COVPCSI TI ONS OF | NFLUENZA VI RAL PROTEI NS AND METHODS OF USE THEREOF RELATED
APPLI CATI ONS Thi s application clains the benefit of U S. Provisional

Appl i cat iwo 2bim069B0/ 638, 254, filed on Decenber 21, 2004pcea/se@l/0s&62 fil ed
on Decenber 21, 2004; 60/645,067, filed on January 19, 2005; 60/653, 207,
filed on February 15, 2005; 60/666,878, filed on March 31, 2005,

60/ 682,077, filed on May 18, 2005; and 60/741, 202, filed Novenber 30, 2005.
The entire teachings of all of the abovejapplications are incorporated
herein by reference. BACKGROUND CF THE | NVENTI ON I nfluenza is a contagi ous
di sease that usually results froman RNA virus. Three types of influenza

viruses are known - influenza type A, B and C. The natural host for
influenza type Ais théOMﬂQSIITd:ONSleINFhHEN@ﬁZ‘éMIpBRQTEW%seS can i nf ect

humans, birds, farmaninmals (e.qg., horses) and aquatic animals (e.g.,
seal s). Influenza type B vi ré@%l\@ffgmﬂ%ﬁj@ H%WﬁE @Rl'y in humans.

Infection with influenza is Eeneral |y char act eri zed by fever, nyalgia,
headache, cougBCEIaﬁEIEMBLEIAa In the elderly and infirm influenza type

B infection can res’[‘i’x.lisa lﬁbagbl§@1Qﬁds'tﬁé'be%Qﬁjt oferd. IProvifibhal apgidatiofii@od3 Vi ruses
can cause epidem cs i n hunmans. | uenza tg e C viruses ca% &é@@hm | d

i 11 ness i nShurtdis8Rnd, filel mnDe@mbsreZIeéﬁ)QfeﬁQ/ ,358; filed o ilseen t and
TaNage | nf ! uerkalsds g THEOSh LGk 5 X005 GoRSs o ied kgl Bns uses,  nasal

sprays and drug such a m noadamant i ne hédr ochl oride),
ri mant adi ne, z@v‘(aim&m,rﬁlahmMae:lht3elni(lﬁﬁr60/486;ﬂ@7/eﬂled@fuM%Y§§ P3gnds can be

ST 12 I AN e e R sypel

result in vari 'I"ess an satis tory alleviation of
synpt ons, t hergbjicdtioas fremconpetayedpremsielyt iefegenos. treating illness and, in sone
i nstances death, consequent to influenza infection. Thus, there is a need

Lﬁddﬁéﬁégﬁﬁge%{:ﬁ? Y T S BN oF The | VENTI N The prosent
i nvention rel ates tlaflcanposicbhogioys disssechat peustlsirgsyltafiom %Wﬁe‘ﬁqudes
conprising patfogen: ass oM. 2hat Rl EE RhnPAhhRNDR npEAVEIAd 8Nhe

natural host for influenza type A is the aquatic bird. Influenza type A viruses can

infect humans, birds, farm animals (e.g., pigs, horses) and aquatic animals (e.g.,

15 seals). Influenza type B viruses are usually found only in humans. Infection with
influenza is generally characterized by fever, myalgia, headache, cough and muscle
aches. In the elderly and infirm, influenza type B infection can result in disability
and death. Influenza type B viruses can cause epidemics in humans. Influenza type
C viruses can cause mild illness in humans and do not cause epidemics. Strategies

20  to prevent and manage influenza infection include vaccines with inactivated viruses,
nasal sprays and drugs, such as amantadine (1-aminoadamantine hydrochloride),
rimantadine, zanamivir and oseltamivir, However, such st;ategies can be costly to
maintain supply with demand and, thus, be limited in supply; may result in variable
protection and less than satisfactory alleviation of symptoms, thereby ineffectively

25  preventing or treating illness and, in some instaﬁces death, consequent to influenza

infection. Thus, there is a need to develop new, improved and effective methods of

treatment for preventing and managing influenza infection.



i nfluenza viral proteins. The conpositions, fusion proteins and

pol ypepti des of the invention can be enployed in nethods to stimnmulate an

i mmune r espan®dehs2a subj ect. I n one enbodi ment, the i nPemttiSeevsioscoa2
conposition conprising at | east one PanB8Cys and at |east a portion of at

| east one integral menbrane protein of ah-influenza viral protein. In

anot her enbodi nent, the invention is a fusion protein conprising at |east
one pat hogen-associ at ed nol ecul ar tern (PAMP) and at | east one influenza

at
M2 pr ot ein, W%@Fm%\éﬁ]ﬂg@‘bci ated nol ecul ar pattern is not a

Pan2Cys. In a furtheE ,REHRHvERMn relkid@rol BMPBIiOR, fuSioR peesimamiit i on conpri sing
a pat hogen-associ ated nol ecul ar pattern and an M2 protejn, V\$1erde| n the
pat hogenassoci palpdptivios equprisingrathogen-asagiaiest malepdarpeljans (PRMES) prd anot her

embodi ment .t NGl YLk Bbudiss, SriERBROM O M GaTibicHs Bl fllydpasds oRior tion of
at | east one pathogen-associ ated nol ecul ar pattern and at least a portion
of at | east5 oniavéntibi cearbeamiployed ot methodswheineilpte an immpre IBPOABJBASEILHCi at ed
nol ecul ar pattern incl ud af .| : [Wotatial; n2Cys is
not fused to the ir%l? P%%???"ZO d@églgr oqé?ergmgl?llci agct% 8§ggpg&ﬂ€gﬂrgltn|%3tnfe%?0{?ﬁe

i nfl uenza M2 pPani3Eiymandsat ekt & prsiéoh dfet kelse oRainREys memhrape projaiwefrar

enbodi nment , th.eﬂi nvention i.s a fusion protein conprising at |east a portion
of at |east onBIPRERBIART 44 0ci ated nol ecul ar pattern and at |east a
portion of at | eastlnemghérefobudineat, M2 inventicsiina fusierpeotein cpmprisieg at least

pat hogen- associ at ed nol ecul ar ttern inc a P . a
portion of 1¢ heorlﬁéﬁ’g?,%@'qs?c%ffd 1$€1g@3arpgﬁ%@$ﬁﬁ ?Jnélnag{agg ﬁep)lrngﬂth?alizﬁﬂgéd at

| east a porti oproRfn, Whéeinthd preicgan-MRogated @blecilsr peternfitised Pro2€Ce PanRCys. I n
yet anot her enbodi nent, the jnyventi [ stimulating an i nmune

/ n.is a nethod of.
response in a subj é&?,fu%ﬁﬁmp%quﬁﬁmttﬁ%mé’?”é‘ﬁndsfa%\‘H’ﬁ‘?oﬁ]i“g? ETHGES the subj ect
a conposi tion Lhgfeed-RGbMAES mBlechiBtsiteangd HaNBQtsteRNehatin tigasthogerpor t i on of
at |east one integral menbrane protein of an influenza viral protein. In

still anot her mdﬂ%ﬂ?‘;m?%ﬁﬂﬂw}?ﬁgﬂn?@% met hod of stinulating an
i Mmune respgnse in Iﬁ‘ﬁl%’d&l&‘&em‘ﬁ%ﬂﬁ%ﬁt?t;hgmv%ﬂﬁ)n%qutﬁﬁosﬁidﬁic&hﬁlﬁﬁ{g' fg to the

subj ect aconposition that includes a fusion protein conprisj ng at | east one
pat hogenassoci kestd portion of at least one pathogen-associated molecular pattern and at Teast a
portion of at least one influenza M2 protein, wherein, if the pathogen-associated
molecular pattern includes a Pam2Cys, at least a portion of the Pam2Cys is not
fused to the influenza M2 protein and at least a portion of the influenza M2 protein
20  isnot fused to the Pam2Cys.
In yet another 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 influenza M2 protein, wherein, if the pathogen-associated
molecular pattern includes a Pam2Cys, at least a portion of the Pam2Cys is not
25  fused to the influenza M2 protein and at least a portion of the influenza M2 protein
is not fused to the Pam2Cys.
In yet another embodiment, the invention is a method of stimulating an
immune response in a subject, comprising the step of administering to the subject a
composition that includes at least one Pam3Cys and at least a portion of at least one
30  integral membrane protein of an influenza viral protein.
In still anotﬁer embodiment, the invention is a method of stimulating an

immune response in a subject, comprising the step of administering to the subject a



nol ecul ar pattern and at |east one influenza M2 protein, wherein the

pat hogen- associ ated nol ecul ar pattern is not a PanRCys. In an additional
enbodi menwQ 200s6p62ent i on is a method of stinulating anpPCcmusa@snesponse in
a subject, conprising the step of adm nistering to the subject a

conposi tion that includes at |east one pathogen-associated nol ecul ar
pattern and at | east one influenza M2 protein, wherein the

pat hogen- associ at ed nol ecul ar pattern is not .a Pa s and the M2 protein

L nP
is not an Me pmpesiiion thptinapdes p aSRs RPN SHBBHT AR 25T 08 PRINGEHE i on s a

met hod of sti md ahicAGnALul I PMASn RSP RASSné MilRedd D BGbiei; aiprelntheig t he step
of adm nistering to the subject a conposition that includes a conposition

conprisi ng at pedbagen-assqrorted @ﬁle@flar@@ftqrws&ot68@%%hogen- associ ated nol ecul ar
pattern and at | eaﬁ}a@acﬂ%én'a%%ﬁin%t, kRastenBbLislaM b atiMBlaphOirel N,

wherein, if the pathogen-associated nolecular pattern includes a Pan2Cys,
at | east a Soritmimome ofsporise irRasudiRgs corsprising thegerpiadmimgeringrtp HesEeN prot ei n
and at |east a porti - LA HENZ AR 0E Qb &t thSleBflr fs8dnd & the
PanCys. In acfoup?#elé)ﬁgg lggp%esr?ﬂ?és?ﬁe |F1v %t?on I's a refet hrogd of stinulating
an i mmune r espessene inflieensaib2eroteincopein dierpgthoprn-assasintest melgehlafirsitest iSng t o
the subject a c osition .that.incl. Lan: protein conprising at

| east a porti d}‘???) a’ﬁ#éYSeaélgtthegl\r/l% pf)ogeltlﬁggﬁ%%la@g%@?%%rgd mol ecul ar pattern and
at | east a porti onIpktilindiieasinbatiacrititht ineamnifa petbokofstinwiagingem, if t he

at hogen-associ at ed nol ecul ar ,pattern.includes a
Borti gn of 1§ heMBYYRP FPROTSE “h‘?)ffubg)eﬁé 8%][“]?%51%1%6 :sj[ﬁpf ?tﬁag%?gg[ iy glﬁee%uﬁ%%%d at

| east a porti opnpbsitiBethanihtiiészaoMBogiiat @iprisiag adtast upadon of 4t frestPas2Cy's.
The conpositions, fusion proteins and po epti des of e in I can be
enpl oyed to stﬁaih?g%‘%‘%gsaﬁat?%’?ﬁﬁ’é‘ﬂ?ré?ﬁ%rﬁ%é gﬁe% Iy l%r{:?f.att%ﬁ\slté)ﬁ’gglg%é&gf t he
clai med i nventjon:dti6] wikkeein,iPihe @B @ssochsd nefidcelat patercianipdsiat i ons, f usi on

protei ns and pol ypeptides that can he produced.in relatjvel arge
quantities forParRZEyeratigea gROENRISTEREYE &gt to ‘Pﬂ‘f@ﬁ%@é’ﬂgﬂ? ection.

The cl ai megs cogRQpichitAPertidnb? RNniefAUD Prot@ie isnpenbidieshalPundti.hods can be
enpl oyed to prevent or treat influenza infection and, therefore, avoid

serious illness andnadutier sohedinearnbe fryeqtionigamsod of stimulating an ihmune

response in a subject, comprising the step of administering to the subject a
composition that includes a fusion protein comprising at least a portion of at least
one pathogen-associated molecular pattern and at Jeast a portion of at least one
20 influenza M2 protein, wherein, if the pathogen-associated molecular pattern includes
a Pam2Cys, at least a portion of the Pam2Cys is not fused to the influenza M2
protein and at least a portion of the influenza M2 protein is not fused to the
Pam2Cys.
The compositions, fusion proteins and polypeptides of the invention can be
25  employed to stimulate an immune response in a subject. Advantages of the claimed
invention include, for example, cost effective compositions, fusion proteins and
polypeptides that can be produced in relatively large quantities for use in the
prevention and treatment of influenza infection. The claimed compositions, fusion
proteins, polypeptides and methods can be employed to prevent or treat influenza

30 infection and, therefore, avoid serious illness and death consequent to influenza

infection.



infection.- A - BRI EF DESCRI PTION OF THE FI GURES Figure 1 depicts the am no
aci d sequence of Salmonella typhimuriumflagellin type 2 (fljB/ STF2) with

t he hi ngewoegismozender|ined (SEQ ID NO 1). Figure 2 depCeius240s@46e6z| ei C
acid sequence (SEQ ID NO 2) encoding SES ID NO 1. The nucleic acid
sequence encodi ng the hinge region is und@erlined. Figure 3 depicts the

ﬁm no acid fs;aqu;ance of fljB/ STF2 without the hinge region (also referred to
erein as "fljBlSTFE " ' D NO 3). Figure 4 depicts the
nucl ei c aci d M@@Q@Emf{@ﬁ@ ing SEQID NGO 3. Figure 5

ﬂe‘p' cts t h'(?Eam :’10 fq:figdée 15ﬁéﬁi@ﬂﬁh@ﬁﬁﬁnﬁcﬁmwué‘nb@@%fmmzeﬂ& hphipakma referred to
erein as .coli I W th the |nere|on rl ID NO 5
Figure 6 depi clageligdyns Qﬂ&)’@TE%:)lVﬂths%ﬁ BECE PEE@%wgé%ﬁgg& ng SEQ ? D
NG 5. The nucleic P@QirQZQ@lﬂé’c@ﬂﬁ%u@%QQM@&]deﬁ& olus] N@gz)@ﬂcddalgus;mt@rl i ned.
Figure 7 depicts the am no acid sequence of S. nuenchen fl I|n fliC

(al so ref ert edDt ¥Ohbr Ehgnuglpicagid %?ﬂl‘é@ﬁé%@}?o‘flmg@@)h“\%f‘?gl?%uﬂé%g‘@ T egi on
under | ined (SEQ | Dﬁ@é@ z)deplgt's Elléraﬁmﬁ) éiﬁpéeﬁﬁe?xcé MJBLST'F@Vﬁth%ﬁt e Biggience ( SEQ

I D NO 8) encoding nucleic acid ﬂuence encodi ng t he
h:w?_/gg_nr:egl OR i wgion dasd nefeg‘ddtq:hegam@s @JH@HF% ort ‘ISEF%M) OEQdPdNQ@eYuence of
pl 2. The link v ‘%Bﬂ & g1dt §B 1¢h: HRGLRid2 speer etion
signal is bol ded (?ﬁ%‘?é E% oh gﬁi%%re 1 eglg%dtjs t he r%uclcel c acid
sequg_nce (SEQI ]IIINkNCB 10) of SEQ ID NO 9. The nucleic acid sequence
encodi ng tE i nker encodi n
the Bi P se ﬁence IS %qugra Ctﬁkheglgjé&g%u%%g}l%?g& %Zﬁﬁrﬁggl&?ﬂgg?g}psequenceg
(SEQ I D NGO 17jefeemd adhsrginas tiibd/i fi€r’) ¢ith theihingy ragiontunderinehGEQEIPNAus of anM2
protein (also referred to herein as "4xMe"). Figure 12 depicts an anm no
aci d sequence %)SEQ I D NO 18) encoded by SEQ

Figure 6 depicts the nucleic acid sequence (SEQ ID NO: 6) encoding SEQ

ID NO: 5. The nucleic acid sequence encoding the hinge region is underlined.

