WD 2006/ 078657 PCT/ US2006/ 001623 -1 COMPOSI TI ONS OF PATHOGEN- ASSCCl ATED
MOLECULAR PATTERNS AND METHODS OF USE RELATED APPLI CATI ONS This application
clainms the benefit of U S. Provisional Application Nos. 5 60/645,6170, filed
January 19WYOHWE0788Y) 653, 405, filed February 15, 2005; PEBN7HAWERS 1| ed
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-I-NVENTI ON 10 Infections with viruses,
including flaviviruses, such as West Nile flavivirus, Dengue flavivirus,
Japanese encephalitis flavivirus, Langat flavivirus, Kunjin flavivirus,
Murray Vall ey encephalitis flavivirus, Tick-borne flavivirus and Yell ow

fever flavivirus, caCPMEOSITIONSGF PHISIQEENASSQHATEROMQISUleRt h.
Mosquitos and ticks transmPATHERNSOANDNYETHODS/OF USEs. For exanpl e, severe
synptons of West Nile 15 virus infection include high fever, headache, neck
stiffness, stupor, disorientation, com, trenors, convul sions, nuscle
weakness, vi sRERATEDSAPHIRATEONS neni ngoencephal i tis and paral ysis. These

synptons may | ast i . fect: s .. e pernmanent.
In cases with mi dglﬁygéﬁ&ﬁ%t%&ﬁgcﬁ%? gl.a’,d“P é@é&?i'g%a é%%iéﬁgﬁ%hgg?jq;?p‘aches,
nausea, voim t 60§45, Y fikdFehianek), 2004;168/658 yop Hilgl Bebdar?5,8008 skin rash on

can pass. ont AU ih A da b S8, B B SR E R R e sy Ry Speeere ™
hospi tal i zat i grdfGtodef ERDUBN Thetbehings oABB RV laplida@bnsQire indbrpapeaous fl ui ds
and assistance wiith breathing. Methods to prevent flavivirus infection

i ncl ude conpoB$reindgefgrentd.ve 25 attenuated and inactivated virus. However,
such conpositions may be |l ess than optinmally inmunogenic, may result in

unknown hazar ga dgfGrOONePSE Tyeaaedand may have adverse side effects.
There is a need to devel op new conpositions and nethods to prevent

f1 avi vi rusli nf ect i ufectind Wit06N678 &8 udagilavbines; oshe West Hile 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 many 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.



SUMMARY CF THE | NVENTI ON The present invention relates to conpositions,
fusion proteins and pol ypeptides of at |east a portion of an antigen and a
flagellin that |lacks a hinge region; and at |east a portion of at |east one
pat hogen- ageohdd7e7 ol ecul ar pattern 5 (PAMP) and at | gapisRoPidison of at
| east one flavivirus. The conpositions, fusion protein and pol ypeptides of
the invention can be enployed in nethods to stinulate an inmune response
in. a subject. In one enbodi ment, the iyivention is a conposition conprising
at least a portion of at |east one antigen and at |east a portion of at
| east one flagellin, wherein 10 at |east one of the flagellin | acks at
| east a porti } r-eg) anot her enbodi nent, the invention is a
fusion protei ﬁ%&%ﬁ@ﬂgﬁ%ﬁﬁiﬁmy portion of at |east one antigen and at
:‘IeaSt lfm polrti (lzn Olei&tprésEﬁtsihV@ﬁenfdlai@fetb|cbllﬁposi\ﬂitﬁfsﬁfu§ion@fotéiﬁ§laid one of tlhe

in rtion inge region. In an ition
et et PR e Rt S ATk yied st 2 por 1 on
of at |east %gioﬂ%ﬂ%%stﬁ%%n%fﬁﬂlem b%ﬁﬂtﬁégeﬁ%%@fa&dﬂﬂ&e&ﬂﬂpﬁﬁéﬁ_ a
portion of at Feast one viral protein selected fromthe group consisting of
a West Nil%e (PAMP) andat est 2 partioard at least pag flppivrusi The gompesitionsyfusian ! pr ot ei n,
a Murray Vall . e Lit] } t e e C itis viral
protein, a tiﬁrégg%%%&%g%t&dg%ﬁhéﬂ&eﬁ%%c%b% gﬁlﬁ?&ﬁ%ﬁl %g@g%tg\%vgﬁle’j@%r vi ral
protein. 20 | iyehurenedpbase ieabahdécirent, the invention is a conposition
conpri sing at Ie:lgt a Bgé‘il on of ~.at | east one pathogen-associ ated nol ecul ar

pattern and at tOng © TRERnthg {IVERHQILLS 3 COFRRSIFRIMGOMATISHE 28 (3|20 pe pr ot ei N,
wherein the DepdovbfAl @ﬂ)ﬁ@'aﬂr% aRd Stt164sPa bértidh of £AS8dst SRErlaglBiPRhereidl ect ed
fromthe group c%nsi steiang of % | D NQS %B ) ang SEQ I D, N& 40. 265 I n anot her
enbodi ment0  t#tdeashenerafitherflagellig lacksiydedst ¢ portien AHr hivBerpeian. | east a portion of
at | east one path - I . . . rtion of
%t loast one memben afa iRy M 6Bk PERLELAARE ol BATl: Per)

envel ope pr opcetion ofat Restidne antiden and et legsea portibe iofiat leasDenme3flageilial whervial ope
protein and a n4d viral,enyel ope profein.. WO.2006/ 078657 PCT/ US2006/ 001623
-3 1n still aﬂg‘?eaﬁ@ne&%oqqg%}a%@%% LRELHGA of §DIMEE FREWn protei n conpri si ng

at In an additional embodiment, the invention is a composition comprising at

15 least a portion of at least one pathogen-associated molecular pattcril 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 anotﬁer 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 Den1 viral envelope
protein, a Den2 viral envelope protein, a Den3 viral envelope protein and a Den4

viral envelope protein.



| east a portion of at |east one pathogen-associated nol ecul ar pattern and at
| east a portion of at | east one viral protein selected fromthe group

consi sti ngé}%}ﬂ% \({\ést7 Nile viral protein, a Langat viral protein, a Kunjin
viral prot YR ay valley 5 encephalitis viral profETFS246/%dnese
encephalitis viral protein, a tickbome encephalitis viral protein, and a
Yel l ow fever viral protein. An additional enbodi nent of the invention is a
fusion protein conprising at |east a pdrtion of at |east one nenber
selected fromthe group consisting of a Salnonella typhinuriumflagellin
type 2 (flj B/ STF2)In sl anothendrmbddimént, tanthvention id O fusicanedtein compfisianal at | east

a portion of at |east one nber selected fromthe grou consi sting of a
Denl viral enfﬁéft(?rf@nﬂﬁno‘i &t p??“é’nf)@ 0&??7&35100@#3@@_5@1%,?51{1 ﬁ‘?‘?aaﬁ*f%ﬁ% vi ral

envel ope pr ot gifioRBflatdedBoib Wial AloteRlVeidcRRS Y f}fe%r('ﬂlp doflsidfiRldre warkQsli ment
the invention is a fusion protein conprising at least a portion of at |east
one pat hogen- dsalaeotained Landabyial aroteinta yninang! protdin gddurzaypbaliey on of 15 at

east oo Sebglo L EOLEtb LA S, L UARARSISLI AL Bofpl i 1ol ervel ope

protein, rral ‘e vital énvel ope protein and a
Dend viral esneeblgiitispiral grbtein, Anid Veliovefebadiirapiotedd. t he i nvention is a
pol ypepti de encode ot her .enbodi nent, the

by SEQ.ID. NO 29. 20 In yet an;
invention is a pol %ésihiuﬂ%alleﬁ@?é\]li%?&q Qf(ﬁ}éesmg@éo}{llﬁ ﬁl@onmtemﬁt’%mﬁa‘}&%er

enbodi nent, t 'l'b‘istiagiﬂ?ﬁtgﬂ &t 1eAstdnb RleyiPePdelcdRd TR MY ghfuplcBASdtingBPMt  85%
NO 30. In still another enbodinent, the invention is a

identity to SE(%MIW 0. | ' : )
pol ypept i de efelbweditypBpey uplagelingre2(fiB/ATENoahEy cobifibdindant , t he
et onab, RBRAURSE WiFv et hpsbysr SEOH Dl el onc
identity to SksisBndofa B2nl Gital lenvejate paoteih/eDerdricad ienwesidpe préteinj aerst i on is a
pol yp_ept | de e@ﬁﬁdeﬁgelgﬁ/e pSrlg’gin ellnla ah&nﬁ/‘?fr'al é/r\il\?elzogg gllo?e7in8.657 PCT/ USZOOG/ 001623 -4
l o In another embodilﬁént, 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. o ‘
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.



I n anot her enbodi nent, the invention is a pol ypeptide that includes SEQ ID
NGO 34. In still another enbodi nent, the invention is a pol ypeptide having
at |east about 70% identity to SEQID NO 34. 5 In an additional

enbodi ment wol406s/07885enti on is a pol ypepti de encoded by SECr/usddd¥aie235. In a
further enbodi ment, the invention is a polypeptide that includes SEQ ID NO
36. In yet another enbodinment, the invention is a polypeptide having at

| east 10 80% identity to SEQ ID NO 36 In another enbodinent, the
invention is a polypeptide encoded by SEQID NO 37. In still another

enmbodi nent, the inyentjhon i I i . L ne . r 38. 15
I n anot her enbodi rrl\él natn%{h? %%ml?or@gﬁﬁﬁ tgé;ﬁﬁgéﬁt% 6%?6%@%{}’?1&%&%;1\5’?%1% Sa%E[Q ygst 70%
identity to SEQ:B@2 NO 38. In an additional enbodinent, the invention is a

pol ypeptide encoded hy SEQ 1D NO 54. In another enbqdipent, the invention
is a polypeptide t 1ﬁiaﬁ% ﬁ&é@‘@’@%ﬁ%lﬁw IEWWI‘%"SPOI)&?‘FQPﬂ%Hg’é‘?% afent of the

invention is ﬁ)d%@b()%%ﬁ%o@@quJN@? 34 east about 70%identity to SEQ ID NO
55. In still another enbodinent, the invention is a pol.i;pe_pti de t hat

i ncl udes a | eastInonaddisinhd embedissie thefinvemtionhis agrodynsp edeidiby SEQ SEQ | D
NGO 71 and SE%N@, ¢5 NG 72. In anot her enbodi nent, the invention is a
pol ypepti de enco éa by at | east one nenber selected fromthe group

consi sting of SEQ Inl fither #thbadithent @iel ibvdd@on isA3polypeptiéd thariatlhdss SEQmi nent ,
the invention is g pol ypeptide having at |east 30 about 70% identity to at
| east one menD&F 38el ected fromthe group consisting of SEQ ID NO 71 and

SEQID NG 72. , WQ ﬁ@ﬁﬁfﬂgg 8RBddiRedY, He2RRAHADE @%%lypeptide 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:5s.
Another embodiment of the invention is a polypeptide having at least about
70% identity to SEQ ID NO: 55.
In still another embodiment, the invention is a polypeptide that includes at
least one member selected from the group consisting of SEQ ID NO: 71 and SEQ ID
25 NO:72.
In another embodiment, the invention is a polypeptide encodg:d 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
SEQID NO: 71 and SEQ ID NO: 72.



-5 1In still another enbodinent, the invention is a polypeptide that includes
at | east one nenber selected fromthe group consisting of SEQID NO 76 and
SEQID NO 6. In a further enbodinent, the invention is a pol ypeptide
encoded by V¥ 2006486575 one menmber sel ected fromthe gr OUBCE/&E&OéFQI%g of SEQ
ID NGO 77 and SEQ 1D NO 5. In another enbodinent, the inventionis a

pol ypepti de having at | east about 70%identity to at |east one nenber

sel ected fromthe group consisting of SEQID NO 76 and SEQID NGO 6. 10 In
an additional enbodinment, the invention is a polypeptide that includes at

| east one nenber spi ﬁi@taaglméﬂ@mddh@e:grmwmvmii@? %)aslgpe@ﬁdaiﬁz ihElug@at 80, SEQ | D
NO 82, SEQID NO 84 and SEQ ID NO 86. In sti enbodj nent, the
invention is aﬂwya@&%ﬁw@%m&%ﬂrw CORRHYL Ogﬁgaﬁtﬂﬁéﬂ & fromthe
group consistiyiggof SEQ ID NO 81, SEQID 15 NO 83, SEQID NO 85 and SEQ
ID NO 87. In a further enbodinent, the invention is a pol ypeptide having at
| east about  70% i Benfurthgr embodimeng dlst invensioméropalyeptideensddddrbyrmt tdast gr oup

6. I an’ SaaPhT BraPer b Rem ek ity oR SRR TS g RRRIEER, ©

includes 20 SEQ ID NO 159. In yet another enbodinent, the invention is a

pol ypepti de encoded by SEQ ID NO 158. [n another ,errBodi ment, the invention
is a pol ypeptide hBAREenembedimentaihe inventiorois p aakpsrigle figvingeh least ajopt 159, 25

I'n yet anot hergnaodniint 1e|a§t*&ﬁe HRMHBBH deRiRteli Frof ﬁx@{@é&aﬁgicbﬁs‘?ﬁing%ﬁ@_ﬁbﬁbng at

| east one PanB8 Cys and at l[east 'a portion of at t one Tlavivirus
protein. I n aNQddiand SRQIIDDOGI nent, the invention is a conposition

conprising.at |east one.Pa s.and at .least a portion,of at .|east one

flavivir ugopr ot ei nfn arnnaraginlof“? 6%8%‘%?"@9%88?’1 At qu%)@)epﬁ‘é/ee%ﬁ ‘ﬂuc:i% %3 net hod

of sti mul at i Nngeadiondthentbatidtiected TRANER ghdupaofidiitjr@ef SEQAIMPNOSR0)SEQ™® st ep of

adm nistering_to thﬁ%(éubjbgit a gcorrposi tion that includes at |east a portion
Vi

of at |east oh&'fat $4epdsER 1D NO: 86.

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 compriéing 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



WO 2006/ 078657 PCT/ US2006/ 001623 -6 nol ecul ar 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 Vald syseReephalitis viral protein, a Japanese gagephébdiks Vviral
protein, a tickborne encephalitis viral protein, and a. Yellow fever virus
protein. 5 1In a further enbodinment, the invention is a nethod of stinulating
an i mmune response in a subject, corrp_rd'_si ng the step of administering to
the subject the conposition that includes at |east a portion of at |east

one pat hogen-assogi at e | ecul ar pattern and at | east a,portion_of at
east - one. DeroEn b ARGFaFi - Polien of F eRbomse SR SHERS LS | o
sel ected frombiiecaikBtii GAMYesNiIRY S profetd, b Pandd v pré@inad Rusftyvird) NO 40.
In yet another enbodiment, the invention is a nethod of stinulating an
i mune r esporiyeteima YustajMadley ercephalitis vivgl nrofeings &pagsse serephalisisditehg to t he

subject a fusi : | Walel P L | east one
pat hogen- assg@?%?légﬁgﬁn]%%c%ﬁ%hdﬁ%ﬁﬂﬁﬁ%éﬁg agltgal%teeggwqg‘%%gfr}% %&teg' at | east
one viral rotein Iselfedlice ambodimentthe idvegtiouis acmtidsdfistigubating aVéshund | e vi r al
Encephal i ¢1 5 PR Breopebr cdysh e s s e e ol bitbg on,
tickbome encepijokitibs that mdhudy @ 1@kt pgorfor beleh@\Wné BMBEgetldscididdot ei n. I'n
anot her enbodi nent, the invention is a nethod stinulating an innune

response in amelgeylEqatters gadafleashy pemien of atdeast onedMndicsvelepariotedl t he subject a

20 conposi ti i i 0, g@@ ﬁr‘sq%

pat hogen-ass%%%?é%%zgggﬁgg%gﬁﬁ% ﬂégog‘g{%?ﬁﬂleeaégﬁac%olr iBh o Qg? | east
one menbel0 saNOcREahd SEQID NO: 49r oup consisting of a Denl viral envel ope

B Dend vi ral - envel BE BPELTROCRRSL: P I ERHER mEHSRAY SORACRERE | nventi on | s
a met hod sti nndideREbpafsedPa biBRHAoMPHFIAR SR stdp oF a8MBiRGing 16 MEWubRLI the step
of adm nistering to {Jhe subject a fusion protein that includes at |east a
portion of atfusleamot%élah@ﬁf@é% a§ dagtca pogtion ¢fipt leastong peshegeamsidcitedhy of a

Sal monel | a typhi i I i : fiLd g i iC, and a
S. nuenchen flﬁ?leiag%#d g%ﬁjlag%gdtllegp%gérﬁﬁ%%ﬁf E‘)tflé%t%gel;g%% prg?}e%x %é%egﬁﬁd%g‘*eect ed
from t he Igr ougrogoemmsistingaf a0West Nikendiral/protefin, ebaegad peralprotein, @ Kuajibeind viral 30

envel ope pr otgl i, 2\REIS Wlef boctiiShSUS G £33k R Mt orVel ope

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 2 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 subject a
fusion protein that includes at least a portion of at least one member selected from
the group consisting of a Salmonella typhimurium flagellin type 2 (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

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



WD 2006/ 078657 PCT/ US2006/ 001623 -7 In an additional enbodi nent, the
invention is a nmethod stinulating an imune response in a subject,
conprising the step of adm nistering to the subject a fusion protein that

i ncl udes atWPeY¥0785horti on of at |east one pathogen- asPETTERWH0I6H ecul ar
pattern and at |east a portion of at |east one nenber selected fromthe 5
group consisting of a Dent viral envel ope protein, a Den2 viral envel ope
protein, a Den3 viral envel ope proteir7-and a Den4 viral envel ope protein.
In a further enbodinent, the invention is a nmethod of stinulating an i mmune
response in a subj Btdn adaRivRsliesibointeRE el ifPerfibn acihBhed Sirhi&tidg@nt he subj ect a
conposition conprising at |least a portion of at |east one antigen and at

| east a 10 poMPmyRe EFPose indcsybiegfneomnrising the siep afrsiminigterng fodhassubipgka of t he
flagellins | agk:at i [ ' } :

enbodi nent, t em?l \;!ét%@ft%agq?cshﬂféE Erl#el?%ggg %I?O}spto ?%F%F%?Agﬁh%n?ﬁuﬁéga esponse in
a subj ect, comoidcglanpattehearsitat feasifa ppetivnrofat kastge inemblresekeotef éom the f usi on
protein copprising at least_a portion of at |east ,one antigen and at |east a
portion of gll)S ZEpUP| B%Sésttmgﬁga PP%E@F%I CRVeLoR iy, %f)ei‘ﬁ‘éléﬁl B fr4%8: & | aggel i ns
l'ack at | east papPiRilieRlelfe Roteidiand 8 DeB@VRE entBBpSHBRASI tiOns, fusions
proteins and pol ypeptides of the invention can Be enpl oyed to stinulate an
i mune response i nlnea Butbfreambodisebnt thesigeention i hmethpd phsinulitingen immwne an

i ncl ude, for ?%?&R%:?ﬂaﬁ{b e"cEQ%g{‘si éth‘é';f%é'o%&n%&ﬁské?fng%{h%%ﬁjé‘ct% subj ect in 20
a manner speciftc Tor a partrcular®antigen or Virus, such”as a flavivirus
protein, that compssiteinf@aipriviag bileasne geiion by atdeatt orechincigeh |iddeleefthect s. The

clainmed c ositions, . fusion protejns, polypeptjdes and hods can be
enpl oyed 3gppP8W€HP§6trleatsF %%?tf{lagFﬁi-f‘e‘H TSR aglﬁ t OP‘E%#@? aP%@tilhr&\rI%iﬁ‘d‘t &ftidous

di seases consegyppbrh Bindftdgfan or viral infection. 25 BRI EF DESCRI PTI ON OF
THE FI GURES Figure 1 depicts the amno acid sequence (SEQ ID NO 1) of
Sal nonel | a typhi nlrdngthef trabeslimen, thy pryedtiqefis p Ble@dDf sahslotingdnemnatet o her ei n

"STF2"). h bi r; i [ her ei Mthe .
B ervar i abl aresgyite REE st AmbNRe u Sleh b AftnlRudlfie S e Wiediddiinn nea

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 (fjB/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.



WD 2006/ 078657 PCT/ US2006/ 001623 -8 Figure 2 depicts the nucleic acid
sequence (SEQ ID NO 2) encoding SEQ ID NO 1. The nucleic acid sequence
encodi ng the hinge region is underlined. Figure 3 depicts the am no acid

sequence (il%g 3) of a fljB/ STF2a (also referred perh85BEHH18S
"flj B/ STF2A" 3&’9‘)'%5%220"). STF2A is a STF2 lacking at 5 ?east a portion of

the hinge region. The artificial hinge region is underlined. Figure 4
depicts the nucleic acid sequence (SEQJD NGO 4) encoding SEQ ID NO 3. The
nucl ei ¢ acid sequence encoding the artiTicial hinge region is underlined.
Figure 5 depicts the nucleic acid sequence (SEQID NO 5) encoding a 10

pET/ STF2A. JEI | | + fhigye R dspistsdhpnucisieacid seqasnce £25Q IR NN ercodingotihg t he
AR AL < _ diebdhdl
ancodi g the 1 up: LS FheRudide SR ReltReidbtle hhBE e iE Wi ABle, 71 PSS

aci d sequence encdigurg 3 défctslthe amsinbetideeljueied SEQ I® NOps)oifs fjRST&BNANO aci d
sequence (SE D NO encodeg.. , 1 . The ificial hinge is
doubl e under%al?gaer}l%'ﬁ@ol}}e?:ﬂl%?s %@g@gﬁgsﬁz%i@ﬁdbp SJ]%ZIAI liaisg%%#ﬁk’rngiaLed. The
am no aci & Seﬂé&@ﬂ%%‘ti%le Sfﬁlelﬂiﬂgeirégibﬂl%ﬂiﬂ%@e&e@l_@@isﬁhﬁeﬂiﬂ&i.nucl eic acid

sequence (SEQ I D NC encoding a STF2.Elll+ fusi ondgr otein. The nucleic
aci d sequence encdiigrg 4tdepictsthejeuciaiqycithsegrencg 3EQ 1R Nfpida en¢oding SERD) Fi gure 8

The i nge regronor SHE3rat BAf sfqiEe chk tide ARk BOREHAN RUBS i Gl ¢ acia

sequence ( SEQudexliNed. 31) encoding a STF2A. Elll+ fusion protein. The
natural ly occurri hi nge regjon of STF2 has renoved and replaced with
an artificial hi m}gg?r@ oRICT thenyif a1 S%E?‘t?“*?%‘géﬂé‘g&o BB Mg the

Elr 'I[ II ii ci ajg hi STEEA POTL+SfusiBA Bfoidif €Phe nbldRidUesd @g e1RE bfboARYYRNGRAcigNcodi ng
is bolded. Figure 10 depicts the am no acid sequence (SEQ ID NO 32)
encoded by SEd®eiNis dubleTunderined. f Thei naicleisi acigesequagico pndoding thyditkened.  The
Bl 11 o O Gl SRR ol PRISBShingl b B bieRleil ferBling uc! €1 © aci ¢
JEIII+ is bolded.
Figure 6 depicts the amino acid sequence (SEQ ID NO: 6) encoded by SEQ
15 IDNO: 5. The artificial hinge is double underlined. The linker between STF2A and
JEIII+ is underlined. The amino acid sequence of JEIII+ is bolded.
Figure 7 depicts the nucleic acid sequence (SEQ ID NO: 29) encoding a
~ STF2.EIII+ 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.EIII+ 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 EIIl+amino acid
sequence is bolded.
30 Figure 11 depicts the nucleic acid sequence (SEQ ID NO: 33) of a

STF2A.EIII+ fusion protein. The nucleic acid sequence encoding the artificial hinge



STF2& El'l I + fusion protein. The nucleic acid sequence encoding the
artificial hinge WD 2006/ 078657 PCT/ US2006/ 001623 -9 region is double
under | i ned. &Be %@gl ej c acid sequence encoding a |inker between STF2A and
ElNT+ is undBPPWEdThe nucl eic acid sequence encodi ng ELI{US2P6/00162F geg.
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 SEQ
ID NO 33. The artificial hinge region is eésuble underlined. The Iinker

bet ween STF2A and Elll+ is underlined. The am no acid sequence of the ElIlIl+
is bol ded. Domai nregionis dohidle Wskietlinbil.| Bhemucler apidGeqience encdutingielihkanisbtwéeml | ci zed

(MEKLQ SEQ ID 72) ., ~5he. renai nder., of the bpl ded sequenc .

( LKGTTYGVCSKAFKF%&@E% &@Y&D@H&WH efifgnssgencoding B+ is
DLTPVGRLVTVNPFVSVAIANAK Vet it defiiehtiSuhblderaEGEB Nk dkithe GEREISlaél sequbhgel D NO
176) is domain Il of the envel ope pratein,of the i virus, Vector
sequence at the car boxﬁﬁ“é‘?%‘ﬁﬂ@git %POB%‘?EFQHC%?(%ILQQ%g@)FPC%dﬁamnus.
giﬂggrg |1I3 dfepi c3s SH@IDNO: sgr.ﬁﬂ&cdnd}csqﬂmmgioﬁ%ubﬁmrﬁ&g) Taé lifﬂcelﬁ_

: + fusion protei e, nucl.ei c aci equence. encodi ng. t i.nge
region of STF2 i s‘%%‘ﬁf@ﬁ&?%ﬁﬂd ‘gl}ﬁ'é1 W@F&“Efaﬁleg‘r%‘é’cﬁf&ff@ueé‘%%d]i‘%l% Binker
between STF2 and #dided:+ DofafaQlol8d VERENUOGALsIpdIEA is bbIRd BREiiBiczeRQBKEQIUENCE
encodi ng E111+ is bolded. Figure 14 depicts the am no acid sequence (SEQ ID

NO 36) encoded bySEQE NEnHLT2) Ks repgindenof theibolded segienss i s underlined. The
l'i nker between STRZk&TYdEIKAFFIPTRTGRATVIEELQyTEd DGHTX WIESPABLNd

sequence of ElIll+ 1s bolded. Figure 15 depicts the nucleic acid seguence
(SEQ 1D NG 3730 erldBHR VigRaY TY NP By S ANBR B LER R B GV IGROHQRNHIT W Th o

l'i nker bet ween STRAs@SBIGK!, BEQID NO:A06)¥s déndlR BT 6t the EdVRlopEproRipitkt weguence
(SEQ ID NO 38) encoded b 25 SEQ ID NO 37. The am nQ acid sequence of
Elll+ is bolded. PrigufisYegeieaieaceat thesaopei-emaippyss agihokdsd at thasparhaxyr NO. 54)
of a fl]jB/ STF2. Elteymimfsusi on protein. The nucleic acid sequence encoding the
hi nge region of STF2 is underljned. The nucleic acid squence encodi ng a

li nker between STF2 afiegurs 13 depicts thygpugler agidseqnsmes (PEQAR N&:38) efirc] ei ¢ aci d

sequence encodjfNg STF2EI+ fusion protein. The nucleic acid sequence encoding the hinge region of

STF2 is underlined. The nucleic acid sequence encoding a linker between STF2 and

EIIl+ 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
EII+ is bolded and underlined. The amino acid sequence of EIIl+ is bolded.

Figure 15 depicts the nucleic acid sequence (SEQ ID NO: 37) encoding a
f1jB/STF2A.E1II+ 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 EHI+ is bolded.

