJ\léDbum n. F| gure 64 depicts the nucleic acid
sequence 155) of, oval bu re. 65
degi ot 4t &H& 59?&6@0&'\3 %ée&&swe%%ﬂﬁb%l%sﬁthe Dengue

enGeelk pdlsPRrefFed 16 nbiesd %‘*‘I}%n%e"‘ﬂenih%r Aygley c acid
sequence encoding the full- |'eéngth West Nile’virus

envel opegue ¢t depicts He nuslainakd béquetce (SEGQUIRNES 1d8)pincoding

t ' .achd sequence (SEQ I D NO 159) encoded by
Sggqa@ﬁ%q(égB The ami no acid sequence of .the West

Ni | e ViFigige 2D 1@!@@hdHr@1h6laB1dls§qlwmd€(SE@$]d NG m49 ef &€ Dengue

depi.cts the nucleic acid sequep‘ce SEQ ID NO 57)
eAoEHs fsoredsTred Riberegvay gt ’PheDmﬁD | engt h

seq Uengﬂgg.u‘i’%:ﬁ 'aé‘pM’é zﬁe dﬁ\'ip A& Yhig g‘qu%ﬂé’e dg q'6§') én%odmg

depi ct I gure Icts t e amn [ d sequenhce
( SEQ I'MNNO16460) of the Dengue 1 VI rus (aI so referred

to h in " Den- "Den
opi ot SEHETAGER B ieam S Selsenissct S0 IRNG, 1658 the Dengue
a6k MscoRRrtdd tB@erellﬁgs “PegureTid) defcheasathe am no

aci d sequence (SEQ ID NO 162) of the Dengué 2 virus
(al so Feduse 7&depiots hlequemﬁlescld Bequence' (SEQRHD NO: d67) encoding

gﬁgm&glgﬁre 7 1 depicts the nucleic acid sequence
63) encoding SEQ ID NO 162. Figure 72
depl ct Figuhe 7adepiorts aled shokae) it sequeSESIHY IONCEG4)) @coding a

the Dengue 3 virus (also referred to herein as
" pigngserenegilRlifs vigps. " pen3”) |

Figure 77 depicts the amino acid sequence (SEQ ID NO: 171) encoded by
SEQ ID NO: 170.

Figure 78 depicts the nucleic acid sequence (SEQ ID NO: 175) encoding
SEQ ID NO: 174, depicted in Figure 44.

Figure 79 depicts the nucleic acid sequence (SEQ ID NO: 178) encoding
EIIl+ (amino acids of 292-406 of SEQ ID NO: 39, depicted in Figure 45 and SEQ
ID NO: 7).

Figure 80 depicts a tripalmitoylated peptide.

DETAILED DESCRIPTION OF THE INVENTION
The features and other details of the invention, either as steps of the

invention or as a combination of parts of the invention, will now.be more

. particularly described and pointed out in the claims. It will be understood that the

particular embodiments of the invention are shown by way of illustration and not as

limitations of the invention. The principle features of this invention can be



Figure 73 depicts the nucleic acid sequence (SEQ ID
NO. 165) encoding SEQ ID NO 164). Figure 74 depicts

wo b@eaniesd aci d sequence (SEQ I D NO 166) of tPeT/Dsvgeen1623
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4 virus (also referred to here in as "Den-4," "Den 4"
or "Den4"). Figure 75 depicts the nucleic acid
sequence (SEQ ID NO 167) engoding SEQ I D NO 166.
Figure 76 depicts the nucleic acid sequence (SEQ ID

Rt YFRER MBI\ £ GRRAT b ny ool
17eneorcoded by SEQ ID NO 170. Figure 78 depicts the
nucl ei ¢, aci d sequence (SEQ ID NG..175). encoding SEQ ID
NO 17408 gesspRagenign ﬁ?lafa% %&?POW@B%)@%H ar@ﬁl@% She
NWElyBERIRS bHaSIBsk 8 3;6&061%@& leEt ¥ aﬁ'\:l%ﬁh BAGOREAY Jettidritof a
(amno acids of 292-406 of SEQ ID NO 39, depicted in
Fiflggelbn it tasks SEDCE Megiay; any at IeasgamertBm efapilagstsong pathogen-

B P AL R PR R s

| Mhe Bbmpssitieist ABloragoRigpad pblybéiiden vLiHeiifventbn 3 e
conmbi nation of parts of the invention, wll now be
nsP@lqysd it BEtheds {p saadate BB AMENEC FRSPARSSAN 8 SHLIEH- t he

cl ai ns; ' : : : ' r
enbodi rIrrwle!r)1lilesélﬂno#)(l)c%lﬁgrn;J %gﬁ%nggg 51:1%22 S ko%Aguogl;J O%H@ at least a
i pbuhrodiat leastamd angenamdlat lkastatpoomns ofat idast dnevitageilionwherein

Th rinciple features. of this invention can.

pablaf sPEarits dRiigh ERkrpdthenEeRr Aot aBeigR i ng
from t pamhdsaPassetiated endlEdu@R phdin (FARIP! QRANRE afRYEMH PR
relates to conpositions, fusSion proteins and

pORSipEg lipaprotaiR, tafers @astlass opmolacales 6¢.gaprateinsneptide

b 0RP ARl EASh, ROILL R0l BB A . e
| ®asiid wnepapisihegenassoRtait@dPRR) el tdpgdrah ittt AR

and at least _a portion of at |east qne flavivirus. The
c SFPpEset iefglﬁi)ﬁﬁ £ i E?@él&? F@eﬁ%@ﬂ)y P filgrarsceptors gder to a

| BYRAY bPRGABr MBteins that are homologous to the Drosophila melangogaster
Toll protein. Toll-like receptors are type I transmembrane signaling receptor
proteins characterized by an extracellular leucine-rich repeat domain and an
intracellular domain homologous to an interleukin 1 receptor. Toll-like receptors
include TLR1, TLR2, TLR3, TLR4, TLR5, TLR6, TLR7, TLR 8, TLR9, TLR10,
TLR11 and TLR12.

The pathogen-associated molecular pattern can be an agonist of a toll-like
receptor, for example, a TLR2 agonist (i.e., Pam2Cys, Pam3Cys, a bacterial
lipoprotein) or a TLRS agonist, such as a flagellin. “Agonist,” as used herein in
referring to a TLR, means a molecule that activates a TLR signaling pathway. A
TLR signaling pathway is an intracellular signal transduction pathway employed by
a particular TLR that can be activated by a TLR ligand or a TLR agonist. Common
intracellular pathways are employed by TLRs and include, for example, NF-xB, Jun
N-terminal kinase and mitogen-activated protein kinase. The pathogen-associated

molecular pattern can include at least one member selected from the group



enpl oyed in nethods to stinulate an i nmune response in
a subject. In one enbodinent, the invention is a

W@ 0vp0%8657T on conpri sing at |east a portion of BECT/USHSE/001623
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one antigen and at |least a portion of at |east one
flagellin, wherein at |east one of the flagellins

| acks at least a portion of_;g_hinge region.

Pat hogen- associ ated nol ecul ar pattern (PAWP), such as

o parsEHB OhbTERIe8REh S L s BRPIEE b lya G BhCSs, Bacteria
CapoRbiH) ol BLRB iapbslst (kigh GARRIANS OEBTLRHA @g@t@t (a cgl thciboalnd

in mcroorgani snms_that, when bound to a

r EoenpiTe R eon SLES AEoRRS (- eilagel§es THRG paiFiea TLR7
% L PERO AR Gst! BT RSRAGAR (2. nERU b PNAGRAESI TLR 10

r egﬁﬁ)stt@rTDRDI egodsttandia m,’zmgnnﬂs‘ogous to t he

Dr il I t t
oot b & Pufien B SRt e S FRoRit il el Kfemgptsio. such

PLOPGhISyL PALACY 6} 2RA M oR3 a@?‘zlg“zﬁd%@'d}iﬂ oprotem (OprI)
| euci ne-Tich repeat donmain and an intrace domai n

hérehplgnuept dlpaprqtmn%mlcb:dk WVLWMLAMHATGQSSH (SEQ
nc TL TLR2, TLR3, TLR4, TLR5, TLRG,

TE@{;\&S %Lé %tggj TLRI @] TLRI | and TLRI 2. The

IO&U’@Q&AG@IS@@TAIA@QCT@GEA@T&?G@@GCE}@TAMC@F@GGTTCTACTCT

agonist of a toll-like receptor, for exa R2

S GeC RO TOPTREA CARMBELD B4 SPE Raptemplary F coli

!, kg(g[%iriag{ﬁ%bﬂl)te% & d,l-gh BPtR9RARhEbn ?&Uﬁt‘edaﬁeréﬁn if agel Lin.

as use ererninreferring to a TLR neans
a MRAFTEINE. GARTLEGSTLLAIGES SN [NERQ 8D iNtl li8iyepakibdvhy. A

T SAARA e RALIRY LS. 80 b peRl b A Bk acTeT

cHrReGeAGy Rt @éT@CA?GCFJﬂRd iSgRNb NO: 4 81}— R&Qﬂ@t@hﬁthpoprotem

Common intracel lul ar pat hways are enpl oyed by TLRS and
i et acteyates @rTIeB@srgn@lmgmralmy (3 IR qg@nm)naa breteaal @refpig that

m. t n- acti.vat.ed ei n ase h )
péﬁ}fﬁ%%éﬁpaégﬁﬁ?laﬁs BRI 0 i BioL e 250901 36625
| €260t5) 0 or BRARSlE, @@r@@ioﬁd)f”SEomﬂ N@Sgnwmbn& sitiaogrialf

a TLRI agonist, a TLR2 agonist _ (e.

pamwson waemsie & 4 q:q!a;s@szsl%t@iwle a l’qrgmzs? %@@m@éﬂ% acigymoiety
O3Sl TR MO Sy oy 54D Nog: 175, 13 ey
f I gagﬁhﬂmg@ TLR2 'Egaﬁseﬁgo nsesin theaconpamm)gs; rfusibn peotdihRend
T GG I LT Y -
ageRied to as triacyl-lipoproteins) in bacteria occurs through the addition of a
diacylglycerol group to the sulfhydryl group of a cysteine (Cysteine 21 of SEQ ID
NO: 181) followed by cleavage of the signal sequence and addition of a third acyl
chain to the free N-terminal group of the same cysteine (Cysteine 21 of SEQ ID NO:
181) (Sankaran, K., et al., J. Biol. Chem. 269:19706 (1994)), to generate a
tripalmitylated peptide (a TLR2 agonist) as shown, for example, in Figure 80.
An antigen is any molecule (e.g., protein, peptide, glycoprotein,
glycopeptide, carbohydrate, lipid, lipopeptide, polysaccharide) that generates an

immune response in a subject either when employed in combination with a PAMP



In a particul ar enbodi mrent, the TLR2 agonist is- a
bacterial |ipoprotein, such as PanRCys, PanBCys or

wos@adusssnas aer ugi nosa Oorl |ipoprotein (OprlPCT/US2006/001623
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Exenpl ary Oprl Iipoproteins include ‘
MNNVLKFSALALAAVLATGCSSH (SEQ I D NO 179), encoded by
ATGAAAGCTACTAAACT GGTACT GECCEGEGTAATCCTGGGT TCTACTCT
GCTGGCAGGTTGCTCCAGCAAC (SEQ I D NO 180). An exenpl ary

LS8 FBERET R O TR BelOh Mo RO Pl e

NCan B84 fragmemade goltion of a naturally occurring antigen or a synthetic molecule

ATGAAAGCTACTAAACT GGTACT GGGCGOGGT AATCCTG(EC&"I'TCTA
ﬁﬁﬁ@éﬁb@&%@%@@@&% OF\IG)POIPB’?) Apaﬁ%rgﬁﬁ PPGTIng

aggé&lotel n that activates a TLR2 signaling pathway (a
agoni st) is a bacterial protein that includes a
pal mi t dhe antlmi cdn pOawvetal antige®. A ‘irabantiged,” aBuedd heGinyrefers

SR mEPRAR 0P G g R L BB o SBEERS oSl ina

smﬁj ecm‘snhﬁ When dmplOydd)inlc8mbldation With Ia@mw (EigQn ffoeRin,
pal mtoleic acid noiety to a Céstel ne resi due of the

r 8§@P@Vﬁé’am3§ty& ¥ 1{1éhf‘gabsel'5EQf RBAVS; Theyiraliggiigen pay by
égﬁfoﬁto'r QG gm-ghﬁgf aZlga%%aﬁ ofzaﬁ’rdllljé%n#srbr a ?nﬁ"l%ﬂp %l‘l%léclu%ntﬁat

sion prot€ ns and polypept] he- i nven
Plrrunhumstal gturelly dedupdngvitwy beches 4 lreqoaphinine bnsyriiadteqrotein (e.g.,

ref rred to as t - | oprotelns in bacteria

{5nk Brighie: BedchabatBRRG el sl ot FEBRG eregispin the
t @uEJEkQ 316& feﬁé&@&)ﬁ;’m&{ "JH@us‘éﬁ herefy BilrefeRfict (Y A184sPE pgrtl%anf an
SEQ' I D NO 181 by cl eavage of the signal

S @qﬂ@mde ga Adina @nttgenh mﬁanaanmpartjoféhg/anttg@a ion thecentimgsy of the

fraﬁ gegE q@le %é%a@t( r& 8ﬁ aﬁ% an gen éa%’setgr%gqrﬁ%e ope
Gpﬁ)’ftm?cﬁ&. do6 (4. 4.988main 1f 1, IBRE ﬁﬂbl@e@oﬁefpr@t@iﬂfd)ﬁ Yt eels
pept| de (a TLR2 agonist) as shown, for exanple, in

FPBE8® 80. An antigen is any nol ecule (e.g., protein,

pepti d qihﬁ glla% R Elgxéfd 54 lng{h)é%gﬁggglg&% ?%g:trnbﬁgﬁéﬂ{s}?lg g)olgﬁ)eptides

lipid, [1popepti ysacc gener
[ mﬂtheenveaﬁpm n&elackl atlesat bjpectionsiftalidtigewhgion e hgeedionm are the

nbi nation wth PAMP( e a_flaqgellin,
OByt eienr AEe ABSUNE Bbfni e Ao RRB P SN PP
beermidusad "t‘ﬂ’enﬂag%ﬂlnp AiihbO R s%f E@fa ¢18h bt AEFMRHIYo herein as
antigen or a synthetic nol ecul e t at mmcs the

hmea‘rarsabbc@gmns vy “arpéryaiabby hinggusgions i ‘afackh es used herein in
n‘?éfg{e ciﬁglgjer rregl%% of a flagellin, means that at least one amino acid or at

least one nucleic acid codon encoding at least one amino acid that comprises the
hinge region of a flagellin is absent in the flagellin. Example of hinge regions
include amino acids 176-415 of SEQ ID NO: 1, which are encoded by nucleic acids
528-1245 of SEQ ID NO: 2; amino acids 174-422 of SEQ ID NO: 68, which are
encoded by nucleic acids 522-1266 of SEQ ID NO: 69; or amino acids 173-464 of
SEQ ID NO: 58, which are encoded by nucleic acids 519-1392 of SEQ ID NO: 59,
Thus, if amino acidé 176-415 were absent from the flagellin of SEQ ID NO: 1, the
flagellin would lack a hinge region. A flagellin lacking at least a portion of a hinge

region is also referred to herein as a “truncated version™ of a flagellin.



antigen. The antigen can be a viral antigen. A "viral
antigen," as used herein, refers to any portion of a

wWQoR0a®78667 g. , flavivirus) that generates an i nPCIES2006/001623
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response in a subject either when enployed in
conbination with a PAMP (e.g., a flagellin, PanRCys,
PanBCys) or in the absence.pf- a PAMP. The viral
antigen can be a portion or a fragnent of a naturally

oceurrd nLQieasjt 4 ért181[1 of'a ﬁ){'{é% I?@%lbl‘f ” @h&glﬂe?elﬁ qgfers”ﬂo%? $aft of the

natural y occ rring uch as reconbi nant or
&Mﬂgéh@gioﬁ of lthHRAMP((e .2d ﬂagalhhb aw ithei emltlse)ty opthethinge, region. “At

liplrd, carbghydrate, that rat.es. an. i mm
k5 hipodii; B A LIRS TP O Dot it o SR L o Hinge
'fégiroﬁf”eﬁ #)fé ﬁfeﬂlﬁg’ésﬁeg@n%@@ hPRinfk@Nfl OB {]jB, also

(eg., a viral antig means any part_ of the antlg
mefdrh:d te heremetsy* ﬂgB/anEé” ant‘$5‘r?s2r’f) iszanine reidp il 80-446 of 2BQD

;N@t rg% ?sf egl%a%eﬁgt}/y%ﬁ/ul(c 61% ac1&§ ét%;)g)gltl%ﬁ '32?512@? Pf ?nglﬂ’ﬁo 2.
fe‘:W Félaiﬁ lFa%)oPtﬁcSH &Hthe %ﬂlg@rd:ghcﬁWMJBMEtBZﬁangﬁn?or ‘Ehample, amino acids
agell'i'n e e In the conposi ns, fus
RGeS T O1G e e 5Rnd e HUEHIG BecRTFoF for SRQD
tﬁés 4 B RALH g'lfng{lo Beillls o? 2 $hiE8adkeq 1288a Fdrfion of a

€ hypervarl regl on agell'in that link the
aRihperdgtonyi nus and car boxyt errri nus of the flagellin.
H nge relons of. aqfla elhln are al Gferr

her ei nA% astwég%q L QPGHEne B ageill B 82}%% {etggalc%d with at

hleﬁ&% PEOPESm aﬂ1ﬁﬁ§lh11ng@i%gib§ed‘mﬁﬁﬂly'bdcﬁrrfr@ Bisaf36€ hé@in in
i nge region of a flagel nmeans that at | east one

ardferenaedb @ hingeatgibe abe flogellingppans shelsnge regtporihetie Bigsen in
st .on no_acl I-

&@n& v%‘]ﬂa%?l]xr} goéleﬁﬁrﬁpgsarggsenfdgﬂg%?ﬁé # d;jlngﬁ)l amino

Exaapl &-0f2 ¥ SFKIB D egh f8saridehiuid acidsril 16464 oﬂSEQmmsss are

of SEQ ID NO 1, whjch are enc gedb nuc% %?%ZSC d

5 (B-aIRAG A¢ils GEESPIRIRS tozt ea?ﬁlf?i Hge geiqryat §§1§2 EgiC an

.2 8y ) L SIERR, DAL el e

58 hingleiregiomnea ﬂmgah]nie aindayas aM$lr%1m thas isSagrted g thsmadrg

I D . 99. Thus, i 76415\/\er ab

f ﬂég,l\ql(ﬁlﬁgq qr}yéﬁgpp ﬁﬂﬁ%ﬁ%nﬁﬁa ns qrﬁgntfl}ngg t]?el SAEE hinge

W‘Pégl& | B lex@mPleNSEQIBANON32 fickd ﬁh@@lh{'lirzill}i c&lf@:&tﬂi@ Iﬁhge region,
| east a portion of a hinge re |on is also referred to

hevhédirheabeen teplagert by amlinpeacidson'6-180, gxefartgfécéqthlpge Tggion.
| east %(rga.rgﬁ ﬁée rae]g1 tnhr}ggy 135 th&%yed % ﬂ'?g%ﬂn{ﬁﬁ@l'a&s at least a

refers
portion of a hinge region to facilitate interaction of the carboxy-and amino-terminus

of the ﬂagelﬁn for binding to TLRS and, thus, activation of the TLR5 innate signal
transduction pathway. A flagellin lacking at least a portion of a hinge region is
designated by the name of the flagellin followed by a “A.” For example, an STF2
(e.g., SEQ ID NO: 1) that lacks at least a portion of a hinge region is referenced to as
“STF2A” or “fljB/ STF2A” (e.g., SEQ ID NO: 3).

The ﬂagelliﬁ‘ employed in the compositions, fusion proteins and polypeptides
of the invention can be at least one member selected from the group consisting of

fliB/STF2 (S. typhimurium flagellin B, Genbank Aécession Number AF045151),a



hi nge region of the PAMP (e.g., flagellin), or the
entirety of the hinge region. "At |east a portion of a

wh2wge78667i on" is also referred to herein as aPCT/US2006/001623
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"fragment of a hinge region."” For exanple, the hinge
region of S. typhinmuriumflagellin B (fljB, also
referred to herein as "fljBR23TF2" or "STF2") is am no
acids 176-416 of SEQ ID NO 1, which is encoded by
N@abRkkt GBI, Posdrt flaRIIB2BICLALS roferrslrtd hdpei@s A2 colMiC)
| east a portion of the hinge region of fljB/ STF2 can
b&Gertank éheanssion, Numbai ARS8 %&za%ragm@nmf Kegi fiegelin 1iC, S.

T ' ] [ -3 L. sent Q I

N el BRI (E LR SRt R G E ROl i pagment
| af R mtierdchasflagelipoflid.on of a hinge region. At least a
portion_of_ a natural I%ioccurri ng .a flagellin, can

be .
r epl acddefiegsiin employsd inyths sprmpesitions, fsiofy Rrpteinsiagg polypeptides
L8 SEAER N A RRERIIDIR; 1R 9, o
hiNGY & 8ramgi ST TIDAO:i 68; pirlease mportiontdf SEARID WO: 1), atgedst & portion of

F , am no_acids - of . ,SEQ I D NO 1,
DAESEE R S: 405859832 IR 58 Bamat Bt o anesé SEQ D
1RK®: 484 afd a pEIpéfAdNChcRRd b3ISEQ T8 NOY2NSEACIINO: 4, SEQ ID NO:
caorrespondi ng to the natural hinge region of STF2, E.

