-1- COWPOSI TI ONS COVPRI SI NG PATHOGEN- ASSOCI ATED MOLECULAR PATTERNS AND
ANTI GENS AND THEI R USE TO STI MULATE AN | MMUNE RESPONSE RELATED APPLI CATI ONS
This application clains the benefit of U S. Provisional Application Nos. 5
60/ 645, 170, filed January 19, 2005; 60/653,405, filed February 15, 2005;

60/ 704, 160, filed July 29, 2005; 60/723,409, filed Cctober 4, 2005; and

60/ 725,919, filed Cctober 11, 2005. The teachings of the above applications
are incorporated herein by reference. BACKGROUND OF THE | NVENTI ON 10
Infections with viruses, including flay.viruses, such as West Nile
flavivirus, Dengue flavivirus, Japanese encephalitis flavivirus, Langat
flavivirus, Kunjin flavivirus, Murray Valley encephalitis flavivirus,
gi ck- bOf@@l(\jiﬁcﬁslirvblgls@Md RESIN@!VA’ITHU@" ENf%SSOGll'AﬂBDk M@DOECELAR PAWTE&?:ISOUS

i sease and, possi eath. Mysquitos an ticks ] t he
flaviviruses D:éNTéQZEINﬁPé?DWBgUEFH&%W%A%Es%&Wi} W@%ﬁf ection

i ncl ude high fever, headache, neck stiffness, stupor, disorientation, cong,
trenors, convul sions, nuscle weakness, vision |oss, nunbness,
neningoencephgti%ﬁg ReAgoRES. These synptoms nmay | ast several weeks,
and neurol ogica eP ects nmay be permanent. In cases with m|der synptons
(e.g., fever, hedducémlicaivd chadythadiensfit of BlS Paqvisioml ApplicatianNos.onet i nes

swol I en | ynph r a_skij ash, C t, s 1 and back),
certain s%t%@é@’]@@cﬁgﬂaﬁ‘ e]{y’ gﬂéﬁ%@éﬁggﬁ?ﬁeﬁg}%@@%iﬁ?ﬁ@?r own. In nore
severe cases, 6(Fe@pl6e, Aradily 2o F0P8| 667723409pfiled|Octatet 42008  andc0AR2EBNY, such as
adm ni stration of intravenous fl uids agid assi stance with, breathing. Methods
to prevent flBgdHciober Hnp@x i B trackings el the AbRYSaPPYsgHORSare ingerporstes: t enuat ed

and i nacti vat gy iy Wsrerehiever, such conpositions may be |ess than
optimally i munogehic, may result in unknown hazards if inproperly prepared
and nmay have adverse side effects. There is a need to devel op new

conposi ti ons BASKGROUYBOF dHEIDVENTION vi rus infection. -2- SUMVARY OF

THE | NVENT ON Infections with viruses, including flaviviruses, such as West Nile flavivirus,

Dengue flavivirus, Japanese encephalitis flavivirus, Langat flavivirus, Kunjin
flavivirus, Murray Valley encephalitis flavivirus, Tick-borne flavivirus and Yellow
fever flavivirus, can result in serious disease and, possibly death. Mosquitos and
ticks transmit inany of the flaviviruses. For example, severe symptoms of West Nile

15  virus infection include high fever, headache, neck stiffness, stupor, disorientation,
coma, tremors, convulsions, muscle weakness, vision loss, numbness,
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

20  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

25  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.



The present invention relates to conpositions, fusion proteins and

pol ypeptides of at |east a portion of an antigen and a. flagellin that |acks
a hinge region; and at |least a portion of at |east one pathogen-associ ated
nol ecul ar pattern 5 (PAMP) and at |east a portion of at |east one
flavivirus. The conpositions, fusion protein and pol ypeptides of the

i nvention can be enployed in nethods to stinulate an inmune response in a
subject. In one enbodi nent, the inventjion is a conposition conprising at

| east a portion of at |east one antigeén and at |east a portion of at |east
one flagellin, wherein 10 at |east one of the flagellin lacks at |least a

portion of a_hi reqi r enbodi nent, the invention is a fusion
protein comﬁﬂw&ggkg@@wﬁgﬁd}fon of at |east one antigen and at | east
a portion of at | ?ﬁé?re%?mfv&ﬁﬁﬁlrélht@s tov%ﬁfp%blﬂonsaﬁ?us &%ﬁbteﬁﬁﬁn@f the flagellin
| acks at |east a portion of hinge regi on. In an additional enbodinent, the

i nvention i spelypentidesoiiat inasteqopidnifay aatigen p8d b dlagellin thaslacksonhinge at | east one
pat hogen- assqg i sl IRk SEKbBioP 4 660 R0 AbebeRRleifed BOEURNBERRT | 221

rou RS
protein, & L&?}@W) unct alleaptra)pceucm ofeat l@as*tjoma ﬂuvnv&hs pl’lmtc@mppsmoﬂd,lﬁrswp VaI | ey
encephal itis vi ra:aF‘fpogt ei n, a_.Japanese encephalitis viral Fr otein,

tickbome enfEYHR YRAPAgs of fsBYSHDOn, fRf %Rl?m Ip mthodsy OrSéI‘Im%ar %t ein. 20

In yet anot hgﬁﬁﬁﬁ@@e%gemta@@bbaventl on is a conposition conprising at
|l east a portion of at 1east one pathogen-associated nol ecul ar pattern and at

| east a portion &fongembedisrent the imeaniloy isragomnedidion semprigagitieasimer ei n t he
Dent | th

consi sti g oPSeRRf s PO Alch i} SRR s sBfop STROREG REHEGIED Wi L 12 OF 0UP
the inveh®i oat least ancafithofagellorlacks mpicas iapgrtan dfeé)Mgeaegpmrtl on of at | east
one pat hogen- asso attern .an st a portio at
Ieas!tO onegnenber g‘b‘ﬂé’ eéam{angq:}frﬁhtg GrEPRIS A qé?qma%&cogl@é%av[éf"%ﬂa envel ope

protein, a Dgsitiotiof @l leR0YR] e&ﬂ@exﬂﬁﬁtaﬂeast oD\t leadt 080 VIesMRE wheRirei N and a
Dend4d viral envel ope protei -3- In still_another enbodi nent, the invention

is a fusion B?’G@Sépﬁe e ﬁ?gﬁlkﬂda% af leas{ @ partigyrafjadingsfregion.| east one
pat hogen- associ at g, [RIqRf b MmbBAhieRE, theARferfion bEASImpbsition comprising at

. . /
15 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 tickborne
encephalitis viral protein, and a Yellow fever viral protein.

20 In yet 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 ID NO: 22
and SEQ ID NO: 40. o

25 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 Den2 viral envelope protein, a Den3 viral envelope protein and a Den4

viral envelope protein.



portion of at |east one viral protein selected fromthe group consisting of
a West Nile viral protein, a Langat viral protein, a Kunjin viral protein,
a Murray Valley 5 encephalitis viral protein, a Japanese encephalitis viral
protein, a tickborne encephalitis viral protein, and a Yell ow fever viral
protein. An additional enbodinent of the invention is a fusion protein
conprising at least a portion of at |east one nenber selected fromthe
group consisting of a Salnonella typhioriumflagellin type 2 (fljB/ STF2),
an E. coli fliC, and a S. 10 muenchen fli C and at |east a portion of at

| east one nember selRGl&HohEAMRBREN G, IPinvERRR 1SS ﬁﬂﬂm%ot@in@@ﬁ*mé{ﬁg Al

envel ope protein, a Dent viral envel ope protein, a viral envel ope
protein and a Besta pwtmlofehmeﬂt@pepq@hmemassocmwdamim@ pafiryo elhdhad igast & he

nvention 1S g PRl SRRl 08 R S by BRI Bivalheast one

pat hogen- assocPated hbl ecu ern an por n of at | east
one nenber sel emetlepcbtémpammigat@faﬂ)pmaimms{mjmwgrablﬁroauDQMumiyr‘édlleenve| ope
protein, a n2 viral, envel ope ot ei n, n3 viral envel Qpe protein and a
Dend viral” en?¥f ﬁ?’g?]éqr?f‘emAmﬁPﬁ@tse G’FPBB]E%? ?ﬂr"‘l&thWeaflﬂ&Qﬁ’Fl onis a

pol ypepti de en@&@ﬁdﬁh‘ﬁyvﬁQret@n Mda ?ﬁloﬂﬁvérrhﬁéﬁ%rowt her embodi ment, the

invention is a po eptide that includes SEQ NO. Inafurther
embodi nent, the i nvémad@ﬁomaé e@bebmy@t@éfched@vmonrsgaﬁnslon @H&t@m SYFBRFISINGSH 0%

S0, 80. SERD Moo thd kPO RS SHROAL TR ol BYET O 15 2
invention is aSgebygepyphimutinatiapeilih tge (BIBISTER), NCFE. @2 fliCnardn Sddi ti onal

nmbodi t,~th ' ' I td [ about 70%
Cdent ity 1 80 SEORPSRONC R & el bbbt et BnBRE R S &P on 1o a
pol ypepti de engaRendyf Sb&h1 Vikdl Bdelops: grotéln dDe@ﬂiéﬂ%veﬁﬁE@%tﬁﬁrhtDeIBhe

invention is a polypeptide that includes SEQ
v1ra1 envelope protein and a Den4 viral envelope protem

In another embod1ment 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
15 ' atleast 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.
Another embodiment of the invention is a polypeptide encoded by SEQ ID
NO: 29. |
20 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
25 IDNO: 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.
30 In yet another embodiment, the invention is a polypeptide encoded by SEQ
ID NO: 33.



NO 34. In still another enbodi ment, the invention is a pol ypeptide having
at least about 70%identity to SEQID NO 34. 5 In an additional

enbodi ment, the invention is a polypeptide encoded by SEQ ID NGO 35. In a
further enbodi ment, the invention is a polypeptide that includes SEQ ID NO
36. In yet another enbodi nent, the invention is a pol ypeptide having at

| east 10 80% identity to SEQ ID NGO 36. In another enbodi nent, the
invention is a polypeptide encoded by SEQ ID NGO 37. In still another
enbodi ment, the inventi on is a polypeptide that includes SEQ ID NO 38. 15

I n anot her enbodi nent |nvent on is. a. t.i.d hav ast 70%
identity to SEQ I%E ex "Idﬂ'fn?ﬂtrt GV ETHORAT 2 ‘?\;1%6‘% iﬁ‘ggﬁ%hfl onis a
pol ypepti de rRpeceged by SEQ ID NGO 54. In another errbodl ment, the invention

is a polypeptide that includes SEQ D 20 NO 55. Another errbodl ment of the
invention is ap ystsklpn@th@r qﬁmﬁwgenatthq igwesttion ifoipolyeptids krving at Jeasto SEQ | D NO

55. In still, |@@nﬂ) |nvent|on|sapolypeptldethat
i ncl udes at @gz /etq)c}?g 5 d fromthe group consisting of SEQ ID

NG 71 andl SEQ | [Inaﬁ&d&i@onalZmbbdlmnbtheénveaﬁmnﬂiarmyp,epﬂideeenbmeémyiS@Q is a
pol ypepti de dgg by at |east one nenber selected fromthe group
consisting o %@Q D NG 70 and SEQ ID NO  73. In yet another enbodi ment,

the invention is m JithieRbotiencha telfventioh &aSiolypeBtiddBbk indlAdhs IS ty to at

| east one nenber sel ected fromthe group consisting of SEQ ID 71 and
SEQ I D NO 7MO:3

In yet another embodiment, the invention is a polypeptide having at least
10  80% identity to SEQ ID NO: 36.
In another embodiment, the invention is a polypeptide encoded by SEQ ID
NO: 37.
In still another embodiment, the invention is a polypeptide that includes SEQ
ID NO: 38.
15 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
20 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 ]D
25 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, | |
In yet another embodiment, the invention is a polypeptide having at least .
30 about 70% identity to at least one member selected from the group consisting of
SEQ ID NO: 71 and SEQ ID NO: 72.



In still another enbodi ment, the invention is a pol ypeptide that includes at
| east one nenber selected fromthe group consisting of SEQID NO 76 and SEQ
ID NO 6. In a further enbodinent, the invention is a pol ypepti de encoded
by at |least 5 one nenber selected fromthe group consisting of SEQID NGO 77
and SEQ ID NO 5. In another enbodinent, the invention is a pol ypeptide

havi ng at | east about 70%identity to at | east one nenber selected fromthe
group consisting of SEQID NGO 76 and SEQ ID NO 6. 10 In an additional
enbodi ment, the invention is a polypeptide that includes at |east one
menber sel ected fr dmstilhenaghied embodinehs therigventiobis@ gopididelhat issfhides B8 NO 82,

SEQ ID NO 84 S still anot.her L , invention
is a pol ypeptl %StB?Fc‘gﬁ‘Bgerﬁ e%f?‘?ﬁf”é‘e@? EIGHR CORSHERE O’Cs%g]sg??}ﬁ@ﬂégﬁ@ [group
consi sting of §6QID NO 81, SEQID 15 NO 83, SEQ ID NO 85 and SEQ | D NO

87. In a further enbodinent, the invention is a polypeptide having at | east
about 70% i denti tylntacfwéherre@h@,dma@wethww@ﬁorsw mptﬂe@mdﬁéb@a@e@ﬁf

consi sting ‘%Of, D NG

86. In an addl?s‘%onﬁer%%c r{?lﬁgéﬁe | ven |gon I'S ?%}ﬁé‘ﬁ@%@?@ﬁ
includes 20 SEQ ID NO 159. In yet another enbodl ment, the invention is a
pol ypepti de encoded b E | D NO, 15, l.n anot odi. men e | nventi on
is a polypeptide h 'aﬁﬂﬁ%&%}begg?e%%wveﬂ?@%lﬁ gb}ba §Lgdtﬁq55t w159, 25
I'n yet anot her 7@pRRAlFRM bt ledshénd rﬂUxﬁBér'séchtb@ﬁ*@mQ@é@@ﬁlb LIRBLAPHIEG mg at

| east one PanBCys_and at | east a portion of at |east one flavivirus protein.

In an additi onklP: éntnsiERH? NQ:e i nvention is a conposition conprising at
| east one fankCys qﬁ%&dl{l&ﬁ% BodREht AR ifenfiin s%@%hrg%lf‘deftﬂa‘wd de¢'st protein.

In still another e I ment elnvehtlonlsa stlrru ating an 30
i mune responsbastnnamsmb?resehegteéﬁnmthsgmgpt:tbrsl&tmgpf QAR &) BEQAY to t he

subj ect a gﬁ@tg%%ﬁfnﬁb kf &Jgﬁalﬁtl\lcl)%%st a portion of at |east one

pat hogen- asso
In still another embodiment, the invention is a polypeptide encoded by at

least one member selected from the group consisting of SEQ ID NO: 81, SEQ ID
15 NO: 83, SEQ ID NO: 85 and SEQ ID NO: 87.
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
20 SEQID 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.
25 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
.30 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



-6- nol ecular pattern and at |east a portion of at |east one viral protein
selected fromthe group consisting of a 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 tickbonme encephalitis
viral protein, and a' Yellow fever virus protein. 5 In a further enbodinent,
the invention is a nethod of stinulating an i mmune response in a subject,
conprising the step of adm nistering Qf t he subject the conposition that
includes at least a portion of at |east one pathogen-associated nolecular
pattern and at

ast a portj.on_ of nvel o e| n,
Bher oi n ¢ he BelseigrRruRsRd pl 8RR hoon oB Fkast e VIR ProR G SRLRS i ng of
SEQ ID 10 NeoupbrdRiingHQ WedMileAlral pridtehela IANS RER RolRdh KRRfin virkle i nvention
is a method of stinulati n(‘?]ﬁ)éewl mune response in a subject, conmprising the

step of adni HP®ikeMygraye/ phaditis viral profeing s Janangse ercephalitisivitel udes at
| east a por pIBrB{%nPEn LbdrftAkthe Rt PAH 8RS 358 A bR Gy Db M Pat ter n and

at least a portidn o t one viral protein se romthe 15 group
consistirfg of a Vfésxtfmrﬂndrembodlmlen'q;)t}mtmvenmomslaan@hcbd aﬁstmiulqug)aenmmum Kunjin

viral prot e| a Mirr e haI VI r.al a Japanese
encephal i ti SRR 0 a&lﬁ%gﬁ %Omlﬁ%ﬂggﬁﬁ ST F’% eICt otein and a

Yel | ow f evercosigositiop €t ﬁbmdedﬂlﬁwﬁwﬁo@éﬁwwamé paﬁlb@nLaay@r&téd)n is a nethod
stimul ati ng an inmmne response in sub4 ect, conprising the step of

admi ni st er i ngokegul Wﬂgra@péeﬂe%ﬁtmor@@ﬁﬁég leaspope e envelpPR@Istelt, | east a
portion of %hérgg%e 54L f3d] Bfeﬁ%%@&b&&c?ﬂomr@é ﬁgﬁﬂ Snsikthd &Sk gnﬁi at | east

a portion of at least one ne ected fromt group COI’]SI ting of a
Denl virH eNOeRQJpéinﬁ%HéNO 48. Dent viral envel ope protein, a Den3 viral

envel ope protein vi. I al | .11 anot her

enbodi nent, the ilﬁ\yg%atn%%)hr???léb%%?th 813{9?% %\eghognc’fﬁgmaﬁhﬂ%%nresponse in a
subj ect, corﬁmmxmm@pbh@ is b eybjeut, coehpirising tties stepopladmidisterdigo &led sudjecf 41Si on
protein that_includes at | east _one nenber sel ected

|
from the gr%la'anempgltafwgﬁg?saé O%ﬁﬁ@?ﬁ%%%ﬁ.%pﬁ@ﬁgwﬁwq% type 2

(f1] B/ STF2) , m8Rciltar paGefniandl bi [6ast 8 ertRn of al HANEREN Al pioteiR feddd k@AMe @ POrtion
of at |east one nenber selected fromthe group COI’]SI sting of a Denl viral

envel opel%r ogrewmeonsistiemof &, WegtNibo/iwhpietip e Lgngatairal prateeadupiip diralenvel ope
protein and ﬁo@ﬁﬂﬁl I\XMzﬁera?l@y gﬁ&gﬁalﬁfs Ut Plotein, a Japanese encephalitis viral

protein, a tickborne encephalitis viral protein and a Yellow fever yiral protein.
In another embodiment, the invention is a method stimulating an immune
response in a subject, comprising the step of administering to the subject a
20  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.
In still another embodiment, the invention is a method stimulating an
25  immune response in a subject, comprising the step of administering to the subjecta
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 (fljB/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 Den?2 viral

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



-7- In an additional enbodinent, the invention is a nethod stinulating an

i nmune response in a subject, conprising the step of admnistering to the
subject a fusion protein that includes at |east a portion of at |east one
pat hogen- associ ated nol ecular pattern and at |east a portion of at |east
one nenber selected fromthe 5 group consisting of a Denl viral envel ope
protein, a Dent viral envelope protein, a Den3 viral envelope protein and a
Dend viral envel ope protein. In a furth8e enbodinent, the invention is a

met hod of stinulating an immune response in a subject, conprising the step

of admi ni stering tgnbheddtidiabehbolimen RO sivehitsh is @ MpticdisAguiting &ast a portion
of at |l east one antigen and at .| east a 10 portign_of ~at |east one flagellin,
wherein at | edB¥NUSEECSPENsE 2 pybigsh cpmpysing the sipp of adminisiering e the RIS 2a hi nge
region. In ancg{gf Rﬁ?@ﬁ?ﬁfg{ﬁ%@lﬁdesta?ﬁaétﬁgﬁmdnﬁf at Ra& oﬁ??eﬂﬂ(ggeﬁlcass%kfafgﬂl ating an

i mune response 1h a subject, conprising the step of admnistering to the
subj ect a fusimolecyarpatem asdadedsts pertian of @deast enepognmbep selexftedsfirorh gwst one

ti t | t .a. [ f 15 at | t I | L wher ei t
east one ot - 1R oRyRuRE e TR et ket PR BiFesn B R RE s on. The
conposi tions, IbéSivivabBerveldbe proseitund POENPER esketopefprdtéig. | nventi on can be

enpl oyed to stinulate an I mung response in a subject. Advantages of the
clai med i nventi on 1B aAusthee prabeeimersy the syeption is 3oesfans f smyleting afimymyngs

infection in gegidRicSath shibjedOcompiRRE She SQLEH ddhtnibBfin@toRRY Sbfedd A7 antigen or
virus, such as a flavivirus protein, that has effective immunogencity and
reduced side efofpesiton Teprésing artedstamepiin afiaplesst ong anfigen apd etledsha

pol ypepti . d V. r i tion and,
her of or o, oy g 5 0 B2 GRE QBRIBTBASKEE s PR R e iR ISP 00, P00
25 BRI EF DESCRidRidndY aGingEHEgibh. GURES Fi gure 1 depicts the am no acid sequence

(S8 1010 D) of Sl T R LB b R A SIE 2. o o,
"the hypervarig@ofise ififa sibject, iRRIsMthPddFof a3thihibBaRy 098K Sbjekt 4 fusivnder | i ned.
protein comprising at least a portion of at least one antigen and at least a portion of
15  atleast one flagellin, wherein at least one of the flaggelins lack at least a protion of a
hinge region.
The compositions, fusions proteins and polypeptides of the invention can be
employed to stimulate an immune response in a subject. Advantages of the claimed
invention can include, for example, prevention of flavivirus infection in a subject in
20  amanner specific for a particular antigen or virus, such as a flavivirus protein, that
has effective immunogencity and reduced side effects. The claimed compositions,
fusion proteins, polypeptides and methods can be employed to prevent or treat
infection and, therefore, avoid serious diseases consequent to antigen or viral
infection.
25
BRIEF DESCRIPTION OF THE FIGURES
Figure 1 depicts the amino acid sequence (SEQ ID NO: 1) of Salmonella
typhimurium flagellin type 2 (fljB/STF2, also referred to herein as “STF2”). The
hinge region (also referred to herein as “the hypervariable” or the “hypervariable

30  hinge region”) is underlined.



-8- Figure 2 depicts the nucleic acid sequence (SEQ ID NO 2) encodi ng SEQ
ID NO 1. The nucleic acid sequence encoding the hinge region is underlined.
Figure 3 depicts the amino acid sequence (SEQ ID NO 3) of a fljB/ STF24
(also referred to herein as "fljB/ STF2A" or "STF2A"). STF2A is a STF2

| acking at 5 |l east a portion of the hinge region. The artificial hinge
region is underlined. Figure 4 depicts the nucleic acid sequence (SEQ ID
NO 4) encoding SEQ ID NO 3. The nucdeic acid sequence encoding the
artificial hinge region is wunderlined. Figure 5 depicts the nucleic acid

sequence (SEQ | D#\IO. )..encading.a 10, pET/ STF, LA+ fusion tein. The
nucl ei ¢ acid seq éﬁ%rgée%gggﬁ %n &° 5‘?‘%? P%I}cgl(gé?#ﬁé\idraﬁ%%nfgs ubl e

under | i ned. DhEOnUCTaE audleic deid 8efteneenestiniihe Birlgh eedidr ik @hderld@idween STF2h and
JEI'Il+ is underlined. The, nucleic acjid sequence encadin JEIl11+ is bol ded.

Figure 6 depi cts HEEeIAcAISHAs g 3eid seerSHOELIING: 8) ot BRI 28y SEQ 15
ID NG 5. The@hidfrifical réql QQ%}JB%T%QHBBF“S%T@%F’M@P@A iIQ‘ST{F?.'l‘&EﬁlIgQ?t ween

STF2A and JEITI+ is under[ined. The am no acid sequence of JEITI+ is
bol ded. Fi guleast Z pdaionef thet liegerragibei Theaartificisldyogenegiof BEOdEMng® 29) encodi ng

a STF2.EllIl+ fusi.on _protei The.n i [ Ce _encodi t he hi nge
region of STF2 i8R ecgé&)}cﬁse e 8‘*‘?:?"3‘:5?eélﬁ%“%gég‘“r@?@ﬁ@e‘sﬁﬁo ga%tg%j sequence
(SEQ I D NO B®NOCescqHedudlyic SEQsedundd@ncitiing theertificig Binpe eigivn iof STF2 i's

underlined. Fi ggre 9 depicts the nucleic acid sequence (SEQ I D NO 31)
encodi ng a WeE| | | + fusion protein. The naturally occurring hinge region

of STF2 has been pipgaBvRMiANde hEMi26Ed sdiutdte REGTDING 03 @hedlidpae 1 egi on. The
nucleic acid seguence 25 encoding the artificial hinge’'region is underlined.

The nucl & ¢ pET/ETE24liBRCfusion prdting T quckid acibesiquense emagingdha grtifieipl cts t he
arti ol el PinpcE e Rl ) TR RRRE Y gl kol el D
bol ded. 30 Fbaywesn STF2demddESIT+ kamndertihed. (TheaudebagidseqentSiQodingNO.  33) of a
JEITI+ is bolded. |
Figure 6 depicts the amino acid sequence (SEQ ID NO: 6) encoded by SEQ
15 ID NO: 5. The artificial hinge is double underlined. The linker between STF2A and

JEITI+ is underlined. The amino acid sequence of JEIII+ is bolded.

Figure 7 depicts the nucleic acid sequence (SEQ ID NO: 29) encodinga
STF2.EIIl+ fusion protein. The nucleic acid sequence encoding the hinge region of
STF2 is underlined.

20 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
STF2A.EIIl+ fusion protein. The naturally occurring hinge region of STF2 has been
removed and replaced with an artificial hinge region. The nucleic acid sequence

25  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.

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



STF2A. El'l | + fusion protein. The nucleic acid sequence encoding the
artificial hinge -9- region is double underlined. The nucleic acid sequence
encoding a |linker between STF2A and EIll+ is underlined. The nucleic acid
sequence encoding ElIll+ is bolded. Vector sequence is unbolded at the 3

end of the nucleic acid sequence. Figure 12 depicts the am no acid sequence
(SEQ ID NO 34) encoded by 5 SEQID NGO 33. The artificial hinge region is
doubl e underlined. The |inker between STEQA and Elll+ is underlined. The
am no acid sequence of the ElIll+ is bolded. Donmain | of the West Nile virus

protein is bol dedr3n it dctbietind@Ened MEKb ficleicicid debuidNet enkbdihg a liiker bewREMder of
t he bol ded sequence ( LKGITYGVCSKAFKFLGTPADTGHGI VVLELQYTGIDGPCKVPI SSVASLN 10

DLTPVG?LVTVNPFVSV;&TMWLE Byt gspiderfinsd, W@Q&?@PMWWRS@S}B@E ISE0 1 D NO

176) is domain |1 hoigdd. tViRtoR B4ELRPR RbANET 48 1Rf3’ telhmof\ﬁeéﬁuclcliﬂ dofdl sbipiense. Vect or
sequence at the carbox &y‘ termnus is not bolded a he carboxy- term nus.

Fi gure 13 depicts the Fgepd? depigds e %m@wééequm(ﬁmr@mséﬂ) ?HCO%Fdl‘J?J

STF2. El 11+ fussonsﬁquqw 33T|Tﬁe &Hﬁ&l&l'tﬁng%%éiorﬁﬁ%@i'&ﬁld‘éﬂﬁ%'"ﬂﬂ:l{nﬂé‘r hi nge
region of STF2 is underlined he nuclei c acid sequence encoding a |inker

bet ween STF2 and bewpeniSTF3Asad EBH’ ig Hedeglingd Thewmaino 7%i@ sqeyence oEthg Bkt sequence

encoding Elll+ is (SEQ ID
NO 36) encoded b?o H?O%é‘énalﬂ %&V%s‘ébﬁﬁ@é&éﬁo&ﬂqi g‘g}i%ﬁa"??%rﬁgr!i I neg2 The

linker between STREQARANO: F_1f72) The senppinderef theepldpdgequenseed. The ami no aci d

sequence of El Il +4 RIGERS/EID PEET ce
(SqEQ I D NO 37) e&codl n W@SKFFB.}’%@?’E%%D%? +f usll'ﬂ(’)nri;2 Ero ]gdl}gCﬂ%%rs zﬁfggﬁﬂno

| i nker bet ween0 STPATaﬁﬁRENmVNPFVSV@JM%VHWPEGD @WR@EQ&TNHMence
(SEQ 1D NG 38) egg @@%I@%Egg% N6Q 7% s'}iQnaﬁﬂm of i cﬁ%lcgfé Sgcﬁ ?@19%399 of

Elll+ is bolded. Fgure I7 cts the nuclelc acid SEQ I'D NO 54)

of a fljB/STF2: ENplpmsdéfeswrﬁmmné?#thwequmr@msmoab@é@@ﬂ@éarémodl ng the

hi nge regi on of %}}g ¢s underlined. The nucleic acid sequence encoding a
STF

| i nker between and Elll+ is bolded and underlined. The nucleic acid
sequence encodi ng Figure 13 depicts the nucleic acid sequence (SEQ ID NO: 35) of a

15  STF2.EII+ fusion protein. The nucleic acid sequence encoding the hinge region of
STF2 is underlined. The nucleic acid sequence encoding a linker between STF2 and
EIII+ is bolded and underlined. The nucleic acid sequence encoding EIIT+ is
bolded.

Figure 14 depicts the amino acid sequence (SEQ ID NO: 36) encoded by

20 ° SEQID NO: 35. The hinge region is underlined. The linker between STF2 and
EIII+ 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.EIlI+ fusion protein. There is no linker between STFA and EIII+.

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

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

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

30  EIlI+is bolded.

RECTIFIED SHEET (RULE 91) ISA/EP



30 Elll+ is bolded. RECTIFIED SHEET (RULE 91) | SA/EP -10- Figure 18 depicts
the am no acid sequence (SEQ ID NO 55) encoded by SEQ ID NO 54. The am no
aci d sequence of the hinge region of STF2 is wunderlined. The am no acid
sequence of the linker between STF2 and ElIll+ is bolded and underlined. The
am no acid sequence of"Elll+ is bolded. 5 Figure 19 depicts the am no acid
sequence (SEQ ID NO 58) of Sal nonella nuenchen flagellin fliC The am no
aci d sequence of the hinge region is upderlined. Figure 20 depicts the

nucl ei ¢ aci d sequence (SEQ ID NO 59) "encoding SEQ ID NO 58. The nucleic

acid sequenceencodlng the hi nge region is underline Figure 21 depicts the
nucl ei ¢ acid sequél¥E (Sskeg Fsljg?\l@n@safldo*q‘é?nf’?ﬁlg&l %93 SE) GspEedDY depicts the

amino aci d segeemeQol SEQUDD odke QPR il ErioRbesEsre 29 depi ots

the am no acid sequence (SEQ I E2. Figure 24
depi cts the nndirbneg. &@sdmmm%muqrsmf nh@hmrtﬁwee@ﬁé"Banan@EEEQs 15 1D NO.

4.\ oure 28 feplgl bl Ut el tRald SEARIERIESERURAG 67) encoding SEQ

I D NO 65. Figure seque D NO 68)
of E. Coli #6li C Tﬁgu&nimpm tte smmmmeqdenw@m MYBIO: 68) efSalmwonelider | i ned.