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

30  EIll+is bolded.

RECTIFIED SHEET (RULE 91) ISA/EP



30 ElIll+ is bolded. RECTIFIED SHEET (RULE 91) | SA/EP WD 2006/ 078657
PCT/ US2006/ 001623 -10 Figure 18 depicts the am no acid sequence (SEQ | D NO
55) encoded by SEQ ID NO 54. The ami no acid sequence of the hinge region

of STF2 i §o 4pgekdshsned. The amino acid sequence of theglj en STF2
and ElIll+ is Dbolded and underlined. The am no acid seaggﬁggjﬁ%@?@?l +is

bol ded. 5 Figure 19 depicts the am no acid sequence (SEQ ID NO 58) of
Sal nonel la nmuenchen flagellin fliC. The am no acid sequence of the hinge
region is underlined. Figure 20 depi'&?'s t he nucl eic acid sequence (SEQ

| DNO 59) encodi [lﬁ% SEQ I D NO_ 58. The nucleic acid _sequence encoding the
hi nge region is Unge l§ denicts tiEiaguneacd sefoprice (SEQ AR NdiciSeiercoded by sequence

(SEQ I D NO lyi . . F i . Lno aci d sequence
(S 10 N A PIoi0 i 18 prainogRiaeliaPe SEnEBRLEIG I A0 B0 9 07
sequence ( SEQRdeMnAD TiEHmind adie peduehdeofthe Iker beitgesnesS TR ahd Bt $s t he nucl ei ¢
aci d sequence EQ.I D, NO .6 encodi ng SE 1 NGO 64. Figure 25 depicts
the nucleic %&lé@ aé‘gtlﬁ‘gﬁ\.léolgd( m@mg%ﬂye%ﬁeg%ﬁﬁdyg d D NO 65. Figure 26
depi cts te am ”q?i%gé@b §@ﬁ&§%§aﬁi§?&i&§}§m&§@Q®I\ﬁD:ﬁ@bf&fl}nbﬁ‘ella_ The am no

aci d sequence of t hi nge region is underlined. 20 Figure 27 depicts the
nucl ei ¢ aci dnzg@zqhmﬁaeeléls%@4 aniegridsagusarsef tBEDnge Mo is eglerlinsd. nucl ei ¢

aci d sequence en i i i i i ) i . depi cts

t he nucleic aci dcfggldgg%ggebq?tgf%%qﬁﬁfeﬁ%°%§”§%’§€%¢y§@ |5?g§r%#é§%§épl | + fusion
protei n. ThellnNOt 83. cTheaiudleeapitbsegeeren endaiding thdieinge tegionds adderlinedige region i s
doubl e underlined, Th ucl ei.c acj d seguence i | i nker 25 between
STF2A and EI I | + ﬂ’ég‘ﬁﬁzbai’ﬂlﬁéﬂ?mﬁﬁ 1%&%%“&%&@5@@%&8%%@ %‘%@Hﬂf?ﬁg the EIIIl+
s bol deh Vect orFiggdupagfest e aiindalidetuaice (MO I MO or Higmsquence.
Figure 29 depicts the amno acid sequence (SEQ ID NO 71) encoded by SEQ ID

NO. 70. The Bktificial hinge region is double underlined. The amino 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 IDNO: 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 EIIT+ is underlined. The nucleic acid sequence encoding the
EIII+ is bolded. Vector sequence is not bolded at the 3’ end of the sequence.
Figure 29 depicts the amino acid sequence (SEQ ID NO: 71) encoded by
SEQ ID NO: 70. The artificial hinge_rp_gion is double underlined. The amino acid
sequence of the linker between STF2A and EITl+ 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 STF2A 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. WO 2006/ 078657 PCT/ US2006/ 001623 -11 Figure 30 depicts the
anmino aci d SEYLHEBOTSEQ ID NO 72) of a fijB/ STF2A El ??‘s"’!s%"ﬁ@?% 3prot ei n.
The artificial hinge region is double underlined. The amno acid sequence
encodi ng the |inker between STF2A and El]JI+ is underlined. Domain | of the
West Nile virus protein is bolded and it4l i ci zed (SEQ ID NO 172). 5 The
remai nder of the bol ded sequence is donmin Il of the envel ope protein (SEQ

ID NO 176) of theFigws 0 fpniets {heagsno mid saquense YEQHANQ</2) obh@iB 11 are

f dt I - . - ' f
protei n i s unbor e it SRR o BT8R0 Rhal LhG, A OB BB TG i and
i s a substit utaminoatidistymenyesheidies the dakel betwenn STHE2 /S amdeEN Bgis andeofineglhe | i nker

of SEQ ID NO 71 of Fi.qurg 2 10 Fi qure. depicts. th ie agid
sequence (SEQ E;nml@%evgﬁéﬁ'&pﬁgu@ elﬂlf)%&lé?‘?g’?.cm%ﬁgeﬁi%ﬁ@cﬁzﬁ)sequence
encoding the arhd fem@indbr JTHRARDIdBFARNESs MBI ol d@nté1BprotheSEOaDE! C aci d
sequence encoding the |inker between STF2A and ElIl+ is underlined with the
codon encodi ngNPhe76 ef thedVese Bilg yisup d agéens of demping ] &1dd 1! axe refersedduahce

encodi ng. B11 L *pire. I3l B\ 80d thinud LA brABYARGIG:S H UnDol ded

text at the 3"~ énd. depic am no a sequence (SEQ I D NGO
76) of a pET/ STk fsitlat bf the fivlsdr oapiqar istbeldad ankhie aaunlistifiition alf theicpgene egi on i s

doubl derlined. . T i ' i t STF2A and
TRITIS 1o tndelriiin s aphe e RERR BRSERID NP (e dSor “domai n 1 of
the Japanere encephgbirt i3 d¥piéts thedRiclefe @Mﬁ%n@&@EQmNG:ZQF%&%%Q SEQ I D

NO 173). The amino_acid sequence of a portion of the domain of the
Japanese encepHaNQ: 73 The mpsleicsacisbseguence ELSYS

€ SRR EHEPYE
KAGSTLGKA, *SEQTD NG TERA Ui Srsehy SR e beappl ST AT T e 1o as
25 "JEI I | +." FERLirie uB&eriieedivathsthe baonwatawling the salins ecpiter beldeSEChd michkild  77)
encoding SEQ by Mot Snd i, Mk 5l Safihed vF BHENES: TNRINgLNG AT i ol
15  unbolded text at the 3’ end. '
Figure 32 depicts the amino acid sequence (SEQ ID NO: 76) of a
pET/STF2AJEII+ 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 IIT 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  “JEII+.” )
Figure 33 depicts the nucleic acid sequénce (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 ei c q?@)goo'g@%gmce WD 2006/ 078657 PCTI US20061001623¢crrkdong/ofiasi N9 a
)

portion domain 111 of the Japanese encephalitis virus i s bol ded.

Portions of domains | and IIl are referred to as "JEIII+," Figure 34 depicts
the nucleic acid sequence (SEQ ID NG ,./78) encoding JEIII+. The nucleic acid
sequence encoding at |east a portion’ domain | of the 5 envelope protein

i's underlined. The renainj n ej c acid sequence encodes, a | east a
portion of @GBFASDE 3 PQTLeH Oﬁﬁglm?fj&b%ﬁpﬁ%ﬂw .ephﬁ?lgawgu@g Blgfﬁi'cts the amino
aci d sequengg -356r hdh e 1 A aRCReedd Ry as GERIHL D NO 78. At |east a portion

of domain | of the envel ope tgrot einis bolded and italicized. The remaining
sequence is at | &mire 3 gapicty henedleig acidisenuende (SEQIRENO1T8)ensaslingpe pr ot ei n.

Figure 36 gg’i%f—%ﬁ tehr%%c%m A &8 -eglcéf] : lg&éﬁl?l%%t é:?& i%@:og}o’r\ll(gf dgxg%incffof ﬁle

pET/ STF2A. usion pr e~ar hirnge région i s doubl e
under | i ned. eAvdlopeleotetdds wekerlined F2Re fenchiddenhudidit heid sequenterehégdeslat Fi gure 37

depicts the nuclei¢ acjd se nce (SEQ ID NQ 81) encoding SEQ 15 ID NO

80. The nucllf@ﬁ@wlﬂl%}ég)ﬁl@ﬁgﬁle%fﬁh%ﬁﬁé@??ﬁ@t%{?ti ficial hinge region is double
underlined. The RuUgleiLidrkns SAHRNER LR AeNG: Bl &gwren STF2A and
Denl EIIl is unde%%:lned.e%ﬁ gure 38 depi glf%s?l tE%Qarri Irﬂ()j chleédncgeq\tﬁﬁce (SEQ I D

NO 82) of &EQBINSTESAADea appitionfof domaing of theienvelqpeepraiein if belded hi nge

region is dqu .20 .U rline M I e.of t | i nker
bet ween STF%%&%%&F l‘ﬁghg‘ﬂ Efﬁrﬂralqlgg Seﬁﬂ%@?ﬁ #&?%ﬁ%ﬁ%@%ﬁfggﬂc fls]&f he nucl ei c
aci d seqOenesvdGeQ@rotinNO  83) encoded by SEQ ID NO 82. The nucleic acid
sequence encoding.the artificial. hinge region i uble underlined. The
nucleic acid seq W@é&@&éﬁﬁ@@ﬁ@@ S‘Fe%ﬁ%&kéip%%:g@"% and Dent ElIIl is
- p Aerd B Fhsior] HBteh AR RS 1D NO
under | i ned. pETEwIERAM e HIIGhSord HStedN THE A6ficlalIRHeasi6n [sHetbitD NO. 84) of a
pET/ STF2A. Den3 EIll fusion protein. The artificial hinge region is double
underlined. A linker between STF2A and Den! 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) ofa

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 EIIl 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 EIIl is underlined.

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

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 N‘i'(hﬁ’gﬁ/ﬁ”éé%n i s doubl e WD 2006/ 078657 PCT/ US2BUBIS0A@RH623 - 13
underlined. The nucleic acid sequence encoding the |inker between STF2A and
Den3 EIll is underlined. Figure 42 depicts the am no acid sequence (SEQ ID
NO 86) of a PpET/STF2A.Dend ElIll fusielB-protein. The artificial hinge
region is double 5 underlined. The am no acid sequence of the |inker between
STF2A and Den4ifidrlihed. STheWfhgRId dofdadquehitdicadiAs tamiket serkdra STWeAehe acid
sequence (SEQ 1D NO._ 87) encoding SEQ ID NG 86. The nucleic acid sequence
encodi ng t he dapHIHiiayndetlingd regi on is double wunderlined. The nucleic acid
sequence encodi ng tk j [ T . i s underlined.
Figure 44 depicts ?hﬁélr%lr‘#ée lggﬁg\é@gnguagﬁlc%ézegg%@% @%I%Mfc?f the envel ope
protein of theElSRR0Daet Elfictegibmpioteirs Eirwetifiqisl HiMgetregion iskdoghle e 45 depi cts

the ami no acid sequence (SEQ I D, NO 39) of a West Nil ir e .ope
protei n (VRE) ‘E‘aﬁ“—ﬁﬂﬂ‘ﬁfa ePEIIA0 agigFequene OEﬁ%F higker, CHV@EC?&RX@H&@?%IBN at ed
into Elll+ conghésats is underlined (am no acids 292-406). Amino acids
292-297 correspond to a portion of domain |I; am no acids 298-406 correspond

to domain I11. SEQFigdre} dgdcts the encleid ecid bsqusE® (SBQND. NE78)Rnepding B0 . Fi gure
46 depicts fusj cphtracts. in ET24 vect.or. T7.J7 pronmoter:. l.acO |ac
oper ator; - STFID N8I Rbra eyt R Frayer P tstu BRBERE (o ne i nge
20 region del emaeuiné-‘d.Imd@cgmidrsegdehc@éncadmgﬂte IMkEEbepRdenl SIFARAOt €i N Wi th 6
am no acids of domain I amno acid. Figures 47A and 47B depict TLR-5

bi oact i vi tif ofDestEAllgs yderimsg | D NOS: 54, 55) and STF2AEIT |+ (SEQ I D NOS:
(o HEK203 ( TLRSw) _cOpE 44 Beferflne atinc ol By e RO I R o nat ant o
measur ed by El_elnﬁélopd:pm’geixi efth&STieR-baMA eweephalgis@nvealspesprpoBi. t i ve control (Figure
4TA). - The TLR- 2 a90n Sl 4o e S d 85 %nas ($hQ 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.EIII+ (SEQ ID
NOS: 54, 55) and STF2AEII+ (SEQ ID NOS: 70, 71) fusion proteins. Serial
dilutions of purified proteins were added to HEK293 (TLR5+) cells overnight and
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.EIl+ (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 indic jbodies (mAb). Poly = polyclonal antiserumto WNE, 3D9

t hr ough 73&820"%@%?& i zi ng WD 2006/ 078657 PCT/ US2006/ 00 X49%2006041055 10 c | onal
anti bodies to WNE epitopes; anti-flagellin = nonoclonal antibody to
flagellin. Figures 49A, 49B, 49C and 49D depict reactivity of STF2.E (SEQ ID
NOS: 158, 159); STF2.Elll+ (SEQ ID N&& 54, 55) and STF2A.Ell1+ (SEQ ID
NOCS: 70, 5 71) fusion proteins with antibodies to WNE and flagellin. Plates
wer e coat ed miohtclénad amsibopies toeWNE eplitbpaskardi-BagsllinTe moaodohahattibodnto bodi es to
WNE or fl agegl i @ Anti body reactivity was detected foll ow ng incubation
with HRP-1 abef&4species specific 1gG Plates were devel oped in the

presence of TMB sEiBsies 294, 4B 490abl 4D 4EHE retrtivigy of TEOMN(FE@IBNOSader and
Magei lian software. 10 Fi ?ure 50 depicts 1gG serumfollowing injection with
BRODOSAS! .

fusi on prot ei¥fs 158 EEF2.EHFe(SERAMNDSHShist hand Y HeA Figl; (5

condi ti ongd ' . al N o ST i v o) 49 of
STr2A £ 17+ (S TP By Suipeie i PGl Plaip Heflolrea §40

STF2. El I | + ( fisignipkbtdiay, bletkedind ihcxmated%thjaing'b%cﬁ’éﬁa.VENEIotﬂ(aﬁ@dI D NOSI 54, 55)
or 259 STF2.E (SEQ I D NOS: 158, 159). On. 15 day 35, .1 ni zed ani mals were
chal | enged \,\,,Epﬁbq%m\y?acgg%?vﬁ ‘g"’rﬁ‘iter]@cff’@?‘ﬁ‘ﬂ&lm“ﬂpf’é’_}é Mhe\ﬁréﬁ@e%%ar acteri zed
by direct E'—ép%@iﬁ%@g@.e??a!fe@v&b?q &&@ob@d’iﬁ'tﬁe p@&é’hbé_ bEVBWYNsthatddmat ei n (SEQ I D NO
39) was used as the antigen in this assay. This antigen (60) was produced

i n Drosophi | 8-R45Y65 esingxyfedANmatereaderpng Magelian defpvares STF2A. El I 1+ (SEQ ID
NCS: 70, (1) and STF2..El L]+ ( NOS:. rotective mmunity to
VWV vir aﬂchal I enP;lg'.“I %Iéﬁggpl\%/teergg %rnugﬁgfﬂélgg%%cﬁéﬁﬁ ﬁ])efr?%glg%{ﬂ?q%s' 2’1 ‘et hal dose

of VNV strai werd idhinudived aythIhher FBS; DirdisaphdconditiontdmedivinaddonRinigkays. Fi gure 52
i ion with fusion r ot ei ns.

depicts 1gG sera titers follow ng i ni zati_Q
STR2A. EI | 1+ STEHBIGM, PRIGESORRD of5tE A ST PAGTRACPBRPAOS O e 25
'S?F“ZJR' ZEIE? 1i - 85 n@STHAN BT 5. L4298 S PR inih(SERPTRN® 84 5) 2pOYs @S> 9 of
STF2.EIII+ (SEQ ID NOS: 54, 55) or 25ug 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.EII+ (SEQ ID NOS: 70, 71) and STF2.EII+ (SEQ
20 ID NOS: 54, 55) protective immunity to WNV 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 EIII+ 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 EIII+
(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.ElIlI+ (067, trimer),
STF2A. El I I + (070, nmononer) or STF2A. Ellls+ (SEQ ID NGS: 72, 73) (069). On
day 35 sera fromindividual mce were characterized by direct ELISA to
deternine WQAWMBE, purified WNV-E protein (060, prodRfE&eS204¢/00t63%0phi | a
as a his-tagged 30 protein) was used as the antigen in this assay. WO
2006/ 078657 PCT/ US2006/ 001623 -15 Figure 53 depicts STF2A Elll+ (SEQ ID
NOS: 70, 71) and STF2A.Ellls+ (SEQ IDISOS: 72, 73) protective immunity in
mce fromW\V | ethal challenge. On day 38 follow ng inmunization with

fusion proteins, aFigufy BuRpicWESSTEF20EIHESBOAD NOS 170071 aht STFISFHI WV
strain 2741 and_survival was nonitored for, 21 days._ 5 Survival for each
group (10 ni c&PRR SN0 I2; Haprotectipe gmmynibipauipg Bpe WNVdethal challagpi ct s

conpetition ag{Aks- j i ! Fi . St i : of
antisera fromi g??@g"ﬁ# fr?rﬁadﬂgﬁl\%\%rag “lgl{r}llc%%%é@](g%vuﬁf 'ﬂf %[:Ogl%l %Fgltjmé%{? edE
protein (SEQ MithNOethgiGosanidWihestraad2iEd and striialvedd rsormfordd fbSN @dyat es coat ed

with mAb ZH2 at .about 2ng/m .. Wl | s r.e. devel,oped using avidin-HRP to
det erni ne 10 iswlﬁ??qrﬁﬁ&&}o%@p NPy %ro\BAﬁ)de% a%flﬁgﬁﬁfg'c%fga ‘resul ts of
conpetition with MAukH depfctsteiPeRforBRiys! Serfd ill@RRAs MRIbIAGRfing e ant i body

response induced by STF2A EIl1+ (SEQ ID NOS; 72, 73) fusion proteins.
| mune sera f A& & ¢ra frompipminized apjmals were incabater witirbistinylaied WINE ot ei ns .

(E2-21, E27-E Fi . ' ixl i agni ze
over | appi ng pi’g"tt?%é%étgg??g%é\gﬁ%‘?’n%&f%ﬁgﬁg%%gﬁ%%ﬂ J{%foércr)g?e&gﬁ and |11
of the WAV envedlnfid2 prrabbeti 2mg/ihi. gWels wérediepsloped vsing oidin-HBP o dejerafing he

ant i body r.esponse..i nd STFA.EL11s+ (SEQ |.D . 72,.73) E-21

(onver ope 1t oaurison s a2t recie bitsing &2 e ok AmPeCPs 1t GA A

i mmuni zed wi th thegjdgl ji t { 1-1(S, O,
E2-21-2(C,S), E2- 2Il:{ggfgc%eggﬁgEgﬁ%@lﬁfﬁﬁﬁ%@%gﬁlﬁ%ug?Fi gl(.ll’ e )57)
wer e eval uat e@ TFAEIBN(YEQ I AOS: &3i T desianarrpiginag lmmuang sepaj frome phiglfe of West

Ni | e envel ope. LA . f Se I € > : ol | owi ng
the substi ¢ ut FAREpeL YL B Re R S bR B S Y
sequenti al r epkanas®fir tefabihy tvoreaspnite oveldpphiggeptides cdiiappeidid Wdelse t ested are

listed in, Figure 57, 25 Figure 57 depicts EIll+ peptide arrays. The
sequences 15 c TWgEoR g dpmpdns)I agﬁgll oZthe%{?N% envelope protein.

Figure 56 depicts epitope mapping of the antibody response induced by
STFA.Ellls+ (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(8S,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 alanine. The peptides tested are listed in
Figure 57.

25 Figure 57 depicts EIII+ peptide arrays. The sequences include domains I and
HI of the West Nile virus envelope protein. Amino acids that correspond to domain
III are underlined. Amino acids that are not underlined correspond to domain I.

Figure 58 depicts Pam3Cys. WNV001 (SEQ ID NO: 168) inducing EIII

specific IgG antibodies. Mice were immunized s.c. on days 0, 14 and 28 with PBS

30 alone, 22mg of unmodified WNV001 (SEQ ID NO: 168) or 30 pg of



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

speci fic La»an ies. Mce were inmunized s.c. ond d 28 with
PBS 30 alone @’é’fﬁdof unrodi fi ed WAWO001 (SEQ I D NO 125?"%?00%01% of WO

2006/ 078657 PCT/ US2006/ 001623 -16 PanBCys. WNVOO1. On day 35 sera from

i ndi vidual m ce were characterized by direct ELISA to determ ne 1gG |evels
to synthetic WNWOOL peptide. Figure Sé ‘depicts the amino aci d sequences (SEQ
| D NOS: 88-95) of the EVELII unctlgn f.or Wsst Nl e, Japanese encephalitis
and Dengue (%@&VW@OB Ondgmseas fromipdigidual mige %@tChManénéf&tt}’ope

identified ug W nimals is
underlined. T E{&gngquu§ﬁC%ger%%rgr spo%'s%b t@gﬂ%gptl demEé&%ifg( SEQ I D NO 125).

Figure 60 depi ct sFigide29 dpgipts lth&em(lfﬁE@uﬂ EBqMéB:es Q.%Q IBDNOSal &3d)ef thean array.

A d I I
orotein 10 ENEL RGO o= Aen et snoepiivs P60 NSRS teerivhdd corr espond

to domai s | ko Hﬁ) vﬁ%’é& el Weét'NiléScpxtEpeﬁuéxﬁlf@& usiap hetiseradfroad F2. OVA nucl ei c
aci d sequence 813 152). The nucl eic_aci d sequence encoding the
SANEIENE

| i nker betwe® P%@mmﬁlseowdﬁrlmé g sequenkecorvRRondy tosequence  at
the 3" end i d. 15 Figure 62 depicts an am no acid
sequence (SE%pP%éﬁ%%?@g? encoc}eg)eby SEQ I D NO 152. The |inker sequence
bet ween STF2 and IGyieit8 depicte ER+21 edptideMSEQAID NO§uElfe E5 1) alanind a¢dniamag. and

bol ded. Figure 63 depicts the am no aci (SEQ I D NG . 154) of

oval buri n. s e e Rat L o A Bhg e 5rokb *155) of
20 oval bym nare Eh&ﬂﬁ&dﬁr@tﬁ@h&assmame HotGInBéfin@CHres R 26 6mAIRERr e NO  158)
encoding a STF2. E fusion protein. The nucleic acid sequence encoding the

full-length %S&Nﬂwlm’é virus envel ope protein (E) is underlined. Figure 66

depicts the am N0k gl%l‘e:“ H§9% Fé%ﬁ)ﬁlyﬁafﬁig%ueﬁ&c@%wo SE.Q I'D NO

158. The amino acit sequ ce o] rus teln
The nucleic acid sequence encoding the linker between STF2 and ovalbumm (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 OV A 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 envel ope protein is depicted. 30 Figure 68 depicts the am no

aci d sequent@20M{9¢86D NO 160) of the Dengue 1 virus (LFRULEY to
herein as "Den-1," "Den 1" or "Denl"). WD 2006/ 078657 PCT/ 1JS2006/ 001623 17
Figure 69 depicts the nucleic acid sequence (SEQ ID NO 161) encoding SEQ
ID NO 160. Figure 70 depcits the aminelZaci d sequence (SEQ ID NO 162) of
the Dengue 2 virus (also referred to herein as "Den-2," "Den 2" or "Dent").
5 Figure 71 depi ct Figunethdadias the aucleic aeiduseneace (SEQ IDDNGK 61) 6iodaigcodi ng  SEQ
I D NO 162. FI%&%?S@I cts the am no acid sequence (SEQ ID NO 164) of

t he Dengue 3 al referred to herein as "Den-3," "Den 3" or "Dena").

Figure 73 depicts e H&chs Be athimPRUERGEncSERO B NO: 185 1esagueg 10
SEQ | D NG 1642 .. Fi giure 74 deﬁl cts the am no aci d“serguence (SEQ I D NO 166)
of the Dengue 2 vWruji¢lsesrefeateddo hespiaep éRen-o,”Bled 2i° Ar d3eden- 4, " "Den 4" or

"Den4"). Figure 75 ' Yol i.G .aG] E 167)
e sy Gt
(SEQ ID NO 1WBQBENdaMilay a Japanese encephalitis virus. Figure 77 depicts
t he am no aci d sequence EQ 1D NO, 171) encod —Q 1D NO_170. Figure
78 depicts the nucl&f¥e Aﬁwl%geéﬁe@ % P%ﬁ%%@ﬁﬁ%@ﬁ%Dw%m ID
NO_ 174, depi cf@fhsi(alsdteBitfed 1 flereti 9UDEN-19 “@RRAIZELE“B7NIuC] ei ¢ _aci d sequence
(SEQ ID NO 178) encoding EIlIl+ (am no acids of 292-406 of SEQ ID NO 39,
depicted in Fi gur e FiBire Az dgias the pupleic agif seqieges GEQUIDHEP: £433 ercoding
tripalm t%l ats%i2 ﬂf%:qg4).
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 SEQ ID NO: 174, depicted in Figure 44.
Figure 79 depicts the nucleic acid sequence (SEQ ID NO: 178) encoding
EIIl+ (amino acids of 292-406 of SEQ ID NO: 39, depicted in Figure 45 and SEQ
ID NO: 7).
Figure 80 depicts a tripalmitoylated peptide.