15 Figure 7 depicts the amino acid sequence of S. muenchen ﬂkagellin fliC (also
referred to herein as “S. muenchen fliC”) with the hinge region underlined (SEQ ID
NO: 7).

Figure 8 depicts the nucleic acid sequence (SEQ ID NO: 8) encoding SEQ
ID NO: 7. The nucleic acid sequence encoding the hinge region is underlined.

20 Figure 9 depicts the amino acid sequence of pMT/STF2. The linker is

underlined and the sequence of the BiP secretion signal is bolded (SEQ ID NO: 9).

Figure 10 depicts the nucleic acid sequence (SEQ ID NO: 10) of SEQ ID
NO: 9. The nucleic acid sequence encoding the linker is underlined and the nucleic
acid sequence encoding the BiP sequence is bolded.

25 Figure 11 depicts the nucleic acid sequence (SEQ ID NO: 17) encoding a
multimer (4 units) of the amino-terminus of an M2 protein (also referred to herein as
“4xM2e”).

Figure 12 depicts an amino acid sequence (SEQ ID NO: 18) encoded by SEQ
ID NO: 17.

30 Figure 13 depicts the amino acid sequence (SEQ ID NO: 31) of a fusion

protein (referred to herein as “fljB/STF2-4xM2e” or “fljB/STF2.4xM2e”)



ID NO 17. Figure 13 depicts the am no acid sequence (SEQ ID NO 31) of a
fusion protein (referred to herein as "fljB/ STF2-4xMe" or

"f1] B/ STRRO4RMABYIeONprising fljB/ STF2 and four, 24-am moTas2essegeences of
an amno-termnus of an M2 protein. Figure 14 depicts the nucleic acid
sequence (SEQ ID NO 32) encoding SEQ EfSNO. 31. Figure 15 depicts a
PanBCys. M2e fusion protein. The am no acid sequence (SEQ E) NO 13) of Me
is shown in bold type. Figure 16 depicts the activation of an,

ant i gen- pr eserfiompgisiagfljB/g ndbff?ur!'%‘ﬁ)‘lamilq@eac}dé@é’ﬁf‘?ﬁs O%ﬂﬁ?mg‘lt"g{%uﬁ RG. Figures
17A and 17B depigb ,p}@sm d constructs to express an am noterm nus of an M
(e.g., SEQID NG&: "13, 47) of H and H5 (SEQ E) NO_39) influenza A viral

i sol ates. pMT: net digue bkt depistyihp penieie agid Begyenge €585 H3 QG A2V @eding SER p:
secretion signg yeespence of inmmunogl obulin-binding protein. STF2:
fulllength fl ageII\I inof typhinmurium STF2D: hinge region-del eted STF2. MCS:
mul tiple cISOPi ng siRigure 3 depicts 21BanafiErisdM2e fpsiemsprotine ostamie aridiegicgeed t o
express HA o 5,4 : i j.sol ates. AOXI: AOXl pronoter of
pPl CZa expr ess&gQ%%%é)?FW?%%SQHYH#%g}P%i on, Carl sbad, CA)I.O af :
secretion signal se&igeeat@depictsthasttivaGiiefanfautigenipeesgutingfoeth (APC)ihy Tofl- S.

t yphi nmuri um F2D: hi region-del eted STF2. MCS: multiple cloning site.
Figure 19 depﬁgiesre‘ieﬁg’rgﬁr%ﬁ(?lgg%]i‘%'sequence (SEQ ID NO 60) of the STF2D. HA

fusion protein w tlFiglies 17Ad0er 7B elepeepilasid 20 s STHD enpresssaniagndii nge r egi on)

9 ; e . , :
51y encod iy SemAEs HA NpEEred ThRas 1y RS Rdls R0 G ot s
the am no aci dinfiee nCera( SERes. DD, mbid)iothiondif promibie2 Pasdd efprusionved®drco 8

PR8) strain of influenza A vir f usi : . ;
(STFZ?D and HA uRifepqcrstien signal sé/qluexlljcse)of irgr?llur?onglc;%l?rg- {nrclin\émptrohcei%.hgTH:?uliEr bet ween

length flagellin of S. fyphimurium. STF2A: hinge region-deleted STF2. MCS:
multiple cloning site.

15 Figure 18 depicts plasmid constructs designed to express HA of H1 and H5
influenza A virus isolates. AOX1: AOX1 promoter of pPICZo. expression vector
(Invitrogen Corporation, Carlsbad, CA). af: secretion signal sequence of yeast.
STF2: full-length flagellin of S. typhimurium. STF2A: hinge region-deleted STF2.
MCS: multiple cloning site.

20 Figure 19 depicts the amino acid sequence (SEQ ID NO: 60) of the
STF2A.HA fusion protein with the linker between STF2A (STF2 minus its hinge
region) and HA underlined.

Figure 20 depicts the nucleic acid sequence (SEQ ID NO: 61) encoding SEQ
ID NO: 60. The linker is underlined.

25 Figure 21 depicts the amino acid sequence (SEQ ID NO: 62) of the
STF2A.HA (Puerto Rico 8 (PR8) strain of influenza A virus) fusion protein with the
linker between STF2A and HA underlined.

Figure 22 depicts the nucleic acid sequence (SEQ ID NO: 63) encoding SEQ
D NO: 62. The linker is underlined.
30 Figure 23 depicts the amino acid sequence (SEQ ID NO: 64) of HA (PR8).
Figure 24 depicts the nucleic acid sequence (SEQ ID NO: 65) encoding SEQ
ID NO: 64.



Figure 22 depicts the nucleic acid sequence (SEQ ID NGO 63) encoding SEQ ID
NGO 62. The linker is underlined. Figure 23 depicts the am no acid sequence
(SEQ DD N€D 20ebjocofe2HA (PR8). Figure 24 depicts the nucl eca/isedos@qrence
(SEQ ID NO 65) encoding SEQ E) NO 64.Figure 25 depicts the amno acid
sequence (SEQ ID NGO 66) of E. coli fl i<®wi thout the hinge region. Figure
26 depicts the am no acid sequence of influenza A HSN1 HA (SEQ ID NO 67).

Figure 27 depicts the nucleic acid sequence i i
NO 67. Figure 28 H@grecsepiRis tEaAmgo ?fgﬁy quﬁﬁggﬁ&@%ﬁ/ﬁ‘)ﬁgﬁ? ﬁﬁﬁ*@?(ﬁf? P
gﬁth Ihg &Obsggﬁfhlogn%;igh@g@éio?_equenpe th yveeg ISTF2 and 4xM2e is underlined

i P secretion signal is bolded. Figur i
nucl ei ¢ acid sequeﬁtgére(zéE@iPEtmmiBgf)‘Ci‘é?F@BﬁFﬁﬁg'ggﬁfqzﬁ)%@é%&gﬁ Chﬁcf giec
acid sequenceéﬁr}@@:cggzg the linker is underlined and the nucleic acid
sequence encoding t Bi P secretion signal is bolded. Fiqure 30 depicts the
ani no aci d5sequenc&iguMP7IepiRts shavmsleiawsid segrears (SEQAD ¥y 68)pRerdy
sequence bet Weg\ S 1d+2 and 4xM2e is underlined and the Bi P secretion signal

is bolded. Figure 31 depicts the nucleic acid seq_uence (SEQ I D NO 86)
encodi ng SEQ | D NOFigte 28 Wepictsuled amivo agd sequensa efipM1ENd8dikNgetHY CERker i s

underlined and.the puckeic, aci ﬁg@ J hELis&Chekon si gnal
is bol ded. Fi g&“@ﬁs@uﬁ%ﬁ léntkgr Steﬁlé&lg%lg%ggeglm gdgelg ggl\r/l%g%g? Hé[:)121|\1/|T/ SEI!%}%%X l\/[Zeg
(H1H5) ( SEQ | oANkaphBd BiP sktretidr siged isdelfloénce bet ween the STF2 and 4xMe

depi cts tHY nuct ei £ Eabia B SR BT LETRAS s e TG &7
The nucl ei ¢ agbdveegpueme auasic acli sgubtve chéodigrthd nkentenddrlied aadthet he nucl ei ¢
depi ot the. amtRsRaEN=LesenELEH o b Srean et B o
Figure 30 depicts the amino acid sequence pMT/STF2.4xM2e (H5) (SEQ 1D
NO: 85). The linker sequence between STF2 and 4xM2e is underlined and the BiP
15  secretion signal is bolded.
Figure 31 depicts the nucleic acid sequenée (SEQ ID NO: 86) encoding SEQ
ID NO: 85. The nucleic acid sequence encoding the linker is underlined and the
nucleic acid sequence encoding the BiP secretion signal is bolded.
Figure 32 depicts the amino acid sequence of pMT/STF2.4xM2e (HIHS5)
20  (SEQID NO: 87): The linker sequence between the STF2 and 4xM2e sequence is
underlined and the BiP secretion signal is bolded.
Figure 33 depicts the nucleic acid sequence (SEQ ID NO: 88) encoding SEQ
ID NO: 87. The nucleic acid sequence encoding the linker is underlined and the
nucleic acid sequence encoding the BiP secretion signal is bolded.
25 Figure 34 depicts the amino acid sequence of pMT/STF2A (SEQ ID NO:
89). The linker sequence is underlined and the BiP secretion signal is bolded.
‘Figure 35 deﬁicts the nucleic acid sequence (SEQ ID NO: 90) encoding SEQ
ID NO: 89. The nucleic acid sequence encoding the linker is underlined and the
nucleic acid sequence encoding the BiP secretion signal is bolded.
30 Figure 36 depicts the amino acid sequence of pMT/STF2A.4xM2e (H1)
(SEQ ID NO: 91). The linker sequence is underlined and the BiP secretion signal

sequence is bolded.



89). The linker sequence is underlined and the Bi P secretion signal is

bol ded. Figure 35 depicts the nucleic acid sequence (SEQ ID NO 90)

encodi ng 8BQuIdeHEe2 89. The nucleic acid sequence encodiPO/USR@SIOUGKEr | S
underlined and the nucleic acid sequence_encoding the Bi P secretion signal
is bolded. Figure 36 depicts the anmino aéid sequence of pMI/ STF2D. 4xM2e
(H) (SEQ ID NGO 91). The linker sequence is underlined and the Bi P

secretion signal sequence is bolde re 37 nuc cid
sequence (SEQ DD N&igue C@HEBS&PW@““%’E@? eﬂfé?m@%%'ﬁiﬁﬁugﬁ %%E(Zequence
encodi ng the lpnksroii, Srh!é'ﬂd@élbIaaﬁqec@a@eteh&)dmgqhehmagmd@manaeheencod| ng
the Bi P secretion signal is bol ded. Flﬂgure 38 dep| cts the am no acid

sequence of pMPF@FFaE@SﬂW@e@PB)m%@E@ oonqeien gigyal isppldefli nker sequence is
underli ned and the gg £ %&ﬁwtﬁé‘alﬁfngaah séq%emld@*gm/ﬁmrm p@n cts the

nucl ei ¢ acid sequence ( 94) encodin NO he nucleic
aci d sequerice (SHQJBING 9t3heTlllq 1|111l<ér seql@nemtaemﬂ@rhé@ aaA tha THB sergtioaisignalds d
sequence encodj hg ;t he Bi P secretion signal is bolded. Figure 40 depicts the
am no aci d sequence pMI/ STF2D. 4xM2e (HLH5) (SEQ ID NO 95). The I|inker
sequence is under | iFiga 3ndeptcheth@nweleieaidsdquencs (FFRAID NO: Bbl deeiingSRre 4 1

depi ots the Nyl ool ARSHSS AR DN e e oAt ERUD N0 95

The nucleic a equence enco I'S un |ne and the nucleic
aci d sequence mmmﬁcn@eQMcﬁnBo$egmeBuR)wcmtlgn aignalgs chbdeded Figure 42

depicts t am no uenc SE a rruenchen
fliCwtho the hi r’ﬁjlée ‘?‘F‘gipbcﬁs tﬁw%ilfl@ﬁgaflg)se uggcerr)]\flg/r%Fg %e e:ﬁn as "S.
muenchen fl i CQSEQADIWO A3 Thekmlet seqtidnee fsumklexﬂmedamddhes&ﬁumci@nofg@ab monel | a
muenchen fli C (%3:8 I D NO 100) encoding SEQ ID NO 99. Figure 44 depicts

| L-8 secreti orPFE ow ng stinulation of TLR5+ cells. Figure 45 depicts TNF
secretion foll ow ngrigié MUEdtOMe licleld- R34 seq@bics (SEQ gD NO: 46) depding SEQ

Vee-specific | % NO: 95. The nucleic acid sequence encoding the linker is underlined and the
15 nucleic acid sequence encoding the BiP secretion signal is bolded.
Figure 42 depicts the amino acid sequence (SEQ ID NO: 99) of the
Salmonella muenchen fliC without the hinge region, which is also referred to herein
as “S. muenchen fliCA.”
Figure 43 depicts the nucleic acid sequence of Salmonella muenchen fliC
20  (SEQ ID NO: 100) encoding SEQ ID NO: 99.
Figure 44 depicts IL-8 secretion following stimulation of TLR5+ cells.
Figure 45 depicts TNF secretion following stimulation of TLR2+ cells.
Figure 46 depicts M2e-specific IgG.
Figure 47 depicts the OVA-specific IgG.
25 Figure 48 depicts the M2e-specific IgG serum titers.
Figure 49 depicts the M2e-specific serum IgG titer post-boost.
Figure 50 depicts the Pam3Cys.M2e dose response.
Figure 51 depicts the M2e-specific serum IgG titer.
Figure 52 depicts the rabbit IgG response to M2e.
30 Figure 53 depicts the immunogenicity of STF2.4xM2e in a rabbit 14 days
post-prime.