20 Figure 27 depicts the cleic acid ence 69) codi ng SEQ
"D NO 68, TH@eHiher Segetlin i ﬁ%ﬁ?élﬁe‘éa‘é & Otf&@%%%sg%aﬂwﬁef ok

underlined. Figug Odd%Pi £ the htiQeil YGH SefueAG! (SEQIDURO C59) (erbeidin 70)
encodi ng a fllfaB/ ST 2A. E f fugl onelpr ot elcfrille (e %uc | eic aC| d éeg?uﬂgﬁpce

encodi ng t he IAMNQ:58¢iTak nuelein geidrseqiicoee ¢n§o@@mﬁneéunmwwn iwawderiined. nucl ei ¢ aci d

sequence encodi glef 'ﬂkaee %%pg%&@lg% ?F+ eh Bgﬁgryﬁ%ﬁ)%g%‘i‘é ned. The

nucl eic acid seque ce enc sequence i s not
bol ded atlOt he 3' Eipdredf2 delp&tssthqummbeacld sequpnce(SEQ) MENICe 64) dftiteepatitisn®© aci d
sequence (SEQ.ID NO 71) encoded by SEQ ID NO 70. The artificial hinge
region is doutte underlined. The amno acid

‘Figure 23 depicts the amino acid sequence (SEQ ID NO: 65) of Hepatitis C
E2.
Figure 24 depicts the nucleic acid sequence (SEQ ID NO: 66) encoding SEQ
15 ID NO: 64.
Figure 25 depicts the nucleic acid sequence (SEQ ID NO: 67) encoding SEQ
ID NO: 65.
Figure 26 depicts the amino acid sequence (SEQ ID NO: 68) of E.Coli fliC.
The amino acid sequence of the hinge region is underlined.
20 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.EIII+ fusion protein. The nucleic acid sequence encoding the artificial
hinge region is double underlined. The nucleic acid sequence encoding a linker
25  between STF2A and EIII+ is underlined. The nucleic acid sequence encoding the
EIll+ is bolded. Vector sequence is not bolded at the 3’ end of the sequence.
Figure 29 depi'qts the amino acid sequence (SEQ ID NO: 71) encoded by
SEQ ID NO: 70. The attificial hinge region is double underlined. The amino acid
sequence of the linker between STEF2A énd EIIl+ is underlined. The amino acid
30  sequence of the EIII+ is bolded. Vector sequence at the carboxy-terminus is not
bolded.



sequence of the linker between STF24 and Elll+ is underlined. The am no acid
30 sequence of the ElIll+ is bolded. Vector sequence at the carboxy-term nus
is not bolded. -11- Figure 30 depicts the am no acid sequence (SEQ I D NO
72) of a fljB/ STF2A. Ellls+ fusion protein. The artificial hinge region is
doubl e underlined. The am no acid sequence encoding the |inker between
STF2A and Elll+ is underlined. Donmain | of the West Nile virus protein is
bol ded and italicized (SEQ ID NO 172)-115 The renmai nder of the bol ded
sequence is domain Il of the envelope protein (SEQID NO 176) of the West
Nile virus. Porti oﬂgumf?»Ocﬂapiaismhe dmmadclﬂlséquane (SEQGIDrIé@ 72) ofsfljld |1 | +. Vect or

sequence at t t.er m nus the .protein.is serine
resi due of thg%r: ?&E@g{? f@?j?’bﬂmfeén b Oaé@f?%ﬁ&urfgg r%gl%ﬁlséﬁ‘ﬁﬁ g‘?ﬁl‘%ﬂg e cyst ei ne
residue in them§amMRid LAk &fcoalﬁﬁtﬂe'lﬁkgﬁ beﬁ%e@g@FQ@ah@EIﬂistfndEﬂhﬁéﬂ’ e 29. 10

Figure 31 depicts the nucleic acid seqguence é NO encoding SEQ 1D
NO 72. The nbeomain! efdheiWVes dlilsrvims ero@@msﬁ@kte @n@m@hcﬁzeél(& QHDﬁiéjé ¥éjion is

doubl e undler 0 RshaiHE AL s AGlco RUBARSTEASRLLABI PRI, St ween

STF2A and ™ El + 1S und I nhe € CO on enco Ser resi due
bol ded. The ni}):é76) ofaled Wes dNjlsemme Portionk crfgioh‘:lainls{andsm adirefatredtitolny bol ded

text. Linker uence is 15 unbol ded text .at t 3' end. Figure 32 depicts
he. ani o aci BLEquewssaERes Tiagabomony of feerareonutei i, e on

protein. The aéﬂﬂefreﬁdlﬁlofmemeﬁrggb@ﬁ Hokded QHPLs@ suBétRit dn$Tdhe cytRfeam no aci d
sequence of the linker between F2A and JEII 1+ is underlined. The am no

aci d sequenceresidug e P‘W\reglpn@f)%llwkﬂ SPED NQp&héf;%lgéWc?@phal i t is virus 20
of "a portion of 1 Aot debiieicadd Bobbles 190 10 N, T BB B o1 e
(KGTTYGVCT EKFEFAKNI?QDT@H@BWJ: Eh&ih’@ﬁﬁﬁh@l%%cﬁlg\ﬁe WNMMWWWR!ZVATS
SASOLVEEPRECS RN, CGTLOR L SELR M0, g, ot one o
nucl eic acid Sg@H &n@aemmll&%u%dcmm@diﬁ@dfe RErirREedidbdbINGd. The nddl&lc nucl ei ¢
actd sequence o Comtens oncoding BIII i indloated by bolded. Ite?c’? L ok& aquence is
15  unbolded text at the 3” end.
Figure 32 depicts the amino acid sequence (SEQ ID NO: 76) of a
pET/STF2A.JENII+ fusion protein. The artificial hinge region is double underlined.
The amino acid sequence of the linker between STF2A and JEIII+ is underlined.
The amino acid sequence of a portion of domain I of the Japanese encephalitis virus
20  is bolded and italicized MDKLAL, SEQ ID NO: 173). The amino acid sequence of
a portion of the domain III of the Japanese encephalitis virus is bolded
KGTTYGMCTEKFSFAKNPVDTGHGTVVIELSYSGSDGPCKIPIVSVASLND
MTPVGRLVTVNPFVATSSANSKVLVEMEPPFGDSYIVVGRGDKQINHHWH
KAGSTLGKA, SEQ ID NO: 177). Portions of domains I and III are referred to as
25  “JENI+.” )
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

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



underlined. The nucleic acid sequence encoding a |inker between STF2A and
JEIll+ is underlined. The nucleic acid sequence encoding a portion of
dormain | of the 30 Japanese encephalitis virus is bolded and italicized. The
nucl eic acid sequence -12- encoding a portion of domain Ill of the Japanese
encephalitis virus is bolded. Portions of domains | and Il are referred to
as "JEIII+." Figure 34 depicts the nucleic acid sequence (SEQ ID NO 78)
encoding JEIII+. The nucleic acid sequence encodi ng at | east a portion of
domain | of the 5 envel ope proteln i s“underlined. The remaining nucleic and

sequence encode | east. a domai n II of, the | ope protein.
Figure 35 deﬁ'i“‘@gglgtaﬂ@“éﬁﬁ(ﬁ"&o Isoga%?efﬁ%ﬂeé%ﬁéeﬂ’hﬁ Iigyirgsgs b beltd dod by SEQ ID
NG 78. At lPaﬁfons'iomn&almaﬁaml%&bﬂarrbdw‘ast“trﬁ tenvel ope protein is bol ded

and italicized. The remaining sequence is at |east gﬁgortlon of domain Il

of the 10 envel oPigupsrHidepists th gstac 36d sraperoedSEQRIDAVINE) grdodingequence ( SEQ

ID NO 80) o / ifihcial hinge
region i s) doE%ﬁIéh p@r% § ]F| nelgesgé}il Fée %CBM%%?%Q%QE%QKOgE@%%%Pﬁgg is °
under | i nefl. Emwglope pdoteid épurciedintd eTiemainingmictticaidissqaence Shd@dedutNO.  81)
encodi ng SEC% 15 I D aci d ,sequence encodlng t he.

The uclelc
artificial %éﬂoéﬁqnﬁfdioglaﬂ‘c}ﬁtﬂfgh BIGPF PR&I: The nucl ei ¢ aci d sequence

encodi ng the |inkpfguReiswReR: %F&ﬁnarasﬁd hedHiSE DN@nd dnbstRd byFi gure 38
depicts the amno acid seﬁugnce S Cé% tz %?fEHFZAyDenZ Ell

fusion prot eSBQ BNOaT.i A4 4Séﬂpﬁ‘tlﬁgef¢@g%ﬁ0f§mé@tﬂhmm@emnﬁbfrlﬂﬁmd The
d f
nder ned. - EbEEER! thOfubl o I AL BRI\ ga)

encoded by EEMﬂdﬂapNﬁmnBZ The nucleic acid sequence encoding the artificial
hinge region is doubl rlined. The nucle ce encoding the
| i nker between ST 3%@]” ﬁt&mmﬁlaf SF@“‘eBﬁedé(%lqa]ﬁ: ]gO g@g‘{e‘fhe 40 depicts the
amino acid_SgEUATFEATSERHIPANDN B0 IThe artifld SkipeAedieni@ dBldi¢ f usi on
protein. The artificial hinge region is double
underlined. A linker between STF2A and Denl EIII is underlined.
Figure 37 depicts the nucleic acid sequence (SEQ ID NO: 81) encoding SEQ

15 ID NO: 80. The nucleic acid sequence encoding the artificial hinge region is double

underlined. The nucleic acid sequence encoding the linker between STF2A and
Denl EIII is underlined.

Figure 38 depicts the amino acid sequence (SEQ ID NO: 82) of a

pET/STF2A.Den2 EIII fusion protein. The artificial hinge region is double
20  underlined. The amino acid sequence of the linker between 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

25  and Den2 EIII is underlined.

Figure 40 depicts the amino acid sequence (SEQ ID NO: 84) of a
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. ‘

30 - 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



underlined. The am no acid sequence of the |inker between STF2A and. Den3
Elll is underlined. 30 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 -13- underlined. The nucleic acid sequence
encodi ng the |inker between STF2A and Den3 Elll is underlined. Figure 42
depicts the am no acid sequence (SEQ ID NO 86) of a pET/STF2A. Den4 El |
fusion protein. The artificial hinge region is double 5 underlined. The

am no acid sequence of the |inker between STF2A and Den4 EIlIl is

under |'i ned. F'uﬁ&%’rﬁne‘li?’ T@ﬁ&h@l&& abidQedqiidhdcinbodifd the JBRMARERh SERRA BhNO  87)
encodi ng SEQ .. The nucleic acid sequence encoding the artificial

hi nge region mnél&msemdemecil ined. The nucleic acid sequence encoding the
l'i nker between STFg 4 SIEQFHJ .44 depicts the
am no acid sequenceéﬂ"gé?z%‘#‘%c%ﬂ T%f})o ac#fd%eﬂﬂﬂggéve ope pr@rel n of the

Ti ck- bor ne enepEplEAIH2AIBendBIH| fogien powineiThe aﬁnfgmlém@regcpn stdsutllhe am no acid
sequence ( st Ni rus.envel E) (am no
ol ds. 1- 408) Rl i3 afhing sl Ranee e HEET pEmieR ST FAR R TREHERL  f tct o

is underli neduﬁaemlm acids 292-406). Am no acids 292-297 correspond to a
portion of domain |I; am no acids 298-406 corresgond to domain Ill. SEQ ID

NO 39 is encoded ﬁ&guSE@ Jepictiche nrelqieped psuence. (SEQJRNIOLYY) gesortingsSEQisi on
contructs in {: JF2:

Sal nonel | a typhi rrurl u\r%%ﬁngag c;gglrdl-g CIé’%’EEZA— %drmll%hé%%ﬁ Jhﬂﬁﬁep (ﬁl G>urbeﬁlgi on

del eted; ElII unéerﬂmdalmlelnhclemfacld stgmsnceNincediegtbelinger h@t\meelsﬂ'Ftham 6 am no

aci ds of ma ino acid, Figures 47A and 47B depict TLR-5 bioactivity
of STF2. Eﬂﬁl +ld(}"§%5ﬂ1ﬂ§“‘ﬂﬁi‘.“"%4, 55) and STF2AEI 1+ (SEQ ID NOS: 70, 71)

fusi on proteins. Spidudd 44 @Bpﬁdust,ﬂhe)@lau@faciduédldehe@l(mmNmslv\ﬁ)roeﬂﬁdded to HEK293

(TLR5+) cells overnight, a 25 1L-8 content, of the supernatants neasured by
ELI SA.~ Purifi éavgqmzpr@m Tiglshorng gnsphalidis ePNAlORSERYEB!  (Fi gure 47A). The

TLR-2 agoni st PanBgRide #gpiRefle 83 acid sequence (SEQ ID NO: 39) of a West Nile
virus envelope protein (WNE) (amino acids 1-406). The amino acid sequence
15  incorporated into EIIl+ constructs is underlined (amino acids 292-406). Amino
acids 292-297 correspond to a portion of domain I; amino acids 298-406 correspond
to domain ITI. SEQ ID NO: 39 is encoded by SEQ ID NO: 57 (Figure 67).
Figure 46 depicts fusion contructs in a pET24 vector. T7:T7 promoter; lacO:
lac operator; STF2: Salmonella typhimurium flagellin; STF2A= STF2 with the hinge
20  region deleted; EIII* is domain III 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 STF2AEIII+ (SEQ ID NOS: 70, 71) fusion proteins. Serial
dilutions of purified proteins were added to HEK293 (TLR5+) cells overnight and
25  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
30  STF2A.EII+ (SEQ ID NOS: 70, 71) and probed with the indicated antibodies
(mAb). Poly = polyclonal antiserum to WNE; 3D9 through 7H2 = neutralizing



negative control (Figure 47B). Figure 48 depicts STF2A. Elll+ antigenic

epi topes assessed by ELISA. Plates were coated with full-length WNE (open
bars) (SEQ ID NO 39) or 30 STF2A.Elll+ (SEQ ID NGS: 70, 71) and probed with
the indicated anti bodies (mAb). Poly = polyclonal antiserumto WNE, 3D9

t hrough 7H2 = neutralizing -14- nonocl onal antibodies to WNE epi t opes;
anti-flagellin = nonoclonal antibody to flagellin. Figures 49A, 49B, 49C
and 49D depict reactivity of STF2.E (§§Q | D NOS: 158, 159); STF2.Ell1+ (SEQ
I D NOS: 54, 55) and S TF2A.Elll+ (SEQID NOS: 70, 5 71) fusion proteins

h bod P i i
o er s, b el btioedlh i WA P ene LA’ Bobdbil ol T 2"

Ant i body r ea@lhdellid y was detected fol l owi ng i ncubation with HRP-1abel ed
species specific_lgG Plates were devel gped i.n the presence of TMB

substrate and O Bgmsof ot is g and SHEAsngireace vineald® QaEléSFI@ Nqsan
sof twar e. 101§, g56)25%6) SARL ) fTOROSESADS] Ald OMGEIIT wgtm fusi on

proteins. Mce’ Fe | nuni W th eit’her PBS, Drosoplla condi t ' oned
medi um coht a7 hifngon SHREMsEV(IOMtibpdiss tlebTEcmdtﬂlag&lbm Phteg gvenef costBEAthEl 1] : + ( SEQ

ID NOS: 70, 71) ] STF2A.El L1 + F2EllL+ (SEQ ID NO
54, 55) i.p 17“%’&1’6&@%%&’%’%?‘? % ﬁb%ddesstggyﬁﬁ orJagellere> "E(SEQ I D
NGS: 158, 15&}1t1bday ré&udﬂywaédewmmuaxeﬂgmmm WtﬁfERPh%dlﬁ&g&ﬁiesV\/i th VAV
Sera fromindividual mce day 35) were charac erlzed by direct ELISA to

det er ni ne | geBeFidGdeq: P]abﬁslwqr%gpvew;d]gtbergpgqnﬁe? b @@) was used as

the antigen o hsl/6sEspiya THOAN plaBlaa8ub Eemsm‘e}uced in Drosophila as
a his-tagged protein. Figure 51 depl cts STF2ZA El'l+ (SEQ ID NGs: 70, 71) and

STF2. EI | I& (SEQ PBiguie50Negicts34G sesin folowing injewionwith-fusipn protaiwsy Mice al

chal l enge. M k ose of VWV
strain 2741 O%&ﬁ@ged@ﬁ%tﬁ%%@%r&% #fkfgor%ggl ;Hgéﬁlf?u%la‘%})gw ure 52
g%glz Zt sé | : lgf swzaEt(CMapsmﬁvﬂ dontbNR5i ug_mfmam}}im;@m O{_Du@@swo , Phakpei ns.25

. uce - C | S. ce were
S zed . 2 B STRIAENEHES Y ke S kI SR AT 1T Tt i85 g of
STF2A El | | + STF2.EII+ (SEQ ID NOS: 54, 55) or 25pug STF2.E (SEQ ID NOS: 158, 159). On

15  day 35, immunized animals were challenged with WNV. Sera from individual mice

(day 35) were characterized by direct ELISA to determine IgG levels. Purified
WNV-E protein (SEQ ID NO: 39) was used as the antigen in this assay. This
antigen (60) was produced in Drosophila as a his-tagged protein.
Figure 51 depicts STF2A EIIl+ (SEQ ID NOS: 70, 71) and STF2.EIIT+ (SEQ
20 ID NOS: 54, 55) protective immunity to WNYV viral challenge. Mice were
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 EII+ proteins induce WNV-specific IgG antibodies. Mice were
25 immunized s.c. on days 0, 14 and 28 with PBS alone or about 25 pg of STF2A.EIIl+
(SEQ ID NOS: 70, 71) (045 [positive control]), STF2A.EIII+ (067, trimer),
STF2A.EIII+ (070, monomer) or STF2A Ellls+ (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'

30 protein) was used as the antigen in this assay.



(SEQ ID NCs: 70, 71) (045 [positive control]), STF2A.EIfl+ (067, trimer),
STF2A. El'l I + (070, nmononer) or STF2A. Ellls+ (SEQ ID NGS: 72, 73) (069). On
day 35 sera fromindividual mce were characterized. by direct ELISA to
determne 19gGlevels. Purified WNV-E protein (060, produced in Drosophila
as a his-tagged 30 protein) was used as the antigen in this assay. -15-

Fi gure 53 depicts STF2A.Ell1+ (SEQ ID NOCS: 70,71) and STF2A. Ellls+ (SEQ ID
NOS: 72, 73) protective immunity in nmidé-fromWW |ethal challenge. On day
38 follow ng inmunization with fusion proteins, all groups were challenged
with a | ethal doseFighre\88\depictsadiTir2A EI+4SEQIDMNOS.a10, WosndSAFLAERTH or 21

days. 5 Survi ) oup (.10. m ce/grou |sjgsgrqg| cated as a

per cent age. FX% bgéﬁ)esgg% 7%’5 Emg?ﬁ’hﬁ%ln?ql}‘%ﬁgﬁé‘gg‘%@?m i&?fgﬁlﬂgﬁﬁlngﬁs (five
fold startingGatday 38 ilovehg Rithin§Lkidn Wlﬂrﬂléiéﬂf%ka’ieéﬁgal bl WervBhAlehgtaubat ed
with biotinylated WNE protein (S!_I;](?%IA(D NO 39) and then added to the wells

of ELI SA pl at d&thadetheldloss efWVNYygirain3744 and pgvivalaas menitorgs fos2l@aye devel oped

usi ng avi dgn- : r 41 . nhi izt i on. | protein binding as
aresults %)f gio@rer’;l)‘;ea?lfoglg%% %‘&ﬁ(l%&#%%) 1]%:?1316@%d§§§h%%%ﬂé§g§. epi tope mappi ng of
t he anti body r espohigerei Hdigpiets competBida2bsafgh.| Serial SliGionD(INE€SoldARyting3)Y f usi on

proteins. | ne.sera fromaninmals, i. ni zed wth,indjcated - f usi on
pr ot ei ns (Em%s) %%-%E%ﬁ,%oﬁi 1513}%11286)am%jsewe%%\ﬁfpaﬁ%%wﬁbbmﬁﬂﬁatg%i Ity to
recogni ze oveptcdp (SEQ MBPI0: depardiGhétsided b thgwelds SAELISA platecdobed with domai ns |

and I'l'l of the W\ _envel ope protein. Figure 56 depicts epitope mapping of
the antibody PEYHGHs#E %bﬁwewgtnbyWeléﬁrww%Fqu@Pd@sewémchﬁP togeterpane £ 21

(envel ope1pr ot.aj; i . i o i irjral s
i zod € e o VR B0 pihil & e DHRGRESIR AT S o).

E2-21-2(C, S), E2- 2BigleS5Sepiatsepitopednappingnfdhapntipodyaesponsinduccddy Fi gur e 57)

were eval uate ' ' -85 s.defining. the E-21. epitope of Wst
Ni | e envel opegﬁg‘%’e’“ﬁmﬁq?%ﬁzgt@’51?‘ﬁémrpé%"s‘&ﬁsEn%’r‘“esséfaaff?%Q’EPJ?% fol |l owi ng
the substit ut imRuizedwih GidivatediSITIN2 Aduditteproteidi (B20¢EINESD, Biguradl) vieke

sequenti al repl ac,eg t of ;il,m' no aci ds w ih al ani ne. The ge tides tested are
listed in Fi gioenedior ths apility jodeepgnize gverapping PeRidss pRrregROndinedp he The

sequences 15 Nc ke Ro Ao RAhs!T aBMHT of the WNV envelope protein.
Figure 56 depicts epitope mapping of the antibody response induced by
STFA.EHIs+ (SEQ ID NOS: 72, 73) E-21 (envelope protein) epitope fusion
proteins. Immune sera from animals immunized with the indicated STF2A-fusion
proteins (E2-21, E2-21-1(S,C), E2-21-2(C,S), E2-21-2(C,S) and E2-21-4 through
20  E2-21-24, see Figure 57) were evaluated to identify the residues defining the E-21
epitope of West Nile envelope protein. Data reflects 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 alani;le. The peptides tested are listed in
Figure 57.
25 Figure 57 depicts EIII+ peptide arrays. The sequences include domains I and
III of the West Nile virus envelope protein. Amino acids that correspond to domain
IIT 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



1l of the West Nile virus envel ope protein. Am no acids that correspond to
domain [|11 are underlined. Am no acids that are not underlined correspond
to domain |I. Figure 58 depicts PanBCys. WN\WQ01 (SEQ I D NO 168) inducing ElII
specific 1gG anti bodies. Mce were inmunized s.c. on days 0, 14 and 28 with
PBS 30 alone, 22ng of unnodified WNVO01 (SEQ ID NO 168) or 30 sg of -16-
PanBCys. WNV001. On day 35 sera fromindividual -mce were. characterized by
direct ELISA to determne 1gG |evels fg.synthetic WNVOO1 peptide. Figure 59
depicts the am no acid sequences (SEQ ID N% 88-95) of the EI/EIII

t f 15
{Epgulgﬁn@ o\r“ }‘Qﬁ@g%wo%@‘nﬁ??é%%% ope MJ& fﬂ?n %@%gﬁ%@[‘ |s’ZreZ from

STF2A. El | | s+ dirmenBiilg&do éaemﬂﬂlesIgGslewinthrsbinmemh WNVG)1geptidkence corresponds to

eptide E2-21 (SEQ ID 125 Fi ure 60 de SEQ | D NOCs:
222 15 1) al ani(neg%‘:'ﬁeng\é% @@F%&en‘f %@JE%@% Rg'B b%ﬁgéml nillil of
the West Nil %I/Emﬁk&cﬁﬂr\/%%tNﬂ@U?baﬁesech@ﬂhﬁhMﬂ@dn@ﬁéjﬁ\l serdfype®1 aci ds t hat

|

are not underl i ned corresg_(})lnd to domain | the West le virus. Figure 61
depi cts adSTHrowp)iresesi dhedest Nide @IéW@%lCFSE@fileﬁ@nﬁﬁ_ﬁsQﬁom The nucl eic acid

3ﬁggspfﬁeghc$?g?or seq%%ﬁ%gia?&%&eiguﬁ ﬁn V%égéﬁ%go%%ﬁ |ned 15

Fi gure 62 depegtide E2R2Ia(3EQIDalNOd1Z8quence (SEQ | D NO 153) encoded by SEQ ID
NO 152. The linker se nc ween .S nder.l i ned. Vector
sequence i s under f@f&ﬁ%&lcgsoﬁ%]dpepﬁdagﬁ()gggﬁg; mﬁ?ﬁsﬁﬁn%’?d sequence
(SEQ I D NO . Modkho éidothal ddweipgand td-ddhkie 16 4f he Wt Mile k}ﬁuﬂiﬁr&l@f)e pREdigl sequence
(SEQ ID NO 155) of 20 oval bunmin. Figure 65 depicts the nuclelc acid
sequence 1f sEerq mdsghined SAMINoAckia thig 2t notydstlined Ggﬁf‘?ﬁﬁf’?ﬁ tSrdomsin igfdhgyycl ei ¢

acid sequenc?fgsgggglv{}gs the full-length West Nile virus envel ope protein (E)
i's underline Figure 66 depicts the amino acid sequence (SEQ ID NO 159)
encoded by 25 SEGigu NGlepicts STHZO WA nvolercdcit] sequensa (REQID NG M8kt Nil e

virus envel OR%e {lc%i% 'athd sequence encoding the linker between STF2 and ovalbumin (OVA)

is underlined. Vector sequence at the 3’ end is bolded and underlined.

15 Figure 62 depicts an amino acid sequence (SEQ ID NO: 153) encoded by
SEQ ID NO: 152. The linker sequence between STF2 and OVA is underlined.
Vector sequence is underlined and bolded.

Figure 63 depicts the amino acid sequence (SEQ ID NO: 154) of ovalbumin.
Figure 64 depicts the nucleic acid sequence (SEQ ID NO: 155) of

20  ovalbumin.

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

25 SEQID 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. |

30 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”).



is underlined. Figure 67 depicts the nucleic acid sequence (SEQ ID NO 57)
encoding SEQ ID NO 39 (Figure 45). The full |ength sequence of the West
Nile virus envelope protein is depicted. 30 Figure 68 depicts the am no
acid sequence (SEQ ID NGO 160) of the Dengue 1 virus (also referred to
herein as "Den-1," "Den 1" or "Denl"). -17- Figure 69 depicts the nucleic
acid sequence (SEQ ID NGO 161) encoding SEQ ID NO 160. Figure 70 depcits
the ami no acid sequence (SEQ ID NO 162)7-of the Dengue 2 virus (also
referred to herein as "Den-2," "Den 2" or "Den2"). 5 Figure 71 depicts the
nucl ei ¢ acid sequeﬁcgare(ﬁEﬂépidﬁ NOnucl €3 hcie seuehdey SEQHD NO@: D) eddodingFi gure 72

depicts the a equence (SEQ ID NGO 164) of the Dengue 3 virus
(al so referrempella ‘as "Den-3," "Den 3" or "Dena"). Figure 73 depicts

the nucleic acid segpuemeddpoQnk Bnh@acﬂd@@hu&x@&@@mmﬁ@ﬁ@m@b@ ue 64) .
Figure 74 depicts the am no acid sequence (SEQ ID NGO 166) of the Dengue 4

virus (al so refems édsasiomsd & heieiggs “Pem2.4 “Den Pépar Pengp). Den4" . Figure 75
depi cts the nucl ei | D NO 166.
15 Figure $6 depi c?sﬁ@h gﬁtﬂsg@gﬁ%%?fg%g@% %?%M@@?@%&ancodi ng a
Japanese encediE&) iID NO:¥62.us. Figure 77 dep| cts the am no acid sequence (SEQ
ID NO 171) encoded.b S D.NO . 170, ure cleic acid
sequence (SEQ ID N%‘g“{e?%% E%%%@Fﬁﬂm%mﬁ %@ﬁgﬁo gé@l gﬁ@gﬁjnﬁ “Fi gure
44. Figure 79 3%%%1%&%&%11&&15@%@1 sequeRgeof Bk@3D NO 178) encodi ng
Elll+ (am no acids_of 292-406 of SEQ I D NO 39, depicted in Figure 45 and

SEQ ID NO 7). Fi §iguee Bhdepighs e sugeie ﬁ?lééPCtﬁethISEQe@ Neptgsgencoding
10 SEQID NO: 164).
Figure 74 depicts the amino acid sequence (SEQ ID NO: 166) of the Dengue
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) encoding
SEQ ID NO: 166.
15 Figure 76 depicts the nucleic acid sequence (SEQ ID NO: 170) encoding a
Japanese encephalitis virus.
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
20 SEQID NO: 174, depicted in Figure 44.
Figure 79 depicts the nucleic acid sequence (SEQ ID NO: 178) encoding
EIlT+ (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.

25 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

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



25 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The features and other details of
the invention, either as steps of the invention or as a conbi nation of

parts of the invention, will now. be nore particularly described and
pointed out in the clains. It will be understood that the particular
enbodi nents of the invention are shown by way of illustration and not as 30

limtations of the invention. The principle features of this invention can
be -18- enployed in various enbodi nentg_ w thout departing fromthe scope of
the invention. The present invention relates to conpositions, fusion
roteins and | ypept i ] 0 t le one antigen and
gt | east a p8?%?08’%(?Bﬂ%gsge[ﬁ’%%ﬁt?ﬁﬁ@%@g 9&%%@%8&1?%60 er%é%‘eon; and a'? | east
a portion of imtenti®@ast one pat hogen associ ated nol ecul ar pattern (PAWP) and
at least a portiop,of at [east one flavivirus. _The corrpogia(si ons, fusion

proteins and pol ypepPiesrad yenEangeiales EntomRSiians: BesionfieByéat i n net hods to

stinul ate an,HERHARES S5AMMRE l%d}tiéh SiPleBGlone hiiti 2R an® HDOL FB&kion b 1 nvention
is a conposition conprising at least a 10 portion of at |east one antigen

and at | eést flagglbn thablaclsfa hingd region; andet fertig@pition of whlerst one pathagen{ east one of
the flagelli . [rbi 1 ion. -

Pat hogen- assggslog gé%fg%cgzﬁﬁgéer%gf@\g?k%xw,ah@ucﬁl %fgag!fgglogagﬂlylﬁm or a
bacterial | i [Thpcohpositionscfisivs ptoteins and pslypeftidewbthel irvsntich @n be pr ot ei n,

pepti de, carbohydrate, lipid, |jpopeptide, nucleic acid) found in

m cr oor gani sﬁ?p_{]%{ﬁ n Wéﬂéﬁg SBB‘HL}% U fespanse r‘%?:ﬂ'g’ﬂﬁcfi on receptor (PRR),
can trigger an inpabR dnfBBdifent (BSROAFRN islh@niidsitioaRomBridind &l1bast 4 ke recept or
(TLR). Tall-like receptors refer to a fam|ly of receptor proteins that are

homol ogodd t @ottier obridsesbAme 2ntigen ends rasiadiortiopptfiat sagtoag Hagetian, mbereike
receptors ar gtfgxs‘?%néoﬁ@?ﬁﬁgﬁﬁﬁl}[@d}?Fﬁ%&@é‘g@zﬁ%ﬂo%ﬁﬂl QFegidf Ot €1 NS

characterize y an extrac a eucl ne-rich rep€at "domain and an 20

i ntracel | ul ar donRathogemrasbarjrsersmolecwdar patiere (PANEH)such necBpdetim orkol | - | i ke
receptors include TLR1, .TL TL LR4, TLR5, TL TLR7, TLR 8, TLR9,
TLR1O, TLRlPa%t?Fba?JFE?th.emrﬁggfﬁé? ?153%?&- ajé’i%ea&%& PFBF%EBFQ} ®vattern can be an

agoni st of a chbhydratkgipid, lipopeptide, nucleic acid) found in microorganisms that, when

15  bound to a pattern recognition receptor (PRR), can trigger an innate immune
response. The PRR can be a Toll-like receptor‘(TLR)'. Toll-like receptors refer to a
family of receptor proteins 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

20  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

25  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-kB, Jun

30  N-terminal kinase and mitogen-activated protein kinase. The pathogen-associated

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



receptor, for exanple, a TLR2 agonist (i.e., PanRCys, PanBCys, a bacteri al
25 lipoprotein) or a TLR5 agonist, such as a flagellin. "Agonist," as used
herein in referring to a TLR, neans a nol ecule that activates a TLR
signaling pathway. A TLR signaling pathway is an intracellul ar signa
transducti on pat hway enployed by a particular TLR that can be activated by
a TLR ligand or a TLR agonist. Comon intracellular pathways are enpl oyed
by TLRs and include, for exanple, NF-KB9-Jun 30 N-term nal kinase and

m t ogen-acti vated protein kinase. The pat hogen-associated nolecular pattern

can include atoheRek oPNELREABGIistSETERD Qbrlist t%’ﬁl‘ UParm saeRakisti ng of a
TLR1 agoni st, g TLR%Oagonl SFQ( m& rr%o @:ﬂ% }% bac%(%;sl al

| i popr ot ei n), linomoRE) gBlAR s egqnést (-8, MM)EIT&R"FERM%‘@@@, bactqrigl 9., bacteri al
TLR aont st TPy sl PORS dhnia e B el Zga‘a’fﬁ@%%eﬂ?%ﬁﬁg"”' e
gg; ![ T (S:LI aIlenggg:lﬁegﬁﬁlkg ?]gcm_ﬁf,Ld?I‘LR9 tig ngl;g}tygdrifma?N??gg%f%g IeJiRﬁ0 as uch as
Pan2Cys, Pang@jduig;2 E%ﬁd%ﬁé%ndgaefﬂ%f%@gls Bpr | I|popr otein (Oprl)

Exenpl ary Oprl i paps gi@bds: dmibiolisin MUNVLIGE 4D NO
179), encoded b% 10 A GAAA@TACTAAA&T@I’ACT%ST CC??fI;T S%\CTCT

GCTGGCAGCTT sbCys| ap Avendon@nys, aeryginose R kligeptein (Prthbact er i al

L/i(g\'?'ﬁisltgﬂ\{lll [Mﬁ%&@é{&lﬂ?%@é ﬁ%ﬂ:ﬁ%ﬁh Wencode%ﬁgMWiTGCSSH (SEQ
ATGAAAGCTACT AAQGNQIIVAI}EW AATCCT GGGT TCTACTCT ;5 GCTGGCAGGT TGCT CCAQCAAC
bat ey ( 207L R GadACL A LA CIRREAC O Brs e tio RAR R GrGTRC R T ol &
acid (Ometi, G@T@}GCRU@*TGC?CCBG@AA@(@Q 2RO 1860 1or 3RRdhry £2095)) . For

exanpl e, expression of SEQ |D NGS: 180 and 182 in bacterial = expression
systems (e.g. bage@@hpyprp@mW ysq ip therjaventign dessribasthereini ni t ol ei ¢ aci d ni ety

20 to a cystel M@Lﬁé@ﬁéﬁ ﬁ9§\@.ﬁ8( n%de HE%Q | D NOS: 179,

181) thereby generatlng agonlst Use in the co osi tions, fusion
protei ns and W&AAQGTMTMGGTA@TGGGEGG@G)MEC@T GEGTTCTACTCT

tripal mtayl ateds L RRUANRIOFCERGRAAC (SEQ ID NO: 182). A bacterial lipoprotein
that activates a TLR2 signaling pathway (a TLR2 agonist) is a bacterial protein that
includes a palmitoleic acid (Omueti, K.O., et al., J. Biol. Chem. 280: 36616-36625
(2005)). For example, expression of SEQ ID NOS: 180 and 182 in bacterial
expression systems (e.g., E.coli) results in the addition of a palmitoleic acid moiety

20 to a cysteine residue of the reéulting protein (e.g., SEQ ID NOS: 179, 181) thereby

generating a TLR2 agonist for use in the compositions, fusion proteins and
polypeptides of the invention. Production of tripalmitoylated-lipoproteins (also
referred 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
25 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 2.1 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,
30  glycopeptide, carbohydrate, lipid, lipopeptide, polysaccharide) that generates an

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



referred 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 25 NO 181) foll owed by cl eavage of the signal sequence and
addition of a third acyl chain to the free Nterm nal group of the sane
cysteine (Cysteine 21 of SEQ ID NO 181) (Sankaran, K., et al., J. Biol.
Chem 269:19706 (1994)), to generate a tripalmtylated peptide (a TLR2
agoni st) as shown, for exanple, in Figiye 80. An antigen is any nol ecul e
(e.g., protein, peptide, glycoprotein, 30 glycopeptide, carbohydrate, lipid,

| i popeptide, pol ysaccharide) that_generates .an i esponse in a subject
ei t her when é%%l’ %@%%fﬁ%b%%?'%gﬁ%ﬁy%ofwtﬁe ﬁbﬁwe-ogg%gi,ge St’fgle’égel lin,
Pan2Cys, PanBiysda Rhigrhdht bhgorabs encan@bllipodtitig attigenaita sgathetiCablebge a
fragnent or portion of a naturally occurring antigen or a synthetic nol ecul e
that nimcs theemigicsihenapradbicsermrng apligengea Pefion Ogﬁﬁetn%\ﬁalb’f()%%naat ural 'y
occurring agpigen. 5 The antigen can be a viral antigen. A "viral antigen,”
as used herein,"refers to any portion of a virus (e.g., flavivirus) that
gener at es5an i nmuitbe argigpo paebe awvieal astigen.e At “venl dnégenyhausedpéroinertisrn

conbination with a PAMR (e. a.flagel |i Pan2Cys, PanBCys).or in the
absence of atwom‘%of\?i(x?%? CX- ﬂ@véwgﬁaﬂ%engd%ﬁﬁ%gﬁnﬁ“%%’é’garrent of a
natural |y ocguljédt ehey iwhe e@plogedititohdidation@itt e PlABMVE (g, 4 Bagdllid,cs a natural ly
occurring virus, such as a reconbj nant or s%nt hetic protein (e.g., a

flavivirus), PREdCydBampeyy) @r incthe Bowyrded ANhal he Bl pREgER °4h b Amune response
in the subj ?)Bltti'on"oP‘B. ﬁjagfgiﬂt,o?a Bg?gﬂlg%céugﬁl\?ﬁ *Fig.ﬁ%g E??xgg%d ﬁc&l%@tﬁ@ﬂﬁpce to at

| east a portion of an Ligen _ ans any part of
the anti dén orimidse nehvrallyeicyurpihg wires, seohtas gaecombianesranypthetic proteire@sgt, a porti on

of a flavivir anti.gen..can. be an envel 15 protein r_a domapn (e.g.,
dormin 10 11 Ty PRREE holf BB RRETRT sl T rtrpSl-PafR R ER. (e
flagel I'i n enphgyed Aricisoe powiopdss sediereid ingeferenps totag last apudtigodfigpept i des  of
the invention can |lack at |east a portion of a hinge region. Hi nge regions
are the hyp@PiEePi(aB & VTl GnBERD).gReans Apapst qLithe a0geT Py the SRFE05Mfo- t er i nus

and carboxy 2@kdear Fbidanle, hif1Bast b 38%bh bia AkHiiSS af 'fb'aﬁb%n@mfelo%ge' lin are
also referred to herein as " Z‘%pervarl abl e regi ons™ or "hypervariabl e hinge

regi ons. 15" Larkein, g dogeih (. diomaind, II, IIT) of an envelope protein of a flavivirus

antigen.