6P iend REQ BhiC569; e ramenparlioy el # polspemtid epcoded by SEQ ID

r LR , 2 ek in
r g‘?@?‘éﬁ?ﬁ%@'hﬁ? %%@ Irﬁelg{)o? %?d galéﬁﬁggg(?l (?% nmeans a

hi nge e ghathertdrefodirsent the itventiomistalfasiomproten com@abihg at least a
in any regjon of the flage|llin that contains o X )
AT AT KRS R EPUE e FEg RARIOTFgf ot g ied gty Wherein
NGY 1e32 OB 6K thel ih@eIMal HeRlat ¥aQ GPEAEITGF arﬂiﬁgeere%ﬁﬁl on,
whi ch has been replaced by am'no acids 176- 186, the
artifi ¢Fodiomprogan,’ egiised heoin,aefers foci rabtehn geperateslgiram at least

be .enpl qyed .i fl [ 1in that
obYe PR B sBmPabiri ey Tt AEE S BAME R g
t Bertloardy0aey aripen, alldasrd irib s @i&al.tﬂi*@ceﬁi? g€ hleilmkbOEovalently
binding to TLR5 and, thus, activation of the TLR5

i AhBercosplgRdy. Thagrserraents of Ptfhsiay protein (caybs miade, for example,

| e . : . iy meRs _
o SEhAaRl (87 PhnSRO OBy Dlorty N 0fiingH iflcleheiq tcohniques
" .8, fransfectmnplf @ hostreB With { Budieic aGEQduUandEnchjlinghabmponent
e
| Bhtien o vild rddiRg ed)ﬁéi ébn%&hgtycﬁqhé PistoRSrGeREeS, PaN8ys,

fusion proteins and pol ypepti des
Pam3Cys, PAMP, at least a portion of an antigen or at least a portion of a viral

protein) can be linked to another component of the fusion protein (e.g., Pam2Cys,
Pam3Cys, PAMP, at least a portion of an antigen or at least a portion of a viral
protein) using chemical conjugation techniques, including peptide conjugation, or
using molecular biological techniques, including recombinant technology, such as
the generation of a fusion protein construct. Chemical conjugation (also referred to
herein as “chemical coupling™) can include conjugation by a reactive group, such as
a thiol group (e.g., a cysteine residue) or by derivatization of a primary (e.g., a

amino-terminal) or secondary (e.g., lysine) group. Exemplary fusion proteins of the



of the invention can be at | east one nenber sel ected
fromthe group consisting of fljB/STF2 (S. typhinurium

wo b@gmldesn B, Genbank Accessi on Number AF045158¢T/US2006/001623
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afragment of fljB/STF2, E. coli flagellin fliC (also
referred to herein as E. coli fliC) (Genbank Accession
Nunmber AB028476), a fragnentp3of E. coli flagellin
fliC, S. muenchen flagellin fliC (also referred to

hefhflofcluddwere e Ndd. 651, 78Nk, 80f ?2_’7}%?@6 ing{/ 1 5? (Figures 6, 29,

muenchen flagellin flIiC° The tlagelli'n enp

c8RpBs oI ThdD anddbrngnded by SEQIRINGS: pehtBds 8af 83,186, 87

in ' inc I ti of SEQ ID NGO 1,
sé%Se Mg RS %Ls)%%ﬁ%%rﬁ %gsgﬁ‘&“d@Q ID NO 68 at

| east &ugler bioainobf hEQveRtidanlbe cﬁ%igh@@&‘bg)@oﬁ@&ﬁén%rbﬁﬁe
SEQ.ID NO, 3, at |l east a portion of SE NO. 58 and

I
afuSiptenssepapisa bye “Sk +5 R@exé’@;‘?lea?%lTE\z-EHﬂ’i/?ﬁ&ﬁ focke

:%?(%‘E%O% ﬁ%%%ﬁ@?é\%?}e %tB/ @Séragh%} at cl)%%% i)é%ﬁ'c\)lgof 0main III

pGeypept) dtatéeesookedWoyt NG ihiS ehi@lope 1?]1‘365213 aﬁd?&l’FﬁA.EﬁQ
IDNO., 59 and S I D NO. 69. |, t her e di nent , i
¢ R B GhPHPLE: CRBRT R ieohiBl o LComF S PRGIna | eiisportion
aoPR$ hinfO i orfdnd 19881s 40 N8 sV IrEG o Aln Ah THRREE 1e85t one West
portion of at |east one flagellin, wherein at |east
oRelegirus kevelopegubleims | ack at | east a portion of a

hi nge regi.on..."Fusi op profein " .as.used herein, refers

to o proteiHoner dPufiRey ke 8Tin P Siein ppingine
dieabt agirtic oPaiedst SndRuilibgen-Bewrliayesl, mbleeB s Satte AR at Mast a

| east a _portion of an antigen, at |east a portion of a
vPPionof 8t lepsine Kl niplein seleried feay Hicegrony capsisting of 2 West Nile
n I 0f . i '
SREERLERL Lipg VARSI Byl kbl LRt
Pam@@lalitisRamak Byosdin,ar Jabsneseereephabiin tviraiplogdiin, adlicklborne

technjques.(e.qg., tran ction of host cel] with a
ni ‘tlegbfgl la?c"l”%fg’g’aédlér%@ aﬁ'{?&i ’%Ejeré’ l@gﬁf%‘ﬁgn‘fvmﬁ*‘ afenfia"“”ral
f pt@fs. PTIY Sithb gefilaSébefeddhole8as pafeRPAId AR Botéin RAMbe
or at least a portion of an antigen or a viral

peeREeuents abadusionpeieint of the fusion protein (e.g.,
Pan2Cy - PAMP, _at | east.a . ortion of .an .

ant i geﬁh% E&gﬁ?(azlggxius Y %5% Ylguﬁa%]flﬂg v?‘f"é’l”d%? BRLFopsistsf about
b&0 irndeed Mazqaite® binidks GaARm efvlst Gifthédessifuded. BevBraOil@lifiruses
(e.q., .PanCys, PanBCys, PAMP, at |east a portion of
aﬁljeaﬁﬁﬁqlfg‘éiﬁf Biman Pateeasps.dnglading die forr dengue airugns PenlnPen2,

4 o \ - on : - ) .
PO Y TSRO bl LT W Age W,

t elshrifguebto lengih ag i WHN V') codfiickalnirné edephilagy(TRBE)(Weasr S.C.,

et al., Nat Rev Microbiol 10: 789-801 (2004)). The flavivirus genus is divided into a

number of serogroups based on cross-neutralization tests, including the dengue

serogroup that contains four serologically and genetically distinct viruses termed
DEN-1, DEN-2, DEN-3 and DEN-4,

Flaviviruses are small, enveloped viruses with icosahedral capsids. The
flavivirus genome is a single-stranded positive-sense RNA (about 11 kb) that is
directly translated by the host cell machinery following infection. The viral genome

is translated as a single polypeptide that undergoes co- and post-translational



the generation of a fusion protein construct. Chem ca
conjugation (also referred to herein as "chem cal

W@ owplo78sg7 ) can incl ude conjugati on by a reactP@BUS2006/001623
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group, such as a thiol group (e.g., a cysteine
residue) or by derivatization of a primary (e.g., a
am no-termnal) or secondary4(e.g., lysine) group
Exenpl ary fusion proteins of theinvention include SEQ

| @le%e bg’wrz.ﬂand?c?e’lluya@ esd8 ge&é‘ate %@e@%ﬂgﬂ%@l éE (39# B?ﬁqe

0 and"42), enco
N@@VIVB'HS (the capsid (T5, the mentBanegd/)) e&ﬁ thnehvekife ((E) gmtm},&nd

oh e enR s Hins by S A NS ORE A R, G MBS

f (IWIe@\Fbr,EHt@I el e W@&@QZ bwoata=649 @004)).- ThéBivivirus genome
exanpl e, STF2 ElIIl" refers to a fusion protein

c OFH9RIZ8ionyis dRRicted IBFSPr44 r Dheyirel sappidis domposedsof the C-protein,
f

AR FRTRU bl 35 B Bl LR e or

r giriengWeaver, 5105) @ml.pNat &en Mizrghiolsi 0:g8®861 (2408);S Thdmbers e

. , , N
6T S BT8O o e
|ﬁﬁﬁ&n@ﬁﬁw¥%§%v&% €p Mkdipls envel ope protein. In yet
anot her enbodi nen the invention is a conposition

conpri 'srhﬁ@a‘ﬂtflru%%rmeloavemmt@mmiﬁy@fa rale ih@iws assambly. These
asso te | ecul atte and at |ea
DB PAC RO B SRR R e Bty Ehin3Brel b SR ne
t Benegt atiperOiside slitlefhg theWOSE ulill ieistbleadedRAREEA Rost Bell.
Langat viral protein, a Kunjin viral protein, a Mirray

e\sirBple aMEasi copsisiatroaly Hprgten phel I@ngla@amcsl@fonnatlon more
ee&ﬁﬂa@vnhéeé ik @b ﬂQ%Y{-rﬁ B aldh i Qﬁg@a%fag@%’é%@!eé

viral protein, and a ver \l§ ein |ch
apmwtdih shdlhvdndalirap gefomian sA ﬂ'ﬁbueupatdnn@%aﬂmﬂ@llawml the viral

nDIe ul ar att n and viral protejn can_be conponents
o PRGN HBASEP R ToSRIE" GBSh RS PPRGA RGO R OB, reapgngement

Vid #8 rdeid p(H Bl &Y ENddsbARe TRE HosoRsatiing] &{an?pﬁzﬁﬁce% Qusion of

vi ruses. EUItO or ticks transmt nost
valsa@dhOS&ﬁ magmlrenes vi r uses are si gn| ficant human

at ho S udi the four. den

P BBE eeftpe §0ia Hv i B GRS oyt CePit Didbiiprotein and
encapiliadté fuston(olBe visdnd Moktece(1\ Wbmshs) Aeh edcep@r biRdding
herein as "WNV') and Ti ck-borne encephalitis (TBE)

( peisiertheenvelopgprefrin ingdeRepingnicafdiostorngs cely gopigm ] virulence

e e LR

i Red 21411 7HE008))gTde envelope protein is responsible for fusing the virus
and host membranes (Chu, et al., J. Virol 78:10543-10555 (2004); Heinz, et al., Adv
Virus Res 59:63-97 (2003); Chu, et al., J. Gen Virol 86:405-412 (2005)).
Crystallographic structures of the Tick-borne encephalitis virus envelope protein and
the Dengue-2 (Den 2) virus envelope protein have been determined (Rey, et al.,
Nature 375:291-298(1995); Modis, et al., Proc Natl Acad Sci US4 100:6986-
6991(2003)). Envelope proteins of flaviviruses have common structural (domains I,

IT and IIT) and functional features (receptor binding of virus and host cell and fusion



serogroup that contains four serologically and
genetically distinct viruses terned DEN-I, DEN- 2,

wDeiN6B78s8T DEN- 4. Fl aviviruses are small, envebOp®es2006/001623
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viruses with icosahedral capsids. The flavivirus
genone is a single-stranded positive-sense RNA (about
11 kb) that is directly trapslated by the host cell
rrachi nery follow ng infection. The viral genone is

ﬁ%ﬁggﬁx{)‘%ﬂr ik E[Pﬁx's%nl%gs'f 1%%1 Q&a"s&?tet Hlngﬁ 3C7°I48

a i onal y viral
el280iPs to generate three structural protei ns of the

ervel o EE BRETRRE T g n”%?é@%@&%g}o imets on the

PK NS4 1
\?\gfae\?/gl?*?acéw%e \N%g@artmgé@{e}??gg ‘ol 1990 44- 6%8;q R, etal

(
( LICHENG R 717W@5K2@Q2|)NMNI§130@éhIﬁYE el‘crﬂg Shienca 1051248(2003)). Each

ted | e d
BV B B 2o B et S SRR Ao SRR TR
aqo&dbﬁﬁmnﬂgl cefmpbia:a AEPVRiaade Domhhiadealed réfbx@ed/ﬂorhe@éin as “I” or
er, et al, Nat. Rev. Mcrobiol. 70;789-801
é@M)ls centleH& isated 1athesgructmandras anif-ghspsyiationsite in

?%@cﬁéﬁn%&& gl%@c} {38 0 boh{.ﬁ&‘ﬁq%ﬁ@ r%f%ﬁ'ec{ fokkefh by 51?5 o DIr-)

rane e ope protein avi virus envel ope
p lorﬁtlfei emvpibpg/grosmm plomates damlensatmdﬁﬂa;/a fishesleop thot gisenss into

otective shell ar dt r.us, i ch serves
220 Bemvneglinon B Srepenend tysion ot it Pl e ot
t %n)ﬁ‘e r49%:34B81311b (2604);SBrefaBAREE dINENIFD T 25 9BR- TR (Q004))
Whi | e sinple viruses consist of only a protein shell

ampoepem B (adsq 1efesredude heugin m“rﬂé” obPIIEY isatitheseasboxstighminys of
f ltﬁvén\(fle o§§ g?qtelg | g)%ma?n flf"ls als% re e@r&g ft$ ai Bl ain Et’mﬁgeﬂrh{nhe

proteln vVira enomne. avli Vi rus can en

a ahgdni CRLPpivd etndfeheDmmﬁai IIIeIMehwel gpitop&i thatlian dHcit mras-
receptor and responds by conforpational rearrangenent

t devirdizinganéibad 16%—(1%9@}”&5’ fé%%lgws St lebi @PRAD Shagddition,
c IQ%%@ Vslllﬁ’ldslé%ﬁxél féﬁié%é héhﬂ% TR RS Enﬁghh tis (Mandle, ef al,

ranes ['avi vi rus unc
ag. a’zroe&ﬁeﬁﬁﬁﬁdﬁﬂ(ﬂ%ﬂg) pnchta&e thaadoimbio Iﬂawhiahtlm‘s e ftbldSy.plcal of
of the virus .and host,cel.l nenbr

Di*RAF RGBPORTCoRP S VAT IR PP Srers et PeR- it

Ofce O JeABHELNCB}ds R s BIO2 4 Qabw 68d,ansh, B¢ b eddeptor-binding
neutraI|2|ng anti bodi es during the T nmine response

(Meshait.g, Adv Virus Res 5P/ 141 175 (2003)). The
envel Op[%e%%y%%a? Is’c?uc't&rer %%gr%gf'n's tf,l N anc? I of'ﬁlerclzgvél ope pro'Eem from the

Tick-borne encephalitis flavivirus and the Dengue 2 flavivirus has been determined
(Rey, F.A., et al., Nature 375:291-298 (1995); Modis, Y., et al., Nature 427:313-319
(2004), respectively). Domain I of the Tick-borne encephalitis envelope protein
corresponds to amino acids 1-51, 137-189 and 285-302 of SEQ ID NO: 174; domain
II of the Tick-borne encephalitis envelope protein of SEQ ID NO: 174 corresponds
to amino acids 52-136 and 190-284; and domain III corresponds to amino acids 303-
395 of SEQ ID NO: 174. (Rey, F.A., et al., Nature 375:291-298 (1995)). SEQ ID
NO: 174 (Figure 44) is encoded by SEQ ID NO: 175 (Figure 78). Domain I of the

Dengue 2 flavivirus envelope protein corresponds to amino acids 1-52, 132-193 and



and host nmenbranes (Chu, et al, J . Virol 78:
10543- 10555 (2004); Heinz, et al, Adv Virus Res

w®2006878%7 (2003); Chu, et al, J. Gen Virol S6/BOBUS286/001623
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(2005)). Crystallographic structures of the Tick-borne
encephalitis virus envel ope protein and the Dengue-2
(Den 2) virus envel ope prot-@6n have been determ ned
(Rey, et al, Nature 375:291-298(1995); Modis, et al,

Ppeg208bF SPQAD NI 1405 ckR076936mafo? %ggggaas- to Fﬂl\ﬁ% 208 53-

proteins of flaviviruses havé comon structura

( §3hendhkP4-279 of AP NO: I9AdarddarnaioABIcofrespoudsets amino acids

i nding. . q |
{2730 BESR IR, o IS ot oy MiyF i St a5 hngte
(Leest@r ofetonadins ICHIand TADf bhér 14Biv(@ORL.) WebiN#ld¥irus, Japanese
pre-fuéﬁ;égnDconf ormation, envel ope proteins form

s

heRf5aR BREUE Hev it [8pnaug S s apf Renaus/4 vires) pabased :0@3
. 2g.1_20a) | |
( B@ﬁi@lo?& oftlhe M—%ﬂ;ﬁe %%ﬁﬁgh% e%%@llape Ffbg%]z’l dg@laﬁs andfle Dengue

108: 717-725 (200 opadhyay, " e ence
3D 2nA®e(12068) jomfias Hlenyefopeefreatie indomainned fldfvolias

into.three structur.al domin ins I, Il and_I11)
Pl RO RO SisereS Pt Db one bom sagbel pulegayitus
r efvelope rdteinh eiEDBn@R 2" flavifitus davelopk Rr_o@&ﬂi R ba¥ed on

| ocated in the structure and has an glycosyl ation

shereolpgy ¥ deseriys iattae Tiskvhsinepencgplslisis flovivDusranveldpe protein and
(@l ngﬁéfﬁﬁfi%rh?eml[?%'e&rﬁgir: 11" or "Di1") of the
envel ope proteirn pronotes difrerization and has a

f usi onThodgm4ihdH of teentslope potdihef tiRIMEN fhosirusentddai@e
durjn it’;&g‘ gll—l-.dependent fusion of the virus (Mdis, et
aftd ON%E ¢ A8VIVEYSLyRe-sPecsing ﬂ?f}tlgBP’é%‘érﬁﬁéV flgminapt ngutralizing
EMBGp ' 5 R ePOJR : r

to he?se@z)egéﬁ’pﬁ?*'j%?%%} IR|e DR séﬁa(tbb(%?% %aﬁ)dlﬁg IR HEDEN
c@BOk\DENZ ENS, RENE hernesay.eFlapwvinps eteiiohe pooweiis ard Highly

[ allso re%er reFI to a;f "domain B" in earéi er. antigenic
PR REP L Gl ST pe PFYSRASTURoEr HF SEpVE Bosuehas. 05,
c0) 7€ T4ohdd Wi EVNCRE B 150, 86, i1 BRI L ctivey).
Vitue Foeo an s (2003))° 1+ _ad’diéigisdgﬁ?qg’[}ﬁ%iggé&%

wi th sEReeseapn ponsirnciural pradeing affladvimes ehivelopborateins are involved

.t , al_, Vi rol - 75;: 5627- 5637
COOBEN PR M R Epoata Pt o
tsgpine afotadse anthé amimegéatitliragien@idaelic e NRINA, trifB¥%phatase and
i)ate fiaviviyus attachnent to hgost_ cells (Anderson
Z@g e AELVIRESINhe orgoyrieTmughrpgions NS5 encgdes gyaethyltransferase

gt e OO B NSNS A Byl o o
poorly characterized proteins. The central domain of NS2B is a co-factor for the
NS3 serine protease while NS2A and NS4A are known to be components of the
replication complex. NS1 is located at both the plasma membrane and in the lumen
of intracellular vesicles of virus-infected cells. NS1 is a multifunctional protein that
is associated with an early step in the replication cycle either prior to or early in
negative-strand RNA synthesis and is also thought to be involved in virus
maturation and/or release (Brinton, M.A., Annu Rev Microbiol 56:371 (2002)).

West Nile virus (WNV) is a single-stranded positive sense RNA envelope

virus. It was first isolated and identified in the West Nile region of Uganda in 1937



Ti ck- borne encephalitis fiavivirus and the Dengue 2
fiavivirus has been determ ned (Rey, F. A, et al,

WOR10610886375: 291- 298 (1995); Modis, Y., et al, MN/URM06/001623
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427:313-319 (2004), respectively). Domain | of the

Ti ck- borne encephalitis envel ope protein corresponds
to am no acids 1-51, 137-1897and 285-302 of SEQ I D NO
174; domain Il of the Tick-borne encephalitis envel ope

kLA fb O S
22 13% g%ge %ggléZAgXN%%%{K g%lﬁra{tr?? I’??p{:jgirogjes ono‘§3®cigjé954))

afasoNileiVmis3es be@%assﬁieeesga nmnMer of 4. famrkgwav@zmqe wsing
8 1 ID NO, 174
apst B tEea 65 WlRbely ot disSintiytiot ve 7 b hfipas

oﬂéﬂbwmmgw)jz Weat\WNild Vit 1@1&6(@&)1@9@51‘?5 Rtdd, et al, Bull WH O
cQ % (2 am no acids 1-52, 132-193 and280- 296 of
SE0ST DR

eps shyees hrmyan raenfageenFephebiis Bight Aeryr ponsequent
0
5 0L 00 0L o,
| Dpiide: Weet Nilb¥irss Ei{ce,phelﬁtlsan Newaf ark @ 992, M/BIBR BPbid Mortal
oG 2 405D IE Yl PR BN Vi it e York
enoEp hal iR Mor@gm%?alw RYS51: @?mq' €38, Yuhihg 1@95 L2002, WNV

Dengue 4 viru i's based on "honol ogy of the -Tic orne
IltStrla@ bpe nprcbtoihe cdsieni pest elfitie Unised8tatpugard its

d h h
n’gé ! o ﬁjﬂ\%\#&% ﬁemm%r}?e& éleﬁﬁéct?cﬁtoecige{] ﬁlgeutp%%pan% l"Bolrds are

f thanattiralusesvait hets, Bi@WNV @%mbﬁﬁtdiﬁed&ﬂ@ﬁﬁﬁ@iﬂ 4 nsquito-bird-
flavivirus envel ope proteins and D&&gue 2 flavivirus
P& BT EBESSI sy clamasabe B el it Rwies gpecics TeRsawitass. i n

the Ti R&éﬁ% egmﬁfé)'!;iﬁlszl{ %%mfe{g% iy, Pye ochg%f urope and

protein and’t he Dengue [avi/irus
TNerth dyredrica) priesepting Iaehreat\)te Ipolpiﬁ: zprdoirﬂjnll h:efalth h@h@ENst serious

f) avff%’s%aré{lgy%f %@gﬁpfeﬁﬁ%g%ga Bllrpoa;halté R%nﬁg.{ﬁl?ﬁ/alu\cl)}l ro? the brain) in

nkhldhﬁr@ andihdeseS;Ris eSS ndrRERy 1'nrlgrtarh d-[)mes{fg Hnd wiid %ﬁdﬁeﬁfes’t
?ﬁ% 141 (2003)), i ncl udi ng t'he four DEN2

N virpEpgetipn has also beenagignificant emwépempn dinessis the United

h s I

s T R oo R B TS RE B ) o oy
7aviEEQeh D alOs imPOrtant GOforthGRiting @4mpd&ifioand sdrhblate an immune
reg&ect ively). The seven nonstructural proteins of

f1eSRATS Fm%en@W%n%@h_ﬁps@e@ RRoteptize pRjlsidjesd Guarente there are no
r @RAP BRI Tha? bor Wt Wile MR8 1A t”iiorfnfer e'txglltﬂﬁfét B}Q Etﬂjnulatmg an

enzyne that e co es a serine pr ot ease

ammuss-tespaniseal a subjgcon; and hel i case, RNA

tri phOf» a%ggetsg%ncepﬂdlms (JE) virus is localized in Asia and northern Australia
(about 50,000 cases with about10,000 deaths annually). A composition comprising
an inactivated virus was recently associated with a case of acute disseminated
encephalomyelitis, prompting the Japanese Ministry of Health, Labor and Welfare to
recommend the nationwide suspension of compositions comprising inactivated
virus.

The Dengue (DEN) disease is caused by four mosquito-borne, serologically

related flaviviruses known as DEN-1 (also referred to herein as “Denl” or Den 1),



NTPase activities in the carboxy-term nal region. NS5
encodes a nethyltransferase and the RNA-dependent - RNA

w@olognesease. NS2A, NS2B, NS4A and NS4B are f oupCposiong001623
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characterized proteins. The central donmain of NS2B is
a co-factor for the NS3 serine protease while NS2A and
NS4A are known to be conponegts of the replication
corrpl ex. NS1 is |located at both the plasma nenbrane

f )
VI ; %QI(JHFO e %?f't %ereﬂ%%%iﬁ? gﬂ an%?l¥| f Uﬁhi?\ﬁ?)ﬁilfo r&feo ed.to
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cause of human illness in the United
problem, military personnel are often sent overseas to tropical areas of the world

where DEN viruses are found. Significant numbers of soldiers succumb to DEN
while performing overseas, such as in Sofn'alia, Grenada, Viet Nam and the Gulf
conflicts. Attempts to develop a DEN vaccine have proved difficult due to the need
to develop a tetravalent vaccine that protects against all four DEN serotypes/viruses.
Methods to prevent flavivirus disease include vaccines to the flaviviruses
(Barrett, AD., Ann. N.Y. Acad. Sci 951:262 (2001). These compositions can be

divided into two categories: live attenuated and inactivated. Compositions



States. The envel ope gl ycoprotein of the Wst Nle
virus (WNV-E) and other flaviviruses may be inportant
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response to generate neutralizing and protective

anti bodies. Currently, there are no conpositions that
prevent West Nile virus infegfion, for exanple, by
stlnulatlng an i mune response in a subject. Japanese
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h&abdphalmﬂvdaﬁmﬂdﬁnah]hd 2050018 kite Aaviofrud Empsitdhs require
ut three billion people are at risk for DEN and
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i fisepregeayalenle impersst. i on by one virus causes Dengue
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However__.indjv I's that are infected

s Sis5esp JEIN W resull od éuu eelpfed virgses rﬁpéé‘{lb BN DEAB,
OtIa4)! b&&ﬁ{}@ﬁi\éﬁﬁgﬁﬁ&ﬂ%ﬁ EVEI R t>URS SOMBIY the DEN

i nf ect’i on one O serotypes/viruses
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s %gr%g%sz cg]ndrgnay Stllgl DIS%) an 1\/1‘1\41}}11?1"116 rgsrp%nlseI sfu%u}tg;r[eeo%glg glgr? %st all four
DEN viruses and thereby eliminate the potential of antibody dependent
enhancement.

Currently, there is no effective compositions to prevent infection by many
flaviviruses, including West Nile virus, Dengue virus, Tick-borne virus, Kunjun
virus, Murray Valley encephalitis virus and Yellow fever virus (Chang, G.J., et al.,
Expert Rev. Vaccine 3:199 (2004)). Attenuation and immunogenicity may occur in
compositions with live attenuated flavivirus. Furthermore, compositions with
tetravalent live Dengue flaviviruses may have problems with interference and

imbalanced immune response resulting in many compositions being tested with
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enhancenent (ADE) where non-neutralizing antibodies
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vi rusanti body conpl exes in secondary infections that

are taken up into nmacrophages by Fc receptors and,

t hus, enhance virus infectigg. About 500,000 cases of

DHF occur each year, nostly in children, with a
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Long1 lived neutralizing antibo responses fol.l OVYI
une response to an antigen (€.g., a viral protein, such as a avivira protem) and

trigger signal transduction pathways of the innate and adaptive immune system of
the subject to thereby stimulate the immune system of a subject. Stimulation of the
immune system of the subject may prevent infection by an antigen or a virus (e.g., a
flavivirus) and thereby treat the subject or prevent the subject from disease, illness
and, possibly, death.