Figure 54 depicts the survival following viral challenge.
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rabbit 14 days post-prinme. Figure 54 depicts the survival follow ng viral

chal | enge. DETAI LED DE T The features and ot her
details of th@ﬁ%ﬁﬁ%@%ﬁ%@ﬁ%@bﬁ?@% e invention or as

conbi nati ons of parhs f@furdsh@dioheedddienf thelidvenfi@veitr isteps pattei cul arl y
descri bed and pointed out in the claing i

Wi erstood. that the
particul ar enﬁé%ﬁnﬁ@fh‘?rsas(‘}f’m?’ﬁ’ét“?%\?@?ﬁ“isGﬁthﬁr‘%"e%wﬂﬁ?/o%g mgge Haﬁicﬂgﬁ?‘ ation
and not as |i rHeEc'i‘ﬁob@Q&l ﬁmtEJ‘@ut'n{‘M@@lhin%n Tt wilebeRinbérstosd Baf tB@pari@sarof this
invention can be enployed in various enbodi nents w thout departing fromthe

scope of tHe iamhedinents.of the ipyratiemsse shaverky, waed Hystratinn 296 nptas AmiBHESsi ti on

conprising at

([Pal mtoyl]- (%/f%?e(%ksig gn g 1% paﬂ%f% %@ref)ivh{sﬁ?vgmﬁn cg?/]sjg grlnlrjllg eda]ﬁg a%(%usl east a
portion of at dr@aémmmevlthwe@pamlnﬁﬁﬁmﬁmom@tt mvetionn i nfl uenza viral
protein. PamBCys ( gﬁ)e én%o% xﬁ%q hSn G [k alac%glé)gg’?an dotn sﬂ;? b le;!@t k& receptor

2 (TLR2) agoni st e npositi’ons can inc wo, three,
four, five, s|Ban@ﬁysrc[Pelnpwt/ﬂ@e@RSi)S%bm(palmdoy&omﬂmm c>p@nneéandsat ée@stg

Pamqus lg)m%lé%ﬁxoglo ﬁé‘%%t tQ 1rn m%m%rag 1%'[261]:1 th&e%lra%ﬁrow 18), five,

six or o el o PR RFT Uenza vira protein. Wen
two or m)re PAMH&BC@mcHlmrrefewed mrhemrﬂ“IPT)lmaﬂTth -like read:ptwerfFéijsagmnprl se the

conpositions, fusi gf% %I%?el ns %%q?@%yg)épt%ngpgt‘gv%fﬂgee flo nt| %r& they are

also referred to a Crner’ o
am no-term nusmek pafo d@édﬁa@éd}ncﬂamlabgatfe@ur(s g2 Pam2CysoPaniCyspaguences (t ot al

o e W SB a  eh SE Rt (2
ect odomai M5 proteins of an influenza viral protein. When two or more PAMPs and/or two or
more influenza viral proteins comprise the compositions, fusion proteins and
polypeptides of the invention, they are also referred to as “multimers.” For example,
a multimer of the amino-terminus of an M2 protein can be four, 24-amino acid
sequences (total of 96 amino acids), which is referred to herein as 4xM2 or 4xM2e
20  (“M2e” refers to the 24 amino acid amino-terminus of the M2 protein or its
ectodomain).
Pathogen-associated molecular pattern (PAMP) refers to a class of molecules
(e.g., proteins, peptide, carbohydrates, lipids) found in microorganisms that when
bound to a pattern recognition receptor (PRR) can trigger an innate immune
25  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
intracellular domain homologous of that of the interleukin 1 receptor. Toll-like
30 receptors include TLR1, TLR2, TLR3, TLR4, TLRS, TLR6, TLR7, TLR 8, TLRS,
TLR10, TLR11 and TLR12.



Pat hogen- associ ated nol ecul ar pattern (PAMP) refers to a class of nol ecul es
(e.g., proteins, peptide, carbohydrates, lipids) found in m croorgani sns
that wherwbaosdepzs2a pattern recognition receptor (PRR) PCINUS200599@62 an
innate i mune response. The PRR can be a ToI | -1 ke receptor (TLR).
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8, TLR9, TLR Onrefeming oy d LRy RGBS FRO souleriprjartivates g Pgtsé%‘ah‘iﬁ%aé By Apat tern

can be an agonyst m%ﬁalf?&gtpﬁihkﬂaﬂl isle® iNtReSIRIR signhIQfanSI6aiGH Iﬁihv(thy'@nﬁﬂ)yagﬁbm st,
such as PanB8Cys. "Agonist," as used herein in referri TLR, neans a

mol ecul e t hat apariuar 43 Ratha g be ashixpteh by paL-Riiiggnd of 2L I—F@%ﬁ"&ﬁ&l CHYIFat hway i s
an |t racel | Ul ol gk ARSAUGI G BRTIRG ERBLY RS chimAcnakB ot ar TLR

that can be activate and or a TLR agoni st

i ntracel | ul ar Natrmiea) Smaareeané mpﬂog%@tlwe@meualﬁaaﬁen EhuprshogerRssesdifipl e,
NF-kB, Jun N-t 1%5{&1{]%' L35 8inB0Ee HilL05HR n?éfﬁﬂey ?ctl&%dﬁfo% #ikRrdthnase. The

pat hogen- associ a ecufar pattern can Include at | east one nmenber
sel ected from ¢dnsnstgrgnfp"ﬂdﬁsagsmstngTbR2&gGrLﬂaHgibﬁﬁgqnlst,aﬁﬁkff?é agmishiast , a TLR

3 agoni st ni s [ N} $ER 08ookkdR 7

agoni st a@L *@K% el st IrLR%L%@ta @%J?Ztaﬁgnfﬁ%@ﬁ ?rg%{ a TLR]go 1 agonl st
and a TLR12 ag’@hRHIagohmf Iaaémaagunusuamsa’ﬁhﬁlljagmdtad into three types (i.

A B, O determ ne t he. antl ic . differenc ein (RNP)
and matrix (M anti g LY TR g hcgegéntthr?ﬁtEf%e%g Aéw Qﬁs%%gﬁﬂgg se

epi dem cs and maﬁﬂigféhk‘z?dlf&”tdmchﬁﬁ rdBnENEoprotdin (RN Phedd atagrixh@d)tantipent bltbnza B
virus appears to naturally infect only eeldemcs in

mans and .can
humans. |t nat GFsFs-yin ‘r‘ﬁ“é%és ‘rﬁﬁl??é‘%usgr?a%lé’%?éraﬁ‘?p%‘flﬁ@}“ﬁ% PP 8 ¥ speci es,

i ncl udi ng $Wi NRRAEHINEHERS InfRBEEaS Vihdeppears B hytuaily iedonlypamassnd baf | uenza
C virus has been isol ated from humans flnd SW_ne, Sbuag%’enaﬁrﬁ‘ﬁl y does not

occur in epi dePAvERePAdRRIcS T Apmgnsy didtaryrally; | e hymaR hans. I nfluenza
A virus, influghmaaBaigesiss, dithatrglshitRIiaa hbrsyd, bitba WRle BGety Of A spécica)

Influenza C virus has been isolated from humans and swine, but generally does not

occur in epidemics and usually results in mild disease in humans.

20 Influenza A virus, influenza B virus and influenza C virus belong to the viral
family Orthomyxoviridae. Virions of the genera influenza A virus, influenza B virus
and influenza C virus contain a single stranded, negative sense, segmented RNA
genome and are enveloped with a pleomorphic structure ranging in diameter from 80
~120 nm. The single-stranded RNA genome is closely associated with a helical

25  nucleoprotein and is present in seven (influenza C) or eight (influenza A and B)
separate segments of ribonucleoprotein (RNP), each of which has to be present for
successful replication of the virus. The segmented genome is enclosed within an
outer lipoprotein envelope. Matrix protein 1 (MP1 or also referred to herein as
“M1”) lines the inside of the outer lipoprotein envelope and is bound to the RNP.

30 The outer lipoprotein envelope of the influenza virus has two types of
protruding spikes. One of the protruding spikes is the integral membrane protein

neuraminidase (NA), which has enzymatic properties. The other envelope spike is



famly Othonyxoviridae. Virions of the genera influenza A virus, influenza
B virus and influenza C virus contain a single stranded, negative sense,
segnent edvBltosgesmee and are envel oped with a pl eonor phiPCTAtSRMSWG6E2 I angi NY
in diameter from80 - 120 nm The single-stranded RNA genonme is closely
associated with a helical nucleoproteinmldnd is present in seven (influenza
C) or eight (influenza A and B) separate segnents of ribonucleoprotein

(RNP), each of which has to b resent for ccessful _replicatjion of the
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outer | i popr ofeserosrne ey of cellselnplfing sdbloadicells HsOusRaPaREe of
protruding spikes, e%ﬁce?fhe%ﬂﬁm%lﬁlteraﬂﬁjb&%p‘ﬁ@!e'f@ﬁea’t Urfihe deetL@s ald menbr ane
protei n neuram ni dase (NA), has enzymatic properties. The other

envel ope spi keolvetthe tri meri c | nt egral nenbrane protein haemaggl utinin
(HA), which partic ah EQ Yori-4&FecBR frteglabmbMAb@anse! |
menbrane and can cgﬁ%&f@o{eﬂl%{hkfgw%mr e)cle r(g)rs onca vlarelglleatlg/1 of gel | s,

i ncl udi ng r ed it dednd ehdten ofﬁhelllﬁhl?@aAVIptsp is phundpRil e¥peseaRidBe t he viri on
| abil e and susetlbl 5 RLEEBY SiriolBL i X
protein 2 (M PP em ) 1%3'0?)9%?95111% %BQ?HS ﬂﬁﬂf%e%&?ggu?dﬁgeegras %nltglf)ane ion
channel prot elﬂtbraiarrtﬂh@,alpmftlloueﬁzral\/mmuemseofIX@uleszaa‘bwndantIy expressed at the

Ui Tons., Fi STV HRONT DR A AR R RSO, eesed By
VMSLLTEVETPI RNEWERRONRESSOPE S VARSMRGEYRK HWP N ORDAERZI FHRY SIELE (SEQ ID NO:
FKHGLKRGPSTEGVPES:E@ 3I.leEYRKE VDADDSHFVSI ELE (SEQ ID NO 11), which is

encoded by AT CGAAACACCTAT CAGAAACGAAT GGGGGT
GCAGATGCAACGATAr TS AGHE TCOBE AT ATEATAGAAACGAATGGGGGT

GGGATCTTGCACTTGATATTGTGGATTCTTW
ATCTATCGACTCT RSB EE S TARRS %%GCCGCGAGTATCATT
GAGT ACCT GAGT CTATGASCRANAETATI A G AGCAGCEBAS ARG CGTCTTTTTTTCAAATGC

CTGT%ATGCTGAQE’IG\CC'IA ﬂ %LE’EE%TT%AA%AAJQCGCA}%EE%A AAGAGGGCCTTCTACGGAAG
GAGTACCTGAGTCTATGAGGGAAGAATATCGAAAGGAACAGCAGAATG
CTGTGGATGCTGACGACAGTCATTTTGTCAGCATAGAGTTGGAGTAA
(SEQ ID NO: 12). The native form of the M2 protein is a homotetramer (i.e., four

20  identical disulfide-linked M2 protein molecules). Each of the units are helices

stabilized by two disulfide bonds. M2 is activated by low pH. Each of the M2

protein molecules in the homotetramer consists of three domains: a 24 amino acid
outer or N (amino)-terminal domain (e.g., SLLTEVETPIRNEWGCRCNDSSDP
(SEQ ID NO: 13; also referred to herein as a “human consensus sequence”), which

25  is encoded by
ATGAGCCTGCTGACCGAGGTCGAAACACCGATCCGCAACGAATGGGGGT
GCCGCTGCAACGATTCAAGTGACCCG (SEQ ID NO: 14); a 19 hydrophobic
amino acid transmembrane region, and a 54 amino acid inner or C (carboxy)-
terminal domain. The M2 protein can vary depending upon the influenza viral

30  subtype (e.g., HI and H5 subtypes of influenza A) and influenza viral source (e.g.,
Puerto Rico, Thailand, New York, Hong Kong), as shown, for example, in

exemplary amino-terminal sequences of M2 proteins in Table 1 (infia).



(SEQ ID NGO 12). The native formof the M2 protein is a honotetraner (i.e.,
four identical disulf de-linked M2 protein nolecules). Each of the units
are hel i cwe 2a6atopicezed by two disul fide bonds. M is actrratseasoyscbow pH.
Each of theM2 protein nolecules in the honotetranmer consists of three
domains: a 24 amino acid outer or N (amildo)-term nal domain (e.g.,
SLLTEVETPI RNEWGCRCNDSSDP (SEQ I D NO 13; also referred to herein as a

AT GACOCT GLT CAOOCA R AR BTSN MEAR PR <1 of the fffuenza A

GCCGCTGCAACGAT, TW%S&% (rﬁﬁ@uﬁc@aiﬂ% stéjgé)wheﬁ: il SerivtdtRRA®Ps Grabhno aci d

t ransnenbr ane region, am no acid inner or C (carboxy)-. term nal
domai n. The I\/Empr’fhﬁt‘elrarhpftf&ﬁe \%hd‘gh lgwpis ip PAGinsige Fretvias. TRt g Ay HSOFIREIN subt ype

(e.g., H and %Qﬁg Rﬂctelhafﬂl HER %R ron@ih l’di‘élhwqqs\@dbﬁéeq%k!éce (e.g.,
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Puerto Ri co, Hong Kong), assown for exanple, in
exenpl ary A ribe viersrronizs rem@qc;cbm@éhe eshitemtsoF e aimsare gelgagpd Bom thej nf r a) . The M2

protein has an I g{etu?tnﬁhe cg‘{ ?la'sﬁ otf'lf}{“aehok V\Ellﬁ%%f@ctf& the influenza A virus.

It is |rrportanetn unc ereit permits the entry of
protons into the vmhalfuqoaasnofcthceMmtmrmhl dao\henvéllmmébphnﬁlml degs fveh s r us,

resulting in di Sso i atl anft% e I1JhrPre\}gRttt é%ngré&ﬂn@ec%%ﬁlggggtgg?

ri bonucl eopr ot&H nsequerc e virus coat 1S renoved and the
contents of tf&lchhﬁt&kﬂraadlr&gsn&hﬂgslﬁﬁﬁ ﬂhemﬂﬂ&mbmmdmimeoﬁtmwmmlmyndopl asm of

he h i f Th
i bi ted By arieon apbt b hatel FaLRne bR AR e i o

prevent the Vlﬁ&ﬁeﬁté@ﬁ@dnﬂhﬁ@datlﬂgth'elvﬁldﬁost cell. Such antiviral drugs
usual l'y blndthetransrrerrbr ner [ 0 otein and st rlcally

bl ock the ion chanrd 1?9}"%94 ﬁ?r’r@gﬂﬁlﬂ%{e&'\%ﬁa@m raﬁ?%&?&%}sz ‘Bt ot ons
fromentering &8@1n§%@@&éﬂ3@r6rﬁ1ﬁle‘éhfef QitfacdSt thH wifldss ad 1@&6Mﬁfacd\ﬁ thddA and NA
are integral nenbrane proteins (e.g., proteins that extend fromthe outer

surface of theviwis)efsnflusngaaruseaniugizara Be Cof “Atleasis P%?nao?s YseEh za

viruses (i ugnzgrehve tgan foke ralﬂelﬂb?ﬁr%tprcﬁed?@f 4d iBNuenzASirbkS Beard @ epdit oM
reference to an 1 ntegral nenbrane protein of an |nfluenza Vi rus, ans any

part of an entanre@tlrerm@sﬁbmern’erﬁm@rﬁ@nbrF@r erample-gie 24t @1d NiemiHs i no aci d
N-termnus of e np protein (e.g., SEQ ID NO: 13), EVETPIRNEWG (SEQ ID NO: 15),

EVETPIRNE (SEQ ID NO: 19), EVETPIRNEW (SEQ ID NO: 34) or EVETPIRN
(SEQ ID NO: 20) is at least a portion of an M2 protein; and

20 PAKLLKERGRRGAIAGFLE (SEQ ID NO: 33) is at least a portion of an HA
protein. SEQ ID NO: 15 encoded by
GAGGTTGAGACCCCGATTCGCAACGAATGGGGT (SEQ ID NO: 97). The
protein encoded by GAGGTCGAAACACCTATCAGAAACGAATGG (SEQ ID
NO: 16) is also at least a portion of M2.