The flagellin employed in the compositions, fusion prbteins and polypeptides
of the invention can lack at least a portion of a hinge region. Hinge regions are the
hypervariable regions of a flagellin that link the amino-terminus and carboxy-

20  terminus of the flagellin. Hinge regions-of a flagellin are also referred to herein as
“hypervariable regions” or “hypervariable hinge regions.” “Lack,” as used herein in
reference to a hinge region 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

25  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 weré absent from the flagellin of SEQ ID NO: 1, the

30 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.



reference to a hinge region of a flagellin, nmeans that at |east one am no
acid or at least one nucleic acid eodon encoding at | east one am no acid
that conprises the hinge region of a flagellin is absent in the flagellin.
Exanpl e of hinge regions 25 include am no acids 176-415 of SEQ ID NO 1,
whi ch are encoded by nucleic acids 528-1245 of SEQ ID NGO 2; am no 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 ofi- SEQ ID NO 58, which are encoded
by nucleic acids 519-1392 of'SEQ ID NO 59. Thus, if am no acids 176-415

were absent from tg 1Edse@gdrtibMoRd hitEQekidn™N@s uded HehSn, 36¥eksl 1888} pdriorul d | ack

a hinge region. A flagellin |acking at | east a portion of a hinge region is
al so ref er r edhinge rpgias of thes AMP ((p. g Eagedlin)yvesrths eniirety pf e hinggatdiom “At21- " At

| east a porti f_a.hi : 1 o0 10 W o = art of

t he hi nge regﬁgﬁ%&oﬁfﬁe&g%\#@?&e@% ,I_S ?ﬁ%ge‘%ﬁdﬁﬂl@g& atsr?e‘fffg%%ﬁ%{gmégpt he hi nge
region. "At Fkegist” Ropommplenthehinge égigeofie gipbiviuriug: RdgebinrR(fEBrdsb t 0 herein
as a "fraggent .of i nge .. ' N~ anple, the hin ' of S.

t yphi mur i (i f feéa”éfiﬁ?ﬂef aﬂ@%ﬁﬁso"%g@%r‘%@&“ﬂﬂ24'6962%{5%?1 ity sreo" or
"STF2") is anNm 19'%135iﬂeﬁ@od@&@g@hcl@ﬁ@cid@at tioh 529N D40 SE@MTNERG, by nucl eic
acids at position 528-1245 of SEQID NO.__ 2. At least a portion of the hinge

regi on of flj Bt&wR2 pogipnpd thefhingeangiap PEIBAM hocandedor examplaemingacssQ | D NO

1. Thus, if apyhn i 0 Abse 0L A :

resul ting am 22@3%(?% seaﬁgﬁgqu% EfEEZ mﬁ%d{%&@@ﬁrégﬁe@%&s??gﬁ of a 10
hi nge regi on. NA: 1| thas¢subing amirioariddeqeennadUS B would tack it legst a pbitmgefhi n can be
repl aced Y\e')th at |east a portion of an artificial hinge region. "Naturally
occurring'¥ alP§8E§Merein in reference to a hinge region of a flagellin,

means the hinge regt I%Bstfaﬁb@f:tioh%f@h@ﬁaﬂlﬂ%dcé\miﬁ@@ﬂﬁl@lliiﬂ&nfﬂe&ﬂﬁ&deﬂﬂvithﬁﬂr
exanple, amng acids 176-415 of SEQ ID NO 1, amno 15 acids 174-422 of SEQ

ID NO 68 andleaphiaportin afgn artificiebhinge regian. |"Dangsllyngeuripg,” af peddgieinaci ds
menchen 11 agStT i o FRie feic e Rnocgh e raiof Bt e b A G 0
reference to the tativgBageligi dior ofampld, laagrel dcids, 1 76mdhof SEQIINGEOTgingm t hat is
(e e 19 el o Saspl e R SNPTPlod DL IRY SBA o o
| acks the nat dfeainiyo aidslotredpgnding gethe @giutid hinge region of STF2, E. coli fliC and
S. muenchen flagellins, fliC, respectively. “Artificial,” as used herein in reference to
a hinge region of a flagellin, means a hinge region that is inserted in the native
flagellin in any region of the flagellin that contains or contained the native hinge
20  region. For example, SEQ ID NO: 32 lacks the naturaily occurring hinge region,
which has been replaced by amino acids 176-186, the artificial hinge region.
An artificial hinge region may be employed in a flagellin that lacks at least a
portion of a hinge region to facilitate interaction of the carboxy-and amino-terminus
of the ﬂagellin for binding to TLRS and, thus, activation of the TLRS innate signal
25  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 flagellin' employed in the compositions, fusion proteins and polypeptides
30  of the invention can be at least one member selected from the group consisting of
fljB/STF2 (S. typhimurium flagellin B, Genbank Aécession Number AF045151), a



whi ch has been replaced by am no acids 176-186, the artificial hinge region.
An artificial hinge region my be enployed in a flagellin that |acks at

| east a portion of a hinge region to facilitate interaction of the
carboxy-and am no-term nus of the flagell in for binding to TLR5 and, thus,
activation of the TLR5 innate signal 25 transduction pathway. A flagellin

| acking at | east a portion of a hinge region is designated by the nane of
the flagellin followed by a "A. " For ewanple, an STF2 (e.g., SEQ ID NO 1)
that |acks at | east a portion of a hinge region is referenced to as "STF2A"
or "fl1jB/ STEZA, : ' he
conposi ti onsﬁ%én eslétgﬁgl %/gﬁ?%QgWa%@$%1ep }Sglé%gﬁ%i {og’fe %ASO?%\%EIE? )E)n can be
at | east one(Gerbesk Asedsgiot NdmberohB28476); o tegmenif &t caipflagellinfliCBf. STF2 ('S.

t hlnurlumfl C on Nupber 5151 -22- fragnent
o P11 Ty S rom@ihep tRedin ST AR SopRe el S drnder Sqortd o fadid cof y
fliC (Genbgnk ,ﬁ@%@ﬁ@dmelﬂiﬁmﬁ@r AB028476), a fragnent of E. coli flagellin

fliC, S. _nuenchen flagellin fliC (also referred to herein as S. inuenchen
f1iC), andl a fraghbpflagedin aploedie isompagiiens; fisiopipeteins askpolypspiédesi n

enpl oyed in (ﬁg;};ﬁ f%g@i t he

i men%/l onI i ngfﬁg g6 @git&e%g%%PQ%@&%% fpggg%ﬁﬁﬁ)oﬁ%%%ﬂb SEQ ID

NO 58 and SHQ: ISB)aNd)SEQGDNO 6& atleash a portionoh SBO IDEO! [) alieast B, poetionladast a
ortion of | east | D NQ. 58 t least a
Port1 on of sSEE NP teatperiihiarRkPIT NEL sEhmdidmets PRlor FisHERSS, ' S20 1 B
glg ygeptS |E ((j?eI Enc e%mb%lmgu d)dEdN@SEﬁPIDNIO 3 steaNa QQEQIMSI?)O;nS SEQ I'D
NO. ~ 69. aﬁ%@wgﬁ @%&i@?ﬁwr attl??étamrem Pﬁwa@eaﬂ%%qceﬁedpbyﬁ@ﬂ)conpn si ng
at Ieast a R@y- b QE ab 1Rd: 4@@@}1[9};1@ 9 LADSHQ N @Rigol east a portion of at

| east one flagelTi wherei'n | east one of the flagellins lack at |least a
portion of a hingl a@@leonmchtmemu@lﬁ@Wepﬁlmlélarfuﬂomowmmﬁmgﬁtleﬂ@faers to a

g;(r)r;tzed/g gggﬁég{/u%g Eﬁ@g&%?e a?x?ig%r{ and‘%?le%!:trgpogﬁo orf agie%t'o ¢ hﬁge‘ﬂﬂ? %{ﬁgreirt ge 9.

portion of aaMessabngoithefingellinsdickat Eaitlarﬁo&tbnaﬁvaxh@etrégmn or noncoval ently.
The conpggents of .the fusi on, p rotei n .can.be made,, for gg]ol e

syntheti tally (e. us@é“aﬂ%@‘@% sty Tefersdy A PEHEREPREIRIE ORI Ableasta g
techni ques  two similar or distinct components (e.g., Pam2Cys, Pam3Cys, PAMP, at least a

portion of an antigen, at least a portion of a viral protein) that are linked covalently
or noncovalently. The components of the fusion protein can be made, for example,
synthetically (e.g., Pam3Cys, Pam2Cys) or by recombinant nucleic acid techniques
20  (e.g., transfection of a host cell with a nucleic acid sequence encoding a component
of the fusion protein, such as at least a portion of a PAMP, or at least a portion of an’
antigen or a viral protein). One 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) can be linked to another component of the fusion protein (e.g., Pam2Cys,
25 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
30 athiol 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



20 (e.g., transfection of a host cell with a nucleic acid sequence encodi ng
a conponent of the fusion protein, such as at |east a portion of a PAMP, or
at least a portion of an antigen or a viral protein). One conponent of the
fusion protein (e.g., Panm2Cys, PanB8Cys, PAWMP, at |east a portion of an
antigen or at least a portion of a viral protein) can be |inked to another
conponent of the fusion protein (e.g., E’amzcys, 25 PanBCys, PANT, at |least a
portion of an antigen or at |east a po'l2 Ton of a viral protein) using

chem cal conjugation techni ques, includin gepti de con(jlu ation, or using

mol ecul ar bi ofEHtioRIngladeHQ R NOS: ﬁc?lua?an?g’ & 8n¥fh $48%: ﬂ%%@f%’lrﬁéy,”:such as
the generaliogyah ?6,f3ﬁ,sz},d)zﬁxd%ﬂteﬁéo’&e&%f‘?%g}i)ﬁtNO@f%07951 79901, ygasien (al so

referred to rein'as "chemcal cou can 1’'ncl ude ‘conjugation by a
reactive groumd E8dRigases302§ 31 N33pB7.gootpar(ded3dy. , a cysteine residue) or by
derivati zation of rimar . .ammno-termnal) or seco ry (e.g.,

| ysi ne) group. Exeﬁﬁfo&g;otfﬁxg%gwgﬁvgﬁtéqnncsang)? d%:%%na;c%@g})clowgﬂﬂ oh Thel ude SEQ
| D NOS: 6, 5 71fusibd,protbins Séparabed, by@4:,” &6'-.arkbr todnflE] ‘SIFRFIB relés to 30, 32, 36,
38, 40 and 42),.encoded by SEQ ID.. .. 5, 70, 73, 77, 81, g? 85, .87 and
158 (Fi gures gisiopgrotea comprising oneygB/SIF2pipfegnd ehepss 4 prtione Aemaih W he

[ nvent i on can(be il darkad oy WeARRRNGRL Sullodeliforeh; kibisoRIERieI NS
separated by a "." or "-." For exanple, "SIFZ.EIll" refers to a fusion
prot ei n conpr refératp afveiohipra¢is TrRpsing eierfljBAd Fatprotelmdackingzs leestarpogiondomai n
11 (see, infg .Of | e st N} Ifus. e r i.n; and
"STR2A. ElI'l 1" Orlg%kélg%e rt% %1 Ogggifsﬁv%% aﬁ)"%ﬁeﬁpﬁ rééogjrf)\é‘rqogﬁhngﬁ%ﬁlg??e%t%}l %%%ﬁppr otein
| acki ng atl0| edsie vaupeaiveiopeprotdin.i t S hi nge regi on and having at |east a

portion of domain JIl of at |east one \West .10 Nile virus enve|l ope protein.
In yet another enb eﬁ%‘i?ﬁl}erteﬁ‘gom%% ARVERLOTLIS @ GAERSTHOD PRSP | ng at

lleast a porti eAst@fpofion FableaBRe PARIYRAAEBIRRA Ph M Rithr PR HhPdt 128¢d ern and at
| east a portion of at |least one viral protein selected fromthe ]%roup

consi sting of pertigeef atNpastonewiirabprofgirotetscied frem tha graupeprwstingode &est Nide Kunj i n
viral protein,; : (3 ] m;l%, [ a Japanese
encephal itis W?ﬁg%{%ﬂrhg%lé%@a{ ?4@&&%%%%hg%ﬂgﬁ ré%he![al S Vi %?{Pl%r otein, and a
Yel | ow f evgr encephalitis oireli proteinha tdpamese eridephalitic vahl proeimt 2 Tik-bofitee

pat hogen- assogt at it oL 8 AL, B PRk it PhroRE LBk 88l SOTPOTONE S
proteins. The pathogen-associated molecular pattern and viral protein can be
components of a fusion protein.

The genus flavivirus is in the virus family Flaviviridae and consists of about
20 70 viruses. Mosquito or ticks transmit most of these viruses. Several flaviviruses
are significant human pathogens, including the four dengue viruses (Denl, Den2,
Den3 and Den4), yellow fever (YF), Japanese encephalitis (JE), West Nile (WN,
also referred to herein as “WNV”) and Tick-borne encephalitis (TBE) (Weaver S.C.,
et al., Nat Rev Microbiol 10: 789-801 (2004)). The flavivirus genus is divided into a
25  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

30  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 genus flavivirus is in the virus famly Flaviviridae and consists of
about 20 70 viruses. Mosquito or ticks transmt nost of these viruses.
Several flaviviruses are significant hunman pat hogens, including the four
dengue viruses (Denl, Den2, Den3 and Den4), yellow fever (YF), Japanese
encephalitis (JE), West Nile (W, also referred to herein as "W\WW"') and
Ti ck- borne encephalitis (TBE) (Waver S.C., et at, Nat Rev Mcrobiol 10:
789-801 (2004)). The flavivirus genus_jss divided into a 25 nunber of
serogroups based on cross-neutralization tests, including the dengue
serogroup th i r icall e ct viruses
termed DEN- ?f,ea‘%gﬁlbg?ﬂ%é&?g&éﬁﬁ% e%é%‘?‘lzfﬁg %\#?/??%S%@%‘?%H&G% &tdé@nvel oped
vi ruses w t hfleviosah@eraapsid &Py tidanendirene (l\/[)md\theramselgpmm)@mtang, and

si ngl e-stranded positive- sense ctly

transl at ed b§evteﬂg°1?§6"§?t”@ép1°t &ggggﬁﬁg%ﬁ%) }\l:#lgd\llﬁgﬁ ﬂ\gis& ral genome
s trans| af efyasved cshnolfy RS} YRBBboHE00ALANTSTAIP eMeTthyiviDS genome
post-transl ational’ -24- cleavage by viral an lul'ar enzynes to generate

t hree strdct areahizgiastiedepicted intfigure fi.aThe viral §aI(>!<Hé cempesed of By C-pteithenbr ane

Neoa N2, NEE PRETK LN ELRE ol RERYEA R BRSSO, O il

1990: 44- 649 (RBOAWeaveEhR:Ct, leawl, War. [Revglliveotsol5 ] 7880 @004, Clmndepiatt ed i n

Figure 44. Th capsid f, the .C-protein both the M
and envel ope Eﬁ%?“ﬂ‘fg 12% 04’@(:2‘{ %g%g?ﬁ%g née‘f‘@ Ié Wﬁﬁ%foé%\p‘t’lﬁguse\sn rion
(Weaver, S. Cisth€membrane Biddclop8g¥oteily] Cr obi ol . 10: 789 801 (2004); , Chanbers et

at, Annu Rev. Mcrobjol. 44: 649-688 (1990)). A maj or i munogen for
flavivirdles is i%ﬂ%%}s&ﬁéelmp@w @fscatrexeﬁnvw aFﬁ%nl?YaWiﬁFr us envel ope

protein playg:feifOfofn! 'arﬂrd\%cftfx"% SBISETdthe iRES FhicRk 5 é‘éha[é% Jagé f fhePr Ot €CLI Ve

shel | around the VI rus serves as a cage netic materi al
i nsi de, shel geretingatdniel msﬂu§hdmnng thet vius ungl 1@aséda8ﬁd1slsw@ aaholst@sﬂ cell. Wile
sinmple virus otein.s c_ information, nore

onsi,st. of an I e
compl ex vi r odgute SEaRIR vigdhep PelR Br LR B SRl Bt MRbisiesoR Rafier  bet veen
the 15 prot eicdsmplhjelvirusmduwh asaﬂlavgmmpals&cdnltzaﬂaMpfduﬁlaszarbemu‘eﬂmea host cell
when the viral gfﬁ? proteln to a rece or ﬂé&@ gﬁpon s by
conf or mat? on&FotgiR shelland Xiralgenopme; Vlfvé‘HEJE%benﬁqu B The
conf or mat i onghyefdiR PpaSeih 'Bﬁié@ €5 a fedeptOnan@fresponds by conformational rearrangement

to the reduced pH of an endosome. The conformational change induces fusion of

viral and host-cell membranes.
The envelope of a flavivirus may function as a receptor binding protein and
20  to facilitate fusion of the virus and host cell membrane. As a receptor binding
protein, the envelope protein is a determinant of host range, cell tropism, virulence
and elicits neutralizing antibodies during the immune response (Roehrig, Adv Virus
Res 59:141-175 (2003)). The envelope protein is responsible for fusing the virus
and host membranes (Chu, et al., J. Virol 78:10543-10555 (2004); Heinz, et al., Adv
25  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 USA 100:6986-
6991(2003)). Envelope proteins of flaviviruses have common structural (domains I,
30 I and IIT) and functional features (receptor binding of virus and host cell and fusion



viral and host-cell nenbranes. The envel ope of a flavivirus may function as
a receptor binding protein and 20 to facilitate fusion of the virus and
host cell menbrane. As a receptor binding protein, the envelope proteinis
a determ nant of host range, cell tropism virulence and elicits
neutralizing antibodies during the i mune response (Roehrig, Adv Virus Res
59:141-175 (2003)). The envel ope protein is responsible for fusing the virus
and host nenbranes (Chu, et at, J. Vired3-78:10543-10555 (2004); Heinz, et
at, Adv 25 Virus Res 59:63-97 (2003); Chu, et al., J Gen Virol 86:405-412
(2005)). Crydtmzkiboyaapit class I ficsian ghgcopfotdine(Ltscak etvdr Gell dALephadd tis virus
envel ope prot Z gnd t he Dengue-2 (Den 2) virus envel ope protein have been
determ ned (R é/dbl t al., Nature 375:291-298(1995); Mdis, et at, Proc Natl

Acad Sci USA 100: 68Bfe pRIRJior 063D Imatich @l 8IBFe RORIMIfME BmbdiAkis\bhimses have
common structural (domains I, 30 11 and I1]) and functional features

(receptor bi n@uiggswfacy pkthe vigecpapiisdes (ReY:lef ghdVarrgiddn 290398 Kubr.icvds) "and are

class Il fysi l\¥ GoRF j M‘ﬁ(ﬁ , , 8 001)). In
the pr e-fugi o(nmggrqgg(r??rg?% gjr?pgénve gg%dhga&btg)ecflhg ll)cjrer#9 %ﬁ‘%ggor?éﬁ’s%él}?t he outer
surface of thenveloneprgeintmanbomer foRisyintoghreabtryctudalt donei {8o@gas R¥8nd IKuhn, et
al., 5 Cell 108:717-725 (2002),, Mukhopadhyay, .et al. i ence,302: 248
(2003) ). Ench PRRBIGHET Rrbkoart ot hsmanas. Parte Rrereds Birles chdr domai ns
(domains I, | Dgnds dentrpily BEAEHH thaithcdirE AARS 8 Noflydodylstismsfsn Domai n |
(also referred to herein as "I" or "D "ﬁ(ls centrallyr | ocated in the

structure and ghagsyiedenypipporspreins: dipmain € (plpo refpripdsa hraingy “Enoeildipe .
pr ot &1 1S. 1G0T thelchydiaheiPort BRLH ST fithchehifh/ind Bas  fusioR ToophdTinsedOinflf ! NE

envel ope protein pronotes direrization and has a fusion Foop that 1 nserts
into the tar dhstatgeshostmembranedating thepHidepqridenidpaomiedthe imss fodest etdde vi r us

3 725, 798 (2008T 12" BohalrCPI: ParebPetal, BT AL A RO - or B 1)
is at the car Mwnyeii HI (@lsousfenéd tolteeeiea/lIo pe IIDY) &ia theldarbokyiterinus 8f al SO
|11 has. sever die GRPPBDRtom REHR T AR o045 SaRRGIY SP g Lsht | bod 65
(Roehri g, 1AdV aMiifdif dGhindnkel: Domalr?IPBk)severdl cpfiéliel aPean diciidi-gs Wi th
several flaviviruses, including Tick-borne encephalitis (Mandle, et al.,
neutralizing antibodies (Roehrig, Adv Virus Res 59:141-175 (2003)). In addition,
studies with several flaviviruses, including Tick-borne encephalitis (Mandle, e al,,
J. Virol 75:5627-5637 (2001)), indicate that domain III, which has a fold typical of
an immunoglobulin constant domain, may mediate flavivirus attachment to host
20  cells (Anderson, Adv Virus Res 59:229-274 (2003)) and, thus, be a receptor-binding
domain.
The crystal structure of domains 1, II and III of the envelope protein from the
Tick-bome encephalitis flavivirus and the Dengue 2 flavivirus has been determined
(Rey, F.A., et al., Nature 375:291-298 (1995); Modis, Y., ef al., Nature 427:313-319
25  (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
30 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



J. Virol 75:5627-5637 (2001)), indicate that domain II1l, which has a fold
typical of an imunogl obulin constant donain, nay nediate flavivirus
attachment to host 20 cells (Anderson, Adv Virus Res 59:229-274 (2003)) and,
t hus, be a receptor-binding domain. The crystal structure of domains I, 1]
and Il of the envelope protein fromthe Tick-borne encephalitis flavivirus
and the Dengue 2 flavivirus has been determned (Rey, F. A, et al., Nature
375:291-298 (1995); Mdis, Y., et al.psNature 427:313-319 25 (2004),
respectively). Domain | of the Tick-borne encephalitis envel ope protein

corresponds 4 @ i 1 A 9 - a@gﬁg ) 174;
domain 11 &&%ﬁ#ﬁ?@ﬁﬁélﬁ@%ﬁiﬁ%ﬁ igglﬁaggvei oﬁ%ﬂéﬁ){& el n %l) d%gEgQ | D NO.
174 corr espohiisandt1§4-2ifP nHSEQ illd NG2-60 3ghdxteeh aiOlL @8respandsl tockomiad acifls

corresponds i i 303: .39 EQ 1,D NGO, 1.74. w4, et al.,
Nat ure 375: 2@:%83%?3@@?9 g@d“’?%g%?fﬁg"% ﬁ“’(ep‘%kﬁg 3&5)%@%3@8%(1 by SEQ
ID NO 175 (locgion®f d8haindR)Mkdnd IIT BbtiehAavildemoug., Vst Wle virad) Sapanssel ope
protein correspaonds to am no acids 1-52, 13%- 193 and -26- 280-296 of SEQ ID
NO. 160 (Fi gEhceppbys Regg hvirds, Rerguesiperna snd Beoaghedo ae) ladassdon131 and
194-279 of SR 418 NP thel BRk-bBAE HYFRARs! chbel6 N FrBRRONAS A hnd M erdpb dS
297-495 of SEQ ID'NO 160 (Modis, "Y., et at, Nature 427:313-319 (2004)). The
| ocati on of Yemmglops protein Hompigs.| Thuspfefesenive hereimipidemains of Bagvirusvest Nil e
virus, Japan . i, | | W [ U . e and Dengue 4
virus) is bagréﬁmghﬁq%gﬁo dggfyal"%?m %g%?&@gééﬁd%%{%%%ﬁf ﬁés‘;‘be}’r?llflsel ope protein
domai ns and é¢dvelopeptsins @ad ErvigledpRavivioissnneldpaprotens, arbbssed bef er ence herein

to domai of flavivirus, proteins, in parti.cular,. flaviviruses other than
Tk borlte. chrmsig idbiiine B Hidksornd o RRuUES Pl PR B
flavivirus ey@eape PASEEHREnvadR fgeRd on 10 hormol ogy to doneins in the
Ti ck- borne encephalitis flavivirus envel Qpef&rﬁot ein and the Dengue 2

f1avivirus envel ope domsireilhof timenvalopa pretein pf de DEN:lavivisysspeodss tieei n of t he
DEN f | avi vi r us; ﬁ‘l@?&whﬁm [.QrLt: ALV - ific
conti gu\c/)lu\s{I c’?ilﬁltoﬁgg / ot}n rllantsqﬁiee%ﬁ) Féa{ f’%ﬁrﬁ 8%%%’?%%@5#%%@?%8&? ITI Adv.
Virus Res. 5&itbads (RREDRE) J.Ti, Adb. UbitusRes.H: 143 (RODR\int Td{ramha fouPBRK, DENS,

Becmpl arl? enbETp EYL AR BER e el B SRS el lplrne i RieRs.
homologous. Exemplary envelope protein sequences are shown in Figures 45, 68,

70, 72, 74 and 77 (SEQ ID NOs: 39, 160, 162, 164, 166 and 171, respectively).

The seven nonstructural proteins of flavivirus envelope proteins are involved

in the replication of the virus. NS3 is a multifunctional enzyme that encodes a

20  serine protease at the aminus-terminal region; and helicase, RNA triphosphatase and
NTPase activities in the carboxy-terminal region. NS5 encodes a methyltransferase
and the RNA-dependent-RNA polymerase. NS2A, NS2B, NS4A and NS4B are four
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

25  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., 4nnu Rev Microbiol 56:371 (2002)).

30 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



70, 72, 74 and 77 (SEQ ID NGs: 39, 160, 162, 164, 166 and 171,
respectively). The seven nonstructural proteins of flavivirus envel ope
proteins are involved in the replication of the virus. NS3 is a

mul tifunctional enzyne that encodes a 20 serine protease at the

am nus-tenni nal region; and helicase, RNA triphosphatase and NTPase
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Nile virus infection has also been a significant cause of human illness in the United

States. The envelope glycoprotein of the West Nile virus (WNV-E) and other

20  flaviviruses may be important in formulating compositions to stimulate an immune
response to generate neutralizing and protective antibodies. Currently, there are no
compositions that prevent West Nile virus infection, for example, by stimulating an
immune response in a subject.

Japanese encephalitis (JE) virus is localized in Asia and northern Australia

25  (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.

30 ’ 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),



mani festation of WNV infection is fatal encephalitis (inflanmation of the
brain) in humans and horses, as well as nortality in certain donestic and
wild birds. West Nile virus infection has al so been a significant cause of
human illness in the United States. The envel ope gl ycoprotein of the West
Nile virus (WNV-E) and other 20 flaviviruses may be inportant in formnulating
conpositions to stinmulate an i mmune response to generate neutralizing and
protective antibodies. Currently, therg are no conpositions that prevent
West Nile virus infection, for exanple, by stimulating an inmune response
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cases of dengue henorrhagic fever (DHF) occur in the tropics each year,
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serotype/virus remain susceptible to infection by the other three DEN

ser ot yped? vi PENesrotypgs/¥isesge aan lead ©dianeve gpnasthagisifeven €DPF herrdengue
shock syndrome (DSS), which are life-threatening diseases.

DHF may be the result of an antibody dependent enhancement (ADE) where
non-neutralizing antibodies induced by the primary DEN infection form virus-
antibody complexes in secondary infections that are taken up into macrophages by

20  Fc receptors and, thus, enhance virus infection. About 500,000 cases of DHF occur
each year, mostly in children, with a fatality rate of about 5%. About 600 million
children are at risk for DEN infections, about 60 million may get DEN infections
each year, and about 60,000 may be hospitalized. In addition, to the public health
problem, military personnel are often sent overseas to tropical areas of the world

25  where DEN viruses are found. Significant numbers of soldiers succumb to DEN
while performing overseas, such as in Soﬁialia, 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

30 (Barett, AD., Ann. N.Y. Acad. Sci 951:262 (2001). These compositions can be

divided into two categories: live attenuated and inactivated. Compositions



15 DEN serotypes/viruses can | ead to Dengue henorrhagic fever (DHF) or
dengue shock syndrone (DSS), which are |life-threatening di seases. DHF nmay
be the result of an anti body dependent enhancenment (ADE) where
non-neutralizing anti bodi es induced by the primary DEN i nfection formvirus-
anti body conpl exes in secondary infections that are taken up into
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Many different approaches have been taken to develop compositions to
prevent flavivirus infection, but many have not been successful. With respect to the
disease DEN, which is the result of four related viruses (DEN1, DEN2, DEN3,

20 DEN4), a composition may need to be developed to one or more the DEN
flaviviruses. For example, a tetravalent (DEN1, DEN2, DEN3 and DEN4)
composition may stimulate an immune response simultaneously against all four
DEN viruses and thereby eliminate the potential of antibody dependent
enhancement.