The compositions, fusion proteins and polypeptides of the invention, can

include, for example, one, two, three, four, five, six or more pathogen-associated
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di sease or to prevent flavivirus di sease may al so be
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to devel op conpositions to prevent flavivirus
i nfection, but many have not been successful. Wth
respect to the disease DEN, syhich is the result of
four rel at ed viruses (DENI, DEN2, DEN3, DEMN), a
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dIkmgsgeﬂdammMepemmﬁsnrecognlze PAMPs i ncl udi ng

bact er IT%e cgrenlplos1¥£l smrHJ ?eri]l%ssand polypeptidés of the invention can
employ any portion of the envelope protein of a flavivirus. The compositions,
fusion proteins and polypeptides of the invention can include at least a portion of at
least one member selected from the group consisting of domain I, domain If and
domain III of an envelope protein of a flavivirus. “At least a portion,” as used
herein, in reference to a domain of an envelope protein, means any part of the
envelope protein domain or the entirety of the envelope protein. For example, SEQ

ID NOS: 88 and 100-151, include at least a portion of domain IIT of the West Nile

virus envelope protein.
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flagellin. TLRs act as initiators of the innate imune
response and gat ekeepers of the adaptive inmune
response (Medzhitov, R, et.3al., Cold Springs Har b.
Synp. Quant. Biol. 64:429 (1999); Pasare, , et ah,
Sem n 13 Iﬂi“g_@:@ln 113 ( V,
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i nf ect Thnp@igioant amtbm\@éqlbeqmotaln\nflal;fbv(mrug empdoyed in the
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polypeptldes of the invention, can include, for

eleathsinortiozhel damgin iand @b leastgportian eledonyin gy W@ domain is,
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L feustd Y8R, ffband X oREsiAbR0
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The{oaellln can .include fljB/ STF2 (e.g SEQ I D NO

190vglopg Pretaige of flaviviges Fh?gdoalamswgé beagy @emb@agon ofslmuin L
’\ﬁ) arr%)HI Raz-gagcggﬁg Iagggthg?bc‘a%gd &l d cfgpxla%% uﬂ’&rex%ﬁo < BB udes
domaln I and II of the West Nile flavivirus. The absence of a “+” in reference to a

domain (e.g., EIII, JEIII, Denl IIT) of an envelope protein employed in the
compositions, fusion proteins and polypeptides of the invention means that the
composition, fusion protein and polypeptide includes the reférenced domain. For
- example, “Denl III” means the compositions, fusion proteins and compositions
include domain III, not domains I and II, of the Dengue 1 virus.
The West Nile viral envelope protein for use in the compositions, fusion
proteins and polypeptides of the invention can include at least a portion of at least

one member selected from the group consisting of



TLR2 agoni st includes at |east one nmenber sel ected
fromthe group consisting of a Pan Cys and a PanBCys.
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di (pal m t oyl oxy) - propyl cysteine). PanBCys is al so
referred to herein as "P2." PanRCys is :
(S-[2,3-bis(pal mtoyl oxy) prgpyl] cysteine). The viral
proteln for use in the conpositions, fusion proteins

SR DR 88 A A G R R ET AHARy PB DGR vprss
C WMDD@P VIGRL VY NPRVIS& NTANAMEW@F MWGEGEQ QIN
PP RHRS G8H L OB Ry h Renin e R g i Stepe, he

p 5l QL&Y arfind ARRIBREIRNER PHAIHE teh\?eléfﬂe\r}ﬁjote?rpé(ﬁ 8P ¥emaining

protein, a Tick-borne encephalitis envel ope
psequene is doivieid bl the enveldpegiroteim),el ope protein and a

reaioro g ek SR AP AR MG I BIR R e P assvasmr
IRy VL PUS i ConDOS T 0ns. T uss on Br ot ol s e VHKSG

p6PHR4BINEeS ‘Hﬁstth%e Virvsebtentord. n alsaapigaed ia a9 SHest Nile S7);
B e e e S
e Wé}mIp‘éTWéA v mTANAﬂ{‘aM_BUBRPfGDWV NGEK(EE%QINHHWHKS G

_— ce to 0
RSB e e S ST e tonr o e
P8 &d@ﬂ@PW@DSYWV@@@E%QMEWﬁKSQSEQOMO 10). SEQID
prot éin. For exanpl e NCS: 88 and 1

i NQ:ildie eatodeddyt a portion of domain 111 of the Veest

i SR BRI R rARRAA BTG @O rcAnaGG
r QBI{ISE%AM@MT@TG@GAM@C@GCAGA@NCWC?@%%@@@@&@TGTGGTG

fl&fGAHTd Q%GEAQA@TGQ%QG(TIATG&%@QW@QA%A@]T TE@J ATCTC
J
Rt o PRI O oo
r FECAACCAIMBI TGTTTCAGTHGCCACGGECAACGVEARG@ICCHEATTGA
De flayjvi envel gpe In. i
DBk (O R BERLST A SRR porgoscas
0@@Achb@wamm@A@TG@C%@&A@TC@GGMdMMCMWGCAAA
nanme followed by the domai n nunber (e.g., (Tick-borne)
TBPEQTDARObbhndhe Wait INileTBial enve@an 2rétéidanag indiydeDeprdtein that
I lhlag at least about 70% identity, at least about 75% identity, at least about 80%
identity, at least about 85% identity, at least about 90% identity, at least about 95%
identity and at least about 99% identity to a polypeptide that includes SEQ ID NO:
7, which include portions of domains I and III (referred to herein as “EIII+”) of the
West Nile virus. '

The Langat virus envelope protein for use in the compositions, fusion
proteins and polypeptides of the invention can include at least a portion of
GLTYTVCDKTKFTWKRAPTDSGHDTVVMEVGFSGTRPCRIPVRAVAHGVP
EVNVAMLITPNPTMENNGGGFIEMQLPPGDNITY VGDLNHQWFQKG (SEQ

ID NO: 12). The Kunjin virus envelope protein can include at least a portion of



The portion of an envel ope protein of a flavivirus
enpl oyed in the conpositions, fusion proteins and
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menber sel ected fromthe group consisting of at |east

a portion of domain I, at |least a portion of domain Il
and at least a portion of dopmin Ill. Wien a domain is
designated with a "+," for exanple "ElIll+" or

" i . | ( .
e R o DY GO By R P Ra DR gy vapLamLT
t PAIGRIOVEVINAHVEY STANAKSILIBNEPDF GAIS YIWASER GEQUINHHWEIK SG
ei.t her _aor both of domains | and _|]. For_ exanp

f le,
" EPPRADNQs 1s ddredpgin V aligyapmsenhabitie %ﬁ&%ﬂetm@ﬁ%& can include at

fq@%spég Hrghekns and pol ypeptides of the invention
i nc udg omain IIl and at |east a portion of domain I
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flavivirus, the domains can be any conbi nation of
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pol ypeptide inc Cc mai n. For -
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sV hin oy e pliNa ety (i dCCe
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fusion proteins and tides of the invention can
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domain 111 of the envel ope proterin);

GEWOASBRYE RFARPHRADLEAGEYRT EDOY TEIHFERIHBESVABINGEQ 1D NO:
TFM%ITC}/TVNPFVSVATANSKVLI ELEPPFGDSY! VWWGRGEQQ NHHWHKSG

GMSYSMCTGKFKVVKEIAETQHGTIVIRVQYEGDGSPCKIPFEIMDLEKRHYV
LGRLITVNPIVTEKDSPVNIEAEPPFGDSYIIIGVEPGQLKLNWFKXK (SEQ ID
NO: 40). SEQID NOS: 12, 13, 14, 15, 16, 17, 18, 19 and 40 are portions of domain
IIT of the viral envelope protein.

In another embodiment, the invention is a composition comprising at least a
portion of at least one pathogen-associated molecular pattern and at least a portion of
at least one Den2 viral envelope protein, wherein the Den2 viral envelope protein is

at least one member selected from the group consisting of



(SEQ 1D NO 8, West Nile virus, Stanford, CT, also
referred to as "West Nile S");

WGST0¥BHESKAFKFL GTPADT GHGT VWL EL QYTGT DGPCKVPI SSVIAGL/NEL096/001623
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PVGRLVTVNPFVSVATANAKVLI ELEPPFGDSYVVGRGEQQ NHHWHKSG

(SEQ ID NO 9, West Nile virus, New York, NY, also

referred to. as "West Nile M6-); and

ELEPPFGDSYI VWGRGEQQ NHHWHKS (SEQ I D NO: 10). SEQ ID

@AEPPIQ}IS}S‘FYHE@W%LKLNWF CC(FSE% ID NO: ?_G%,I_SCAgAID NO: 40 and

CBECAASOr PET TGGGACT CCOGCAGACACAGGT CACGGCACTGTGGTG
TTGGAATTGCAGTA TGGACCT TCCTATCT
OTCAGT G R TSR AL BT PO CAon an
GIAANIGIT T (mﬁmmmm@qms@ 20); Den
ATTGGAACCACCCT TTGGAGACT CATACATAGT GGT GGGCAGAGGA

o&@@%@m@\m&?w @ﬁﬁm@ﬁm@%ﬁ KISEHQ ID

| ) Do S PR RO 16 B A Bl R IR L3 1D 1668023 and

i deemt4 (B, EPPF GRSV IGHGNS ABVLHIERK (FEQAD Neazd)) aBBQLID

s oot 2T ad £ S gt o Bee roRbat v Dey e dand

| ensk fﬁb%sQﬁg %iiidgnd b&%ﬁh%f BoRQInVPERithd&ut b%h%ue viruses can

i ncl udes i ncl ude portions
d@mmpéoyed é@gstther pr Qerpexfa@erlv authe somgpeiionsa fusidl proteins apf

h |
Aot Reehitin. FOPahERIE ol B STLRCREAR RUB! e
P@styde Pt 68@@; D3 ( fignin AS8M$9)QiAd CRMA4 i(fiEdin 063 )ahn be @ilded

ortlon of
p KEGRRPAE TS s mahvReersor REsdrn piordsrapatom and Den2

%W%J%%% e ] G o LG Can 1 nclude

at | eads s@ll porthér@embodiment, the 1nvent10n is a composition comprlsmg at

f GITYGVCSKA RFLGT PADT WL ELQYT | PI SSVASLN
PURGRL ® RAURPR vﬁé&vm east a
( PR MNeadDhe m@ﬁﬁae%’élécﬁé’d ¥ohl tﬁé’ cRRpeBhatddd st a Den51 viral

envelope proteln can include at |east a portion of

GERYOMETERETE SKNRA VeHEM DB roYFBSDERAK VPRI 1S YISk INDIVn and a

Den4 viral envelope protein.

In an additional embodiment, the invention is a fusion protein comprising at
least a portion of at least one pathogen-associated molecular pattern and at least a
portion of at least one viral protein selected from the group consisting of a West Nile
viral protein, a Langat viral protein, a Kunjin viral protein, a Murray Valley
encephalitis viral protein, a Japanese encephalitis viral protein, a Tick-borne
encephalitis viral protein, a Yellow fever viral protein and a hepatitis C viral protein.
The hepatitis C viral protein for use in the compositions, fusion proteins and
polypeptides of the invention can include a polypeptide of at least one member
selected from the group consisting of SEQ ID NO: 64 (Figﬁre 22) and SEQ ID NO:
65 (Figure 23), which are encoded by SEQ ID NOS: 66 (Figure 24) and 67 (Figure
25), respectively.



PVGRWTANP YVASSTANAKVLVEI EPPFGDSY! VWWGRGDKQ NHHWHKEG
(SEQ ID NO 14). The Japanese encephalitis envel ope

w@e@bersssTan i ncl ude at | east one nmenber sel ecPeriuf1006001623
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the group consisting of at |east a portion of _
GITYGVCTEKFSFAKNPADT GHGTWI ELSYSGSDGPCKI Pl VSVASLNDMT i
0 PVGRLVTVNPFVATSSANSKVLVENERPFGSD Yl VWGMEDKQ GNHHWHKA
G (SEQ I D NO 15) and EMEPPFGDS YI VWMGEDKQ NHHWHKA ( SEQ

I D NO 1 Ck- cephald t.is _envel ope. . ;
pr ot ei %&g%oﬁh%%gb-églg&g?%g%g ? &3011818 P BPtein comprising at least a
Charv SMODKITIEEST\WKRARR B HISTOAAVEY oG AP Gt drY AV AP portion of

DVNVAMLI TPNPTENNGGGET EMOL PPGDNPYVGEL SHOWF SEQ I D 15
NEb [€gsfpne WEI?%W %df@éﬁh%rpu% C%Wéms@éagé@s &iral eayplope
i i f . .

D o o B e 08, B Pnd ok epyelsme iqiincahp Dend
VRivA MO FIPNPIORRINGGGF I EMQLPPGDNI | YVGELSHQWFQK (SEQ | D

NO 18)., .The_ envel.ope.protein f.l avi virus can

el vabusiP Pl G BE iR G P R inid il B@een he

spithcgeacasksared HRlQLIRAL PattRR 8h$ theRGraPhrotin. The linker can be an
GTTYGMCSKKFETFRP. ADTGHGTVVLEL QYSGDGPCKI Pl SVASKNDL TPVGR

L ¥R PeSikerAKYe MEiviePPGiENer CArGREIQHnFIIMAGC of BEDrallY
ESvEe R0 vl ety P arvRR A s crmiaeied e i
LGt dh RRFEEDSKPO BRIk NV K hSEQ dréip
25 NO.. 40). SE(gID NOS: 12, 13, 14, 15, 16, 17, 18, 19
SRigng pha OIS TEiduce f lipmicclq Tesigpe.asting regidue, a cysteine

eRYRINGRAd RA Sofifle rekAudNAE BIINRHIR A nsel AEreid) Yfﬂ%dt Rierred

is a conposition conprising at |I'east a portion’o
| oeasta “‘Peptigralitksyd nfhesewiod atiddinket @auhaundegaiti¢ast oneaneimbér

s ErBih BouS prBisRaty rfee R ISk p RS eo
alD NEB%);CEIHDRTEH)&QTWRHR ﬁ%dﬁmgmg)@mkwmggé%s]ﬁ%%

of EAEPPEGDSYI | | GVEP KK (SEQID NO 22),
NP £0); KHNSKOEGOLFHPRESP iEVINS ABSQHSIGEARQC SPLRPL

ke 0 PR ol k90 o) RSP LS
DAAGGGCAATTCGAAGCTTGAAGGTCAATTGGAATTCCCTAGGACTAGT
(SEQ ID NO: 25); GAATTCTGCAGATATCCAGCACAGTGGCGGCCGCTC
(SEQ ID NO: 27); GAATTCTCTAGATATCCAGCACAGTGGCGGCCGCTC.
(SEQ ID NO: 61);
AAGGGCAATTCGAAGCTTGAAGGTCAATTGGAATTCCCTAGGACTAGTC
CAGTGTGGTGGAATTCTGCAGATATCCAGCACAGTGGCGGCCGCCAGTG
TGATGGATATCTGCAGAATTCGCCCTTGCGGCCGCTC (SEQ ID NO: 63);
and GAATTCTCTAGATATCCAGCACAGTGGCGGCCGCT ((SEQ ID NO: 74).

The fusion proteins of the invention can further include a linker between at

)

least one component of the fusion protein (e.g., Pam3Cys, Pam2Cys, flagellin,
PAMP) and at least one other component of the fusion protein (e.g., at least a
portion of an antigen, at least a portion of a viral protein) of the composition, a

linker between at least two of similar components of the fusion protein (e.g.,



1 PR 94 (Puerto Rico, 1994) (ETEPPFGESYl WGAGEKALKLS
WFKK (SEQ ID NO: 21)): Den 3

W@ BRERRGEESNI VI G GDKALKI NWWKK (SEQ | D NGO 23) ) PCHOS20Dg001623

10

15

20

- 25

30

4 ( ELEPPFCGESYI VI GVGNSALTLHWFRK (SEQ I D NO 24)). SEQ

I D NOS: 20, 21, 22, 23 and 24 are portions of domain
Il of Denl, Den2, Den3 and.zPen4 fl aviviruses. At

| east a portion of domain IIl of the four Dengue’

v e

C ERASE0 TS SR AAMIOSE RSE i RAPRH Al Bhikeh b iR
'pnﬂmm@ﬁaxﬁmrpmmﬂMmhanydmmhnmum1ﬂmubeenl (strain

16007)k n2 n 51680 n3.(strain 489 nd
Dena (S b0 Teingg B BpAAP BT ST Hedton.
C 9&3@1‘8 Q@ta'ceﬂnec{'ai‘ SRRl 0S8R RIBAFIRE ARiHrSRH 'a &%@?fhﬁt the

and Den2 envel ope viral protein can be ‘conponents of
f gsinponqutoefshe fustin p;oﬁeinl arano& diegetlp mm@ﬂ e examplg, one

i nventi on

Lovangncth ot B HaSTRORL O, SRR badalYs BANE) @ e finked to
Paldigibt @ebonknt (€S tat Rafi@rjortidh ﬁfanaintﬂger@&t le@sie prRidaest a viral
selected fromthe %rr%g&kconm sti ng of a Denl| VI ral

e PUiriBpal he drsbpmprofel eyyisp At oAl BT oprangye stpilay or hike
%81%881116[1’@% of2BY &ls eperreﬂlt ?ﬁge%e% Névo/d ARIPs 7Y lrBRPinclude

n an a |t|on the invention is
a aflinkeobetpeat aich PAdMRrdr swo gmagenls ears furthepmctudo r limkeradietween
| east one pat hogen- associ at nDle uj ar,. at rn and. at
| At erieger R YOR Biv Ak TORET YT Bk bvEer B el

f egeihhle group consisting of a West Nile viral

‘proteln a Langat viral Proteln a Kunjin vira

pr ot ei Addationatly ay almatwy Yethedptian prateiny p¥ e iteptien ¢an igclude
J ap ggﬁo%rfatlt% neen tﬂl%i{«% tbe?w rﬂth{ %ﬂn?;}o%’en@ oﬂh%kﬁlg8ﬁ pFoteln and

IS viral prote ever Vvi

p rsOhiddror diltel compepatd dfitle ﬁsbhrp&i)tem[ Qog eRamplbea fmepatp'rdtéia can
Cviral protein for use in the ég 05|t|ons

prremeriszatdeast pyr JAdHEts: BendGys andeoritgpets éﬁmeawrﬁt%gﬂfa’é‘her
2 iRl YR eclmﬂkglebé%ve@r#, f(%%%ﬁ#lg&@&%ﬂm?% BEVRSL & okt tgw dnfi8ens or

group consistin gure 22) an
| Bt Dd@t t65 videl gnmteensZtBat furthérdhcladeea Enkwydetivdey tISEQ al ll'nker

N% VeGP b e Fui bl b e PAME) fodAestas diging

BodHi OF BleFusiOABrdicth (Wg 2kt 1bA2S hoRiddUTlah Afti&n, atleast a
Ieas one pat hogen- associ at ed nol ecul ar_pattern and at

| estionsofpoviral @rot@ﬂ) at anyeepsubinatontherser Bulseibe Sepiqrrpyaieins of
t htﬁe GO SN Hith e ngclgcfe aahx%p {)e wlegzﬁi lat 1RAY ?\!vg Bgthogen associated

molecular patterns, a linker between at least two antigens, a linker between at least
two viral proteins, or any combination thereof.

The pathogen-associated molecular pattern of the fusion proteins of the
invention can be fused to a carboxy-terminus, an amino-terminus or both a carboxy-
and an amino-terminus of an antigen or at least a portion of a viral protein (e.g., a
flavivirus viral protein, such as at least a portion of domain III of the West Nile
envelope protein, referred to as “EIlL,” at least a portion of domain III of Denguel
envelope protein) referred to as “Denl IIL.” “Fused to,” as used herein, means

covalently or noncovalently linked or recombinantly produced together.



protein, a Den2 viral envel ope protein, a Den3 viral
envel ope protein and a Dend4 viral envel ope protein.

WO-2®60m86pT ot ei ns of the invention can further POTUSIE6/601623
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| i nker between the pathogen-associ ated nol ecul ar
pattern and the viral protein. The Iinker can be an
am no acid |inker. The am nggacid |inker can include
synthetic or naturally occurring am no acid residues.
The amrhofafdnthibi ﬁig%rfﬂmp £ chff idcifiel 3 QLA
of the in\(entnl%gn ecan i nc u%g atc%éaggegﬁgéa%rebﬁ!gg?&%&é
s edsecitied nfalemlar ipettegmdepvecnras leastithg aofigansloy at leest two viral
residue, ,a.glutam c aci.d residue, .a serine residue, a
g ol AMeal G b h i bRy PR e
| iokRnlar pafert! s8dtHRMEEh orl the air;ﬂg)rdstefne rTHR%uibn BRoténs of the
"peptide linker." The ami no acid |inker can include at

| BySRtignanipgids a pethegeneagsdoiased makecylenpastern fitspd betrgemdt least

' : K| EQQL EFPE | 1) NI
e e b gy PR M R Ry e
6 B)sjoniEhiBifk EEMeHRARTOR (i HSA QHSEERAEGHRNGRI R used
(R Reb D 57 B AL RE el B 15 il o
T SAATPINEAACGT CAATTGGAAT TCCCTAGGACTAGT  ( SEQ

| D NO 25); GAATTCTGCAGATATCCAGCACAGTGGCGGCCGCTC ( SEQ
| D NO ThepatheaTaHRSTENAOAPATUCAGTACACT BEtEBR0B0Tn SER

R e A AR e g e Ehagsiges A protein of

N

Clio sl 637 {tavis] JIGREF A dhl E R @E&on of the
TGATGGATATCTGCAGAAT TCGCCCT TGOGGCCGCTC I'D NO 63);
aﬂage@mﬂm@ﬁ@mmgﬁ@@g@@mﬁm gedlin DF pggxample,

7 [ : ' Q -~ ] . f )
| Blpesh d Bk Rt n e L S A AR D RS
f BEgwn 1prat & deléted gnd alPartey 9r a FaaPyin ddndgefubddrio the
PAMP) . and. at I_easft one ot her conponent of the fusion
prageditin the gpeione tp%aglf‘u%fl-porti on of an antigen, at

| east @nPMildeQdr HraBpr¥tciPds tBE AlsfinProRinsdehe invention can be
conposition, a linker between at l'east two oip simlar

c bispbiicthe flagdllin l'uga fagiinoof the Sagsliin het gmteﬁammpgge region of the

AR o 805k SOV o B RaPRLBRE e B s

c agdlinabf SEQ UheN®of (Figure 1) at any place in the hinge region, for example,
at any place with amino acids 176-415 of SEQ ID NO: 1.

The antigen or viral protein of the fusion proteins of the invention can be
fused to the flagellin in a region of the flagellin that lacks a hinge region of the
flagellin, wherein the hinge region has been replaced with an artificial hinge region,
such as an amino acid linker. For example, an antigen or viral protein can be fused
to the fljB/STF2A flagellin of SEQ ID NO: 3 (Figure 3) by placing an amino acid
linker (also referred to herein as an “artificial hinge” or “an artifical hinge region” or
“an artificial hypervariable region™), as depicted, for example, with the placement of
an amino acid linker (HGAPVDPASPW, SEQ D NO: 183) between amino acids
175 to 186 of SEQ ID NO: 3.



"Linker," as used herein in reference to a fusion
protein of the invention, refers to a connector

whedosmesssTtonponent s of the fusion protein in aPOBEORENG/001623
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that the conmponents of the fusion protein are not
directly joined. For exanple, one conponent of the
fusion protein (e.g., PanBQgg, PanRCys, PAMP) can be
linked to a distinct conponent (e.g., at |least a

por ti ofyy giondn eABbERRM, (AL iveAidn i 2 BRGSA ﬂ%te% cﬁlnghg]ﬁ% at least a

protein) of the fusion protein. Likew Se,
oporivnef gi lpddt ane membek selestarblvore thesgrofip ctmswfcmg jo lﬁlJB/STFZ an

pr, | ink t.wo . PAMPs n furth
Pt T 3 R g R Bt o 1Bk APOGRNAG! s oD ember
C 8dledied frbRrthd Biolp d@n@stiﬂfgrﬂf@.ﬂ)éiﬁtvﬂﬂﬁéh\@ Ip?d"[&l'ng £MenP¥iral
two viral proteins can further include a ['inker

beRvRbens Reafer. ¢ Dead virlwerlepe prikin endalleng vispl envelope protein.
CLRE DI cl D 500l L By Dot R L BVERK B e

c safimlﬂbﬁbm thd giiohp cobnedsting ofidotnain, Anvdainilhdddoredin ITII ke the

rr‘{pgnents of the fusion protein. For exanple, a
WP YE®: n can conprise at |east two PAMPs,

Pa NMBCy $n AN REhePRABEY P rmé)ﬁ%ﬁtﬁntlﬁﬁhdé‘ s Lérﬁch%ﬂepude that
i ncl udes a |inker between, for exanp nor e

prvisies SEQ IDANOSt #b 72nB0.Gon34.G6, 38, ﬂSea@t6 BOB2;i8a86 and 159

PR EPOgatEk btk B SrF IR bl B BE P RS e s 7775, 81,

(835, 8PAMP)s&Nd anot her distinct conponent of the
fusion_protein (e.g at least a portion of an

ant i geH! athadditonal erab%Wnb theghventipn #%ﬂludﬁﬁ el ppeptidsy having at
aﬁe\é S(CRBR T84 | 9 ﬂ:agtha%?) 5%,TER esﬁst %Jaﬁt §(r Neald QJO%'t §§% %t least
t he e a i nker

i nvention can etme
| ebmit 90%w atdatsh elgmn Ha%s a’c]eMt ebouti8ecardaat lqaat dbeun 99%aequence

it T repitesav HE NI A2 gt ol St 5730, 0,

t h@r@oéé aﬁ&ﬁsmﬁhﬁsﬁﬁcl@ﬁ%ﬂs atsHom® Row! % Babd e§1n39f35 37,
the usi on rot ei ns of he i nventi on can fuse

caftpioxy-dles 8ﬁ>l§7aa¢1'|15.$¥1 no-term nus or both a

car boxyan t er m nus en Q | east

o or HER R SIbREE, B Portion He1Eh HERoGiodl, s,
ppeitghfandyistypeptidalthitdasindda perbéptide Ghvidg adlaRellinl thafincludes
the West. Nile envel ope protein, referred to as "ElI|

aPolyBepiidenhaydng F1d#RSb RO FaTan ) Fast shotD Aty éqleéﬁwbp@&@%, at

Egegg bg@rlteg Sﬁ/g &k [e%gt atbgu?%%,% Mast dbout 95% Ui €hst Ssout 88% and at
least about 99% sequence identity to the polypeptides of SEQ ID NOS: 1, 3, 58 and
68 and the nucleic acids of 2, 4, 59 and 69.