25 The compositions, fusion proteins and polypeptides of the invention can
include at least one member selected from the group consisting of an influenza A
viral protein, influenza B viral protein and an influenza C viral protein. The
influenza viral protein can include an integral membrane protein that includes at
least one member selected from the group consisting of a haemagglutinin integral

30  membrane protein, a neuraminidase integral membrane protein and an M2 integral

membrane protein.



the M2 protein (e.g., SEQID NO 13), EVETPIRNEWS (SEQ I D NGO 15),

EVETPI RNE (SEQ I D NO 19), EVETPIRNEW (SEQ ID NO 34) or EVETPIRN (SEQ ID
NO 20) iwoanodmsamt a portion of an M2 protein; and PAKPCKERSRRGAALSLE
(SEQID NO 33) is at least a portion of _an HA protein. SEQ ID NO 15
encoded by GAGGTTGAGACCCCGATTCGCAACGAATESGGT (SEQ I DNO: 97). The protein
encoded by GAGGTCGAAACACCTATCAGAAACGAATGG (SEQ ID NO 16) is also at |east

a portion of M2. The conpositions, fusion protei d l. i
i nvention can incl E%Fe‘n?fgraf@& raé‘ﬁBTWQrmci%‘{%@&l\g%p’f@%?ebnmﬁ?%éag@%hges of the
;gn;slnfslt ngzgf é@a_dﬂ,lmdﬂeﬁf;@mEm%@mmfml RCND SEDRIEERIDRNOI tHlengaded ei n and
. viral protein. e influ i.ral protei.n can includ
integral menbPASEQIPIIE; W‘?rﬁé{ea?tﬁ‘dﬁofﬂﬂ’égﬁgéslléé\i& gﬁ@cﬂ‘iﬁé{r se: ggt gdef ?gm
the group cons{tiRECREABTOARIEHEEAGADCICONEWEEA NECAAGGEETIECa, a
neur am ni dase 1 ntegral nmenbrane protein _and an M )i ﬁhgfg&al menbr ane

Eﬁ& a

protei n. Thé i KIBHCHAGBABTEAE CHICAE GO EHR Ihtude FFYEBICAR t hat

| nel udes at | iier ReRY b 104k e bk Wrcid SoRR0SER | D N0 13)
encoded by SE 1 14 or at least a portion of SEQ ID NGO 47, encoded by
AGCTTGCTGACT GEVETPGREABICHSEAY BIBYECERQ @I’MCGATTCTTCCGACCCG

(SEQ 1D N 1080 relRr YA SRIPHPID: %E‘?Eﬂg};\fﬁpﬁm@ﬁv&@%R%D%ﬁ?ﬁgﬁ%% menber

sel ected fromthé group I'ng ‘0 ETPI RNEWG (SEQ | D NO
EVETPI RNE ( SEQIO:BINGIu AFJSN EMEFA0RNN It NeE@salate Niih sgdne;replacing cysteine);

Usolate w'on SR P EARAE e Ry SPERE e HeDa R (TR AR e o
(NgEQ4?)D (Ngl U4A/ ibla'ﬁ:\iiln NBEE% ;MWHLMQN@SR&SE? SDBKSE(EVENQTRWSSDSSDP
Cystei ne): . SLIRVEYEY REbORSDRS T TR A A Pena wee. Hong -
g}l D9k97/ :\éol ?{Kﬁ?(ﬂTESBIIEKEJWWP@SIB IDSER 42D(NOA HBY1 Rk, HAGHTN M2e
cken/ New York 93 moran 2P BB RLAR EsRRSARSBS S¥Q BN 43) (Fru A
15  H7N2 M2e Chicken/New York 95 Isolate with serine replacing cysteine);
SLLTEVETPTRNGWECKCSDSSDP (SEQ ID NO: 44) (Flu A H7N2 MZ2e,
Chicken/ New York 95 Isolate); SLLTEVETLTRNGWESKSRDSSDP (SEQ ID
NO: 45) (Flu A HON2 M2e, Hong Kong 99 Isolate with serine replacing cysteine);
and SLLTEVETLTRNGWECKCRDSSDP (SEQ ID NO: 46) (Flu A, Hong Kong
20 99 Isolate). Certain cysteine residues, for example, amino acids 16 and 18 of SEQ
ID NO: 40; amino acids 17 and 19 of SEQ ID NOS: 42, 44 aﬁd 46 in the naturally
occurring sequence of at least a portion of M2 protein are replaced with a serine
(see, SEQ ID NOS: 41, 43, 45 and 47, respectively).
The integral membrane protein can include a haemagglutinin protein that
25  includes, for example, at least a portion of SEQ ID NOS: 64 and 67, encoded by
SEQ ID NOS: 65 and 68, respectively. The haemagglutinin protein can include at
least a portion of at least one member selected from the group consisting of
PAKLLKERGRRGAIAGFLE (SEQ ID NO: 33) (Influenza B);
SLWSEEPAKLLKERGFFGAIAGFLEE (SEQ ID NO: 35) (Flu B);
30 SLWSEENIPSIQSRGLFGAIAGFIEE (SEQ ID NO: 36) (FluA H1/HO);
SLWSEENVPEKQTRGIFGAIAGFIEE (SEQ ID NO: 37) (Flu A H3/HO0);
SIL WSEEEWEERERRRKKRGLFGAIAGFIEE (SEQ ID NO: 38) (Flu A H5/HO);



SLLTEVETPTRNGANECKCSDSSDP (SEQ I D NGO 44) (Flu A H7/N2 M2e, Chicken/ New York
95 Isolate); SLLTEVETLTRNGAESKSRDSSDP (SEQ I D NO 45) (Flu A HON2 M2e, Hong
Kong 99 Iwol2atenemiéh serine repl aci ng cysteine); and PCT/US2005/046662
SLLTEVETLTRNGAECKCRDSSDP (SEQ ID NO 46) (Flu A Hong Kong 99 Isol ate).
Certain cysteine residues, for exanple,-Bmno acids 16 and 18 of SEQ I D NO
40; amno acids 17 and 19 of SEQ ID NCS. 42, 44 and 46 in the naturally

occurring sequence of at f ein are replaced with a
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PanBCys and at |east a portion of at r e protein of
an influenza vE¥AMgR o élisﬁn%téﬁmﬁ?r%tslgeeg a]gq‘r‘b?gf?'ér# 3?’ ?‘A\‘l@’lng?weagraof ei n.
| Z;z It on pr g% ei BortioSt S8 giaPMBinBrand @b@MmSoftR nalupmtmrprgen@ﬂat arel lifilkadm at

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 (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

20  portion of an integral membrane protein of an influenza viral protein). One
component of the fusion protein (e.g., Pam2Cys, Pam3Cys, PAMP, at least a portion
of an integral membrane protein of an influenza viral protein) can be linked to
another component of the fusion protein (e.g., Pam2Cys, Pam3Cys, PAMP, at least a
portion of an integral membrane protein of an influenza viral protein) using

25  chemical conjugation techniques, including peptide conjugation, or using molecular
biological techniques, including recombinant technology, such as the generation of a
fusion protein construct. Exemplary fusion proteins of the invention include SEQ
ID NO: 31 (Figure 13), encoded by SEQ ID NO: 32 (Figure 14); SEQ ID NO: 62
(Figure 21), encoded by SEQ ID NO: 63 (Figure 22); SEQ ID NO: 60 (Figure 19),

30 encoded by SEQ ID NO: 61 (Figure 20); SEQ ID NO: 83 ((Figure 28), encoded by
SEQ ID NO: 84 (Figure 29); SEQ ID NO: 85 (Figure 30), encoded by SEQ ID NO:
86 (Figure 31); SEQ ID NO: 87 (Figure 32), encoded by SEQ ID NO: 88 (Figure



two simlar or distinct conponents (e.g., Pap Cys, PanBCys, PAMP, at |east
a portion of an integral nenbrane protein of an influenza viral protein)
that are wonkedeeweal ently or noncoval ently. The conponectasedosiiesst usi on
protein can be made, for exanple, synthetically (e.g., PanBCys, PanRCys) or
by reconbi nant nucleic acid techni ques -(l.-g., transfection of a host cell
with a nucleic acid sequence encodi ng a conponent of the fusion protein,

such as at least a portion of a PAMP, or at_ |east a A i nt I
menbrane prot e BhNOnPT (Fderas o ?%Pé)e&rbétsg%ﬁ? N&%P&éﬂi{gggg%]@@; Eeegr :
fusion protei Nd.&3qFicuRHIBNodePBFEENID \RANR, (Fidird BRSEQ@IPMNC: PHN of an

i ntegral nmenbrane protein of an influenza viral p can be linked to

| | pratei
anot her conporBiguredi0).eheoded 8y SHQIPIN@i 4 (¢ @P&.%l)?%ﬂ‘gﬁ?‘éeg’ﬁa&ﬁ%@s, PAWVP, at
| east a portiqp iE{edffH‘Fii ggral menbrane protein of an influenza viral
protein) using Bheni cal” conjugation techniques, including peptide
conj lr.lrgf'itl orf, or usiFrgomplotains| cdthetinvsntigh eaa(bedergnaied by somparantrdt Hi
reconbi nant t o] he gemn i fec ) in
construct . Engﬁn%&aéf%?“&é?%ﬁﬁﬁ%%%'n‘s"go'feff SpIg™S ?g%'@ﬁcﬁeufggwsﬁQ ID NO 31
(Figure 13), endadedtehycoifisinD oNOljBISTH Rirgligineand ape MREQrqteinNed 62 (Fi gure

21), encoded h | D,NO 63 (i ; ; LWaure 19),
encoded by SEQ%FEEWC 1ref'?§| té)l?rﬂésq%? %@6@@%&%@( ?@?éﬁ?gh&%), )encoded
% s§6Q |([F> NO x&&xf(lﬂhghfnge 23jan 2BEQG)(28-adno 84 (eRiaposseof 3y N-termimy eéithpy  SEQ | D
. i gur . .87 (Figure 32), encoded by SEQ ID NO. 88
(Fi gur e33) ?O Sé@?%ﬂt‘?{b&%ﬁ)gﬁ'éﬁ)re 36), encoded by SEQ I>IZ/) NOQ 92 (Figure
?Z)) ;\IOSESSI ?FNQ 93ié(l)§jrgjljhent§)$)he fesieogtedinogn 8e@deD NO. 94 (Figure 39); SEQ
) Figure n y b Fi gur , and PanB8Cys,
such as depi c?%AT#%ﬁflg‘g‘?ﬁﬁl@&ﬁ&&gﬁ%&(ﬁt}g%ggogﬁtaggoal%ﬁé )nti on caf\1 bg >
ggfl g)r(]:';rgfjeby" ,Sé‘pG]QTFZgwmmﬁA@?AAheTbaS]'rA]QEW(EIBGCGK' S RePECAT6GATTCTACTCTor " - . "
: .Mee" refers to a fusj ' i Si '
brot o1 n and orCREETROGASH TARICCARTEAGaBED FOF 295 To a fasi on protein
conprisingieone flj BioHdodeletisBf i ihhtion! dag filkihegiacl@gh tinkeabetweet)at 24- ani no

aci d sequences of the N-term nus of the M2 protein (S I 47
conponent of tleest prgstomrpopenseEthe fiesion HT?FEiFlLS%ié-I?Pam Y8 IgamEZ%ysPP ANt ) et A

least one other component of the fusion protein (e.g., at least a portion of an integral
membrane protein of an influenza viral protein) of the composition, a linker between
at least two of similar components of the fusion protein (e.g., Pam3Cys, Pam2Cys,

20 PAMP, at least a portion of an integral membrane protein of an influenza viral
protein) or any combination thereof. “Linker,” as used herein in reference to a
fusion protein of the invention, refers to a connector between components of the
fusion protein in a manner that the components of the fusion protein are not directly
joined. For example, one component of the fusion protein (e.g., Pam3Cys,

25  Pam2Cys, PAMP) can be linked to a distinct component (e.g., at least a portion of
an integral membrane protein of an influenza viral protein) of the fusion protein.
Likewise, at least two or more similar or like components of the fusion protein can
be linked (e.g., two PAMPs can further include a linker between each PAMP, or two
integral membrane proteins can further include a linker between each integral

30  membrane protein).

Additionally or alternatively, the fusion proteins of the invention can include

a combination of a linker between distinct components of the fusion protein and



MKATKLVLGAVI LGSTLLAGCSSN (SEQ I D NO 21) encoded by
ATGAAAGCTACTAAACTGGTACTGGGCGECGGTAATCCTGGGT TCTACTCT
GCTCCTGEORAGIMETI6CACCAAC (SEQ I D NO 22). The fusion proraisa@soicethe
invention can further include a linker tween at | east one conponent of
the fusion protein (e.g., PanBCys, PanRCys, PAMP) and at | east one ot her
conponent of the fusion protein (e.g., at least a portion of an integral

menbrane protein of an influenza vi ei FRRIPRSERIAn. a
li nker bet weefm4fr Pk tcomﬁnegsogf[hﬁciifl%!r)n @%%lorlig)n?%tngwtg he fus?tgln “prot ei n
(e.g., PanBCysompRasOicast tRARRMPa} Pdnedys and/pdam26ys efmpanentpthegfueghermenbr ane

protein of an_ influepza viral protei or an i i .

"Li nker," as ﬁl@é‘ﬂieﬁ%Eéfeﬁg?we?%g%reé%@%’ttgogr Pé?%%%%{fg?%t‘%(?ﬁgeﬁgi nventi on,
refers to a coppgeiRpriehyeRn itMpandn sntipbn hiefuftis iimiuderadinkerbetweea manner
t hat the components, of the fusion protei.n are not .directlyhQlped. For
exanpl e, ofle dFp@laker bsFvaenang i?é‘?‘g?ﬁerﬁrohtth@%ﬁm@é’.rﬁ?l? (%'n%@/(’[sﬁ)g@;nzq/s, PANVP)
can be |inked  hona dlirstd RlposRMPORE Alsich @rdein (6., ot Basita porthor dfiarasof  an

i ntegral nenbrane protein of an influenza Vi‘railpro %jntggkag_)y of .t he fusion

protein. Li kewhsintegzal membsanepyieip pf arpindueizad iy SOMBBALH: s of the

fusion protei @EE%@ be linked (e.g., two PAMPs can further include a |inker
bet ween each , Oor two integral nenbrane proteins can furth rd i ncl ude a
| i nker between eacfh¢ linksyeat bwmml%hlﬁqeéiﬁw.ammqq [ $4p IRfpude

al ternativaly, o 5 r E NSan@ho hAE rds AN IThO BmERMhcidifkade a

conbi nat i olg) ofsylgtﬂ?q}cnl@l?ﬁgag?voxg%uﬁh%sast|B(r)1_ct {:Srrponents of the fusion protein

andsi mi | ar or ehipkeyed ortpofisivhpraséing picthé insersion pandpelpde atfesst RABEHPE a fusi on
protein can caonpr.i at. le . PapBENS, ANALRE aRAREENS aconponent s
Phat further PREFERESTANS & ﬁﬁpfa?o g@?%ﬁysfugerar exafrraf)?e, two or more PAMPs; at
| east two i nt egiigd resiéudindne arpioteicsigun fThaaminefaciddinker saningludgnfor gen t hat

Lhe fusi on pr RBIRe(S .0 NoRvE) CspSRhBERLER AR Lo B IRET PRRaRRmER T,

fusion protsei NEFSRYPAQWRPIDamE 20 portion of at |east one integral menbrane

i nker can be GRStk BT P B SOREHIBN IR RS 021 e
encoded by the nucleic acid sequences of SEQ ID NOS: 23
(AAGGGCAATTCGAAGCTTGAAGGTCAATTGGAATTCCCTAGGACTAGT),
25 (GAATTCTGCAGATATCCAGCACAGTGGCGGCCGCTC), 28

20 (GAATTCTCTAGATATCCAGCACAGTGGCGGCCGCTC) and 30
(AAGGGCAATTCGAAGCTTGAAGGTCA_ATTGGAATTCCCTAGGACTAGTC
CAGTGTGGTGGAATTCTGCAGATATCCAGCACAGTGGCGGCCGCCAGTG
TGATGGATATCTGCAGAATTCGCCCTTGCGGCCGCTC), respectively.