25 Currently, there is no effective compositions to prevent infection by many
flaviviruses, including West Nilé 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

30 tetravalent live Dengue flaviviruses may have problems with interference and

imbalanced immune response resulting in many compositions being tested with



preventing flavivirus disease. Long-lived neutralizing anti body responses
followng 15 adm nistration of conpositions to treat flavivirus di sease or
to prevent flavivirus disease may al so be inportant. Many different
approaches have been taken to devel op conpositions to prevent flavivirus

i nfection, but many have not been successful. Wth respect to the disease
DEN, which is the result of four related viruses (DEN 1, DEN2, DEN3, 20
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(Medzhitov, R., et al., Cold Springs Harb. Symp. Quant. Biol. 64:429 (1999),

Pasare, C., et al., Semin, Immunol 16:23 (2004); Medzhitov, R., et al., Nature

388:394 (1997); Barton, G.M., et al., Curr. Opin. Immunol 14:380 (2002); Bendelac,

A.,etal, J Exp. Med. 195:F19 (2002)).

20 As discussed above, the binding of PAMPs tc TLRs activates immune

pathways for use in the compositions, fusion proteins and polypeptides of the
invention, which can be employed in stimulating the immune system in a subject.
The compositions, fusion proteins and polypeptides of the invention can trigger an
immune response to an antigen (e.g., a viral protein, such as a flaviviral protein) and

25  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.

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

include, for example, one, two, three, four, five, six or more pathogen-associated



(e.g., bacterial lipoproteins and |ipopol ysaccharides), bacterial DNA
sequences that contain unnethylated CpG resi dues and bacterial fla;gellin.
TLRs act as initiators of 15 the innate inmune response and gat ekeepers of
t he adaptive i mune response (Medzhitov, R, et at, Cold Springs Harb.
Synmp. Quant. Biol. 64:429 (1999); Pasare, C., et al., Semn, Imunol 16:23
(2004); Medzhitov, R, et al., Nature 388:394 (1997); Barton, GM, et at.,
Curr, Opin. Immunol 14:380 (2002); Benddlac, A., et al., J. Exp. Med.
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polypeptides of the invention can be an envelope protein of at least one member

selected from the group consisting of a West Nile viral envelope protein, a Langat
viral envelope protein, a Kunjin viral envelope protein, a Murray Valley encephalitis
viral envelope protein, a Japanese encephalitis viral envelope protein, a Tick-borne

20  encephalitis viral envelope protein, a Yellow fever viral envelope protein and a
Dengue viral envelope protein.

The compositions, fusion proteins and 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

25  least one member selected from the group consisting of domain I, domain IT 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 III of the West Nile

30  virus envelope protein.



Panm2Cys and a PanBCys. PanBCys is ([Pal mtoyl]-Cys((RS)-2, 3-

di (pahni t oyl oxy) - propyl cysteine). PanBCys is also referred to herein as
"P2." PamRCys is (S-[2,3-bis(pahnitoyl oxy) propyl] cysteine). 15 The viral
protein for use in the conpositions, fusion proteins and polypeptides of
the invention can be an envel ope protein of at |east one nenber selected
fromthe group consisting of a West Nile viral envel ope protein, a Langat
viral envelope protein, a Kunj in virah envelope protein, a Murray Valley
encephalitis viral envelope protein, a Japanese encephalitis viral envel ope
protein, a Tick- T al r a Yell ow fever
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"JEI," and TIHJEIIT, " as used herein, refer to domains I, and |1
respectively, of t he Japanese encephalltls flavivirus envelope proteln
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i nclude at |east
15  protein referenced as “III” is one component of the total of that domain plus at least

one of at least a portion of either or both of domains I and II. For example, “EIlI+,”
as used herein, means the compositions, fusion proteins and polypeptides of the
invention include domain III and at least a portion of domain I. “EIII+” is also
referred to as “EI/IIL.” “JEII+” is also reférred to as “JEIIIL.” Similarly, when
20  compositions, fusion proteins and polypeptides of the invention include domains of
envelope proteins of flavivirus, the domains can be any combination of domains I,
I1, and IIT and can be designated based on the domain. For example, EVII includes
domain I and IT of the West Nile flavivirus. The absence of a “+” in reference to a
domain (e.g., EIII, JEIII, Denl III) of an envelope protein employed in the
25  compositions, fusion proteins and polypeptides of the invention means that the
composition, fusion protein and polypeptide includes the referenced 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
30 proteins and polypeptides of the invention can include at least a portion of at least

one member selected from the group consisting of



one nenber selected fromthe group consisting of at |east a portion of

domain I, at |least a portion of domain Il and at |east a portion of domain
[11. When a domain is. designated with a "+," for exanple "EIIlI+" or
"JEIIl+," the portion of the envel ope 15 protein referenced as "Ill" is one
conponent of the total of that domain plus at |east one of at |east a
portion of either or both of domains I and H For exanple, "EIll+," as used
herei n, means the conpositions, fusion 3;§*rot ei ns and pol ypeptides of the
invention include domain Il and at |east a portion of domain | "EIII+" is
also referr e(MEISLQéK(EWYI(IWCSKAEEFLGTPAWCEX‘E@BVW@E@QWTBGE@KVB@S/ 111,

S arl v, when, S05nIPOSRE AR RARARNITAPEARFGRRLPOBRIARR R he

invention inclu mai NS of ~ envel ope proteins of domai ns
can be any corHHWaIKSGSSIGKASER) MNO; 7, which iaad EIN+ amind acaiselpencs siegnat ed

based on the do For e I'l. .incl des dOITB.I | and.ll of the West
Nile flavivir d@ﬁmﬁgéﬂ %ar}gfioﬁamkjomﬁ R ‘é‘?ﬁéﬁ@ﬁ“}ta& °GBHAr (e.g., EIII,

JEILT, Denls Ilséqueﬁée @6&5&1&@11%@%%@&@@%@@&5oyed in the 25 conpositions,
f usi on proteins and poly K& des of the invention neans that the
QSI%%

conposi ti oln fEET YRV ARIP AJSTGREFVIVAELETGRPSAJKVRISFRAShYBE donai n.

F o

cormpost 11 ons. TR ARET RV ATARICPI RS R PEEDS LA OORIRIOTIANS, |

}/i g qu a ng V‘fs{SEQhIDEN(w 8, AV eseNvie birpe Sfanfird iGT, 13 refemed foras t MeestAdibgpRiy; t i log;,st .,
portion of ot WeblsvESRARR e bER AT By B R F B R s VA NRES ' °55:

MEKL QLKGT TGV ESKARKF - EIPADE GAGTAWA K, RGE QINHHWHKSG
VASLNDL TPVGRLVTVNPFVSVATANAKVLI ELEPPFGDSY! VWGRGEQQ N HHV\HKSGSSI &K (SEQ ID

NO 7, which i(8E @@ﬁ@&%ﬁ%ﬂ@ﬂ%%@q&h@ glpporefarredte 8y Mept Mide no aci ds
are dOfTB.I n | \W&be b m@ﬁmﬁbﬁﬁémﬁﬁm'(@w%ﬁwé%yeﬁmms domai n

[l of the en
GTTYGVCSKAFKFARTPADE@AE/ Y. EL QY TGKDGPCKVPI SSVASLNDL

N Lo vi tus,  SPAVORBA A TUr A0 G A0 UAAT R CERIIEUGR IR EAMRGE 1St

GI'TYGVCSKABKFLAITRATN AHCT VT EGQGAT DCPCRERIGIRYACANRITC AOGGCACTGTGGTG

R Y AT T Gl ACK TSGR T oA T AN E EPbcaaaGTTCCTATCTC
GTCAGTGGCTTCATTGAACGACCTAACGCCAGTGGGCAGATTGGTCACT
GTCAACCCTTTTGTTTCAGTGGCCACGGCCAACGCTAAGGTCCTGATTGA
ATTGGAACCACCCTTTGGAGACTCATACATAGTGGTGGGCAGAGGAGAA

20 CAACAGATCAATCACCATTGGCACAAGTCTGGAAGCAGCATTGGCAAA

(SEQ ID NO: 11). The West Nile viral envelope protein can include a protein that
has 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:

25 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

30 EVNVAMLITPNPTMENNGGGFIEMQLPPGDNITYVGDLNHQWFQKG (SEQ

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



(SEQID NO 9, West Nile virus, New York, NY, also referred to. as "West
Nile NY"); and ELEPPFGDSYI WGRCGEQQ NHHWHKS (SEQ ID NO 10). SEQ ID NO 7
i s encoded by ATGGAAAAATTGCAGT TGAAGGGAACAACCTATGGCGTICTGTTCAAAGG 15
CTTTCAAGTTTCTTGGGACT CCCGCAGACACAGGT CACGGCACTGTGGTG

TTGGAATTGCAGTACACT GGCACGGATGGACCTTGCAAAGT TCCTATCTC
GTCAGTGGCTTCATTGAACGACCTAACGCCAGT GGGCAGATTGGT CACT

GICAACCCTTTTGI TTCAGT GGCCACGGECCAACGCT CCTGATTGA
ATTGGAACCACCCTTTGGAGACTCATACATAGT GGT GAGGAGAA 20
CAACAGATCAATCACCAT TGGCACAA! 1) . The West

/ _ GI CTGGAACCAGCATTGGCAAA Q(}SEIEIPID NO 1
N le viral efiidi Up¥CERAFRFRCIRADTIGHGRY VAELRIIG TP RaKIPIRVASINDGEdst about
70% I dent | ty prRiri PRERPROSUSTLRMN VIGRT EPYEGL vIPOBR RUINIIWLILgENt T Ly, at
| east about 85% identity, at |east about 90% identity, at |east about 95%

i dentity and(3EQIIRA¥D: 1dhoThe M@ty Nelhyi angenholitis nyElppe protade caniacludent| udes SEQ
ID NO 25 7, \Mslichore'.nclfude portions of domains | and |1l (referred to herein
as "ElIll+") (l)era YHEURY Nile virus. The Langat virus envel ope protein for

use in the caEMOSGMOTEXF TFSKINPAD TGRGEVVLELQY TES)EROKIRISSVASLNDMT nvent i on

can incl ude f

G TYTVCDKTE PR AT A B GRS BREORAKEEOBGDKQINEIWHKEG
EVAVAML| TPNP YNGR 1) R0k MEENHME QK Bpé SRRin bR Neudd Bleasthe Kunj i n
virus envel ope protein can include at |east a portion of -34-
GTTYGVCSKAFRRPR GhT grosearisipg sl deasr gortipy of

[
GRLVTVNPFVSV %Wr\? E%Yﬁi DMEREFRMBEVEK Ptﬁﬂ"y . The
Murray Val | e? encephall ig envel ope protein 05n§|§r(1}cl ude aﬁ’&%ﬁé@% portion
of 5 GITYGVCPEKRIRSRYXNEEN SHSTYMSKMRWEIEEPPES IPY BEVEBIMDKQINHH WHK A
PVGRWTANPYV, VELEPPE QN 14). The
Japanese encob H NOLRDEE OB B SAME STV RECIAN Gember
sel ected fronwet, hﬁleglri&tll@orﬁ@&’idegﬁdlilﬁg effel R&s aRinBRit bOBas?h portion of
GITYGMCTEKFSFAKNPADTGHGTVWI EL SYSGSDGPCKI Pl VSVASLNDMI
GLTYTMCDKTKFTWKRAPTDSGHDTVVMEVTFSGTKPCRIPVRAVAHGSP
DVNVAMLITPNPTIENNGGGFIEMQLPPGDNITY VGELSHQWFQK (SEQ ID
15 NO: 17). The Yellow fever virus envelope protein can include at least a portion of
GLTYTMCDKTFTWKRAPTDSGHDTVVMEVTFSGTKPCRIPVRAVAHGSPD
VNVAMLITPNPTIENNGGGFIEMQLPPGDNITY VGELSHQWFQK (SEQ ID

NO: 18). The envelope protein of a flavivirus can include at least a portion of at

least one member selected from the group consisting of
20 GTTYGMCSKKFTFRPADTGHGTVVLELQYSGDGPCKIPISVASKNDLTPVGR
LVTVNPFVSSTANAKVLIEMEPPFGDSYIVVGGEQINHHWHKG (SEQ ID NO:
19) and
GMSYSMCTGKFKVVKEIAETQHGTIVIRVQYEGDGSPCKIPFEIMDLEKRHV
LGRLITVNPIVTEKDSPVNIEAEPPFGDSYIIIGVEPGQLKLNWFKXK (SEQ ID
25 NO: 40). SEQIDNOS: 12, 13, 14, 15, 16, 17, 18, 19 and 40 are portions of domain
I 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 Den?2 viral envelope protein, wherein the Den2 viral envelope protein is

30 atleast one member selected from the group consisting of



10 PVGRLVTVNPFVATSSANSKVLVEMEPPFGSDYl VWGEVEDKQ NHHWHKA G (SEQ I D NO 15) and
EVEPPFGDSYI VWMEDKQ NHHWHKA (SEQ I D NO  16). The Tick-borne encephalitis
envel ope protein can include at |east a portion of
GLTYTMCDKTKFTWKRAPTDSGHDTV VMEVTFSGTKPCRI PVRAVAHGSP

DVNVAMLI TPNPTI ENNGGGFI EMQLPPGDNI | YVGELSHQWQK (SEQ I'D 15 NO 17). The Yel | ow
fever virus envel ope protein can include at |east a portion of
GLTYTMCDKTFTWKRAPTDSGHDTV VMEVTFS GTKPERI-PVRAVAHGSPD

VNVAMLI TPNPTI ENNGGGFI EMQLPPGDNI | YWVGELSHOQWFQK (SEQ ID NGO 18). The envel ope
protein of a fEARRRAGREYIE&YERIKENMFNIE32Q 2D (225 5EG} IANO: feamt one
menber sel ect %&%@6 group consi sting of 20

GITYGMCSKKFTF LELQYSCGDGPCKI PI SVASKNDLTPVGR

LVTVNPFVSSTANAKVL | EMEROHfd956n, b hrithAH-IS B po IS tides diGhe ink/Bticardn

ﬂﬁ?ﬁﬁ@ﬁx&%&?&%@%@bﬁ@ﬁ@%@ﬁ@%@ﬁ@Nwwasn SEQ I D

NOS: 12, 13, IpR b5 (pubfio Rich, 199%) BEEMHEEE IO AGEKAPRS SOFFERBEQ D! | | Of

the viral envel ope proteln In another enbodi nent, the |nvent|on is a

conposi tion cA¥Praig) Myna(EABBRRFGESNPIGIGHKAIK AWV EXs(SEnB NO: 23)); and

pat hogen- assogi at JAANo] at | east
one Den2 vi rafﬁen@@L%gﬁgﬁgﬁﬁéﬁg%?gﬂﬁR%g@w ra 'Ztélh?\'/e %) protein is
30 at | east omOSEILT, 23£1%6ided afd uttibitefdomuin [MaTSeal i Mghi20Dendnd

EAEPPFGDSYI | | KLNWFKK SEQ I D. NG, 22) 40 and SEQ I D NO
97. The corrpog gﬁg’“’“’flﬁél oh eﬁsrtBtP@FtF%lOiﬁamﬁﬁllﬁggﬁqfa&%gfg“f’ﬁguﬁeﬁﬁ%t| on can

| ud 1 %ﬁ{?? @@% Dren 51 PR 94
I(gﬁertg glqgo t CF.y%ET PPFGESYI W éﬁLKL%ﬁ%S IPB&gNgS Olgi;n); Den 3

( EAEPPFGESNI vn@mﬂexpf\W&mep@E dor pxauple. Rmai nH’h@f D@ér{suam 16007), Den2

( ELEPPFGESYI VI 21, 22, 23
i 24 are portTans dep fER skt 3?8%%&%@5 o emhed

fl avi vi ruses. sAparbtelysi iracopdritation ©he pathagen-akdokiatld mdlecuian pattdde agliBen?i r uses
can

envelope viral protein can be components of a fusion protein.

15 In still 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 virali
envelope protein, a Den2 viral envelope protein, a Den3 viral envelope protein and a
Den4 viral envelope protein.

20 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

25  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 (F igﬁre 22) and SEQ ID NO:
65 (Figure 23), which are encoded by SEQ ID NOS: 66 (Figure 24) and 67 (Figure

30 25), respectively.



10 be enpl oyed together or separately in the conpositions, fusion proteins
or polypeptides of the ivnetion. For exanple, domain |1l of Denl (strain

16007), Dent (strain 516803), Den3 (strain H53489) and Den4 (strain 703)

can be enployed separately or in conbination. The pat hogen-associ at ed

nol ecul ar pattern and Dent envelope viral protein can be conponents of a
fusion protein. 15 In still another enbodi nent, the invention is a

conposi tion conprising at |east a poggion of at |east one

pat hogen- associated nDIecuIar pattern and at |east a portlon of at |east

one nenber sel ect fom t.h cons istin r.al el ope
brotern a bent . viaargugseeeh 6 SPRoR it s ot ShpbiiBe s UFR Sl v and a
Dend vi ral epmtebxo@@twa@tt@b@athaghnlaasomtaﬁdbremﬂﬂqiattaﬁbﬁdanlemapbfmenloﬂventl on
is a fusion protein conprising at |east a portion of at |east one

pat hogen- assBdsast @ moness sl %Fﬁedpfaqméfrergraw%ﬁlsv%%ﬁa Renl it syRloBs at | east
one viral prgbgif am%a%@a%e ﬁrlaengwees GRASNSb A BkirPaneSher | € Vi ral

protein, a Langat viral prote Kunjin viral protern, a Mirrray Valley
encephal i% i svival emyelgpegrrestin, a Japanese encephal | tis viral protein, a

Ti ck- borne 25 encbelghglltplé‘it)tnmso elrhe%fgqtnef{agg? @ %"al ribﬁxqfegn ro_t ein and a

hepatitis C viral se in the

conposi ti OnSpatﬁdg&n-aﬁsoﬁfafeﬂmdh&uhﬁﬁaﬁelﬁohx)tbthat’irﬁlqsotei‘n t[hehhketemi bo@m can incl ude
a pol ypepti de of at J as one menpber . sel ecte ‘? the r consi sting of

SEQ ID NO.  e#nippipgyd ?2 S ARngeRerd [k pan 1gguder ‘é" %r'o‘)a i ch are encoded

by SEQ I D NC&cm@ﬁ (aﬁilﬂ&&&d%éﬂiu@sn%éhﬁxﬁi Q:'Mﬁnke?’ ?ﬁ}ed ﬁ%@ﬁ%hVa y. -36- In
anot her enbodi nent the invention is a fusion eiln conprising at |east a

portion Bf aproteins<f theriavantiomeandncludesw deast ene nmﬂee stlegtedolem hergropmd at | east a
portion of = g {)f aolgsné%@xé %ﬂr&pfc%‘éldf QR 0§ e%b‘i’dlfé%[@ geﬁﬁeng of a Denl
ra el n

viral envel opée™ pr envel ope r% Vi ral
envel ope pr ofegidne amthnearfieind résidner aﬁlmﬁnualddmkexﬁ’rasmse&herﬁn,ss mlao pfatedi ns of the

i nvention can further | yd | i nker b t ween at ho SSOCI ated
mol ecul ar paP&enPERHY ‘H‘E f’é\qaﬂﬁf%ﬁ%‘ﬁﬁl %‘Wéﬂﬂ‘i"l‘r@@rﬂt@ mﬁ’ﬁ Tami no aci d

l'inker. The @pdcta fadmh dw@rcﬁi@%nﬁ@ gloﬁ'ﬁ!pﬁeﬁlesdf'MGNSKEE@QLEBPMT@tSB(Q occurring
am no acid residues. The amno acid |lin enployed in_the fusion
15 ID NO: 26); EFCRYPAQWRPL (SEQ ID NO: 28); EFSRYPAQWRPL (SEQ ID
NO: 60); KGNSKLEGQLEFPRTSPVWWNSADIQHSGGRQCDGYLQNSPLRPL
(SEQ ID NO: 62); EFSRYPAQWRPL (SEQ ID NO: 75); which are encoded by
AAGGGCAATTCGAAGCTTGAAGGTCAATTGGAATTCCCTAGGACTAGT
(SEQ ID NO: 25); GAATTCTGCAGATATCCAGCACAGTGGCGGCCGCTC
20 (SEQID NO:27); GAATTCTCTAGATATCCAGCACAGTGGCGGCCGCTC.
(SEQ ID NO: 61);
AAGGGCAATTCGAAGCTTGAAGGTCAATTGGAATTCCCTAGGACTAGTC
CAGTGTGGTGGAATTCTGCAGATATCCAGCACAGTGGCGGCCGCCAGTG
TGATGGATATCTGCAGAATTCGCCCTTGCGGCCGCTC (SEQ ID NO: 63);
25 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

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



10 proteins of the invention can include at | east one nenber selected from
the group consisting of a lysine residue, a glutamc acid residue, a serine
residue, a cysteine residue and an arginine residue. "Amno acid |inker,"
as used herein, is also referred to as a "peptide linker." The am no acid

| i nker can include at | east one nmenber selected fromthe group consisting
of a peptide of KGNSKLEGQLEFPRTS (SEQ 15 ID NO 26); EFCRYPAQARPL (SEQ I D
NO 28); EFSRYPAQARPL (SEQ ID NO 60);37-

KGNSKL EGQLEFPRTSPVWANSADI QHSGGRQCDGYLONSPLRPL  (SEQ I D NGO 62); EFSRYPAQARPL

(SEQ I D NO  7Puin30ht, PAmacCes, QE%Q’AEMP at least a portion of an antigen, at least a
AAGGGCAATTCGAAGCT TGAAGGT CAATT TTCCCTAGGA AGT (SEQ | NO 25);

GAATTCTGCAGAT APioACEATAS TEscEsorny Fempgatigrberept. NO. 27) ;
GAATTCTCTAGATATCCA
MCMAATTC@A&TT%CW%%& plokdin ofthe invention,

CAGT GT GGT GGAATatert GrAGATA AGIDG protein 1n a manner that the

CAATTCTCTA GCAGL\ATTW oh BB B et on rocei

of the inventicempemt bithé Afionipisitid 4@ g aPAhIBR! PARLGRECPARP) chifBslinked &
conponent of the fusion protein Se. g., PanBCys, PankCys, flagellin, PAW)

and at | east GrfiStBEtOMDOBIRYEHENAt lesst 2 Prstion @fj arantigen: af 1pest apeption afa Yighst a
portion of an a r of the
conposition, éﬁ%éh?&ﬁﬁegkg%?ﬁﬁéﬁ %ﬁ@?@%@ﬂl&%t&h Ié?%$qg®&§g2%gnents of the
fusion prot ei reofmpomens of e fubtam By caperdioied (cfd. ;;tgeIHAMPS @AI\ﬁm‘theatnClléast a

portion of ort on of i any

Conbi nat Nt raPgr bt cau FRNplor BEhERs Bin RpbbBindl ety
protein of theatagigtd, 0htwo vied pfo‘ﬁmﬁﬁ:aﬁf@ﬁﬁﬂﬁﬁhﬂé abekweRtvezakidneat s of the
fusion protein |r1 a manner that the 5 conponents of the fusion protein are
not directly. j%‘?ﬁ‘éﬁ For exanpl e, one conponent of the fusion protein (e.g.,
PamBCys, Pan2Cys, %W)onﬂﬁnortéﬁefnhﬂye%ﬂ tHeFusitn Phopdihd\FithCRAVRRNOE BAn inBlue » At

| east a portion of an anti'gen, at |east a portion of a viral proteln) of
the fusion pr@taembinatipkefs Keker batwkesedistinctwompongnss ef & Aisicarpreseinjand e

component 550 B 'o¥ ik ObnRIoRbAL B 68 Rush phdtBi® Fof Seathipte, b ¥RiGHNERnGAR further

i ncl ude

comprise at least two PAMPs, Pam3Cys and/or Pam2Cys components that further
includes a linker between, for example, two or moré PAMPs; at least two antigens or
at least two viral proteins that further include a linker between them; a linker
between one component of the fusion protein (e.g., PAMP) and another distinct

20  component of the fusion protein (e.g., at least a portion of an antigen, at least a
portion of a viral protein), or any combination thereof. Thus, the fusion proteins of
the invention can further include a linker between at least two pathogen-associated
molecular patterns, a linker between at least two antigens, a linker between at least
two viral proteins, or any combination thereof.

25 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 IIT of the West Nile
envelope protein, referred to as “EIIL,” at least a portion of domain ITT of Dengue!

30 envelope protein) referred to as “Denl III.” “Fused to,” as used herein, means

covalently or noncovalently linked or recombinantly produced together.



10 a linker between each PAMP, or two antigens can further include a |inker
between each antigen, or two viral proteins can further include a |inker
bet ween each viral protein). Additionally or alternatively, the fusion
proteins of the invention can include a conbination of a |inker between

di stinct conmponents of the fusion protein and 15 simlar or |ike conponents
of the fusion protein. For exanple, a fusion protein can conprise at | east
two PAMPs, PanBCys and/or Pan2Cys conpgnents that further includes a linker
bet ween, for exanple, two or nore PAMPS; at |east two antigens or at |east
two viral protei that further,include a ljnﬁﬁé etween theny a |inker

bet ween one conpo SIS?P{%%nﬁ‘?féi%WV?ﬂ“@Péﬁmf’ at legshRs) Patiogetin ot her

di stinct 20 gQehabeRbleehlat ptefrtfctRsbni REQitRo ﬁﬁ’ti?ns oredt 1daS@Sb viapor tion of an
antigen, at least a _EOFtIOD of a viral protein), or any conbination

t her eof . ThuBtoteinsewhigh camh optienady rigclade a kimer between the patbagenfassack®® i ncl ude a
| i nker betwe . sQclat.ed - rns, a

i nker bet venneapis) 5 DAl aRR e SE LA R Bk L ET L Ui
pr ot ei ns, 5 or inzentioncabinchide apathhgeneasbocid2&d mblecylat fatigarfused dotvean edeasdl ecul ar
pattern of the fusion.proteins of the .inventio an be fused fo a

car boxy- t er ‘Qfa?alf?t%‘?ﬁ (%tg;,tdgggﬁa!t] S0 lrﬂ(?f?felafé%'&&l-pr%tﬁ]& hnT8i no- t er i nus
of an anti gefusidh padteih€aSthe ervftidnl A itludd a¥ iafitdden R @vBhIpro®@induseda fl avi virus
viral protein, such_ as at |east a portion of domain II'l of the West Nile

envel ope pr ob@Ween 3t dqagltpepathogepsassegigted moleeulpipatierns (b&s d9signatgd ationmi'n 111 of
Dengue] 30 eqyval@R&: %Bf%ﬁiﬁm erred to as "Denl I111." "Fused to," as used
her ei n, means coVaF tl'y or noncovalently |linked or reconbinantly produced
t oget her 10 - 38- ThEhef patliogen-pssotieted srobfculahpatiervefithe Hwiopgmoteingbitle at | east one

pat hogen associ at ed | e r pattern between | east two antjge or at
P anot v vt PAFoR a8 BY R LRaeBi SHA =X p e Ppe PR A RPREE bt woen
t he pat hogentha$ssis prbRins B0 tRGhVeati o dnt rfasednel e MR gellih igefegdh ofite Vi r al
protein. The _fusjion tﬁ{\ﬂ?%ei ns of the 5 invention can_ing|ude a

al

pat hogen- assBegeHinehatireks atleast apartop on 2 hipge are Ak tlagelling 4ot example.vi r al
proteins (e. gleastPpbrlbRbMe Bhge YigidH oS ST Meeliin'FISER B O] ) . The

fusion proteins of the invention can incl'ude an antigen or a viral protein
fused bél wedigue 1) @ade delsiedpad ho galigen 9t s viraltpeeteimspe b fused dhe erns (e. g.

desi gnat ed aﬁagellin in the region of the deletion.

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 contains a hinge region of the
flagellin. Forexample, an antigen or viral protein can be fused to the fljB/STEF2

20  flagellin of SEQ ID NO: 1 (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,

25  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

30 175t0 186 of SEQ ID NO: 3.



"PAWVP.viral protein. PAMP"). 10 The pat hogen-associ ated nol ecul ar pattern of
the fusion proteins of the 1invention can be a TLR5 agoni st, such as a
fiagellin. 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

| acks at | east a portion of a hinge region of the fiagellin. For exanple,

at least a portion of the hinge region of the fljB/STF2 flagellin of SEQID
NO 1 15 (Figure 1) can be del eted and 3&n antigen or a viral protein can be
fused to the fiagellin in the region of the deletion. The antigen or viral
protein of the fusingmoteraneiodimet, thhismventipans 4 Bwiop roteia compyeng etdeashe

flagellin in Bofeghpn Al s dhReslldd ANRRIkAnssd Y IBEsTeg g0 of the

flagellin. enor vira o the

fljBl STF2 20 EJ a@a‘hC; afndcafS Sﬁ@zdﬂanlﬂ@alhd 4tféagier gorfign eftat dsayt qreamsenbien t he hinge
region, for exa &’tﬁ any place wi.th am no acids 176- 41%% S%FIQIDNQ 1.
The anti gen et ‘idaﬁoﬂb € <GPSt oA Bh VBRIGRETIARE BiPteiha ReRg &itli on can be

fused to the Ehvapk !pfd’tbm ny mn@%lapéhvefop& BRtdih aded béd \hﬁ@&ﬂ%ﬁﬁ)’é $rfeili Nge

region of the flagelli wherein the hinge region has been réplaced with an
artificial hihbepoaen @ﬁfhe oyelope Rrodein aan kendt irgstacnoation ofieé feastmae medbapl e, an

8T gy e L B Mg aobe il RTIRARSRY 1 o] 2R !

NO 3 (Figure acimngTan am so réeferred to herein
as an "artifienalophprogeti. or "an artifical hinge region® or "an artificial

hypervari abl e regign".), depi ¢t ed, for exanpl l.acement of an
am no acid |inker %ﬁ@ﬁ%@%ﬁﬁ *ﬁwe%g? %@F%B yﬁ?ﬂ?ﬂg ids 30 175 to
186 of SEQI® Ndciudes sﬁ@iDNosan@t‘meaoenwam 55t76€6|81l)\/8®t84086ar§116§9f usi on
protein conprisjng at | east a portion ne menber selected from

the group condidipiypestids ¢ncededy SEQHD T\@S 8@&I73 ?9=|3(1> 3%h48 ¥ & Tue®dhen fliC

and at |east g pggrg-;%lg% at | east one nenber selected fromthe group
consisting of & Denl viral envel ope protein, a Den2 viral 5 envel ope
protein, a Den3 vilnan additiehad pmbpdioteet, thedmetntioDmalides polypaptidd gyengmat ot ei n.

Ihe BOrL1On e EOHEL BB E AR Bh SR ROl 590 el 25,
domai n 1115 of abdue 90%!&(@&%0@6 WBb/Kiafleast about 98% and at least about 99% sequence
identity to the polypeptides of SEQ ID NOS: 71, 72, 30, 32, 34, 36, 38, 55, 75, 6, 80,
82, 84, 86 and 159 and the nucleic acids of SEQ ID NOS: 70, 73, 29, 31, 33, 35, 37,
54,71,5, 81, 83, 85, 87 and 158.
In a further embodiment, the invention includes compositions, fusion

20  proteins and polypeptides that include a polypeptide having a flagellin that includes
polypeptides having at least about 70%, at least about 75%, at least about 80%, at
least about 85%, at least about 90%, at least about 95%, at least about 98% 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.