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 theygh@kimesit Wil be understood that the par tpcgrsasos@eiaedi ment s 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 WD
2006/ 078657 PCT/ US2006/ 001623 - 18 enplgoyed in various embodi ments w t hout
departing fromthe scope of the invention. The present invention relates to

iti . fusi .0t ei d i.d f I [ f
[ eant one anETRRN-ERTAER T uaR e PR B e ol ks &

hi nge regi oninvafgbrat | east a portion of at | east one pat hogen associ at ed
nol ecul ar pattern (PAMP) and at | east a portion of at |east one flavivirus.
The conposi ti ons, Theipiessmt grvertiangslaign tp EIPPpERRS, desiongirotes apdvent i on can be

enpl oyed in ?ﬁ%ﬁaﬁlﬁeg a?ﬁéa@’ajl?otrﬁoﬁfaitm'aﬁe&ﬁ RO DS Latl 1Bas ﬁ&ﬁbff}fa In one

enbodi nment , Irnvention 1's a conposition conprising at feast a 10 portion
of at | eaSt dagelimthaglecksardngd regiorsind at lpast tiportioafof at ledst asd pathoged agel | i n,

wherein at |east, gne,of.the fl [Lins |lacks at.le a portian of a hinge
rheren Pt Regoredapiehisr B APLAN o RES hion it 1y BRE Bty o0 1
or a bact eri ghe boRSRItRMS) fMsiof Blodliks #h@ palypépdies Of theBivesitn@en b€- 9., protein,

peptide, carbohydrate, lipid, |ipopeptide, nucleic acid) found in
mi croor gani s&Bplobied in metheds to stipBlgledn iHMANGESPQSH it 28BifSt i on receptor (PRR),

can trigger an in :’mgu : . LhzJ)J ke receptor
(TLR). Toll-like Irhgézngrje orsﬂrr?eg?’gl?eqﬁg&aonyﬁ i 9 o lgfriggrggl?%ggo%rl%afs{e%(ns that are
honol ogouf t pottioe oDatdsaspbnd antiged angopasttagortichoiflat jeasitoae flagellod, wheteke

receptors are, type | apsnenbrane signaling receptor .proteins
characteri ze&tlﬁﬁaﬁe ?ﬁﬁ%ﬁﬁpﬁllﬁ&s F@B%F?}B‘-”?lgﬁﬁf? 8%fe%ﬁnai n and an 20
intracel | ul ar donpithodtaraesRemeiSmbleciidr _Faﬁérﬁ (P AMP) Nsuth A0L8MeMn-or 40! | - 11 ke
receptors include TLRI, TLR2, TLR3, TLR4, TLR5, TLR6, TLR7, TLR 8, TLRO9,

TLR10,  TLRLDacieripl ipeproteinrFrierp i hefas of moksulicatet) Profelepemiidepat tern can be an
ggﬁg S/ts | 0%%@%&%&%}&%@%&&, nh8kic GXaRufd ir?rgﬂé%%g&%%' fidt, Wher® -
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, TLRS, 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-xB, Jun
30 N-terminal kinase and mitogen-activated protein kinase. The pathogen-associated

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



25 lipoprotein) or a TLR5 agonist, such as a flagellin. "Agonist," as used
herein in referring to a TLR, neans a nolecule that activates a TLR

signal i ng pat hvvaqv{. A_ TLR signaling pathway is an intracellul ar siqgnal
transduct i o PHPHWES  enpl oyed by a particul ar TLR that REHUBEAG2Yat ed by
a TLR ligand or a TLR agonist. Common intracellul ar pathways are enpl oyed

by TLRs and include, for exanple, NF-wB, Jun 30 N-term nal kinase and

m t ogen-activated protein ki nase. The pdf-hogen-associated nolecular pattern
can include at |east one nenber selected fromthe group WD 2006/ 078657

PCT/ US2006/ 00 162dstinglsd a QORI agbhidg adLRA agbidrdt (agORamBCyR PAhPysabamriat (€. g. ,

PanB8Cys, PanRCys, bacterjial |I|ipoprotein a_TLR3 agonist (e.qg., dsRNA), a
TLR4 agoni st ( .OQFOFGIE?aEFER?’&gomﬁti(ﬁgpéi‘m‘%}zéﬁ% c?@?‘?ma{e]’gh_h?ﬁ"t%agni st (e.g., a
flagellin, a Hopagonkaly 1 RsRonaden] § heedif-RILRIARLAL o FLRERO agoni st
(e.g., unnethylated DNA notifs), TLR1O 5 agonist, a TL | agoni st and a
TLR12 agoni st .agonistaa gaR8iagonisty a EhBBdEoresits.g.t wenefhrated HOA mptifsy TARIbct eri al

| i popr ot ei such. . a s, P or Pseudononas aerugi nosa Oprl

| i popr ot ei Flb (Ci%o?‘)“.’a%égiﬂ%%{ﬁ} a&ﬁ?&%%%"ﬁ%ﬁiei ns include

MNNVL KFSALAL AAVL AT Gophitic S 2mbddimédt, thd TLR2 eperid ésla bactetal lipoprotein, such
ATGAAAGCTACTAAACTGGTACT AATCCTGGGTTCTACTCT ,GCTGG(,)O& TGCTCCAGCAAC
(SEQ I D NO 1%%%&93’%%@%5&%9@% nonap@grugipesg OBt BRRIe/eR) Sﬁi})r use in the
i nvention de ' 1HobteiMdSATIKEMUSAR LGS AL AR TR 181
encoded by AT R ARSERSAAAIES AT AT oY

encoded by AT GGTACT GGECGCGGTAATCCTGGGT TCTACTCT
GCTGGCAGGT TGCTICORGCHAS, enspdadibp NO. 182). A bacterial |ipoprotein that

fhat i nol [es OBy o T RARY ERGHRGTHEO R Tah ige o GBTEERETERL, oo
36616- 36625 (GOOGHICACGRITERROUAGCAXOISEQ D N®188FQAh Bxdiphiry EGO/iand 182 in

bacterial expression systens (e,g.,.E call) results.in the addition of a
pal mi t ol ei ¢ acPagichdlilpoprosan foF use ke wvprtiondsicgibed Breinie resul ting protein

(e.g., SEQ1D METAAYLGAHIGYIE! RBESSURBEOADING: B1TLiteaagaN! St Tor use in

t he conpositions, fusion protelns an pol ypeptides’ o nventi on.
Producti on of ATGCAAAGETACEASATTEGPACTEGEE GEHEIAATEICFGEETICTASTCT

triacyl-1i popr QLR AT PEETIAT AL SES Th MO sb11Ca 39GL A BBoRlted

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
lgenerating a TLR2 agonist for use in the compoéitions, fusion proteins and
polypeptides of the invention. Production of tripalmitoylated-lipoproteins (also
referred to as triacyl-lipoproteins) in bacteria occurs through the éddition ofa
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



di acyl gl ycerol group to the sul fhydryl group of a cysteine (Cysteine 21 of
SEQ ID 25 NO 181) followed by cleavage of the signal sequence and addition
of athird acyl <chain to the free Nterm nal group of the same cysteine

(Cystei newda@bo®bR | D NO  181) (Sankaran, K., et all pcd/uBhdbooicizem
269: 19706 (1994)), to generate a tripalmtylated peptide (a TLR2 agoni st)

as shown, for exanple, in Figure 80. An antigen is any nolecule (e.g.,
protein, peptide, glycoprotein, 30 glygopeptide, carbohydrate, |ipid,
| i popeptide, polysaccharide) that generates an inmune response in a subject

ei t her when | oyed,,i nocombi ngt i i th PANVP 078657.

PCT/ US2006/ 0F1BH 8- ?%‘?%@Y,S’ ”F?QEXAPT e @5??’5&\%? gggr%qﬁe) 2figen 1 ¢ e
absence of acf¥d frddieentdr fodesh ofeatankalyPock g eitigedlor R@YHthet wbleculat ural I'y
occurring antigen or nthetic nolecule that mmcs the naturally
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occurring anthefeimiss ths nawyrally ecwTing priigen oug BeTQn okthe paturally oseHITIBEN. * 5 The
antigen can Qxﬂig@ viral antigen. A "viral antigen," as used herein, refers
to any portion o?' a virus (e.g., flavivirus) that generates an imune
response $n a subheatigen ¢tdnde avhimhargigph.ofédiralmntgani asatsedhervins tefeas PAMP

(e.g., aflagellin,. PanRCys, P 'S r. in the absence of a .PAMP. The
viral antigel Wr?ogﬁ’né’?aﬁa(i fe%’atgag’%“’%)r@%ﬂ?mﬁ LAY SR D Gur ri ng vi rus
or a synt het kgbjdepbigferivBed &plofdd RicBnbhatorwithis BAMP QCE W fladelinyi r us, such as
a reconbi nant or synthetic protein (e a flavivirus), peptide, lipid,

car bohydr at ePamays, Benpdrw) esinghe ?b?ﬂﬂmé%??@@@né@q Virel petigegepp 2. "At | east a
oo Syl _ ; .
portion, = as ?&ﬁgﬁ gil‘gfer%n?‘erh Bt £ﬁit&raﬁ9%g%u%&ﬁl{w.{s]g@g§ e?ﬁrxﬁélg{ﬁrlleoﬁmatan antigen

(e.g., avir neans any I gen or e entirety of
t he ant i@enmikizs aexiamily®ccuting eimss, swhpeor récombifinteor fsyahetid prafeina(aigi,gen can be

o orey o op 1L oB P ResCL RSB G Prye R Bppnapbprfhobpdlad” oVl 0%
conposi ti onssubidesi ‘04 18dsP4 Forfien,2Blugea h¥REMhiréfeRncebd at Restia iggancan | ack at
| east a portion of a hinge region. H nge regions are the _hypervari able

regi ons of a2ftigaBér-gi hvirAantigenhineapsanymagif therawfigersordheertipty 0% $he20 terminus
25 "hyper vart T el vk aRS: fhordot SAOR IR Al oBELE B ENERPe Ll ' Tae
used her & n protein,ef e demeia (¢.g., domaimdelly EyoHam aivelapé pmtpah bf mflavieiass t hat at
| east one amanr]ggegci d or at
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 acids 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.



| east one nucleic acid codon encoding at |east one am no acid that conprises
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hi nge regqi OQV%O%) 6/%%§J7ude am no acids 176-415 of SEQ ID NO._ 1, which are
encoded by nucferc aci ds 528-1245 of SEQ ID NO 2; ami nBCHEPHE/WIR3422 of
SEQ I D NO 68, which are encoded by nucleic acids 522-1266 of SEQ I D NO

69; or amno acids 173-464 of SEQ ID NO 58, which are encoded by nucleic
aci ds 519-1392 of SEQ ID NO 59. Thus:2lf anino acids 176-415 were absent
fromthe flagellin of SEQID NGO 1, the 30 flagellin would | ack a hinge
region. A flagelli fAl kekiepgrtian of e hinge zegion't dsonedliereinfiefegeto anpgirvaf the al so
referred to herein_as 1 ed version'.of a flagellin. W) 2006/ 078657
PaT] US20061 0076525 e Stang PAUEALE, AAETIE R 7 ety o erlglbge()rﬁgilon'as‘&used
herein, refer dedsta potslopafidhifde refien” Riahgeefee ®hefrin 4she RAMEnT f.athinge
flagellin), or the entirety of the hinge region. "At |east a portion of a
hi nge regi on" TFEOHT 6T ¢ % &g hingeregian Al 3 dnpimprivgy Hagpling (BiBaplsge region. "
For exanpl e, i - L0 «Qf ) c)sglm' i f ] i, also 5
referred tg htergkgfrﬁaiaagﬁgewj&g%@rl@gf%?g " Tng"ﬁ)lé hilﬂiﬁ Og%@gbgé?%gf 5157%111%16 of SEQ
ID NO 1, whiN®: |, sshishdeetsdddshybymuelesi asidsat pesitim 3381245 0ASBREDNAR. of SEQ | D
NO 2. At least_a portio f.the hin Legl of fLiBLSTE2 can be, for
arpi e, ani ne et RS0t BrbpE oAl sRERTRS off oo MrdatlilE S8 BSE 500 300
wer IedaneEt f 200038&QX $EQ IDAO: 1, f'ltH‘ihe, if gﬁiﬁxlotabid ZerOIDw&eiadls@eﬂumlﬁm J0)] STF2f
wou ack at |east a portion of | 1 inge region. At |east a portion of a
natural |y occ Qi%&eéeﬁuﬁz‘&@é’mm‘hacé‘gﬁqﬁ@@@gggg%&’Ob\ﬁdﬁ?‘erﬁt leaptaortiof ¥ar t i on of
an artifiqpal Hpdagei6egi on. "Naturally occurring,” as used herein in
reference to a hinge region of a flagellin, means the hinge region that is
present in the natAtleastd pogédn ofra. nafwallyeocammping 2 flagélhin cachedsplage@-wittbatof SEQ | D

NGO 1, amno 15 acids 174-4 of. . SEQ | D NG, 68 and aning, aci 173- 464 of
SEQ 1D NG 58, F PO Rt et R BT RletatRinge
regi on of STFZefefencecwlahiddeirégiamef a Sageltiteichmthé hiagetelionshat i présent in
respectively. "Artjfici %:’ﬂ as used herein.in refer hi_.nge regi on

of a flagell i fbeRatiypdage r'Fg?é exarpplerppe peidssl i6pd & rof gﬁaeliﬁ’t ﬁﬁéﬁﬁﬁ%e

flagel I'iniisn agisieguSNNEG T8 NO: 89%hd hflidohdlds 4911464 BSSIX) IS N &gngel t he
native hinge 20 region. For exanple, SEQ ID NO 32 |acks the naturally

occurring hi ndee #migh esids cartespcmdingdo Beantird pingsaesion of:5d o EaclifiCERé- 186, t he
artificial hi %ggzugl?cgzieﬁ)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 naturally 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 ﬂagell.in 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 ﬂagellih‘employed in the compositions, fusion proteins and polypeptides
30  of the invention can be at least one member selected from the group consisting of
fjB/STE2 (S. typhimurium flagellin B, Genbank Accession Number AF04515 1),a
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2006/078657 PCT/ 06 00 fr rrent 2 colli
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fragment 5 of S, | REICHERLR FTEERi7 e FPRESions P BGURR HISABPBIEES | n t he
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pol ypepti des of SEQ | I'D NO 3 58 and EQ | D NO

68; at |eastN®:pdend SBQdDT@EQSI;D MGt a portign of SEQIDAN@OF, &t loastemort@EQf |D NO 3,
at least a p i f | rt| D NO
68; and a po?égé%tr}?l e3 2&@0 eé’Ngon%%é%@%[ﬁ%O ?a%glf%lﬁ% NG %1 NG 10
59 and SEQ | RONGS; eﬁlﬁapmlypapude&ﬂsdde&bpSEQ I@NO’EZGSBQJWNEDMLSEQQDNI%}ed by SEQ
I D NO SEQ | SEQ I D NO 59 an t her

embodi ne 43%%@% ésoraatiﬁéﬁacﬂ?“b@o‘i RG’GPH)%O@FW% é’ﬁ’%ﬁgﬁ? a portion

of at |east N@ezagﬁgggm@,nplsgg DERST 5P @g@kgle@‘ 6ot | east one flagellin,
wherein at least one of the flagellins lack at least a portion of a hinge

regi on. 15 "Fusi ol @pﬁﬁmmbOdlIa@wh@th@mlﬁa fusiomareteineomppisiog af lnasgéner at ed
fromat |eas c%rtlsﬂ‘gf 51 {Q aﬁ{ i3l 'apl%ﬁstﬁ%g{l%ﬂ%@ﬁfleés‘?o& {Ja{’ reint AMBOY'S,
on o east a por

PAMP, at | eaSt "a por &h Ant a V|ral
pr ot ei n) thaﬁtlaaseoﬂadﬂtb&jﬂag@umlsmklayleasmapmim@‘fahmgbkqgmnThe corrponents of the

fusion protein cap be nmade, for nt het.i cal | . g.,, PanBCys,
Pan2Cys) Lbr by 1 oABSPREERA g e eaem,aefﬁ@é%ﬁmﬁ%gg%f%%tf%?f,gatkaﬁsfect. on of
a host cell Wwd HmAarWicdifintt REIPInSRACS PARTGS Pahi3 CFs, PANIPHE Mast 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



of the fusion protein, such as at |east a portion of a PAMP, or at |east a
portion of an antigen or a viral protein). One conponent of the fusion
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of the fusion protein (e.g., PanmkCys, 25 PanBCys, PAW at |east a portion of
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generation of B¥eRU BRUEAT SERQIR I&Eﬁi@& Flde: 70eRlm% &t %@Hﬁda%@%}ﬁes(%lzgo
referred to  BErsl 5a%, hRMINHnaRIBY SBE D 488: § 79l wHlerconkygst gon by a
reactive group, su as 30 a thiol group (e.g., a cysteine residue) or by
derivati zat i onndi58&(Fgurese, 28,3, 83,,37a39, dhamb43)er mi nal ) or secondary (e.g.,

| ysi ne) group. Exenpl.ar usi protei ns qf the 006/ 078657

PCT/ US20061001623 TUSish pig érf?t"?gﬁlﬂ?c‘?ﬁ?}a%“%ﬁéeflﬁ” oy gmpppentsofthe g g g
84, 86 and515%usidn BofelsS s€par& by 897 082,” Béex@BpledBTERNEIR efereicoded by SEQ
ID NCs: 5, 70, 73, 77, 81, 83, 85, 87 and 158 (Figures 5, 28, 31, 33, 37,
39, 41 and- 43fusmpspraisinfosinsising ons IiBASTEweten 8K 2 kasterouaan f damaia Hy
conponents of the Jusi i : ad1 ¥tefh: and “STEOAENE FOr
exanple, " STFé.eEelf?]Icra) rfleé?lee(rag o?%)g%e%hﬁ%sﬁgﬁa%r ofglgei tggjr’rparrxli SSI ng2 one flj B/ STF2
protein and atefbmast fimiquaroteinrcomprisiogrenaifliB/ITFmetein lackingat 1@kt aporfieast one

West Nile virug.epvel ope protei.n: and "STE2A E[11" efers to f usi on
brotein conpr BLIHEYEHBERP A LFHRE HigeLt g npe I LS s Belvebn Cor i cs
hi nge regilon an@ viayemglode pregéigt a portion of domain Il of at |east one
West 10 Nile virus_envel ope protein. In yet another enbodi nent, the
invention i s a compb¥steNYAcTEHRRinsTh thednvenfign isa MNP ROTBFIISHE At east one
pat hogen- assogizat b SindithoRted HASIIA palth @4t 100 At | east
one viral proteai n@%ﬂ% é}}%too%@%tg %rn%pccgnsrlﬁst%ng pgr a West Nﬁae vi ral
protein, a Lampgdionwif pbleashpnd Giahprogeiksatgeiad frane te groupt winsisting dfarWesyNital | ey 15
encephalitis viral protein. .a_Japanese.encephaliti.s viral pnretein, a

Ti ck- bor ne erY(l:%ﬁrge}nfPga%ai;Xllra]lﬁ)?%?lg’iaﬁ[?mgﬁg%g?pfghl%\ﬁ &V rGQ}me protein,
whi ch ar e 15| ahsedphaiitis vidtaDproteits; a Jdgagesp @hdephslitis asrabsrorigd Thakl-iwend ar pattern
and viral protein can be conmponents_ of a fusion protein. The genus

flavivirus is SPeFPRpEsyRapRrofeihapda ERUQY {Fves il Profdn.cgHsh ¥ dawgrialpout

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



20 70 viruses. Msquito or ticks transmt nost of these viruses. Several
flaviviruses are significant human pat hogens, including the four dengue
viruses (Denl, Den2, Dena and Den4), yellow fever (YF), Japanese

encephal i @ 2dodfsssVest Nile (WN, also referred to herernsames/00Abbs') and

Ti ck- borne encephalitis (TBE) (Waver S.C., et at, Nat Rev Mcrobial 10:
789-801 (2004)). The flavivirus genus is divided into a 25 nunber of
serogroups based on cross-neutralizatipan tests, including the dengue
serogroup that contains four serologically and genetically distinct viruses

termed DEN gzl’ea\ggyﬁgvirg% gelﬁﬂ% e%%}ég'to g{:r%\qté/ M&%ﬁcﬁaﬁgmg of tighvel oped
viruses wth i coSahedral capsids. e avl virus geno 1S a
si ngl e- st r andedvinas(tlei capsid &0)s the RivinraieqM) abd thetenvelbpd (H) prdé€ingi andct | y

|7 ans! at ol A8 A S HPLPISTOTOIN UE2A R ey DBUE: Mo apd sy 12! 9enOTE
post -t rans| arwonal, 10, R0 IE7 BA3, BTIUIAA0D DGR e Rbivahegeae by Vi ral

and cellular enzynmes to generate three structural proteins o

flavivirus (erenzaiesiigdenmted nddgure Abr Arreviralpansisds corapessd ef Bp £-preteiter ot ei ns) ;

and seven n | i B, and
NS5)  ( vwavegfﬂﬁée?&gwﬁﬁ%%gﬁfﬂg’%%? M%g%?ﬁﬁ-égﬂ‘éél@%os@%% Of e
flavivirus genon§Wsacrdhi, zasl, diur.iRey.ddpratiad! §:F8H8@UEE044, Clblrbesier al capsi d
| ocat ed on t fe AR et 8356 03500 Adnbr B R B "Nt
Rev. M crobi glthe h@mbRPe BLldpéPetgin. ., Chanbers et at, Annu Rev. Mcrobiol.
44: 649-688 (1990}%@A maj or i mmunogen for flaviviruses is the nmenbrane

envel ope Prot ei n. apheTUs eavsloRer RIRICB RIS gpele ph Bires atsgrbdysThest ol e in virus
assenbly. - TheRSindtoRh 8 pRStediQE thell ROBTHI VKR, Hilh bordbOlidabliftr el uS, whi ch
serves as a Cage for the genetic nmaterial Inside, sheltering the virus
until it is geletasettriahioside sheltening theatitus untillit iseeledseghinsideiahostesll.consi st of

only a proteijn.shell, and genetic.informatiagn re .complex. viruses, such as
{1 avi vi  uses WHESERRIG RpseR cofsyst Bf optyf prueip Sl At rnet SRR EioB 0 "2 hel | and
viral genonecomplbk fiviisés,stich HaavBitusds, Asd@mitaic€lipidwileyerbbtvedh thdl  envel ope

protein binds to a receptor and resfgg,nds by confornatjonal rearrangenent to
the reduded Pratesr shell apd yualgeromend faivings pal s ahogtesh gden el f usi on of

viral and hoéﬁ\feﬁﬂe Iprd?&ﬁ%ﬁﬂ@ fo°a receptor and responds by conformational rearrangement
to the reduced pH of an endosome. The conformational chaﬁge 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  IIand IIT) and functional features (receptor binding of virus and host cell and fusion



The envel ope of a flavivinus may function as a receptor binding protein and
20 to facilitate fusion of the virus and host cell nenbrane. As a receptor
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Virol 78:10543-10555 (2004); Heinz, et-Zat., Adv 25 Virus Res 59:63-97
(2003); Chu, et al., J. Gen Virol 86 405- 412 (2005)). Crystall ographic
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Dengue-2 (Den %}O él rus envel ope protein have been determ ned (Rey, et al.,
Nat ur e 375::29§ é 8(1995); Modis, et all, Proc Natl AcadSci USA 100: 6986-
6991(2003) ). Envel ap@e precfusibi Sordbrriatian, enivElbpesroltan doOhoTRodigt e ther al
(donmeins I, 30 Il and [11) and functional features %r%e]%%&)t or_ bi nd| ng of

virus and hostout?éFqIfaﬁ‘?lﬂfthﬁWaV@ >dBeY.¢7 8k 3 HPET/ DBibpg! al. 25 -
functions) san r 4009 e I Cel |
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honodi ners on env%Opeqmtan nmmﬁ:acﬁ)lctsfmmhbrewu'wgiabmamwéomﬂa% Ieand 3D, | Nat ure
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structural dOﬁ‘EII f)Ss &@lamw J06atéd inlthe ﬁﬂﬂtuielaﬂd ha@é@ﬁlbglycfb@ﬂtahdn ﬁtermos ed of
G3-strands. Domain C‘(‘Ialso referred to herein as "I" ") IS centrally

'D
| ocated in thé 3@?%@"3@ prvelapeipIoteinsa Mopai I delag redarred o g‘?rF’@aiS“ ”@I‘)‘RIJ) yl at ed
envel ope RpOt QFBR en AR Hothi m;ﬁ s&ﬁfeﬁ&itoﬂah@hgbg;{ Bn &, "tflzltlllnsgxfts infd ! ") 10

of the envel ope protei'n pro |msr|za Ion an as a fusion loop that
inserts into thdtergebhiqgememnste duuigﬂhmﬁ{dapandglttfhﬂorpﬂthemwdémdlst ersilon of the

i Modi s, et al,... 27:313-319 (2 , i t al., EMBO
V0. 26 738 T 1273 Kbk GOVDT Brckiegaty e PURG TR TR QLN - o
"DII") is at Dod@aiCHI isYefe@Edioidteinds “IiTher €DNE) RRethercaibeky ern®on 11 is

al so referred to as "domain B" in_earlier 15 antl%enlc mappi ng studi es.
Domai n |11 hadhs@velrns Pr@m é%@%alflﬁ%fs dsoreforned 1 asyidpmain Bygierifs 2i ng

ant i bodi e s( Ragfgdnth mﬁﬂ) aRHIAbS syéaleggﬁﬁz that &aﬁa éﬁ@ﬁ?ﬁh@n st udi es

with several flavivir |nclu I ng Tick-borne halitis (Mandl e, et
al., J. Vir alnemlﬁﬁlzﬁnﬁmws«ﬁoﬂmg).ﬂdv Virnehi Reat5é: 1I4h91t75(ﬂ2ﬁ%0)n In kdditiashi ch has a
fold typical

%];udies with several flaviviruses, including Tick-borne encephalitis (Mandle, et 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 I, IT and III of the envelope protein from the
Tick-borne encephalitis flavivirus and the Dengue 2 flavivirus has been determined
(Rey, F.A., et al., Nature 375:291-298 (1995); Modis, Y., et al., Nature 427:313-319
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
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in particular, flaviviruses other than Tick-borne encephalitis flavivirus

envel opelbr okamelagaipdlomais irsthe Tigkskarg engephatitia flayidryseaveppeprogineadased on 10
honol ogy to ﬁgph%jﬂa‘g\gﬁ?;&g&é BEisencephal itis flavivirus envel ope
the Dx

protein and ngue avi virus envel ope protein. The domain |1l of the
envel ope pr ot ei n Tfe domairDENfithasrivelope prodein ofiths DENeflavivinwrentodesthet he

R R N T T N
(DEN1, DENZ, Eiﬁ%b@ (ROER¥h, Y.T!, UFe Virds| RaY.1 36t 1052603 e RAlingtRd RUPBEXr € hi ghly
honol ogous. enpl ary envel ope protei n_sequences_are shown in Figures 45,
68, 70, 1572, (BENhAENR QENEDENANvisuses oFlaynus qmplops pipteinesge BLYL 71,
respectivel Yyomologous. 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., Annu 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



The seven nonstructural proteins of flavivirus envel ope proteins are
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virus, as seen in the outbreaks in North America (CDC, Up date: Vest Nile
Vi rus Encephaange wgthin the westernihemipphere WW@lCGHth@FXPWI Birggegse 48: 994- 946;

%)Et alup\c/j\l?][; ﬂ}eégﬁgjfﬁ %%ﬁ?@gss%%?w&k%ﬁ@&%‘%@gﬁ@ﬂ@nfﬁ%gten ed :V:);blrgnge

t hr oughout nuisquifo ttdmemesa:sneyaie pamérilp invoheng Aikee sbeSicatmesquitaesd its range

wi thin the wester IS expected .t.o _continue.to and. .Birds are
the natural reser Wﬁ’g@h grl\ﬁé'? amergrd; ip fSpRrEie {eﬁlo%?ﬁ(\goq & fing

nosqui t 0-1bi r@&orﬂﬂ@ﬁﬂ&ida%&ieﬁﬁﬁ%ﬂ hEdaOfd [RYEE EndodrimBlHehlvh. | TheGhkt Bigiofd!l ex speci es
nosqui t oes. Recently, st _Nile virus has errerged in tenperate regions of

Europe and ISmigstationafdf NV dofeqrioadfial aprenbalitis srflammationef the braid) ini mal
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encephalitis mrat | on
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 iﬁpoMnt in fomﬂaﬁng 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),