The percent identity of two amino acid sequences (or two nucleic acid
sequences) can be determined by aligning the sequences for optimal comparison
purposes (e.g., gaps can be introduced in the sequence of a first sequence). The
amino acid sequence or nucleic acid sequences at corresponding positions are then
compared, and the percent identity between the two sequences is a function of the

number of identical positions shared by the sequences (i.e., % identity = # of

identical positions/total # of positions x 100). The length of the protein or nucleic



coval ently or noncoval ently Iinked or reconbinantly
produced t oget her. The fusion proteins of the invention

weanweiorssbude at | east one pat hogenassoci at ed nmpCEUS1086/001623
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pattern between at |east two antigens or at |east two
viral proteins, which can, optionally, include a

I i nker between the pat hogen=~4gssoci ate nol ecul ar

pattern and the antigen or the viral protein. The

f HSh QRcdiY £P ARGt fhE ol YN bODASRA h%}&h%’@'rél rotein, or a
pat hogen- associ ated nol ecul ar patterﬁ used begﬂeen at
| palypentide of ithedhvantion eligieed(for gompatissh gnipoed iast 1east BaYo,

protein. PAMP. vjtal proteint). The fusion. proteins g
R T A Rt ARl 4h ey &l And By prcferably, a
Pleatteions, 7386 d0te 8IRED0RL 95%a88%! 99 RAY OPYSHT-BS RAGTha Rk

nol ecul ar patterns (e.g., designated as "PAMNP. viral

predetenss. anmey. forerangae. Hogyeueleis geidiseausticaef R 4MEY, at least 2
gﬁ%ﬁé 5 vairﬁlgﬁ?{eﬂr? |oﬁ Y ggfyggﬁc{ésor l?i:\sll{gllp S}:Pké’l]ﬁ/, %}{ é)%g'ﬂ:&eg rg.s ngic’[ed

agoni suc age € ’an
vinr SEQADA{ @8 17191721 302 3234, BB, 38,8677 %, 83, 82h#d, iSe\eadatison
can be_fused to the flagellin in a regi.on of the
fl agel FL% gt copRRRION A T i sequRSes F%hbeo%ccgmaﬂﬂﬁé by well-

I REG PR Eh ol ﬁoﬂ‘ éh)éﬁﬁahé, BingRQhatB% AR aLalo8lithhE 88 ﬁ)réferrel:d, non-

portion of the hinge region of the flIJB/ STF2 flagellin

oHm$ig ¢xBripe: ofsu¢lFa mathentaticelalgdristhuids dessdberhioh Karlin ef al.

PP 4R b Tl i Rr- SR (BRpoatRefedoes Savigrre

Oheréby Blcofpofii@l by RfferthtR ih WS ieftirephOSaLHSE AEotifAf is incorporated
i nvention can be fused to the flagellin in a_region of

e
t 0 the e ST anéh BLASIRY Arassaras ficrren 2-isalesesibedie Schaffer et
f i0. Ip, X ' ' t.ej
o 2h B D AR RS BB A QDL Blenlel Br wBleh ) feseby
linchrpgrated By refitrermoryin s @ntrety). WikenhithigmgrBIgA 81 and Gapped
e ,_at an | ace with am acids, 176-415 of SEQ
| Ei@fm%r?ﬂ@ the e AR matamatetai! fheGrerRivGProHAD (S o
PBOUSITNE aQhildbieat ity Bidrh&Lite 30y e NaUsEA CeRict RE Biptechnology
flagellin in a region of the flagellin that |acks a

hirdgenation) eam befusedhelrf dnegrenbddimenthide databasesedrcimglis a non-

regi on h replaced with.an artificial.hinge .
B0t B b R R rriond Rl b e St s ot o
afittbilgEPxpspct Vallieadf 10, Weidrsigasr Rehd Meek & BIABIMG62; and Gap
flpj B/ STF2D flagellin of SEQID NO 3 (Figure 3) by

plasts havean Brvtarredild and srdixtqugiosilef erred to herein

e LS iy ) 5 ARG o g

daphe tlgdrithioof Myensphé Mitet, ICABE P{1888)rdnrttearhings of which are
hereby incorporated by reference in its entirety. Such an algorithm is incorporated
into the ALIGN program (version 2.0), which is part of the GCG (Accelrys, San
Diego, California) sequence alignment software package. When utilizing the
ALIGN program for comparing amino acid sequences, a PAM120 weight residue
table, a gapvlength penalty of 12, and a gap penalty of 4 is used. Additional
algorithms for sequence analysis are known in the art and include ADVANCE and
ADAM as described in Torellis and Robotti (Comput. Appl. Biosci., 10: 3-5 (1994)

>

the teachings of which are hereby incorporated by reference in its entirety); and



an am no acid |Iinker (HGAPVDPASPW SEQ D NO 183)
bet ween am no acids 175 to 186 of SEQ ID NO 3.1n

wa@ewblesesenbodi ment, the invention is a fusi onPET/USM061001623
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conprising at |east a portion of at |east one nenber
sel ected fromthe group consisting of fljB/STF2, an E.
coli fliC, and a S. nuencheaifli C and at |east a
portion of at |east one nenber selected fromthe group

CBASITS! dd36ridd ia PRRbn Mid @i&mﬁﬁgp%&maﬂu@éa%i Bei B A8920444-
viral envel ope protein, a Den3 viral envel ope protein

arf 819884 the; teaghings é wbijsh ape berebyiincTipergtert by wherercetin s
epyglope protein can be at |east a portion of at |east

one her selected fromthe group consisting of
domai nId 3 fidtheRembddimeni trdamdntioh id heat cdlieng R¥abRARAt inciude

protein, In still another enbodinment, the invention
[

hemyglele agidendyssss pHbe ingntion c Miplkest sy qa@bmkam,ti; (e.g.,
7 e . L ]
[E o0 Shacic 85 18 S0 08 O B pude B,

28aci@ayirg3 CHEb¢ellB7yeaSidelld, Bnctbas BithiaBBost86l)s. 87 and 158.

I n an ditiona odi nent, the invention includes a

pol ypegg? E%rcﬂﬁ&é%ﬁgg‘feqws%wom a @%q%ﬁnc?secégtaﬂé Sut

Tafdpmplishedagingahe Yorant in'tﬁ@@b@%ar@%&%ka@é %Ac%éﬁ%ﬁ, San
n

about 90% at | east about 95% at |east about 98% a
aviegeastliigpuut usomsiberpBlnseon 3 mattiy ot PAMRS0 matrix, and a gap

: i f n Lk 72, 30 34 6
SEEBED L7 568 6, gl B legnibor S ol
agnbislimentSEQ deRehkI8entt) bethden 280 nddleic3Bid BGuendds caddbe
77, 5,..81, 83, ESQ@%? and 158, In a further
e%?salalphgmd,us N8dhg e RIP ST R HES $8M6e Packagrs(Accelrys, San
f DRONCAEBHELNSsi ' t b R
po%pe t i%gﬁ%)égsilﬁ%gggﬂwgggﬁq %ﬁtﬁﬁaét@?%gﬁﬁé s%f 3.
pol y pe%hér decdeipacid sequancd emeding AAMPOSHleat a beaioh ofib@irhl

75% . at. |l.east .abo 80% at | east about 85%. at | east
PR RS g B bR Tyt Bt o Bt invrvn gne

aihclugasatclialuid s%ga/@r@@m rid B8RS, by extathid1& ﬂjBéFTFZ (e.g.,
pol ypeptides of SEQ I D : 1, 3,7 58 and 68 and the
n%l%é PG| H<h o Tl (e, N HANGD 5976, gdeastmportide of b tviral

TP A [ [ ( t n I c acid .
St A e Tel oSS ga s PR PP Bl s
ftbe irophiiom(e.¢ OHPQIDIDS PUI; PR3 306349 36, IBBS, TAB, 8 82, 84 and
TLr ogucefl I.n ﬁ e, se%uence .of a first sequence). The
under selective hybridization conditions (e.g., highly stringent hybridization
conditions). As used herein, the terms “hybridizes under low stringency,”
“hybridizes under medium stringency,” “hybridizes under high stringency,” or
“hybridizes under very high stringency conditions,” describe conditions for
hybridization and washing of the nucleic acid sequences. Guidance for performing
hybridization reactions, which can include aqueous and nonaqueous methods, can be
found in Aubusel, F.M.,, et al., Current Protocols in Molecular Biology, John Wiley
& Sons, N.Y. (2001), the teachings of which are hereby incorporated herein in its

entirety.

For applications that require high selectivity, relatively high stringency

- conditions to form hybrids can be employed. In solutions used for some membrane



am no acid sequence or nucleic acid sequences at
correspondi ng positions are then conpared, and the
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function of the nunber of identical positions shared

by the sequences (i.e., %identity = # of identica

positions/total # of positiofs x 100). The length of

the protein or nucleicacid encoding a PAMP, at |east a

p‘bﬁiddQﬁfbﬁﬁmﬁuéﬂé\S bR Sttag di‘garfi’c Ve ﬁ%ﬁﬁ?fdﬂnaﬁ?ﬁdeaallows the
ge ptide of the invention aligned for conpariso

p@?aﬁ et gasupgt 4 lowst tegppsatype e Heghatitipgenay cbmhﬂbnm%for

0 even .nore
pr & e}l&g’o eﬁa&l@@ty»if)vevgé]tt agcgs/g hlglgé’mp%&%res%)@dmga% Hggéx{ytrmgency are
9$%v1<%%§mboi1f)0)% Mo dthet 0.e091 NaOl af empeRbRELeEBout 50°C to
g e or. exanple, the nucleic acid sequence of a
ﬁ@l‘f fic, fs%%h StENgsHFY PosKlitémms alloviar liited spmbetsiof mismatches
P ‘%ﬁﬁk}ﬁﬁ’ Eﬂedt%zooaleaﬁéli%bs‘? qn%?c%ét{% %E%JJV% 665%%2(%5? coglgftloél% ’the salt

depicted in
58onceairatgn 180y b8ihcrddgd B8/ cartik emPeratire naythealecreased. Medium

PR nltebn e B e AL ot ePRg on TAPRBHAL FEPS M

aﬂ\g@![ b d"iendpeRiteie@iTaBOut 37RMd 4Bolut HEPCEXARNGw Sringtify @
mat hematical algorithmis described in Karlin et al.

( P@fé&ﬂormam achigvgd at se3lt capgmtrapion SE BB 7S NI10 8BYyt Otk NaCl,

{SRE DGRtk 60 RO, EPRYC!AERLRNEILCS BN ot components

| mnxbtcpxdlt&trﬁ doi mmdidaﬁoﬁhlﬁm laifbdmﬁb/%ﬁ}% sRilRE % art and are
(ver si scra bed in Schaffer et al. fNucI eic

AEY @%ég Au%‘bealfé@ (G sShosbityeyocolstp M@a@ﬂarr@g agly, John Wiley

t r1&f nits
o N A oL s

pr ogr alsyettahethdeérabddimpaty thedtentonfs 4 ctmnpscestmaiohmpﬁsmg at

il ab I nt t t
PR R PehPdnan et pPbnisl ot Eeshna Sy it Brove o o
C Rastge useber kEle&BE fropAE Ff&ﬁtcongﬁﬁlc’@aamﬁq\h%eﬁfa@ Pﬁgein a

i s a nonredundant_(NR) database and paraneters
sPEUBKCErad Bravein asb@ng@hwraé oraein, ?aKunnra Vfrall nretesn, Mlp’eaytValley

Va{d:lé@%aq{n JVQral }!ﬁ&%%,%anﬁ%% %’i ]éha%t irf %ﬁg 1%”?'1@%] QTE

oénc]:phemmtvhmt proedih el ovadeved el ptdivinenp la eypatitfsar vikdle

O Bt SE o0, AL L M85,
heiog

AP ot P LSS e S B R
(mas oudt Pirdl)protaim. FheiPam3&iyt and thefavRaEs (phateidl cay de  San
components of a fusion protein.

An additional embodiment of the invention is a composition comprising at
least one Pam2Cys and at least a portion of at least one flavivirus protein (e.g., at
least one member selected from the group consisting of a West Nile viral protein, a
Dengue viral protein, a Langat viral protein, a Kunjin viral protein, a Murray Valley
encephalitis viral protein, a Japanese encephalitis viral protein, a Tick-borne

encephalitis viral protein, a Yellow fever viral protein and a hepatitis C viral

protein). The Dengue viral protein can be at least one member selected from the



Di ego, California) sequence alignnent software
package. Wien utilizing the ALI GN program for
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residue table, a gap length penalty of 12, and a gap
penalty of 4 is used. Additional algorithnms for
sequence anal ysis are known-43a the art and incl ude
ADVANCE and ADAM as described in Torellis and Robotti
e .
o Dl B er Sy s arar i Do hftocin
e mld B &6}151 Vlrahpné%‘f AThi@BamZCbseschnd rhhd:’ﬁa«nmmms mnttid ¢qurten
Ng @ﬁ ci USA, 85: 2444- 2448 (1988), the

teg%ﬂ?%%l %r2 IR IF®- her eby i ncor porated by
ref er emgexili Andthé eRiBodirRént)the Inveidriik bRRSthEBOHRAIng an
the invention is host cells and vectors that incl ude
t HRINHE FSPenssdn @ sg@qqemlsmg thp step 9§ adminisierineHie theogtbject a
c A t 0

%E&ﬁ?ﬁtlfi‘&r;]}é Qx%% ﬂlce § *Q cb ﬁtl ELE%)O&?P?{){e %nfl ggfélgte}%u(fes Qf the
Bmhtnmrus CHO ceI I s yeast cells, such as Pichia)

host ¢ ercent identity between t am no .
acid s S%@H@&g égﬁmH#‘%B T4SRODSE &ﬁﬁﬁ‘?@ﬁéﬁ%@%&@tc’t the eengration of
P LA RIBSItH at REst EFerH SMRBiti &P&%\ﬁra(l ?F&?lln é¥ $:, a VR8st Nile viral

Di ego, California) using elt er a Blo matrix or
a PRANREODRegue viral arndeia, EglaqmgWeVlgﬁ prcziscm;LaKum@n vBal Woteins a

o A RO o Bins FPante B i 2

adlick-lseafiel &mpﬁalﬁﬁrmﬁ@?@@di@ Y ¢ R EbveiSYiRg phdi€in@HR a hepatitis C
programin the GCG software package (Accelrys, San

DVEglPTotenDi SHmulaiing andmmying repRpnskan glbiset @D inghedeghe
! %M‘il@tl&ﬁ)ﬂpﬁn&rﬂ ﬁxd/og?tgllltghﬁclhgﬁ&eafgérpgpg'e% ?tncl?eereggt daggglst the
peotigenrs vihl ploeein. nhmﬁﬁntﬂ)z{tlrgrm imalunp eﬁtpbdﬁﬁln@]ﬁe dubgect, the

e e T .
NeRocigtedWith Rfddtibl by ShdanticSER ‘!lller'}lﬁ%t m%Qdmﬁl%)sh oftbe halted asa

| east a portion of a viral protel
3gonsmw:ncqeﬁsnm@\atmgtaemanmelrmcm@mfths sa@reqr ot ei ns of

th nvention D NOS:, 7

36, 35 Teb R Rasfilt gsinpsoico] o nihset radl e Rt r ve
hytbmetodato sBifn 148 thintivae Sespénsds in dﬁbisycaslt B dVaRAted for the

h bri di zatlon conditions). As used herein, the terns

ﬁ‘gﬂbﬁi f9isHEsiaie ge fmmyie éetsp@nﬁ@ Ehe fubject Hgipg wellesgblipapdmethods.
”EQéﬂ‘lgTaﬁé ﬁl'eﬁllgggﬁy determPNhSh &G e y&ﬁ;%sﬂﬂirg Nrusion proteins and

strin
polypeptides of the invention stimulate an immune response in a subject, include

measuring the production of antibodies specific to the antigen or viral protein (e.g.,
IgG antibodies) by a suitable technique such as, ELISA assays; the potential to
induce antibody-dependent enhancement (ADE) of a secondary infection,;
nﬁacrophage-like assays; neutralization assessed by using the Plaque Reduction
Neutralization Test (PRNTj3y); the ability to generate serum antibodies in non-human
models (e.g., mice, rabbits, monkeys) (Putnak, et al., Vaccine 23:4442-4452 (2005));

the ability to survive a challenge of exposure to an antigen, in particular, a viral

antigen employing non-human animals, such as mice and monkeys.
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t n
hybri dibaQTsEem

hybri di zati on reactions, which can include aqueous and
nonaqueous net hods, can be found in Aubusel, F.M, et
ah, Current Protocols in Mlgcular Biology, John Wley
& Sons, N Y. (2001), the teachings of which are hereby

I ncor pQr« erejnin.it ntirety. .For, appli.cations
that r %q %%?Je CtRi %Sﬁisg%bge}gltnr ?/I etif a W@P%‘fail’vgélﬂi ag{d)aﬂma%e or rodent

ste.g.ngemayusepridiatjactithldr enfbotindiy,Rhé giihi€a s Deugam! oyed.
In sol uti useg%cg_or sone nmenbr anebased _ . .

pepiy theghvenhion igamethod oif wimulating e immune
ageshOHsEBIh 98bje @l doNRisiddans bf chnfn%té}ﬁ{gucg R qubidc Py’
tenperature. "H gh strifgency conditions -are, 1ot
efemposetion thitaneluddsyat laasy sspdrtiomofidtdeashoghpdtiesgearaatddiated

C itjon Hi tringenc re provided by about 0.02
APl st PSRBT afiaBh e B s o o e
apeoub cokIEingtdf 8w ed NiRGSAE Yrot@R M 14 Rasvial lp%ﬁl?zrl Kunjin viral

limted nunbers of m smatches between the't
sEgirancddunpy Yeler encephaditic eiral pretein, stinpangsmencephalitis viral

c 1 5 - tration e i.ncreased .
SR OB S R B RS R S v
st ri nghney anatheti ntodinéitthaahieai@disal meths@bf stimulating an

concentration, of about -0.1 to 0.25 M NaCl and a .
t BHBEIHCIR WSO M HBSIRCE SPmerisias Aisotier shpiminigiring t Sw subject

Sthe icBS ink ] b i
o O DTN o AL O8Iy RSN SF aflkad 0B bihgen-esspieted
ampleapler patigreandaidéasya portion abatitas? GACDEN? ab@ldpe3hoiEin,

[ f~conponents. and .condjti ons for .
- obEE B0 PR SRR S S SET hivadhS sietprcapsistpafSEQ D
aNO: aRGEQ 8 Nyi4ved SBD Avsidhel7. et al . (1997, Short
Protocols in Ml ecul ar Biology, John Wley & Sons, New

Yor k Nmwnothepembodimgntp the invengion & @methodred stmelhtiay an immune
=5 : N .
2 RSk R BR She i fenl SRR nf SR MBS A i

afrogin thetistludeseat idaara portius opatdesst Bnd patBogenadssdeasd meRRular
nergtbg{ﬁn?iel ?ct ed fr.omglg%j group .consi sti ghg of a West
NRR it 19351 RATHon fAgLiene Yirad profeipselepted Aromnthg roup
Vdonsiktift Ot £WRst 1i1dVRd1 ipRot¥in’ | VY RERY; -
encephalitis vil?lé%qﬁprlg?'gi&%f é%a aa‘gtéﬁl‘él é“’%h’lgléiéﬁg’?{ﬁnt [ said S%tem’
va Marrap Valley encephafitiskitabpioteim aclepirekt encephdlitalviral protein, a

n and.a hepatitis

o e oS Ut P e B SRS 1
- | east. Jantill Roher enst®) a6 EROhE 3ntiBR is a method stimulating an

immune response in a subject, comprising the step of administering to the subject a
composition that includes at least a portion of at least one pathogen-associated
molecular pattern and at least a portion of at least one member selected from the
group consisting of a Den1 viral envelope protein, a Den2 viral envelope protein, a
Den3 viral envelope protein and a Den4 viral envelope protein.

An additional embodiment of the invention is a method stimulating an
immune response in a subject, comprising the step of administering to the subject a

fusion protein that includes at least a portion of at least one member selected from
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group consisting of a Denl viral protein, a Den2 viral
protein, a Den3 viral protein and a Den4 viral

wW@e@wbe7sss7 The PanBCys and the flavivirus prot ePOT/Us2006€01623

conponents of a fusion protein. An additional
enbodi nent of the invention is a conposition
conprising at |east one Pard2Qys and at | east a portion
of at least one flavivirus protein (e.g., at least one

niglresuseinetitdof 4 HyB/S TR, GhQIRoE FRS] Sid 19 rfend WERE and at
I\gle viral protein, a Dengue viral prote| n, a Langat

epgf1a Hﬂf%%?ﬁﬁt I%Sn@}wjmqﬁnbﬁrrsalectpd&om he gaoumﬂonaytm@ﬂ ahenl
eﬁg‘,ggg@élb é?roi’e'u{@elﬁ protein, a Japanese encephalitis
viral protein ck- borne encephalitis viral

&MWMWSFKMKMEWHQTWWMME@UDAP@H@FSTQ{:)EKG

AN LB g e VRN AE s Ron PN o i et

a(SPEntD WG@'ZI%@@@})% DenPehal e‘ﬁ'vEl%}g)t gfo?élﬁ‘ﬁ% %E@&/%\IOS. 22,

vi ral prote| n and Den4 viral pr
anche f1 avi virus protel n can be conponents of a

AR B LS B IR T B e EP v excres

reEORASE VNPV FERID SEVNIEARPPFS DSY THES FHAPLR] DWFKK (SEQID
%ﬁgl %)3 {)ﬁ%sg the subject a conposition that
r %‘ffﬁrﬁagq lepearistein (gsg-oPEQRABND 13 andd

R L IV PR D AT o
HﬁNR)VHﬁ‘Kﬁ@Eﬂ%VMMRHRﬁESNI\aGIGMDWM (SEQ

N | t
B 0. B i & rhge damat Sy Yk phticid 51 SEBIENG: 24 e
K GBIS WTRICSGK FEDMEN AR T G?TV‘W@\?K‘??EUAGﬁP@KWIEIRDVNKE

protein, a Japanese encephalitis viral protern
ﬁ%N%ﬁMM@&MSVME&EMLD@HN@WG&BMemem ¢SEQ ID
g{l )Zroteln and a hepatitis Cviral protein).

t rru? ting an i mmune response in a subject can

i ncl ude atfogh@repthodiran, 1@é ifeAReR]s Anethed steRhladh@En i mmune
i mune responses that are reactive agalnst t he antlg

JFSRPPFEI 51stest GOmpHsiag theten ofragminisiening trethe subiosiafusinn
tﬂ?@teﬁ%hﬁﬁ&ludéshﬁ 1634 ;gd}ﬁoﬁfBY at1€a5P b4 Fh& n—arsé)orc%ated molecular

infection by the anti virus or-co
Pagoui aaded lansttaparidrect 4t densbynet hembatselpered dony thieggortph at

hal t ed equence. of
OPYsittR P Pe) ViR M O poR s a Liroe L eflope profsie. 2 Dens
coORpPeBieldpR PRotenlisil ADRUALRE BSv AR Rokwpept i des of the

|nvent|on or use
In yet another embodiment, the invention is a method of stimulating an

immune response in a subject, comprising the step of administering to the subject a
composition comprising at least a portion of at least one antigen and at least a
portion of at least one flagellin, wherein at least one of the flagellins lack at least a
portion of a hinge region.