25 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

30 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



In still another enbodi ment, the invention includes a polypeptide that 10
includes SEQ ID NOs: 71, 72, 30, 32, 34, 36, 38, 55, 76, 6, 80, 82, 84, 86
and 159 and a pol ypeptide encoded by SEQ ID NOS: 70, 73, 29, 31, 33, 35,

37, 54, 77, 5, 81, 83, 85, 87 and 158. In an additional enbodi ment, the

i nvention includes a pol ypeptide having at |east about 70% at |east about
75% at | east about 80% at |east about 85% at |east 15 about 90% at

| east about 95% at |east about 98% arygh_ at |east about 99% sequence identity
to the polypeptides of SEQ ID NOs: 71, 72, 30, 32, 34, 36, 38, 55, 75, 6,

80, 82, 84, and. 15 i ckds of SEQ I.D .70, 73, 29, 31,
53, 35 a7, o RSk P AR, hIGDEBCRLR oPER SRy Sronti Vil PiRBinEiodi rrent . ¢ he
i nvention i ngblygeside ofifhesivehtinisalighed foeroParnison peiposes dnal 1¢aet 3096pt | des t hat
1 east  apoBlei a0 LI ERt BTy B Iesh 9L St BT ket  about
85% at | easleaabmy, 73%‘3/%0%}85%,%%,@'9%398%5%%%&16@/@%&@&%%&4&&“ at

| east about 99% sequence identity to the pol ypepti des of QID NCs: 1, 3,
58 and 68 ameferche aqq@n%éoracecmn%oﬂleg}lclaip agd spqrgne ol aP\MReaatdeestent i dentity
of two am no_aci . ( ). Can:

det er m ned b?gﬁoggg%?ggaﬁgg%é%aeé?c s Bﬁgér &Joﬁbflﬁﬁng&eé%%%siggﬁ’ aspuﬁlpc)%ges (e.qg.,
gaps can be imSEQADA¥OS:iM, 1180533 r8te38f55a75,i6r &4, 88c8u8harw) 159The ami no acid

sequence or nuclei¢ acid sequences. at correspondi:n ositio are then
conpared, and thelrg?ei1 féfpeg}ﬂﬂilP?%@FQ@@H%%@CW%EW}?&@Q@X?@ { function
of the 30 numh&wn fethode Mér ekahpROSsidd PMatheMati@dalpyrithhe SHdaeRassonti - €., %
identity = # of identical positions/total #.of positions x 100). The |l ength

of the piBt eilifmideg ¢xgepls of suchm mathpmatiqat Blgpitgmas porpatdedin Kagliser a4 portion of a
fusion protei an\h T iNgp. : ' ' tion aligned
for conpari scgn Opc)'u]%%s/%lsld' iBrng)?AI %%2%733%%}? c(h%gr%Z’? Iéér %E‘ih;ﬁ;’?gsté’? a,IhL%ac?il\sla?fp40% nor e

preferably, atrebpasorpod¥éd tymefesnenimityr aatipatef Suelbanyalgaithmliemsorpdtéd 75% 80%

85% 90% 95%, 98¢ %% or %.,0f the | ength,of the ef grepce sequence,
for exanple, lgtﬂﬁaerﬁ}d‘?%&%%ggﬁ%ﬂ%%mﬁﬁveég%‘ ,aSéths‘i“gﬁéfn §°h %4ion of a
viral protei @}l (Wicléic Aeldy Rept39499r3008$2000), it &hihgs bOWwhiek affHetabyas depi cted

in SEQIDNCs: 71, 72, 30, 32, 34, 36, 38, 55, 75,6, 80, 82, 84, 86 and
159. 15 incorporated by reference in its entirety). When utilizing BLAST and Gapped

BLAST programs, the default parameters of the respective programs (e.g.,
BLASTN; available at the Internet site for the National Center for Biotechnology
Information) can be used. In one embodiment, the database searched is a non-
redundant (NR) database, and parameters for sequence comparison can be set at: no

20  filters; Expect value of 10; Word Size of 3; the Matrix is BLOSUM62; and Gap
Costs have an Existence of 11 and an Extension of 1.

Another mathematical algorithm employed for the comparison of sequences
is the algorithm of Myers and Miller, CABIOS (1989), the teachings of which are
hereby incorporated by reference in its entirety. Such an algorithm is incorporated

25  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 gap'length 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

30 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



The actual conparison of the two sequences can be acconplished by well -
known net hods, for exanple, using a mathematical algorithm A preferred,
non- 10 limting exanple of such a nathematical algorithmis described in
Karlin et all (Proc. Natl. Acad. Sci. USA, 90:5873-5877 (1993), The

teachi ngs of which are hereby incorporated by reference in its entirety).
Such an algorithmis incorporated intg t he BLASTN and BLASTX prograns
(version 2.2) as described in Schaffer kt  al. (Nucl ei ¢ Acids Res.

29: 2994- 3005 (2001), the teachings, of which are her |ncor or at ed by
reference in J43% %HFW‘QF%“ P%%a‘%ﬂlrlpmﬂ QJOB%TAé?fg%Gaégde ST progr ans,
the default pALRNEIL); Sthé)feaé ro?%chﬁtai'e\’lferquﬂécﬁ'ﬁ@at@@bﬁreferelﬁle'ﬁgﬁ\l avai | abl e

at the Internet site’for the tional Centér for Biotechnology |Information)
can be used. dntirgdple enbodi ment, the dat abase sear ched is a non- redundant

(NR) dat abase, ters..for. sequen r t: no 20
filters; Expect &P%‘%ﬁ%‘?’@/@%ﬁ“ %eg%ve ﬁo%l%%[nﬁ% ?C}‘rraivggﬁgrss tiﬁ‘)&‘@ and Gap
Cost s haves anthExudéiencid sefueddes aﬂtheaﬂVeEbsdreﬁSieMSﬂfellﬂ.can/kﬂ(ﬂrdﬂﬁfyoﬁa(é]gnat i cal

al gorithmenp oydfor t he conpari son of se nces al gorithm of
Mers and M| Ot“ié mseFtH’éH% Suehas S‘éﬁ"lmr’tﬁlﬁ %fﬁlé her eby

i ncor por at ed PNchﬁf:%EQfH@cbl& !yéa%t 04 isL&f % Pz?hi%o%f‘ceﬁk gorithmis incorporated
25 into the ALIGN ogram(ver5|on 2.0), which is part of the GCG (Accelrys,

San Diego, Califo m;cegwd@rém@tywwmm@@cﬂdmu@wpa@w@ bewhen utilizing
th ALl GN ht

oot due 1 abl SRS GRERR'A0, ARG, ! SCRAANGRE TR TRV S IT Loed
Addi ti onal0 abDi m(taﬂlfmnfa@nsm@qﬂmmBlcamﬂlﬁSmtrasrcﬁald?MSG maﬂnblearﬂratgagnd

i ncl ude ADVANCE n 0 A des s.an otti (Conput.
nopl - i oscl . weighot1310 Bobey  sn R EnzBisiel ol Sof ohts EVAAPRR ey

i ncor por at ed éiﬁ{bdd%ﬁ@r[teﬂhégelbéhtllde‘éu@rﬂet\ﬁe%hl/\)ro naddélc add seqnbRbdcAascri bed in
Pear son and Li pnman égr oc. Natl. Acad. Sci USA 85: 2444- 2448 (1988), the

t eachi ngs of #ePeRlithed upiag é@ﬁ%@r@gﬁa latﬂérdGSQ YolPereaRelar FATELYS. SAt i r et y) .

nci ude 5.t natRdar o mia) e S RE MeleBlot 1 A% I B T 0st col s can

be prokari®dtic (e. Hue nuclgic gl sejjuance enckding @tlAMP et dpast a postimt of@efitals, such as

Drosophila Drrel %mc %usmri proteins of the invention and polypeptides of the invention can
include nucleic acid sequences that hybridize to, for example, a fljB/STF2 (e.g.,
SEQ ID NOS: 2, 4), a fliC (e.g., SEQ ID NOs: 59, 69), at least a portion of a viral
protein (e.g., SEQ ID NOS: 39, 160, 162, 164, 166 and 177 and fusion proteins of

20  the invention (e.g., SEQ ID NOS: 71, 72, 30, 32, 34, 36, 38, 55, 75, 6, 80, 82, 84 and
86) 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

25  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. ‘

30 For applications that require high selectivity, relatively high stringency

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



Bacul ovirus; CHO cells; yeast cells, such as Pichia) host cells. The percent
identity between two am no acid sequences can al so be acconplished using
the GAP programin the GCG software package (Accelrys, San 10 Di ego,
California) using either a Blossom 63 matrix or a PAM50 matrix, and a gap
wei ght of 12, 10, 8, 6, or 4 and a length weight of 2, 3, or 4. In yet
anot her enbodi nent, the percent identity between two nucleic acid sequences
can be acconplished using the GAP programin the GCG software package
(Accelrys, San Diego, California), using a gap weight of 50 and a length
wel gt of 3. ofta IS GloEl SadRb ARWERREANGR LAt TR Aholegst °
portion of a Vi el rnven |on a
pol ypept i des rattidohe dcwamaldwbrmeranﬁel Hcm striigdeéCconditidns gguences t hat
hybridi ze to, for exanple e.g., SEQ.ID 2, 4, afliC
(e.g., SEQ I Fxatnie, relgtivepiow aﬁt apg/arfklg%tﬁﬁﬂﬂ?%ﬂaﬁ cetf%qaorx?i Pﬁw%‘i‘%ﬁ?@i He(e.g.,
SEQ I D NGs: %Rwu&@@ aﬁ&%@(&@ﬁdo&&ﬁi@T@h@ﬁ@C?ﬁQmﬁﬂﬁﬁ&&sBfﬁ&ﬁiﬂ?CQ& 20 the
invention (e.g., 71, 72, 30, 32, 34 5 75, 6, 80, 82,
84 and 88) abwer0 §e|Iél@husv@gwmcmmﬂzcms|aBﬁWé@rrimm¢ddnsnt(e§ <g" misthatglesy st ri ngent
hybrldlzatlo S h under | ow
BetnAI M th 08hiond® HAGH AL 1INSELMBond Nl £5°

stringency, I'zes’ un i um st ringency Zes under  high
stringency, " cmrcenirdntphnmajn tmaﬁcreasdcbandxcmﬂ;e thmgbramre magbmdgcrmedﬂMechm, "

describe conditions for. ti on and washi of .the | eic acid
sequences. GHFIgESTCE op tl‘b@raf eﬁ‘b‘{% %FF%WE’&‘F%’HO?EB O&EQO ch can

i ncl ude aquepls] aich RRPSAHLOHSaLIBLITET o atoaNS €, whids!Tesk étﬁng‘éﬁ%}lsa F. M et
at., Current Protocols in Mlecul ar Biol ogy John Wle

(2001), dhe censéianagte ashiowpd 241 salt eoncenteation Pﬁ&hﬂ%@rlé%ép Fhorid. %MNaCPlt s
entirety. 30&5&’5teﬁiﬁ@1a!t&@§dn%ﬂ%ﬂfq&%?% L6 al EBLE@S '%@%‘tﬁﬁ;%?’corxf fohdl vel y high

stringency conditrons to can e enp n sol‘uti ons used
for some nenbndecoaditibds fdralsrblddlk@tiomamwdtkmmtoalmtdc skllicﬂ mfthamt adgaai ¢ sol vent,

h f d ] th t | t t
o o oA BB A BRI 0S5 LRl BB M Bl s UL SRR o
hi gh t enper agu$shs e YorloNsY ., bhigd 2. $LI1i1 Ny es3) 9ane 4-gr Vi ded by about 0.02 M

to about 0.10 M NaCl at terrperatures of ahout 50C to 5 about 70C. High
stringendy condi t toyeé 2ngtheggrbgimentyfhedpyentia trascoFIPORitign ARTBPESing at

least one Pam3Cys 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

20  encephalitis viral protein, a Yellqw fever viral protein and a hepatitis C viral
protein). The Dengue viral protein can be at least one member selected from the
group consisting of a Denl viral protein, a Den2 viral protein, a Den3 viral protein
and a Den4 viral protein. The Pam3Cys and the flavivirus protein can be
components of a fusion protein.

25 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

30  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



bet ween the two sequences. In order to achieve |l ess stringent conditions,
the salt concentration may be increased and/or the tenperature may be
decreased. Medium stringency conditions are achieved at a salt
concentration of about 0.1 to 0.25 M NaC and a tenperature of about 37C to
about 55C, while |low stringency 10 conditions are achieved at a salt
concentration of about 0.15 Mto about 9 MNaCl, and a tenperature
rangi ng from about 20C to about 55C, Sé@eotlon of conponents and conditions
for hybridization are well known to those skilled in the art and are

revi ewed in Agrgummnwtmaof@%lmr@n@tmn rlsmd vorkprpisioy/d Dsod vigg! pBiteogy, John

pet Y ot o amd ¥idealQlitty Polein. ‘HURhafylade e nladhvill ot Alige 4 5% 9) . 45 10

yet anot her € |nvent|on 'S a conp oSty on conprising at | east
one PanBCys aftdn;mhemteaﬁaﬁmm@rcttemn of at Ieast one flavivirus protein (e.g.

at |east one nmemher .selected fromt roup consi of a.VEst Nile V|ral
protein, a Dengu n,5H &Pc’tg?rc?ﬂ%hoﬂlme&t Qf&dg‘é&ntw A mﬁ‘f‘%‘% fimulatigg ani n i r al
protein, as MifivheYadpoRde m%@ﬁﬁeaaédﬂﬁn@mg i eAdtegBrRlRiNstedn B RIRNABRCt 2

encephal itis viral protein, Ti ck-borne 20 encephalitis viral protel n, a

Yel | ow fever qqmmsmpndtaémhdnﬁtha compesitions.gusion protgins @d@@b’pmﬁdesl@féh@engue
viral protein, canope at | east one nenber selected fromthe group consisting
of a Denl vira proteln a Dent viral protein, a Dena viral protein and a
Den4 viral protei H‘Stfﬁhﬁatiﬁgrmﬁﬁ;nmuaméslhdmeeThsausledrhemm mfmmme garrdtien obnponent s

of a fusion protein. 25 An addjtional enbodi nent of.t on, i.s a
composi L1 on COTHBFISH 14 et o Rosten e epHrD )8 ERPaEin Gds e MEpHEREH of a

| east oneif | apfowid, uaaeag\gé @td] pfdeifl- a LaAkat Vir@BsibteB) @ mmeﬁalqﬁét&ﬁt £d fromthe
group consisting of a West Nile viral protein ue viral protein, a

Langat viral MugegVallessernkepljafifis wq:larot?;n,@ﬂ@pweseaenmhaag s vizal pegjeingncephal i ti s
viral protein I 30
encephal itis g}cfﬁa#ﬁ%%gge;ﬁa%%%hﬁ{dem gvveg?@vff‘%élgﬁarﬂg?tg@na};ggg lga 1ggatl tis C
viral proteiwnjyal pﬂ&iﬁn):)eﬂ”tgméatmgrahmmme sEisponsain abmbiﬁct ¢aaais¢ludrrthe menber

Vel prot el nProRiasen 3ol sl e ariae Ssnsct faf o B Gieetndenancoy s
and the fhsvi itiges oPviedl pidleif 2t dienul#RPRA EMLSe REpchsé ShOSubRichiRi n. I n still
anot her enbodi nent, the invention is a nethod of stinulating an
subject may be protected from infection by the antigen or virus or conditions
associated with infection by the antigen or virus that may diminish or be halted as a
consequence of stimulating an immune response in the subject.
The compositions, fusion proteins and polypeptides of the invention for use
20  in methods to stimulate immune responses in subjects, can be evaluated for the
ability to stimulate an immune response in a subject using well-established methods.
Exemplary methods to determine whether the compositions, fusion proteins and
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.,
25  IgG antibodies) by a suitable technique such as, ELISA assays; the potential to
induce antibody-dependent enhancement (ADE) of a secondary infection;
ﬁxacrophage-like assays; neutralization assessed by using the Plaque Reduction
Neutralization Test (PRNTgy); the ability to generate serum antibodies in non-human
models (e.g., mice, rabbits, monkeys) (Putnak, et al., Vaccine 23:4442-4452 (2005));
30 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.



5 i nmune response in a subject, conprising the step of admnistering to the
subject a conposition that includes the conpositions, fusion proteins and
pol ypeptides of the invention. "Stinmulating an i mmune response,” as used
herein, refers to the generation of antibodies to at |east a portion of an
antigen or a viral protein (e.g., a Wst Nle viral 10 protein, a Dengue
viral protein, a Langat viral protein, a Kunj in viral protein, a Mirray
Val | ey encephalitis viral protein, a Japanese encephalitis viral protein, a
Ti ck- borne encephalitis viral protein, a Yellow fever viral protein and a

hepatitis C viral pr.otein). i mul ati.ng an i ne response in.a subject can
include the pr odiic Ii'bé"r?(?’mag f%’fﬁ&)‘?rﬁ}m 8??0176%}1“ gﬁ?‘é‘:ﬁ’ %SWEW er%?ﬁ%‘i’i%es that are
reactive agaigs!rat buld. ani pAEFIAembobiidtent RS Ribfect k@ hefaUl at i ng an i mune

response in the subject, the_ subject may be protected frominfection by the
antigen or virus Bya igheriembedisent dhegayntien isg mpthpé petimusing\animeuant i gen or

nti gen or i rus Bie eohrinofe: _ i s
mine. 1 esponeRo Lt abieh e Afp T B B8 oPaar R AR RS SRl S and

pol ypept i Sles cafpdsttonitimt énlidonatilenst aipatio?6f at heavedreqdthopen-sdsoaiattdit € | mune

| mine. r ospoREIFeH BETRRAt oS ag eI 2Lets N Lrar e RoBsed eR Ml ary
met hods to detoap Bbmesting 6f AWest Nige GRNPRAIA,| a0 gat Vil Hrotedi, AtKQInfiS vaad

pol ypeptides of the invention stimnulate an |nmune response in _a_subject,

i ncl ude neaBivtihg Mueas Y dley cncephalits virat pratsin. 8 Jarapessionrepbalitis il ant i gen or
viral protei T3 AR 1l L - j j .such as,

ELI SA assays?rogﬁnéq;%glg%%@%&?%ﬁaﬂﬁ%gg@é’rgﬁ??ﬁ?y?ﬂgﬁfﬁggﬁ?ﬂg%ther{g'errent ( ADE)
of a secodhdary i nlhget amther emhodimphtathe ifvektorals saysthodafistimalldtingti on assessed
T e R Mo S AL o B R B oy 1 0
generate ser i : .g., €, s,
monkeys) ( Putialmp6ditiai that\acledes at Rast 494RioA4P 3t 1620 0H) pathcientabdciaktl ity to
survive a chg}l}w:legglge of expo§§r§#%%§%n§%gﬁeg§2m‘i?n %&%i?%ul ar, a viral

anti gen enpl 8yt aweﬁﬁteﬁmqaé_ i &A 1on EE@%{% -44- A
rsublect, * agniRR(niBERS hvelsBpRfiis TBRERA frofliAD gy SoRidABbESHO podent

(e.g., rat, nmouse). In a particular enbodi nent, e subject 1s a human. In a
further é&hbotfiOdaISEQ He NChé€nnd 8BQIID MOt hod of stinul ating an i mune

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 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

20  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.

- 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

25  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.

An additional embodiment of the invention is a method stimulating an
30 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



response in a subject, conprising the step of admnistering to the subject a
5 conposition that includes at |east a portion of at |east one

pat hogen- associ ated nol ecular pattern and at | east a portion of at |east
one viral protein selected fromthe group consisting of a West Nile viral
protein, a Langat viral protein, a Kunjin viral protein, a Mirray Valley
encephalitis viral protein, a Japanesq4§ncephalitis viral protein, a

Ti ck-borne encephalitis viral protein, and a Yellow fever virus protein. 10

In yet anot her enbodi nent he. ti i.S met hgd of stipgul ating an
i mmune respoﬁé%gﬁoﬁpﬁowge{?ﬁﬁm@%c?%@?"é‘i)a‘gf’méfﬁfﬁeﬁifgﬁ@mgﬁtg to the
subj ect  the |eaIR@sIboh @NallRaE orienhintie Seldited RS thPerB@s Ednbtief ofalDdrgast one

pat hogen- associ ated nol ecul ar pattern and at |east a portion of at |east
one Dent enveVigpenysiape #qicin (Ser ei n the Dent envel ope protein is selected

fromthe gro R%&Eﬁm REQ G ‘,?@;, @T@Q}EJ&IP Q I D NO
97. In anot h(Lé'[?Ge odi ment ,FRILIE‘e Hfl\%rncﬁon |Ls Irineﬂ}:"t%ho of st?grugggi[(% an
i mmune r &spoViE@NGRIATAND CTDKEESWINIEAERGF GRNYSVE¥ G AGERARKhE S ng to t he

bj ect fusj in t i nel . ud t .l t i f .at t or
Sat hogen- ass S PR BENAS 2 aire). pBEPL IR hte e el CF SER PO e st -
one v! ral profoaind s_el ected frpmthe group 20. consi sti ng of a West Nile viral
noephal i ti s KoM SMaTeRAE it shir s b ePasb ek APrBAERKR,
Tick-borne engegRRINrNryYEK BlspRiNG: £EPPAGHS BIGVEPHOLRY BWHKKASERBL i n. | n

still another enbodi nent, the i1nvention Is a nethod stinulating an imune

response i0n aNQu9aatDend oirpkényelape prioteinsteagy, SHQ HAMMi28ed i ng to the subject a

25 conposi ti I I i £at

pat hogen- ass%?@%@ﬁ%Y@?H;Mvmébg&%ﬁ? ?%Trﬁg? Qgg | east one
menber sel ef:t@HNUml HTAMV\GIT[HGBEME&PBT@BEF NINIGHZEIDKALK@NWMQI(%E@ protein,
a Dent vira \V protein,, n3 viral en rotein and a Den4
viral envel op@]lﬁﬁoggsﬁm[%ﬁe%@mﬁﬁw Peéwaai<ﬁﬁﬂ§§_@38§ﬂ@: Hfrdntion is a

met hod sti mul &MY AVICSBKIFSIVREMASSIRSFIG S TR IS YRGAGAP (FOVPIEIRD SIKENe st ep
of admnistering to the subject a fusion protein that includes at |east a

portion of5 atKNV¥&RIIGHEF SVERVIEE ERFLISOHVIGRGDSAd T HDUPREEREQIPI ng of a
f1]j B/ STF2, anyk. %@%I fliC, and a S. nuenchen fliC and at |east a portion
of at |east one’ ber selected fromthe group consisting of a Denl

In a further embodiment, the invention is a method stimulating an immune

L.

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
20  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.
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
25  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

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



viral envelope protein (e.g., KGYWS YVMCTGSFKLEKEV AETQHGTVL

VQVKYEGTDAPCKI PFS TQDEKG 5

VTQNGRLI TANPI VTDKEKPVNI EAEPPFGENYI VWGAGEKALKLSWFKK  (SEQ I D NOS: 21 and

96)), a Dent viral envelope protein (e.g., SEQID NOs: 22, 40 and

KGWBYSMCTGKFKV VKEI AETQHGTI VI RVQYEGDGSPCKTPFEI MDLEKRH

VLGRLTTVNPI VTEKDSPVNI EAEPPFGDSYI | | GVEPGQLKLDWFKK (SEQ ID 10 NO 97)), a

Den3 viral envel ope protein (e.g., SE@lD NO 23 and KGQVSYAMCLNTFVLKKEV

SETQHGTI LI KVEYKGEDAPCKI PFSTEDGQGEK

AUNGRLI TANPVATKEGRMM EAFPREGEN 1. CHEDKALKIMAIAS SERIek QL NGI0)) and

Den4 viral envel ope protein : D NO " 24 and

Sl WENAETQﬂGh?%WmEGAGAPWPI El RDVNKE 15

KWGRI | SPTPFAENTNSVT RPL L VI 99)). In a

further enbodi nen I?\%eclﬁvnve 'f%( hg}s/%géﬁ F%Fsa{m(’rrﬁ af |°ﬁmpl\é%? “mune

response in awmhjraemor@melﬁidagfthhm\&hﬁ(}m ®éfe1&d(mhat ah@mtagddse)oftthe subj ect a

fusi on péot ein that includes at f{ ﬁlp east ong

pat hogen-ass BRERRASEPD S@e&rﬁ?mﬂsa@a lfusgriﬁjgtP I5Ft at | east

one nember 5%'&%%{sru?ﬁ&érﬁ@orgﬁé?&ﬁéuu&&ﬁ%éo?ée@gaﬁ’Em@mQ%ﬂfﬁcl@nfi%' envel ope

protein, a Den2 viral envel ope protein na viral envel ope protein and a

Den4 viral estueml@tp@npmmuee mSpqnﬁe indthe subreche The atyopositiars, fusipepoteimsned on i s a

met hod of st e ng the ste
. Hﬁ% hd P%ar[ §e2@ﬁﬁ\§teom ?a%ﬂ@le &tse oﬁﬁ%ﬁf FR% 9 P

of adm ni ste ron-conp | east a
portion of adosleeast one antl gen and at Ieast a portion of at | east one

flagelli wher ei ne of the flagellins | east a portion

of a hi nS% regi on: N‘F’Qﬁgﬁ é](P) @ﬁ%ﬁ?ﬁ%ﬁ?ﬂ%ﬁ%ﬂﬁ%ﬂﬁ%ﬂ%ﬁh@a met hod of

stimul ating adinin{bEefch of tBS BMRRItioNs, Fusidair6®ins of APHdpilEofithein®dridn Of

adm ni steri ng to the subject ‘a fusion O proteln conprising at |east a

portion of aby ¢uterst orireeerigrelirapens. a¥yngciicallye thetroute 96 pdmigistrgtion i by oml | east one

I'hggﬁ: 'n'gg r\é\gl SE&IoH (3L, hARS tabti Sapluid Bfin] (ARG AfdriBl of AST @ portion of
composmon, fusion protein or polypeptide. Other routes of administration as also

15  encompassed by the present invention including intravenous, intradermal,
intraarterial, intraperitoneal, or subcutaneous routes, and nasal administration.
Suppositories or transdermal patches can also be employed.

The compositions, fusion proteins or polypeptides of the invention can be
administered ex vivo to a subject’s autologous dendritic cells. Following exposure

20  ofthe dendritic cells to the composition, fusion protein or polypeptide of the
invention, the dendritic cells can be administered to the subject.

The compositions, fusion proteins or polypeptides of the invention can be
administered alone or can be coadministered to the patient. Coadminstration is
meant to include simultaneous or sequential administration of the composition,

25  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, adIhinistration of the composition close in time to administration of
the fusion protein) so that the effects on stimulating an immune response in a subject

30 are maximal. Itis also envisioned that multiple routes of administration (e.g.,



An "effective anount,"” when referring to the anount of a conposition
fusion protein or a polypeptide of the invention, refers to that anount or
dose of the 5 conposition, fusion protein, or a polypeptide, that, when
adm nistered to the subject is an anount sufficient for therapeutic efficacy
(e.g., an anount sufficient to stinulate an inmune response in the

subj ect). The conpositions, fusion pro% ins, or polypeptides of the

i nvention can be adm nistered in. a si g1e dose or in multiple doses. 10
The nethods of the present inventjon can be acconplished by, the

admi ni strat i oRTHRUCHET OFFIEisHAY thfsqssﬁtopa%p gﬁgtharcoxaawtﬁ@ﬁ?%es of the
invention DbypeRh BfRlinQsf REMGRal nmeans. Specifically, the route of

adm nistration 1s by oral i1ngestion (e.g., drink, tablet, capsule form or
i ntranuscul ar i nj eldeicompofitionsefusion msing drque]ypeptidecaf thyr ipveaition oan hgol ypept i de.

O her routes of .admnistration, as, al so.15 en assed by.the esent

Tventf on 1 ncirRgr ARkt ettt SR RORR AR et il

iSnt raperi t@”%mﬁeuﬁd&l&?,ﬁr@?&?ﬁd&giﬁﬂm @@eptalflé ofgabiiﬁ;l oﬁldﬁigﬁlgsfzd:’lr_ﬁéﬂ on. o
upposi tories or transdernal patches can. al so be enpl oyed. The conpositions,
fusi on prot ei FestaRceySiitaple oy ericsal oy P%rﬁ’éte]iah%"i‘f’?t&? WhiRh g‘{nOtélﬂlﬁ{eﬁP ®red ex

Vivo to a Subjedlyifh tRULQL00 BiSable BRlrinbicutiCAly ReeptMid QWiOPinRNRAOSHEE 20 of
the dendritic cells to the conmposition, fusion protein or polypeptide of the

i nvention, t haltgelwtions (sechoe Rivgerasolision diroholstadlsegplatins endcashobydetes The
Conpost 11 0nS s HELABORY BLSIRS o0k RO LRSRIJ . Bl abiR LVERLL AN b

adm ni stered éllcone or ¢an’be” coadni’nl st er ed Ien m nstration
is meantl@o poiglingd@ysiliditlet Snetoprspavatione cuielset sterllizad and) ifsiesiedd] mixedfwithhe

conposition, 25 fusion prqtein or pol ypept.ide of. .the invention individually
or in combi na‘_iL}xH_{i":r}’ aﬁﬁﬁ@rsléa't ??ég‘@ﬁﬁﬁﬁﬁr%/ﬁeﬁﬁ?visug%}ﬁzeﬁ%&egﬂg 280l ypept i de are
admi ni st er ed gdiinbduali Yor infefoifP e Al p?&(@i%r@,' witereRd, EOIBrSA Bnd& SQRACt ed

C

sufficiently close in tine to each other (for exarml e, adm nistration of
t he conposi t i Sistanass and the likerwhich dgapi deleteriausly aercod vith theecompesitienspr ot ei n) so

nat She of{ g ghghl DA U ITHRRLS BRI HAOR USSE 20 €
-47- i ntr Brusemtdned, whed desired vathentinm hotiveanbdtancessodeduoe ambolicst er. t he
composi tions ge’?ggada{igns.i I?a c%%a%%s%!cigllss, 1%1;10}1 ?Dgotieig;/ oernl;[oib(r)préptides of the invention can

be administered by is oral administration, such as a drink, intramuscular or

intraperitoneal injection. The compositions, fusion proteins , or polypeptides alone,

or when combined with an admixture, can be administered in a single or in more

20  than one dose over a period of time to confer the desired effect (e.g., alleviate
prevent 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,

25  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

30 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



The conpositions, fusion proteins or polypeptide of the invention can be
adm ni stered al one or as adm xtures with conventional excipients, for
exanple, 5 pharnmaceutically, or physiologically, acceptable organic, or

i norganic carrier substances suitable for enteral or parenteral application
whi ch do not deleteriously react wth the extract. Suitable

phar maceutically acceptable carriers include water, salt solutions (such as
Ri nger's solution), alcohols, oils, gefgati ns and carbohydrates such as

| act ose, anyl ose or starch, fatty acid esters, hydroxymnethycellul ose, and 10
pol yvinyl pyegly, %?Pha?’fh‘i&uﬂ&ﬁ@%feﬁ&és?}"ﬁh BAN MBI PUEICd | BREnaD) add desired,

m xed wth auxillary agents such as briéants, preservatlves stablllzers
wet ti ng ageniVéQ 96/@ﬁiﬂ9sﬂ1¢ teaehyngsad Mthéchfape héreifl meorpm‘gd(bs' mtfmeocqar essure,
buffers, coloring.,, and/or..aropatic subst h do not
deleteriously r eapf‘e \:Mn%IhOS]tuﬁgs Sﬁﬁ‘c}go&eméﬁggp&me& g et%”@"%?“g%ﬁ ypepti des
of the i nvenudministetédtopy epRttain XM atCatisy” ms&&h@aﬂpmam,anyhen desired,
with other active, K substances to reduce netabolic radat i The

conposi t i ®ns COPRRSINR Rt BTasPHS ths cOPBPRDS: fueten I’EPFGUE‘Sr?él Pti ROElA  be
adni ni st er ed jR¥ntich 0% nm{ﬂe@ys%ame@ubjém& @rafe M imuneibipbAdgysCcUl ar or

intraperitoneal injection. The conpositions, fusion proteins , or
pol ypept i des theisobject. Toe PWHQmatmmﬁKh@@dmmslhomnfual@mpmt@meandcmmmmm ni st er ed

in asingle 8f th{ae %R&OH‘%&L‘J& Blae? r%ig Ri%ig egﬁq%{lreaofggteée% c%ns%?the% glonf er the

desired effec revent avivir PonCt'0al | evi at e
synpt ons of bfoaeinw gecnSraterafnﬁbcbdlm)The cWhpdsnemr(egt, PAMP amadvmprcmein)d needed or

desired, _particul arl t.abl e adm es e osi tions, fusion
pr ot ei ns @ H%?I%?E@Bil ?f@s 108 PIHFIag ¢ ep%‘%él"%&é‘%"& ?I?%Tﬁéncﬁﬁ‘eef erably oily

or aqueous S@hyidaPRdxindsy t%hé axﬁﬁhe'i'éﬁWsmg&nﬁfﬁﬂdhﬁhﬁ’%morpﬁrote%' ants,
i ncludi ng suppositories.” In particular, carriers for Ear ent eral

adni ni st r at | avd paixneptidesa thednvension can beraitaghed de shercamisr by a0valeat opur e wat er
ethanol, gl yGer0 entl%Q eﬁPePrgera%% tl}eﬁgﬁ{éﬁeb%% nﬁ%ﬁﬁ’l@%ﬁ%m atible,”

polyoxyethylene blrock ner’s &< are COmvent ent unit
dosages. The asmsmidnem masns thatsheocarrigydotsenat gereratpad inprepied zés;mnman tied so be

pat ches. TPhartHlted (i EBF PRAR R SR A DTS PRI HOubs PO hsbent
invention ar eu%&hfeckr&@y\@udhcasta@g@@kea&i@rlall foﬁbxﬁ@eﬂﬁrdarp%ﬂ@a@ﬁﬂhéescr i bed, for
-48- exanple, in Pharmaceutical Sciences (17th Ed Mack Pub. Co., Easton,
PA) and include alum or other suitable adjuvants. The carrier can be a virus (e.g.,
adenovirus, poxvirus, alphavirus), bacteria (e.g., Salmonella) or a nucleic acid (e.g.,
plasmid DNA).
20 The dosage and frequency (single or multiple doses) administered to a
subject can vary depending upon a variety of factors, including prior exposure to 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
25  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, 2 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
30  of concurrent treatment, complications from the flavivirus exposure, flavivirus

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



WO 96/ 05309 the teachings of which are hereby incorporated by reference. The
conpositions, fusion proteins and pol ypepti des of the invention can be

adm nistered to a subject on a carrier. "Carrier," as used herein, neans any
5 conposition that presents the conpositions, fusion proteins and

pol ypeptides of the invention to the imune systemof the subject to
generate an i nmune response in the subject. The presentation of the

conposi tions, fusion proteins and pol ygé@ptides of the invention would
preferably include exposure of antigenic portions of the viral protein to
generate anti beodiedsn codpgnctionirh gt rBetheds@ind cHAMRItEoNG, fsivh prteifyaat ei n) of 10
the conpositions, fusion proteins and pol ypepti des of .the ing@gtion are in
close physi cRPYBFRILPTRLhE preseghivenionn Epr Sampife thegpinistration af @8 posi ti ons,
fusion protei ' :dl [ iR had to the
carrier by co@g?g%?ﬂggqhﬁgﬁ@g§gﬁgﬁ?Bg%%g%%ﬂ%ﬁ?%a%?%ferggﬁy?h%ﬁgmgarrier i's
bi oconpat i bl e thetapeetins wpusei dilagerts todreattbe syrhptoms nf thedlaviyirnhmfectiore(ecar ri er does
not generate i ne n in.the 15 i ect. (e, the. uckion of
ant i bodi es?. %fggagry’rnﬁ%[}bggsgﬁqﬁ%g’ N 053‘(:“:16 g%gc%b'eg &Jé'ltg} seﬁ 1ErE’é‘\’tdemaén r ra?fg)??%such as
a pol ymer beadstalished dipage (g, frdduensadndidaration)yart well kéthin the ebillyyeofahasen or

ot her suitable adjuvants. The carrier can be a virus (e.g., adenovirus,
POXVi rus, alpﬁgﬁ?éﬂkgkfﬂbacteria (e.g., Salnonella) or a nucleic acid (e.g.,
plasm d DNA). 20 Thg. Sesa0Rvalnfid RAMENAYstafd e e Rﬂlo%ﬂgtéx%ﬁleﬂ%ﬁ&)

adm nistered to a subject can vary depending upon a variety of factors,

i ncl udi ng pri ére nekpéndedtoths liamtedamepyyway. a viral protein, the duration of
viral infegtion, prior treatnent of the viral infection, the route of

adm ni stration of the conposition, fusion protein or polypeptide; size,

age, sex, healEXEMBIdBICAEIOMt, body nmass index, and diet of the 25 subject;
nature and ex f avi virus exposure, flavivirus infection
and the partiéggtgﬁﬂggﬁgghﬁgETﬁggg%nsibIe for the infection (e.g., a Wst
Nile flavivirus, a Dengue flavivirus, a Langat flavivirus, a Kunjin
flavivirus, apir Aaylificdabh 830 DRA rstis flavivirus, a Japanese
encephalitis flavivirus, a Tick-borne encephalitis flavivirus, a Yellow

fever flawPvirus and a hepatitis C flavivirus), kind 30 of concurrent
treatment, conpli callifSFsamplifipations waraperformed ysiag BosUlta Hatstart PGR Master

| nfection or g&fg&‘?éat%@h{:ﬂbér%%ﬁﬁ RS fBne QLd'RlaEL) ABGHHGo 1RY! MENS O

agents can -4
manufacturer’s recommendations. DNA primers were purchased from Sigma

Genosys and are described below.