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 glycoprotein of the West Nile
virus (VWNVgdoogosheot her 20 flaviviruses may be inportaprig’afogiédiat i ng
conpositions to stinulate an i mmune response to generate neutralizing and
protective anti bodies. Currently, there are no conpositions that prevent
West Nile virus infection, for exarrpl_v%'r _by stinulating an inmune response
in a subject. Japanese encephalitis ( E) virus is localized in Asia and

nort hern Aus i 25, (a t 50, O Ases W t, t] 0,000 deat hs

annual | y). Abbﬁlﬁ% ogp%%e@ﬁaﬁllﬁmg% en?(n"i’ﬁ?i%‘t# s’ﬁgﬁ%g%&%@%ti’ecent ly
associ at ed WhérBinas 6D&S " “Bekl 89, SHdIFENIANELE e ferpiCi8 MBRIPAY Tlehd’! & Ddar onpt i ng
t he Japanese M nistry of Health, Labor and Welfare to recomrend the

nati onwi de st9pdds aninrforieaimsbuiie] dsrescelmymass.ngENHae majapeblic hepltus. 30 The
e e e o . PN Aty

ol ot ed 1 avPOPRARRRILRANEER gt Ry, ERM WO Seol CLERAMRL Y,

Den 1"), SO DBBENGZB6E 50RCTB20DRI6] GRS of-dBRgBHde? (DE) &d huadredsefd t 0

herein as "Dent" or "Den 2"), N-3 (alsor ed to herein "Dena" or
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problemin a?’l tropi cal areas of the world. About three billion people are

at risk for &ublegladddandged Mad Srganasee’ 236-34 (1990h Rengue vistsesiaague f ever
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of Asia abhd tlheviSpendemiRatyi dfildF in(thasb hees. IDfedtion BynoneAdad chlesds Senpyapore 27:
227-34 (1998)). gue.viruses are ,transmitt eri donest Aedes spp.
mosqui t oes, WHIE nﬁgag??"{lef Ihjlﬂ%gst‘?}b‘gl? ’éél??’l%mﬁ'fl?' ﬁ'gﬁ'&%ﬂa n‘?‘lrzglﬁ?ag?is g‘? I?‘II%F in these
areas. | nf ecign@prd®ctio BnMihitisagaridsBs inRefay DEN-e¥ &k pd/ s, Hweeh! il e il ness,
which is not normally life-threatening, and leads to life- |ong protective

i nruni ty againditidualsahat greciafacted bpore seEotyps/ s rmain susgspile o infeptiefi W% dual s
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the other three erotype uent ection by one of the
ot her 151DENDER stofyres/iirises sarsleedito Dangde handengiccfever DHFhargleogdeever ( DHF) or

dengue

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

divided into two categories: live attenuated and inactivated. Compositions



shock syndrone (DS5), which are |life-threatening di seases. DHF may be the
result of an anti body dependent enhancenent (ADE) where non-neutralizing
anti bodi es i nduced by the primary DEN i nfection formvirus- antibody

conpl exes Wa 2emsozesary i nfecti ons that are taken up i ntPETHR6PHAYes by 20
Fe receptors and, thus, enhance virus infection. About 500,000 cases of DHF
occur each year, nostly in children, with a fatality rate of about 5%
About 600 million <children are at risky9-for DEN i nfections, about 60 mllion
may get DEN infections each year, and about 60,000 maybe hospitalized. In
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Conposi ti ons WO 2006/ 07 657 / US2006/ 001623 risi ng live
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Beijing-1 or WQ“’EQMQWP@ anf geriodia beasteTBROBHYPYS] ﬂolabﬁlﬁ 4a§feersbé['§€*énﬂb@dy-Cent ral
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ant i bodi es, n@ik’ea%&"ﬁ%@@a’ﬂpo‘rﬁnt preventing flavivirus disease. Long lived
neutralizing antibo responses foll ow ng
any 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 Nil¢ 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



15 adm nistration of conpositions to treat flavivirus disease or to prevent
flavivirus disease nay also be inportant. Many different approaches have
been taken to devel op conmpositions to prevent flavivirus infection, but
nmany have w@hoobggssuccessful . Wth respect to the dl%@@ﬁgﬂwﬁmn6ﬂhICh i's
the result of four related viruses (DENl1, DEN2, DEN3, 20 DEN4)

conposition may need to be devel oped to one or nore the DEN fIaV|V|ruses
For exanple, a tetravalent (DENT, DEN3, DEN3 and DEN4) conposition may
stinmulate an i nmune response si mul t aneously against all four DEN viruses
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i nactivated and may result i n adverse effe when adm nistere
subj ect s10 Thg@reaswwécwssmalmmoawu&e\ﬁecrepomefwr@gﬁmmeensdfor use in the

prevention of i ctlon in tjons, fusion
proteins and 03%1 %(ft gé@clqn PRESTH gniﬁon%gatr?\%flo}-aneﬂ&dgﬂgolz ﬂégs ciated

mol ecul ar patiiseussal dbbed, TLRs g@egmﬁePAMParinceutﬁmg Bactegialidelli wgll ¢ompoents 10
expressi on of cost| rrul at ory .nol ecul es, secrgtl qn of, critical cytokines and

chenoki nes &> Racteral lipqpr Jipapolissacharidesehagierig ISR seapenegsiibett o

T-cells. c&ité.ﬁ‘dﬁﬁ@tﬂyl@ﬁ@ Gr&ﬁ%?esraﬁegmga?ﬂﬁ’m TIned ét%@ﬁuﬁ?&&@f' al cell
wal | conponent s (e.qg., bacterial IEoprot ei ns and | i popol ysacchari des),
bacteri al5 Dl\nheggqa@@metrmtmse and gate eepers of the adaptive immune response

(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 to 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



contai n unnet hyl ated CpG resi dues and bacterial flagellin. TLRs act as
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Medzhitov, R, et at, Nature 388:394 (1997); Barton, GM, et at, Curr.
Opin. Inmmunol 14:380 (2002); Bendelac, A, et at, J. Exp. Med. 195:F19
(2002)). 20 As di scussed above, the bindfi-ng of PAMPs to TLRs activates
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PanB8Cys, flagell.in) and one hree, four, five, six or nore antigens.

two, t
When two or noyEngsAREen e SRQLRN G ror e ant | gens and/or viral proteins

conprise tige cormosﬂheipgmggentég%c%emel%&h%&aﬂ RRbY PEPRD UESHAS Thi e
i nvention, thge/ are also fFeferred to as "nultinmers.”™ 5 The

pat hogen- assochldtZaonist meluesrat frasttane meprber $pdected TiaRE thagomipson{iging of aat | east
a portion of !Zﬁs eld. I Ak, : I (%’Z’H: %Fg_e at | east one
menber sel ec'?ée grraﬁlfagméﬁr%%p }J(%ﬁg? Ssgs_iraﬁpéli%? #’SF@AS@ , an E. coli fliC,
and a S. nuenali@almitdyldzy)-propylf dystgilk). | Fan(3a0ys isulsodferied pdBiebdifrds {R2.y. , SEQ I D
NG 1) or a fl ‘gyl% éin a. hinge region (e.g., SEQID NO 3). 10 The
pat hogen- assocpﬁagke) § gg rbd?(Pi}é%lﬁoﬁgﬁ%d%{ﬂl%%cyét TCR2 agoni st. The TLR2
agoni st i ngl udes atTHeQzﬁﬁfpr%ﬁx fBERREA ﬂ&%ﬁl’?fbﬁgo st Ridioh PRot&ihOMa consisting of a
PanRCys and a PanB8Cys. PanBCys is ([Palmtoyl]-Cys((RS)-2,3-
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 II and
domain III of an envelope protein of a flavivirus. “At least a portion,” as used
herein, in reference to a domain of an envelope protein, means any part of the
envelope protein domain or the entirety of the envelope protein. For example, SEQ

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

30  virus envelope protein.



di (pal m t oyl oxy) - propyl cysteine). PanBCys is also referred to herein as
"P2." PankCys is (S-[2,3-bis(pahnitoyloxy) propyl] cysteine). 15 The viral
protein for use in the conpositions, fusion proteins and polypeptides of
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flavivirus envel ope protein. "Denl |," "Den] 1l," and "Denl 1I11," as 5 used
herein réer to dbargron of anenyglepe nroteinof a sexvirpeppploged infee pengue 1
flavivirus ARGs Q5 hrteirsial @ Pbi Foptd &S IRGnk tn oaf: il dOBRE NS Of
envel ope pr 0?63%{@53 0 S’H%téue#) }eﬂxlg\?iﬁvpéglzge& are refer en(r:lecgﬁt)y tﬁe ?%avi Vi rus
name f ol | owecdnenyember selectad fromrthergrenp ¢ansigting ¢{Tat ddastzopartign qiRlomaiti Gkt bor ne) ,
TBI I, TBIII

protein of ale%Q&Pb}WD?athHn%g@n&% hea%tlt?lego- G g@ﬁaﬁbolﬁ];'wﬂﬂg 6%%’?8%/@: (rjlspeand
pol ypept i desdéfgnhiee withwemit 1 fn exaaiplé TEINWA er SUEI€Aske podtiéh dEthdeiveRpt ected from
the grou PS ¢ Ogr%ice?x;[. iertlegrer?ged %g “Illle’;aiss gneacsog%(r')ﬁgn?gf t(l)1]; t(gca(?lrl)%ithpat déma?ign plus at least
one of at least a portion of either or both of domains I and II. For example, “EIIl+,”
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 referred to as “JEI/IIL.” 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,
11, 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., EIIL, JEIII, Denl IIT) 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 ITI, 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



| east a portion of domain Il and at | east a portion of domain IIl. Wen a
domain is. designated with a "+," for exanple "EIl1+" or "JEIII+," the

portion of the envelope 15 protein referenced as "Il11" is _one conponent of
the total oYOfH4L’8Vmain plus at |east one of at | east PETESIOPBHSTY ei t her
or both of domains | and H For exanple, "ElII+, as used herein, neans the
conpositions, fusion proteins and pol ypepti des of the invention include
domain Il and at least a portion of déain |. "Elll+" is also referred to
as "BI/II1." "JEIII+" is also referred to as "JEt/I111." Simlarly, when 20

conposi ti ons, MBELGRKGTATEG iESKAFKFbGYPAPIIGHET YV LERQ YTGEDGRGEVPESS! ude

o e o SRVRS8 B PR A LR PR SRR BB ¢ e

domai n. For expIWHKSAYHIEKI BEQUIKSO: Taridhts bn BITH- hhindfacidiequéded, thi | e

flavivirus. The absence of a "+" in reference to a donain (e.qg., ElI

JEIII, Denl I ielicizd aminepsidy @pdoppind ef the eRyslRpauotein anf ghexsmaiilosi t i ons,
fusion protei Pﬁé £Bhd 1?8&?{8?1% oggﬁ eﬁ{'el%dlgsrbtg nt| on neans that the :
u ern an

conposition, Ion pro ‘includes the referenced domain.
For exanple, CTRGVCSKAFEFARTPART GHGPYYILHELANET GEDEPOK VRIS €ARENBAd

irus, The vedE\E bY AT od BpR pr G PR porYalEoR bR R G

fusion 30 prgseOMD NRE, sy REPVirske Stafford, Ter, AIRY STt irQNto GR W Qdilede).at | east a
portion of at |east one nenber selected fromthe group consisting of WO

20061078657 PETNTIEVO8KATKERLGTPAIR GHGTVVLELQYTGTDGPCKVPISSVASLNDLT

VASLRDL TPVGR! VIRV SN ANARU L ESBRT v b RO IVRRERBERER (seq 1

NO 7, which (SEQADEO:19% Waest Nde sirusi NseciekdeY, aldvereferted to ad “Méght Mite no aci ds

are domain | qfebhe SNEkane R ONGENERRAWIERE OB RO ST Y b S domi

of the en
GITYGVCSKAFKFAFT: %@I@d@'ﬁ/‘w_ EL QYTGKDGPCKVPI SSVASL NDL TPVGRLVTVNPFV
SVATANSKVLI ELEPPFGDSYI VWGERGE NHHWHKSG SE NO West Nile virus,
Stanfort, Cr AIGARMAAT BIC AT TIOAEeAAARETAT SaCoTCTETCAAR 66

S&&%“'@ﬁéﬁ&@Wﬁfﬁ%ﬁé&&@%&%ﬁ%@@%&%@m&%st N e

virus, New YorIKGMWATAGEAGRACACEGGCACBCGANESACCTEGCAAAGTTCCTATCTC

GTCAGTGGCTTCATTGAACGACCTAACGCCAGTGGGCAGATTGGTCACT
GTCAACCCTTTTGTTTCAGTGGCCACGGCCAACGCTAAGGTCCTGATTGA
ATTGGAACCACCCTTTGGAGACTCATACATAGTGGTGGGCAGAGGAGAA

20 CAACAGATCAATCACCATTGGCACAAGTCTGGAAGCAGCATTGGCAAA

(SEQID 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 “EII+”) 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 EVNVAMLITPNPTMENNGGGFIEMQLPPGDNIIYVGDLNHQWFQKG (SEQ

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



NY"); and ELEPPFGDSYl WGRGEQQ NHHWHKS (SEQ ID NO 10). SEQID NO 7 is
encoded by ATGGAAAAATTGCAGTTGAAGGGAACAACCTATGGCGTCTGITCAAAGG 15
CTTTCAAGTTTCTTGGGACT CCCGCAGACACAGGT CACGGCACTGTGGTG

TTGGAAT T GRASTAEARESECACGGAT GGACCT TGCAAAGT TCCTATCTC PCT/US2006/001623
GTCAGTGGCT TCAT TGAACGACCT AACGCCAGT GGGCAGATTGGTCACT
GTCAACCCTTTTGT TTCAGT GGCCACGGCCAACGCTAAGGT CCTGATTGA

ATTGGAACCACCCTTTGGAGACT CATACATAGTGGT GAGGAGAA 20
CAACAGATCAATCACCATTGGCACAAGTCTGGAAGCA TTGGCAAA (SEQ ID NO 11). The West

70% 1 dent i 1y L SaSkARBE Lo T R e Rt P ek S Ras ey £

| east about wammwwmmemPﬁ@mmm gmﬁﬁmﬁ@wt 95%
identity and at | east about 99% identity to a pol épeptl e that iIncludes SEQ

ID NO 25 7, (WEQdR N&dﬁmd*éhq)mmbwgll@fend@pmhmmve pelptotdin cancihelndedl t o herein
as "Elll+") ?eas%;' e gft Nile virus. The Langat virus envel ope protein for
use in the coRpositla 1ons, fusion protei ns and pol ypeptides of the invention
can include &ITT%MCT@KGGFSKMMTGE}TVVWED@KFGSMBRBKDSM‘SLNM

DNG 10). PR éﬁzﬁ @%ﬂ%ﬂm@@@@%@%ﬁ%@%@g&?&& i on

of WO 2006/ 0 S?ﬁ)é) %@sﬁgﬁée haBfs envelope protein can include at least
GITYGVCSKAFRFL PADTGH VVLEL DGIJF()IK | PI SSVA L DLT PV GRLVIVNPFVS

VSTANAKVL| EL ErPremdy selpcrdbon mﬂgrms(so;lsw(tls&@f atfeas partipn ofhe Murray Val |l ey
ST T ONETEKF TN POy L o R | &
GTTYGVCTEKFT e I e e A DS
STANAKVL YEI EP QB ANSRFRBEEGEMEBPG $IDYNOY GMODK INHIBWHKAS e
encephalitis | gpe pr ot ei I I W r ected from
the.or oup cofetid AaNGF 15t e G5 YT SEE I
GT'TYGVCTEKF ShAKNRACH GHEINY b e siiahitiFokdelt G\%&P&t&n@éﬁﬁelﬂ@%’c ledf? a portion of
PVGRLVTVNPFVATSSANSKVL VEMEPPFGSDY| W
GLTYTMCDKTKFTWKRAPTDSGHDTV VTFSGTKPCRIPVRAVAHGSP
DVNVAMLITPNPTIENNGGGFIEMQLPPGDNITY VGELSHQWFQK (SEQ ID
15 NO: 17). The Yellow fever virus envelope protein can include at least a portion of
GLTYTMCDKTFTWKRAPTDSGHDTVVMEVTFSGTKPCRIPVRAVAHGSPD
VNVAMLITPNPTIENNGGGFIEMQLPPGDNIIY 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
LGRLITVNPIVTEKDSPVNIEAEPPFGDSYIIIGVEPGQLKLNWFKK (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.
Ih 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



G (SEQ ID NO 15) and EMEPPFGDSYl WMGEDKQ NHHWHKA (SEQ I D NO.  16). The

Ti ck- borne encephalitis envel ope protein can include at |east a portion of
GLTYTMCDKTKETWKRAPTDSGHDTVVMEVTFSGTKPCRI PVRAVAHGSP

DVNVAML | TPRIFAENNESGR EMOLPPGDNI | YWGELSHQWFQK ( SEQ | D 1B K27 % he Yel | ow
fever virus envel ope protein can include at |east a portion of
GLTYTMCDKTFTVWKRAPTDSGHDTV VMVEVTFSGTKPCRI PVRAVAHGSPD

VNVAMLI TPNPTI ENNGGGFI EMQLPPGDNI | YVGELSﬁéI/\FQ( (SEQ ID NO 18). The envel ope
protein of a flavivirus can include at |east a portion of at |east one
nenber sel ect EAEPPBAPENEIGVERRQESAS WFKEYSER [RNO: 22), SEQ ID NO: 40 and

Gr TY(MBKKFTE%@%S@;%\/L ELQYSGDGPCKI Pl SVASKNDLTPVGR

LVTVNPFVSSTA FGDSYl WGCEEQ NHHWHKG (SEQ ID NO  19) and
GVBYSMCTCKFKV  VKEI BeTdQnisobitiois)/ Q¥ ompEaPink 4 deHid ] s f#d=id¥ the invention can

NS 13, 13, By gen{GEA RS VIRV G ERGU  SERR SO B NGRS 11 of

the viral envelpepe Pu&tSRRo, 1I994)8(EQE99FGBHYWVGMEKAE1¢LSW@M {swQ s a

conposition c&rggrl sing at | east ortion of at |east

one
pat hogen- asso®iCaél; Ret 2EAEPE ACHHAK ALKIDYHSKE (%thd?p'oﬁ))‘atd | east

one Den2 vira % protein is
30 at | east oinaega g@%@%ﬁgvaﬁ{wg@@o SI sg n@ﬁl %@@52006/ 078657
PCT/ US2006/ 00 NXS3 20,-23 52 EAB RRFEOGY Ipb oW E B ¥ankdiNAF KD ¢:8F0QehD INOB a2?) , SEQ | D

NO 40 and S NQ. 97 he conposi tions, .fusio ot ei ns and
pol ypepti des 4H%VIY1H§?%t‘AI‘t§?FSE%H° 19?18# Tbg:[u Iitlh ?oxBrDengue Viruses can

EAEPPFGERYI Puerto Ri co,
(555 TSNS LEQUPAR oSy o

( EAEPPFGESNI VP@lymsmkidesaftharikretios By pxamole, dompsin IH@Q}DeDbﬁtmm 16007), Den2
LG e M R B S B 2. 22,7
fl avi vi ruses. searatadpest inaopbintticon Tife pdthogemadsbdiated mbl”eeulﬁx)lnattemglﬁleni_ZIi ruses
can 10 be enp0yed. \Q85LEL 91 e SRALALEL el Rl NS, Gapost t ons, " usi on
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 viral.
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 membef
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.



pol ypeptides of the ivnetion. For exanple, domain IIl of Denl (strain
16007), Den2 (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 yassdo§bfaend Den2 envel ope viral protein canpbguvsguiponent s of a
fusion protein. 15 In still another enbodinent, the invention is a
conposition conprising at |least a portion of at |east one

pat hogen- associ at ed nol ecul ar patternsgpd at least a portion of at |east
one nenber sel ected fron1the group consisting of a Dent viral envel ope

protein, a Dent vjra env r tein,.a.Den3.viral. envel. .ape ﬁroéeln and a
Den4 viral envel ofp?émﬁ I e myefion;if £ (‘éﬂnpé FPHEHEDE ¢ Aiventi on

is a fusion Wﬂbﬁbﬂatqmﬂe%ﬂﬁgﬁf—assé&ﬂ& moleB@lat haBBrnQind af leh® apbrtHASF
pat hogen- assom ated nol ecullart@fﬁ&ttern and at | east a portion of at |east
4t

one viral pr #tlegshonsapermba ge R dheygrawp censisting off anfgerdviesl eusstorri | e vi r al
protein, a Lgagal a%éﬁ'vnar&wabgea%ﬁteﬁpraméagvv&r%ﬁlnv%gé@Ibr ahaVihéay Valley

encephal itis virdal protein anese “encephal i t1 protein, a

Ti ck- hone5 25vigaieepdiepeiirotsinvi ral protein, a Yell ow fever viral protein and a
hepatitis Cviral oteln Ele healtl VII’ ro elnfor use in the
conposi tions, fusi WSTICE’FH %%WSB{%? o e SRSh can i ncl ude
a pol ypepti dpatm egtaséoeasddm@um@‘@mm aﬁ@{hecv rBﬂémmTﬂaBﬁnﬂérQH@b@QﬂSI sting of
SEQ ID NO 64 (F| gure 22) and SEQ | D NO gure 23), which are encoded

by SEQ I D N@nme@%dﬁ%err elhs aningagidstinkerpag jn ufi%tynﬂssw oF gabwaldt i vel y. WO
2006/ 078657 f Qg&peg;}]]ues 31@1e'aﬂ11ﬁ$‘931@ﬁﬁke??ﬁ§$&f@ﬁtﬂme kBeni nvention is a

fusion protein conmprising at least a portion o east one
pat hogenls spmtwnsecn:f tipineention camiatinde at leasdommtrem:tselactpbfwmdm gbup at | east
one nenber sel ect. é m t hel&gr @ftconm S viral  envel ope

protein, a s ﬁ]&eéfe(g &N acy ’B&‘ﬁ%@=€|s?ré‘}e rgsﬁgl}éel, 6%9’:%?0,[ ein and a

Den4 5 viral reeiauebﬁ)ﬁl fpeiRiresiduerAihopkidtlgkes” afustdigeréinyie alsb edfergan f urt her
i nclude a linker between the pathogen-associ ated, nol ecul ar pattern and the

viral proteit. aS'Fﬁ‘@ePthﬁll@ker_c aﬁh%@nﬁlﬁ ac@rﬁnﬁﬁ craiigelydesk east oppmembeo aci d
The. am no. acka T e o B e G RS (0 Vet  on
can incl de B NQ:26); BFieR YRADWRPELSEQIBINOr 26)1 ERSR YPAQWRPL (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 (SEQIDNO: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, Pam2Clys, 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.,



consisting of a lysine residue, a glutamc acid residue, a serine residue, a
cysteine residue and an arginine residue. "Amno acid linker," as used
herein, is red to as a "peptide linker." The i acid_|inker
can i ncl ude&éEcz&16're0218f36§J one nenber selected fromthe gr ouﬁ%ﬂ}ﬁg‘?"&@‘gﬁ of a
pepti de of KGNSKLEGQLEFPRTS (SEQ 15 I D NO 26); EFCRYPAQARPL (SEQ I D NO

28); EFSRYPAQARPL (SEQ ID NGO 60);

KGNSKL EGQL EFPRT SPVWANSADI Q—ISGGRQCDGYLQ%PLRPL (SEQ I D NO 62); EFSRYPAQARPL
(SEQ ID NO 75); which are encoded by . . ~

AAGGGCAAT TCCARGTF T Rant Can firgtin PROGSrABEH @ padion qfsEantigsnNdleagts) ;
GAATTCTGCAGAT - NO 27);

GAATTCTCT AGAT APPRCCACACRR PP CEe e o B TR 61

AAGGGCAAT TCGAAGCT T AT GAA ddKofed TGt ASiba protein of the invention,

CAGT GTGGTGGAAT T CTGCAGATATCCAGCACAGT GIG_ . .
TGATGGATATCTG@?@&AWWWWWW PEoigin ipgmapper that the
GAATTCT CTAGAT AL GG HEH O ark SFeRebAy Mihed! $br exafipfe, batSi On proteins

of the invention can further include a |inker  between at = | east one
conponent of tchmpénest ofthy fusiosiprot¢ie (¢g., PGy BamPCyseRANP) tamhpdinkedito  PAVP)
and at | east qng_.other co nent ,of the.fusion protein (e.q.. l.east a
portion of an aaflﬁt]in&tecr? ,mpgflgﬁgea%tatéeastoargolr%%n (zfl]‘anaang ernaflt I%arsf)% %?C&H?ngﬁa‘flﬁag
conposi tion, grdéin} oftkefusioatpraein. hikelvidasdt dasrwolor ot similacarlienent s of the
fusion protein (e.qg. 2006/ 078657 PCT) US2006/ 0016 - 37 PanBCys,
Pan2Cys, fIagéFf’!(“Pﬂr,’enﬁQ\%}e 1§§101[1 pRgn %?ndg[‘t“k?fﬁ&cﬁ t&’ﬁjpéﬁ‘z? bﬁ‘?zﬁ“g}er Oé’é‘f’ a
por tion ofjpa Vifnibr BAERdeRicBoh PAMBNY: 160 3RIAAL cANURE RATde 2 kllRKGSweenS USed
herein in reference to a fusion protein of the invention, refers to a
connect or bet we@rantigerp onewa wirabprotdies dan Sirther ncbideiadinker bgtwegnaoh ilht the 5
conponent s of H%&&PLUSi on protein are not directly joined. For exanple, one

conmponent of t'he sion protein (e.g., PanB8Cys, PankCys, PAMP) can be |inked
to a distinct conpak#ivhal(yeorgiternativelysdstfugopprotdimofalie iaversioh cgeincludd | east a

portion of a viral, protgin) of the fusion protein, Likew se, at_ |east two
or mor e si m | deopbinsfigeet %@#ﬁbfﬁwﬁ@ fftmeh@nfmgfﬁ%}ﬁ%ﬁhsﬁﬁm YRR | i nked
(e.g., tV\QSPA'\!Bﬁilaﬁr%Plifcélécfrﬁkg:gelgﬁﬁﬂtﬁﬁﬁsﬂoﬁbl pRotbin N 8f e:RGIPIE & FustAGoteAVEn OF two

antigens can further inclu i nker bétween

comprise at least two PAMPs, Pam3Cys and/or Pam2Cys components that further

includes a linker between, for example, two or more 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 III of the West Nile
envelope protein, referred to as “EIIL” at least a portion of domain III of Denguel

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

covalently or noncovalently linked or recombinantly produced together.



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

conponent sy@book®siusi on protein and 15 simlar or |ikeceaspasenisss of the
fusion protein. For exanple, a fusion protein can conprise at |east two
PAMPs, PanBCys and/ or PanRCys conponents that further includes a |inker
bet ween, for exanple, two or nore PAM3g. at |east two antigens or at.|east
two viral proteins that further include a |linker between them a I|inker

bet ween one conp of | L. (£ inot her
di stinct 20 corrpgﬂlg‘:’rr}l{'umgﬂtrl p{oEegn% @%ﬁ"%‘%ﬁlgﬁm@d g at leggﬁyﬁ%%aﬁb%ggporti on of an
antigen, at hwaditedmojroulat patteaf bedwetnradleagirtad antigens or atdsayt oo virahat i on

t hereof. Thus, the fusion proteins o .he invention can further include a
linker bet weBQtS, WL‘&EP% t Hdﬁ@ﬁé%%élgﬂh?t&@en%ﬂ’é estrasisidier ns, a

l'i nker bet wegicdfilat RS 4nAQhSitticBeBiSthe @irziliF%i@ih.. b8t WRRM Rételn§8Sthe WO Viral
proteins, or any conbination thereof. 25 The pat hogen-associ ated nol ecul ar

pattern of t inedtipniceminshyle eipathogdn-aspeciatedpelseilanpagiam feedfbgtyedn pideast

car boxy-t er mpus; 1 NQ- ter-m : b Al 1 no-term nus
of an antigen or aé%t%ggs{é%ﬁ d%%@#%%}asﬁ?u%%&/{ﬁg%lﬁpr o’?’g%{rrp r?{églgf , ngﬂ fl avivirus
viral prot ei fusicaypedteias ofithe irvastionscap aidhideran ahtigharoaiavirhl grotefn fuked V\est Nil e

envel ope protein, referred to as "ELII " at |least a portion of domain Il of
benguel 30 oHUEFE IBFGPeRAtopST erpatied Bolestaers (F 84 dosiia st o » as used
herei n, meanspARP“abhtbten. RAMPONCoval ently |inked or reconbinantly produced

t oget her. WO 2006/ 078657 PCT/ US2006/ 001623 -38 The fusion proteins of the
i nventi oh0can i ncTharathogen-assoeiaish molesulappaiem efdhe fusionauoteips ecthe ar pattern

bet ween at | . i . A } . J i<ch can,
optionally, :ﬁqu{(é: ul?%il\gg%g?%g%gr@ %ﬁgrﬁl\slxté%auﬁhtg %%h%%? d%ﬁgéﬁé};@gﬁ ?r%m;dcfﬁl ar
pattern and thedusict proeins@f thehiaventiv@mtaniredueridno the Tlagelliti$n oregiphaif eiens of the 5

vent i on cag. ) el 4. 5 BFhogczazegch ated ol el gL pat Lern, Tused beteer
protein”). Theeast 4pb@bn Bf Bk Bir3e réMior dTehd MHBISTHOMageRih JfSEQUENON] ant i gen or a
viral protein fused between at |east two pathogen-associ ated nol ecul ar
pat t er ns1§ e. Figureléseagrpgideletedsnd apapizenior avirgmseteincappg/fusyd to the
flagellin 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. For example, an antigen or viral protein can be fused to the fjB/STF2
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/STEF2A 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 175to 186 of SEQ ID NO: 3.