In another embodiment, the invention is a method of stimulating an immune
response in a subject, comprising the step of administering to the subject a fusion

protein comprising at least a portion of at least one antigen and at least a portion of



in nmethods to stimulate i mmune responses in subjects,
can be evaluated for the ability to stinulate an
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nmet hods. Exenplary nmethods to determ ne whether the
conposi tions, fusion proteins and pol ypeptides of the
invention stinulate an i nmuge- response in a subject,

i nclude measuring the production of antibodies

S Qﬁeésft bﬁe HQgélf'I? WAdiS Qﬂe%rc oMd Biatlhe @fa@élﬁhﬂla@ﬁ aneast 5%@1’[1@ of
ant1 bodi es) by ‘a suitable technique suc

athsdyrzge repienpot ential to |nduce anti body- dependent

mcr ophigEFrE Aty SRR RERRY 1o Mool ke samagpition

USisitgh ﬁrbﬁu’f’bﬁeﬂp@yﬂf@ﬁd@ bi @B ilNettislrt@al tb @bt hesunt d2fddie of the
0); the ability to generate serum antibodies in

N AT PRENEGT. Fesiel) Rrofedn, r 2 Paiypentideathist, then ﬁé@k@@@)@d to the subject
gEﬁ%@%@gE@gﬁz bel}{gfg? gﬂggal?é\;? e%ﬂéacyéé(pos ure Sﬁgﬁm to
aml:hglate an imnpatet respohse in tike subjeat). amelcgmpoanphs;fmsngl proteins, or

no i.mal s, .such as m.ce a

‘31 GREHISs OLe RERRFE 1 ad&raw%edgl r'f‘aﬁ’ﬁ‘é%/ 30&96# myltiple
ppédxgt e or rodent (e.g., rat, nouse). In a particular
enbodi nent, the subject is a human. In a further
embodi Abamethdds of theemesenirinyentian wen ho decofnpdished yathe ng

an. i nse in.a subject ri sing.the.ste .
orrhtich 87 PR PR i Bt w TR mo e B i Hvention
| B batdes ofbarkRRAH nRaiQSpeéifically, e loRRSIf a@R@nistration is by oral
pat hogen- associ ated nol ecul ar_pattern and at |east a
pmgtﬂ%w (2. airmlke@blet Srrsulg forn) priptrampsedar diediprraf gha

Lang t Vi r’ %‘fo lte%?logé)h%uﬁﬁ?gn (\I?Ilmregfa{h%sgdtfeaﬁ {nl%&k#}l??%%f}lso
Va:hdoe;paesredémthd: piesent wrivvenﬂmrpmohdmg, 1naavhapm] @stendermal,
encephalitis viral protein, a Tick-bor enc halltls
vf“rtfélgl"ﬁi‘%t FperipRpak oV EHOCHRISRS SPULS: ,agg ?EP%BH“SWHOH
ySﬁpﬁB@ﬁBﬁ@J oraFRSEH- BN Satchb 0 8arl AIVER EAPIyEd.2 met hod of
stinul ating an | mune response i n a subject,

conpr i $hagomhesidenspiusfonpdvicing ot polypeptides pfide $nMspéen can be

f
R R G R R R
| efgit dan@etid ¢l t@fhe@bmlp8asdn, o poteif BY BbIOPEHHIAE OF BieN,
wherein the Den2 envel O%P pr ot ei n is selected fromthe

gHBERieL Mg dandrge é@lls plgmisterpd testhe sphiesio; 40 and
SEQ | c?ﬁé?sﬁ foﬁ%rfotgﬂp 89%&??%13’[1&:9 &¢ fhg\fﬁ/[yhh&{]cdnsoe

a nmet ho ng an 1 mu onse
s adipmidtered ahgpe ios cangbet doadisirdgierodl t@theipatisite eragmirmtrnﬂirm is

*h %Jar?t% n?c féjessllr%ﬁltaneous or sequential administration of the composition,
fusion protein or polypeptide of the invention individually or in combination.
Where the composition, fusion protein or polypeptide are administered individually,
the mode of administration can be conducted sufficiently close in time to each other
(for example, adrhinistration of the composition close in time to administration of
the fusion protein) so that the effects on stimulating an immune response in a subject

are maximal. It is also envisioned that multiple routes of administration (e.g.,



protein that includes at |east a portion of at |east
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the group consisting of a West Nile viral protein, a
Langat viral protein, a Kunjin viral protein, a Mirray
Val | ey encephalitis viral paptein, a Japanese
encephalitis viral protein, a Tick-borne encephalitis

Vinkt@ubdu@4drebial, ands@ern8l) baybd 8 %o Hirh sttt blipositihns and
still another 'enbodi ment, the invention is a et hod
sfusipn|pagteing ohthei invantiens esponse in a subj ect,

comos RIS b SR PLELIPG Rt B PG Lt
| gisiniseared flahd) Oga ki s SQeds itttk Péx RfbAtE TBr Sxaghph,

| east a portion of at |east one nenber selected from
t PRArgReRyECalbh o BRySijogifally, prosptablerosganion s irpeanit eprdem

as@@ﬁﬁce\éisﬁgibellg %gﬁezl%?ﬁ ob F)&ijeﬁﬂ.exg’il Sgplgﬁﬂgn Wi %ner[b\f (alzlg‘@:ﬁously

prot eln an viral env e prot el n
actdéttwitnthk estrbad Soiattle phartmbeetitiorlEnsdoeptable carrived incldde water,

ti ti [ ne response in, a subject,
P iRt R o R SRR iauPionfs ¢k s wgpanobydpates
f $igh @B 14etRE Sinky154a3r standH, @Gﬂ?rsacﬁi est @AMy dfoxp RlctyeBlRbsedind
| east. one nmenber selected fronthe group consi'sting of

aPqlyyipylgmrolidiag Buchawenargtionecambristerilézedrandnié Hesirefl) miged with
. ' f_at t ._menper. | ect ed ‘
ity 2683 5B AS MR prlerl 83, DR B bnf

pemitlsifiers| galg. for KGN TGRITIHTdsWVA FBEHIET, \So\ WIS YE(ATD aromatic
APCK| PFST

KG, . X . ..
& ﬂ%&g}%@mﬁw olrsiatenaus] oest eEinibr compraitions,

I . . 1.
é)?gtgrel ipﬁ)t(@l?g.r ?ol%%%ﬁglgg 8 t}le 1%53? £ "gl‘}]egﬁjepﬁgt\f&lsq}ﬁﬁ also be
K i Ideariedl] WiER QHIGT hat VR GYEGDESROCIRFeh MBhbdiERH
VL. GRLTTVNPILVTEKDSPVNI PPF Y1 | 1 GVEP L K. (SE
T e
| 52 NRinedeer is oral administration, such as a drink, intramuscular or
KGVEYAMCLNTFVLKKEVSETOQHGTI LI KVEYKGEDAPCKI PFSTEDGQEK

AR Tt R e KR EEF NI RE PP GE Shiiar IBoGIHRALKIDNINPRE deSEtne,

IS(ECSD% %@ﬁﬁ@iﬁ%a&&}ﬁixﬂg,a&n Q\égﬂl?rﬁsetel%rd% gis{]ng %r 3 more

KIBMBYTIMESEISh & DEEMART QrSTEO \CWHMKE GREARCIKRE B DMk te

KVVGRI |_ SPTPFAENTNSVTNI ELERPLDSY! VI GVGDSAL TLHWERK S'SEQ

| pyevent flavivirus infection, to alleviate symptoms of flavivirus infection

When parenteral application is needed or desired, particularly suitable

admixtures for the compositions, fusion proteins or polypeptides are injectable,
sterile solutions, preferably oily or aqueous solutions, as well as suspensions,
emulsions, or implants, including suppositories. In particular, carriers for parenteral -
administration include aqueous solutions of dextrose, saline, pure water, ethanol,
glycerol, propylene glycol, peanut oil, sesame oil, polyoxyethylene-block polymers,
and the like. Ampules are convenient unit dosages. The compositions, fusion
proteins or polypeptides can also be incorporated into liposomes or administered via
transdermal pumps or patches. Pharmaceutical admixtures suitable for use in the

present invention are well-known to those of skill in the art and are described, for
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fusion protein that includes at |east a portion of at
| east one pat hogen-associ ated nol ecul ar pattern and at
| east a portion of at |east-4@ne nenber selected from
the group consisting of a Denl viral envelope protein,

aek@ipde, h Pﬁzlimﬁ@éﬁﬁ{c‘ap&ﬂ{c% ?1'7@1 £d, NeRB pubraél. EQQ&% PRS and

protein and a Dend viral envel opé protein.
aMg? Ae0580fhibe iterchings ofhwhich arertterehy 1nsoraonmﬁfhydefﬂrence

sti mul e respanse jn.a

conpr i ﬁéng %@m oP™ BHHTHY %tfdeﬁ’qlwp?gést ‘#ethgﬁ’é’]e’étbqncénbe
caiminiitdréd a:mbpfct i Agardier. | ‘@RS tierd” RALsbd REeRf nRbnd £7St

one antj gen and at |east a portion of at | east one

f PIHRASIIOR, thaiipassenty tha cqmenesitiophdugtien preteing angepalypestifiescd the
afnvlex?cﬂﬁ'ltto %euiﬂﬁﬁﬁlﬁrbygttemaofl?h@%é‘ercﬁg)t %%grakepan%?nr}mﬁle RS in

enbodi nent e tnvention 1s
aﬂne isntiecte The ppsagetiomofths tdxp pestitions pftisioh pratgink AR 619 Peptides

d b t f t
¢ PyPEPEo g skctetab Rt St e Of asiadhisroriies ofde vira
aﬂ@teﬁ td RAsatePanfiBbiONTRS MmpRRsE (<|9 Eﬁgk}[\)ﬂg Elllci 4 0 ral rotem) of

erein at | east one of the flagel
pbe cpRostionshEsinnmyeteins ghd polypeptides HEte iinention antm blose

chgﬁgrg§1mlﬂg8|o§82B(?thgrggng : %gle? n'glgg%) %sit?o@xp glgllil grotems
t dralt podypeptidesaf tittoiseerdfontdae be aftMed td 98 cafrié$ b§Rovalent or

pr ot ei or a pol ypeptide, that, when adm nistered to
twchPE?%@Faqf%n% grﬁ&mlf ly.dhe sarsreisbiqcompetibleajBincpmpatible,”
effds6@AdetnenBans B tﬁ &d‘éfs %b?ée%ﬁfaté & osg%l% %%gczn%@ in the

i mune response I n t e su (
f awbjeon(epg. che proslpctom cpfcﬂnyb@ches)d dhe ozﬁmtehean evebibdegtadubdle
Ie dos Itiple dgses.

b d
TSGR RSt 5t ase 5y Budrhedt GO Roriomer atpearter can Rirther
aiaelREPhlusN Gty shitghl@aiiuinsd. rald é&?ﬂéi‘fcaﬁ BEa Jlrus e.g

conposi tions, fusion proteins or polypepti

| PBONITUS DBy Irep tadiphav ires), brstesiat(e: lgaISahmea) ora nuclelc ac1d (e.g.,
' y, the route of admnistration is by oral

ﬁﬂgﬁ%?.@ﬁ%e g., drink, tablet, capsule form or

| ntr armmdsage k] feefubryy (eiglehs nﬁﬂﬁﬂ@%lb!éds%ldmfrﬂﬁé@@to a
%t eilsgm%rary gepenc%ntg Iuggn a \garrl]e%rf o% anlé}:o?sS 1r?glu£gg1 plqlors éxrpgglirg ?o an
antigen, a viral protein, the duration of viral infection, prior treatment of the viral
infection, the route of administration of the composition, fusion protein or
polypeptide; size, age, sex, health, body weight, body mass index, and diet of the
subject; nature and extent of symptoms of flavivirus exposure, flavivirus infection
and the particular flavivirus responsible for the infection (e.g., a West Nile ‘
flavivirus, a Dengue flavivirus, a Langat flavivirus, a Kunjin flavivirus, a Murray
Valley encephalitis flavivirus, a Japanese encephalitis flavivirus, a Tick-borne
encephalitis flavivirus, a Yellow fever flavivirus and a hepatitis C flavivirus), kind

of concurrent treatment, complications from the flavivirus exposure, flavivirus

infection or other health-related problems. Other therapeutic regimens or agents can



enconpassed by the present invention including
i ntravenous, intradermal, intraarterial,

WO paocapsssi t oneal , or subcut aneous routes, and PEBEEB2006/001623
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adm ni stration. Suppositories or transdermal patches

can al so be enpl oyed. The conpositions, fusion

proteins or polypeptides of_gghe invention can be

adm ni stered ex vivo to a subject's autol ogous

d GE)P Célgédt ih%oﬁl%ét?on \Efﬂh th%%@rﬁ?c?s)%ﬁ%fn o%iftioﬁgj %JS?WOJ[GEI{SCOI
cell's to the conposition, fusion protern’or

pobiypeptides of the prdsent inverttiono For éxtenple bk admimiscatibs ofttha

be adm.nistered to the supject. The conposit.ions, )

£ GORBIFB Y BiohE motei30 oy BERPrLs 6% b eePRoEHEs bR otgpvira
benasiuntsSirakedr @%eﬁfbecp WeaCRB sPRpOARITHN 81888 hRifee.g.,
patient. Coadm nstration is neant to include

sihigh feemreniusbngss, S8 enetiingocacipbality)r ddjustmertt abfienanipulation of

COBARL) ST PR BE P b s oo

cokpledird theast. f usi on protein or pol ypeptide are
adm ni st ered i ndi vi dual t he npde of adm nistration

ly, t ] .
can be 1bgRERsetaRVestion isciuahen Ylustraiedeby the foliasving exaapies, which
0 4 e ﬂ?&ﬁi ation of the conposition
cIosén%%&%kﬁé§?%hagﬁ?nlstr§%$on of the fusion protein)
so that the effects on stinulating an i mmune response

[ ject maximal . It is also envisioned that
n%??ﬂ%?ﬁhﬁgég@§ﬁbf adm nistration (e.g.,intranmuscul ar,
omah TERLADNS AN RIBTHeMPe used to adm ni ster the
conpositions and fusion proteins of the invention. The
conposi tions, fusion proteins or polypeptide of the

i ednAmphfieationtead 3. prinast ed al one or as adni xtures

W th conventional excipients, for exanple,

o e N PO SR AR Rfucpgp v
ener(@htaly RARALEIE30) &ppl $Eaideas (Whidh, da)asdording to the

del eteriously react wth the extract. Suitable )

p FRAHERE BIeY igpeymepdations HPA Acpimpis véere puichersd Wippppigma

S LUkl Ri nger's sol ution), alcohols,
o?%%?%géﬁg?&ﬁgsgﬁgﬁggr ohydrates such as | actose,

anyl ose or starch, fatty acid esters,
hydiragyaetihycel | ul ose, and pol yvi nyl pyrolidine. Such
PICERGERGATSTCROCHE SAETAA PECAAGNC TAACACSTCEREQTRSN: 41)
with auxiliary agents such as |ubricants,

prasegvRid.yes, stabilizers, wetting agents,

lg%ﬂéh@@Aé@kbﬁ&%(}k@dé‘é@@%éﬁ@@&k@:@fﬁéﬁg!%?g D NO:

ers, coloring, and/or aronatic tances an
whi ch do not deleteriously react with the

CQUTRIR DS
GGAGCGCCGGTGGATCCTGCTAGCCCATGGACCGAAAACCCG (SEQ ID
NO: 43)

STF28ECR-2:
TCTGCAGAATTCACGTAACAGAGACAGCACGTTCTGCGGGACGTCCCGC
AGAACGTGCTGTCTCTGTTACGTGAATTCTGCAGA (SEQ ID NO: 44)

pET24AR:5 TCCGGCGTAGAGGATCGAGA (SEQ ID NO: 45)
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degradation. The conpositions, fusion proteins or

pol ypepti des of the invention can be adm ni stered by
is oral adm nistration, suclygas a drink, intramuscul ar

or intraperitoneal injection. The conpositions, fusion
PEYESIHAR 3. or polypeptldes al one, or when conbi ned

AT ﬁﬂgﬁ? 95305 R TR P e St CatipaceT

tﬁgﬁgig% (e.g., alleviate prevent flavivirus
|%@§ct|on to alleviate synptons of flavivirus
on) . \Wen parenteral application is needed or
dés%Q@ETGMGGEQMTI}G@mT&@ BHFGAUFAGTAJIGGAAAAATTGC
c HPOEGAASHSEQ U3NEM 43D ot ei ns or pol ypeptides are
i njectable, sterile solutions, preferably oily or
agE@@@&FsoGﬁﬂﬂdﬂSTG@éKMB@@TASA&HSgﬁﬂgMDQQDHEHUIsions,
or inplants, including suppositories. In particular,
carwms ferccs:@ce@ceir@u@mﬁhm@mmeh%@eema@mcc
msoodgydextrose, saline, pure water, ethanol
glycerol 3py|ene gl ycol, peanut oil, sesane 0|I

convenle un| égggégﬁg et con%osﬁV?FﬁgTAggglgﬁqo

a
$§ae|ns or pol ypeptides can al so be incorporated into

:E ﬁgﬂgg or admi nistered via transdermal ‘punps or
p Phar maceuti cal adm xtures suitable for use in

4 RICGATARCIHM GAAGIAATRAMMEBAARSETET G KIBGTGC
|fSE eDA¥Q: Fnd are described, forexanple, in
Phar maceuti cal Sciences (17th Ed., Mack Pub. Co.,
EB&leEdIIPA) and WO 96/ 05309 t he teachings of which are
hacebmtmcmmw%@ec&eﬁwmﬂﬁemm@AMTTGTG
%ngmptﬁyns and pol ypepti des of the |nvent|on can
mnistered to a subject on a carrier. "Carrier,
a
ﬁ%m AT T e GG BT o 59
the i nvention to the inmune system of the subject to
g€hmring ef I /STRRNEHesponse in the subject. The

presen on ..o osi t.j ons,. fusi

P yoohtl idRanedelfn SOTRRR %fawaﬁﬁf?ﬁ?é?@ o Rhepg (also

exdiasil © RteidBé *YEFUg iRRchbdasy 1.3 heganer al trﬂ{c‘a{e@'v@rs’i&l of
generate anti bodi es. The conponents PAMP and a

vthea‘-iTF@r GHELA) SBR IPNO: 3rapeadadi bon$EQ élael‘? @rf) p’raswnmted by
aﬁé’ieﬁ’r@é&?ﬁ@ %&éérd\‘?ﬁltagfe rggign i nlg‘#ﬁ Wi & act1 sgl 73)'& %rOf S‘j:“rpr eID NO:

to”one a er on
c (me Qs Idblle@ﬂ&e gibil siag Repdacat @tithsa short flexible linker (GAPVDPASPW,

SEQ ID NO: 56) designed to facilitate interactions of the NH2 and COOH termini

sequences necessary for TLRS signaling. To generate this construct, a two-step
PCR was used. In the first reaction, STF2.0VA ((Figure 61) SEQ ID NO: 152
encoding amino acid sequence SEQ ID NO: 153 of Figure 62) served as the DNA
template and STF28BGF-1 and STF28MCR-1 were used as-primer pairs. Ina
separate reaction, the same DNA template was combined with primers STF28MCF-
2 and STF28ECR-2.



and pol ypeptides of the invention can be attached to
the carrier by coval ent or noncoval ent attachnent.
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"Bi oconpatible," as used herein, nmeans that the

carrier does not generate an inmune response in the
subject (e.g., the productiggr-of anti bodies). The
carrier can be a biodegradabl e substrate carrier, such
as ap

Fur o el gaP e CtioR e RS W cre A S S p oo 0 b
c dragmentscigspastivelyv ilhess @R groductsl mm/wrmlanecpm@/ﬁmall PCR

o 2PN LRd STRAEREH Bl s PronrRl TR0 Sl Phiehainlipd DA
( pkbefren thiyrédcabe (VLS Y7 REIAY cﬁg@s't&ﬂwﬁg Bgnﬁm BRI

can vary dependlng upon a vari act or

t
i ﬁ%SFr&Famﬁ@na‘m%%ané tﬁ&@érﬂé’fotpbflml%é%ﬁ}@eﬁ (lavitrpgeal Carlsbad, CA)
PRk ﬁécp etvf?) sl?lf)re@ﬁ H%Q?tg ] \rzlv th B%I I(I) %ﬁ]ci ?(F:] fagﬁtt%a%:g with alkaline

treat rre he vi
a@hd)sphstnsatAm ali@fot bhithedigap@sinix @is uded 36 QAnI6H FOP10 tells

tide: si heal th, bod ht, bod
P ot s ol o SR & frbenih st Dertoraedb g ciox spmstic
ObrifFDHRME i (IBEtﬁiﬂn‘i’ﬂe@i‘&n@f&f}c@%mTéA@WG@AM@TAE)A’A SEQID

infection and the particul ar flavivirus responsi

f HO:t1Re) snsk BGHRGV (ovine, grawihdsrmiid polfylAgvi vi rus, a

PPRBAGEEAL AR oo TR mARY ) 18 s wasing

J alpacee sl pogaphiebhds Wert ity bfidkpaed by hesthicH MA8pping analysis
encephalitis flavivirus, a Yellow féver flavivirus ancf

, a%fmﬁrmpé by BN A wpquencisy. The redulesnt comtuct BYIT/STF2A was used

e CAfons fromthe flavivirus exposure,
B\g-ﬁ?é %%%ﬁi or other health-rel ated probl ens.
Ot her The d@nmtmmﬂtmmmﬂ@m@g@m@ps PRGN BBk U5 and 46)
)g?é %tl on with the nethods and conpositions, fusion
pP Y

ér Fga. Eﬂgﬁy@@ O£ 70, A& Wﬁ%@@mﬁdlﬁweﬂmlbwsopmdn .
f u5| on o%zrflﬁg) %?S%F 8 Iﬁjtrlls @éssrﬁ@ an %gps accé?P&g}hﬁglaz fgpino

otdidy 1-9 06 AEQ lhléﬁ\ﬁbel.)tﬁlmd 1o thedﬁestwllea‘gﬁﬁi Svieldpe lpﬁﬂ&mt(&lﬁmo

7B e norRaD Vel Kbt o dhe ebRERTFr (SERANORS)

agidnéAX- PWad b cafDmt %J\ﬁfa 9@1@%
freré ency gnd dursatl on)téllzzla#ﬂégl wel 5dvvlt %%%yQ|49 2

3&(PEQ@ADINOt $® sarved asrp:empnsefe]eB@Ru ammxﬁcamm |La order to
Hehifg résjtriclﬂl%%\ragglgfgs %%d lﬁ)e qugat §t%§§3‘1? ? prlmer encoded a

ar e no
novel NodI site (New England Biolabls, Beverly, MA) and the 3’ primer contained a

unique Sacll site. The amplified EIIl+ DNA fragment (345bp; SEQ ID NO: 178
that encodes amino acids 292-406 of SEQ ID NO: 39) was subcloned into pCR-
Blunt II-TOPO cloning vector (InVitrogen, Carlsbad, CA) to generate plasmid
TOPOEIIL A stop codon was subsequently introduced downstream of the EITI+
sequence by blunting the Sacll and Spel restriction sites using T4 DNA polymerase.