20
STF28BGF-1:
CTCGGGAGATCTGCACAAGTAATCAACACTAACAGTCT (SEQ ID NO: 41)

STF28MCR-1:
25 CCATGGGCTAGCAGGATCCACCGGCGCTCCCTGCACGTTCA (SEQ ID NO:
42)

STF28MCF-2:
GGAGCGCCGGTGGATCCTGCTAGCCCATGGACCGAAAACCCG (SEQ ID
30 NO:43)

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

35
pET24AR:5 TCCGGCGTAGAGGATCGAGA (SEQ ID NO: 45)



be used in conjunction with the nethods and conpositions, fusion proteins or
pol ypepti des of the present invention. For exanple, the adm nistration of
the conpositions, fusion proteins or polypeptides can be acconpani ed by
other viral therapeutics or use of agents to treat the synptons of the
flavivirus infection (e.g., 5 high fever, nunbness, DHF,

meni ngoencephal itis). Adjustnment and mani pul ation of established dosages
(e.g., frequency and duration) are wel] within the ability of those skilled

in the art. The present invention is fUrther illustrated by the follow ng
exanpl es, which are not intended to be limted in any way. 10
EXEMPLI FI CATSOR2-BIRPERI ALS AND METHODS PCR Anplificati on and DNA priners

15 Al PCR afgtATTGALCIAS AT ET PebAdIhbC (s PTAAGAGACHEASIGAEGIPCR Mast er
M x ( Cat al og TRUDSEGIDBEOR6Y r om St r at agene (La Jolla, CA) according to the
manuf acturer's recommendati ons. DNA primers were purchased from Signma
Genosys afd @26EAB3cri bed bel ow. 20 STF28BG-- 1:

CTCGGGAGAT CT GAAGIERGTAA BAPCALTASGARIITIC CSEQGIGA CYA GBATGGAIARSMIRGE 25
CCATGCGCTACCAGICAAGCRSBOACITOCAGCACGTTCA (SEQ ID NO 42) STF28MCF- 2:
GGAGCGCCGGT GGAT CCTGCTAGCCCAT GGA CCCG (SEQ I D 30 NO 43) STF28ECR- 2:

TCTGCAGAAT T CACH] AUEACHEHMEARTIEHTC EGEPREASETSES B NO

AGAACGTGgd GTCTCTGI TACGTGAATTCTGCAGA (SEQ I D NO 44) 35

5*WNE28: GCGGCCGCTCATGGAAAAATTGCAGTTGAAGGGAACAACC
(SEQ ID NO: 49)

3*WNE28: CCGCGGTTTGCCAATGCTGCTTCCAGACTTGT (SEQ ID NO:
15 50)

- NdeI-STF2:
CCGGCATGCCATATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGC
(SEQ ID NO: 51)

20
BlpI-EdII:
GCATGCTCAGCTTATTAAGGGTTTGCCAATGCTGCTTCCCAGACTTGTG
(SEQ ID NO: 52)

25  JE EII primer: TACGTGAATTCAGCAGATATCCAGCAC (SEQ ID NO: 53)

Cloning of pET/STF2A EII
. Full length flagellin of Salmonella typhimurium fljb (flagellin phase 2 ) (also
referred to herein as “STF2”) is encoded by a 1.5 kb gene. A truncated version of
30 the STF2 (STF2A, SEQ ID NO: 3, encoded by SEQ ID NO: 4) was generated by
deleting the hyper-variable region that spans amino acids 170 to 415 of SEQ ID NO:
1. The deleted region was replaced with a 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

35 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.



PET24AR: 5 TCCGGCGTAGAGGATCGAGA (SEQ I D NO 45) -50- STF2- E3RS:
CAATTGACCTTCAAGCTTCGAATTGCCCTTA. CGTAACAGAGACAGCACGT  TCTG (SEQ ID NO 46) 5
AX- E3F3: AAGCTTGAAGGTCAATTGGAATTCCCTAGGACTAGTATGGAAAAATTGC  AGITGAAG ( SEQ
ID NO 47) pET24AF: GCTTAATGCGOOGCTACAGG (SEQ ID NO 48) 10 5' WNE2S:
GCGGCCCCTCATGGAAAAATTGCAGT TGAAGGGAACAACC  (SEQ ID NGO 49) 3" WNE28:
CCGCGGTTTGCCAATGCTGCTTCCAGACTTGT (SEQ I D NO 15 50) Ndel - STF2:
CCGGCATGCCATATGGCACAAGTAATCAACACTAACAGPETGTCGCTGC  (SEQ ID NGO 51) 20

Bl pl-EdI11: GCATGCTCAGCTTATTAAGGGTTTGCCAATGCTGCTTCCCAGACTTGIG (SEQ I D NG
52) 25 JE ElIl pri hey PCR AGEEGNTT GACRDACATRTESAGONC BHGNdRbNG 2783  C oni ng

of pET/STF2A. Ell]l Full length. fla in.of. Sal nonel |l a.typhi iumfljb
“flagellin phﬁggn%ts,(r%{»pgc v lryef%sreggﬁ{ %rof]i%crse\l’v?feﬁgm%ﬁ?%/ﬁ?a%ggﬁcoded by a 1.5
kb gene. A tr wacwnadingeSTH28BGPE] andOSTHBESRE2 af SiifidA, TRERPIDNDNS, encoded

by SEQ ID NO 4) was generated by del eting the hyper-variable region that
spans am no aHO&EthfP@fl?ehb“r&"l@"ﬁ("‘@@@-?ﬂ“?ﬁ@g&s di%“@%@”@é%@%é’%ﬁ@@éﬁlon was

repl aced Wty L heX bl Fedd S MPNPAC M iny S50 BudlBg SEX) desi gned

to facilitate I nteractrons of ermni - sequences necessary

for TLR5 si gn#ial hagl pracoupdsnesendigestpd with Bgdl andckicoRA andnpeatadapitiBgka@R was used.
In the first rpﬁc%%ﬁe{tz%g.’ Agulzi%u%'%ﬂ{e(hl:gia@éjr{ rgix%e}s u%é@tol tIDanls\Qrm 1[%)%’10 cells

(InVitrogen, Carlsbad, CA). PCR screening was performed using vector specific

primers, pMTFOR (methionine promoter) (CATCTCAGTGCAACTAAA, SEQ ID

10 NO: 156) and BGHREV (bovine growth hormone poly A) |
(TAGAAGGCACAGTCGAGG, SEQ ID NO: 157), to idehtify several positive
clones. All positive clones were further analyzed by restriction mapping analysis
and confirmed by DNA sequencing. The resultant construct pMT/STF2A was used
to generate pMT/STF2A.EIII+.

15 The domain ITI of the West Nile virus envelope protein (Figures 45 and 46)
of pET/STF2A.EIIl+ (SEQ ID NOS: 70, 71) was derived from the Drosophila
expression plasmid pMT/STF2.E. This plasmid contains full-length STF2 (amino
acids 1-506, SEQ ID NO: 1) fused to the West Nile Virus envelope protein (amino
acids 1-406 , SEQ ID NO:39, Figure 45). The pMT/STF2.E (SEQ ID NO: 158)

20 clone AX-1 was used as a DNA template and 5°WNE28 (SEQ ID NO: 49) and
3’WNE28 (SEQ ID NO: 50) served as primers for PCR amplification. In order to
facilitate restriction analysis and subsequent cloning steps, the 5° primer encoded a
novel NofI site (New England Biolabls, Beverly, MA) and the 3’ primer contained a
unique Sacll site. The amplified EIII+ DNA fragment (345bp; SEQ ID NO: 178

25  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
TOPOEIII. A stop codon was subsequently introduced downstream of the EIIT+
sequence by blunting the Sacll and Spel restriction sites using T4 DNA polymerase.

To generate pMT/STF2A.EIII+ (SEQ ID NOS: 70, 71), the EIIl+ fragment

30  wasisolated from TOPOEIII+ using NotI and BamHI restriction sites and ligated

into the NofI and Sacll restriction sites in pMT/STF2A. The BamHI site of the



encodi ng am no acid sequence SEQ I D NO 153 of Figure 62) served as the DNA
tenpl ate and STF28BGF-1 and STF28MCR-1 were used as priner pairs. Ina
separate reaction, the sane DNA tenpl ate was conbined with priners STF28MCF-
2 and STF28ECR-2. -51- The PCR anplification reactions generated about 500
bp and about 270 bp fragments, respectively. These PCR products were
conbined in a final PCR reaction using STF28BG--1 and STF28ECR-2 as
primers. The anplified DNA product fr@mthis reaction (about 0.77 kb) was
digested with Bglll and EcoRI 5 restriction enzynes and ligated into

G gest ed w t BIBGPNR gt feg SRisoF Bk oablt e RE RS i ee. an
al i quot of t helyhegisd prit toriiKativas The STFLA EIN-ARsheica(TERID N@$:I 7, 71)l nVi t r ogen,

Carl sbad, CA). PCR screening was perfornmed using vector specific_ _priners,
PMIFOR ( net e RMT/&TB%E&I? WaE AP Hrcatiompsing the pymgy Nded6)  and

BGHREV ( bovi r 1 @gf@ W D NO 157),
to identify gggr%%@élﬁg% %ﬁi’%@%@%ﬁi ti géc onegﬁ\k.kéggggrther_

anal yzed by prdtictiveasidigested ppthiglebaral B/l and lmawd coo HEL 2deiplbymidrbat Bauenci ng.
T o el BT R UGl B LR SR )
of pET/ STF2A1kkIlY (nVi@E6&20, Dalédad, CA) andlhe vells wdey gro@d oh I BRupplembhieg ophi | a

expression plasm d pMI/ STF2. E. Thiﬁ pla.smd contains full-length STF2
(amino aci d¥ith->Bygmidenemyginopeveral polepigs WereSHeensa Y IRFIEOYRAPRINgy e ope

protein (am %W?I@ivgﬁﬁédﬁl}pﬁNA%%@léanyQ 39, Figure 45). The pMI/ STF2. E ( SEQ
ID NO 158) 20 clone AX-I was used asS a DNA tenplate and 5° WNE28 (SEQ I D

NO 49) d4Ad 3'WNE28 (SEQ ID NO 50) served as prinmers for PCR

anplificatio s cilitate restriction analysis and subsequent
cl oni ng step?,m#' & %SM'EI&% coded a novel Notl site (New Engl and

Bi ol ab! s, Bever | yThdWesta¥ite vihves E3II+pequerse of pRTATFREIH+ (BEQIDNGHRAM, si t e. The
D byl EARBE 5747 Rse B YA I, 8 e L ergE o
cl oni ng vect glashidtdhialme Feillengay $ FAEmicALids 0-3DENRsed ® thd Wesl Nile Virus
15  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-
20  length STF2 and a 340bp fragment that comprised the EIII 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

25 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 Blpl 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

30 into Ma_wh-l cells (InVitrogen, Carlsbad, CA) as described for pET/STF2A.EIII+.



TOPCEII'l. A stop codon was subsequently introduced downstreamof the EIlIl+
sequence by blunting the Sacll and Spel restriction sites using T4 DNA

pol ymerase. To generate pMI/STF2A.ElIll+ (SEQ ID NCS: 70, 71), the ElIll+
fragnent 30 was isolated from TOPOEIIIl+ using Nod and BanRlI restriction
sites and ligated into the Nod and SacH restriction sites in pMI/STF2A. The
BanRl site of the -52- EIll+ DNA fragnent and the Sacll site of pMISTF2A
were blunted with T4 DNA pol ynerase pf3-or to ligation. The STF24.El Il +
sequence (SEQ ID NOS: 70, 71) from pMI/ STF2A. EIll+ was isolated by PCR
anpl i fi cati onSevsianeplérhi€s Wirk BEESeMBS kestrRTibZ mapsin@hid twicddibdes whee @eified at e
pET/STF2A.EIII+_&SEQ ID NO 71), the PCR 5 product was digested with Ndel
and Bl'pl and 9% gHfc8a4eREBEPET24a pl asmid that had been predi gested with
Ndel and Blpl. The ligation mx was transforned into Mach- | cells

(I'nvitrogen, Carl sbad, CAi and the cells were grown on LB supplenented wth
50 gg/ M kan ng of AJBIIbNi es were screened by restriction mapping
and were verified N ' : ' (o} ; + The West
Nile vir usseEI 1+ sAe) %ench@? g‘g%%ﬂ%%ﬁg‘gfﬁ%(%%é JWE)QEN&%@%S%%\Q was
derived from @E&EISFA214E14-SERI LD da@h: Chib 8ed VFBg) ITHi94 1043 (2008))expreetsi on

pl asm d containsg full- th.STE2 1 nO_aci 1-506) fused tq t West Nile
i rus 15 envertieding 450 Yedhint eatny Bedhlibiidsh vRRRE Ry DA ch | <
SEQ ID NO  7)..Ind (Mént$ParRABAE M@ HortaRfld6A6HI I NFas eREIdIFA te Was used as the

DNA tenpl ate. _One reaction_used the priners pET24AR 5 (SEQ I D NGO . 45) and
STF2- E3R3: ( SESCQ1H1 asingNetl a%&m@%fh%ﬁ%h@%@@@@%ée&@%l 47) and

PET24AF ({EQ ; ' b agnent
t hat cons?’gt elhagﬁ‘em%q ‘ﬁg%e b&?ﬁg’?ﬁ@éﬁgﬁ%a 2%8@?4?28%%6.{]%;@ (':Z(?fpri sed
the El Il domafl) thut had @elibtslybeen digeasicd ovithchedpptdpainteextymebad réledsottdonai n | of
t he envel ope otein.. iquots of these, PCR anplificati reactions were
conbi ned, and%ﬁﬁiwu@%@ﬁgpgﬂ.siﬁlgega%vec{%%thegglfc%nfggIggfﬁgaé%pi on with
the external gfdligestofPEFRH-AR HeeadibOnNQuasdRid toan@siofd 20M1d SEQ | D NO 48) .
This resulted in the generation of about a 1.8kb 25 DNA fragnent that fused

El 11 + sequencénYigegsn, Banghad,1G4) and theieqlls wereagrpyn 8 dffesypnrlemented with 50

15  pg/ml kanamycin. Several colonies were screened by restriction mapping and were

verified by DNA sequencing.

The resulting construct, pET24A/STF2AJEII (SEQ ID NOS: 5, 6) was BLR
(DE3) strain (Novagen) and expression was monitored in several clones using
Commassie Blue staining which was confirmed by Western biot using anti-flagellin

20  antibodies. Using, pET24A/STF2A.JEIII+ as the DNA template and the JE EIII+
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/STF2A.JEIII+ 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.EIII+” 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).



encodi ng am no acids 292-406 of SEQ ID NO 39, which is SEQID NO 7) to
STF2. The PCR product was digested with Ndel and Bl pl and gel purified and
| igated by conpatible ends to a pET24a vector that had previously been
digested wth conpatible enzynmes and de-phosphoryl ated. The ligation m X
was transformed 30 into Mach-1 cells (InVitrogen, Carlsbad, CA) as described
for pET/STF20. El Il +. -53- Several colonies were screened by restriction
mappi ng and two clones were verified .oy DNA sequenci ng. C oning

of pET/ STF2A. JEI1 1+ 5 A portion of the envel ope protein of a Japanese
encephalitis virus (JEV) (strain SA-14-14-2 (Jai, L., et at, Chin Med J
(Eng) 116:941- 943 (2003)); currently enpl oyed in a JEV vaccine encoded by
domain |11 was the) gor et dogeueivixus fused todhd Oierngndbend of CA) . The
portion of d g@llm(lsszng exm sed fromthe pJ2: G01510 using Notl and Blp |

site that flank t ns [t e DNA I nsert el .1Q isol.afed .and cl oned
by conpati bl e end@ﬁf gl g%AcangaFtlve(%%%afl%o e(guf no e)entnﬁat had
previously beerlope gﬁﬁélﬁdfWe&ﬂNm&ﬁn&pms@Eﬂﬁbﬂt,@empydm&ou&ﬁr&bﬁ@&ﬁ“ the West
Nile virus Elll+ insert. The deI eted VeCt'i?JﬁﬁilY h en gel purified and

ligated to Ewlitplg Gstsinegesisipes(IR cysteines) i erﬁr%e%égeeﬁébﬂ? B% ransform
TOP- 10 cell gg F(l%]lﬁéfh-S)r Ry eI UL BR Yo gilrincBlitly Haﬁaﬁﬂﬂ(ﬁﬂw Snediriefn On LB

suppl enent ed” Wi t 5 g/ M "kanamycih. Several colonies were 'screened by

restriction wappibrajoreddthodision preteinf wasdbydapipnexyuepsedizi M goli Tdkwasesul ti ng
construct, 5&3&%@@&@%‘3‘5 thizhd cL ﬁﬁ%&x% an%ve@l ] n?e cﬁssn(n g} strain

(Novagen) an ression was non sever aI ones using” Comrassi e
Bl ue staithi ngnmﬂrg ﬂhb4\dmmct®EN|vnmi>s DedleBert, denB,dDenAsSEQ IBrNosfleagel 1in 20

ant i bodi es. JEII]+ as the DNAt d the JE EIlIl+
ol i gonucl eot k@ %g%“%%;g?e E’@eﬁﬁl‘ﬂ?@onﬁl fW%esW@f% hgf’ & in the Iinker
region bet wegRlopd broein Bkt s&ﬂldrlamow@%ecﬂwmdest This doRiAiR DEN hAUSthetSi N

Qui kChange Site Drected Mutagenesis Kit (Stratagene, Ladolla, CA)

accordi ng t oflevgireghensparstthe Bajosity efdhe type-seasific cprBEUAU ﬁréﬂ%aéommtfu ed by
sequencing a i r
PET24A STF2AH%'I!—_J]%FI?i g%go@g{ %ﬁgﬁﬁgﬁcgglt%g? ge&r es?%ﬁ(gle?ﬁ%th? Di( | n change to

a seri nely esDdud hahbeehugspressed in bacteria and shown to be immunogenic, capable of

inducing neutralizing antibodies in experimental animals (Simmons, M., et al., Am.
J. Trop. Med Hyg 65:159 (2001)). Domain III corresponding to residues about 295
to about 399 (exact numbering depends on the particular DEN virus, for example, of
SEQ ID NOS: 160, 162, 164, 166) of the four different DEN viruses have been

20  codon-optimized for expression in E. coli. The synthetic gene was amplified by
using PCR and sub-cloned into the NofI site of the vector pET/STF2A generating
pET/STF2A.DENI1EII, pET/STF2A.DEN2EII, pET/STF2A.DEN3EIIl and
pET/STF2A.DENA4EIII (SEQ ID NOS: 80, 82, 84 AND 86).

25  E. coli production of STF2 ENIl+, STF2A EIll+, STF2A.Ellls+ and STF2A.JEIII+
Cell cultures (6L) of BLR(DE3) pLysS that harbor pETSTF2.EIII+ (SEQ ID

NOS: 54, 55), pPETSTF2A.EIII+ (SEQ ID NOS: 70, 71), pETSTEF2A.Ellls+ (SEQ ID
NOS: 72, 73) or pETSTF2A.JEIII+ SEQ ID NOS: 5, 6) were grown in LB medium
containing 15 pg/ml kanamycin, 12.5 pg/ml tetracycline and 24 pg/ml

30  chloramphenicol. At an ODsg of about 0.6 proteiﬁ 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



protein in also referred to herein by includsion of an "s" in the
designation of the fusion protein. For exanple, "STF2A Elll+" includes a
cysteine residue in the |linker (Figure 29, SEQ ID NGO 71), whereas

"STF2A. El 1| s+" include a serine 30 residue substituted for the cysteine
residue in the linker (Figure 30, SEQID NO 72). -54- Coning the ElII
domai n of each dengue virus fused to the C-termnal end of flagellin
(STF2A) Initially, obtaining biologicaldsy active nmaterial fromthe fusion of
the entire 5 envelope protein of West Nile virus was difficult, perhaps due
to the presengg@usfenddintixPBS, ¢3S Rl DNAS, d 4 FMSF GysitAk R@Sitok N t he

envel ope protein (see SEQID NO 39, Figure 45). However, when the regi on
encodi ng domaicAcktsi} andd] meimldysogyree. p’F@tSéi*Hﬁ‘ﬂSl%@’a%H%SQﬂ thieugh at he fusi on
protein was a [ Wi ous in
m ce. Nthoug%ﬂg&ﬂgﬁg éiég?o);l eﬁt@%?ég aﬂdﬁetlﬁgﬂgev |ss edm O%%g%ﬁg% he 4

di stinct DEN \maBsdmle(rmpﬁma Deh:tapelmn"uya to Bepaate @E@alhﬁ)el‘ﬁmomﬁﬁn 167, Figures

67-74) the thre ruct ures w do I envelope
protein aré si E’ﬁbﬁﬁg%ﬂgtﬁ? EQOWIFE@Q&GFWP@%%Wnﬁ%‘% N %Hd ot her
flaviviruses esap‘resi@& ad NEoLAME Brokdiy arff STHIR BIVIPESEQEDI NOS: 1001t), guous
critical/domnant neutralizing epitopes. Domain Ill of the dengue viruses

(Den |, Dent, SDERASE3Hst @Qﬁﬂﬂpshé% 7B SSHBAJERIEH (SEQ BANQH:. Sab)and shown to

he i munogeni ﬁrm mctf Oo?od esndum ng neutralizing antibodies in experinental
annal s (Si nmo % Yoy J. Trop. Med Hyg 65:159 (2001)). Domain
11 correspondi ng to resi dues about 295 to about 399 (exact nunbering

gggen(igG;)no]E h@ﬁﬁﬂ?iﬂoﬁldféﬁ"l%mlwi rus, for exanple, of SEQ I D NOS: 160, éGfZ
of the fau erent on-optim ze or
expression in E. c<§3l‘3[1 1YWW§°§WN@I@@%%§QQ§%@§ ¥45hg PCR and

sub-cl oned |nta ié&% @E@ma?és%@ ﬁﬁmt(ﬂﬁeiéﬁé}ﬁ Q’iosEEIéeﬁngc%t PeNﬂtlhﬁﬂ
pPET/ STF2A. DEN'E] / STF2A. DEN2EI ||, pET/ STF2A. DENSET |

pET/ STF2A. DEN@Esmce(oSEQ MNaGbs: redace lmA egxdotqpqm, otherzomaminghis. pheduct i on of

of BLR(DES] plyeQpineh Snellof allctaludl %Leéé@tﬁﬁhﬁﬁa%@éao gy res (00

PETSTF2A. B5I 14il{ShOvithbhkEs: A ?Ehffe?]&) 10(paVBTH261,pH §.6)t ”ﬂfsmuieﬂ)matenal
was re-loaded onto Q Sepharose and bound protein was eluted with a linear gradient
from 20% to 60% Buffer B (Buffer B: 100 mM Tris-Cl, 1 M NaCl, pH 8.0).
Fractions containing STF2.EIII+ were pooled and further processed by Superdex-

200 gel (SD200) filtration chromatography in the presence of Na-deoxycholate to

20  remove residual endotoxin (running buffer: 1% Na-deoxycholate, 100 mM NaCl,
100 mM Tris-HCI, 1% glycerol, pH 8.0). Following 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

25  substituted with a detergent removal procedure using Extract-D detergent 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.



NCS: 72, 73) or pETSTF2A.JEII1+ SEQ ID NOS: 5, 6) were grown in LB nmedium
containing 15 g/m kananycin, 12.5 gg/m tetracycline and 24 g/m 30

chl oranpheni col. At an OD600 of about 0.6 protein expression was induced
with 1 nmMIPTG for about3 hat about 37C. Foll ow ng induction, cells were
harvested by centrifugation (7000 rpmx 7 mnutes in a Sorvall RC5C
centrifuge) and -55- resuspended in 2x PBS, 1% glycerol, DNAse, 1 mM PMSF,
protease inhibitor cocktail and I ng/ | ysozyme. The suspensi on was passed
through a microfluidizer to lyse theCells and the |ysate was centrifuged

(45,000 g fo e..hou eckman Optima L ultracentrifuge) to separate
Pusiarionor sors it

t he sol ubl e El usi on bodi es. Under these gr owt h and

i nduction condi tignR$HA ﬁ[ﬁzlncl%lblll ﬁod@@ss’wer@&ﬂ[e%f%a%? 18%w-s aRfPtein and
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the presgnceoméntihtion bF ﬂsla@alubmzécbﬁuxeﬁl wiNAdjsidad 0N And &8 JarfiblB Sias

contam nant s flLowt hrou fraction was collected and the conductivity
adj ust ed by L?aér%ﬂ g Q Segh HP%?Ebehowdtmofsmwre?%e% BiiRg @ lincar gradigntfanyy i s- g |

PH 8. 0). Theodliib ybed Batep B! flufieras 1 00mh PRAEHCIMBISEREK R, AR Dound

protein was eluted with a nearesgra ient from20%to 60%Buf’ er B (Buffer
B: 100 nM Tr 84-Buffer|B: W&la(M Trisi€lg> oM EDEAa ¢ M dla€l.ddvitua¢anPHS. BTPR2e ® | | + wer e

pool ed and f t on

chr omat ogr apﬁly I'n apﬁﬁ 8]?’?‘2’23?&%’( og?{é Rg&%g@(gy&%@?nq@ ‘{TéD‘%glg rngf rarill)%/ne&ﬁfe’ésl dual
endot oxi b0 (r Qrﬂuphgoiwﬁitemal vy djastekb @y GTha tpegteih Ghs MhdtHda phrified By eV
Tris-HC , 1%.ql ycerol 0 F 200 chromat hy, the eluted
brotein was ToEgacapRaberpns hiint SpAhR SRy e B EA Ay it h
buffer Ato muﬁg-ﬁtqtﬁqwnmoﬁmmgblp[%t@ydarmw&emu@h%twﬂ with a |inear
gradient from 20%to 60% Buf fer B. In one preparation (Batch 057), this

step was 25 demsgehalaie.efhepluted aroirin wagaliecied oo apcopd 828 ghwomatogranly Ext r act - D
gfgfg?ﬁ”fms %gﬁé &lxgﬁg 4.3';52 ge‘h?ov@'l‘?tﬁ&-ﬁé@y&%ate.@&ﬁfd%&em'da)s eluldd&iBt" 1 f 1 ed
15 a hnear gradient from 20% to 60% Buffer B. (Buffer A: 100 mM Tris-Cl, pH 8.0, 8
M urea, 5SmM EDTA. Buffer B: 100 mM Tﬁs—HCl, pH 8.0, 5mM EDTA, 8§ M urea,
1 M NaCl). Final polishing of the protein was completed by gel filtration
chromatography using SD200 (Running Buffer: 100 mM Tris-HCI, pH 8.0, 8 M
urea, 100 mM NaCl and 1% glycerol). Reducing agent was added to the SD200

20  fraction (2.5 mM DTT) and the protein was refolded by step-wise dialysis against

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.

25  Refolding and purification of STF2A.EIII+ trimer
STF2A.EII+ (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

30 extractions with Triton X-114. The trimer was purified and separated from monomer

and aggregates by S200 size exclusion chromatography. The final product migrated



buffer containing 50 mM Tris, 100 mM NaCl and 1% gl ycerol and stored at
-80C. -56- Purification of STF2A.EIll+ STF2A. Elll+ inclusion bodies were
col l ected by | ow speed centrifugation (7000 rpmx 7 mnutes in a Sorvall
RC5C centrifuge) and solubilized with buffer containing 8 Murea, 100nM
Tris-HCl, 5 mM EDTA, pH 8.0. The urea 5 concentration of the solubilized
protein was adjusted to I Mand the sanple was | oaded onto Q Sepharose. The
bound protein was eluted using a |linear5gradient from 0%to 100% Buffer B.
(Buffer A 100 mM Tris-HCl1, 5nM EDTA, 1 Murea; pH 8.0. Buffer B: 100 niM
Tris-A, 5 nmV &RkMglelbait MaGlan a %pé&’bﬂtrnﬁﬂeculhl'iwﬁlgm of dBeat 130 kDidws IB8-mat i on of
protein aggregates follow ng elution, the urea concentration of the 10 Q
Sephar ose mat AGE- was adjusted to 8 M The protein was further purified by
gel filtration chromat ography usi ng SD200. The colum was pre-equilibrated
with 100 mM Tri . 1% gl ycerol, 8 Murea plus 1%
Na- deoxychol e FB¥ ed to a second | EX

chr omat ogr aphy st EIFhelﬂISdnﬂﬁleﬁﬁﬂfrﬁﬁonTlFQAlﬁfﬂB‘QﬂiQ% NG St X YO Rk atcducddound
protein was eluted with 15 a |inear_gradient fro 20%to 60% Buf fer B.
(Buffer A 100°mfifteRiysandieifiGiently by refglding ysnggapig Rhigh prevepted: 100 mvi

Tris-HC, pH 81n@iw10@a1WF§@ﬁH+%uM)ﬁ’ﬁ%€&m ﬁJonMn't\@gtﬂlg Wi {hrtﬂﬂe aRGhésHERG of the
protein was conpl eted by gel Itration chromatography using SD200 (Running
z@kﬁo

Buf fer: 100 nmivndutimersiguch apmm (su@ra) STFeA.EI-beolnidi m intlus i dodicer ol ) .
Reduci ng agent. Q.th D200 20 fra mV.DIT) _angd the
protein was relfl%/gl §9g'y S Seeﬁtt%ﬁédg élfsed‘é% m&hg Ige(’:nrlwasj;l;l l)lraPKﬁiy
concent r at ilonsdilutedun &ais/NEG# glyc@al lﬁuffte,qfﬂme,ttb @hounlasimgﬂum ﬁr&ﬂtnemt iall y
agai nst buffers that c thq\jl\ged 100 mM Tri s

%
gl ycerol and 6°ORfenirafpn At FROm R ReraBiEe. (ﬂ“ Oﬁﬁr%ﬂf'ﬁ%@fﬂ‘lﬂ@g&% of
STF20. El I + trdeﬁﬁéte@fﬁ%fg@eﬁhf‘és (aysgﬂ)d &e%usﬁﬁ)chﬁ&ﬂatofgfdﬁﬁy uTkag®P! ubilized

i ncl usi on bodies was efficientl % refolded to formtrinmer product by sinple
dialysis as de@@dqu@@gr@lb@e%a single bend wish a @pefent melscdpreigtiof abays fn
proteins) was. @g gbaggd on nolecular weight in SDS-PAGE. Fol | ow ng

di al ysi s, endotoxln Was reroved by nmultiple 30 extractions with Triton
X-114. Thelirinmer was purified and separated from nononer

Purification of STF2A EITls+ (serine substitution of the linker between STF2A and
EIll+, SEQ ID NO: 72)

STEF2A EIlls+ (SEQ ID NOS: 72, 73) from solubilized inclusion bodies was
refolded using a rapid dilution method similar to that used to refold the STF2A EIII+

_INENOIME]

20  monomer. The refolded protein was captured on a butyl sepharose column and
eluted while removing most of the endotoxin contamination. Eluate from the butyl
sepharose purification was concentrated and put through 4 cycles of Triton X-114
eitractions to reduce endotoxin levels down to about <0.1 EU/pg before a final
purification step over SD200 gel filtration. The final pooled product migrated as a

25  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.JEII+ (SEQ ID NOS: 5, 6)

Protein was isolated from inclusion bodies under denaturing conditions.
30  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



and aggregates by S200 size exclusion chromatography. The final product
mgrated -57- as a single band with an apparent nol ecul ar wei ght of about
130 kDa on SDS- PAGE. Refolding and purification of STF2A. Elll+ nononer 5
The nononeric formof STF2A. Elll+ (SEQ ID NOS: 70, 71) was produced
consistently and efficiently by refolding using rapid dilution, which
prevented individual STF2A. Elll+ fusion proteins frominteracting with one
another to form neutimers, such as trjgners (supra). STF2A EHI + sol ubilized
frominclusion bodies in 4Murea was raised to 8Murea w thout reductant.