The compositions of the invention can further include a linker between at

25  least two integral membrane proteins of the composition.

The compositions, fusion proteins and polypeptides of the invention can
further include a PAMP that is a TLRS agonist. The TLRS agonist can be a
flagellin. The flagellin can be at least one member selected from the group
consisting of fljB/STF2 (S. typhimurium flagellin B, Genbank Accession Number

30  AF045151), at least a portion of fljB/STF2, E. coli flagellin fliC (also referred to
herein as “E. coli fliC”) (Genbank Accession Number AB028476), at least a portion



synthetic or naturally occurring amno acid residues. The am no acid Iinker
enpl oyed in the fusion proteins of the invention can include at |east one
nmenber seWeav@dedreeom t he group consisting of a lysine resirdiseqosadgbut am c
acid residue, a serine residue and an arginine residue. The am no acid
| i nker can include, for exanple, SEQ TD INGS: 24 (KGNSKLEGQLEFPRTS), 26
(Eg(\ig\égﬁ(} WRPL), 27 (EFSRYPAQARPL) and 29

EGQLEFPRTSPVWWN [

( AAGGGECAATT / 4 - ; iC.
CGANE S GFWWSAWMQWHME

( GAATTCTGCAGATATCCAGCA , 2
( GAATTCT CTAGATAT CCABoAGatpdinratindizee) injppipdgpthe polypeptides of SEQ ID NO: 1,

CAGT T oT G T A AT AP g A0 |
CAGTGTGGTGGAA A &A@G-%W'%T%&t & portion of SEQ ID
tTﬁATQGATAtTcTGm@AA;am@@mfﬁm@@mGQ: 3 etderatca parden/of FRQ IRARIGsHt i ons of

e invention ¢a . i i kpbegr al
nmenbrane prot e1 ras? Bgﬁl%ﬂgfscéo%g?f?garﬁd %?pgﬁg%\ggﬁaiegk}s, LSE?ZITS)II\E%‘@IO IF“g?eigns and
pol ypept i des db Nbe4, SBeit NOn6 emhSEQID ANEY: 8j orcit ledet apopvPealypirside. TLRS

agoni st. The TLR5 oni-st . el ld e kl i bge.at | east
one menber seleé](??%eg%fy %@%phclgagir)(;%l% %ﬂoﬁgi' g’tglﬁralzgmo]fhgf Ej@?%ﬁ‘égﬁ 8\? %f y%ﬁli mur i ufn
flagellin B, Gesshapktida,t essedherbinribeaferaie®4bd Bagk)lin (atg. ITBBSTF2 Hooelt i on of

fljB/ STF2, E. coli, flagellin f1.iC (also.r L eg. I "E. coli
flic) (Ge gn’ﬁ‘%lAéd%’@?’%ﬁ nSEYS REDY 847 ef@ggf‘g‘iq‘é‘%@fm"g‘hS‘%?%t?%‘nof E coli
flagel I'in fliGnirigelliMengheRadkiwgeh bathwhy fofa ThRs 6At Bhstrpedions itedsei n as " S.
nmuenchen fli C')fand at I,eastﬁagﬁgrti on of S. muenchen flagellin fliC In
one enbodi nentieftsd 9 heagiR P 3 48P udes the pol ypeptides of SEQ ID NO. 1,
SEQ ID NO 3, SEQ I'feNathogon-a8RiaRd@hdlEuNDpatitin &in He@dHIR Pagonist iThn of SEQ I D
NO 1, at least a portion of SEQ ID NG , 3, a% | east, a port]j of SEQ I D NO
5, at |east a PoR? pesmisbeandetuderst gest aportion §f 3 b3ch rv{i@mw@‘wéﬁ@@dﬁﬁh BY SEQ ID

NO. 2, SEQ4D §h MNGERo Ppmg.bepﬁd@a%omy@d\@ N®: 20r at |east a portion
of a pol ypeptide encoded by SEQ ID NO 2, SEQID NO 4, SEQ.ID NO_ 6 and
SEQ ID NO 8. "At Inanother embodiment, the invention is a fusion protein comprising at least

one pathogen-associated molecular pattern and at least one influenza M2 protein,
wherein the pathogen-associated molecular pattern is not Pam2Cys. The fusion
proteins of the invention can further include at least a portion of at least one member

20  selected from the group consisting of an M2 protein, an HA protein and an NA
protein. The M2 protein can include at least a portion of SEQ ID NO: 13,
EVETPIRNEWG (SEQ ID NO: 15), EVETPTRNE (SEQ ID NO: 19) or
EVETPIRNEW (SEQ ID NO: 34). The HA protein can include at least a portion of
PAKLLKERGRRGAIAGFLE (SEQ ID NO: 33).

25 The fusion proteins of the invention can further include a linker between at
least one pathogen-associated molecular pattefn and at least one M2 protein; a linker
between at least two M2 proteins; a linker between at least two PAMPs or any
combination thereof.

In still another embodiment, the invention is a fusion protein comprising at

30  least two Pam2Cys and at least one influenza M2 protein.

The pathogen-associated molécular pattern of the compositions, fusion

proteins and polypeptides of the invention can include a TLRS5 agonist, suchasa



| east a portion," as used herein in reference to a flagellin (e.g
fljB/STF2, E. coli fliC, S nuenchen fliC), refers to any part of the

fl agel | i wOhat6/0so282i niti ate an intracellul ar signal trarstaskeosn4gar hway
for a TLR "At least a portion,” is also referred to herein as a
"fragnment." The pat hogen-associ ated nol€dul ar pattern can be a TLR2

agoni st. The TLR2 agoni st can include at Ieast a porti on of a bacteri al

| i poprotein (BLP) such as _SEQ ID NO 2 or é/ théde encoded by SEQ
ID NO 22. In Zaeslined %ﬂﬁﬁ?ﬂl‘%ﬁéﬂt‘nd‘tq‘iét ?%&@?ﬂrp?ﬂ% s lg t‘? OB e BPei n

conprising at |2asfingTeM8TRDICHARE0MIA! RdertRéLLId,. ar pattern and at | east
one influenza M2 protein, wherein t he pat hogen- associ at ed, nol ecul ar pattern

i s not PanRCys. Then pas¢rahpdpent.dhneonsositions, Usipe RIGtERS 2WPObBFRINET °F ncl ude at

| east a portioge ﬂiveﬁ’tﬁon cﬁff‘ﬁ‘xtclu‘a@g ﬂggém%atqﬁdhﬁfé% ﬁfh/fSTthEﬂﬁclgdé@ldpleﬁs@Q& sting
of an M2 protein, HA protei n and ﬁg:oteln protein can

i ncl ude at 3 eawtrtien cpchﬁQ BhNet 1.3Bch atq:bhcp\mB/ ZtBVEﬂhMQNEE@IPé@g3|qDaNQ 15) |
EVETPTRNE ( SE T
ol ude at | eabt ok B TSROl TR RERE-CAT A PG VB RE e "

fusi on protei n® NO: 4he invention can further include a-linker bet ween at

| east one pat hogen bIass ¢l at ed ?I%Lttga}%l C%Rﬁﬂ Oglgrf[;sﬁpgoggqslag@gly‘%ggdgyﬁ

protein; a |linker BFWEEA 4 rgterns t ween at
| east two PAMNRS the maﬁyloﬁommlﬂe mﬁagetlmrtlmincludns sitiubés ok Ak thetnbodi nent ,

h
e YT, T oBR A SESECIERIAS 0 B RSy B o

t he conpositi ogsQ IH W&D:. @6 0Pk ﬁﬁcﬂélﬂ&qd@éﬂlumbﬂﬁemmdﬂ&t ehstofiportioveiREQ@n can
i nclude a TLR5 aﬁonlé such as aflagellin. The flagellin can include at
| east one menb® NOSt &cled from t he group consisting of fljB/ STF2, E.coli

fliC and S. nuench@Ref dnbfker dnboanferMRO@BIFBtionst ﬁl@loﬁ@fm@ﬁd dndons, fusion
proteins and pol ypeptides of the inventio i ncl | a t hat
i ncl udes f1j B/ BSHREPHRsof thednFadY @ IW%P%ﬁg‘gQ‘P fkﬁab‘HLﬁBgeS%E@“‘f’%?@ ¢ 1, such
as the fljB{ ST ﬁﬂﬂﬁ&es aehdd A 8SrtoEQr SEQ NONG3 705uch a@g%@wzea@h@thaequence t hat
encodes at |east of portion of SEQID NO 2, such as (%1 25t of portion
includes SEQ ID NO: 99 or a nucleic acid sequence that encodes at le p
of SEQ ID NO: 8, such as SEQ ID NO: 100.
The flagellin employed in the compositions, fusion proteins and polypeptides
of the invention can lack a hinge region or at least a portion of a hinge region.
20  Hinge regions are the hypervariable regions of a flagellin that link the amino-
terminus and carboxy-terminus of the flagellin. Example of hinge regions include
amino acids 177-416 of SEQ ID NO: 1 that are encoded by nucleic acids 531-1248
of SEQ ID NO: 2; amino acids 174-422 of SEQ ID NO: 5 that are encoded by
nucleic acids 522-1266 of SEQ ID NO: 6; or amino acids 173-464 of SEQ ID NO:
25 60 that are encoded by nucleic acids 519-1392 of SEQ ID NO: 61.
“At least a portion of a hinge region,” as used herein, refers to any part of the
hinge region of the PAMP that is less than the entire hinge region. “At leasta
portion of a hinge region” is also referred to herein as a “fragment of a hinge
region.” For example, the hinge region of S. typhimurium flagellin B ({1jB, also
30  referred to herein as fljB/STF2 or STF2) is amino acids 175-415 of SEQ ID NO: 1,
which are encoded by nucleic acids at position 541-1246 of SEQ ID NO: 2. A



ID NO 4. In another enbodi nent, the conpositions, fusion proteins and

pol ypeptides of the invention can include a flagellin that includes

i ncl udes WO 20@li69fcki C t hat includes at |east a portion eCTSEQSO4NES: 5, 9,
such as E. coli fliC that includes SEQ ID NO 66 or a nucleic acid sequence
that encodes at |east of portion of SEQ 18D NOS: 6, 10. In yet another
enbodi nent, the conpositions, fusion protelns and pol ypepti des of the

i ti i ncl ud fl |l des '
| neludes at | e GOR BHOSEAIPE b S nemBe e e MBI C ¢ nat

inc![ udes fSEgE(EQEISD ma@oor a nucl ei c aci d sequence t hat encodes at |east of
portion o i such as . SEQ ID NO 100.  The agel lin enployed in
t he conpositions, fli§ P%ﬁp%ft@?@f‘lﬁ%‘m&ﬂﬁ‘ﬁe‘ﬁ%i‘ thé‘ieSSf&’F CRURPSAL igyg‘h zzlan

l'ack a hinge riggi@ut Rhst@lpohRAE aﬁmﬁ@éﬂzhQﬁalerot@mf})'ld&gthro@@ls@dlto dhorge regi ons
are the hypervariable regions of a flagellin that |j nk m not er m nus

and car boxy- t e¥fifiernathogen-assesiatedigelerulay pamrﬁaﬁeaweﬁpﬁ@%t ?86 19858- i ncl ude

ani no_aci ds 17 so%ila@\éd%oléggr b%%hat%ﬂ@fns%f SoreicRdeAn e ditie | Rirexagplels
531- 1248 of SE NG 2; amno acids 174-422 of SEQID NO 5 that are

encoded by n udhehlogfaltf}glas ofthe pathegnassogiEmd mpleqolar patteg orgficas aperties o1 73- 464
of SEQID MO §OuhbAkeRh Br ggﬂs%ntaxsoeueh%&eﬁer Bl Sn bi9nlka §6R | D NO

61. "At |east a po region as used herein, refers to any
part of the hlthgpathc@n-essoaated e ldewlvPpatteratand senle@s@whaﬂeqshep@ﬁ@n planhi nge

region. " east a portion of a I her ei n
as a "frag ntm ?enéa ral antlgfeng %hME sﬂ&?agm dS's 19 1@?1%%? ?gé?glﬁﬁ%r 4
tS ¥|€2|) muri um f I@géthrtheﬂbdﬁnélhﬂqd&et\mes chenﬁtenzze‘draﬁ anttmn eidthepathdged/ STF2 or

is am no aci 175-415 f SE | D whi ch are encoded by nucleic
acids at posi t‘isﬁ%lag%fmll?féar PrEED S P cen/‘ﬁf%ragment of the hi ngeyr egi on of

f1jB/ STF2 can be, fle patkégaptaesockinad mﬁ)lmladeat&ﬁﬂeﬁﬂﬂfmrbn SEQILDME 1. The
el ude at T eaBiopeRttecegRo AR RIITEIB VF FafrosPOrB PSP AdEa ( n or fused
to a portipn OfaroRe- dﬁ@hﬂﬂﬂﬁt@rrﬁ‘iﬁﬁ@@aﬁﬁrﬁﬁe@hﬁ@tﬁhﬁ@c@éﬁ dndintegrabmehbase a regi on
of the pathogenassoci at ed
protein of an influenza viral protein (e.g., M2, HA, NA). The fusion proteins of the
invention can include at least one pathogen-associated molecular pattern between at
least two influenza M2 proteins, which can, optionally, include a linker between the
pathogen-associate molecular pattern and the M2 protein.
20 The pathogen-associated molecular pattern of the fusion proteins of the
invention can include a TLR2 agonist, such as at least one Pam2Cys, at least one
Pam3Cys or any combination thereof. Thus, the fusion proteins of the invention can
include at least one member selected from the group consisting of Pam2Cys and a
Pam3Cys.
25 The fusion proteins comprising at least one pathogen-associated molecular
pattern and at least a portion of at least one M2 protein can further include at least a
portion of a haemagglutinin membrane protein; at Jeast a portion of a neuraminidase
membrane protein; at least one member selected from the group consisting of an
influenza B viral protein and an influenza C viral protein; or any combination

30 thereof. The influenza B viral protein and/or influenza C viral protein can be an

integral membrane protein.



nmol ecul ar pattern that contains or contained a hinge region. For exanple,
the hinge region of the pathogen-associ ated nol ecul ar pattern or at |east a
porti on oboth&/dshasge regi on of the pathogen-associ at ed molramsadiEn4att ern
can be renmoved fromthe pathogen-associ ated nol ecul ar pattern and repl aced
with at least a portion of an influenza Mital antigen (e.g., M2, such as
SEQ ID NOS: 13, 19 and 39-59). A linker can further be included between the
i nfluenza viral antigen and the pathqgenassocjated npl ecul ar. pattern in

such a repl acenent In Y¢@npiaentapedimsat JEiBYBHOMS PEEHP R P LLIRIH S? t he fusi on

proteins of tNhgupULMI@ReERABlchRarHHESE abPapMOPrdiey- t ermi nus, the
am no-term nus or both the carboxy- and am no-term nus of an jnfluenza

protein, such as afn phedsificr! srbeBvmenb sy iBY AN B2 COMPPTHINROTFLSPERG| protein