To generate pMT/STF2A.EIII+ (SEQ ID NOS: 70, 71), the EIll+ fragment
was isolated from TOPOEIII+ using NoI and BamHI restriction sites and ligated
into the NorI and Sacll restriction sites in pMT/STF2A. The BamHI site of the
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(Cat al og nunber 600630) from Stratagene (La Jolla, CA
according to the manufacturer's reconmendati ons. DNA
primers were purchased fromg gma Genosys and are
descri bed bel ow. STF28BG- 1:

W@%ﬁé@ﬁé&gﬁ%ﬁ%@%@k ¢

( PERnidhsNPriod &) 11@3638 NWGE-STF2A EIll+ sequence (SEQ ID NOS: 70, 71)

GCCCATGGACCGAAAACCCG (SEQ I D NO:
4% %@EHH was 1solated by PCR amplification using tge primers Ndel-

AGAACGTGCT!E éTCTCTGTT SAATTC S .

pETRHORYEs i OSEE0STAGNEBATCRAAN 18BRd IBtdNEET24a plasmid that had
R TR i PHes0t Feb o st R A SSATsAEfomRshinto Mach-
TR % @c@eﬁ'@aﬁs@)&d% She cells Were own on LB sur C_:Eplemented
AAGCTT CAATTGGAATT AGGACTAGT AT GOAAAALTT

AThEAAE/ EemanycND;, Sevpyal peltRigaFercGCREART B GEERETAGABENE

g%%?%@f&%wmw& (SEQ I D NO:

49) 3" WNE28 : CCGCGGTTTGCCAATGCTGCTTCCAGACTTGT (SEQ I D
N%loning of pET/STE2 EII+
The West Nile virus EIII+ sequence of pET/STF2.EIII+ (SEQ ID NOS: 54,

55) was derived from pETSTF2.E (SEQ ID NOS: 158, 159). This E. coli expression
plasmid contains full-length STF2 (amino acids 1-506) fused to the West Nile Virus
envelope protein (amino acids 292-406 of SEQ ID NO: 39, which is SEQ ID NO:
7). In two independent PCR reactions, pET/STF2.E was used as the DNA template.
One reaction used the primers pET24AR:5 (SEQ ID NO: 45) and STF2-E3R3: (SEQ
ID NO: 46) and the other used AX-E3F3 (SEQ ID NO: 47) and pET24AF (SEQ ID
NO: 48). These PCR reactions generated a 1.5 kb fragment that consisted of full-
length STF2 and a 340bp fragment that comprised the EIIl domain plus additional

amino acids that extended into domain I of the envelope protein. Aliquots of these
PCR amplification reactions were combined, and the two products served as
templates for a PCR reaction with the external primers pET24AR (SEQ ID NO: 45)
and pET24AF (SEQ ID NO: 48). This resulted in the generation of about a 1.8kb
DNA fragment that fused EIII+ sequence (SEQ ID NO: 178, a nucleic acid sequence
encoding amino acids 292-406 of SEQ ID NO: 39, which is SEQ ID NO: 7) to
STF2. The PCR product was digested with Ndel and BlpI and gel purified and
ligated by compatible ends to a pET24a vector that had previously been digested
with compatible enzymes and de-phosphorylated. The ligation mix was transformed
into M'c_lch-l cells (InVitrogen, Carlsbad, CA) as described for pET/STF2A. EIII+.



50) Ndel - STF2:

CCGGCATGCCATATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGC ( SEQ
WO Droblarse51) Bl pl-EdIII: PCT/US2006/001623

GCATGCTCAGCTTATTAAGGGT TTGCCAATGCTGCTTCCCAGACTTGTG ( SEQ

ID NO 52) JE EIll primer: TACGTGAATTCAGCAGATATCCAGCAC

(SEQ ID NO 53) doning of gET/STF2D. EIH Full |ength

flagellin of Sal monella typhimuriumfljb (flagellin

by BT S5 53158 ok i
sgygm;@aaac@%Q D RO 3, encoded by SEQ ID NO 4)

was gener at ed del eting the hyper-variable region
that spans amno acids 170 to 415 of SEQID NO 1. The

d@ll&ﬁ&dofr /9’ rYRSefiepl aced with a short flexible
| TnKer PASPW SEQ | D NO 56) designed to

5 facili Aatoetwrnoﬁhacn‘fﬁb@m wbteinhes aNlqpangsd emﬁah@? virysi JEV)

¢ FRESIERI e TR s oL, ChPA) §0e) 280 PotsTEIRF gprrenty
I e@dldyedin S vEdind dricb@ed 18y Mﬂa1§ﬁ@WchNﬁbm]s§ﬁthesmed by DNA

encodi ng ami no aci d _sequence SEQ ID NO 183 o ure
62)Ing @N@@@ Fagl{(rd). DR Rostion @t domaiv 1157482 S%?ﬁdlfff

g B Olu ﬁoﬂ'ﬁﬁ I Q{e rﬂaﬂﬁ feSinsdrf) "ﬁleS@P@I ﬁ‘lﬁﬁ*t was gel

acton, sams te was conbi ned w t
10 pESOWcBanS'EE&&N’IB& co&;ﬁﬁﬁleSﬁEQﬁE@TZ&AﬁS}EMHIH (SEQ ID NOS: 70,
lification reactions ne,ra ed about 500 b

aB Lithatird péi)ww%ﬁgh%qﬁltcgges JBPIPPIIARE 3 Telease the

t
A IR bt i
Diid afiquad of IE Bilbn The ligatienotik was fsddaatradsfemm HIOP-haisells

TR 70 By RO B
15 CAk/mhhahahddn PReVdrAURIdhifeRdte disatas r@éﬁllﬂuc&gﬂnh{o}ﬁﬂg’ and were

ECORI and treated with al kali ne phosphat ase.
aIVﬁqﬁ@ibsoDl\TtAh%eqluﬁlgalag on mx was used to transform

TOPI O cel |
vas perfsiaE {q%;{%Ohétg%ngEgﬁa&s;’ﬁ%Jﬁﬁ)(SEﬁ% REIL8NE Was BLR

(DE3) strain (Novagen) and expression was monitored in several clones using

Commassie Blue staining which was confirmed by Western blot using anti-flagellin
20  antibodies. Using, pET24A/STF2A.JEIII+ as the DNA template and the JE EIIT+
oligonucleotide as primer (SEQ ID NO: 53) the cysteine residue in the linker region
between STF2A and JEIII+ was changed to a serine residue using QuikChange Site
Directed Mutagenesis Kit (Stratagene, LaJolla, CA) according to the
manaufacturer’s instructions. The clone was verified by sequencing and assayed for
25  expression as described for pET24A/STF 2AJEIII+ above.

When a cysteine residue in a linker in change to a serine residue the fusion
protein in also referred to herein by includsion of an “s” in the designation of the
fusion protein. For example, “STF2A.EII+” includes a cysteine residue in the
linker (Figure 29, SEQ ID NO: 71), whereas “STF2A EIlls+” include a serine
30 residue substituted for the cysteine residue in the linker (Figure 30, SEQ ID NO:
72).



prinmers, pMIFOR (et hi oni ne pronoter)
( CATCTCAGTGCAACTAAA, SEQ ID NO 156) and BGHREV
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SEQ I D NO 157), to identify several positive clones.
Al'l positive clones were further anal yzed by
restriction mappi ng anal ysi-$4and confirnmed by DNA
sequenci ng. The resultant construct pMI/ STF2D was used
to generate pMI/STF2 D.EIll+ . The domain |1l of the
West Nil e virus envel ope protein (Figures 45 and 46)
oﬂcmmgdinc:EHﬂ)dmnmmof(eMggu&mus fuged toithe
fﬂaﬂﬁlhrh@ﬁﬁrméopm | a expressi on pl asm d pMI/ STF2. E.

Thi s p d f ul th STE .
156 6 PR SRR Y 81y bR RerGr  YrBEl e e
eevelopp @rdﬂél@tcﬁ’ Wiest 2ille Vrug 6vad Giflicdlil) Perhapbfhd 10 thhRfence of
Flgre 45) . The pMI/ STF2. E ( SE ID NO  158) cl one AX-

%%Ws%neé TENGAICE & b teanesh i1 m@@e(ps i1 @em@EQJ@)NO
\M\yﬁgﬁ I(Iégt%ei' %%%thg’ pe)gg(gls{q\él d agﬁoﬁlrah{'ﬁf @Iﬁg bt i gﬁrotem

anpll I caii on fo e res

awas sub-domadld theufbsi e nemdin ovas labmgiaﬁtlﬁ pspreﬁslada i/DE. qoifi amerwas
e novel Not! site I\Iew En Bi ol abl s

SR EPI o S en A B MY oot a ot giilarity

S@ﬁbﬂlg i uQilstffﬁaﬁDEmlstbﬁg)éﬂl | bénDiNnb I BEIE @E%ﬁffﬁ@@v 160-
%&@gug@ﬁ 178 that encodes am no aci ds 292 6 of SEQ

i thethetcotioenbinng spoRBregtithin daioE@ I8l ofthag
85 N LB B I LB o

dftevisitusessncotied the niddrity of W@p@@pd@ﬁ@dﬁﬂgum chificalRedihant
and Ep@grestrl ction, sites_using ol ynerase. To

BRAOBSTFDemein HLOQ@EéemgyeNeﬁses en,; Qerﬁt, Ren3 and
Eblnll hé ﬁé’éﬁf‘éi?réé@e?i h3ab@figdnd & | ga%kﬂﬁoggﬂtlﬂg:aﬁ%?i of

a_nd amHL restfriction sites an I nt
amdu@ag h¢utragigingiaptibotiesinteaperimegMEnSHER I(:Smilfhmththt al., Am.

Lt f. t | t. d the S te
eI B s e i Bkt e &gt ahogt 295
| 1o0b1i0In9 FRet AnB&iE! dép@n&ﬁﬁi&ﬁ@?ﬁﬁfc%@)@\] W, fof @xample, of
7$‘%Qf rom MT/ STE2D. EI'l 1 + was i-sol at ed

TPINGS| B0, 162,064 He) of ﬂ;mfpgr didletent @%ﬁs@vm@s have been
T.E2D. E | | | D
DA ton plinlizeq 10 SEAEKRN, RELoR I FRSRIIAHE i wad dpublitgd by

amsﬁing PORtad suhnbl@nfxiE'E%lﬂleﬁVc&B Ritelof ﬂhatveé’taﬂpEEASl’l“F2A generatmg

PSS SN, kel ARSA BeRen set/sd A P and

pET/STF2A DENA4EIII (SEQ ID NOS: 80, 82, 84 AND 86).

E. coli production of STF2.EIII+, STE2A.EIII+, STF2A.EIlls+ and STF2A.JEII+

Cell cultures (6L) of BLR(DE3) pLysS that harbor pETSTF2.EIII+ (SEQ ID
NOS: 54, 55), pETSTF2A EIII+ (SEQ ID NOS: 70, 71), pETSTEF2A.Ellls+ (SEQ ID
NOS: 72, 73) or pETSTF2A.JEIIT+ SEQ ID NOS: 5, 6) were grown in LB medium
containing 15 pg/ml kanamycin, 12.5 pg/ml tetracycline and 24 pg/ml

chloramphenicol. At an ODgg of about 0.6 protein expression was induced with 1
mM IPTG for about 3 h at about 37°C. Following induction, cells were harvested
by centrifugation (7000 rpm x 7 minutes in a Sorvall RC5C centrifuge) and



1 cells (InVitrogen, Carlsbad, CA) and the cells were
grown on LB supplenented with 50 ng/ M kananyci n.

w®ewenzd6sTol oni es were screened by restricti onPOEPPINE001623
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and were verified by DNA sequencing. Coning of

pET/ STF2. El I 1 + The West Nl e virus EH + sequence of
PET/ STF2. El'l | + (SEQ | D NCS: 584, 55) was derived from
pETSTF2. E (SEQ I D NOS: 158, 159). This E. coli

IR PR PR A NIRRT

pesukediNandalminginidesayma 9 Thé @ﬁpelfxsuSEQaé ﬁhsblﬂ thﬁﬁ],ghwhi ch

is. SEQIDNO_ 7). In_twy jnd endentP {)o
prjgraffpigizer MS%@@&%&H@HE PRSP igethid> PULE fr e hour
g%%g}?%g%&r deg%%§ Lgﬁggc%ﬁﬁﬁ?g gnd hgté\@e séRbledBRtion from

I'D NO 46)" he ot her used AX-E3F3
( BERsldD tiBiesd UndanthesereFowihrand SEdpction Mondidg)s, STheddl-PBRs

PP QL TP IaR 1A ST O 7 ASRRAD KRS /Rl | sec

tE?F%.'E'(Ijngﬁ@' IBINSS: %dyé)'a}‘l}ﬁas*rlz%‘ml@%me 1bROS: 5, 6)

extende onaln e envel ope protein.
Afdrmedtiscladion bedies. PCR anpl i ficati on reactions were
conmbi ned, and the two products served as tenpl ates for
a_ PCRreaction wwth the external prinmers pET24AR ( SEQ
| Bunggeatipgiol ShHEERBUAF (SEQ 1D NO 48). This resul ted

i n the cganehat iRkifhs ahasit sm kb QBIQ 1y ROsEst, 3shaas
fused ElIll* sequence (SEQ a nucleic acid

seppliEdde Sepluasosier(Q resin @on%tshw@isBEgan%, Bwscawm, DN the

F
TS LT RaBtes RSO GRl 48T oBE iy e
| flgat@ebupy feRupRtabLallRrdInt meacomﬁi[aﬂ&tmptswd Hyteal0-foddl
previously been digested with co atl bl e _enzy
d il pHbLyfiat A dBUTHeAT |GG FCE: RERS O r%%glg’rt?ﬁgaateml
I
58 L PR PR R s i
séﬂoe?mg tgﬁogﬁﬁmﬁferdi (Rurdfemip ;bO@gﬂ\gil’fdlst@\bl M €S, phis Q)
ie ) e ’ICI n oni ng.o0
pETIcEPRoeemEIe S Ik 20l e B éﬂ%ﬁ«iﬁ%ﬁr@cw?ﬂ RY Rupggdex-

a 2@@ @@H@@?O@Pﬁﬁﬁlﬂ@h 'cfaﬂoﬁla‘t’d f‘fd(r}bﬁ%/ gsﬁ @féé%&%@%ﬂg ag(ﬁg Adlaié to

c mq:me‘rﬂ ﬂeyldea#ﬂndyfealm (mr@lngmlfﬁstad&ﬁ ANa-¢aozpelwdateyl 08 eﬁiM) MaCl,
I Il bOV\% "lcnsslt-lefn 19 nlty@eer% p?ldi% &y P%'ﬂéwmg SD200 chromatography, the

eluted protein was loaded directly onto Q Sepharose and washed extensively with

buffer A to remove detergent. Bound protein was again eluted with a linear gradient
from 20% to 60% Buffer B. In one preparation (Batch 057), this step was
substituted with a detergent removal procedure using Extract-D dete;gent removal
gel (Pierce Biotechnology, Rockford, IL). The purified protein was dialyzed against
buffer containing 50 mM Tris, 100 mM NaCl and 1% glycerol and stored at -80°C.



2. Inc (Menlo Park, CA). The portion of domain Il was
excised fromthe pJ2: Q15 10 using Notl and Blp | site

wo bab/ofdeank the insert. The DNA insert was gel P BFORADEW1623
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and cloned by conpatible ends to pET24A/ STF2D. EI'l | +
(SEQ ID NOs: 70, 71) that had previously been digested
with the appropriate enzyneggsto rel ease the West Nile
virus EIll+ insert. The del eted vector was then gel

ri.fied a ' to an aliquot of JE EIll+. The
é{“’rag‘ﬂnﬁ?%#&ga%@gd to transform TOP-10 cel |l s
( I nVI U §POSAETIER i chRAth bddfs v@éwcélt&@te«a@y 1BwWieed S g&ibn

LB suppl enented with 50 ng/ kananmyci'n. Several

c6100A s m@mmﬁcsrmerﬁemvabth@%@ centgfugeh amfh@umgzmﬂv\bufier

B N B I e N A L s

StéRkRtrdtNA IR Yo ez R e mSHAMdyREdB i Mernddhd nlmple was
several clones usi n&hComTassn e Bl ue stainjng which was

cbnafled e Qofenhesaser Ahpbomdspie Wik siuterd agieg e liear gradient from
aﬂ% 1?‘{6{)‘?3811 'é‘%gzﬁf%@“fdoﬁﬁﬁﬁﬁs g@ll grﬁ EDIT{Ae I@I‘Iﬁrea pH

ate”an I'l + ol'i gonucl ebt eas pri mer
(SEQBhﬂ?eﬂ\E 1(B3hM Deis-CY,st eMEDTAs |1<Mé\1a(ﬁ IMathea,rpEéB 0). Dueto

regi on bet ween STF2D and | |+
s g}el AEN3t0R; O PEOLEIR qggre@ﬁeké'lz}lg ‘{.lgn g grgfl gancentratlon of the

he@@g&%%& Ralfrtal (X AALAGERS M-aIRIPrdtei s RGGEN SlirH3d b9 gel

naufacturer's i'nstructions. The cl one was

v éittidtios dhivynategrapincising $P200a sEheycotimpwas pra-epdlitspied gith 100

N

I g8d:8dRolkiRe The2laed protieivas subj @keﬂdo raask edHdelt X chrhmmemphy
by includsion of an "s" in the designation of th
f SiSD HAING SOTEEE {qristogs AWpNesdeoxypholgferBppne protrin Hangluged with

CLSHEE SR U500 ke e 200 QARG 0.

s ug}_mateiat ﬁrggﬁEgmA tma"ﬁ%;ast;go ngdgfﬁsﬁdl@b piEh8.Oh@ miNI ﬂil]alél“:]A 08 M urea,
c A Nt o Birgl POISTHIEREANS GoRHEVeS SRR YRy B Eon

f'oﬁﬂﬁutd aﬁﬁ%TLFs $1m2dd (I;ﬂu!nﬁngqgﬁfféknﬂownp{ HOBICIAPH 8.0, 8 M

active rraterla romthe fusion of the entire envelo
pmmaewo oM W€l and 1% glchmel,) v&@iuamgfag@m was gslded pihe &D@OO

f A
ooab B ES) RRA TG e BTl S Rl agnins
decreasing concentrations of urea. The urea concentration was reduced sequentially
against buffers that contained 100 mM Tris-HCI, pH 8.0, 100 mM NaCl, 1%
glycerol and 6 M, 4 M, 2 M or no urea.

Refolding and purification of STF2A EIII+ trimer
STF2A.EIII+ (SEQ ID NOS: 70, 71) from urea-solubilized inclusion bodies

was efficiently refolded to form trimer product by simple dialysis as described above

the trimer (3 of thes STFA EIII fusion proteins) was deduced based on molecular
weight in SDS-PAGE. Following dialysis, endotoxin was removed by multiple
extractions with Triton X-114, The trimer was purified and separated from monomer

and aggregates by S200 size exclusion chromatography. The final product migrated



39, Figure 45). However, when the region encoding
domain Ill (EIll) of the protein was sub-cloned, the
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was highly efficacious in mce. Al though there is an
overal | sequence dissimlarity anong the 4 distinct

DEN viruses (Denl, Den2, Dew¥. Dend4, SEQ I D NOS: 160-
167, Figures 67-74) the three-dinmensional structures

] . . C o
b RS ReRUAR Bt oo Aol YR RER of &gl PRG5BS
fIPaX\GEll ruses encodes the majority of the type-specific
contiguous critical/dom nant neutralizing epitopes.
Donain Il of the dengue viruses (Denl, Den2, Den3 and
Red)lding end) perifiestioned S4 ElH&manoizerand shown to be
Iamgg ggndnﬁmgxlc gcr)rm 8f %Jl"llpij a%h?r_ltga gte(%l EB ‘?Nd)§' ’ﬂ)gg/}) was produced

a |con81MtlyJandBf@¢3entMEId§Fbeﬂolﬁi_ng 15Rg (260 ﬁ)liltlorD@Vfﬁd:}npfe{fdnted
correspondlnaito resj dues abqut 295 to ahoqut 399
( dndigidu didisioR PEOteiRS IRE laéﬁr%qﬁea g giengngthey o form

Qﬁeuﬁg‘@ b L&h a%f q Jln}?ﬁ e ”Eave i—ﬁgolugigéed ﬁ@lﬁ)lncgﬁm&hﬁodles

f our er ent een codon-optim zed
f on 4M<mems namseldrto BM ueh mnhaShEreégmzuheﬂ‘hc pyseia weaghen rapidly

ol A oL TRGRERp e S 0 AREE P et S bl wee

c%ﬁbﬂldn oﬂlﬁﬁﬂﬁ?ﬂf@or@t@ﬁ%@ﬁhﬂe' The Eldnohie? vis lﬁﬁ&‘lﬁﬁk‘hﬂlﬁed and
and pET/ STF2 D. DENAEI I | Q ID NOCs: 80, 82, 84 AND

86¥pargted Gomi aggrqg@%tbwﬁioéﬁlzswu@n shromgtompaphe (Tihe final

ST g5 &0 f winblebhng Sl b A B R i g 4
54Daxm) SDPEASTE2 D. El || + (SEQ ID NOS: 70, 71), pETSTF2

D.Ellls+ (SEQ ID NOS: 72, 73) or pETSTF2 D.JEIII+ SEQ
I D NCS: 5, 6) were grown in LB nedium containing 15

about MQA E:Iﬁls+ GSEQJDI NABCT, GB) froml solbilézed 1in:£luszmsbceiﬂes was
by centrlfugatlon (7000 rpmx 7 mnutes in a_ Sor

al |
Ided wsing e gl daléipe w&w@wa@ﬂar. tf) g ugsmgo refpld the STF2A LI+
'ir?elr o T 'de&' g%gtg %{%‘s RiRIE 233G B s@%ﬁa%seg;%ﬁhﬁr?éﬂd
S asse

ySozy penS|on
t rwmexghzhﬁe rengovaid nhiosti afehe érﬂﬂotm&cdﬂm&nmeﬂldns Elndtetftven the butyl

| ysate was centrifuged (45,000 g r one ho
BEERIICGIERRRIAN Wi soReetaIdr gyt %5%%@;)%? ¥ales qffaion X-114

S Bl AL e do®Rin levels down to about <0.1 EU/ ug before a final

purification step over SD200 gel filtration. The final pooled product migrated as a
single band with an apparent molecular weight of about 43 kDa on SDS-PAGE and
contained a trace amount of Triton X-114 (about 0.000015%).

Purification of STF2A.JEIII+ (SEQ ID NOS: 35, 6)

Protein was isolated from inclusion bodies under denaturing conditions.

Inclusion bodies were washed with detergent (0.5% Triton X 100) and solubilized in

8 M urea, resulting in partial purification of the target protein. For endotoxin



i ncl usi on bodi es. Under these growth and i nduction
conditions, STF2.ElIll+ was expressed as a sol uble

w@e@bmrsssand STF2D. ElI1+ (SEQ I D NOS: 70, 71),PCT/US2006/001623

10

15

20

25

STF2D. EI I 1 S+ (SEQ ID NOs: 72, 73) and STF2D. JEII| +
(SEQ ID NOs: 5, 6) forned inclusion bodies.
Purification of STF2. ElIll+ Ggll |ysate containing
soluble STF2.EIl1+ (SEQ ID NOS: 54, 55) was applied to
S‘?&H@\Va‘? SRotdn s gﬁm $ *SQ{Rc@'SQ:%ﬁbﬁ %ngé:’éo?&ﬁh VR pH

I n the presence of 0. to reduce
e lﬁdmLub& IShandacrluiteém@ra scahrgrahq:m éﬁ tcsabOTih eM N@@l)t Fho prsttein was

l.lected d..t
by e BB Bt T e Ao LA BT BPnGEeh o ayptein
TriaS tien, coRtdnBafill-and higtiér bitigel feEsDabo ’d&?&pé@td thad@domeric

ont o Sephar ose and bound protein was eluted with a

| iforamel e prnteinfrony egergmdest d he oysiBed materil pErated with; an

, 0

S%E%ﬁglrt-ﬁ{dlé \}\llgerrgv %{L | eé’oomg'i'@ e§15% ?o%tcdeéé’g!éd d&qglga{lﬁ‘éﬂc@&)table
Sw@&tsctﬁkndcﬁaﬂngﬂiou( SD2@Y)/ug). | trati on chromat ography in
t he presence of Na-deoxycholate to renove residual
endotoxin (running buffer: 1% Na-deoxychol ate, 100 niv
Na6h Badd®rodMclibh 8f Fiédion Bigrghycerol , pH 8.0). Fol | owi ng

SDZ200 chr omat ography, the eluted protein was | oaded

di r ect IS FSAESIIY S@phmd@g@l iand agrobkrciorreionusivg b yedpateh

Uy 48 SO OB L 08 P
B N NB[,OHg aﬂtﬁﬁ@r@ﬁﬂhpﬁﬂm(*&}t Ed?htlﬁ@ (eatihf binkétppr v@sing (time

substltut ed with a det}e}ﬁgent rem)val procedyre usin
E£Y¢la¢ toqingdeqdy gadtdissghisd QY a1 by omppese By @h@%reﬂnagl%

RQSM(QH&?) %#’ tlonT(Hﬁxﬂﬂ Pénéd? %ﬁ%ﬂtlﬁﬁa cgbl@i 1%3:%?%%% dCells‘

agal nst er conta
1‘{/B@R@E3)quya& thas hmbedﬂﬁtSTFaaEﬂI% refré edepitadito@hd banked in

OYERSE Pt il GRbroEn A T, GREROh G IOBIE srlsd vp for the

NMipeRSoriby a@dﬁ%errﬁUof B&Aedeans o f L@ MREE nalalidl a'gﬁ@tﬁhg at
with buffér containi g 8M urea, 1000nM Tris-HO , 5

EBPA 3PC SrmboTh. ditesaboub e & owst ICsHs §om the scale up process were

S5 R LA Ly D fATPHE

elabb@d.Jsvigirdldw.near gradi ent from 0% to 100% Buffer

B. (Buffer A. 100 mM Tris-HO , 5mM EDTA, 1M urea, pH
The process was run in batch mode at about 37°C until the cells oxygen

consumption was such that the compressed air flow is about 1.5 vvm and the
agitation is at the maximum, about 6 hours, when the temperature is dropped to
between about 25°C and about 33°C. The feed can be started before the culture is
induced, or up to about 1 and about 1/2 hours after. The feed rate can be kept
constant, or adjusted based on process variables (dissolved oxygen, glucose
concentration). The culture was induced wﬂh IPTG upon batch glucose exhaustion.
The culture was maintained for a minimum of about 2 hours and a maximum of

about 20 hours.