The protein was then rapidly.10 diluted.in.Tris/NaC /glycerol huffer, pH
80, "o abouliPVEhBRIT SayeRpiFs Alp SGeS R eRbPte oSt iimar ¢ oom

t enper at ur e. (abagt IIPNRERIuteMRGIH AIseadiE {0 o HduriM NaStp Atrtpestein v aggr egat es
by 5200 size excl usion chronmatogr aphé'.e The fina product migrated as a

singl e band WifeHehsingyapid dittionasaiessrived biSgRRASHIAppeomes Themgolsin SDS- PAGE.
15 Purificati | : hFgatil f ' bet ween
STF2A and EW‘F&},EB% gglﬁ%tﬁoindg%ﬂ{ﬁ’g %&E%IHJ%?P %dgé%g%%?%‘?df bﬁ‘% from

sol ubi i z&d iforol afshaproteindies aggrsgatese Tk gedfiadsiatgrial migpited wiith art i on net hod
simlar to that used.to ref.ol d the F2A. Eld | menoner . . The r.ef ol ded

pr ot ei n° was 8%{?5&518168@&%‘"515 fag%%ﬁgrk?é@né%}%%&gﬁgg 8?%%188‘1 Wfﬂftﬁﬁ? enovi ng
nmost of the eneRlLO¥MIdIEXaBsGtOABIEug)El uate fromthe butyl sepharose
purification was concentrated and put through 4 cycles of Triton X-114
extractions to reduce endotoxin | evels down to about <0.1 EU/ g before a
final purifire@BhieRPRIABRIAEFusibeORtG®l filtration. The final pool ed product
mgrated as a 25 si nzgl e band wth an apparent nol ecul ar wei ght of about 43
kDa on Sb%- PAGE af#F2BHIsgivwes aroduecediaan agrpbistbicspactoriusizg axed haicly about

0. 000015%) . LS ' g@ga P i was
isolated fr ogl}blrch%l gg#(%%%@%%@?%ﬁ%fjﬁ éggﬁoaéoﬁrﬁ ?ln%@(lz) ndi t(?})qnlg(?ﬂ) ggg{ls%gusi on
bodi es wer e WaNHgoH)additiodetemperature 6héating (hettimg Madl@f))or analingqtiobi | i zed in 8

M urea, resulting b PACL als BULHGRL 82 bhe. ARAR RaSkhy FoT

controlled), agitation (mixing speed) and O, flow (timed cycled) in cascade. Cells
15 [BLR(DES3) pLysS that harbor the STF2A.EIlIs+ were adapted to and banked in

MRSF media (see infra), and frozen in 25% glycerol. Cells were scaled up for the

bioreactor by adding 1 mL of banked cells to 1 L of MRSF media and agitating at

about 37°C for about 15.5 to about 16.5 hours. Cells from the scale up process were

added in a about 1:10 ratio to MRSF or MRBR synthetic media at about 37°C and
20  about 0.5 vvm air flow.

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

25  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 with IPTG upon batch glucose exhaustion.
The culture was maintained for a minimum of about 2 hours and a maximum of

about 20 hours.



-58- renoval, protein was applied on a Source S cation exchange col um at

| ow pH (about 3.5) and eluted with a salt gradient (0 to about 1M NadC).
The protein was refolded using rapid dilution as described for STF2A ElIll +
nononer. The protein was then concentrated and further purified using SD200
to separate the nmonomeric 5 formof the protein from aggregates. The
purified material mgrated with an apparent nolecular weight of about 43
kDa on SDS PAGE and contai ned accept abl®- | evel s of endotoxin (about 0.03
EU ug). Fed Batch Production of Fusion Proteins 10 STF2A. Ellls+ was produced
in an aerobic bioreactor using a fed batch process. Three control |oops
were placed to control pH by acid (2 N HCQ) or base (3 N NHAOH) addition,
tenperature b il t|n (heating bl anket) or cooITl ng " d cool i ng

| oop), and di ~oxygen by conpressed air floWw a . W& r ol | ed),
’5‘%2 ascade

agitation (m ‘ OIRPONG O§@Fs 15

[ BLR(DE3) pLysSUt%&t harbor the STF2A Ellls+ we gﬁ’ o and Banked in
MRSF nedi a (sekéI'I?PrQ‘*r a), and £2ozen in 25% gl ycerF8§04( Pk were scdsed up for
the bioreact dNHsSQdding 1 f of banked cells #Z8S04(7He®) MRSF mediZa and
agitating at @BbUACid7C for &Bout 15.5 to about MBGWMHAIrs. CellsZromthe
scal e up procadgSQeyE:0)addedlOn a about 1:10 ratGo§le(@HMRSF or MRBR-Zynt heti ¢
medi a at alfoutC&AC and 20 abddt 0.5 vvmair fl GuSOIELP) ocess wad.Irun in
bat ch node at BhaMeBIEC unti lmi he cel |l s oxygen NeaMeOa@H,On was sWch t hat

t he conpresseditdahineHOV i s about 1.5 vvm and t hél;Bagi tation is at Otlhe

maxi mum aboutAfifbgdr s, whengpbe tenperature is dropped to between about
25C and about 33C. The feed can he started before the culture is 25 induced,

or up to apoutpRspmdeddout 1/ 2 hours after. The fogeficiat € can be kept

constant, or gdybased process variabl excdds@ighved oxygeny gl ucose
concent ratl on) culture % dlﬂ%ib‘f@agto th I P@—mat ch glucgse
exhausti on. | ture vvas7‘rggzl nt al ne )Saboujt 2 %ours and a
maxi mum of ab 84hours 3! g VRBR Medi a Tr accecgg:ﬂ{ ol ution %OOX
20 Cltrlc Amd 1.0 MgS04(7H,0) 12

MgS04(7H,0) 1.0 Thiamine HC1 1

CaCl, 0.04 Trace Metals 1ml

Trace Metals 1ml Glucose 100

Thiamine HCl 0.01

25 Kanamycin 0.0075 (shake flask only)

STF2A Ellls+ was produced as inclusion bodies. Upon harvest, the cells

were separated from the conditioned media by centrifugation (Beckman Avanti J-20

30  XP, JLA 8.1000 rotor, 10 kxg for about 20 minutes at about 4°C) and resuspended in
equal volume of 50 mM Tris, 100 mM NaCl, 1 mM EDTA, pH 8.0. The
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.

35 The solids can be separated and the STF2A.EIIls solubilized by one of three
methods; centrifugation, filtration, or fluidized bed chromatography.



Conmposition g/L Conponent g/L 5 ducose 20 EDTA, disodium5 KH2PO4 2.2
FeSO4(7H20) 10 (NH4)2S04 4.5 ZnSO4(7H20) 2 Citric Acid 1.0 MhSHA(H20O 2
MySHA(7H20) 1.0 CoCl2(6H20) 0.2 10 CaCl2 0.04 CuSO4(5H20) 0.1 Trace Metals
| M Na2MbO4(2H20) 0.2 Thiamne HO 0.01 H3BO3 0.1 Antifoam 0.05 15 MRSF
Medi a Feed Media Conposition 9/L Conposition /gL G ucose 10 (20 in

bi oreactor) NaCl 0.5 KH2PO4 7.8 FeSO4(7H20) 2 (NTI4)2S04 2.33 CaCl2 3.5 20
Citric Acid 1.0 MgSHA(7H20) 12 l\/g8048670I_—|20) 1.0 Thiamne HC1 1 CaCl2 0.04
Trace Metals Il Trace Metals 1n] d ucose 100 Thiamine HC1 0.01 25
Kananyci n O. %875 tghake flask only) STF20.Ellls+ was produced as inclusion
bodi es. Upon t, the cells were separated fromthe conditioned nedi a

by centrifugati onSoRecdkeBpadwdYyicentriAlpati dO(BERkmat-Avahtil 09OxPoti0p0 10 kxg for

about 20 m nutes at about 4C) and resuspended in equal vol une of 50 niM

Tris, 100 mvirMacR0 kxg fan28mrinutepsq 4Chandrraispeded inf WgaM ®is. lWwadNa@peat ed under
t he sanme condi.fi 1A Ak ' bl 6. y iR Wl me of the
same buffer. e@;ﬁﬁrﬁi\gﬁépﬁé}%gséa&%%%?ﬁ%\ggﬁ%é ﬂﬁ%ﬁlggéesﬁ:vgg%gp%%%’@ 1000) at
> 10, 000 psi ubao 6 ditnek ¢atd) at worepsisg geed3Hmd TineesSol d Msximam dfebseglkaged and t he

STe2h 11 SalaBllAPst, b e e A o8 PELCES Gl L MSLIOD

50 mM Tris, 0.1M NaCl, 1 mM EDTA, pH 8.0 and clarified by centrifugation
(Beckman Avanti J-20 XP, JA 20 rotor, 40 kxg for about 20 minutes at about 4°C)
The pellet was resuspended and dissolved in 50 mM Tris, 0.1M NaCl, 1 mM EDTA,

10 4 M urea, pH 8.0. Insolubles were removed by cenirifugation (Beckman Avanti J-
ZO.XP, JA 20 rotor, 40 kxg for about 50 minutes at about 4°C) , the supernatant
retained for further processing.

After the multiple washes descﬁbed above, STF2AEIIIs can aiso be

dissolved in 50 mM acetate, 10 mM NaCl, 8M urea, pH about 4.1 to about 5.3 and

15  clarified by centrifugation (Beckman Avanti J-20 XP, JA 20 rotor, 20 kxg for about

20 minutes).

Method 2
After homogenization, the lysate was captured in body feed and
STF2A Ellls+ extracted with urea containing buffer. Body feed is a filter aid
20  designed to trap particles in a cake above a depth filter. The body feed (Advanced
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
25  asthe 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.



Method 1 Solids are separated by centrifugation (Beckman Avanti J-20 XP, JA
20 rotor, 20 kxg for 20 m nutes at 4C) and resuspended in 50 mMMtris, 1 in
NaCl, 1mM EDTA, 1% gl ycerol, 0.5% Triton X-100, pH 8.0. This process was
repeated 5 up to 6 tinmes (total) at increasing speeds and tines (to a

maxi mum of about 40 kxg for about 20 m nutes). After the final pellet
recovery, the pellet was resuspended in 50 MM Tris; 0. IMNaC, 1 nM EDTA,
pH 8.0 and clarified by centrifugation-6l¢Beckman Avanti J-20 XP, JA 20
rotor, 40 kxg for about 20 mi nutes at about 4C) The pellet was resuspended
and di ssol ved ie 05 ,mvi Tris, 0. IMNaC, 1 nMEDTA, 10 4 Murea, pH 8.0.

| nsol ubl es we ved by centrifugation (Beckman Avanti J- 20 XP, JA 20
rotor, 40 kxg for mnthe5911mmﬁmﬁal@treaﬂ9pamﬁed4{ﬁ)buffef hl&ysmerdmpanted irr et ai ned

for further processing. After the .nul | e es ed  above,

STFoA Bl | Ts Canamenlonde o Sep bt bR P ABo K0 SR act | BM ur ea, pH
about 4.1 to abpldkenzed. qﬁsllysaté v&‘als %ﬁlfeﬂ%ﬁ a@%e&ﬁnﬁécsvﬂ@idlmbé@&ﬁmn Avant i
J-20 XP, JA 20 rotor, out m nutes). Method 2 After

honogeni zati o r{GEtHf‘élth%PéQitVéleWa@e §EE¥41EHI;F+| W@S é@l&hefré%l a@f&e pEiEisteslqw s +

extracted wt A . desi gned
to trap partic esgflng:ﬂfa%aczaie*klglsj'zjag‘log%feglE dl?w ﬁﬁtggd g?yﬁ%atéj Advanced

M neral s Corpdoaitpl—hmfhermcme%ﬁbsesceaofdemgamsBmﬂw'ﬂntmaXri@ﬁﬂer) Wi t h a high
surface area aB, L ﬁermsabi lity, retaining < 0.24m particles. The filter
ai d was pre_—m'p><<’ aer the | ysate and punped over a depth filter (Ertel
703), building up a cake contai ning both body feed and | ysate particles.
The suspe %I OTMS a depth filter 25 as the particles settle on the
filter is, 100nM NaC pH 8.0 wash was perforned to renove

sol ubl e pr oteins amebtamtﬁh@al@%d&s 1) SeRsERRITh SWPAGWshl’ﬁ;IJElé@uﬂM Tris, 100
mVM NaCl, 4 Murea, pH 8 solubilizes and renoves the A STF2A Ellls fromthe

body f eed for Witlradayitherifmergapigetharpl. Thasarpies Jvers beiledipre wamtes apgr e
initially resyspeadsd . 4@@%‘%b@pol§a@%¥arﬂi@é gell FSltRGS gﬁgtrdﬂﬂorems, gels were

stained with coomassie blue to visualize protein bands.
15

Endotoxin assay

Endotoxin levels were measured using the QCL-1000 Quantitative
Chromogenic LAL test kit (Bio Whittaker #50-648U, Walkersville, MD), following
the manufacturer’s instructions for the microplate method.

20 |
Protein Agsay

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).

25
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
30 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,



sodi um chl ori de and urea containing buffer at pH about 6 to about 8 and
honogeni zed. The | ysate was applied on a Streamine CST fluidized bed col um
5 (GE Heal thcare) where the STF2A. Ellls+ binds to the resin and the
particulates flow through. STF2A. Ellls+ may be eluted in | ow salt
conditions at a pH greater than the load pH, in the presence or absence of
detergents such as Triton X-100 or polysorbate 80. 10 SDS- PAGE Protei ns
(typically about 5 g) were diluted i n-@&bS- PAGE sanple buffer wth and

wi t hout ( 3-nercaptoethanol. The sanples were boiled for 5 mnutes and

| oaded ont o and{réfHabX8°Q0IAFRE it the caflitionk® e@iin Yaehegfed dpxtas esi s, gel s
were stained with coomassie blue to visualize protein bands. 15 Endotoxin

assay Endot o®reienceéils 8 ks eandwich FlJ§Asing gn epfishumnpn -8 oepiehed antihody | ve

Chr onogeni ¢ k ),

following t :@E%&%E{ ngl %Orlgqn g%@?u@%ﬁkﬁﬁg I?O%O%mﬁg%}l%%%eﬁgt[) hod. 20

Pr ot ei n AssaynsEnctioss.nOpticad émsmma@mamdemdetaenmqpme spectrophometayBCA Pr ot ei n

Assay Reage for SI NGy SA as a standard (Pierce
Bi ot echno oggﬁAﬁtﬁ%kgﬁ?ﬁgm?Eﬁb“§%M§L v"E?’gttjl%inty assay HEK293 cells (ATCC,
Catal og No. CRL-1573 Manassas, Virginia) constitutively express TLR5, and
secrete several soluble factors, i ncl g IL-8 in response to TLR5
si gnal i ng. aqge fedpetionnehiralizationigst (ol i cropl ates (about 30 50, 000
celI's/well), fusi pRNATWis§ieforméitiRdoraing tb WaMBak ad LYRmLENL67: sthg-sawt day,
the conditioned medium was harvested, transferred to a clean 96-wel |
m cropl ate, {¥P1).Jweths seram samples pere heptiiggetivadby gncubationdadpiG waed medi um
was assaygd PR,
ot -hun%g I%Qr@f%hﬁgﬁtp}ﬁm 38’% e dekiafly bifludd i s gAY H1 6B

1/2560. West Nile virus was diluted in PBS with 5% gelatin so that the final

concentration was about 100 PFU/well. Virus was mixed with about 75 pl serum in

a 96-well plate at about 37°C for about 1 h. Aliquots of serum-virus mixture were
inoculated onto confluent monolayers of Vero cells in a six-well tissueculture plate.

15  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%

20 'COZ-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 STF2A-fusion proteins
ELISA plates (96-well) were coated overnight at 4°C with serial dilutions

25 (100 ul/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

30 mAb 6HI11 (Intotek), while the antigenicity of WNV-E was monitored using a panel
of mAb (5C5, 7TH2, SH10, 3A3, and 3D9) (Beasley, D.W., et al., J. Virol. 76:13097-



pair (Pierce, #MBO1lE and #MB02B, Rockford, IL) follow ng the manufacturer's
instructions. Optical density was neasured using a mcroplate
spectrophotoneter 5 (FARCyte, Amersham Bi osci ences, Piscataway, NJ). Plaque
reduction neturalization test (PRNT) PRNT was perfornmed according to Wang,
et al., J Imsunol. 167:5273-5277 (2001). Briefly, serum sanples were heat

i nactivated by incubation in a 56C water, 10 bath for about 30 mn and were
serially diluted in P13S with 5% gel att™-from1/10 to 1/2560. West Nile

virus was diluted in PBS with 5% %gl atin so that the final concentration was
about 100 PFULHKEIN(200%)) wiere marshases E@mBioreliaprsRogbRockydle MR)n Angibodespe |

pl ate at abouty: : f i §ﬁflj i ] wer e

i nocul at ed on?guo’%%ﬁ)f‘?%g2@%%@#2}”&@3%%?%@?%%e s@t\r?t ngi @ﬁ#%ﬁeti ssue
cul ture pl at ewefbwakhed Tewitls PRB+Te HRIGlabeled goaa intdhoute I3GCGntibodids fiacksomd t he
pl ates were shaken ever in. The,. r.o ver | t. hen added. The
overl ay was p?réuﬁla’r]%c e%vg%ﬂ%shg}ové’qu& dl@gﬂ%@%%‘? a@%‘fcﬂ@lﬁ%/‘%@ﬁ ting of
100 M 2x HEMiHelgiftes Wae hieobadi £ $dontkdntberahire Forl 16hodP0 AP weldGhddneziol Ut i ons
were placed in a 40C water bath for_1 h before adding the overlay. The

cel I's were i né¥Bah&®St br AferpddingkMB1E3].5,5 atcHameriyioprzddine Ylira edlpstrale
S oare ; S e .
m xture S eglflglqe QY&&MO%}decgigrcgg@u%ﬁ%tofﬁa{% glfr?bit d'e%logﬁgnt}[’%%% ?,QQG on

day 5. Virus aques were unt At 1 eni Cli

STF2A-f usi on preasueddrn £ldcSAFprHE ascilog@cmeptojomutere coat ed overni ght at 4C
with serial dilutions 25 (100 I/well) of purified STF2A-fusion proteins (SEQ
I D NOS: 158, 159, 54, 55, 70, 71) in PBS (about 2g/m ). Plates were bl ocked
with 200 howelihhmohizAsmaf nlkd uent Buffer (ADB; BD Pharm ngen) for one hour

g
at room t enperat ur | at were washed 3x i.n PBS;Tween, and then
cubat ed it ant COUASLEHESET Y @i Hers guitivet MBPRAEAR Somi n of t he
construct. TheuRxRh&uslyWthothe fndaallcofceBsidds beRkRE prtstbifgof dythde MAb 6HL1
(Intotek), while the antigenicity of WNV-E was nonitored using a panel of

mAb (5C5, 7H2pemidenon daxs 0, hand3i89) Op Bawssd leapd 36, ipymuniged gpimalgwergbled| .

76: 13097 - 63- 0. (. f i or el | - ockvi | | e,
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' 9G anti bodi esy(JaCKS 941 (Wang, T., et al., J. Immunol 167:5273-5277 (2001)). Survival

was monitored for 21 days post-challenge.

Serum antibody determination

20 West 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, 7H2, SH10, 3A3, and 3D9 (Beasley, D.W., et al., J.
Viro. 76:13097-13100 (2002)) (Bioreliance, Road Rockville, MD) in PBS at a
concentration of 2pg/ml. Plates were blocked with 200 pl/well of Assay Diluent

25  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

30  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



| mmunochem cal, West Grove, PA) diluted in ADB were added (100l/well) and 5
the plates were incubated at roomtenperature for 1 hour. The plates were
washed 3x with PBS-T. After adding TMB (3,3',5,5 -tetranentyl benzi di ne)
Utra substrate (Pierce Biotechnology, Rockford, IL) and nonitoring col or
devel opment, A450 was neasured on a Tecan Farcyte m crospeetrophotoneter.
10 I mruni zation of mce C3H HeN m ce (10 per group) were i mrunized
intraperitoneally or subcutaneously wth the indicated concentrations of
fusion proteins or synt heti C pepti des on days 0, 14 and 28. On days 21 and

35, inmunize r
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2741 (Wang, T., et al., J. Imunol 167:5273-5277 (2001)). Survival was
nonitored for 21 days post-chall enge. Serum anti body determ nati on 20 West
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of chlorotrityl chloride resin by solid phase peptide synthes1s The peptide chain was

15  elongated by successive coupling of the amino acid derivatives. Each coupling step
was preceded by an Fmoc-deprotection step and were accompanied by repeated
washing of the resin. After coupling of the last amino acid derivative, the final
Fmoc-deprotection step was performed. Finally, the peptide resin was washed and
dried under reduced pressure. During solid phase peptide synthesis color indicator

20  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

25 | 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

30 immunogenicity studies.



Prussia, PA). WNVOO1l is a 20 amno acid peptide (SEQ ID NO 168) of the West
Nil e virus envel ope protein chemcally coupled to a tri-palmtoylcysteine
(PanBCys) noiety through the am no term nal serine residue of the peptide.
The chem cal name for PanB8Cys. WNVOO1 is

[ Pal m t oyl - Cys((RS)-2,3-di (pal mtoyl oxy)-propyl) 10 LTSGHLKCRVKMEKLQLKGT
(SEQ ID NO 168) acetate salt]. The nolecular mass of PanBCys. WNWQ01 i s
3163. 3 daltons. The peptide was synthegized by Bachem using solid phase
synt hesi s net hodol ogi es and FMOC chem stry. The am no acid sequence of
Pan8Cys. VAWWQ0 sV e Ho P Aayst Pro-2- chlorotrityl chloride resin by
solid phase p . eptide chain was 15 el ongated by
successi ve coupl i nigptifie aays diges S andl @ mieveatyinthesizednchigmo ishosygy step was
preceded by aQNFOrEgagﬂ ge%ot ection step and were acconpani ed by repeated
washi ng of th Ye r%i }er coupling of the last amno acid derivative, the
final Fnoc-deprotection step was perforned. Finally, the peptide resin was
washed and @gﬂ_ﬁggder reduced pressure. During solid phase peptide

synt hesi s %ol cator 20 tests were perforned for each step to nonitor

t he corrpl eti owe@thﬂJ\ﬁmer?got@heavage and the subsequent coupling of the
am no acid derivatjves Q cqupl e PanBCy to the el ongated, peptide, the

lipid moi ety was pPésiaiils yae&WNYias angcqﬂndy%%ﬁ@zsym CTRREHB EREI g8 (DOC! )
in the presengg.gi arhzbafﬂi%ﬁﬁ@%&%&ﬂuﬁggkﬁe&k@ﬁ&ehc ahfGninla@RéAIchi Tge SOl UL ON
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i ndi cator,tes vver erfor to cont I | n a OH. The
cor! ot ed! beptt AT RERS AR Poidir el Fubidi ettt i
trifluroaceti Elrc&CiW]NV(HEEA%O bdde digmfedatt @ssfitunh ilwssah@thitddiateat eri al )

was precipitated fromthe reactjion mxture a yop | j zed. The crude
product was uSEgenvsiors giveprsptenotiWistiNgg 6NN - nEga%‘Jt VIVIIHEES ¥t hesi s of

WAV- E pepti de @@f@a&uﬁﬁﬁimg&ﬂr%&ﬁe@ﬁﬁwﬁés @immé B9 hntlRh & SYpthesi zed by
Si gma CGenosys (Wodl ands, 5 RESULTS: WSt Nil'e fusion protein
like receptor 11gand the composmons fusion proteins and polypeptides described

15 herein may target appropriate antigen presenting cells without the need for adjuvant
or other immune modulator formulations.

As described herein, several strategies have been implemented to facilitate
production of West Nile virus envelope (WNV-E) fusion proteins in E, coli. One
approach is to engineer a smaller WNV-E antigen by fusing domain III (EIII) and,

20  optionally, with amino acids of domain II of the WNV-E protein to full-length STF2
(e.g., STF2.E, STF2.EIll+). Domain I is responsible for virus-host interactions
and retains many West Nile virus neutralizing antibody epitopes. It also contains
only 2 of the 12 cysteine residues present within the full length envelope protein,
making expression in E. coli more feasible. A second approach has been to delete

25  the hyper-variable hinge region of flagellin (e.g., STF2A) thereby creating a smaller
fusion protein (STF2A EIll+) The };yper—variable region of flagellin is not required
for TLRS signaling and its removal may also reduce the immunogenic potential of
flagellin. Both STF2.EIlI+ and STF2A EIII+ have been expressed in E. coli and
purified. The purified proteins have been characterized for TLR5 signaling activity

30  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



West Nile virus (WNV) has enmerged in recent years in tenperate regions of
Europe and North Anerica, presenting a threat to public and ani mal health.
The nost serious manifestation of WNV infection is fatal encephalitis
(inflamuation of 10 the brain) in humans and horses, as well as nortality in
certain donmestic and wild birds. WAV has al so been a significant cause of

human illness in the United States. The envel ope gl ycoprotein of West Nl e
(WNV-E) and other flaviviruses nay generate neutralizing and protective
antibodies. By linking this antigen toa Toll- like receptor ligand, the

conmposi tions, fusion proteins and polypeptides described 15 herein may
target appr ob?ql%ﬁeetgé WFMI}H*%%\%??F&}/ ‘@\4? |agﬂwyt=w_émor@ ﬁ@’fﬁ’é@&(’?‘or adj uvant
or other '”“‘éélﬁiﬂ%%ﬁ@&lﬁﬁwfwwt@%i'td%@ﬁhaﬁSTF’EEﬁ'H.bed herein, several
strategi es have been i npl émented to facilitate production of West Nile
virus envel ope (WNV-E) fusion proteins in E. coli. One approach is to
engi neer a snal.] er - ntig using domain Il (EIll) and, 20
optionally, A Bt aQMﬁ%ﬁfﬂll of the WW-E protein to

ful'l-1engsh STF2 St@rdlots ST SRFERIISTA SEIFRA BN+ Bevebdan ptddub&l ihgspsInsi bl e for
virus-host interactions and retains many West N |le virus neutralizing
e

anti body epi eappeified(Tabled). cORZAF I wassrpressed ps ¢ peluble peajein andhpurifiedi dues
present withi f tmﬁh% o e I ' ionin E
coli nore f eg{s}cll'%lrﬁgr.l d%ll Eisec E‘E‘Bgir;%‘gs? %%hggré}gérgoh&ts ’oaSEIL%é’{‘B gd g@t‘%ﬁg&

hyper - var i ablirehiied geion eg¢hangsodhréthagghpliyrentd eclfilra®iit- 2pal tyieddsefloym 6deat i ng a
smal l er fusion protei STF2A EI11+4) . Th er-variable region of flagellin
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protein and purified _ e .
mg/ml without any loss due to protein precipitation. Two preparations of

STF2A.EII+ from a single 6L culture yielded about 1.2 and about 6.7 mg of protein,
both of which had acceptable endotoxin levels. As expected, purified STF2.EIII+
and STF2A.EIII+ migrated on SDS PAGE under reducing conditions as about 65

20 kDa and about 43 kDa proteins, respectively. Notably, STF2A.EIIl+ migrated
slightly faster under non-reducing conditions. This altered migration may be due to
disulfide bond formation involving the two cysteines residues in.domain III of the
envelope protein. As well, a larger species of STF2A.EIII+ was detected by
Western blot analysis whose molecular weight is consistent with a trimer form of the

25  protein (“(STF2A.EIII+)x3 or 3 units of STF2A EIII+”).



under non-denaturing conditions using a 4-step process, as described above,
that included ani on exchange chromatography and gel filtration. Final
yields from6 L cultures ranged fromabout 0.9 ng to about 3.8 ng and all
preparations contained 10 | ow | evel s of endotoxin as neasured by standard
LAL procedures (about < 0.1 EU g protein, see supra). In contrast,
STF2A. El'l 1+ formed inclusion bodies in E. coli, and was purified under
denaturing conditions. Al chromatogramly steps used to purify STF2A EIIlIl+
required the use of 8Murea. Followi ng purification, the denatured protein
was refol ded by step-w se dialysis to allow for gradual urea 15 renpval.
Ref ol di ng was t p| cally carried out at protein concentrations of about 0.3
ng/ Ml wit hout T& Fgé@t%%leﬁ’@ rTER f@@lf?ﬁsgﬁgﬂﬁﬂﬁmﬁ?gﬁhré}@éns of
STF2A. El | | + f SaR2AEEiHFREQ 82 I7t1hf1)é10§llpe1t@eﬁd about 1.2 and about 6.7 ng of
protein, both of whi ch had acceptabl e endotoxin | evels. As expect ed
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protein. As well, 0871 ar gePTERpEHIes | of BOF2A.|EI | | +0.0As detlect elP7I9¢ nghtéigt er n
bl ot anal ysi § whoge4 nol e,gTBZAE/ﬂ[Jg Nt | $.2congji stengoymth g tri rrerpﬁngmﬁn of the
F ¥ - :
Endot oxi 1 LoVt oan LRl b R B i 0L s D No Doy
STF2A. El | Ii (SEQ ID NO 71) fusi on’ proteins. Batch Nunber Protein Yield (ng)
Endot oxi n TLRT3REGofvityliaied SEKEYY g)-8 Bkay STF2. EI I 1+ 3.8 0. 03 >5000.00 ng/m

054 STF2.ElIll1+ 0.9_0.02 1195 TFE2. Ell | + 07 197.92 ng/m
044 STF2A.Elll+ 1.3° Goevﬂigﬁﬁ&f %‘-Fﬁ"lmgi %OIEPHOFeisa?Eﬁgéwaasawahg/ m 5
TLRS acti Vi ty pbfforkfee. HEK293 11.18-B11#&8RYreated with serial dilutions of two independent

pretein batches (Figures 47A and 47B). Cultures were incubated for a 24 hour

= (

10  period and conditioned media were harvested and assayed for IL-8 production by
ELISA. Asshown in Figure 47A, STF2A EIll+ showed potent TLR-5 activity.
Regression analysis of the titration curve determined the ECsg of batches 2004-044
and 2004-045 to be 1.13 ng/ml and 4.34 ng/ml, respectively (Table 1, supra). In
both cases, the TLRS specific-activity was at least about 10-fold higher than the

15  control protein STF2.0VA. In contrast, 2 preparations of STF2.EIIl+ showed
significantly weaker TLRS5 activity than STF2.0VA. The ECs, of STF2.EII+
batches 054 and 057 were about 1195.00 ng/ml and about 197.92 ng/ml.

Antigenicity of STF2.EIIT+ and STF2A.ETII+
20 The antigenicity of STF2.EIlIl+ and STF2A.EIll+ 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

25  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 paﬁern of reactivity is



To conpare the PAWP activity of both fusion proteins, a TLR5 bi oassay was
performed. HEK293 IL-8 cells were treated with serial dilutions of two

i ndependent protein batches (Figures 47A and 47B). Cultures were incubated
for a 24 hour 10 period and conditioned nedia were harvested and assayed for
| L-8 production by ELISA. As shown in Figure 47A, STF2A El Il + showed potent
TLR-5 activity. Regression analysis of the titration curve determ ned the
EC50 of batches 2004-044 and 2004- 045.4 0 be 1.13 ng/m and 4.34 ng/m,
respectively (Table 1, supra). In bot% cases, the TLR5 specific- act|V|ty
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recogni ze the fusiUsEeFarad fH1GRYNVsaenoglonalntibedies: 7 diresy aptigenisg- consi st ent
W th the propgsegitAcat bl AlmeCosTS B AA%BAA SN2 PplioReR Mehin EIIT.