10 The pat hogen-associ ated nol ecul ar pattern of the fusion proteins of the

i nvention can be a TLRS agoni st, such as a flagellin. The antigen or vi ral
protein of the fusion proteins of the invention can be fused to

flagellin MWOX%EEYn of the flagellin that |acks at |8§§@E§mﬁ8¥F?on of a
hinge region of the flagellin. For exanple, at |least a portion of the hinge
region of the fljB/STF2 flagellin of SE? IDNO 1 15 (Figure 1) can be

del eted and an antigen or a viral prot h can be fused to the flagellin in
the region of the deletion. The antigen or viral protein of the fusion
proteins of the i niptmpihenerekadithent, the ywentioy is i Eisionagepinicamprsiag pdeasbh of t he

flagellin tha l e, an
ot gen or  vi pofBRbEsPorld e SALAR Sl illroun RSl FRSTEIAP! & &1
ID NO 1 (Figur eolﬂiﬁCaandamS/ npleademﬂilChhkbathea’sgaderEgl offpt Idastrorexiseilee, at any

| ace with am ds 176-415 qf SE 1. The anti viral protein
of the fusion %?%?ad&r%ﬂ&fgrwec%ﬁw&q &ﬁ%ﬂlrbleewlageeﬂowgeﬁ%n? Vaglel | inina

regi on of $hechichgR l;)kdtantaménmfak&l@lo?w%lﬁ@ﬂi@peﬁv&ﬂenveﬁdpeq)%témn wher ei n
the hinge regi on has beeh replaced with an artificial hinge région, 25 such

as an ani no adhelpettipkefthe pPoelaps araitia cambe aheastpepprion Qﬁatéﬁastpmewmbetan be
fused (o the fLy Y STERA £1aael Lol S50 00 3 CFLAULR Mry. ol acing,ar

amno acid I|in Rereln’ as an “artrrrci al Ri'nge" or "an
artifical hlﬂgﬂwﬁﬁ@@@ﬁmnor “an artificial hypervariable region"), as

depi cted, for exa t acepent of .a m no, aci d l.i nker
(HpGAPVDPASPW SEQ %m&% GDQ@F\EA)% & Pietigp e ‘@&)a E?@P?Iﬁﬁi%t of SEQ D NO
3. WO 200@@07%@51%?@@@5&6@/7@0126%6 32,39, 3I6n32ar59tm6 guTR2 4 RMind f0E

invention is a fusion protein co S|n least a portion of at |east one
menber sel ect égd 4 peipapHee epcodgst b 89 1 pBBETFR 35aM, S6.77eI8L. f | i C,
and a S. nueng Fega_; b4 163 ARd at | east a portion of at |east one nenber ,

sel ected fromithe’ group consisting of a Denl viral envel ope protein, a Den2
viral 5 envel ope pfrmxmdmnoaalmeﬂdmanartheanvmluommchldeﬂ aapmiympddah@éargﬂatvi ral

ot onCof ot elabputoiod Rlkast b 2bhen depsraraniadle 2 fal aBaB i Mieast ot gomai n

|, donai nikl a&qn 9095BAtNeakt alboea‘ 95t°/@ &t 1&&%@6&@@%&%@1@“ abbutSoY deq@mes her

enbodi nent, the i nvention includes aDB (ﬁfe tid
identity to the polypeptides of SEQ ID N 1,72, 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,
54,77, 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



10 includes SEQ ID NOs: 71, 72, 30, 32, 34, 36, 38, 55, 76, 6, 80, 82, 84,
86 and 159 and a pol ypepti de encoded by SEQ I D NCS: 70, 73, 29, 31, 33, 35,
37, 54, 77, 5, 81, 83, 85, 87 and 158. In an additional enbodiment, the

i nvent i onw®edokithegs7a pol ypepti de having at | east aboupct@%eo0aboiksast about
75% at | east about 80% at |east about 85% at |east 15 about 90% at

| east about 95% at |east about 98% and at | east about 99% sequence identity
to the polypeptides of SEQ ID NOS: 7140972, 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, o2 odinent, t he
i nvention i nc%ueé:sz’z%lﬁﬁgom |a2ir§esaSt§f ogt?%nn&%%u%l?%p&{en%g@gﬁ:ﬁf%@ﬁ%ﬂg i des that

i ncl ude a popolpeptitclef thainveagion alibagiciot campdnmebn purpdsagiz st lepgl39pept i des havi ng

at | east about 7Q9 I t about_ 7 bout 80% -at . | east about
B5% ot | oaobetaiah <Disort FTn maRHe R, 20ker STB Ottt BOG e REIMARG ot

| east about R{K76RIUSHCE%, IS4, 0O, 99’At§@A,@9b/y9ﬁm'%ﬂ8§th@flen§EaQ>ﬂtﬁ%N@ 1,3,
58 and 68 and the nucleic acids of 2. 4, nd 69. The percent identity

of two arf nore&ﬁr@e%qmm@g ewnplmbemwléa@da%mmcegéqﬁéh&gy egsid be
determ ned by, ro Ce%l#%‘?ﬁ%%@@l&g%%t&% F%ﬁ%@&teﬁofm@{an%g%as@ﬁé&gées (e.g.

gaps can be rst &equen am no aci d
sequence or mBH@DZzNﬂS.dI,SEqB@BQeM 86, 3 55.5p 6,809 82y BPO8G 4riddi3s. are t hen

conpared, and th er cent identity between the t is.a function
of the 30 number SYRRISQRR e CHRSCGHEREERF e fo CHEMEDRRIEEL o\ 0
identity = #u@wn thtﬁé‘dsl foR bxRRS1é, s RIB S/ thathéthattéalflcc@sh [ A Cliﬂéfeﬁeé-(ﬁ@ﬁ- The l'ength
of the protein or nucleic WO 2006/ 678657 PCT/ US2006/ 001623 -40 aci d

encodi nglt Pimitinggramplg of sugh genathespatisel adgarithm dydegeried imKariny ¢l protein, or
a_pol ypeptlggf)ng l?ﬂfdan&? é@g”bﬂgﬂ%%ﬁ@%g@:{m@a{c geast glg s is at |east

30% prefer eas nore prefréera 9 and even nore
preferably, mrebyl iaecrpordedpy Yé&iBtend@(9its 8ﬁt%ety90%uh%%goﬁ&% is9fearporatt®0% of the

| ength of the 5. r <Xo| e, for l, the n C i d sequence
of 5 pavp, - ot s RS TN SIS TR Broepths FeBRBED 45 SGer B pES Fro o

fusion prot eazn(szcwc B53Rese ,29@994130@5:(tzed19) 1he tcabkh S INHRKh £d heréBy 30, 32, 34,
36, 38, 55, 75, 6, 80, 82, 84, 86 and The actual conparison of the two

sequenceld calcerpomid MypeicteReainyty epirety). 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 BLOSUM®62; 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



known met hods, for exanple, using a mathematical algorithm A preferred,
non- 10 limting exanple of such a mathematical algorithmis described in

Karlin et al. (Proc. Natl. Acad. Sci. USA, 90:5873-5877

t eachi ngs WO M#WE#SAre hereby incorporated by refer encpeér}[riﬁﬁ@me#{ei rety).
Such an algorithmis incorporated into the BLASTN and BLASTX prograns
(version 2.2) as described in Schaffer et at (Nucleic Acids Res.,

29: 2994- 3005 (2001), the teachi ngs of “4hich are her eby 15 i ncorporated by
reference inits entirety). Wen utilizing BLAST and lP.SPed BLAST prograrns,

the defaul t pgarElifedescsb thherscvreesqdécpmare(fbo@g\fadmécc(dech 4, B1: R4 avai | abl e
at the Inter '2%8 gﬁgﬁé&@ taécggnﬁyg%\'x@% aet%gge‘og inco %ﬂf&ﬁ?&cgﬁ%m | nf or mat i on)

can be used. EQERFT non-" r edundant
(NR) dat abasentimng. par aneters for sequence corrparl son can be set at: no 20
filters; Expect value of 10; \Mrdgze of the Matrix is BLOSUNB2; and Gap
Costs have an Exi <% &Ahespmbodimpn ﬁ“E’f’t“é‘H’s‘FBﬂStG?l sjand X diat fpgii9e nat i cal

al gori t hmsenq, ONe4ki QéldE efRIDEhE §9BntRh. %@%@ﬁ%@ﬁs cah De bfb‘i‘ca@hﬁ@(e‘ hm of
MWers and MIler, CABICS (1989), the teachings of which are” here 'y

i ncor por at ed E;WOh)ECFr@Iuhmeth (a.gi, imseasietils; suop.as Srosvpaide BingBrdetlsim i s i ncor por at ed
25 1nto the AL ONPLOSIRTLIKELALAM 2 Db o MR o8 BT of Lhe GOG (accel rys,

San Di ego, or nra sequ ce a tware package. When utilizing
the ALIGN progr amhfe@eroeﬁxrmﬁnm@tmmnmammb Rbuequaess cag aRAM 20 wei ght

id t abl | t f d | t f 4 d.
hdi 1 onal - R CRR U g GO S A 1 OGO AP R eh SRAaEn AN $ohang
i ncl ude A@VANQE%@MQQD:&P&ME% BlosRadsd aaﬁferoel |P'A§¢I?5Mna\?ﬁ£’%&'a ghgomput .

Appl . Bi osCi ,  the teachings of which are hereby
i ncor por at ed Vﬂ%lght@tféielribé 6, or # ed ehngthewteyght Oéhd* WoH20B! EBE7

T 52005, D 3y A AR R PRSP O 70,
i ncor por at ed doyomngifshedngsy the GAPSprogiainiif ﬁte)()}CGlsttWaﬂelpﬁél&ang (4ocblogi 8ant , t he
et 2 853 e Ry ehSeh S e e SRl o £, Y
coli) or pukaryot "lqle(tﬁlclgwacid%ﬁfehcé:&kedin g pafmast Qﬁﬁ%%ﬁio‘n%f Wﬁ'ﬁlz cel I's;
Bacul ovirus; CHO cells; yeast cCells, suc%] as Pichia) host cel
~ protein, fusion proteins of the mventlon 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



The percent identity between two am no aci d sequences can al so be
acconpl i shed using the GAP programin the GCG software package (Accelrys,
San 10 Diego, California) using either a Blossom 63 natrix or a PAM250

matrix, apd) FodeRessei ght of 12, 10, 8, 6, or 4 and a bengbioysiight of 2, 3,
or 4. In yet another enbodi nent, the percent identity between two nucleic

aci d sequences can be acconpllshed using the GAP programin the GCG
sof tware package (Accelrys, San D egap California), using a gap weight of
50 and a length weight of 3. 15 The nucleic acid sequence encodi ng a PAMP,

at least a pgls %&1 ﬁﬂarfglza?lo}{ a@&mor%t%% n%mc dsBﬁJeR FlE)JhOats %rpnglm%e Eﬁ‘&ué i ention and

pol ypeptides 0 |on sequen t hat
hybri di ze t oreaétion texatgelaea loavet tqr@éﬁﬁﬁ& Hizhgtringefsiy@ohitidedire, Zor 4) afliC

.g., SEQID t t f t ,
SEQ'i D NoS.  Semblieclativel yesal gl ebreRPorACISIRTR, B uRHEIGE20 | he
nvent on (epﬁmde%paﬂ,&atw@@Mz@aboaee 19N s npetrcdf a0 O 80, 02

84 and 86) under selective hybridization con |t|ons i i ghly stringent
hybri di za? i opbout 8N & tHigh styingemsy genslitiome o fortlh@ltqdmunﬂvershgmmm}@s under | ow

stri ”gency’:bet'\;ﬁéﬁbﬁ‘g&g&&? oHpder %?&L'r'tgqcﬁtle%E@?Fﬂ%gntcgﬁlﬂdng&ﬁfl O“”der. hi gh

stringency, es under ver ency cof ns
descri be condcbﬂcemmeﬁaIayzﬁ ulityélfsedlhlﬂ&ir mrtempdammﬂnaylbe drfcrdabml Meliehc aci d
sequences. - Gui.dance &Bﬁ gerfor ridization react gS%Ch can

i ncl ude aqueSTiBESRRYC drﬂ53§ t‘&%‘?erﬂfémoﬂ?ﬁﬁ@‘# A%B@
al ., CQurrent NRELIGOES éﬁn&@&%%t@m@tooib%tys5°é0QH11é/Yo|wBs‘ﬁmg&n§0nS N. Y

(2001), the teachings o whi ch are hereby incorporated herein inits

ent i r et y 10 30cqrditionp piei achicvestas atsalheonceniiatipe ohabght 6.5 dEto apouty0.9 MelNaftl vel y hi gh

stringency i tions used

or sone. menbranEaR bt Bre P d He G0 aRGs 168 Feuon frBfnshird

hybri di zat i oas] coadtﬂilohs.fmhsaﬁnchzhnongmnnreﬁtl lswivwan thoss siiledaia theuramdiacke, al | ows

the reaction to qQcc alo r at e ndi tions

are, for exHEfpedn Pﬂi °l/@|af/ (ﬁ% é%ﬂwra??a&aﬂnkf%%%ﬁﬂ%?&ﬂ%@ ¥di ti ons.
H gh St ri ngeRSendGew WoVKOEMUM 2BOUY 1031Mh@ 4Byt 0. 10 M Nadl at

t enperatures of about 50C to 5 about 70C. H gh stringency conditions allow

for |inmi&d nunbelsyepanaihes gmbedimsnt, Betnysation i composiBeuememisinglah or der to
achi eve | ess 1eadt ohz[:1 %HEC%%‘&' at ie%l% poI’tﬂ)ﬁ O?Q‘! Tast 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 Yellow fever viral protein and a hepatitis C viral
protein). The Dengue vira] protein can be at least one member selected from the
group consisting of a Den1 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



concentration may be increased and/or the tenperature may be decreased.

Medi um stringency conditions are achieved at a salt concentration of about
0.1 to 0.25 M NaCl _and a tenperature of about 37Cto a ile | ow
stri ngency MB2WHAHEY ons are achieved at a salt concent Pgltﬂ)i;ljﬁ)%%?mggout 0.15
Mto about 0.9 MNaCl, and a tenperature ranging from about 20C to about
55C. Sel ection of conponents and conditions for hybridization are well
known to those skilled in the art and &% reviewed in Ausubel et at (1997,
Short Protocols in Mlecul ar Biology, John Wley & Sons, New York N.Y.,
Units 2.8-2. 1Broup copsisingof gAtend vigal pogteini®Den? ieal pepthin.radpendrirebitasht | t he
e S, L ABFRE S PO TRE b0 ha e HASiARG:ATBEYE: and at | east a
portion of at Teast onée flavivirus protern (e.g., a east one nenber

sel ect ed fromcbinporgpntuyl adosicd mbieiry of a West Nile viral protein, a Dengue
viral protein, a Lan viral protein, a Kupnjnl viral protein, a Mirray

Val | ey encephali t?%gﬁmfheb?lag%qolﬁ?maﬂ@H‘dﬁ‘ﬁé&é‘és @H@@ﬁﬂ&%tﬂm WHEA protein, a
Ti ck-bor ne 520 i@RxEPRBpdrst 1 ¥dubflet, BEMPRIiRE tha stéf bf AhihRShg ¥ thebubipicei €i n and a
hepatitis C viral protein). e Dengue viral protein can be at | east one
menber sel ect egmpesiian thet ingjudasphecompositipnsgfusionprateins and podypeptidss ef the a Dent
viral protein, a viral protein and a Den4 viral protein. The PanBCys
and the flavivirus protein can be conponents of a fusion protein. 25 An

addi ti onal enbodi méstimuoittingden innwertresponsed aa usdripeedn, trefors to drpenaativg ofit | east

one PanRCys and.at,. | east. a portion.of at |east. one flavivigrus otejn (e.g.,
at least one I?Pﬁléetsf%%%q least EHOTIPBH’F %Ihaémé?‘b?fﬁ‘_ ISR ﬁagg'o?\r}‘]gﬁ\;@ge_tvn le viral
protein, a0 Denesg, ¥Demue RirdlRbiRin }aiL!u@agﬁ&alFStdtélh, A @1 Bi Visal Brotéi)ai n viral
protein, a Murray Valley encephafl tis viral protein, a \_]af)ane_se

encephal i tis Wzay Yallsy éneephalitsiviRl iyeteivea dtpapese pterhalitisyirgl prafeinpe ot ei n, a

Yel | ow fever wna Lneand. tj{) i i T ngue
viral prot ol n oeoglt SRR tich BT i e RIS B 075657
PCT/ US2006/ 00 MiaBprotedd. §timujtingasinghumrgespbnse ibestbjedtical inpludé then, a Den2
viral protein, Den3 yxiral protei and a Den4 viral protein. The Pan2Cys
2nd the. 11 avi Braetes e adbEe TR B iare gnsey 1 R OB Otee B n st 1)
anot her enf3odiafBgdn or W81 proBNth Sfimibatid dFEhAAte spiideMItRUFctaRe S | Mune
response in a subject, conprising the step of adm nistering to the subject a
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, fiision 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;
rﬁacrophage-like assays; neutralization assessed by using the Plaque Reduction
Neutralization Test (PRNTjg); the ability to generate serum antibodies in non-human
models (e.g., mice, rabbits, monkeys) (Putnak, ef 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.



conposition that includes the conpositions, fusion proteins and pol ypeptides
of the invention. "Stinulating an i mune response,” as used herein, refers
to the generation of antibodies to at |east a portion of an antigen or a
viral proggieddsdy: @ West Nile viral 10 protein, a fkemngsmosmor@s protein,
a Langat V|ra? protein, a Kunj in viral protein, a Murray Valley
encephalitis viral protein, a Japanese encephalitis viral protein, a

Ti ck-borne encephalitis viral protein4 a Yellow fever viral protein and a
hepatitis C viral protein). Stinulaffhg an i nmune response in a subject can

include the produgtion of Imoral and/or cellul ar i mmune responses that are
reactive agai nst 4 PH2 BEAIGICATIASEE an i mrune

: HROIESS BARUSEHEHFTOR: G P4 THITYRE; He _ :
response in khe FURb&ES. InlafrticBPERESdiREY, 18 B8l §L4 Béndd Om i nfection by the
antigen or virus or conditions associated with infection by the antigen or
virus that may dilmdicgisr embeybmpet] the thvastien is e oretleagh id s mulsting an imuhextei ng an

i mmune respQ i subj ect. . The i On. proteins and

pol ypepti desrg%ﬁn%eﬁgtaggﬁ?)gﬁté%nrﬁ @;%essg%%ﬁ#lﬁl&%glﬁ%%gﬁ E!t %%éete{arml ate i mune
responses i rcogipogicion that ibelndddaat Rustlapattin dfat lehdiene pithddehyasfooiasddi nmul at e an

i mmune response in a subject using wel]-established nethods. _ Exenplary

met hods to dg?lswhrr?é%m@{ﬂqﬁerlea@h@%%eﬁ%tﬁ?aah@}ﬂ PO IbE cadrfgonaﬁa _

pol ypept i desyep ddSistinbvsEatw e Neie vitdl 3bRir2 R 1 afidH DRalRSBRANS Ruhjih RAratubj ect,
include neasuring the production of antibodies spécific tothe antigen or
viral proteimotein, gMurRg Vagey envephsbitls wisdl ppiein, slnperase enaephditis gixel such as,
ELI SA assays; e ent i al iy At i enhancenent ( ADE)
of a secondaprnf/t%ilﬁh? g?:cé(ieogrrlﬂ;e tnce %ralétbﬁr}g%ggﬁoﬁéé aggg%gs&ﬁg%? rggr}lsl B3 |ﬂ10n assessed
by usindi0t he Pl aduegetRadthei énthvdinMaitthainve@iondfa tetiod PRI Slaling dvhe ability to
generate serum anti bodi es i n, non-human rmdel@; élg, g.,.Mmce, rabbits,
monkeys) ( PUFFRHES TespORe In a §ERiect (femprsiag ths Siep:ob afmpigring tadhersHpieehi ity to
survive a chpé LGRgRitRh 18X RRAMESat1sBIpdRbh SR leasioRPattoéll-Abocidted/ | T @l

anti gen enpl oyi ng non-human ani mal's, such as m ce and nonkeys. WO

2006/ 078657 malFpulisre06he0d gleast a portipn vkajlgagteneDeae enkddpeiweteinn, can be a

manmal , suc . I gt I t. . , use):. .. i cul ar
enbodi nment, t%zelga%jlﬁe{:ﬁ? elggeqé\p Sgrtg{r’}.ls feg&ée%f%orr{]ﬂ{ergr é%)%g%lﬁ%l#‘é}?ﬁt%ﬁ? nvention
is a netlod }0: 22, SEQ DX NOgAGand SBQIR2NOQ:83ponse in a subject, conprising the
step of adm nist %Iar"llogthér%mtbgghnseg{) %Cntwe%tion 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 encephalitié. viral protein and a Yellow fever viral protein.
- In still another embodiment, the invention is a method stimulating an
' iﬁlmune response in a subject, comprising the step of administering to the subject a
25  composition that includes at least a portion of at Ieast 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



5 conposition that includes at |east a portion of at |ead: one
pat hogen- associ ated nolecular pattern and at | east a portion of at |east

one viral protein selected fromthe group consisting o i,.e viral
protein, aMMOM8HY8¢’ral protein, a Kunjin viral protei %?ﬂgyﬁo?(}oggfkvm | ey

encephalitis viral protein, a Japanese encephalitis viral protein, a
Ti ck- borne encephalitis viral protein, ﬂnd a. Yellow fever virus protein. 10
In yet anot her enbodi nent, the inventré' is a nethod of stinulating an

i mmune response in a subject, .conprising the ste f adm ni stering to the
subj ect the _e)ﬁrﬁagicw%%msﬁé%ﬂfﬁ{gf%égfgfolr g ende Sopey ”_c;ﬁéépdﬁteast one
pat hogen- assogi @t @ertiof Bk SGEHsBEneRALh R RelBieh ﬁ@)mlt\ﬁ;égétmﬁcdh@irsﬁﬁgoﬁ Aberdt | east

one Dent envel ope protein, wherein the Dent en ope protein is selected
from the grouyraemsilapeipngeinfe.SEQ | D 15 NO 22, SEQ ID NO 40 and SEQ ID NO

97. In anoth W)V, I I i i an

i nmune res pgﬁgwg@?&?@ﬁé}ﬁf%&w H%h@gggwgéﬁ% h?ﬁb@?’%k% to the
subj ect a & usVOQNGRIITANPIVTBKEKPYNIHASPRFGEBAIY VEAGER ADKLOWRKIK | east one
pat hogen- associ ated nol ecul ar pattern and at |east a portion of at |east

one viral proSERIENPSeLbend oo D582 yird spvdercspsincEigng EG IDINARSIZ:Ni | e vi r al
protein, a Lappglq viral protein, a Kunjin viral protein, a Mrray Valley
encephalitis viral protein, a Japanese encephalitis viral protein, a

Ti ck- bor ne enseMRY SMCEGRIKNAY KBIARTEIMGERIRY YEEGCDESPekd PFRIMBLERREE ei n. I n

O " : . ! : \ . .
esponae i e oV EGRR IRy TERB AP I EBAEPBr GBS S HEYRAC A BBk K I8ERID. | TTUne
25t ﬁgme)tr)]_sg(é LgNiOt A, dmai3uxﬂtes<srrﬁzblg%aepﬁeim(e@mﬁ@mNO:&B ahéast no(r;e east one
Porbor et o EEM SRS Ty B S Bt Koy REERATR R F S Tdanlse. noot o
a Dent viral RHWIGH?AEJW\?HH{EEPVI@EI@PPF@ESW@@@RAM@NWM@@ Den4

viral envel ope protein. An additional enbodinment of the invention s a

met hod st i mul B Ny 98)) agda Dewtivieal eeesepegeotein (a.gs SBRIDINOcHndi si ng the step

por i on of - at KPR TS ARV T So PPt it vike ast @
PCT1US20015 00K ¥R H BT HFAENIMNSNTXIBI SRALDRY IVIGH GDIAB/ TS HWFRESEQ Dol i i C,

and a S. inug&aﬂhg fliC and at |east a portion of at |east one nenber
selected fro %'roup consisting of a Denl viral envel ope protein (e.qg.,

: In a further embodiment, the invention is a method stimulating an immune
response in a subject, comprising the‘ step of administering to the subject a fusion
protein that includes at least a portion of at least one 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



KGVBYVMCTGSFKLEI ( EVAETQHGTVLVQVKYEGTDAPCKI PFS TQDEKG 5

VTONGRLI TANPI VTDKEKPVNI EAEPPFGENYI VWGAGEKALKLSWFKK  (SEQ I D NOS: 21 and
96)), a Den2 viral envelope protein (e.g., SEQ ID NCS: 22, 40 and KGVS
YSMCTGKFKW /206620 AESFOHGTT V | RV QYEGDGSP CKTPFEI MDLEKRH pCT/US2006/001623
VLGRLTTVNPI VTEKDSPVNI EAEPPFGDSYI | | GVEPGQLKLDWFKK (SEQ ID 10 NO 97)), a
Den3 viral envel ope protein (e.g., SEQ ID NGO 23 and
KGVBYAMCLNTFVLKKEVSETQHGTI LI KVEYKGEDAREKI PFSTEDGQGK

AHNGRLI TANPWTKKEEPVNI EAEPPFCGESNI VI G GDKALKI NWRK (SEQ ID NO 98)) and a

Dend viral e I i :
K%WM@F@%%@%&%&@TW%@%%@%@ aj feast a portion of

KWGRI | SPTPRAENRYSYEgMEL ERPLDSYI VI GVGDSALTLHWRK (SEQ ID NO 99)). In a
further enbodi ment, . the _.inventi gnli S 2 rretpotg sti myl zti nlg an. i mmune

response in a subfRctrCCHEHPRYEEn §REhEETRS O ARTHICL A EPTRYMB: t he subj ect a
fusion protgkidn :pmanloaﬁb B&ptidé of B Flve@idAOFdféd o Bht AlounEaSdos®HEthe

pat hogen- associ ated nol ecular 20 pattern and at |east a portion of at |east

one nenmber sEMRESEANS ugiaR Proteinyoba PoLYReIHEE sthatnyhest admimsteredyip theisubigetel ope
protein, a [ j 3an Vi e protein and a
Den4 viral gﬁ\% oBgﬂﬁpﬁb\é@lﬁgﬂ?}]ﬂfgﬁﬁaﬁ%ﬁgr?ég'h%%%?@rﬁts&ﬁ?ﬁgﬁ?nventi onis a
met hod of st stinmiilate an{mmuone fesponseinitiessqubjes®. The eomspsjteos, fusanpoiegisngr t he st ep
of adm nistering t.q t subject a, 25 canposi.tion rising,at |least a
portion of aEOIYI%Bé&ScPRgheaJﬂY‘ n§8’h°‘ﬁ‘rﬁf ag'pl’?lgtgi‘?ﬁ 2 5185]?’%5% Y nglt}pieast one
flagellin, wngegin at | east one of the flagellins |ack at | east a portion
of a hinge region. In another enbodi nent, the invention is a nmethod of

stinul attthg an i nfhereethpdsf dhegmesenf inveation ean be aceorplishpdby thee st ep of
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PCT/ US2006/ Oy162&al or4Breaterd] ezmsns. Epecifitalyetheiroyte whainghistration iehgorabne of t he
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composition, 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  of the 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, adrhinistratio_n 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.,