(e.g., M, HA.NA) por{ji-gﬁ‘?of éﬁéa@trbnpFﬁfl@%eﬂ%s&Eia%eﬁ?ndlé’&‘dﬁf‘fﬂt@& &Rt iehghude at
| east one pat hogen-associ ated nol ecul ar pattern between at |east two

i nfl uenza N2 prootiosiafsy legsh ouhindugnza Matiretam whereinnié fhg pathagqnrasresiatedet ween t he
pat hogen- assocj A PHRIPAm2ER8 is not

pat hogen- assocé’gl%%%ﬁ?%}ghﬁg%dggga%ﬁirtﬂg ’2# léiaﬁk% é\%gﬁon pr o%n e;BrS:’s 1Son1co t he

i nvention can fusedltelthe iafluEhREMA guteis and & Ueslst agoriden dfékesinflemmaa PRpPEYE,  at

| east one PanBCys .0or .an ipation thereof. Thus, the fusion proteins of
the invention %\éﬁ[fﬁﬁg?ﬁ%@%&{: fast one menber sel ected fromthe group

consi sting of PanRCyssedns” as BadhB@yis mekhecovalsntiynorpontorplatlclinked psi ng at

| east one pat hogeq)—.a%?loci tee?i nmol.ecul ar pattern and at |east a portion of
at |east offe NECPFURIH PESHCFIPEHEF i ncl ude at |east a portion of a
haemaggl uti ni n e anghd reaibedimentathe irv@stiorsis p drsidngroteif campesingatileasidas e
menbrane protein; at.|east one nenber .selected fromth ro consjsting of
an influenza B’W‘i“i“a‘?fab}eﬁtépﬁpﬁ?ﬂﬁelﬁﬁssf)ﬂ?tfﬁ@r?ie 9‘&‘%9‘?%”%?‘3‘? s’?%?orﬁ?n %ffly )
conbi nation t hgn@efone Tiiehst MY  Bin¢idialif thé pdtiigen-assdéiaed imoldcuienza C vi r al
protein can be an int e(gral menbr ane pr ot ei n.% ﬁet @not her eﬁgo i ment, the
i nvention is apatgmdeadpdesahamdhps Ftlefﬁ‘ga BOTHaR A ‘38 A543 W SUHE Be ul ar
pattern angs an;NR.rps R4Lirbreinl Ad afeadslpbrtion 8f the HIREHABIL proteieisnbvedeti on is a

conposition conprising at |least a portion of at |east one
pat hogen- assoctodkeltpmigdlyécul ar pattern and at | east a

In still another embodiment, the invention includes a polypeptide that
includes SEQ ID NOS: 9, 31, 64, 60, 83, 85, 87, 89, 91,93 and 95 and a polypeptide
encoded by SEQ ID NOS: 10, 32, 63, 61, 84, 86, 88, 90, 91, 94 and 96.

20 In an additional embodiment, the invention includes a polypeptide 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: 9, 31, 64, 60, 83, 85, 87, 89, 91, 93 and
95 and the nucleic acids of SEQ ID NOS: 10, 32, 63, 61, 84, 86, 88, 90, 91, 94 and

25 96.

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 positioné are then

30  compared, and the percent identity between the two sequences is a function of the
number of identical positions shéred by the sequences (i.e., % identity = # of

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



portion of at |east one influenza M2 protein, wherein, if the

pat hogen- associ ated nol ecul ar pattern includes a PankCys, at |east a

porti on oboth@/ies2Cys is not fused to the influenza M PpTaiSRI05/0ad662 at

| east a portion of the influenza M2 protein is not fused to the PanRCys.
"Fused to," as used herein neans coval edy or noncoval ently I|inked or
recombi nantly produced together I n anot her enbodi nent, the invention is a

f

bat hogen- assodeat BaotiDs & AN E 2Iast ErbahE SRl B b BTATER ot 1 cas
one influenza J!YB te Rl kRS 1Hven%ﬁd5r%! ﬂblyﬁeﬁﬁdehﬂ‘tﬂbﬁh%ﬁ@@ﬂal@&wﬂjr abeghrisml ecul ar
pattern includes

a Pan ast a _portion of t t fused
to the influer28Pqyes ippblest ?lo"/&r’ftﬂefértab]lye?iéfash40p/bF‘%W%Weg’f bghét%?(i?é’ri’i‘a
protein is notebhgpek ;Srefe}alB@ B%s@(ﬁA, 75%, 809! ésw@m/b%%e@ﬁ%@mt the
i nvention includes a pol ypeptide that includes S gél D NOS: 31 64, 60,

83, 85, 87,5 8910084 of tig length o thegpfgreacHwryPep prFzam dH%HU%?G | D NCS: 10,
32, 63, OL. Bheqfoe B% b8 MepaYboth Hn flrdlfinirfah cegbodi ent the

i nvention includes a po ypepti de havin | east about "70% at | east about
75% at | east iafleuza 8@%pr<mm|oea$>plyam@§ os@wnatotqveaf@texa%@t asglgpigtedt | east

about 95% at t %,a t % G d
t he pol ypqeptl dle;%%ﬁmasggé %%EIC% E‘(gg% 8§ % 9?@9%%@%85@ 87, ﬂggo%ﬁmt bgyahg

82 an(cji gge nﬁc?.%;ﬁ&, 66(;8451336;)8‘8 %E@ll% aﬁw6 10 32, 63, 61, 84, 86, 88, 90, 91,
an The per tit wo nucl eic
acid seque ces) caﬁﬁﬁécdlgf Hﬁs B{h\,\@fv?g‘lﬁlﬂ&c %gbgg%gﬁgigrgedgag%egp“ mal
]E:prrparl son purlamsfaﬁnc(tbodg, for mm@legm@mauhbmad:akﬁégbrlthmtHearsbn]@dem@e of a

i rst sequence The ami no.aci d _sequenc ucI yences at

cor r espondi ng §W§F6W18P%S“‘§}hae’ﬁ‘a gr%téqag%}goré ‘8‘%% crbbgr (l:ne1r<1 r?gﬁgagtl ty between
the two sequeng®sc, Neir/addddnSd.itmi, 06:5813e53TabE3), afetembamgscmmmeu ons shared
by the sequences (i, % i ians/total # of

ity tica i t
posi tions x 10‘E?feby'FP|%’r1P(€?fﬁ‘iWrﬁ%er‘?nﬁ%mplfsoeln@few uchIaé%%Ei‘Hﬁ‘ ¥ RRESH Ty a PAMP,
at | east alfporﬁmtcptﬂe 8.ABTN Al hsmrszra( prbgrams P\feﬁﬁicﬁﬂ J1) 28 désesibainiSeinffei er of the

' nvention or lp(?\l/'ucg(zac zztclzgseRes of 29: £]9e94I 3%%? r(]?EOIO?)n thaé té:a Q%gs (];fo Whl((::hoaq“g rrclabsyo n
incorporated by reference in its entirety). When utilizing BLAST and Gapped
BLAST programs, the default parameters of the respective programs (e.g.,
BLASTN; available at the Internet site for the National Center for Biotechnology
20 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
filters; Expect value of 10; Word Size of 3; the Matrix is BLOSUM62; and Gap
Costs have an Existence of 11 and an Extension of 1.
Another mathematical algorithm employed for the comparison of sequences
25  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
‘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
30 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
ADAM as described in Torellis and Robotti (Comput. Appl. Biosci., 10: 3-5 (1994),



purposes is at |least 30% preferably, at |east 40% nore preferably, at

| east 60% and even nore preferably, at least 70% 75% 80% 85% 90% 95%
98% 99%wo 20G0H9260f the |ength of the reference sequeneer/usesospxanpl e, the
nucl eic acid sequence of a PAMP, at least a portion of an integral nenbrane
protein of an influenza viral protein, <& -a pol ypeptide or fusion protein,

for exanple, as depicted in SEQID NCs: 9, 31, 64, 60, 83, 85, 87, 89, 91,

93 and 95 and SEQ | 2, .63, 61 88. .90 and 96.
The actual corff ??%Ngw’f“ﬁ]éarte%ﬁregﬁﬂl?@f]i’f?@ée%i%’ﬁetg@nﬁe e t&)éﬁg (gy wel | known
met hods, for @xaym GescHidd mgpérgasatah@ngﬁﬂaﬁqual . qudnSchm 85.anned,
nonllmtlng exarrgle of such a mat hemati cal r |s descr i din Karlin
et al. (Proc (1988% #hs teachings ssAvhigipare Bergb @88’7"?&‘5 95y refgTHeC (% hi ngs of
whi ch are heree%reut}gcor porated by reference in its entirety). Such an

or

algorithmis inc orated into the BLASTN and BLASTX prograns i 2
as describdéd in Schaffithepgmbadimentyths wyentiag isostgels andg\gct%§32?t g&é@r sion 2.2)

t he teachi ngs r
enti roty). Vndl BT S A6 BERET S CaoB BLAST B agr .. Fhe. defaul

par aneters of E lwelz}cafsspb@quée B ivgechaglls( wick as DRISELIR, melardllshl e at the
I nt ernet si teeén%lrﬂgw,ﬁas %ﬂga,a%qgélgrs&ggs 191 nQliegy | nformation) can be

used. In one I ment’, ase searc I's a nonredundant (NR)
dat abase, and par armmte@merftmiens@qmmemmrpmﬂﬁ@dﬁeq}laﬁpebéa@é‘io bgt: no filters;

Expect val ye of 10 Co
have an Exi'st ear‘f?:‘@n@fsw uséﬂ%c}ﬁe G@?%gn%rﬁgnntyggdﬁ solﬂ%v ot’lﬁ! %t‘?}gglap}%l gigrf Sts
K‘/'yg?r ' hg‘ ﬁﬂ”}): D gl danfomlbﬁlsgiéggnhﬂlaﬁﬁnssoﬁl @eupmeme@mmw@awge@dlatgqm of

S an er t eachi f b
i ncor por at ed b‘?/’elglétfogﬁé%eé’l nf %%ndeaﬂf gﬂgwelh uchgaoﬁ\ﬁgilrg ert?{ta(ﬁhé?ere d
I(RCOF Ioorat eg |éiﬁ[]]5bdtlh@1t/\§hé ﬁN:eﬁf1G§[tﬁﬁbc£twedfrsummuﬂeﬁ)apld\ﬂhqlmhces sandgert of the GCG

ccelrys, San e i forni t

Wi 1121 g the REVERpRSEEHT HACRTEARTh G S e AP e B BN 20
wei ght reslSjueDfeQQ|(§ahf@¥nﬁﬁﬁmh§£‘@£ﬂ"w&§lﬁt&if5@amfafbﬂgthmtghao@ap penalty of 4 is

used. Additional orithns for sequence an s
i ncl ude ADVANCE an e nucleic acid sequence encod?ng aﬂ&m at lggs’? a g)(or}f)on ofI al 1r}tet]g?alart and

membrane protein of an influenza viral protein, fusion proteins of the invention and

€(2001),

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., SEQID NOs: 6, 8,
20 100), at least a portion of an integral membrane protein of an influenza viral protein
(e.g., SEQ IDNOS: 11, 13, 15, 18, 19, 21, 33, 35-59, 64 and 67) and fusion proteins
of the invention (e.g., SEQ ID NOS: 31, 64 and 60) under selective hybridization
conditions (e.g., highly stringent hybridization conditions). As used herein, the
terms “hybridizes under low stringency,” “hybridizes under medium stringency,”
25  “hybridizes under high stringency,” or “hybridizes under very high stringency
conditions,” describe conditions for hybridization and washing of the nucleic acid
sequences. Guidance for performing hybridization reactions, which can include
aqueous and nonaqueous methods, can Be found in Aubusel, F.M., et al., Current
Protocols in Molecular Biology, John Wiley & Sons, N.Y. (2001), the teachings of
30  which are hereby incorporated herein in its entirety.
For applications that require high selectivity, relatively high stringency

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



ADAM as described in Torellis and Robotti (Conput. Appl. Biosci., 10: 3-5
(1994),the teachings of which are hereby incorporated by reference inits
entir et y)woaneb/d6$8TA descri bed in Pearson and Li pman ( Prot/ushiasiodscedzad. Sci
USA, 85: 2444- 2448 (1988), the teachings of which are hereby incorporated
by reference in its entirety). In a furt®er enbodinent, the invention is
host cells and vectors that include the nucleic acid sequences of the

i nvention. The host cells ca

k .d,, E
O G oGBS oS FenbR Py

cel I's; yeast cghdiidn tSstelt A8 lﬁb&lﬂérﬁ‘ﬁerﬁﬂétH%'strﬁ}geﬂ'd’yeboﬁ@ﬁ@rslate tdentity
between two ami no acid sequences can al so be acconp d usij n the GAP

program in t hexanglesisiatively dovpsptianger high teappeipgire S%ﬂ’iht[ﬁné lghéfé‘ing Y #%) usi ng

either a Bl 05398%@@6 BBdbbi0. 6 Mao RER B Q0 NBKAC Xat tediibraturBedt 2BRILGRC ©f 12, 10,
8, 6, or 4 and a lendgth weight of 2, 3, or 4. In yet another enbodlrrent

t he percent5 i cabatf %Oy pHighestmeenry candiiiensallowifer 15’@&?19&‘1‘8’@?5 ebmisEEcheS onpl i shed
using the GAP OO afm s\%\ﬂ% %%f&ﬁér"%@ﬁ&ue@@%é‘%née%%hﬁ%ﬁs thoaRlt DI ego,

California), using a gap 50 and a length f 3. The nucleic
aci d sequence @mcaiatign Iaa)ﬁﬁd\iﬁcre@ed pddertthestemperafuprima b CliemeégMéﬁluﬁ%nbr ane

t f f
protein of an 4flHengaqbhal. Bkl fa £HShRBRIBHSEASLAL 1 s ivent i on and

pol ypepti des o I nvention can in sequences t hat
hybridi ze to, Naflaaxampperatae of fBUEIFC tq ghogt 35°CEGhilddonGSinggney4) , a fli C

(e.g., S eas nbr ane

CFotel n oG cpitgRw B afiapsiRRhudioh OF el &5 nAR b UM LT

égQ iZ%) Ng gSarﬁ%,telﬁﬁeramd réngingaficin bbisit 207Cpo ebait ﬁS°Q)fSeteh®mqfvenpwr@ntS(e g :
1, 64 er.sel ective hybridiza ns (e.g.,

hi ghly stringetd %F‘?ﬁ&%)ély% H‘Z S W?}ngﬁown,&g tkﬁ’g%é( li«-f‘lr1 B &eart%er m(s J

) Eygrl gl zes Urhgeifewﬁ@whﬁﬁsﬁbélgﬁﬂCMQW "Shyp PioticaB Sn M&i@nlaﬁﬁﬂidgm Jshrli Wigncy, "

ybri di zes under hi strin ency, " 4 er very high

stringency confiXordRE™ YJEILY s é“téaﬁcﬁ b g?ﬁg flgﬂnﬁ%ﬂgi zation and washi ng

of the nuci{gic aci dyeeaURPEREedi kIR0 66 d}fo@fuoﬂ@l?ﬁis(ib’nrprﬂtgmhadﬂrpo@lpéﬂide@n

reactions, which can include aqueous and nonaqueoys net hods, can be found

in Aubusel , F.®ithe myengion c%‘?er@f‘ﬂ oysd dg pethpds qfﬁ“%]ag’&%?‘h@nﬁnﬁ FSBRPSe Fohn W I ey
& Sons, N.Y. (g%}f)ct 1hREe EEBEdHIBRSthOMethod of the invention can include a method of

stimulating an immune response in a subject, comprising the step of administering to
the subject a composition that includes at least one Pam3Cys and at least a portion of

20  at least one integral membrane protein of an influenza viral protein. In another
embodiment, the invention can include a method of stimulating an immune response
in a subject, comprising the step of administering to the subject a composition that
includes a fusion protein comprising at least one pathogen-associated molecular
pattern and at least one influenza M2 protein. In a further embodiment, the

25  invention can include a method of stimulating an immune response in a subject,
comprising the step of administering to the subject a composition that includes at
least one pathogen-associated molecular pattern and at least one influenza M2
protein, wherein the pathogen-associated molecular pattern is not a Pam2Cys and
the M2 protein is not an M2e.