8.0. Buffer B: 100 MM Tris-d, 5 mM EDTA, 1M NaC , 1M
urea, pH 8.0). Due to the formation of protein

waogeemstes foll ow ng el ution, the urea concenPCHUBZING/001623
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of the Q Sepharose material was adjusted to 8M The
protein was further purified by gel filtration

chromat ogr aphy usi ng SD200. _sbhe col utm was
pre-equilibrated with 100 mM Tris-HCO, pH 8.0, 100 niM
NaCl, 1% glycerol, 8 Murea plus 1% Nadeoxychol at e.

The eI uted protein was subjected to a second | EX

chr omat ography step using Source Qto renove 1%
NaiRBRRAMEdi@! at e. Bound protein was elTwiedviwil $olation 1000x

| igd@dfosiiogdi ent fgyrom 20% t o 60% Buf f g1 Onelﬁuffer A /L
100udAE Tris-d %ETS 0, 8 Murea, 5mig Aisddutdfer B: %’"
1Q4; 4TrlsHCI opH 8.0, 5 nM EDTA, rpIOMNaCI) 10
Fi ) g\, i shi ng gfsthe protein vvasc oby gel 9

fid. ?é n chron‘qt graphy using SD20 Buf f er: )

1 03 8.0, 8 Murea, 1 and 1% 0.2
g ‘6%12 Redu0| agent was added t :

f 3 on 1(2 5 rr1\/|O ) and the protel Ided by 0.1
stlegpedyietalsdi al ysil8lagai nst decreasin 3@ @ions 02
ofThigneiae Hfle ur e Woncentration was leed 0.1

séquigpani al | y agai0fdt buffers that contained 100 mv
Tris-HO, pH 8.0, 100 MM Nadl, 1% glycerol and 6 M 4
MME dleno urea. Refolding and pur ifeed®Madizn of

STl ditidn tri mer/gSTF2D. El'l 1+ (SEQ | [0 INHoisiti 68, 71) g/l

f@ﬁr@d{géea sol ubi |10{g§11ﬂ M6tedshbon bodi e;as efficiently g
d to formgtgi mer product by sipR %)ﬁé by5|s as o
I

?ﬁg‘rg abovg Hhe grlbmsrd(B of Ithe I fu5| on ;s
was e yee ased on nol ec
&% (ﬁ%‘é ol | ovm di al ysi s, endotolMgg(\?\?E?H rmved by 12
tractl SW|th Triton X- n,é‘ilam i mer
r| f| ed and? par ated from nono ?Ce&\/{a‘fa%%ggr egates 1Ml

r"B’E ddedlsze excll@di on chromat ogr aphyluqase fi nal 100
pr @éﬁ@@ﬂeﬁc@jr at eddla single band with an apparent
milasemyein wei ght 0@75&61@86 flagk &ibp) on SDSPAGE.
Ref ol ding and purification of STF2D. EH + nononer The

nmononeric formof STF2D. Elll+ (SEQ ID NOS: 70, 71) was

pr oducsdFoarEilst et byodase &f ihtlasionbbiiebyUped mrdesﬂ,ghe cells
using rapid dilution, which prevented individu

STreposeperated Frem tercqprisionps eriadi qemrefﬂaaitomr{&e%mw Ayypati J-20
S?lﬁié gﬁél f{ FO+ S O%Wfr% Egb ? roélr?? Enclf}étg |g %ﬂnﬁ‘égﬁz}t){:@ ahd ?e)suspended n

equal volume of 50 mM Tris, 100 mM NaCl, 1 mM EDTA, pH 8.0. The

[y

centrifugation was repeated under the same conditions, with the cells resuspended in
a minimum volume of the same buffer. The suspension was passed through a
homogenizer (APV-1000) at > 10,000 psi for at least two passes.

The solids can be separated and the STF2A EIlls solubilized by one of three
methods; centrifugation, filtration, or fluidized bed chromatography.



in 4Murea was rai sed to 8M urea w thout reductant.
The protein was then rapidly diluted in

warisHsE! / gl ycerol buffer, pH 8.0, to about QCr¢CTA2006/001623
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and a final urea concentration of O0.IMat room
tenperature. The nononmer was further purified and
separated from aggregates bypS200 size excl usion
chromat ography. The final product mgrated as a single
b i th an apparent nol ecul ar wei ght of about 43 kDa
oq\n%AGE. Purification of STF2D. Ellls+ (serine

subst i SetidoarecEpdrited by nkerifigetiove@ecEhbR A vand J- 20X P, SEQO

I D NO,.72) STE2D.ElIlIls+ (SEQ | D - 72, .73) from

S GPb 2018 d0r HETGH ot 88 rsPrbies st gy 1ap NaCl

r apiNd EHTAIL 199 yBREN A5 K TR bR K- 10D, })PF’{I.O.U$EQ pr&eb e @peated
the STF2D. EIII'+ nonomer. The refolded protéin was

c aptta bdidnesr{taalbeitiptreasimheneedsend dingsr(tantasimure of elouk 0 kxg

I enovi n st_of the endotoxin, contam.nation. El uate .
{ R RO pEr BRI 0N 3R AT (B EE el Pifagea n
arsd noMt Trid) 0ang Nad 1 clygMeEDAA , PHi 8.0 anKeldrifidd B bérad fugatisn
to_reduce endotoxin | evels down to about <0.1 EU

pdBestann AVaE 1-HUPs 1/ 20 roir, 4D e SuatbostRDmingess at about 4°C)
it rp@h%tgﬁa& r\%}]l?ﬁéﬂd@& b P Qﬁécﬁ{;’ed%%‘{ﬁy T I hahg %@g, PnM EDTA,

si ngle an apparent nolecul ar Wei'ght of” ‘abou
43 MDaex pHSDS- RAGHKDbES dvecoreraivae iy aetirifiggatiamBrrkmah Avanti J-

Tr| -1.14 ( ut .0.000Q15% . Purifi jjon of
758 78 0 B Riskot0 Tespunes o ahobt Aeso  Raseggraant
f omined $rUBiHBE Recs@fg under denaturing conditions.

I ncl usi on bodi es were washed with detergent (0.5%

Tri t on Ateraioy muhivleswhdios Aeserbied abogrg TN Elbsahelsadei n

P tsI R‘Iled BY'5d In'l\i ?ct;eltgtg, @mﬁa&ﬁ%ﬂfﬁreg,&% Ghdlit él!:lotro abmg 5.3 and
endot oxXi nr enoval, proteln was’ applied on a Source

c aldriled&ychanidaegatioh (Beckaianl AwnpH-ZERPUIA 30 Bjtornd kxg for about
eluted wth a salt gradient (0 to about IMNaCd ). The
pri8tBinHieihs ref ol ded using rapid dilution as descri bed
for STF2D. ElIl 1+ nononer. The protein was then

cadethad 2at ed and further purified using SD200 to

separ at i..C i f
oo gt Hor ORI e Ul EnBECE Uy QMg
aId2aAE I e lestradted witk ugdatcoofairabpbinffet3 Bods fexl iSBS IRAGHE

R0 B ST, B el OB 0 BB e
Minerals Corporation CelPure 65) is a diatomite (silica powder) with a high surface
area and low permeability, retaining < 0.2pm particles. The filter aid was pre-mixed
with the lysate and pumped over a depth filter (Ertel 703), building up a cake
containing both body feed and lysate particles. The suspension creates a depth filter
as the particles settle on the filter pad. A 50mM Tris, 100mM NaCl pH 8.0 wash
was performed to remove soluble proteins and nucleic acids. A subsequent wash
with 50 mM Tris, 100 mM NaCl, 4 M urea, pH 8 solubilizes and removes the
STF2A Ells from the body feed for further processing.



STF2D. El | S+ was produced in an aerobi c bioreactor
using a fed batch process. Three control |oops were

w@b@e®mesD control pH by acid (2 N HO) or baseCct/8S1406/001623

NH4OH) addition, tenperature by heating (heating

bl anket) or cooling (tinme cycled cooling |oop), and

di ssol ved oxygen by conpresged air flow (manual ly
controlled), agitation (m xing speed) and Q2 fl ow

(tinmed cycled) in cascade. Cells [BLR(DE3) pLysS that
hielind 3 he STF2D. Ell1s+ were adapted to and banked in
VRSF ' Laf.ra: [ % 4/ I in
Col | 5 aaroi St bl A RS cRERTn LR ey e rohgpended
ofodian kabbride bhé utea chniaingdig HWERSE ateld ahowtrfdtoagputat 4ndg at

apout 37C f bout 15.5.tp abqut 16.5 Sy | IS

£ Romoasnied. dhe Tpteminienicdel s Stirdliod O et e Fgromn

I 8T Aeh PdWRYFwiRke VBB IRWRIINEY bihde®slitr radin adibe particuRted flow
about 0.5 wmair flow. The process was run in_batch

miideught SHHFGMERBOCNRY dlutehén losl 124 coRgiiens slora gisetephan the
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oA 1's mum about ours,
wheRsdrbge8enperature i s dropped to between about 250C

.- and about 330C. The feed can be started before the
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culture is induced, or up to about 1 and about 1/2
hawsspateer. The feed rate can be kept constant, or
adjusted based on process variabl es (dissolved ox e?ﬁ?ffer

gl ucosBraeine Exipically ahput 5 pebwers dilvied R Y-Ralte

| PTG UpQn '

A R R B al At R USRI S EHL A 2 s and
méoadedl ohiofa BROUSIRY pblgaurglaMRBRdVeBoRoWing eteciveplalresis, gels were
Sol ution 1000x Conpositio 'éyL'CD onent g-L d ucose

2 Gtape AVt G QOB P EICR Y el .PEO%@;%EE%QO) 10

(NH4) 2S84 4.5 ZnSA(7H2O) 2 Citric Acid 1.0 MhSO4(H20

2 MySA(7H20) 1.0 Cod 2(0OH20) 0.2 CaC 2 0.04
ClEaduaieREasyayy. 1 Trace Metals Im Na2MoO4(2H20) 0. 2

Endotoxin levels were measured using the QCL-1000 Quantitative
Chromogenic LAL test kit (BioWhittaker #50-648U, Walkersville, MD), following

the manufacturer’s instructions for the microplate method.

Protein Assay
Protein concentrations were determined by the MicroBCA Protein Assay

Reagent Kit in a 96-well format using BSA as a standard (Pierce Biotechnology,
Rockford, IL).

TLRS5 bioactivity assay
HEK293 cells (ATCC, Catalog No. CRL-1573 Manassas, Virginia)

constitutively express TLRS, and secrete several soluble factors, including IL-8, in

response to TLRS signaling. Cells were seeded in 96-well microplates (about
50,000 cells/well), fusion proteins added and incubated overnight. The next day,

the conditioned medium was harvested, transferred to a clean 96-well microplate,
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The cells were incubated at about 37°C for 1 h, and the plates were shaken every 15

min. The agarose overlay was then added. The overlay was prepared by mixing
equal volumes of a solution consisting of 100 ml 2x MEM (Life Technologies) with
sterile 2% agarose. Both solutions were placed in a 40°C water bath for 1 h before
adding the overlay. The cells were incubated for 4 days at 37°C in a humidified 5%
'CO,-air mixture. A second overlay with an additional 4% neutral red was added on

day 5. Virus plaques were counted about 12 h later.

Antigenicity of STE2A-fusion proteins

ELISA plates (96-well) were coated overnight at 4°C with serial dilutions
(100 pl/well) of purified STF2A-fusion proteins (SEQ ID NOS: 158, 159, 54, 55, 70,
71) in PBS (about 2pg/ml). Plates were blocked with 200 pl/well of Assay Diluent

Buffer (ADB; BD Pharmingen) for one hour at room temperature. The plates were

washed 3x in PBS-Tween, and then incubated with antibodies reactive with flagellin
or the E domain of the construct. The expression of flagellin was detected using the
mAb 6H11 (Intotek), while the antigenicity of WNV-E was monitored using a panel
of mAb (5C5, TH2, 5H10, 3A3, and 3D9) (Beasley, D.W., et al., J. Virol. 76:13097-
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conditions at a pH greater than the load pH, in the
PReseNSRiRly absahagief detergents such as Triton X-100

or pol ){)\?or bate 80. i i i
est Nile envelope protein specific IgG levels were determined by ELISA.

ELISA plates (96-wells) were coated overnight at about 4°C with 100 pl/well of
West Nile E protein mAb 5C5, 7TH2, 5H10, 3A3, and 3D9 (Beasley, D.W., et al., J.
Viro. 76:13097-13100 (2002)) (Bioreliance, Road Rockville, MD) in PBS at a
concentration of 2pug/ml. Plates were blocked with 200 pl/well of Assay Diluent
Buffer (ADB; BD Pharmingen, San Diego CA) for one hour at room temperature.
The plates were washed 3x in PBS-T. Dilutions of the sera in ADB were added
(100ul/well) and the plates were incubated overnight at 4°C. The plates were
washed 3x with PBS-T. HRP-labeled goat anti-mouse IgG antibodies (Jackson
Immunochemical, West Grove, PA) diluted in ADB were added (100pl/well) and
the plates were incubated at room temperature for 1 hour. The plates were washed

3x with PBS-T. After adding TMB (3,3’,5,5’-tetramentylbenzidine) Ultra substrate
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1/10 to 1/2560. West Nile virus was diluted in PBS

V\Fmpcm@@cgpn pter gvap parformasl. fHingdly, the peptide resin was washed and
dried under reduced pressure. During solid phase peptide synthesis color indicator

tests were performed for each step to monitor the completion of the Fmoc-cleavage
and the subsequent coupling of the amino acid derivatives. To couple Pam3Cys-OH
to the elongated peptide, the lipid moiety was pre-activated with N,N'-dicyclohexyl-
carbodiimide (DCCI) in the presence of 1-hydroxybenzotriazole (HOBt). The
resulting solution was filtered and added to the peptide resin. At the end of the

_ reaction time the peptide resin was washed and dried under reduced pressure. Color
indicator tests were performed to control the coupling of Pam3Cys-OH. The
completed peptide was cleaved from the resin by incubating with trifluroacetic acid
(TFA). The liberated product (crude peptide material) was precipitated from the
reaction mixture and lyophilized. The crude product was used for initial

immunogenicity studies.
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only 2 of the 12 cysteine remdues present within the full length envelope protein,

making expression in E. coli more feasible. A second approach has been to delete
the hyper-variable hinge region of flagellin (e.g., STF2A) thereby creating a smaller
fusion protein (STF2A.EIIl+) The }\iyper-variable region of flagellin is not required
for TLRS signaling and its removal may also reduce the immunogenic potential of
flagellin. Both STF2.EIIl+ and STF2A EIII+ have been expressed in E. coli and
purified. The purified proteins have been characterized for TLR5 signaling activity
in bioassays and for E epitope display in ELISA assays using a panel of WNV-E

polyclonal and neutralizing monoclonal antibodies. ‘Results from these studies
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Western blot analysis whose molecular weight is consistent with a trimer form of the

protein (“(STF2A.EIlI+)x3 or 3 units of STF2A.EIII+).
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Antigenicity of STF2.EIIT+ and STF2A EII+

The antigenicity of STF2.EIIl+ and STF2A.EIII+ was examined by direct

ELISA using a flagellin monoclonal antibody specific for the N-terminal region of
STF2 (6H11, Inotek Pharmaceuticals, Beverly, MA) and a panel of WNV-E-specific
antibodies (5C5, 5H10, 3A3, 7H2 and 3D9, Bioreliance, Road Rockville, MD )

previously shown to neutralize West Nile virus in vitro. As shown in Figure 48, a

comparison of the reactivity of full length West Nile virus envelope protein with
STF2A.EIII+ revealed that West Nile virus monoclonal antibodies 5C5, 5H10, 3A3

and 7H2, but not 3D9 recognize the fusion protein. This paftem of reactivity is
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Several efficacy studies designed to examine the protective efficacy our
candidates in C3H/HeN mice following challenge with West Nile virus have been
completed. Studies typically consisted of 5 groups of mice (10 mice per group)
immunized intraperitoneally (i.p.) or subcutaneously (s.c.) on days 0, 14 and 28. On
days 21 and 35, sera were harvested and tested for West Nile virus envelope protein
- IgG antibody (ELISA) and the ability to neutralize West Nile virus in vitro (PRNT
assay). On day 35, mice were challenged with a lethal dose of West Nile virus strain

2741. Survival was monitored for 21 days post-challenge.
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incubated at about 37°C for 1 h and then inoculated onto confluent monolayers of
Vero cells (ATCC, Catalog Number CCL-81, Manassas, Virginia) in duplicate wells
of 6-well tissue culture plates. The virus was allowed to adsorb to the cell
monolayer prior to adding a 1% agarose overlay. Infected cell cultures were
incubated for 4 days at 37°C followed by a second agarose overlay containing 4%
neutral red. Virus plaques were counted 12 h later. Serum titers that led to 80%
reduction in viral plaque numbers (PRNT}) were recorded.

A summary of the PRNTg data from efficacy studies concerning STF2.EIII+

and STF2A EIIT+ is presented in Table 2 below. In two independent studies
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using step-wise dialysis. With this process, two predominant species that

correspond to the monomeric and trimeric forms of STF2A.EIIl+ were generated

and present as a mixture in the final product. To minimize the heterogeneity of the

final product, new refolding and purification methods have been developed that

favor the production of either monomer or trimer. Because it is unclear which form

of STF2A.EIIT+ is the active component or if both are equally potent, both species

have been produced in milligram quantities and tested for efficacy in mice.
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Conclusion

Two recombinant fusion proteins containing the Salmornella typhimurium
flagellin (STF2) fused to EIIl+ domain of West Nile virus envelope protein have
been generated. One includes the full length STF2 sequence (STF2.EIII+) and the
other a modified version of STF2 that lacks the internal hypervariable region of
STF2 (STF2A.EIII+). Both proteins have been expressed in E. coli and purified by

conventional means using anion exchange chromatography and gel filtration.
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Japanese Ministry of Health, Labor and Welfare to recommend the nationwide
suspension of the vaccine. Given the complexities of producing inactivated viruses
in infected mouse brains or even in cell culture, and the potential for adverse events
associated with inactivated viruses, the opportunity for recombinant-based JE
vaccine is appealing.

A STF2A JEIII+ fusion construct was constructed. The JE EIlI+ DNA
fragment was generated synthetically and codon optimized for expression in E. coli.
The sequence was ligated into pET24STF2A to generate pETSTF2A.JEII+.
Expression constructs have been screened by restriction analysis and for expression

in E. coli BLR(DE3) by IPTG induction. The DNA sequence of each construct has
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Immunogenicity of Pam3Cys. WNV001 peptide vaccine

A lipidated West Nile virus envelope protein fused to Pam3Cys on the N-
terminal end was synthesized using the 20 amino acid sequence
LTSGHLKCRVKMEKLQLKGT (SEQ ID NO:169) (Putnak, R., et al, Vaccine
23:4442-4452 (2005)). The immunogenicity of this peptide was tested in C3H/HeN
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Following several washes to remove unbound material, bound West Nile virus

envelope protein was detected using avidin-HRP. Results from a representative
experiment are shown in Figure 54. At dilutions of 1:25, a measurable loss of West
Nile virus envelope protein binding to 7H2-coated plates was observed when
antisera derived from animals immunized with STF2A.EIIls where tested. No
competition was detected with antisera derived from mock immunized animals that
received PBS in place of antigen. These initial results demonstrate that antibodies
elicited by STF2A.EIIl+ compete with 7H2 for binding Wests Nile virus envelope

protein. These findings are consistent with the prétection from WNYV infection
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e

spanned the entir st Nile virus donaln 11 and
péepesingffrato the seopd of the fyenti@pgncomppssad Py dha appeydediglaims.
this array identified a highly reactive 20 am no acid
sequence that nmapped to the N-term nal region of
domain 111 and included part of the domain | domain
CRVKMEKLQLKGTTYGVCSK (SEQ ID NO 125). To fine map
this epitope, additional arrays were generated that
focused on the domain | and Il junctions (Figures 57
and 60). These arrays included an al ani ne substitution
scan to identify amno acids critical for antibody

bi nding (Figure 60). As shown in Figures 54 and 55,
antisera from STF2D. EI Il (nononer and triner) and
STF2D. El | I s+ i nmuni zed m ce reacted with peptides that
spanned the EI/EIIl junction (peptides E-30 to E-42)
and included the E2-21 pepti de CRVKMEKLQLKGITYGVCSK
(SEQ ID NO 125). This reactivity was severely reduced
when specific am no acids (E6, K7, LIO and KIl) were
changed to al anines (Figure 56). Although it is not
known if the antibodies that recognize this epitope
are neutralizing, efforts are underway to design and
test a peptide vaccine based on this region of WNV-E

| mmunogeni city of PanBCys. WNVO01 pepti de vacci ne



A lipidated West Nile virus envel ope protein fused to
PanBCys on the Nterm nal end was synthesized using the

WQ@00o0an78s67 aci d sequence LTSGHLKCRVKMVEKLQLKGT (BEQUE1D06/001623
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NO 169) (Putnak, R, et al, Vaccine 23:4442-4452
(2005)). The inmunogenicity of this peptide was tested
in C3H HeNm ce and conpar ed_7go pepti de wi thout PanBCys
(Figure 58). The reactivity'of antisera from i nmunized
animals was tested by direct ELISA as described in the
| egend and the results indigat hat the

PanBCys. WNVO0O1 peptide is g@ﬂ& cantly nore

I Munogenk: & diargtibe peptide without the TLR2

modi fication. The antisera fromthese studies will be

t ést ed Al somposiivnrrentpriaing 2bleasin nesisenyel at RRKInetaptigen and at

determne if f.he t.i bodi es el.i ci W] t ] .
vest e Arepg pERRF e oallner phEally sl Bk o} fifoctin
al so beckestiesht b poithe Mf@stinddirkgoni rus chal | enge nodel

to assess protective efficacy against a lethal virus

chal I enge. Assay Devel opnent Conpetition ELI SA assay
devel opye ifA5P6Pe fathd LR RLR Mak@neGhemb
a%t i sera gzérgl §Sé r on%aﬁnm%tﬁﬁéz%% n% ceé,wlé conpet | tr}eonem .
ELI SA asisayd fram tHe geduppesistzigng avielhereWaradteniizedlagellin

nonocl gnal A 7H2) that neutralizes st Nile
vi rus We&@ﬁ%@@iﬁﬁe@@ﬁﬁaﬁ ienhen HE:
conformation-sensitive epitope wthin the ElIll domain
of the West Nile virus envel ope protein antigen. The
aSsay Was caappgiieniofSlagm dapherc e pgigentsat flaaelln aees
the ability of sera fr I: nized animals to prevent
7H? fr8%n8¥%e&tsn%§ﬂ/@§&°n%ﬁtélmﬁr us envel ope protein.
Serial dilutions ranging from1:10 to 1:5000 of day 35

nmouse antisera from ef,ficac¥ study 4 (Ei giur es 50 and
58, Talft BiSIN RERiER GHRITISHEAY 1A AP BIiRR Phifileaskane/idigen and at

Nile v iléagisa g&)ﬁgh g? \%I l?%@ %ﬁklééﬂ%%ﬂ%’ %@ﬁil@g@l@%ﬁ ng gf—‘éh@'ﬁagellins

pl ates pre-coate nocl onal anti bo

( Bi or ellacknatlcasRageriRocdkfiea Hihge, repon. Fol | owi ng sever al
washes to renove unbound material, bound West Nile
virus envel ope protein was detected using avidin-HRP.