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 an@WA6/OeF’fi cient to stinulate an i nmune resPeRY820P¢00i¢d
subject). The conpositions, fusion proteins, or polypeptides of the
i nvention can be admnistered in a single dose or in nmultiple doses. 10 The
met hods of the present invention can bé&7-acconplished by the admnistration
of the conpositions, fusion proteins or polypeptides of the invention by
enteral or paeahescalar,ednsansGpmal) tarckd syd td ddminiotet the@bmackiions ad at i on i s by
oral ingestign (e.q.., | nk, tablet, capsule form or intranuscul ar

e Siciinl e

injection of t B¥endsi on protein or pol ypeptide. Cther routes
of admi nistration 'P&c%hxﬁ)gsiﬁ&seﬂﬁf%ﬂ?ﬁﬁéﬁsdo@&fp@ﬁtid?:rcﬁﬁl‘i‘é"ihvérﬁﬁﬁE‘atd wn including
intravenous, intradermal, intraarterial, ‘Intraperitoneal, or subcutaneous
routes, and naiszhisigthdialinstor as admxturegyownveationa egeipientafoteiemele, pat ches can
al so be enpl o > L5 sion.pr j ns_ . tides of the
i nventi onngéanléll'gdg11 ac-;e_ggrrclagl%éqg)?lg%&g%%%{?%ccte }gtat?alggﬁé)ajgi&?x 1§5r§§r§!6¥ag§%us dendritic
cel I's. Fol | onsubgtasoepositable foéhterhl dr perenterad applicaticvenhish d@ndtiieleaoymdsi t i on,

fusion protein or polypeptide.of the inventjon, t dendritjg cells can be
adni ni st er ed Factorile i«ﬁ &«.dsw*ﬁ‘élee %Wf%lksa,cwra&%?wrrﬁrmnélﬁg water:

pol ypepti des @it sbi@iohd ¥EIM ds RingeBsdd@ionf AEoRHIS! SlsCEb1 AN BRI SdrbdhgdralRe

coadm nistered to the patient. Coadm nStration is meant to include

si mul t aneous ®ich selgoless. rmiyloselpt shireh, fattyi agidl asters, hedrowympabkycelldpse, 28! f usi on
protein or,po i t i i i.ndi i L:0L 4C i i on.
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i ndi vi dual | y, auxilkey agefie soéh adobrivasts)médepnticanstiislicos) ceaingdgaud,fi ciently
close intine t .gg%hﬁft?er, (far exanpl e, adﬁ;’ stration of the conposition
close in tinme PS4 118 qré‘?fil‘ﬁﬂmﬁ?"m? e “%#ebgt Cy-To We?tror{“ﬁ’é effects
on stimul ati ngh3@ndeSTANRe 1iRS RARARI0 Bt @qle?&hiu@l@tmgb@“@th%é%\%ﬁ{ions!t is also
envisioned that nultiple routes of admnistration (e.g., 2006/ 078657 -

PCT/ US2006/ 00fueipg proteigs priolynepiides lothe invention. t Fhgrpsenaratigny casaisobe used to

adm ni stercth Bt [ i [ tion. The

Gompos t 1 hs, PILE i e Wi diR AR ERP Rl R BIET O e
degradation. The compositions, fusion proteins or polypeptides 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



adm ni stered al one or as adm xtures wi th conventional excipients, for
exanpl e, 5 pharnaceutically, or physiologically, acceptable organic, or

i norganic carrier substances suitable for enteral or parenteral application
whi ch do R .@ebRE|riously react with the extract. Suptalusmos/001623
pharmaceutically acceptable carriers include water, salt solutions (such as
Ri nger's solution), alcohols, oils, gelatins and carbohydrates such as

| act ose, anyl ose or starch, fatty aciggesters, hydroxynethycellul ose, and 10
pol yvi nyl pyr ol i di ne. Such preparations can be sterilized and, if desired,

m xed with , A PhaRARLSeaP YGRS (17PEA 0O EléPuth%S%raytgﬁ'P/AgsandStab' lizers,
wetting agents énu Iers i nfluenci ng 6snoti’c pressure,

buf fers, coIWiO9@053@9(ﬂlﬁmacamgsmfwmchambsm)mm;rm\dcdhserelfermey\hl ch do not

del eteriously reagt with.t onposi t.ions, .fusipn proteins or | ypepti des
of the inventi on%ﬁ@%?%ﬂ%aﬁ‘?lgﬁfr%%s AFELPEPY ‘ges 88%l“?1‘@8“°1\‘/\‘ﬁ‘?é‘ﬁ’ede5| red,
with other agdiMiStefddRshaitGes oh@cﬁl@i@yoe:amérata@hgéa heftg8lAdhat bgn. The

conposi tions, fusjion proteins or pol ypeptldes of the invention can be
adni ni st & edcamypopison that Praspmisthe eqmapastiiens, Susion pigteips@nd prlypenideseRibe Ul ar or
i ntraperi t ong T r
pol ypept i deg1 g‘%ngﬁgkoeﬁlg u%en c%%n%%éﬁe%ﬂﬁéﬁ&{gﬂ%ggﬁa [n%g{egﬁo ’S%&adm ni st ered
in a single the smhjseutmm Iﬁesehtaann ofithe daspositions, fasipeprotednsand tpblypeptideconf er t he

desired effe Vi a nt flaviyirus .nfectio to.alleviate
Syt o of Sty tien SRRl ri RO bR E At aiEnia BOROEe Be L neoded or
desired, parfrhfil Bgeierstt bhttiildRs 2THE XdnPoRentt Rf.g. ! MEMPUNR AS/ifal RB&in) oIS on

proteins or polypeptides are injectable, sterlle solutions, preferably oily

or aqueols sbf e@mposiiongusien profeinsng pelamnﬂdgs ofAhe imventionasin csei npl ant s,
I ncl udi ng S?’;@ﬁ?ﬁéléﬁ?&g&ﬁ;td SndPRbte 1%1{ Tials cax% e’ Bm! 8§1t15’1%r ﬁﬂfo‘ﬁ Bteins
ion i ncl ude

adm ni strat queous sol utions o extr pure water,
et hanol, gl @udqmtyppptmeepgfﬂhe ieventionomah be peahed toohe carﬁasl@rrmvaiemt or
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i ncor por at edas'd@é@hdrhﬁ,&ﬁéﬁii@ﬂla@fhe%ﬁmef\ﬂ&fs Qbegbn¥iafe aBQminti8 $65p6%8 in eMPS Or
patches. Pharnmceutical adm xtures suitable for use in the present

i nvent i obd arabigel (e-geiermrodustion gEantibpdieyi The rarierande bigdgerdddlelescri bed, for
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whi ch ar e heineloge alnmar pteasidble\ndjuedes. eNleecarrier 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, a Kunjin flavivirus, a Murray
Valley encephalitis flavivirus, a Japanese encephalitis flavivirus, a Tick-borne
encephalitis flavivirus, a Yellow fever flavivirus and a hepatitis C flavivirus), kind

30 of concurrent treatment, complications from the flavivirus exposure, flavivirus

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



The conpositions, fusion proteins and pol ypeptides of the invention can be
adm nistered to a subject on a carrier. "Carrier," as used herein, nmeans any
5 conposition that presents the conpositions, fusion pragtej
polypeptidé’%‘oi’)‘f"“f’?%y7 i nvention to the i mune system of Fhihgﬁﬂﬁgﬁ?nto
generate an i mune response in the subject. The presentation of the
conpositions, fusion proteins and pol ypeptides of the invention would
preferably include exposure of antigeni4®-portions of the viral protein to
generate anti bodi es. The conponents (e.g., PAMP and a viral protein) of 10

t he conpositi daysedfinsomunction withtls mettodscing gepposieansofisiphgrotemsent i on are in
cl ose physical, proxi m to one another on the.carrier. .The.conpositions,
fusi on proteil?glygs‘;{)ﬁi)@e %ﬁ%%@ﬁ$?gg¥mﬁpntEgr?ngﬂ%F@ﬁdggﬁﬁﬁgoﬁP{gﬁhed to the
carrier by coO\aihgssitioa, ﬁlﬂ@iﬂ?l@’tb&iseﬁtpo@béﬁmhmtbe desipRinRE by ottieheirlarrier is

bi oconpati bl e. "Bioconpatible,” as used herein; neans that the carrier does
not generate AMTIRHIATET REecqi GRS forirephibe synmtonss ok the flaviyirus WfRstion Gefisct i on of
ant i bodi es}. rd ' e ' such as
a pol yner Eeagﬂ%#ggﬁf?ggggﬁgpHgﬁgmggggﬁgﬁﬁ%gﬁ&fﬁ%@ﬁgﬁﬁfﬁﬁg?ﬁgé&gﬁgﬁfor ot her
sui t abl e adj uestablishedidnsagsae.¢.efreqpancybandaluation)sar¢ svelj withiratie abilityrafghospoxvi r us,
al phavi rus), bﬁﬁ@fﬂﬁ§§%$-g-1 Sal monella) or a nucleic acid (e.g., plasmd
DNA). 20 The 8osage hd “frequency (single or nultiple doses) adm nistered to
a subject can var Thélppsmdintentispanfuathudillugiaedty thafilloting dxatplas iwidgehor i or
exposure to an antigen, a viral protein, the duration of viral infection,
prior treat medte 9 Migded forbg imifedinary WAY- t he route of administration of the
conposi tiqg, fusion protein or polypeptide; size, age, sex, health, body
wei ght, body nmass index, and diet of the 25 subject; nature and extent of
synpt ons of fIEXEMPLITECAKKISure, flavivirus infection ~and the particul ar
flavivirus re 1 t i ction (e.g., a Wst Nile flavivirus, a
Dengue fIaviv?@%@ékghﬁ%%gg?wgﬁggﬁgfrus, a Kunjin flavivirus, a Mirray

Val | ey encephalitis flavivirus, a Japanese encephalitis flavivirus, a

Ti ck-borne errGRoAmblifitasion e/ DMArprinerst Yel | ow fever flavivirus and a
hepatitis flavivirus), kind 30 of concurrent treatnent, conplications from
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conpositions, fusion proteins or _ .
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)
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25
-2:

GG»A@@CGGT(EGIEGKMWW@@GAAAACCCG (SEQ ID 30 NO 43) STF28ECR-2:
TCTGCAGAATTCACGTAACAGAGACAGCACGT TCTGCGEGACGT CCCGC

AGAACGT CCT GTERTHATT AGT CAMTGTGURHCTSERGASNQ MAND: 38) PET24AR: 5
TCCGGCGTAAGGATCGAGA (SEQ I D NG 45) WD 2006/ 078657 PCT/ US2006/ 001623

15

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

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

- NdeI-STF2:

20

25

30

35

CCGGCATGCCATATGGCACAAGTAATCAACACTAACAGTCTGTCGCTGC
(SEQ ID NO: 51)

BlpI-EdIIT:
GCATGCTCAGCTTATTAAGGGTTTGCCAATGCTGCTTCCCAGACTTGTG
(SEQ ID NO: 52)

JE EIII primer: TACGTGAATTCAGCAGATATCCAGCAC (SEQ ID NO: 53)

Cloning of pET/STF2A EIIL
. 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
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
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 STF28MCEF-
2 and STF28ECR-2.



-50- STF2- E3R3: CAATTGACCTTCAAGCTTCGAATTGCCCTTACGTAACAGAGACAGCACGT  TCTG
(SEQ ID NO 46) 5 AX- E3F3:

AAGCTTGAAGGT CAAT TGGAAT TCCCTAGGACTAGT ATGGAAAAATTGC AGTT%%SM%@I LD NO 47)
PET24AF: GYWOWFIBETCGCTACAGG (SEQ | D NO 48) 10 5' WNEZ2S:
GOGGCCGCTCATGGAAAAATTGC. AGTTGAAGGGAACAACC (SEQ ID NO. 49) 3' WNE28:
COGOGGT TTGCCAATGCTGCTTCCAGACTTGT (SEQ I D NO. 15 50) Ndel - STF2:
COGGCATGOCATATGGCACAAGTAATCAACACTAACAGPETGTCGCTGC  (SEQ | D NO 51) 20
Blpl-Edl | 1: GCATGCTCAGCTTATTAAGGGTTTGCCAATGCTGCTTCCCAGACTTGTIG (SEQ I D NO
52) 25 JE EH pri mthe POREEPEARIIPEABOH@ms BARTEAGENTt f&E) & dtoxt 58Pp C oni ng

of pET/STF2A. Elll _Full lenath-fla in | monel | a. i Hsum fljb
“flagellin phgrsa%m %ts’(r %ﬁpg%lvgtyefng g:g?l% Broﬁ]g({tseﬁ%egzgm%ﬁgﬁ ?HParsﬁsgrll{coded by a 1.5
It<)b %Egei DA Ntor uia?ﬁdxﬂﬁbinga’"ﬁizaBGgﬂbaxﬂgslrF!BBﬁRFQ ﬁ{ ﬁ?}iﬁ&é\, ThESN j)lgleN(DN/S_, enC(r)]de-d

y i was generated hy deleting the hyper-variable region that
spans ami no . RKdye froppthisreaction gabogHyy T kp)Ness dl%.s"eé FathRg/ld eedifsoddi on was

repl aced wit h 1 &uRR6H bndyhfRX bl Bodtdd k@M IEIPMERAR BN myilotd, PahBad 38A) desi gned

5%
to facilitate interactions of %he NHZ and COOH term ni ~ sequences necessary
for TLR5 si gnaliat hafl pridousdnbgeatdigestid with digdt andckcoRd andvgeatedepitlBEkPOR was used.

|0, T SC SERBHAER, ST B PG 550 PR Bullim S0 SRS, 9, 2 o
STF28BGF- 1 andinSTita8MErkbadk OA)UBEH sakefifig ey perfurisd udifgvector specific
primers, pMTFOR (methionine promoter) (CATCTCAGTGCAACTAAA, SEQ ID

10 NO: 156) and BGHREYV (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 III of the West Nile virus envelope protein (Figures 45 and 46)
of pET/STF2A.EIII+ (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 NotI 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 EIII+
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 Nofl and BamHI restriction sites and ligated

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



separate reaction, the sane DNA tenpl ate was conbined with priners STF28MCF-
2 and STF28ECR-2. WO 2006/ 078657 PCT/ US2006/ 001623 -51 The PCR
anplification reactions generated about 500 bp and about 270 by fragnents,
respect i vloyoosl3gse PCR products were conbined in a fipet/u§oRooneaction

usi ng STF28BG-1 and STF28ECR-2 as prinmers. The anplified DNA product from
this reaction (about 0.77 kb) was digested with Bglll and EcoRl 5
restriction enzynes and ligated into _§5{ITBi P/V5-Hi s B (lInvitrogen, Carl sbad,
CA) that had previously been digested™with Bg/lIl and EcoRl and treated with

Tom 10" cer BT A Figpioh: S e Sherfiee R pMTEERA ST Ra SADNE, ed s g,
vector s peﬁlgdl%%@gaépg%& Eo éi_%&'{u;ﬁ.qﬁhé SELIN BNIRqiRETIERD ID NOATEH CAGT GCAACTAAA,

SEQ ID 10 EV (bovine growth hornone poly A)
(TAGAAGGCA TgEIIE Wes isalaiy by PR, asaicnonsesiaar Tt pos o0 cl ones.

Al'l positive I; u h &5 hGh. ' anal ysi s
and confi rne%ﬂt%?%@e@&gn5:r|5%gﬁerﬁﬁgt?éggg}tgg{ﬁg%%g@ﬁ W%A was used
to gener & e plucEwadigkdtéd with MNoelldnd Ridrand higted intd pE Tixta\pdastnidihbiehadi r us
envel ope progein (,Fi qures nd, 46 of. pET/ STF2A. El | | + EQ | D NOCS: 70,
) e abr | b Prechesten S VLT AL TR ieB R B B RO MEE i o
plasm d cont adli (faWitrode8NOANSbERT, EA ) AT HRQ el #Fb@ rdwp 0P LBIERIékEMKd 1) fused
to the West Nile Virus envel ope protein (am no acids 1-406, SEQ I D NO 39,

Fi gure 45). WN?W)WI@*F@UB’C(TSE%VF@ oedpnigsyagre Imeemrﬂéhﬁ resiictiongsppised as a DNA
tenpl ate andg%dve\é\gr:lg%ﬁeiﬁc %ﬂlgs%né‘ig% and 3'WNE28 (SEQ I D NO 50) served as

prinmers for tion. er to facilitate restriction analysis
and subs®yuent cloning steps, the 5 primer encoded a novel Notl site (New

Engl and Bi ol apl s, Eeé;f/Sﬁz %}_ and the 3" prinmer contained a unique Sacll
site. The arrgo fragnment (345bp; SEQ ID NO 178 25 that
encodes alm' no aciTg W%?mgmﬁ EﬁEQsqueﬂEl@ofbﬁ'%r/swa?mecSmwNO& ?4’DCR;:| Bl unt
I1-TOPO cl oning vector, (InVitrogen, Carlsbad, CA) tq_ generate plasm
TOPCEI 11 . A SU0S S s PETBLEHB SR 1P NI 03608 dBio cPBaRBTBne. El 11+
FSJ gﬂ;ﬁgfgs gy BhiilicBStaih b Br1SRALth SATY (2REBb 2881506 A 18 iePWeH NiltOvitft DNA
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 EIIl domain plus additional

amino acids that extended into domain I of the envelope protein. Aliquots of these

PCR amplification reactions were combined, and the two products served as
templates for a PCR reaction with the external primers pET24AR (SEQ ID NO: 45)
and pET24AF (SEQ ID NO: 48). This resulted in the generation of about a 1.8kb

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 Mgch—l cells (InVitrogen, Carlsbad, CA) as described for pET/STF2A.EIIl+.



To generate pMI/ STF2A. Ell1+ (SEQ ID NOS: 70, 71), the EIll+ fragnent 30 was
isolated from TOPCEII I+ using Nod and Barn [if restriction sites and |igated

into the No | restriction sites in pMI/STF2A. The BarnRl site of
the WO 2006%%@%&‘%& US2006/ 001623 -52 EI ||+ DNA frag?éﬂ?gzg?%“"i% Sacl |
site of pMISTF2A were blunted with T4 DNA polynerase prior to ligation. The
STF2A. El'l 1 + sequence (SEQ I D NCS: 70, 71 frompMI/ STF2A. El I | + was i sol ated
by PCR anplification using the prinmers-Ndel- STF2 and Blpl-EdlIIIl. To
generate pET/STF2A. Elll+ (SEQ ID NO 71), the PCR 5 product was digested

wi th Ndel and Biverel cofahidsivgae satednad by pBEiTR%en phpping ehd thatclongs wetseigrified

pr edi gest ed wgkbﬁgesé and Blpl. The ligation m x was transforned i nto Mach-
1 cells (In\ﬁtryoge S5 8Bad, CA) and the cells were grown on LB

suppl emented wth 50 gg/m kananycin. Several colonies were screened by
restriction mapping and were verified by DNA sequencing. 10 Coning of

pET/ STF2. EI | | £lonas ofpb RIIAJENYS £ || + sequence of pET/ STF2. ETI 1+ (SEQ ID
NOS: 54, 55) was_depdnedof 6OBRIEHS biAeiFof SEBdRe MR viASREVITh S E
S

coli expression plasmd contains full-Iengt F2 é(Eam no aci -506) fused

to the West Ni(saiySAg<-152 ehaisdl.wpel. frion Medg(@rﬂ)dé&a 1-843 @993 0wrIgRtlySEQ | D
NO 39, which j : . i 1
DT/ STE2 E was SRR P asglt cntdliel 89 b RERARRAS Hha GRSy RSB IINA

PET24AR: 5 ( SEQ. 2 (NEnlodPark,alvd). JheDoEdRDf dGraa)IIT s ikzisedGyonathd t he ot her used
AX- E3173 (SEQ | 47 d T24AF. ( SEQ, | NO. 48).. se PCR reactions
gener at ed(a ?@EWF}%MM% Eﬁ@ﬁﬁ&é g‘ﬁg%‘mgfﬂl?ﬁﬁﬁ'%ﬁ]gﬂgtlﬂs%wg da
340bp fragfentjsdibted akiiiHeld 35 Lompeiti &dds (OPRIIAAPS TS 8- (SBRAID NBRI i aci ds

that extended into domain | “of the envel ope protein. Aliquots of thése PCR
anpl i fication Tg#et hasimgevigusty besndigestdd with ¢hetappropriete gnzyunestis reeasatbd as

t | at f P ON. W t h t er nal i T24AR. 1D NO
45)" and pEToaNE e hE R i) i LB et B BERE AT SRR  sbout a
1. 8kb 25 DNA fanagifedtiof I B+ UHe dightidnl miixSeQ wesicd tlaéfdnt PORA0 &H8, a nucl eic

aci d sequence _encodi ng am no_acids 292-406 of SEQ ID NO 39, which is SEQ
ID NO 7) to Grsogep,Gantsbpd.rAkandithegells Wersege wy opl-BriurplementedvBh g and gel

purified and | o/mi kanamycin. Several colonies were screened by restriction mapping and were
verified by DNA sequencing.

The resulting construct, pET24A/STF2A.JEIII (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 blot 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 hereix} 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).



| i gated by conpatible ends to a pET24a vector that had previously been
digested wth conpatible enzynes and de-phosphoryl ated. The ligation m x
was transformed 30 into Mach-1 cells (InVitrogen, Carlsbad, CA) as described
for pET/ Sko2bodadkést. WO 2006/ 078657 PCT/ US2006/ 001623 pebh8sfiew@nes col oni es
were screened by restriction mapping and two clones were verified by DNA
sequenci ng. Coning of pET/STF2A.JEIII+ 5 A portion of the envel ope protein
of a Japanese encephalitis virus (JEV34. (strain SA-14-14-2 (Jai, L., et at,
Chin MedJ (Eng) 116:941-943 (2003)); currently enployed in a JEV vaccine

encoded by domain Il was custom synthesized by DNA 2. Inc (Menlo Park,
CA). The porti on of dOfTB.I n III _was exci sed fromthe pJ2:: 301510 usi ng Notl
and Blp | siGle e BllIlok caeisdameue Tines fmA o thedd-termipel epdlof 10 i sol at ed

and cl oned tgggﬁm_&ﬂmeends to pET24A/ STF2A.El'l 1+ (SEQ ID NOS: 70, 71)

t hat had previou S t te .enz rel ease
the West Nle vﬁ?l¥%1%§ P E|!]J"?gnebge)1§gm E‘f f]%) i%%gg {ﬁgﬁm&gl purified
and |i gatsed énQelogdprateinsfonesoNild Rirks Wb@‘dlfﬂ_d‘ﬂlﬁ bdrmisldﬁ@tdmaﬁmwsﬁd to
transform TOP-10 cells (IlnVitrogen, Carlsbad, CA) and the cells were grown

on LB suppl éﬁ@ﬁ?‘é&yﬂﬁ“ﬁ?ﬁ r5tidues (L fisteienaime WVEISE?/BTPW ®8¢ OFRdR Nigr e screened

by restrictiqn SNOH g[a}lﬁ] esul ting
construct, ps(I%Tg II)I'ZAQ?JQIEEI\I’éIPIIE\K’ﬁen t%@fengh%gcmn a%?HP ﬁb Bﬂthe§ %ll{irai n

( Novagen) amziasesubncbssd dire fusion pt@mntl we@bundarsbf\ﬁetpalssedlzmﬁe@lmd s Conmass i e

Bl ue staini was .confir stern bl.ot using.ant. agel I ni
ant i bodi es. rﬂ?ﬁngﬁh wiﬁﬁl\?g@}hﬂe&é%ﬂwrﬂﬁﬁq{l g'g dﬁﬁé’ the JE EI | | +
ol i gonudloeotantimgalse 4distiret DESEQusE (Nenl Hﬁénzthaﬁg]mwsm mesioguesd-n the |inker

regi on between STF2A and. J + was changed to,a serin si due using
Qui kChange Siotefigtses é%?@&hﬁﬁﬁaeg%ﬁﬂégﬁlgmkﬁwwfm@aéﬁ@ eIHy%mea CA)

accor di ng t Qplf§pd TBRH A6 Elﬁﬁﬁf afongd b FHGLIrRS. THiS @oxﬁhiﬁ@ﬁ’D%ﬁan\ﬂ%&' ed by
sequenci ng and assayed fo 25 expression as described f

pPET24A/ STF2Alayisinupes eamethewwnta of {hsttyieripe¢ifis coniigupws caltncal{ﬂommarm change to
e AR AR RSl SRR A DL
" STF2A. B! | Dendnbdsitdes ex:présyéii iaibacereaiddhewh o bdnmunogenic, 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 fdur 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 Noil site of the vector pET/STF2A generating
pET/ STFZA.DENIEIII, pET/STF2A.DEN2ETMI, pET/STF2A.DEN3EIII and

pET/STF2A DEN4EIII (SEQ ID NOS: 80, 82, 84 AND 86).

25  E. coli production of STF2.EIIT+, STF2A.EIII+, STF2A.Ellls+ and STF2A.JENI+
Cell cultures (6L) of BLR(DE3) pLysS that harbor pETSTF2.EIII+ (SEQ ID
NOS: 54, 55), pPETSTF2A.EIII+ (SEQ ID NOS: 70, 71), pETSTF2A.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 ODggp of about 0.6 protein expression was induced with 1
mM IPTG for about 3 h at about 37°C. Following induction, cells were harvested
by centrifugation (7000 rpm x 7 minutes in a Sorvall RC5C centrifuge) and



i nker (Figure 29, SEQ ID NO 71), whereas "STF2A. Ellls+" include a serine
30 residue substitut ed for the cysteine residue in the Iinker (Figure 30,
SEQ I D NO WO 2006/ 078657 PCT/ US2006/ 001623 -54 Cloning the ElIlI

domai n of egl 091%‘”643% virus fused to the Gterninal end ¥fT/U§2 8%96’8}@2?n
(STF2A) Initially, obtaining biologically active material fromthe fusion of
the entire 5 envelope protein of West Nile virus was difficult, perhaps due
to the presence of nultiple cysteines-Toesidues (12 cysteines) in the

envel ope protein (see SEQID NGO 39, Figure 45). However, when the region
encodi ng dorrmresuls;bdndéﬁal?lx)PBﬁ 1Vhgyqeralf BNAse, vllanMsRMSE,lmotea:kp ihikgtof usi on

protein was abu ssed i coli, and wa efficacious in
mce. At hougi‘?o{ﬂﬁ%‘r qy]s ﬁnﬁw,zgp? %@?‘FB@%W%PW‘F%& ?lﬁi%o anong the 4
di stinct DEN \ihick$RfliAPeslyse 8 Bl a%ﬂfély@fé%s cemefildad 30 r odebbur Fi gur es

67-74) the three-di mensional structures within domaln III t he envel ope

protein are siiniParkmaAptinnk uitrasetifugelse separie ﬁled@hﬂhierfraphommand ot her
flaviviruses %Hc‘i H55bd S, TRIGO thisd 6%{th &goc%o?l%ﬁ# flbx% §f@.ﬁgi¢%§s
critical/dom nan neutral1zrng : mai n - of € dengue viruses

(Denl, Den2, [®&pBssdds iSolﬁElB@otéiﬁSnd)@EﬂZA@IDlﬁSE@dﬁNOB&IILe[)' a and shown to
be i nmunogeni c, capabl e of i nduci n neutral i zi na anti bodi es in experinental

ani mal s (Si mmong2ANIIs2{SEQ ID N@S: N 3ransiS T 4 ($BR IBNQLE00) ). Dormai n

1] correspon about 295 to about 399 (exact numnbering
depends ‘on thg&%% 1&1&5&&9@% virus, for exanple, of SEQ ID NOS: 160, 162,

164, 166) of the four different DEN viruses have been 20 codon-optim zed for
expr essi onoi n Horificgtddn of T§TEF2SHMMthet i ¢ gene was anplified by using PCR and

sub-cloned into the, Nqt| S|te of t Vv T e rting

pET/ STF2A. DENI EIl | I, “—y& E}%lq 5%@;@%@ Iﬁﬁ@%? 5

PET/ STF2A. DENAaEgllléd t6%%Qldr&elﬂ%mgﬁme?sgam%o%QcéG?lscagévag N¢hkhePr oduct i on of
STF2. ElI'l | + A ElIT+ STF2A Ellls+ and STF2A JEI H+ “Cell cultures (6L)

of BLR(DE3) ployessnaernsi0. i ias] to mmrrdNAHmdotosEQandothasagntagunantss The
ETSTF2A El | | + T 72, 73
gr pPETSTRF2A. Jé}q(?%#\@ﬂﬁ%% %)Yl%‘)é?d Bmgrﬁe? E(r%@\%gt \{1#%%&%&%3 ?10 fg%t ai ni ng )15

g/ M kanamfci rdilufidn Sitg/botfert & (Bwibey &l i1 O@mMﬂan-(El HB.0). The diluted material
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 aialyzed against
buffer containing S0 mM Tris, 100 mM NaCl and 1% glycerol and stored at -80°C.