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

composition that includes a composition comprising at least a portion of at least one



whi ch are hereby incorporated herein in its entirety. For applications that
require high selectivity, relatively high stringency conditions to form
hybri ds owo 20&/@owkoyed. | n solutions used for sonme nMemMpPCANSHESHU662

hybri di zati ons, addition of an organic égl vent, such as formam de, allows
the reaction to occur at a |ower tenperdature. H gh stringency conditions
are, for exanple, relatively | ow sal t and/or high tenperature conditions.

Hi gh stringency_.are rov t t

t enper at ur es th%é] &15% r?OIQ Wg}—%ﬁta so??@%gﬁg%ggﬁgéﬁgﬁﬁnéﬂs al | ow
for limted numJplroseuoﬁvhmewﬁtthdr\mhdgett-mmatemmotemmas}@qererm@é@es41n order to
achi eve | ess ent nd| lon creased
and/ or the te}ﬁ ?J?tele §p8%1088§¢8g§%2 ySl\/E %&gg&r{hg dgﬁgnﬁg%zn@%ﬁhgns are
achi eved at a agahtleonpatibm aﬁmemménmwroelnhsnm fﬁseﬂEoWblRlal@lZCﬁnd a
tenperature of about 370C t pout 550C, .while | .1 ngenc i.tions
are achieved at a %?%@WM%W&W‘BY“Q%Q& raet%’}’i ﬁs{‘lgul i %y%ﬁll Nad ,
and a tenper atibp8ndedigbubgct, cofpaiNhe APET atd@nﬂxbﬁﬂhgﬁ&l&&ubjseﬂ @ction of
conponents and condl tions for hybridization are |1 known |£ se skilled
in the art an(foﬁllpé“‘i*@\ih@\ﬁé‘"duqeﬁaﬂifé‘lﬁ‘ﬁ’éq’tmét""‘ﬁpns“@glégefaﬁ aS’r?Btr“%n Cﬁlﬂb e(a.)gol s in

Mol ecul ar  Bi Oldﬂgéath HQs%Ha%ﬁ nSolRARS pathIVAndQE léhbt\i portidfiof & 1dasBori. 1 1,
3.18-3.19 and ) a further enbodi nent, Ia osi tians, ,fusion
proteins and poilyg @é@el@f“’lﬂ%@nﬂ ifithe Arthegsn sl é’?PE‘ICB BeptieH REPHSds of

stinul ating an, F’Mﬂlﬁ? at Eﬁ&%%ﬁlo‘n%f fhe PURDE G is nbifuSiiao eRixieARNG t he net hod
of the invention can include a nmethod of stinulating an i mune response in
a subj ect, conpetewiangattlpast s perpond! thelimlkenze &2 Prgieiois PAEUSH et a
conposition th@ C:} ¢ludes at |east one PanBCys and at |east a portion of at
| east one integral "nenbrane protein of an influenza viral protein. In

anot her enbodi nent Astulbgcﬁ treatadthiydhe methodsief thedeveatipnean e a gfargpalfirhas ng an

i Mune response in n to the
subj ect a conptf I??te A atrﬁh?n%n%t ug"g rﬁbfgls%%ﬁt@?aggrgfg%m@gﬂr?p@:sgéb%& gtgl | east
one pat hogen- dssemni Atsabieomds elsautefnred &t heesim aste individealdt one i nfluenza M2
protein. In. a furt odi nent thelnv a I d of
stinulating an i mmgg Plggb ?‘Fblg’r’i“ﬂ]eéesg Urgj ecgﬂ&gg%ﬁm gélférﬁ%t %Eeg@rgg&%@

adm ni stering dn@ibbdie t5 utblpma pmloﬁmf)amnﬂuenm tikd prateic [e@l,eas igtegraleast one

pat hogen- assocrlngr%grgnengd %lél&\ﬁ I'I?Axa}tl\} ﬂnﬁuenza A J-L’ dQ‘/ or &n PSU Ialtng Bga Ve

immune response in a subject can include the production of humoral and/or cellular

20  immune responses that are reactive against the influenza viral protein. In
stimulating an immune response in the subject, the subject may be protected from
infection by the influenza virus or conditions associated with infection by the
influenza virus that may diminish or be halted as a consequence of stimulating an
immune response in the subject.

25 The compositions, fusion proteins and polypeptides of the invention can be
administered to a subject with or without an adjuvant to coordinate the innate and
adaptive immune mechanisms and induce a potent antibody response accompanied
by minimal non—speciﬁ;: inflammation. The induced immune response may provide
protection against homologous and heterologous strains of influenza viruses and

30  thereby may provide protection against circulating influenza viruses and against
potential pandemic influenza caused by introduction of the HS avian strain into the

human population.



protein, wherein the pathogen-associ ated nol ecul ar pattern is not a PanRCys
and the M2 protein is not an Mle. In yet another embodinent, the invention
is a net wa20d6/@vicul ati ng an i nmune response i n a subj ecr/UuSec@spudcs: ng t he
step of adm nistering to the subject a conposition that includes a
conposition conprising at |east a porti'o?ﬁl‘of at | east

onepat hogen- associ at ed nol ecul ar pattern and at | east a portion of at | east

one influenza M2 protein, wherein - i | ecul ar
pattern includes as%ﬁtr?g’é% mageey glg%cklg%aﬁ%l{?%%)ﬁ&%gﬁfﬁzg%gfun%gmlgg not fused
to the infl uenagchd }ﬁlvé)hﬁlchamd s@hificedlytin theposttfowdeaflest Adeitnfieuenza M2

protein is not fus t furth enbo i nvention
is a method ofSe&Yp F%Hfi ?%ﬁ%ﬂls?aﬁ%dﬁedm}l&%t %Q‘?gghnglu%m%ﬁ]buegte&td Bgtrtr}%r?l sing the
step of admi nlt&fe@ﬂ’ehﬂﬁhhﬁlahlpeptaamjngeﬁfdﬂae gbﬁéﬂmsstablmyofmmmecﬂtudes a fusion
protein cogrl sing at ast EPortl cin of at.least one pathogen-associ ated

¢ Retorpia

nol ecul ar tt‘%ﬁcﬁsaéﬁEP ladg @ ultiyalent SpmBRSitigns (Gg,oMp \vk- B

protein, wher ejbre thah oh@eype@mgma{kaamqwamﬂn iBhesithg@indaktiastmg ncl udes a
Pan2Cys, at least a portion of the Parr Cys is not fuse e influenza

t
M2 protei n andSUhiects eacdtyear B%ﬁeflPBFP‘%‘TmlPlﬁélcﬁld’F?%’r?EéZfW“ﬁﬂ’éﬁ& D‘fs not fused
to the Pam2CySeifyfiineGlophlagat RGhddh \Ipbﬁniﬁgtﬂhlcgea%o@fcérﬁﬁl dompREitibRY) can be a

mammal , such as a primate or a rodent (e rat). In a particular
enbodi ment ; t hechajaseines age Broﬁmﬁlﬁomﬁt%%j?%ﬂecﬁeé P@F‘%ﬁ’er"é‘ﬂeﬁi’@é’d B herein as

“an i ndi vi gyal " §{pb£ﬂa’3 ?%blg&eeggs 'L%Hétﬁmg 65RO BSfently AiliSIEGechBif@isn, refers

to the generatl on ant to at |least a portion of an influenza viral
protein (e.g.,ingndg, tfare‘galap1emmbrrt%meredlsmwfégcwmgmamme(ﬁbllithfq geWhza A B

and/or C). Sti i {;ﬂé nﬁ}réép{}%teasgr/a%rfg]ﬂg@ﬁ?l{eff§gﬁntﬁg e%@b%e& R%ibn Ginl Bpditide the

productl on of € responses that are reactive
agai nst the i nﬁikﬂeﬁmdmt lcaitalpmamcm, the pradusttpredyiced insgesepaniqibapeedi@sponse in

th bj ubj
e subj ect, f‘i Bzﬁtg v:lé egg I”Egrg gs ) gﬁlglgt%%tqg %Eﬁl%lgﬁz ﬁr&ﬁé%nwmtnlaﬁcdn@rl uenza

virus or cond| Ion uenza virus that
may di m ni $%1 oproketidnclghidet Amndertio e vEvios toWhishithwal sabjesidgasamo pramune
response in the subject.. The conpositions, fusion proteins and polypeptides

of the inventi %St@éﬁn‘ﬁ‘é}mty

Generally, the dominant protective component of an influenza composition,
such as a vaccine, is the viral haemagglutinin, the major virulence factor associated
with the influenza A virus. Neutralizing antibodies to HA arise in response to

20 natural infection or administration with influenza A virus and provide ster11121ng
immunity to subsequent exposure to a virus expressing that particular HA.

There are several antigenically distinct phenotypes of HA. Most human
influenza isolates express the H1 or H3 phenotype, while avian viral strains may
express HS, H7, or H9. Even within a particular phenotype such as H1, the virus

25  may change by “antigenic drift” (point mutation) and “antigenic shift” (genetic re-
assortment) of the HA antigen that may render the virus resistant to immune
responses directed against earlier virus strains, whether that immunity arose in
response to infection or to vaccination. Thus, the efficacy of traditional
compositions employed to prevent influenza infection is limited against a pandemic

30  strain such as one of the a{/ian strains to which the human population has not
developed immunity. The long manufacturing process prevents the efficient

production of traditional compositions to prevent influenza infection against an



adm nistered to a subject with or without an adjuvant to coordinate the

i nnate and adaptive i mmune nechani sns and i nduce a potent anti body response
acconpaniwa 2bys/asp2s2 mal  non- speci fic inflammation. The i rdwasdoosowisnr
response nmay provide protection against honol ogous and heterol ogous strains
of influenza viruses and thereby may prévide protection against circulating
i nfluenza viruses and agai nst potential pandem c influenza caused by

i ntroduction of the H5 avian strain into t .human. po thO? Strfategles to
manage i nf ect iSBSTEREPIAFRIESTARHESHURPNUPS Fi5iPT 38{‘]??12 aSﬁlIlPo PRBS i on have

not changed sighih{dgigh Ha\F/q ptedehth@Rastinfeoith ifleoades thalDiBa:oEtEBffehteveSte asonal
nature of the di sease, e distinct types of J@rr];rlhgﬁnza Vi rus. (A and B) that

threaten the Huedsee pighatsen Bastoknted inareganiten UE7P PEYACBYC each type, it

i's necessary to refsgﬁt%@s%tfaleanfmhzawairwe EHERM hamw&ceﬁu@totheorrpoa tions
contai ning nore than one type of influenza vira gq“ot ein) for ni zi ng

and vacci nat i mgrtiule} antigenie determinants of hamaselyiinl geont &f H@J%Qrpeﬁraa ction of
strains |1 kel Yook QuBifafh Qo80T lajbityfsp IR lcRdrh 98 suw%yﬁéa@nm&ﬂmﬂﬂm flu

season. Certain conpositions, such as vacci nes are produced fraom stocks of

sel ected pr ot dHINE), WHAN2) A(HENE), 4EERR)i ATERE /AR, A48 dggs |
Limtations of @—{5 (ﬁUl’hlf’ ﬁl@tle;s%ei%&ﬁ tlﬂ@é §1b 3?95"&' 1Hﬂ't%ﬁzdﬂ?ésﬁﬁ@d 1nf1)9ﬁdeﬁ1¥(§:”p| e,

uncertain pred® circu he abi | %/J grow t he
appropriate stHhini918 ancHKER m@@% anct Hé lreWbés‘eQWpﬂiﬂﬂ ¢ lﬁfbﬂf‘@%‘i em

carries rig iublpfé%@so tvuglgpetsupc}dnﬁédt%aks L BesBhAY el GHGRLK L €00 cannot

be used in ergi es the nultival ent
conposition will nolewcanisiof meommtenzaomruagacngstlueaiomm@em@ﬂs@p@ﬁ?ﬁs of virus

to Whi ch the a l'gsqlrjﬁtfﬁ]é(eng%ﬁtyg% gvﬁtg e ﬁg)élast%k}oﬁgr?mdm ”sﬁt%é’acc %‘lﬁt%%kfl:r%ﬁet he

domi nant prot e¥
vacci ne, is thgsyidnadqubRrggidehic difl, thé hﬁluaf&]a(vlfrusmanmirem*@nf thcurtfcctqissom at ed

with the influenza A virus. Neutr, 1§ zi n ti ies.to rise in response
to natural |nf?é‘élePtoﬁ1mE‘?un§(§}ﬁtﬁP’s"t’tP§1trF®'nn‘\%b? Hblieﬁ?rleff’gﬂ?sa c!_|€c\fnr%us and provi de

sterilizingsi mgiRinky 14 HnsM RIREMAREaIL ¥BPRHE iamufityiordifferent piraissifiige t hat
particular HA. There are several _anti en| C lijty di stinct phenotypes of HA

Most human i nf Yigen idlueazs) A ereksB andsreoaa 1@‘?%‘3 or H3 phenotype, while avian
viral strains may Influenza A can also undergo antigenic shift resulting in a new virus subtype.