The epitope for 3D9 lies outsid main |11 of st Nile Virus
envel ope 10pr dO€iand 429). dntlease stidies |platssdndre Mpdted mthﬂsmrbmm wotzinsand i bodi es
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was somewhat er ha to the requced nynber of potential
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STF2A. El'l | + (Figures 49A 49 10°49C and 49D). In these studies, plates

were coatléd whveloperaonioslonelamtbodiesovasi qbgeraﬁu The reactivity of STF2A EI+ with
either 5C5 or 7H2 was significantly greater than that observed with STF2.EIIT+.

Collectively, these results indicate that the flagellin 6H11 epitope of STF2A.EIll+ is

uncompromised and is comparable to the flagellin sequence of STF2.EIll+. They
also highlight distinct differences in the antigenicity of the EIIl domains of these

20  proteins and indicate that STF2A.EIII+ contains more of the critical conformation
dependent neutralizing epitopes than STF2.EIII+.

Efficacy and immunogenicity

Several efficacy studies designed to examine the protective efficacy our
25  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
30 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.



then detected wth polyclonal rabbit anti-E, or nouse nonocl onal antibodies
as described. As shown in Figures 49A, 49B, 49C and 49D, both STF2.ElIII +
and STF2A. Elll+ were readily detected with the flagellin nonocl onal
antibody with no significant differences in reactivity. However, distinct
reactivity with the anti 15 envel ope nonocl onal anti bodi es was observed. The
reactivity of STF2A.ElIll+ with either 5C5 or 7H2 was significantly greater
than that observed with STF2. EIIl+. @8-l ectively, these results indicate
that the flagellin 6HL1 epitope of STF2A.Elll+ is wunconprom sed and is
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survival f ol |Dagusgedyetion nputiglizalion titer¢ hal | enge. Consi stent with the poor

| TnORen{E\) of SPBAYE A YA 1 A i o
elicited by STF2A EIIl+ and potentially correlate protective efficacy with
neutralizing antibody titers, the plaque reduction neutralization test (PRNT) was
performed. Day 35 serum samples from efficacy studies described above were
tested for their ability to block West Nile virus infection in cultured Vero cells.

20  Briefly, pooled mouse serum samples were heat-inactivated and serially diluted two-
fold in PBS with 0.5% gelatin. Dilutions starting with 1:10 were incubated with
about 100 pfu of the West Nile virus strain 2741. The virus/serum mixture was
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

25  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%
neuiral red. Virus plaques were counted 12 h later. Serum titers that led to 80%
reduction in viral plaque numbers (PRNTgg) were recorded.

30 A summary of the PRNTj data from efficacy studies concerning STF2 ETII+
and STF2A EIlT+ is presented in Table 2 below. In two independent studies



The poor immunogenicity and efficacy of STF2.ElIll+ in this study are
attributed to the reduced TLRS activity and/or the weak EIll epitope
reactivity of this protein. Plague reduction neutralization titers 15 To
further evaluate the West Nile virus envel ope protein antibody response
elicited by STF2A EIl1+ and potentially correlate protective efficacy with
neutralizing antibody titers, the plaque reduction neutralization test
(PRNT) was perforned.. Day 35 serum samapl es from efficacy studi es described
above were tested for their ability to block West Nile virus infection in
cul tured Ver %@%gsﬁ.@gﬁw Ghr¥ surPRAl FALIRUDY, SAEUT3 JPOHES, POBKE sera
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(%: PRNTso (diluPfbn) Lp.
045 STROAEMI | sc. 3 100 1160
045 STE2AEI | ip. 4 100 180
045 STE2AEMT | sc. 7 100 140
- STF2E CM | ip. 3 % 1:640
- STF2E CM | ip. 7 - 11280

STF2A EIlls+ a modified version of STF2A.EIIT+
Protein preparations of STF2A EIII+ tested in the mouse efficacy studies
15  described above were purified by anion-exchange and size-exclusion
chromatography steps carried out under denaturing conditions followed by refolding
using step-wise dialysis. With this process, two predominant species that
correspond to the monomeric and trimeric forms of STF2A EIll+ were generated
and present as a mixture in the final product. To minimize the heterogeneity of the
20 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 EIIl+ is the active component or if both are equally potent, both species

have been produced in milligram quantities and tested for efficacy in mice.



054 STF2.ElIll1+ i.p. 3 50 Negative 057 STF2.Elll+ i.p. 4 11 Negative 057
STF2. Ell1+ S.C. 4 20 negative 044 STF2& ElIll+ i.p. 2 70 1:40 045
STF2A.Ell 1+ i.p. 3 90 1:40 045 STF2A.Elll+ S.C. 3 100 1:160 045
STF2A.Ell I+ i.p. 4 100 1:80 045 STF2A.ElIll+ S.C. 4 100 1:40 STF2.E CMi.p
390 1:640 STF2.E CMi.p. 4 -- 1:1280 STF2A. Ellls+ a nodified version of
STF2A. El 11+ Protein preparations of STE2A. Elll+ tested in the nouse efficacy
studies 15 described above were purifi’ed by ani on-exchange and

si ze-exclusion chromatography steps carried out under denaturing conditions

fol | owed by ref ol ditrgs inigalhgunsieepasip sby GTERHSIET refpldingrpsudtepingbess, two

predom nant Si%er?nia 1§rhé{'a2tti8§%géﬁ%§ 6?21@&;8}9&;2&{%9 %{I}E&%liqc%.o?ﬁgh%ﬁ?ﬁvg forms of

STR2A. El'l 1 + were ge a m e’in rnal product.

To minim ze tkeprbRioarcomtmel wys efexhhmedOvd idaaificp h@gsteine radRoe wethiltdd ng and
purification nethods have been devel oped that _favor the production of
ei t her nonomefnksr sequenserthatsepasriseS TH24 fom FEle A Fhe pressncs ofthis chiteimTF2A EI 1 | +

|5 the act bve \GOmaRGNheAEr itk frifhfof oAt bbritt&tis A BhndRERIES  have

been produced in mlligramquantities and tested for efficacy in ce. -71-
It was initi aréfgldingainé axightaceamntvfoy thETHE@eriElorh-of BEFAHING Thisulted in the

formation of a _trineric species,. However. when the.seqguence of. th
STF2A BT 11+ CEIeRay SYBr S Rhapeqd{S asgring Wb s et itegentesis a1 ¢ i ne
resi due wt hi rhetihedified prbein (STTARBIRsH) b pipneddaing puShied At fHoold Beldoted. The

presence of this teine 5 would likely interfere with the formation of the
appropriate di%@are%@g mna%rmﬁamtqd@%queelawﬁorﬁﬁ FOROBERGRIAED or t he

trimeric figrm of Spighil bffitacy HSTF2ARBMES BRSRer CARIEIIA PG GhARged to a
serine using site-directed nutagenesis and the nodified protein

( STF2A. El | | s+)weygesyalyetsd irce pigeifpllavdng challspgeuwith Beestiddedrust Kie ref ol di ng
the serine-substibl 5f Gle CRISE ) WeRiHEHnRak YidlBBOND5 LG RHRH Ne. on
days 0, 14 and 28. On days 21 and 35, sera were harvested and tested for WNV-E
IgG antibody (ELISA). 'On day 38, mice were challenged with a lethal dose of
15  WNV strain 2741 and survival was monitored for 21 days. ELISA results from
boost 2 (day 35, Figure 52) and survival data (Figure 53) indicate that all constructs
elicited significant levels of WNV-E reactive IgG prior to viral challenge and
provided about 90% to about 100% protection against the lethal infection. These
findings indicate that monomeric or multimeric (e.g., trimers) forms of STFA.EIIl+
20  are efficacious and removal of the additional cysteine from the construct does not
appreciably impact potency. Removal of the cysteine within the linker sequence
may simplify purification of the protein by reducing heterogeneity following protein
refolding.

25  Conclusion
Two recombinant fusion proteins containing the Salmonella typhimurium
flagellin (STF2) fused to EIII+ domain of West Nile virus envelope protein have
been generated. One includes the full length STF2 sequence (STF2.EIIl+) and the
other a modified version of STF2 that lacks the internal hypervariable region of
30  STF2 (STF2A.EIIl+). Both proteins have been expressed in E. coli and purified by

conventional means using anion exchange chromatography and gel filtration.



10 Protective efficacy of STF26,.Elll+ (nononmer) and STF2A El Tls+ (triner)
were evaluated in C3H HeN m ce follow ng challenge with West Ni |l e virus.
Five groups of mce (10 per group) were inmunized with about 25 ug of
protein s.c. on days 0, 14 and 28. On days 21 and 35, sera were harvested
and tested for WNV-E 1gG anti body (ELISA). On day 38, mice were chall enged
with a lethal dose of 15 WAV strain 2741 and survival was nonitored for 21
days. ELISA results from boost 2 (dayp35, Figure 52) and survival data
(Figure 53) indicate that all constructs elicited significant |evels of
VWN\V- E reacti (Mo out 90% to about
100% pr ot ectﬁgﬁb%éﬁéfgdggﬁ&oh&e ﬁa?lﬁﬂg ec%?glr]]@a%n%&{fﬁﬁfl n |Iﬁgs i ndi cate that
nmonomeri c or dmudtmrmge:bndltmﬁxa dn porttrashﬁTE;A EHEWanéxp&'EFe& Elalnlmsomleﬁr e

efficaci ous an

f. th it | t t d
not appr eci qu‘? ‘\égstp”%g‘teé i a%ﬁ%ar?lﬂfgr%la Bg PR a"@ﬁ{g ‘?y eP'(r:ﬂglEéstLgcl i n(lzg?

sequence rraxdxawsmnbkém/ovewdaf lI@ﬂlEmes A3gys pz@‘hﬁbnb)éfSEHMEﬁm het er ogenei ty
following_protein refolding. 25 Conclusion Two reconbinant fusion proteins

cont ai ni ng t KBOVSA) gresiea  TLR- 59?}}151%#14“@@: 5 Hgel I in (STF2) fused to EIlI+

domai n of West Ni ghﬂﬁﬁ e
i ncludes the full eél\r?blg)ﬁé%@%gfég%?eeg{g@%%ST . EI H +) angﬁ%gﬁﬁgﬁet?]a
modi fi ed ver HNilprvio$ elﬁ'ﬂépe pmﬁln kutthodies HET H2At I alisptaypd meag ofthe eriticalji on of 30

STF2 ( STF2A. El te| ns._have. been-.ex and

our 11 ed by CeuRUReR SRR R R BRSBTS b e AT Rshny and gel
fil t][at idon da@tﬁﬂtySIﬂ:gn\EldpE proseis epﬁ%dlaﬁﬂgbn&ﬁtya)bw{rddbdvﬁh PTB2AENIgNd was
purifie n en conditions. _ln, contrast TF2A. El 1 | + was

P br escedbas STRIRRULT tht Eebly e R A saions TUBicE SRS |

condi tions a'l'éiheﬂ%&'dﬂ%smlﬁbﬁﬁs %e%@use%ﬁbh%f@aﬁ@hqh&@i@\égedﬂés% In HEK293 118
assays, preparations of STF2A. Elll+ 5 showed greater TLR-5 activity than
STF2. El | | + |SETF%\EéﬂI~bWére;ﬁe@@réied daping Wp eudiieation progeiof Shis pigiimg ELI SA assays
and West uﬁl g e i,spl ayed nore
of the criti cgsi éllhé on o;&Yrsg xesegg%%'ﬁ mt@@;r%%@%?da %%fﬁ%%@?@ éedtg Gonsi st ent

with the pot eelineTlRlaﬁBvalaxEthlycysgenwmlmamted thp erqinaioni of némieﬁ@fmem&nfmgeni city

observed 1?" t rf)ro 1y @rmg re%onmg and resulted in the generation of monomeric product that

displayed potent efficacy in vivo.

Japanese encephalitis fusion protein

JE virus is localized in Asia and northern Australia (about 50,000 cases with
20  about 10,000 deaths annually). An approved inactivated virus vaccine 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 the vaccine. Given the complexities of producing inactivated viruses
in infected mouse brains or even in cell culture, and the potential for adverse events
25  associated with inactivated viruses, the opportunity for recombinant-based JE
vaccine is appealing.
A STF2A.JEIII+ fusion construct was constructed. The JE EIII+ DNA
fragment was generated synthetically and codon optimized for expression in E. coli.
The sequence was ligated into pET24STF2A to generate pETSTF2A.JEIII+.
30  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



10 STF2A. ElI'l 1+ was highly i munogenic and efficacious in mce challenged
with a lethal dose of West Nile virus. Because nononmeric and trimeric
species of STF2A Elll+ were generated during the purification process of
this protein, a cysteine within the |inker sequence of the expression
construct was changed to a serine. Renpval of this cysteine elimnated the
production of trinmeric fornms of the 15 protein during refolding and resulted
in the generation of nmononeric product fhat displayed potent efficacy in
vi vo. Japanese encephalitis fusion protein JE virus is localized in Asia and
nort hern Aust tal &, 6abotil, 50,8006 8588 kiln 202000, 40 ORfudgat s
annual ly). An approve Aact P VAT ed viTds Vace: ne was recén ?y associ at ed
vl\\//:th a casfe Ohﬁmﬁt hasﬁigﬁsmbﬂg&ﬂeﬁfbni]:eﬁdﬂﬁkmMmgiofiéﬁtef]ialr\omwilﬁgd.& Tigs Japanese
nistry of Healt Labor W] fare to reco t he, nati onw de
suspensi on of MaifEialbaspoieat ﬁ%‘@%ﬁwﬂtﬁeﬁc&mkeg‘?l"@ge engptogingg tf%é”?’i nacti vat ed
viruses in i pipeedd IAYSEARBALAR Aapsars.in cell culture, and the potential
for adverse events 25 associated with inactivated viruses, the opportunity
for recombdnant-based JE vaccine is appealing. A STF2A JEIII+ fusion
construct was Fbondms pefttidds The JE EII 1+ DNA fragnent was gener at ed
synthetical | yjandecodon-anty M 2 ession in E. coll. The sequence
was |igated iI qﬁ 4 A0 ﬁ e PETSTF2A. JEI 1 +. 30 Expression
constructs have be&nickotifydineat dpjtopastitliin the SMesa Nk ysiiseramldpé protedxihaessi on i n
E. coli BLR(DE3) by |PTG induction . _sequence of each construct has
-73- been conff rrﬁ‘éc}(é,ng‘%gy ﬁ%ﬁ%ﬁofrbﬁngillﬁgq%'f“%eﬁ &% SHE Sbgﬁfgﬁi d up. A

batch of 1omt 9_&{;%@1‘3 afaps WEe Bertened. abRarrah dofdigbd &f ovelipingAftptides@ff 20t er i al
was purified. is .material has potent TLRS activity, acceptable |evels of

endot oxi n ( ab@EERcRCists in feopgtd that sppraechthg spizes st Nile §irs§ domrin {11 andzparts of

Fl avi vi rus pept] kdy Gatré kid i l.bgpes To
dont 1 £y 1§ hoaphSfa (AR b} ELISR el Wl s SRR G el D R kadRebO e
are recogni zedmino aiit Segeanae thabmr$ERD BielN-torminatnggionof domais lllgad er al
syntheti ¢ included part of the domain I domain CRVKMEKLQLKGTTYGVCSK (SEQ ID

15 NO: 125). To fine map this epitope, additional arrays were generated that focused

on the domain I and II junctions (Figures 57 and 60). These arrays included an
alanine substitution scan to identify amino acids critical for antibody binding (Figure
60). As shown in Figures 54 an;l 55, antisera from STF2A.EIII (monomer and
trimer) and STF2A.EIlls+ immunized mice reacted with péptides that spanned the
20  EI/EIII junction (peptides E-30 to E-42) and included the E2-21 peptide
CRVKMEKLQLKGTTYGVCSK (SEQ ID NO: 125). This reactivity was severely
- reduced when specific amino acids (E6, K7, L10 and K11) were changed to alanines
(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
25  this region of WNV-E.

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
30 LTSGHLKCRVKMEKLQLKGT (SEQ ID NO:169) (Putnak, R., et al, Vaccine
23:4442-4452 (2005)). The immunogenicity of this peptide was tested in C3H/HeN



10 peptide arrays were generated. One array consisted of overl appi ng
peptides of 20 amno acids in length that spanned the entire West Nile virus

domain Il and parts of domain Il (Figure 60). ELISA results with this
array identified a highly reactive 20 am no acid sequence that mapped to
the N-termnal region of domain IlIl and included part of the domain |

domai n CRVKMEKLQLKGITYGVCSK (SEQ ID 15 NO 125). To fine map this epitope,
additional arrays were generated that focused on the domain | and I
junctions (Figures 57 and 60). These a?"rays i ncl uded an al ani ne

substitution scan to identify amno acids critical for antibody binding
(Figure 60) migsamshwmpared t¢peptide withdutdath365s (Rigure §8). Al terroarti@NFoR. El | |

(mononer and __Lri and STF2A. El | 1s+ e _reac th peptides
hat “spanned SRR AR Gioes et fosldlTY RuBSeLTRas SBRES oM | Pl e
the E2-21 pepddedl® andIRYIEHI RQUICER TNEH P OFQWNV 062 pepid is si@hiﬂi:amgacti vity
was severely reduced when specific amno acids (E6 K7, LI O and K11) were

changed to al¥#f HBGUNQgEig had ﬂ?fGl?ePufd(? Wﬁh@ﬁﬁhqn%mﬁekﬁcwwn?%a ant i bodi es

that recogni @i s SRIEQRA be%s?edriﬁU&ﬁﬁ{éu%hl%nox%é‘sé’jst(ﬁm Lot W to
design and test a peptide vaccine based on 25 this region of WV

| mmunogeni ci tfthe AntlmdBepBeitedmwl 0gutppdips Wetst Nléa:v:lmen Mithoj hdém@dwﬂ\ést N| | e
Vi rus envelo i t. d was
Syt et you BER R els (AR URATECK s il U B MY, R (ko

| DNO 169) (Ptptcrtedtwelafﬁcaeﬁ against AMathal vieus cBAiehdd.2- 4452 (2005)). The
i munogenicity of this peptide was tested in C3H HeN -74- m ce and conpared

to peptide wthout nB8Cys (Figure 58). The reactivity of antisera from
i mmuni zed? anﬁ?ﬁ?&%ﬁi"%ﬁ ed by direct ELISA as described in the |egend and

the results |0mh@ﬁgngngp, afggg RoaBment\VWVO01 peptide is significantly nore
i nmmunogeni ¢ t han e peptide wthout the TLR2 nodification. The antisera 5
fromthese studi egowisws%sn@é@!@agPﬂteml@émﬁ%r@ﬂsweﬁaff%m@g@a% (PRNT) to

determ ne ifynthg c%ﬁltpb@t%mesﬁlals ;ytv@ag dwélépea%hg%\lenzcﬁm%éhz&# le virus in
vitro. The lipidated  peptid al so tested in the West Nile virus

chal | enge nodeinoclonasstbely (fo’H%)c téaitneu@algﬁi %afdyllia‘gmsns cultaré andrgsctsi r us
challe n9§s 1%1@13 ggﬁfc%} ﬁ!)n—?erﬁgfﬁ;/e epitope within the EIIl domain of the West Nile virus

envelope protein antigen. The assay was designed as a capture ELISA that measures

the ability of sera from immunized animals to prevent 7H2 from binding West Nile
virus envelope protein. Serial dilutions ranging from 1:10 to 1:5000 of day 35
mouse antisera from efficacy study 4 (Figures 50 and 51, Table 2) were incubated
20  with biotinylated West Nile virus envelope protein and then added to ELISA plates
pre-coated with 7H2 monoclonal antibody (Bioreliance, Road Rockville, MD).
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
25  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.EIII+ compete with 7H2 for binding Wests Nile virus envelope
30  protein. These findings are consistent with the protection from WNYV infection



Conmpetition ELI SA assay devel opnent To assess the neutralizing potential of
antisera derived frominmmunized mce, a conpetition ELISA assay was

devel oped using well-characterized nonoclonal antibody (7142) that
neutralizes West Nile virus in culture and reacts 15 with a

conformati on-sensitive epitope within the EPIl domain of the West Nile virus
envel ope protein antigen. The assay was designed as a capture ELI SA that
measures the ability of sera fromimimi zed animals to prevent 7142 from

bi nding West Nile virus envelope protein. Serial dilutions ranging from
1:10 to 1:500bsatedimynibals mnnsezed vithsETR2 AL EIOH afl helpastyblishudprrdlatiér gur es 50
and 51, Tabl e@ﬁﬁe wer e incupated 20. W th Di od;ifgél ated West Nile virus

envel ope prot o1 AR R P PLRRES RSN VEEe HIGRIEEACY i W¥eoated with 7142

nonocl onal anti body (Bioreliance, Road Rockville, MD). Follow ng several
washes to renove unbound material, bound West Nile virus envel ope protein
was det ect ed BRVRGABENEP n- HRP. Results froma representative experiment are

shown in R gure 544 P Is f : . of West 25 Nile
Vi rus envg ope pr mth%‘l 1%%}1’%18{'?%%7?_@%%@%31 Jgﬁgrﬁgéé%asgn%%@@ved when

anti sera der irefecbnbesampeafernal entiodimeniszakateati it kvilEbeRadekstdddbyvthese akillest ed. No
conpetition was detected with antisera deriyed from K i ni zed ani mal s
that receivel fS?FVﬁPaE?ectbePgeém Oﬁﬁﬁpgg‘ﬁ%‘lsemf% ?mﬁ‘{gotﬁ"é'gl&lwl %Yenonstrat e
that anti bodi Rpartifg E6inttBEsddpe Sithe AvBhtldnen6QIPRER by thdappbddedc@im®i ndi ng Veést s
Nile virus envel ope 30 protein. These findings are consistent wth the
protection fromWWV infection -75- observed in animals immunized with-

STF2A. El 11+ and hel p establish a correlation between antibody epitope
reactivity in vitro and efficacy in vivo. EQU VALENTS 5 Wiile this

i nvention has been particularly shown and described with references to
preferred enbodi nents thereof, it wll be understood by those skilled in
the art that various changes in formand details nmay be nade therein wthout
departing fromthe scope of the invention enconpassed by the appended
clainms. -76- CLAIMS Wat is clained is:



1. A conposition conprising at |east a portion of at |east one

pat hogen- associ ated nolecular pattern and at | east a portion of at |east
one Den2 viral envelope protein, wherein the Den2 viral envelope protein is
at | east one nenber selected fromthe group consisting of SEQ ID NGO 22,
SEQ ID NO 40 and SEQ ID NO 97. 2. A conposition conprising at |east a
portion of at |east one pathogen-assoei’ated nolecular pattern and at | east
a portion of at |east one nenber selected fromthe group consisting of a
Denl viral envel ope protein, a Den2 viral envelope protein, a Den3 viral
envel ope protein and a Dend4 viral envel ope protein. 3. The conpositions of
Clains | or 2, wherein the pathogen-gpagsisat ed nol ecular pattern is a TLRS
agoni st. 4. The conposition of Claim3, wherein the TLR5 agonist is at |east
a portion of a flagellin. 5 The conposition of Caim4, wherein the
flagel | i n Véhattis claimed e menber selected fromthe group consisting of a
fljB/ STF2, an E. cola fliC, and a S. muenchen fliC. 6. The conposition of
G aimb5, wherei ] il S of
Gaime. wiorei h CRErBLPLGshEE NI bodiph B icad onl MIBORRIROINER P
t he group consi sibleaglappatiir®) dnd MQeast aapoktiSEQL] 4D BESt ode Ben2Thealcaivplopet i on of

Claim4, wherein the fIa eII Iack at Ieast a P ﬁlon of a hlnge I egi on.
-77- 9. The conP8&itiYHE arf?mélr eByelope REASHLIS A 1938t Mg RepRss-ss8eisdi at ed
ol ecul ar  patt effmithe @Foub@%ﬁ&stﬁ@%f@@ﬁj N\egl®ecked i om: hb%n@"sEQPIDCN@S' sting
of a TLR2 agonist, a TL agoni st TLR4 "agoni st, a 7 agoni st, a TLR8

agoni st and a ?LRQ agoni st. 10. The conposition of Cla|n11 wherein the
pat hogen- associ at ed nol ecul ar pattern and Den2 envelope viral protein are

conponent s, of a fu3|on rote t wherein the
pat hogen- adeoct & eI BR P BPPiad LI\ s AATERE" ab Rt ine oMo ErsBathf of i n
the Den2 viral pokeli@ppatRi®hd i ledshe poRIdA of\dt [edbt R\HEdnaHe spleab@ fromanel/ or t he
Den4 viral envel ope protein are conponents of a

group consisting of a Denl viral envelope protein, a Den2 viral envelope protein,

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

3. The compositions of Claims 1 or 2, wherein the pathogen-associated molecular

pattern is a TLRS agonist.

4. The composition of Claim 3, wherein the TLRS agonist is at least a portion of a
flagellin.
5. The composition of Claim 4, wherein the flagellin is at least one member

selected from the group consisting of a fljB/STF2, an E. coli fliC, and a S.

muenchen fliC.
6. The composition of Claim 5, wherein the flagellin includes fljB/STF2.

7. The composition of Claim 6, wherein the fljB/STF2 includes at least one member

selected from the group consisting of SEQ ID NO: 1 and SEQ ID NO: 3.

8. The composition of Claim 4, wherein the flagellin lacks at least a portion of a

hinge region.



fusion protein. 12. The conpositions of Clainms 10 or 11, wherein a linker is
bet ween the pat hogen- associ ated nol ecul ar pattern and the viral protein in
the fusion protein. 13. The conposition of Claim12, wherein the linker is
an amino acid linker. 14. The conposition of Caim 13, wherein the am no
acid linker includes at |east one menber selected fromthe group consisting
of SEQID NO 26, SEQID NO 28, SEQVD NO 60 and SEQ ID NO 62. 15. The
conpositions of Clainms 10 or 11, wherein a linker is between at |east two
pat hogen- associ at ed nol ecul ar patterns in the fusion protein. 16. The
conpositions of Claim10 or 11, wherein a |inker between at |east two viral
proteins if theTHieuedmesb'roms ef IClaidd. ] dhe wixkrpiashe ipaﬂhsgemiasﬁb@itemrnb&colrar 11,
wherein the pat ho en: associ at ed Iecrltaégj attﬁrn is fused t

car boxy- t er m nu&'GH" fsndt I5Rst Ane gpgnRgrefested Heom ¢t %lgff’r‘ﬂpp‘"r%ls'éf"?\g of ’?BTLI?B The

composi tions of ofohl, WTIH Bfonksl, o ORA BpéhidiS TERYAGRS: ASA0G AloRfh ] eCul ar
patternlsfuse to an am no-term nus of he vi ral protelnlnthe f usi on

protein. 19. ThELR®apwsitti ons of Clainms 10 or 11, wherein the
pat hogen- associ ated nol ecular pattern is fused between at | east two viral

proteins inyth u raf 0. tion
wherein t hgo Vi (ragllt 56119 Oesftﬁ) i sfet;lﬁléneg’ WBerfﬁmetggnRtggéegaass Ct“%%d ggﬁeﬁg%reﬁg{}aegnsom at ed

mol ecul ar patt ezlimllSDerﬂ énleloparsirad Protgin @fecdompordnts dihefusioApeasieihi ons of C ains 10
or 11, wherein the viral protei n is fused to a flagellin in a region of the

flagellin at | acks at.| east on., o e regio f the flagellin
in the fusﬁ{; pJF'EFt gamposision %qlﬁ nW ‘?rB't“etL?] Pétg (ffgﬂt%{]nﬁog‘ﬁglﬁf B ti on of
at | east one neghedhe qféne?%ﬁﬂen\fenda@é&&%.ngmulﬁe&oﬂﬁalSemagpeofgo?e.ﬁ%m% la
typhi muriumflagellin type 2 an E. coli

muenchen fliC awohlanvdlfamsirotauwldtdrdw lbén4atlral treaitpe pnacimanbeammek@sbead from

t he group consiPutSf'og%r(%infa Dent viral envel ope

12. The compositions of Claims 10 or 11, wherein a linker is between the pathogen-

associated molecular pattern and the viral protein in the fusion protein.
13.  The composition of Claim 12, wherein the linker is an amino acid linker.

14.  The composition of Claim 13, wherein the amino acid linker includes at least
one member selected from the group consisting of SEQ ID NO: 26, SEQ ID NO:
28, SEQ ID NO: 60 and SEQ ID NO: 62.

15.  The compositions of Claims 10 or 11, wherein a linker is between at least two

pathogen-associated molecular patterns in the fusion protein.

16. The compositions of Claim 10 or 11, wherein a linker between at least two viral

proteins in the fusion protein.

17.  The compositions of Claims 10 or 11, wherein the pathogen-associated
molecular pattern is fused to a carboxy-terminus of the viral protein in the

fusion protein.



protein, a Dent viral envel ope protein, a Den3 viral envel ope protein and a
Den4 viral envelope protein. 23. A fusion protein conprising at |least a
portion of at |east one pathogen-associated nolecular pattern and at |east
a portion of at |east one nmenber selected fromthe group consisting of a
Dent viral envel ope protein, a Den2 viral envelope protein, a Den3 viral
envel ope protein and a Dend viral envel®pe protein. 24. Use of a conposition
that includes at |east a portion of at |east one pathogen- associ ated

nol ecul ar pattern and at |east a portion of at |east one Den2 envel ope
protein, wherein the Den2 envel ope protein is at | east one nmenber sel ected
from-79- the grieuposposdiicis 0f ChinSEQ! & NO, wareiBERR: | fatiNGen4skodiagd SEQ | D
NO 97 in the nanufacture of a medi canent for treating or preventing a

medi cal condi t i BAleCHahBatRAt fysgd itAradcamiva-terimysao D gvieal varptgin, imthe Use of a
conposi tion thaﬁsoﬂ?kﬂgﬁs at least a portion of at |east one pathogen-
associ at ed nnlecu pattern and at |east a portion of at |east one nenber
selected fromthe group consisting of a Den | viral envel ope protein, a Dent
viral envé?.opellp aoeipnsitiansDefiaClaimal 10envel hpehpreot ¢ha pathdgen-Bendated r al

envel ope protei t he manufact di canment treatin

preventing a ne@P@SﬁafBﬁﬁa?ﬂFJWWéﬁﬁgﬁaﬁeﬁtﬂg% ?%ﬁ%%@l%ﬂéﬂpoW1%?ﬂ@ﬂaﬁe Vi rus.
26. Use of a fusb@m.protein that includes at least a portion of at |east one
menber selected fromthe group consisting of a Sal nonella typhimurium
flagellin type 2 (fljB/STF2), an E. coli fliC and a S. nuenchen fliC and
at |east a2 %ortT'@f—h C@‘PP%‘{moﬂse‘af'spl%‘ﬁé Wefbdl, ydpiein &ie Virgnpiotan gs dugsd

consi sting of é?ﬁEQn R WgJ §8§e Es"sé)élﬁké‘ meddf i palfelfd! inheChORG prOt ein,
a Dena viral ope protein vira enve?ope protein in the
manuf act ure of mo&ndlcanent for treatlng or preventing a nedical condition
consequent to infection froma Dengue virus 27. Use of a fusion protein
that inclu | east a. ortl n. of ast one_ pat.hogen- ci ated

ot cul ar P t ofiF Sapeattifgeat Chingiol Elop ToPha® UBorg JEoREmB e Satoat  ed
fromthe group gaRfirskh mg% cﬁul;éeﬂageum thad |a8RVE | QRBE PEEAbRINa hthdeGBIioy i T al
envel ope protein, a Den3 viral envelope protein and a Den4 viral envel ope
protein in the ofithe flagatliniinghofusipnmeeitivanent f or treating or preventing a
medi cal condition

22. A fusion protein comprising at least a portion of at least one member selected
from the group consisting of a Salmonella typhimurium flagellin type 2
(fljB/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.

23. 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 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.

24.  Use of 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 Den2 envelope

protein, wherein the Den2 envelope protein is at least one member selected from



consequent to infection froma Dengue virus. 28. Use of the conposition or
the fusion protein of any of Clains 1-23 in the manufacture of a nedi canent
for treating or preventing a nedical condition consequent to infection from
a Dengue virus.
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the group consisting of SEQ ID NO: 22, SEQ ID NO: 40 and SEQ ID NO: 97 in
the manufacture of a medicament for treating or preventing a medical condition

consequent to infection from a Dengue virus.

25.  Use of 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 Den| viral envelope protein, a Den2 viral
envelope protein, a Den3 viral envelope protein and a Den4 viral envelope
protein in the manufacture of a medicament for treating or preventing a medical

condition consequent to infection from a Dengue virus.

26.  Use of 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
(fljB/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 in the manufacture of a medicament for treating or

preventing a medical condition consequent to infection from a Dengue virus.

27.  Use of 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 Den| viral envelope protein, a Den2 viral envelope
protein, a Den3 viral envelope protein and a Den4 viral envelope protein in the
manufacture of a medicament for treating or preventing a medical condition

consequent to infection from a Dengue virus.

28.  Use of the composition or the fusion protein of any of Claims 1-23 in the
manufacture of a medicament for treating or preventing a medical condition

consequent to infection from a Dengue virus.