30 chl oranmpheni col. At an OD600 of about 0.6 protein expression was induced
with |l mMIPTG for about 3 hat about 37C. Follow ng induction, cells were
harvested by centrifugation (7000 rpmx 7 mnutes in a Sorvall RC5C
centrifugeyo amneoe72006/ 078657 PCT/ US2006/ 001623 - 55 peghsRReded2d N 2x PBS,
1% gl ycerol, DNAse, 1 nM PMSF, protease inhibitor cocktail and 1 ng/m

| ysozyne. The suspensi on was passed through a mcrofluidizer to |lyse the
cells and the |ysate was centrifuged g€5 000 g for one hour in a Beckman
Optima L ultracentrifuge) to separate-the soluble fraction from5 inclusion
bodi es. Under t hese growm h and induction conditions, STF2-.Elll+ was
expressed as lglfwl%?fes“p}%@ Elh- and STF2A EIl1+ (SEQ ID NOS: 70, 71),

STF2A. El l | s+ ( SE T 5, 6

Formed 1 noi usi on adaan o R leBa e Eferlebl iy et bieitor, ©)

cont ai ni ng s@00Dipen STZinkde$ Inta BN RCH QNCKitrifhde) aﬁﬁ)somhﬂlzechwnhbeﬂerto Sephar ose
Q resin (Anmersham Bigsci eng esence of 0.5 M
NaCl to redu@@ﬂ@ggﬁﬂ{?ﬁom%wghﬁiﬁl%ﬁgﬁpm%$ ThéFT)‘HEa f1 owt hr ough
fraction gascaeldiaabedr ﬁ@golhﬁﬁz&i%&ﬁﬁt\#dé'aﬂ s@ditd! B Ve ShdiMe Sardifle fad d 15
dilution with buffer A (Buffer A” 100 "M Tris-d, pH 8.0). The diluted

materi al  walvaded-dnénQégplaess. Ghsbpdmoeieinayag ebmd\@snwa)h@ahmgmeﬂom ed with a

Ilnear gr adi t f f , 1 M
pH 8. 0§‘d)tt° &‘5‘2{35\‘@% c@u?%}/%%o @@S(Eﬁﬁ”mr%g%‘ggIWah furt her

pr ocessed by8.Gupete &1 0@ a0/ geik- CG%NDEDTN 1 MaNa Ol ld\hmeaﬁaﬂ@@mapbue ton t he

presence of l\ﬁsgeox cho ate.to 20 reppve.re |dual endot OXI n n| ng buffer:

| % Na- deoxyc TRIGINEEETCgates ttO RS By Hion, je Urepoopeenir ﬂi‘ﬂ-i 8.0).

Fol | owi ngy SDEGQy, H—ﬂééarfﬁétawl JRENdj u§té113to SQMU%QPRP[@BWaE‘ﬁMﬁr inﬁﬁﬁa% dkrectly onto
Q Sephar ose and washed extensi ve W t h fer Ato renove defergent. Bound

protein was Bljatien diromeatggiaphhusing $DRMr The sefuem wastnreaquiorted WwibddBuf f er B.
Iolgt gpgeﬁ{ efg%%‘)\i/*g pr og}edgpgﬁyudswﬁgt ﬁ%%?y %%zegtzlglr&%n@&r e%vgl " tggl a( Pi erce
Bi ot echnol oggeoxRdwldterThe dlitpd pﬂitem wey subjeetdd m a)*s@bmd 1136 cldbmbtpzeghygai nst
AN RIGER R TR ATERE SO, T SRR M e
15  alinear 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 Tris—HCl, pH 8.0, 5 mM 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). Redﬁcing 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.EHI+ (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



-56- Purification of STF2A Elll+ STF2A El |+ inclusion bodies were coI | ect ed
by | owspeed centrifugation (7000 rpmx 7 mnutes in a Sorvall

centrifuge) ilized with buffer containing 8

Tris-HC, Wﬁ?ﬂ%@%&gppH 8.0. The urea 5 concentration Oﬁffﬁ@gﬂ%/ﬁ%ﬁ% i zed
protein was adjusted to 1 Mand the sanple was |oaded onto Q Sepharose. The
bound protein was eluted using a linear_gradient from 0%to 100% Buffer B.
(Buffer A 100 mM Tris-HCl;, 5mM EDTA, 1M ur ea; pH 8.0. Buffer B: 100 mM
Tris-C, 5 MM EDTA, 1 MhNaCl, | Murea, pH 8.0). Due to the formation of
protein aggr egataémgfe&an@thhgn@pmmmolqchlerwm@ht fahoerBp &Daon SBS-t he 10 Q
Sephar ose nat was adjusted to 8 M The protein was further purified by
gel filtration Thromat ography usi ng SD200. The colum was pre-equilibrated
with 100 nmM Tris-HC1, pH 8.0, 100 MM NaCl, 1 %glycerol, 8 Murea plus 1 %
Na- deoxychol aﬁe?oldllgﬁnﬂgtﬂiff‘cQU&{QfﬂﬁA"ﬁﬁ+Moﬁﬁ}Ed to a second |EX

chromat ography step usin % Na- deoxychol ate. Bound
protein wa$ el uted T\M‘anlﬁelac formend S TH2 ABIEN(SEQ BXNEP//0.0/ 16 9% B@fiﬁt‘éﬂ B.

(Buffer A 10 Tr T 100 nmM
Tris-HC, H & oth?tfm gﬁﬁﬁ/&%r‘ﬁz‘?ﬁ?ﬁ?@&m%#m%ﬁ%w E’Bf C§§oﬁfvgm il ng of the
pr](c)]'E ein Was caﬂbﬁhﬂ@l@A@H—l—ffuﬁdm&bﬂem@ froahihimtiog with loyie mmélﬁbgtoﬁfaﬂQO (R:.I;]nl ng
Buf fer: 100 mM Trjis-HCl, pH 8.0, 00 and 1% cero
Reduci ng agent™SHEEICEW3Heh 2 Bimere <@MOS§%24?EH%# %%‘We Nﬁgqunéwyn €t he
protein was ref ahdgds Ps BlEP1oEMrdivARGH Sd@ditNThe pdRE GRS Drapidly
concentrations of urea. The urea concentration was Teduced sequentl ally

agai nst bulfof erdilutedan TogNa@l glzeeralGmdiavpHrs. @;iCHEDOUt piimg/mol andedinglureac , 1%

gl ycerol and 6 n on of
STF2d. El 11+ tri |°Ir1r|\4§%1 trgull\qgfiogll\?flt r%?gé@%ﬁﬁatﬁ&% %9{%)%r %r%?un%ﬁélj A 1slo(imbl i zed

:j nc: usi on boglseﬁarat\tt)@goxﬁfaggxegﬂailb;ySZOEfsiﬁedgfiush@% é}mﬁmibgﬂaphy 'Il*lfedﬁlubt by sinple
i al ysis as des ed above .the_ trjiner (3 of thes STFA.ElII j on
proteins) was Rﬂ%%ﬁ&@w%%@w %?Eq?rhﬁlr@c‘ﬂ apREFHRCPrplassighiefabop ‘fﬁ owi ng

di al ysi s, endoimxinspyapacgnoved by multiple 30 extractions with Triton X-1
14. The trimer was purified and separated from nononer and aggregates by
S200 si ze I¥xcl usi on chromat ography. The final product migrated WO

2006/ 078657 PGl 1450006/ Q082 31115+ (serine substitution of the Linker between STF2A and
EI+, SEQ ID NO: 72)

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

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
exfractions to reduce endotoxin levels down to about <0.1 EU/ug 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.JEIIT+ (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



-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+ nononmer 5 The nononeric
formof STF2A EIll+ (SEQ ID NOS: 70, 71) was produced consistently and

ef fici ent Iwohyosroedest di ng using rapid dilution, which prevers:edooisnsli vi dual
STF2A. Ell I+ fusion proteins frominteracting wth one another to form
meutinmers, such as triners (supra). STF2A. Elll+ solubilized frominclusion
bodies in 4Murea was raised to 8M utsa w thout reductant. The protein was
then rapidly 10 diluted in Tris/NaCl/glycerol buffer, pH 8.0, to about 0. 1
nmg/ M and a f} rat fo D41 M. dnS R e. The
nonomer was fr E@t@%a}a’ %ﬁip |v%‘?ggﬁ g:rr(]lé)ﬂ s%%gcggtcgg%%a%%gﬂagat eg‘g‘%ﬂrszoo si ze
excl usi on chr(aat 3§y zdtejutedrivish & saltgradipntd@ deabout HvaNad). abhepretiemghas band wi t h

t | i .of t DS- PAGE. .15 Purificati
o arean b1 reelpdafhe it of Bt Tor AR Battie, Bk e T,
SEO I D NO:  72as $ldndhndehiratsd addathdrpulEd ustng SB300 forseparse kiethbroaReici ncl usi on

bodi es was refol ded usi_ng a rapid dilution method simlar to that used to
refold the Steenofthe proteinpfongagisties. Thiw nugfied mekrighwigeated wifk 2- apt ured on a

butyl sephar %Eﬁaé 'n’rHI‘é?:ﬁéP%f%kE&%ﬁ&%\{ﬁS) Bd § BACEOR BhtaldE a&’égﬁBIQXi n

cont am nati on uate from sepharose purification wa

concent r at ed lewets qfehddtério (ahbutd).@yEUkg).of Triton X-1 14 extractions to
reduce endotoxin |levels down to about <0.1 EU.g before a final purification
step over SD200 gel filtration. The final pooled product mgrated as a 25

si ngl e band \Hetl Bagth Pagphatiendf Fisilog @udteibs wei ght of about 43 kDa on SDS- PAGE

and contai ned a e unt of _Triton X-114 .(about 0.00 59 .
Puri fi patlﬁon of s%&?ié-@ﬁ%wsg@crswré}c -é?reF‘ftBrt‘@m E\/\gg%ﬁ% lated from
i ncl usi on bogir@c%ss{l MGeLe c@ﬁt?&tlwﬂs Q&r&%@%‘gg!)) 9‘2%‘5’1 §ﬁ W%&@'WHC@QH%@% (were

washed with eter8ent (0.5% Triton | | soldbilized in urea,
resul ting i n NpAFeOH) agsiitiant temperagne by hediiag(kaatjog bisnkatgrreookiang (timedot oxi n WO

2006/ 078657 Fé%é&?@o?&? 40%8}, %&}' dis§o§\§ed oxygen by compressed air flow (manually
controlled), agitation (mixing speed) and O, flow (timed cycled) in cascade. Cells
15 [BLR(DES3) pLysS that harbor the STF2A EIlls+ 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.



removal , protein was applied on a Source S cation exchange colum at |ow pH
(about 3.5) and eluted with a salt gradient (0 to about M NaC ). The

protein wa using rapid dilution as described f F2A El Tl +
nonomner . 5\306&]8{32116%(1 was then concentrated and further ngiqsﬁ-gg/ﬁﬁs i ng 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 acceptabt¥®- | 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 NHO) or base (3 N NH4OH) addition,
tenperature b (heatl ng bl anket) or coolin Eﬁl@g cz?igd cool i ng
| oop), and di ygen conpressed air f!—[%%gg ol | ed),
agi tation m%) anog[gz flow (tined c CE% ascade. C%Lls 15

[ BLR( DE3) éLy@uﬁ%%t har bor 4he STF2A Ellls+ weEQ tﬁfé‘amto and banked in
MRSF nedi a (sé(é‘lzpﬁpﬁra) and %#o0zen in 25% gl yceFe} Qs were scded up for
the bioreact §NHegSQdding 1 4% of banked cells ZGS@4(ZHIS$) MRSF nmed#a and
agitating at Cisucid7C for hHout 15.5 to about MBOB(HROIrs. Cells2fromthe
scal e up procedsSOTH0) addedl.0n - a about 1: 10 raCoGli(6HNMISF or MRBR2synt hetic
medi a at dBoutCa®€LC and 20 abosit 0.5 vvm air fl| @uSOFBHEPr ocess wad.lrun in
bat ch node at TaieMetzal§C untilmk he cel |l s oxygen NagMisQipHi®Nn was s0¢h that

t he conpressedh@iniingé HOW i s apout 1.5 vvm and thgBagi tation is atouhe

maxi mum aboutafifénr s, whengphe tenperature i s dropped to between about
25C and about 33C. The feed can be started before the culture is 25 induced,
or up to ghoutypgpRggabout 1/2 hours after. Thepfepde.diate can be kept
constant, or JjHUsted based pr ocess variabl ex [dissal ved oxygeé%egl ucose

concentration l | ture ng%ced th I P - atch glu
. ucc to
exhausti on. | ture was At achad For ?7178& about 2 RQOurs and a
1

maxi mnum of aé m) §4hours 2006/ 078657 PCT/ 623 - 593I§)/RBR Medi a
Trace Met %I SCltrlc o 1000x osition g/L Co ; O4E7I-?20% i
MgSO4(7H;0) 1.0 Thiamine HC1 1
CaCl, 0.04 Trace Metals Iml
Trace Metals 1ml Glucose 100
Thiamine HCl 0.01

25 Kanamycin 0.0075 (shake flask only)

STF2A EIlls+ 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, | 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.



5 ducose 20 EDTA, disodium5 KH2P04 2.2 FeSO4(7H20) 10 (NH4)2S04 4.5
ZnSHA(7H20) 2 Citric Acid 1.0 MnSO4(H20) 2 MySHA(7H20) 1.0 CoCl2(6H20) 0.2
10 CaCl2 0.04 CuSO4(5H20) 0.1 Trace Metals I ml Na2MoO4(2H20) 0.2 Thi am ne

HC 0. 01 (3P /6rsds7 Antifoam 0.05 15 MRSF Medi a Feed Mpét/asfeadnasizti on g/ L
Conmposition 9/1 ducose 10 (20 in bioreactor) NaCl 0.5 KH2PO4 7.8

FeSO4( 7H20) 2 (NH4)2SO4 2.33 CaCl2 3.5 20 Gtric Acid 1.0 MySO4(7H20) 12
MySO4( 7H20) 1.0 Thiam ne HCl1 1 Ca0126 04 Trace Metals Im  Trace Metals
I M ducose 100 Thiamine HOJ 0.01 25 Kanamycin 0.0075 (shake flask only)
STF2A. El | | s+mr oduced as inclusion bodies. Upon harvest, the cells were
separated fr condi tioned nedia by centrifugation (Beckman Avanti J-20

30 XP, JLA 8. 1000361@1ts<afe,segﬁaﬂsdgy&@m@§m&l (B@cmaau&mnatzo@uoun 24C) and
resuspended in equal volune of mM. Tris, 100 , .1 nM EDTA, pH 8.0.

The centri f utpsar Zhkxgalor %gléta{t@cﬁtéméﬂdme%aﬁ%ileéHmMut%émwa@h the cells
resuspended hﬁMEDE“Anﬁ%c\éEHIWA i%m)marm{w FIBle prd S SHSBEARON WS

passed t hrou zer? (APV- > 10 00 psi east two
passes. 3% Th;etosﬁ)ﬁmels(tmtah) atiecrsspwyrspt@Eld anhtimeh o STHFEANED bf sboaoﬂ(ukxg i zed by
r. fluidize

oD L o ee T DO et A B A L LASL 601 L et
50 mM Tris, 0.1M NaCl, I 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, I mM EDTA,
10 4 M urea, pH 8.0. Insolubles were removed by centrifugation (Beckman Avanti J-
20'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, STF2AEIIls can also 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 < 0.2um pa.ftic].es. 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 pgd. 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 EIlls from the body feed for further processing.



Solids are separated by centrifugation (Beckman Avanti J-20 XP, JA 20
rotor, 20 kxg for 20 mnutes at 4C) and resuspended in 50 nMtris, 1 in
NaCl, 1mM EDTA, 1% gl ycerol, 0.5% Triton X-100, pH 8.0. This process was
repeated 5 W® W6/E8¢S7mes (total ) at increasing speeds aneCLUsee®/00ic3 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; 0.1M NaC, 1 nmM EDTA,
pH 8.0 and clarified by centrifugation-6lcBeckman Avanti J-20 XP, JA 20
rotor, 40 kxg for about 20 mi nutes at about 4C) The pellet was resuspended
and dissolved.n 50 mMTris, 0. IMNaCl, 1 nM EDTA, 10 4 Murea, pH 8.0.

| nsol ubl es weres ved by centrifugation (Beckman Avanti J- 20 )2, JA 20

rotor, 40 kxg for alfetthe2QlldWverdtidSalBlrealdpaidedHs) buffet, eyt fasddpariied inf et ai ned
for further processing. After the nultiple washes descri bed _above,

STF20. El | | s caAdidmshloside apd ywea cortaining byderalPHabpuiGlo about$vnfiac , 8M urea, pH
about 4.1 to : Lifal i i n Avanti
J-20 XP, JA 28‘1%?%%%%6%28%%8;%3&5 A %&ﬁg{ﬁeg&%‘%ﬁg‘ggﬁ ter

honmogeni zatsi o(GEtHralthgas@)tvehewaihe SAPLAMEE L hindsdol thefresiul amditie pSTFd&eElaw s+

extracted wth, urea taini ng buffer.. .Body feed.is a filfer ai desi gned
T trap parti ArRRsy SRS ey be ki iR i EPatinonsad Ehaubiit anced

M neral s Cor pasat it in Belpfisere®? hbdeficefdertgefissecH & Tritt@Xp@oder ) with a high
surface area and | ow perneability, retaining < 0.2mparticles. The filter
aid was pre- mB@é’dOfb%elsﬁ-the | ysat e and punped over a depth filter (Ertel
703), building up a cake containing both body feed and |ysate particles.

The suspension creates a depth filter 25 as the particles settle on the
filter pad0 A SMRAGE s, 100mV NaCl pH 8.0 wash was perforned to renove

soluble proteins a i hds. SF?pss ik Tris, 100
nvi NaCl, 4 M urea, @g%&ggéﬁlu lgﬁbggtss @%%%Zﬁoﬂl\k/%s%t e ﬁ%ﬁiﬁ"fgﬂ]n:l?%s romthe
body feed for witlrdandevithonog-essiapgpethtidl 2 DSt 5verPbdiledI2ODBIMDEE6RA8 - 61-
Met hod 3 After t cel | ednitially.resu nded jn buffer, they were
r esuspended irl"a@gam%‘@%‘%ﬁﬁé Oééﬁafyhﬂl%ge%%n?@?%‘?’lﬂée%ﬁ??P e8> 85 V&%%ut 6 to
about 8 and  stained with coomassie blue to visualize protein bands.

15

Endotoxin assay

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

20 |
Protein Assay
Protein concentrations were determined by the MicroBCA Protein Assay
- Reagent Kit in a 96-well format using BSA as a standard (Pierce Biotechnology,
Rockford, IL).
25

TLRS 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 TLRS5 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,



honogeni zed. The |ysate was applied on a Streanline CST fluidized bed col um
5 (CE Healthcare) where the STF2& Ell1s+ binds to the resin and the
particulates flow through. STF2A Ellls+ may be eluted in | ow salt

condi ti ongycMpodoRéd;or eater than the load pH, in the pf,g'ﬁg%%&rmgbsence of
detergents such as Triton X-100 or polysorbate 80. 10 SD Proteins
(typically about 5 g) were diluted in SDS-PACGE sanple buffer wth and

wi t hout $3-nercapt oet hanol. The sanpl-gs were boiled for 5 mnutes and

| oaded onto a 4-20% SDS pol yacryl am de gel . Fol |l owi ng el ectrophoresis, gels

vere stai negqWdzbh SQ90PS SA ferthdt@ng, %e%oﬁ&'iﬁbhe’d%né&&h%é& a@s%%éjﬁfor&é Endot oxi n
assay Endotoxin |evels were measuréd using the - antitative

Chr onogeni ¢ pradenceesftlL 8 in a(sBadvithy ELEB(’euslmmémanﬂLké’emsﬁahﬁdl aatibody) |

fol |l owi ng the nuf cti o t he 0 met hod. 20
brot el n Ass & B e UBEEL KPR Bt n R PG ARRNE ST oA prot ei n
Assay Reageinétrustibns. r@pa;cﬁﬁiemaw wisaniBirediSdinga ﬁﬁﬁo;aswapmpm:a@ﬂetéﬂ erce

Bi ot echnal og Rockford, IL 25 TLR5 bioactivity assay HEK293 cells (ATCC,
Cat al og No. éﬁﬁ ﬂ‘&@s%@sm“?ﬂc?%ﬁﬁi:aéﬁwayc%tl tutively express TLR5, and
secrete several soluble factors, including IL-8, in response to TLR5

si gnal i ng. CeI I s wer e seeded i n 96 weI | mcroplates (about 30 50,000
cell s/well),Pls xuch ARdN li)ncubat ed overni ght. The next day,

M croplate, WO oned, LSS ARG iy OSSP B

t hawi ng, t he(zomhjdiBtr]leﬂygesdnmsﬁmphMe heasmyla:d/atairbynhmbamrememsec ofaterL-8 in a
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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 ul 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  CO,-airmixture. 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 pl/well) of purified STF2A-fusion proteins (SEQ ID NOS: 158, 159, 54, 55, 70,
71) in PBS (about 2pg/ml). Plates were blocked with 200 pl/well of Assay Diluent
Buffer (ADB; BD Pharmingen) for one hour at room temperature. The plates were
washed 3x in PBS-Tween, and then incubated with antibodies reactive with flagellin
or the E domain of the construct. The expression of flagellin was detected using the

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-



instructions. Optical density was neasured using a mcroplate
spectrophotoneter 5 (FARCyte, Anersham Bi osci ences, Piscataway, NJ). Plaque
reduction neturalization test (PRNT) PRNT was perforned according to Wang,
et at, J. |YIAWI0786867: 5273-5277 (2001). Briefly, seruRCGTAR3NEH0IRY e heat

i nacti vat ed by incubation in a 56C water 10 bath for about 30 mn and were
serially diluted in PBS with 5%gelatin from1/10 to 1/2560. West Nle
virus was diluted in PBS with 5% gel ati®3-so that the final concentration was
about 100 PFU/ well. Virus was m xed with about 75 gl serumin a 96-well

pl ate at about13B(T(II2ﬂQE)) whopurchaded ftin Bicotlmnof (Roed Bnslwilte) 3. ¥tniibediver e
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of 100 m 2x |IWENP<(ILW@I 'f%‘?:shﬁfﬂ‘/@gl’é§§1lwaﬁ ALY @@rq aéida%lé?aal/%%le angot
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overlay. The s were incubated for 4 days at 37C I'n Ied 5% 20
C2- ai r mi xt urds. with Rifednd flevadding/TMB 3,346, Sé@mmamnmuﬁdenmémn)eutmaaubs&eﬁ was

added on day s .plaqu unt e bout 12.h ter Antl enicity
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wi th serial dighdabiredén g’q‘se({aﬂ@ercg{ejmfdsﬁecﬁﬁpmmamed STF2A-f usi on proteins

(SEQ I D NOS: 158, 159, 54, 55, 70, 71) in PBS (about 2g/m). Plates were
bl ocked with 200 |/well of Assay Diluent Buffer (ADB; BD Pharm ngen) for

one hour gg r %quhrw{_@%ﬁ%@. The plates were washed 3x in PBS-Tween, and
0

then i ncubat ed res reactive with fIgge_llin_ or the E domain of
t he construct. TheCéklﬁrlé%ml@rﬂ%perfgragélwemmmm tlmpentougalhg)rt he 30 mAb

6H11 (I nt ot ek |n a panel
o (e bbbty \Ginfie SR oo Y oFrlit APRBLL B Syl 19 2 P
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romaobl orell a OCKVI nt | I,es ut e N about
100d/ wel 1) wer éfba@&%lé’an%@r ﬁﬁtjlhwerahmzr@te#wed?}rla%@cw gafige EE@gsx with
PBS-T. HRRs! ath%bﬁﬂl E&%loﬁ%gfé@u% da9 S5 afch '%f%' &ﬁllﬁ(n%@&{ﬁtﬁ@ lethaTysghem cal ,

West Grove, PA) diluted in ADB were added (1 00d/
/ strain 2741 (Wang, T., et al., J. Immunol 167:5273-5277 (2001)). Survival

was momtored 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 2pug/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
(100pul/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 (100pnl/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
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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.
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RESULTS: West Nile fusion protein West Nile virus has energed in
recent years Hgle {eg?p&%rrslaagd,p %c;o(g}pgsgpns, fusion proteins ancg l\ol(\)'}%eptlges descrﬁ)(e:]cia

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 STEF2
(e.g., STF2.E, STF2.EIlI+). Domain III 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.EIIl+) The l;yper-variable region of flagellin is not required
for TLRS signaling and its removal may also reduce the immunogenic potential of
flagellin. Both STF2.EIII+ and STF2A EIII+ have been expressed in E. coli and
purified. The purified proteins have been characterized for TLRS 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
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characterize or TLR5 si gna |ng actl Vi n_.bi oassays or_E epl t ope
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and nore conﬂ@Plnﬁvlsa"ﬁlAﬁHﬂ;mqwedﬂnum@ﬁfﬂ\éumg Wommunﬁpﬁé@n,tthan

STF2. El '] +. it nd._S gver | ot s of
STF2. El I | +anggrg?l‘5§%p]i:°ﬁ1 5%‘?1 lf&ld%dlg'sq?r%gééﬁéigj ls toéf CI)r gr?ti cf'upurl fied (Table
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non-denaturi ng condjtions using a 4-ste rocess, as descri hed above, that
n?g/ml w?ﬂw.out any loss duegto protein preglp%at?on Two preparat?ons o?