Resul t s\ E6RpRsRtidreRinSt Rz 104t a?d?ﬁéﬂ BEtleRf 6né hi
R 1:2 v Iimggigeof

Figure 54. At dilutions of , a measurabl e ) )

West  Niassociatadumolepulet pRjisrmpanetaslaasis pratier of ¢ lyasp orwwrad grotein

pl at es ser e ' Rsyed fir nj

o R BRI A AL B
viral protein, a Kunjin viral protein, a Murray Valley encephalitis viral
protein, a Japanese encephalitis viral protein, a Tick-borne encephalitis viral

protein, and a Yellow fever viral protein.

6. The composition of Claim 5, wherein the pathogen-associated molecular

pattern is a TLRS agonist.

7. The composition of Claim 6, wherein the TLR5 agonist is at least a portion

of a flagellin.



conpetition was detected with antisera derived from
nmock i nmmuni zed ani mal s that received PBS in place of

W@rib®esss7 These initial results denonstrate thetT/US2006/001623
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antibodies elicited by STF2D.EIl |+ conpete with 7H2

for binding Wests Nile virus envel ope protein. These
findings are consistent w th7the protection from VWV

i nfecti onobserved in animals inmunized with

SEF2D B Lo A ARl ARV BERILRLAL WP R R R be:
anti body epitope réactivity tn vitro and efficacy In
vivo. &RdedMdTE gbhip eordshiting iofie €iBiSAlr2has EbedifliC, and a 5.
particul arly shown and described with references to
preferWé@“@ﬁ%g ‘ments thereof, it will be understood

by those skilled in the art that various changes in
formand details may be nmade therein w thout departing
f P.om t Bee swupesitish affdainn§.eriarein thndegedisiveldpy IHSTE2.
appended cl ai ns. CLAIMS What is clainmed is: 1. A
conposition conprising at |least a portion of at |east
oD@ anThgesmpdittiontoflAaist 9. avipéihitnjB/SAF?2 irehsles SBQ ID NO: 1.
flagellin, erein at |east one of the fiagellins

| acks at |east a portion of a hinge region. 2. The
COIPOSIThL 08l AsitfdnBfP1dim YNER&ELIR t%@ﬂjﬁ/k?ﬁ? bdchuiel SEALID NO: 3.
| east one nenber selected fromthe group consisting of
a Sal nonella typhinmuriumflagellin type 2 (fljB/ STF2),
an_E. li fliC, and.a S enchen fliC. 3. The
cohpos br EAMBASR I3 SRrar (e hodingBip ok moleculr
flagel bierate, TORPARRNRsts of a fusion protein. 4. A
fusion protein conprising at |east a portion of at

| east one antigen and at |east a portion of at |east

o] flagellin, .wherein. I . e . [
"Stice 2R pB R 2 RS PAETER bt G oo
CoNpPosbhd ARmOENFdcEddfgorathd @ash canspding iof a Pam28lys behs t
one pat hogenassoci ated nol ecul ar pattern and at | east

a port £8®36¥5-at | east one viral protein selected from
the group consisting of a West Nile viral protein, a
Langat viral protein, a Kunjin viral protein, a Mirray
Va#! ey Teaceppadiiidn of Glamalb, whotiithe vaaljupeineise West Nile viral
encephalitis viral protein, a Tick-borne encephalitis
viral Pr¥¢8in, and a Yellow fever viral protein.

15.  The composition of Claim 14, wherein West Nile viral protein is an envelope

protein.

16.  The composition of Claim 15, wherein the envelope protein includes at least
a portion of at least one member selected from the group consisting of SEQ
ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10 and SEQ ID NO:
11.

17. The composition of Claim 16, wherein the envelope protein has at least about

70% identity to a polypeptide comprising SEQ ID NO: 7.



6. The conposition of Claimb5, wherein the
pat hogen- associ ated nol ecul ar pattern is a TLR5

W@g@hRios4657 7. The conposition of Caim6, wherePOT/UR®06/001623
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TLR5 agonist is at |least a portion of a flagellin.8.
The conposition of Claim7, wherein the flagellinis
at | east one nenber sel ect eeyfgt romthe group consisting

of a fljB/ STF2-, an E. col i f1iC, and a S. nuenchen

fhC mosd tiion.of . C.aim8,. wherei.n the .
i :lga'gel ?lh% I&ﬁ%&@%@so f(?lja%) STET elf(}Hg i PLERBS A FRFsiope protein.
Caim9, wherein the fljB/ STF2 includes SEQ I D NO 1.

1¥1]% The, conposition of Claim9, wherein the fljB/ STF2

i htl u @e epapesEiquet @aim 5, whereindbhpriBogenassesiated mplecwlar
wher ei : - [ I Lrn |

TLRe. apan i RN RaRE B s B R B 03, fLro
t he TL&nagonTER7 apalisideTLAS agenist, a TR 4razohist asied ECRed
fromthe group consisting of a PanRCys and a PanBCys.

14. Th#e% osition of Caimb5, wherein the viral

protein is a West Nile viral protein. 15. The
conposjtion of C aim14, wherein West Nile viral

ptbt ei hh¢ eomprsiinpetfdPainpf ovkdrein thepatiasneesnsiaséd molecwhr

Caim ' vel ope ofceicn.i ncl udes at

| east éar‘h r?or |%ﬁ¥%#ﬁﬁgml (g%s?lg Or?SH{STé)nﬁefPSI%%Pr@getl%d from
the group consisting of SEQIDNO 7, SEQID NO 8 ,
SﬁSID NO 9 ,. SEQID NGO 10 and SEQ |ID NO 11. 17.

The coftfOSIROPIGAR SPmeTsingrhlsast iberanPiiah eaghppepsihogen-
pr ot ei fshaste L e :
pol ypepti de ggn%gﬁgaﬁ g?%ié%n?%?%@%;%iitg&ﬁ #%é?east one Den2 viral
conpos¢nvetnpepiotEinaivhesin thh ree? niralhmveliopabraeintieitiedssone

wher o Hehe BitHogEm Buatrae St nar absP QIR0 ShmHAID NO:
at | east ahSEQEDRED: $El ected from the group consisting

of a TLRO agonist, a TLR7 agonist, a TLR3 agonist, a
TLR4 agoni st and a TLR8 agoni st.

22.  The composition of Claim 21, wherein the pathogen-associated molecular

pattern and Den2 envelope viral protein are components of a fusion protein.

23. A composition comprising at least a portion of at least one pathogen-
associated molecular pattern and at least a portion of at least one member
selected from the group consisting of a Den1 viral envelope protein, a Den2
viral envelope protein, a Den3 viral envelope protein and a Den4 viral

envelope protein.

24. A fusion protein comprising at least a portion of at least one pathogen-
associated molecular pattern and at least a portion of at least one viral protein
selected from the group consisting of a West Nile viral protein, a Langat
viral protein, a Kunjin viral protein, a Murray Valley encephalitis viral
protein, a Japanese encephalitis viral protein, a Tick-borne encephalitis viral

protein, and a Yellow fever viral protein.



20. The conposition of Claimb5, wherein the
pat hogen- associ ated nol ecul ar pattern and viral

W@r@beTsssar e conponents of a fusion protein. 2BRCT/BS2006/001623
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conmposition conprising at |least a portion of at |east
one pat hogenassoci ated nol ecul ar pattern and at | east
a portion of at |least one Deg2 viral envel ope protein,
wherein the Den2 viral envelope protein is at | east
one nmenber selected fromthe group consisting of SEQ
ID NGO 22, SEQID NO 40 and SEQ ID NO 97. 22. The
cafiposiThe disief proteti off Clhim Biefughér ihéi@ding a linker between the
pat hogen- associ at.ed_nol ecul ar pattern and Den2

envel opahogsstssprigedmelegpler pates ARt the vamal Brofeimi on
protein. 23. A conposition conprising at |east a
portion of at |east one pathogenassoci ated nol ecul ar
paét er dhafehiet proeasef GlajipoR§,i wirerein the lihlea st aroameineeiddinker.
selected fromthe group consisting of a Den 1 viral
envel ope protein, a Den2 viral envel ope protein, a

Den3 ViThalfustRbRREoMTIRMEDH, Wilkeid tREAAING dcrl 1iiRY BRIBs SEQ
proteln. usl on proteln CO rsin at | east a

24. A f
por t i o 3YO:a36, PEQSID WRe2H At fa Al stker IINQA ar
pattern and at |east a portion of at |east one viral
protein selected fromthe group consisting of a Wst
N2Be viThalfusisropreicin ofeClhamn @4t furtherdhclpdiag @ilinkebdteredn 41 least
viral protein, a Murray Vall ey encephalitis viral
pr ot ei AY° Hatg%t‘é]rﬁé@wéﬁ{’é‘ﬁ%ﬁmﬂ P&SFRT al protein, a
Ti ck-borne encephalitis viral protein, and a Yell ow
fever viral protein.25. The fusion protein of Caim
249. f uThh&siompotedi ofgClainh Rhklerthérdholeding tamker between at least
pat hogﬁv%as ocitat ed nol ecul ar pattern and the viral
pr ot ei n. 284 P& usi on protein of Caim25, wherein
the linker is an amno acid |inker. 27. The fusion
protein of Claim26, wherein the amno acid |inker
i AR uddbe Brseon o o glainsph Wisraimthopathare-assyciated molecular
or SEQ 3 ' ' . Cl ai m 24,
furt hepgﬁr{gﬁg u%?%dgtoéqiafb-r%%g rtél%g%%%fﬁﬁg%ﬁ%dgg(g{emf WO
pat hogen- associ at ed nol ecul ar patterns. 29. The fusion
gé? \t,\gleﬁ'hgftfuslgcggllgr&efzqig U{I%E ,L\?Jllg)eggpggel: Sa%hggegl-aggo%ated molecular

pattern is fused to an amino-terminus of the viral protein.

32.  The fusion protein of Claim 24, wherein the pathogen-associated molecular

pattern is fused between at least two viral proteins.

33.  The fusion protein of Claim 24, wherein the viral protein is fused between at

least two pathogen-associated molecular patterns.

34.  The fusion protein of Claim 24, wherein the pathogen-associated molecular

pattern is a TLRS agonist.

35.  The fusion protein of Claim 24, wherein the TLRS agonist is a flagellin.



30. The fusion protein of Claim24, wherein the
pat hogen- associ ated nol ecul ar pattern is fused to a

W@ 2006038651 er mi nus of the viral protein. 31. TheCcT/usto06001623
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protein of Claim 24, wherein the pathogen-associ at ed

nol ecul ar pattern is fused to an am no-term nus of the
viral protein. 32. The fusigg protein of C aim24,

wherei n t he pathogen-associ ated nol ecul ar pattern is
fused between at |east two viral proteins. 33. The

fusion protein of Caim24, wherein the viral protein

| 36.f USTHe RRIoMERBea! of GaRE 35 Wohddédth RIROMAIR] 39510161 A REN to the

mol ecul ar patterns. 34. The fusion protein of Caim

24, whBagallin Enereginns demflaasincthat laeksras lesstd partipmof ahinge

is aT ' 35. The fusion protein of Caim 24,
wher ei %%Z&SI}'E@L%%%% st is a flagellin.36. The fusion
protein of Claim35, wherein the viral proteinis

fﬁzed éo t.he flagellin in a region of the flagellin

tAat | AdREonprotglcomprising af lsast §ORI9N ¢igk Iqasignsmenber gelected
f1 agel Kbh. ' ’ ' 1S,

por (1 oo S frqul coHRURR Tt R R Tog R Tine
consi sttiB§1612) sangal aebrfBC| andt a mewenchamiliQ angledt Idast 2 poption of
2 (fij TF2 an.E. coli, f1i and a S. .nuepchen f]iC
and ot gL phe mRber sefien o fie B0 ForuR 6F < DE vl
from t fevelipepioteiaNs Deh RialGhvalopelotdth, ADe Wl @R lope
protein, a Den2 viral envel ope protein, a Den3 viral
envel opotehn ke Pephiiral Eplapgpioiinenvel ope prot ei n.

38. A fusion protein conprising at |east a portion of

at | east one pat hogenassoci ated nol ecul ar pattern and
a$8.l eastfugiopprdteinmombrising bhelesdt aoetiorestiae teasedre patidgen-

fromthe gro onsi sting of Denl viral_ envel ope

pr ot ei ?f‘,so‘ga@ﬁﬁﬁ?ﬂ % pafd @%ﬁéeﬁﬁtpémn(?f%%@ apf fpgmber
envel ofg-chd: ' inMi '
N Bl L S

pol ypeprdl ¢avelpps protedt, ad2en3SHa@l ¢ye@e B0teindand.a Pend viral
pol ypegréli ploe h%/ti ng at | east about 85% identity to SEQ
I D NO “B6°P4 2 Rnpol ypepti de encoded by SEQ I D NO 31.

39. A polypeptide encoded by SEQ ID NO: 29.

40. A polypeptide that includes SEQ ID NO: 30.

41. A polypeptide having at least about 85% identity to SEQ ID NO: 30.
42. A polypeptide encoded by SEQ ID NO: 31.

43. A polypeptide that includes SEQ ID NO: 32.

44. A polypeptide having at least about 70% identity to SEQ ID NO: 32.

45. A polypeptide encoded by SEQ ID NO: 33.



WO DoblarseS2. 45. A pol ypepti de encoded by SEQ | BL™NMI82006/001623
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43. A pol ypeptide that includes SEQ ID NO 32. 44. A
pol ypepti de having at |east about 70% identity to SEQ

33.46. A polypeptide that includes SEQ ID NO 34. 47.
A pol ypeptide having at |east about 70%identity to
SEQ I D NO 34. 48. A polypegtide encoded by SEQ I D NO
35. 49. A pol ypeptide that includes SEQ ID NO 36. 50.
A pol ypeptide having at |east 80%identity to SEQID
NO 36. 51. A polypeptide encoded by SEQ ID NO 37.
526. A Aqloyyreptideithat maludenSEQAPNGE2.1 D NO 38. 53. A
pol ypepti de having at |east 70% identity to SEQ I D NO
38. 54. A pol ypeptide encoded by SEQ ID NO 54. 55. A
pat.ypepty ' :

o1y boptic I R by MBS o T T RO NS Y
ID NO 55. 57. A polypeptide that includes at | east

0 mepher sel.ect ed .f rQup. consi sting of SEQ
I%ﬁl\o Kg)oiypgﬁég%gﬁoﬁﬁl%ﬁagp%{asgi A pol ypepti de
encoded by at | east one nenber selected fromthe group
consisting of SEQ ID NO 70 and SE3%I D NO 73. 59. A
p®Y-y peftho eﬁ%@@%@t@@mﬁ@%@fv()é@é{@: %identity to at

| east one menber selected fromthe group consisting of
SEQID NG 7 1 and SEQ ID NO 72.60. A pol ypeptide

t fat i Aglolypeptidd hdvemsat lenses it ndearitystel ) € NO®.896. t he

group consisting of SEQID NO 76 and SEQID NO 6. 6
1. A polypeptide encoded by at |east one nenber

ssl.ect gGhof idden QLR SRATDI Oy of SEQ 1D NO. 77
and SEQqJI gpﬁg 5. 62. %,p%dljypepti de having at | east
about 70%identity to at | east one nenber sel ected

fepm t consid st i.n IR NO 76 and SEQ ID
Ng? G.R%Qg/rp%%% %ﬁtselﬁlflltugeesg%}%(gtlﬁﬁggl @des at | east one
nmenber selected fromthe group consisting SEQ I D NO
8% SEQ ID NO. 82, . SEQ ID NO 84 and SEQ I D NO 86.
6% A Parhpeptddevingadest o identibaioShin D M

sel ected fromthe group

54. A polypeptide encoded by SEQ ID NO: 54.
55. A polypeptide that includes SEQ ID NO: 55.
56. A polypeptide having at least about 70% identity to SEQ ID NO: 55.

57. A polypeptide that includes at least one member selected from the group
consisting of SEQ ID NO: 71 and SEQ ID NO: 72..

58. A polypeptide encoded by at least one member selected from the group
consisting of SEQ ID NO: 70 and SEQ ID NO: 73,

59. A polypeptide having at least about 70% identity to at least one member
selected from the group consisting of SEQ ID NO: 71 and SEQ ID NO: 72.



consisting of SEQID NO 81, SEQ ID NO 83, SEQ ID NG
85 and SEQ I D NO 87. 65. A polypeptide having at

wo e@st7sbout 70% i dentity to at | east one nmenbBCT/US2006/001623
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selected fromthe group consisting of SEQ I D NO 80,
SEQ ID NO 82, SEQID NO 84 and SEQ ID NO 86. 66. A
pol ypepti de that includes S_§% ID NO 159. 67. A

pol ypepti de encoded by SEQ I'D NO 158. 68. A

pol ypepti de having at |east about 70%identity to SEQ
ID NO 159. 69. A conposition conprising at |east one

PaoT8Cy A panighepfidd @aﬁincﬁd@sodtﬁéa@fbr@fm@hbérQQEEte@ M&m the group
flavivirus protein.70. The co 05|t|on of Claim 69,

wher elwmﬁ@nmﬂ%@@éﬂ@ Thang $EQIRINQs6.protei n are
conmponents of a fusion protein. 7 1. The conposition
of Claim69, wherein the flavivirus protein is at

| €ast Amelypeptidr erweliatbet lEasoond hemperoufectedrfsirs therggowf

a Wst N e vi tei a iral protein, a
Langatcc\?ﬂs‘é?g @%@ﬁﬁ%é %?ﬁ‘q %‘Sgﬂj}ﬁp otein, a Murray
Val | ey encephal itis viral protein, a Japanese

encephalitis viral protein, a Ti ck- bor ne encephalitis
véZ.al &rp@b@ﬁnﬁdeahavemg Bueastatont 79% adenpitytositAeagheheamember

hepat i | n. [
con”prlgseheﬁée%‘a © eas 08{5]? Sﬁ%&éﬁg%@ga :Zg?{ld EEB&RNQn |
of at |east one fI aV| virus protein. 73. The

composi tion of m 72, wherein the Paer s and the

fP3vi vArpel:YPs%deeﬁhﬁt lapléd%%abwgn%ﬁb%r selgsted Arom thearonp
74 Th
SRR ggg I?‘II\Ig gt@' @cg‘ﬂi %g% \é@e SEQ;nj R®): 84 and SEQ ID

flavivirus p sel ect ed
from tIN©: 86.0oup consisting of a West Nile protein, a
Dengue viral protein, a Langat viral protein, a Kunjin
viral protein, a Murray Vall ey encephalitis vira

pspt ei A, o@péﬁn@@ﬁfe@d@ms;emaist bheSm¥nba! sewcﬁ&ie&din i group
Ti ck- borne encegga itis viral %otel n, a Yellow fever

viral ¢msisengoandQdDEPa ] tSEQ B NG: 43, PEQHIBI NO: 85andSEQ ID
nethodN f8§t|nulat|ng an i nmune response in a subject,
conprisrng the

65. A polypeptide having at least about 70% identity to at least one member
selected from the group consisting of SEQ ID NO: 80, SEQ ID NO: 82, SEQ
ID NO: 84 and SEQ ID NO: 86.

66. A polypeptide that includes SEQ ID NO: 159.

67. A polypeptide encoded by SEQ ID NO: 158.

68. A polypeptide having at least about 70% identity to SEQ ID NO: 159,

69. A composition comprising at least one Pam3Cys and at least a portion of at

least one flavivirus protein.



step of admi nistering to the subject a conposition
that includes at |east a portion of at |east one

w@atoaogssn? associ at ed nol ecul ar pattern and at PEBEBE2086/001623
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portion of at |east one viral protein selected from
the group consisting of a West Nile viral protein, a
Langat viral protein, a Kunggn viral protein, a Mirray
Val | ey encephalitis viral protein, a Japanese

encephal i 1] bfal ej Ti I en hal i.t.i s
UTEor " Bhe ot o RGPS il BETRAERS s BRI ik
met hodprofeiss bienwhwbhérgs afa fusizupeotei@sponse in a subj ect,
conprising the step of adm nistering to the subject

the composition that includes at |east a portion of at

| gast @E@c&ﬁﬁd@ﬁﬁﬁ%f@%ﬁ?G@RﬁQréﬁ?hﬁ%‘vWinﬁEbtr&t@irrﬂs ANastbne
| east a portion of at |east one Den2 envel ope proteln,
wher ei member PEoRdeinone thepgowr aoimsisting sf aWdseNsle vomkprotein, a

menber_sel ected fromthe group consisting of SEQ D

o 2D R R e R PG i Pl et ey
of st i Wit dndeplafitis FFINRokRS B 9RSBedeendeialii® ¢iral protein, a
conprising the step of adm nistering to the subject a

f usi onliskdreeencephalifip virgddsetein 2 YeHaw favesoiel piotaif and a

| east E%ﬁtiﬁ?b@?ﬁ??fo?ﬁ?ﬁom ated nol ecul ar pattern and at
| east a portron of at least one viral protein selected

fromthe group consisting of a West Nile viral
protein, a Langat viral protein, a Kunjin viral .
pf?ot ei 4, CORPREFIPR FORIIFIRG 2idfest PR 3R Y8 4dAt 195sba markon gf at

Japaneggs: 9as aRPRhE pithral protein, a Tick-borne
encephalitis viral protein and a Yellow fever viral

protein. 78. A method stinulating an i mmune response

I/, a subj ect onprd si.n he ste 1 nigtering.to
the su 'ée%@%osﬁboﬁpogs@?wg#’t"ﬁ’ﬁfen? ﬁlgﬁ’f&g@ygtanailgsﬁa 1rus
por t i opro@in afe doBpShe@NES PRENAGRMeiASSOCI at ed nol ecul ar
pattern and at | east a portion of at |east one nenber

sel ected fromthe group consisting of a Denl viral

eﬂyel OPfe ng[go%it[}g d"f ngi Xi\x;h@eéﬁgx\é ag/g\ﬁw :pg{)tgf.n% atleast one

Den3 vira nvel ope protern an envel ope
pr ot ei mem®BEx: sePecteet fivon tist growy adnsBngof 4 WashNile @sqeiRsEDengue
in a subject,, copprising the, st of admnistering to
the subfeerotany ﬁgp@a%t pslrr%tpé?ﬁﬁme A AR VIR LISt 3 Mygqy Yalley

por ti Ofhcephalitis viral protein, a J apanese encephalitis viral protein, a Tick-borne
encephalitis viral protein, a Yellow fever viral protein and a hepatitis C viral

protein.

75. A method of stimulating an immune response in a subject, comprising the
~ step of administering to the subject a composition that includes at least a
portion of at least one pathogen-associated molecular pattern and at least a
portion of at least one viral protein selected from the group consisting of a
West Nile viral protein, a Langat viral protein, a Kunjin viral protein, a
Murray Valley encephalitis viral protein, a Japanese encephalitis viral
protein, a Tick-borne encephalitis viral protein, and a Yellow fever virus

protein.
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and at least a portion of at |east one nenber sel ected
fromthe group consisting of a Denl viral envel ope
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West Nile viral protein, a Langat viral protein, a KunJ in viral protein, a

Murray Valley encephalitis viral protein, a Japanese encephalitis viral
protein, a Tick-borne encephalitis viral protein and a Yellow fever viral

protein.

78. A method stimulating an immune response in a subject, comprising the step
of administering to the subject a composition that includes at least a portion
of at least one pathogen-associated molecular pattern and at least a portion of
at least one member selected from the group consisting of a Denl viral
envelope protein, a Den2 viral envelope protein, a Den3 viral envelope

protein and a Den4 viral envelope protein.

79. A method stimulating an immune response in a subject, comprising the step
of administering to the subject a fusion protein that includes at least a portion
of at least one member selected from the group consisting of a Salmonella
typhimurium flagellin type 2 (fjB/STF2), an E. coli fliC, and a S. muenchen
fliC and at least a portion of at least one member selected from the group
consisting of a Denl viral envelope protein, a Den2 viral envelope protein, a |

Den3 viral envelope protein and a Den4 viral envelope protein.
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A method stimulating an immune response in a subject, comprising the step
of administering to the subject a fusion protein that includes at least a portion
of at least one pathogen-associated molecular pattern and at least a portion of
at least one member selected from the group consisting of a Denl viral
envelope protein, a Den? viral envelope protein, a Den3 viral envelope

protein and a Den4 viral envelope protein.

A method of stimulating an immune response in a subject, comprising the
step of administering to the subject a composition comprising at least a
portion of at least one antigen and at least a portion of at least one flagellin,

wherein at least one of the flagellins lacks at least a portion of a hinge region.

A method of stimulating an immune response in a subject, comprising the
step of administering to the subject a fusion protein comprising at least a
portion of at least one antigen and at least a portion of at least one flagellin,

wherein at least one of the flagellins lacks at least a portion of a hinge region.