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 EIIl+ migrated on SDS PAGE under reducing conditions as about 65

20  kDa and about 43 kDa proteins, respectively. Notably, STF2A EII+ 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
enffelope protein. As well, a larger species of STF2A.EIIl+ 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.EIlI+”).
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fusi on prot ei nerfomcll REKN0 B Sxellvv@sre treated with serial dilutions of two independent
pfotein batches (Figures 47A and 47B). Cultures were incubated for a 24 hour

10

15

20

25

period and conditioned media were harvested and assayed for IL-8 production by
ELISA. Asshown in Figure 47A, STF2A EIII+ showed potent TLR-5 activity.
Regression analysis of the titration curve determined the ECsg of batches 2004-044
and 2004-045 1o be 1.13 ng/ml and 4.34 ng/ml, respectively (Table 1, supra). In
both cases, the TLR5 specific-activity was at least about 10-fold higher than the

control protein STF2.0VA. In contrast, 2

preparations of STF2.EIII+ showed

significantly weaker TLRS5 activity than STF2.0VA. The ECs, of STF2.EIII+
batches 054 and 057 were about 1195.00 ng/ml and about 197.92 ng/ml.

Antigenicity of STF2.EIIT+ and STE2A EIIT+
The antigenicity of STF2.EIIl+ and STF2A.EIIl+ was examined by direct

ELISA using a flagellin monoclonal antibody specific for the N-terminal region of
STF2 (6H11, Inotek Pharmaceuticals, Beverly, MA) and a panel of WNV-E-specific
antibodies (5C5, 5H10, 3A3, 7H2 and 3D9, Bioreliance, Road Rockville, MD )

previously shown to neutralize West Nile virus in vitro. As shown in Figure 48, a

comparison of the reactivity of full length West Nile virus envelope protein with
STEF2A EIIl+ revealed that West Nile virus monoclonal antibodies 5C5,5H10, 3A3

and 7H2, but not 3D9 recognize the fusion protein. This paftem of reactivity is

oxi n

044
5 TLRS



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 produgbi2eos/obsss? ELI SA. As shown in Figure 47A, STFZctaid2bosesiyasved pot ent
TLR-5 activity. Regression analysis of the titration curve determ ned the
EC50 of batches 2004-044 and 2004-045 to be 1.13 ng/m and 4.34 ng/m,
respectively (Table 1, supra). In botgg.cases, the TLR5 specific-activity
was at | east about 10-fold higher than the 15 control protein STF2. OVA. In
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10 49C and 49 In these studies, plates were coated with the indicated
pr ot ei ns 1and envdepeqeenasiosal antibodiesovascbseraed. r Eisyeactizity pf $TF24E

monocl onal - anf hogises 788 was significantly greater than that observed with STF2.EITI+,
Collectively, these results indicate that the flagellin 6H11 epitope of STF2A.EIII+ 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.



described. As shown in Figures 49A, 49B, 49C and 49D, both STF2.EllIl+ and
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observed with STF2.EIl1+. Collectively, these results indicate that the
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to the flagellin sequence of STF2.ElIIl+. They also highlight distinct

di fferences in theMaatwegeimmurtizedofithit FRS, Evb iy oanditfontdhesdivd0 pr ot ei ns and

i ndi cate that STE2A + tai.ns nor f th Lti .copnf ormati on
dependent neuiPHHDE %Hegi(‘?ﬁf;&s“f‘f?ﬁnéﬁ%sﬁglqpfws%géﬁ(iﬁ%&?" g%ﬂgi munogeni ci ty
Several efficormstur €S Bas QIredie X 16, d SEFPROLac. i MR wéstNegcy our 25

candi dates in C3H HeN mice fol |l owing challenge with West Nile virus have
been conpl et d#ls egydieneasoteipsinibadyyesponssk sedgiryvalsiatiraseghovwaignreseSd 10 ni ce

per group)z | i i nkr i . } _ (s.c.) on
Gays 0. 12 arbizd: Shered GapRRE YL SRFaL ST il BURHIAIRINRINON T G For
Vst Nil e virWesta¥iketinpenylqicgroteinIgGgla contrhdipdice (Hat teSéiyedSITF2ABEI+abi [ ity to
neutralize West, Nile viyus.in vitro e&;P 30 assay). On day 35, mce were
chal | enged wi 131 12 measirable Yot Nge vifgsqoy Peepr\‘?fellrb%nt’éf’?l%?eﬁponﬁ%4l. Survi val was
moni tor ed for AdirkausoRRS FroRAbIIRNGCor 02 AP BI0DF 86T aIRETbHERORGI RAL623 - 69
Mce were imuni zed with PBS, Drosophila conditioned nedium containing
STF2. E (CM posisichelienge nCensisjent wigh gheqoosiprpynogpnipity ¢of TF2 EIG+dlittistF2A Bl | +

s.c., 25 ST. -+ ] ]ﬁﬁ]g + Vi%s% | Vi rus
envel ope %br otlg(lg%ljé{aenﬁl?%%'%iﬁn?‘gg%lo ses Cg%-djgast%%%ﬁm%ﬁdggg}ee S %J\%lnltwljoﬁi gures 50 5
and 51. By daVhe3moalmhmgtiayenisity iat effiece of SUFSEHPAInFhis sthdh axd astrituted tocant
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anti body response. Administration of STF2A.EIll+ i.p. or s.c led to 100%
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and efficacy of STF2. EIll+ 1n this study are attribute
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%
neutral red. Virus plaques were counted 12 h later. Serum titers that led to 80%
reduction in viral plaque numbers (PRNTgq) were recorded.

30 A summary of the PRNTg data from efficacy studies concerning STF2.EIII+
and STF2A.EIII+ is presented in Table 2 below. In two independent studies



t he reduced TLR5 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 El I+
and pot entw@hbi¢o6sesT €l ate protective efficacy with neulgiad8ishgicasnt i body
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wer e i ncubat (laﬁc})(8 \l/}n&il%énﬁa'ow ‘&%}69%?@%?& ftq Pu%lﬂ\?‘ggﬁirgﬁéfgg&\%lre}gg%? ?%Ferqﬁ%gﬂ. The
vi rus/ serum ifaidetl tr mhikdtsplagua dorbatied Bitis fibding is30Csdrprisidg givemilie tealn i nocul at ed
onto confl uent .mnol ayers..a Ver.o cells (ATCC, t al 0q. Nunber CCL- 81,
Vnassas. Vi PUIHRATEPARA S fe0 2y et s Wores ofia:s rRaeh iV eaitEn o pi at es.
The virus wagTebA eWed whereadsfaPwhPadolE7096 bt grefRNPbléEserPhadr to adding a 1%
agarose overlay. Infected cell cultures were incubated for 4 days at 37C
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(%] PRNTSO (dil ufi‘on) n g (
045 STF2A.EIII+ i.p. 3 90 1:40

045 STF2A EIIl+ s.C. 3 100 1:160
045 STF2AEIIT+ 1.p. 4 100 1:80
045 STF2A EI+ s.C. 4 100 1:40

- STF2E CM | ip. 3 90 1:640

- STF2.E CM i.p. 4 - 1:1280

STF2A Ellls+ a modified version of STF2A EITI+
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 td the monomeric and trimeric forms of STF2A EIIl+ were generated
and present as a mixture in the final product. To minimize the heterogeneity of the
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.



057 STF2. Ell1+ i.p. 4 11 Negative 057 STF2.EIll+ S.C. 4 20 negative 044
STF20.Ell I+ i.p. 2 70 1:40 045 STF2AElll+ i.p. 3 90 1:40 045 STF2A. El I+
s. ¢c. 3 10%$é:160 045 STF2A.Ell1+ i.p. 4 100 1:80 045 STF2A.Elll+ S. C

100 1: 40 000 . p. 3 90 1:640 STF2.E CMi:p. 4 - PCTAUPgR001623
STF2A. El I I s+ a nodi fied version of STF2A. Elll+ Protein preparations of
STF2A. Ell 1+ tested in the nouse efficag% studies 15 described above were
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favor the proguction of either nonoper or triner. Because it is unclear
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potent, both SREEI1GI1y iRRMEREANHEFRRHESHH tHe %ngéﬂr&feadﬁﬂﬁ'd’é"&oiﬁ iegnand tested
for efficacy in mce.” WO 2006/ 078657 PCT/US2006/ 001623 -71 It was initially
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construct was Te-éx erne restdd
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cysteine 5 would likely interfere with the faornation of the appropriate
di sul fide bong‘aﬂﬁf‘?lg‘@gﬁﬁﬁﬂpﬁﬁ titted cRRgREt %@é%ﬁ‘?ﬂly PORORERE BIP®Rer i ¢ f or m of

STF2A. El'l hg. This pupngeessies ¥TFeA RRROeH J190A PRk ing
site-directed nut agfebn%gsi S anday 0?he nngﬁ‘l-}ﬂggo protein (STFZH,;\. EEI ﬁ%ﬁ was

produced and pigrd dvakudted i CSHA{ANImive follstvang chaHengerveitloWdstiile tias. Five
SETL T, Ut LS8 AR Ek ) S5 SRl TPDATELS 2Lt 0o Bt oot ve
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.EII+

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 EII[+ domain of West Nile virus envelope protein have
been generated. One includes the full length STF2 sequence (STF2.EII+) 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.



were evaluated in C3H(HeN m ce follow ng challenge with West Nile virus.
Five groups of mce (10 per group) were inmuni zed with about 25 ug of
protein s.c. on days 0, 14 and 28. On days 21 and 35, sera were harvested
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days. ELISA results from boost 2 (day 35, Figure 52) and survival data
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contrast, STFZAtEI 1+ was expressed as an I nsoluble protein and was
purifi edl@nd§ﬁ%ﬁﬂlhwa$@gﬁmmmw@0md effichelpueia nhge ehadlongadydth ali al ysis to
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STF2A. El'l | + was hi ghly i nmunogeni ¢ and efficacious in mce chall enged with a
15  protein during refolding 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.JENI+ 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.JENI+.
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



| et hal dose of West Nile virus. Because nononeric .and trineric species of
STF2A. El'l | + were generated during the purification process of this protein,
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changed to a serine. Renoval of this cysteine elimnat i on of
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construct was ' The JE EIl1+ DNA fragnment was generated
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co
was |igated i MtentifiefidhSTRPRVEE smpeiferaatibodyEEpBdpe®A. JEI I | +. 30 Expressi on
constructs have been .scr.eened by restrj.cti sis and for .expression in
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WO 2006/ 07865 ard¥etbdddtrtd B /a0t Bom ST AEIHS efthirdtadice agveralrsoattietid on of the

protein has been scaled up. A batch of naterial has been generated. A total
of about 24 ngestdeAitags Wale spp&atsd One agay compisted pheverlrpmngpeptidey &0 TLRS

activity, accepliabh&qdifY&lomh it sgmam@ éﬁtiﬁea'gg%?\iﬁ%\@ﬁs d%iﬁ%ﬂl%ﬁts’%%gs 0/ A260

ratio of about 1.3. 5 FlaviviruS peptides | ication o E specific
anti body epi t clvewimd (FigemttD}. \ELISAcasulte pyithahis srray identifiedrachi gldy teabiivee20vi r us

e ope Bt Sgld R ol UGERORRARS RN AP L B AL T 2o
consi sted of axeudedpnitng tHeelpinateisdodfai? 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 and 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., ef al, Vaccine
23:4442-4452 (2005)). The immunogenicity of this peptide was tested in C3H/HeN



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-term nal region
of domai nyld 4008Hdes7 Ncl uded part of the domain | domai peEigYkdybidiedsKCTTYGY
CSK (SEQ I'D 15 NGO 125). To fine map this epitope, additional arrays were
generated that focused on the domain | and Il junctions (Figures 57 and
60). These arrays included an al ani n% substitution scan to identify am no
acids critical for antibody binding ( i4gure 60). As shown in Figures 54 and
55, antisera from STF2A Elll (nononer and tri rrer% and STF2A. El||ls+
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C3H HeN WO 2pfatdcliv8efficady@EhinS20H641000:6 2allenged m ce and conpared to peptide
W t hout PanBCys (Figure 58). The reactivity of antisera frominmunized
ani mal s s tested by direct ELISA as described in the |egend and the
resul ts thdi #8338 PeysloPRSEE pPanBCys. WNWVCOD1 peptide is significantly nore

i mmunogeni ¢ Chapelitich MEBA A& v\WelddOMberdt he TLR2 nodification. The antisera 5
fromthese studies WIT be tested in virus neutralization assays (PRNT) to

determine if theTantserdhs aamelizieg petentipf pf antisere Aefiyeddropeimrmupized virus in
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15  with a conformation-sensitive 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 EIlls 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 WNV infection



To assess the neutralizing potential of antisera derived from i nmmunized

m ce, a conpetition ELI SA assay was devel oped using wel |l -characteri zed
nonocl onal antibody (7H2) that neutralizes West Nile virus in culture and
reacts 15 wwtdnods/e@eshor mat i on-sensitive epitope within t?ﬁn@ﬂo%ﬁz? of the
West Nile virus envelope protein antigen. The assay was designed as a
capture ELI SA that neasures the ability of sera frominmmunized aninals to
prevent 7112 from binding West Nile vkrus envel ope protein. Serial
dilutions ranging from1:10 to 1:5000 'é'day 35 npouse antisera from
efficacy study 4 (Figures 50 and 51, Tabl were incybated 20 with
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pre-coated “‘BQW%E?&HEB@&&H&?Eﬁ%&&ﬁ@qum@ﬁhe%ﬁ&héﬁ&%mmRoad Rockville, MD).
Fol | owi ng several washes to renove unbound material, bound West Nile virus
envel ope protein was detected using avidin-HRP. Results froma

representativ i t are shown in Figure 54. At dilutions of 1:25, a
measur abl e |o§91§?83§§ﬁ%25 Nil e virus envel ope protein binding to 7H2-coat ed
pl at es was5obser vewhibseliis irfsiitihafanbstarpartiedlafly ehovanirdaiescribetiwithzed with
STF2A. Ell1s where tested, No npetition_was detected with anti sera derived

on A
from nock i nifATISRASs inpraterred embedimends therrof) TpEd bemdergtoad By thesg skilsd. These
initial resul Eﬁé%ﬁﬁ%&%@ cﬁzf}%[‘:s msﬂnmﬂa%ans%agodefn?ﬂe%ﬂ FRfol! | | + conpete
with 7H2 for binding Wests N virus envel ope 30 protein. These findings
are consi st endepertitg frdme thersoopectfitherinfentinn Weompassed by the aperrdeddABRS657
PCT/ US2006/ 001623 -75 observed in animals inmunized with STF2A. El Il + and
hel p establish a correlation between antibody epitope reactivity in vitro
and efficacy in vivo. EQU VALENTS 5 Wiile this invention has been
particularly shown and described with references to preferred enbodi nents
thereof, it will be understood by those skilled in the art that various
changes in formand details my be nmade therein without departing fromthe
scope of the invention enconpassed by the appended clains. -76- CLAIMS Wat
is clained is: 1. A conposition conprising at |east one fusion protein that
i ncludes at |east a



portion of at |east one flagellin that |acks at |east a portion of a hinge
region and at least a portion of a West Nile viral protein, wherein the
fusion protein activates a Toll-like Receptor 5. 2. The conposition of
Claim1l1, wherein the flagellin is at |east one nmenber selected fromthe
group consisting of a fljB/STF2, an E. coli fliC, and a S. nuenchen fliC.
3. The conposition of Caim2, wherein 4he flagellin includes fljB/ STF2. 4.
The conposition of Claim3, wherein the tl1jB/ STF2 includes SEQID NO 1. 5.
The conposition of Claim3, wherein the fljB/ STF2 includes SEQ ID NO 3. 6.
The conposition of Claim1, wherein West Nile viral protein is an envel ope
protein. 7. The conposition of Claim®6, wherein the envel ope protein
includes at least a portion of at I@Agﬁge menber sel ected fromthe group
consisting of SEQID NO 7, SEQID NGO 38, SEQID NO 9, SEQID NGO 10 and
SEQ | D NO What cldtigeddrposition of Caim?7, wherein the envel ope protein
has at |east about 70%identity to a polypeptide conprising SEQ ID NO 7.
9. The conposition of Claim1, wherein the viral protein is an envel ope
protein. 10!- TheA CORPOELPT GAMBFSIEE &f 524t oneyfisioarPrPsd Hat ch?%ﬁes P48t Bne
menber sel ected (RS3 : [ :
agoni st . & TLRG "non ot sl QREROIE 1 B 1Ry L RIma hee Sghitle
fusion protein conpastsi pgrtiah dfeasWea PWioe tvireh pofteiat wheast thenéusians preipr ot ei n
that includes at |.east tion of at least one flagellin that |acks at
| east a portion %f‘vatﬁﬁa?‘é@'g‘[(e ¢iPHRJe regi on and at |east a portion of a West
Nile viral protein, wherein the fusion protein activates a Toll-Iike
Receptor 5.212. e cdsdstibnPbPCRiim 0f whkRinmhblflagdilid herat ildis! UAd Rkndbel | nker
between the flagellin and the viral protein. 13. The fusion protein of
Claim 12, wher eislected fromikdbe grappagpnaiiing obei BY$ Hideran E4colTHECs ali o pr ot ei n
of Claim 13, wher eeinn é[nhﬁ:ican‘i no acid linker includes SEQID NO 26, SEQ ID
NGO 28, SEQ ID Nej 66 ofr SEQ ID NO 62. 15. The fusion protein of Caiml1l1l,
further including a |inker between at |east two flagellin.

3. The composition of Claim 2, wherein the flagellin includes fljB/STF2.

4. The composition of Claim 3, wherein the {fljB/STF2 includes SEQ ID NO: 1.

5. The composition of Claim 3, wherein the fljB/STF2 includes SEQ ID NO: 3.

6. The composition of Claim 1, wherein West Nile viral protein is an envelope
protein.
7. The composition of Claim 6, wherein the envelope protein includes at least a

portion of at least one member selected from the group consisting of SEQ ID

NO: 7, SEQ ID NO: &, SEQ ID NO: 9, SEQ ID NO: 10 and SEQ ID NO: 11.

8. The composition of Claim 7, wherein the envelope protein has at least about

70% identity to a polypeptide comprising SEQ ID NO: 7.
9. The composition of Claim 1, wherein the viral protein is an envelope protein.

10.  The composition of Claim 1, further including at least one member selected from
the group consisting of a TLRY agonist, a TLR7 agonist, a TLR3 agonist, a
TLR4 agonist and a TLR8 agonist.



16. The fusion protein of Caim1l, further including a |inker between at

| east two viral proteins. 17. The fusion protein of Caim1ll, wherein the
flagellin is fused to a carboxy- termnus of the viral protein. 18. The
fusion protein of Claim21l, wherein the flagellin is fused to an am no-
termnus of the viral protein. 19. The fusion protein of Caim1l, wherein
the flagellin is fused between at |east,, two viral proteins. 20. The fusion
protein of Claim11l, wherein the viral ‘protein is fused between at | east
two flagellin pathogen-associ ated nol ecul ar patterns. 21. The fusion protein
of Claim 11, wherein the viral protein is fused to the flagellin in a
region of the flagellin that |acks the hinge. -78- 22. A pol ypeptide having

at | east ahout 85%.i i tide. oded b
0 1o N 1 ST cchbySingel RaN3 ol ofd ie B YRER' I TRGOded BY
pol ypepti de haviimudet al leaﬁfa p@htimlt oﬂdﬁ%abﬁﬂﬁtﬂatgyllthhﬁE@kb lx Met aPdrtion2d. A

pol ypepti de encoded b;i,' QI.D NO 33. e t| de, that includes SEQ ID
NO “34. 28. A pdllspdpthings rpgion Arf %ttleqsé%‘g@rtlarbam llaéﬁ%hptr«;ﬁemowlsmn| D NO

34. 29. A poly it ity to SEQID NO 36. 30. A
pol ypepti de enco klgy %%yhg&l\%{ Saeﬁﬁ hléqg&g%{# ypeptide that includes SEQ

ID NO 38. 32. A poI ypepti de havi ng at | east 70% identity to SEQ ID NO 38.
33. A polypépti dée Ifmi@mgro&tin beektimabolitrth8Ociudangta linker betSeen HD MNEelliB5. 34. A
pol ypepti de t hat ﬂ‘ﬁl K‘@fs %t | east one nenber selected fromthe group

consi sting of S Ejj PIP™MNd SEQ ID NO 72. 35. A pol ypeptide encoded by
at | east one nenber selected fromthe group consisting of SEQID NO 70 and

SEQ I D NO 133. 3he fubiqroprrensfi Cleinh 8y, iwl@rent the ¢iakér iaouhindQ¥d et ity to at

| east one nenber selected fromthe group consisting of SEQID NGO 71 and
SEQ ID NGO 72. 37. A.poly Peptl de. that includes at | east one nenber selected
fromt he grléup The fusnon protein of Claim 13, wherein the amino acid linker includes SEQ ID

NO: 26, SEQ ID NO: 28, SEQ ID NO: 60 or SEQ ID NO: 62.

15.  The fusion protein of Claim 11, further including a linker between at least two

flagellin.

16.  The fusion protein of Claim 11, further including a linker between at least two

viral proteins.

17.  The fusion protein of Claim 11, wherein the flagellin is fused to a carboxy-

terminus of the viral protein.

18.  The fusion protein of Claim 11, wherein the flagellin is fused to an amino-

terminus of the viral protein.

19.  The fusion protein of Claim 11, wherein the flagellin is fused between at least

two viral proteins.

20.  The fusion protein of Claim 11, wherein the viral protein is fused between at

least two flagellin pathogen-associated molecular patterns.

21.  The fusion protein of Claim 11, wherein the viral protein is fused to the flagellin

in a region of the flagellin that lacks the hinge.



consisting of SEQID NO 76 and SEQ ID NO 6. -79- 38. A polypeptide encoded
by at | east one nenber selected fromthe group consisting of SEQ ID NO 77
and SEQ ID NO 5. 39. A polypeptide having at |east about 70% i dentity to at
| east one nenber selected fromthe group consisting of SEQID NGO 76 and
SEQ ID NO 6. 40. A polypeptide that includes at |east one nenber sel ected
fromthe group consisting SEQ ID NO _8¢. SEQ ID NO 82, SEQID NGO 84 and
SEQ ID NO 86. 41. A polypeptide encoded by at | east one nenber selected
fromthe group consisting of SEQ 1D NGO 81, SEQID NO 83, SEQID NO 85
and SEQID NGO 87. 42. A polypeptide having at |east about 70%identity to
at | east one nenber selected fromthe group consisting of SEQ ID NO 80,
SEQ | D NO 982, SebebiNhafihg oAl SR IsENanifib o 930 IB NI pept i dehavi ng at
| east about 70% identity to é ID NO 159. 44. A conposition conprising at
| east one PanB s and at least a portion of at |least one flavivirus
protein. 483 P@b’rﬁpmetqné@ﬂedbe@pEé? R ¥O: 3hherein the PanBCys and the
flavivirus proteln are conponents of a fusion protein. 46. The conposition
of Cl aim 44, wh iRis a Wst Nile viral protein,.
47. A COﬁpg%Itlg %8§H%?%§§%3Mg eﬁgﬁ ong g%nﬂcys and at | east a portion of
at least one flavivirus protein. fi -so 48. The conposition of CaimA47,
wher ei n t h5.Panf Qplypaptiticthaginglaaleastiabog 70V oidentity taBBQdDipoOn®Ent s of a fusion
protein. 49. The conposition of Claim47, wherein the flavivirus proteinis

a West Ni pr n f ion that includes at |east one
f usi on pro?gln gﬁgY%ﬁﬂ¥V§¥%%d% gﬁgfw$ﬁiggF@ceptor 5 and conprises at |east
a portion of at |east one flagellin that

27. A polypeptide that includes SEQ ID NO: 34.

28. A polypeptide having at least about 70% identity to SEQ ID NO: 34.

29. A polypeptide having at least 85% identity to SEQ ID NO: 36.

30. A polypeptide encoded by SEQ ID NO: 37.

31. A polypeptide that includes SEQ ID NO: 38.

32. A polypeptide having at least 70% identity to SEQ ID NO: 38.

[U8)
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A polypeptide having at least about 80% identity to SEQ ID NO: 55.

34. A polypeptide that includes at least one member selected from the group

consisting of SEQ ID NO: 71 and SEQ ID NO: 72.

35. A polypeptide encoded by at least one member selected from the group
consisting of SEQ ID NO: 70 and SEQ ID NO: 73.

36. A polypeptide having at least about 70% identity to at least one member selected
from the group consisting of SEQ ID NO: 71 and SEQ ID NO: 72.

37. A polypeptide that includes at least one member selected from the group

consisting of SEQ ID NO: 76 and SEQ ID NO: 6.



| acks at | east a portion of a hinge region and at | east a portion of a West
Nile viral protein in the manufacture of a nedi canent for treating or
preventing a nedical condition consequent to infection froma Wst Nle
virus. 51. Use of a fusion protein that activates a Toll-like Receptor 5 and
includes at least a portion of at |east one flagellin that |acks at |east a
portion of a hinge region and at |easiga portion of a West Nile viral
protein in the manufacture of a nedicanent for treating or preventing a
medi cal condition consequent to infection froma Wst Nle virus. 52. The
use of any one of Clains 50 or 51, wherein the flagellin is at |east one
menber selected fromthe group consisting of a fljB/ STF2, an E. coli fliC,

and a S encﬁ'eﬁbl%eépgde %%cod-@ae }”Sa‘? 8&5}1 QR fﬂ]ﬁx%er wheried i de&nt | gé gé TF2

i ncl udes at | eas menber ecte romthe group consistin SEQ I D
NGO 1 and SEQ IanN@mgaafSEQID’N@.Gé’and)SE@rIET@@eS of Clainms 50 or 51, wherein
the fusion protein includes SEQ ID NO 71.

39. A polypeptide having at least about 70% identity to at least one member selected
from the group consisting of SEQ ID NO: 76 and SEQ ID NO: 6.

40. A polypeptide that includes at least one member selected from the group
consisting SEQ ID NO: 80, SEQ ID NO: 82, SEQ ID NO: 84 and SEQ ID NO:
86.

41. A polypeptide encoded by at least one member selected from the group
consisting of SEQ ID NO: 81, SEQ ID NO: 83, SEQ ID NO: 85 and SEQ ID
NO: 87.

42. 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.

43. A polypeptide having at least about 70% identity to SEQ ID NO: 159.

44. A composition comprising at least one Pam3Cys and at least a portion of at least

one flavivirus protein.

45.  The composition of Claim 44, wherein the Pam3Cys and the flavivirus protein

are components of a fusion protein.

46.  The composition of Claim 44, wherein the flavivirus protein is a West Nile viral

protein,.

47. A composition comprising at least one Pam2Cys and at least a portion of at least

one flavivirus protein.



48.

49.

50.

51.

52.

53.

54.
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The composition of Claim 47, wherein the Pam2Cys and the flavivirus protein

are components of a fusion protein.

The composition of Claim 47, wherein the flavivirus protein is a West Nile

protein.

Use of a composition that includes at least one fusion protein that activates a
Toll-like Receptor 5 and comprises at least a portion of at least one flagellin that
lacks at least a portion of a hinge region and at least a portion of a West Nile
viral protein in the manufacture of a medicament for treating or preventing a

medical condition consequent to infection from a West Nile virus.

Use of a fusion protein that activates a Toll-like Receptor 5 and includes at least
a portion of at least one flagellin that lacks at least a portion of a hinge region
and at least a portion of a West Nile viral protein in the manufacture of a
medicament for treating or preventing a medical condition consequent to

infection from a West Nile virus.

The use of any one of Claims 50 or 51, 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 1liC.

The use of Claim 52, wherein the fljB/STF2 includes at least one member
selected from the group consisting of SEQ ID NO: 1 and SEQ ID NO: 3.

The use of any one of Claims 50 or 51, wherein the fusion protein includes SEQ
ID NO: 71.