Antigenic shift is a sudden change in viral antigenicity usually associated with
recombination of the influenza genome that can occur when a cell is simultaneously
20  infected by two different strains of influenza A virus.
In the 20th century, three influenza pandemics occurred in 191 8, 1957, and
1968. The 1918 “Spanish flu” pandemic was clearly the most lethal, causing more
than 500,000 deaths in the U.S. and as many as 50,000,000 deaths worldwide.
Recent sequence and phylogenetic analysis suggest that the causative agent of the
25 1918 pandemic was an avian strain that adapted to humans (Taubenberger, J.K., et
al., Nature 437:889). A similar threat may be occurring today.
Since 1996, there have been nearly 200 confirmed cases of avian influenza
infection in humans with an apparent increase in incidence in southeast Asia in 2004
(Zeitlin, G.A., et al., Curr Infect Dis Rep 7:193). More recently, migratory wild
30  birds have carried the disease as far as the Middle East and Eastern Europe
(Fereidouni, S.R. et al., Vet Rec 157:526; Al-Natour, M.Q., et al., Prev Vet Med -
70:45; Liu, J., et al. Science 309:1206; Chen, H., et al. Nature 436:191). With the



express H5, H7, or H9. Even within a particul ar phenotype such as H, the
virus may change by "antigenic drift" (point nutation) and "antigenic
shift" (geoeavicnesmassortment) of the HA antigen that mapCrarsdes/ otdse2 virus
resistant to i mmune responses directed against earlier virus strains,

whet her that imunity arose in response 4 infection or to vaccination.
Thus, the efficacy of traditional conpositions enployed to prevent
influenza infection.is, |imted agai nst a pandem.c strai c one of the
avi an strains %W%FWW%O%%%Q%%@%W@HW%@ ﬁ%Tanéeae%flor%eesﬂcﬁ ziwuni ty. The
| ong manuf act widdMbcRY BeLSSpREfMEnaierd dfthedifdasd, spreadahmdpic migaogffowk adi ti onal
conpositions to _prevent influenza inf egti on ggai ns anerr.erc%i ?&Ppandem C
strain. The c@RpHSi@FORLUManL-Bimas sptead AL 2§19 68‘?9%@&‘?6&‘& §#™he i nventi on
may prevent i RE{dERAR feﬁHiﬁ&ir%(%dioﬂw@P@iﬁﬁHéﬁ!S.Ml@ttalWW.V%\/.@HB@K)HQ%: to
produce and that can be stockpiled i reparati ongLor aq i nfluenza

i n

pandeni c. Subt\HER Yorh Hertph lﬁ@ﬁ%éz-ﬂl\%)?ad%er%‘rsé“ﬁ T@rdﬁYT%?Fé{‘Hed accor di ng
to the part| C‘ihgrfovéﬁ'%xr%ﬁ&hﬁ)ng%sﬁfnrﬂr&@iﬂ& Mggolﬁemg kdsrbeebibuljebts, about 13

maj or types) and neurani nidase (N, about maj or types). For exanpl e,

subt ypes i ncl wdsicilaf hemansafram theprtentially digsipous eﬁf@m{ othgg ipfivgrs2  A(HON2)
A(H ZHO), A( I—We)mignd A(H5/HO). In the |ast century, three subtypes of
influenza A resulted in pandemics: H in 1918 and 1977, H2 in 1957 and H3
in 1968. In 1997, d4ineldBmpssitions fusiersprateinsiand ndgwptidas ofgheyientonreayihet ed in
out breaks of respirato |.S 13 ; Wushh a-iss. 0fa dnge i nfl uenza
Vi rus energe Jﬁ%&%og§g%{}¥§g¢1e?§ﬂ§§wl?}fMgﬂg?ljé{g)gg%cameret_)y rr%bsséti ons within the
vi rus anti bodyrebiandnidgseSNiAgsvhadhoaquilea tmuelssiectionmd mulidgple steedtsfeigise ice  of
antigenic drift, the influenza.virus el T . i Rf ect Sidbj ect's
i mmune syst empr%flﬁ?\g KB Oh §°§§erltgdél o%ﬁ@@mé‘ﬁ% Q%%%cﬁ/pr%ﬁ%qqﬁﬁrﬁum ty to a
new i nfl uenza dta gindtichiis piable ahtizen nrpprivide lomg-lditingementits toriaflyeszaof t he
virus. Influenza A and B_.yndergo antigenic drjft. I|nflue can al so
under go ant i géﬂgﬁtl%i%f‘Pselﬂﬂé’ﬁ?rtaﬁﬂgyeﬁrﬂa SR Piraﬁl Vglﬁg?l%/gle&gei%@flgeni c shift
i's a suddefs chian@®izh A pandiéhicanti genicity usually associated with

reconbi nation of the_ influenza g,eno t hat , can gﬁcur. Wne(g a cgl &SEfq?

si mul t aneous! y i nf 842 88F SPHGRFORIY -t BREARINQ EPRPH P $ SN us. 1n
the 20th cent upynot 5, @B oirstEiaian hareRan dRMctDhadaRugdddttié i HhB patl@bidic and

influenza virus strains isolated since 1933 (Neirynck, S., et al. Nature Medicine

5:1157). In mammals, M2 is poorly immunogenic in its native form; however,
20  when administered with adjuvants or conjugated to an appropriate carrier backbone,
| M2e induces the production of specific antibodies that correlate with protection from
subsequent live virus challenge (Neirynck, S., et al. Nature Medicine 5:1157; Frace,
AM., et al. Vaccine 17:2237; Mozdzanowska, K. et al. Vaccine 21: 2616; Fran, J.,
et al. Vaccine 22:2993). Antibodies to M2e also confer passive protection in animal
25  models of influenza A infection (Treanor, 1.J., et al. J. Virol 64:1375; Liu, W., et al.
Immunol Lett 93:131), not by neutralizing the virus and preventing infectivity, but
rather by killing infected cells and disrupting the viral life cycle (Zebedee, S.L., et
al. J. Virol 62:12762; Jegerlehner, A., et al. J. Immunol 172:5598). It has been
proposed that one mechanism of protection is antibody-dependent NX cell activity
30  (Jegerlehner, A., et al. J. Immunol 172:5598).
Immunization of pigs with an M2-nucleoprotein fusion protein exacerbated

disease rather than protecting (Heinen, P.P., et al. J. Gen Virol §3:1851). However,



1968. The 1918 "Spani sh flu" pandem c was clearly the nost |ethal, causing
nore than 500,000 deaths in the U S. and as many as 50, 000, 000 deat hs

wor | dwi dewORe@ash26aequence and phyl ogeneti ¢ anal ysi s suggediS2a0satccbhe
causative agent of the 1918 pandem c was _an avian strain that adapted to
humans ( Taubenberger, J.K , et at, Nat urlé -437: 889). A simlar threat nmay be
occurring today. Since 1996 there have been nearly 200 confirned cases of

"1 Sout neast Aba arA vstod[Bai e b YR HeEed MRS oy o

7:193). More rg&aRiNy to Wep@itRB¢ye Mitigeh Mirdud S)Nmmalamioadinklhgmlts ease as far

as the Mddl e BEast and Eastern_Euro Fer ounl Vet Rec
157: 526: Al - NAMGIGPProfeim) tl eé‘%se 8%““’#@ ‘gﬁ@t "ng GiY)‘“%“a‘& MOT?J“"CCHEY at Science

309:1206; ChenmniinizaBén @{tfeﬂ}ai WiIEMP3BediRit In th¥\edhiesit e g eamplegcartrei dence of
human cases, close proxim of humans and donesticated bird fl ocks that

are potent i%al teated grgdused f“ﬁé vgalgjlégggpon%tpsg%}&n{ Hhalenss WHhQYLERSEPEdW |, and

the ease of hympsita RisBR0ead 0N, PuBhobabosnalembasiaxmesienced with
severe acute resprlur atsgl&gﬁsﬁﬁﬂ?orree(%ut anen, 89-33; , rengj aI1 prgri | J Med 348:

1995; MR Nbritsoteins ead pakneptides of e inventepythat inchide &3, 4n perfigiy M?G B&Yel op new,
i nproved conpqgj it fh%@?\'a rlft}uéfi 1Qﬂhe9£aqgl§é55' %ﬁﬁ@glol%%%ﬁﬂ@ Rbd: 48R ubOreocq6

subj ects, in particu humans, fromthe potentially disastrous effects of
anot her i nf | uelsxelopadetivg ionm R tmﬂmﬁmr@ﬁtm@ralmwn@tﬁ;ep%@oﬁnég%

pol ypepti of th tabilit

of the pr g@ét ypi caﬁheg¥rﬁgésﬁg)gs @%{%@%{eﬁw (c?yp\é %(%Eg%?ﬁ}e%%ﬁdn(‘caﬁ Bévx/m ch Y
relglw res ann?eﬂm;ﬁ@}ledcﬂ methodxfofmmuiaprh@rsmmnnsespme us&asuwatprTéIVentl ng

i nfluenza infection.. A gonposit.ion pr, V. based on
a genetical |y SFREPHEO%n Smﬁmﬁans andgog'g%[)% one fQIII’ ag??n%gglc% a?I%Hﬁ%t%gﬂl nf | uenza
i nfection, be allcsrefdnIwuja&afremlfytaemlajmanﬂueamjvab@nqsamﬂ|dmgsaHb\ye\walb@ra1b$ee in case

oo e A oRSep oy oD, BEDE Pl i T TR, o il 24
changed |itst | egeographit@ly spatdrg@ediyalistintt isemsathe bbm&ﬁtﬁoh& fosiori ;sotbmts ed since
1933 (Neirynck, S.. et al turel\/e Cl mmuals, M is
poor |y i munog@direlppptidego ’inv@t‘PBﬂﬁf nlB%g]Vlé? may Prtimtifaee T TR
response in a subject to M2e that may provide protection against a possible
pandemic arising from the introduction of a totally new HA/NA subtype into a
population nature to that subtype. The same genetic conservation lends itself to
20  providing broad protection against a potential bioterrorism use of any influenza
strain, such as influenza A.
The M2e sequence of certain avian influenza A isolates differs slightly from
that of human isolates, but is highly-conserved among the avian isolates, as shown
in Table 1 (infra). The compositions, fusion proteins and polypeptides of the
25  invention that include M2e may target circulating human pathogenic strains of
influenza A (H1 and H3 subtypes) as well as avian strains that present a pandemic
threat (H5 subtypes).
Exemplary M2e amino acid sequences of the compositions, fusion proteins
and polypeptides of the invention are shown in Table 1. The M2e amino acid
30  sequences were based on Fan, et al. Vaccine 22:2993 (2004) or the NCBI Protein
Database (http://www.ncbi.nlm.nih.gov/genomes/FLU/FLU.html). Variants in
reference to A/New Caledonia/20/99 sequence are denoted by bolded and underlined



when adm ni stered with adjuvants or conjugated to an appropriate carrier
backbone, Me induces the production of specific antibodies that correl ate
wi t h pr otwotzn@amedréem subsequent |ive virus chal |l enge ( Necmyusedos/0&662 et al .
Nat ure Medicine 5:1157; Frace, A.M, et al Vaccine 17:2237; Myzdzanowska,
K. et al Vaccine 21: 2616; Fran, J., et 28~ Vaccine 22:2993). Antibodies to
M2e al so confer passive protection in ani mal nDdeIs of influenza A

i nfection (Treanor, 1375 noI
Lett 93:131), FA&FS Ly éél.ﬁ‘erég) risilcﬁ@ 7 ﬁanwrﬁﬁ%c’%{:ﬁ‘aﬁ éeqtueﬂce?e (lt)l vity, but
rat her by ki I INog 4mﬁ:gamadd 86 shsraand SHEIQEIDUNOS N8, t49end/50 adeblefEn@‘i;a)I e
(Zebedee, Vi.r ol 2, Je I gh t al . J. lL.mmuno
172: 5598) . It Lt es@éwuﬁfid\(i@s%ﬂnﬁﬁifes hee(erge%ﬁgﬂﬁ%éﬁ e Befdn | s

ant i body- depenggnt; aNKSE@ I Nass: isy 13yanﬁ 3£ﬁlel‘dbw1neﬂiﬁ a)ASuctedubditutibn ragmunol
172:5598) . | nmuni zation_of -nucl eoprotein fusion p oteln

exacer bat ed di gwkye splabiligrand th‘:tbﬁab‘fl@%rﬂtb’ H@th(elq@inﬁg tions, fsion protels a

Virol 3:1851) ., Jrieiks of MESRcA@nd were confounded by the mul tiple varlables
exam ned (fu5|on protein linking M2 to hepatitis B core antigen versus DNA
i mmuni zation linking M2 to nucl eoprotein), the dose of viral challenge, and
the virus strain. Mre recently, immunization of ferrets with Me peptide
in the context of a conplex carrier resulted in reduced lung viral titers
upon subsequent chal |l enge wi t hout exacerbation of clinical synptons (Fran,
J., et al. Vaccine 22:2993). Conpositions, fusion proteins and pol ypepti des
of the invention that include M2, in particular Me, may limt the severity
of influenza illness while allow ng the host i ”Mmune response to devel op
adaptive imunity to the dom nant neutralizing influenza antigen, HA The
conpositions, fusion proteins and pol ypepti des of the invention can be

enpl oyed in nethods of stinulating an i mune response in a subject. The
conpositions, fusion proteins and pol ypepti des of the invention can be

adm nistered alone or with currently avail abl e influenza vacci nes and
drugs. However, because the sequence of M2e is highly conserved across
strains, HA/ NA subtypes, and geographically and tenporally-distinct

i sol ates, the conpositions, fusion proteins and pol ypeptides of the
invention that include M2e nmay stinmulate an i mmune response in a subject to
M2e that may provide protection against a possible



pandem c arising fromthe introduction of a totally new HA/ NA subtype into
a popul ation nature to that subtype. The sane genetic conservation | ends
itsel f towvproswimbreg broad protection agai nst a potenti alPChiust@snasebsm use
of any influenza strain, such as influenza A. The Me sequence of certain
avian influenza A isolates differs sligfy fromthat of human isol ates,

but is highly-conserved anong the avian isolates, as shown in Table 1
(infra). The conpositions, fusion protei ns fgd pol ypepti des of the
invention that include Me may target ci rehiedt i ng human pat hogeni ¢ strains
of i nfluenzarBplekbnt@ndsbidcsubt ypes) aubwee! asioavi an hinaadid séduehcggr esent a
pandem c t hi e@mah Wih sereypsading Exenpl ary M2e am no adId.TS&#GUENBREBWEHR { he
conposi ti onscydieisd on protei ns and pol ypepti des of theNDDs@®t i(6BRQar® shown
in Table 1. |[The M2e am no acid sequences were based aw:Farn,) et al. Vaccine
22: 2993 (2004)PweFio Rite/si@Bl  Prot ei n Daimbiase Human SLLTEVETPIRNEWGCR
(http://wwincbi.nl mnih.gov/genones/ FLU FLU. ht n) . \@@ssmes (BRQr &b er ence
to A/ New Calledoni a/ 20/ 99 sequence are denoted by bol dett ard
underlinedl etters. A cysteine (C) residue in the natWaldEVESECHNEWERR M2
sequence (e/g., SEQ ID NCS: 40, 42, 44 and 46, supra;ssasdpBEQsED NOS: | 48,
49 and 50, iin Table 1, infra) can be substituted w thseriane (S) residue
(e.g., SEQ | RaMc&snsidBs2988 43 and 45,HBupra; aishapEQ JID TNOBTPIANEWSCKANd 74
in Table 1, jinfra). Such substitution may inprove soladydsory (apd sbruct ural
integrity off the conmpositions, fusion proteins and palypepti des of the
i nvention. Table 1 Representative source Subtype Host AmmwraerdNnsrogences
Human with serine replaci ng SLLTEVETPI RNEWGSR cyst ei navoSNBSSDE=OSESR | | D NO
: 47 ) APyerto Rico/8/34 HINL Human SLLTEVETPI RNEWER GNGSSDP (SEQ | D NO

4 8 ) SLLTRMEWPCHENRWERR/SENGSSDP (SEQN1 D Human  SLLTEVETPIRNEWGCR

CNDSSDP (SEQ ID

NO: 50)
SLLTEVETPIRNEWGSR
SNDSSDP (SEQ ID
NO: 74)
AJAichi/470/68 H3N1 human SLLTEVETPIRNEWGCR
CNDSSDP (SEQ ID
NO: 51)
AlHebei/19/95 H3N2 human  SLLTEVETPIRNEWECR
CNGSSDP (SEQ ID
NO: 52)
SLLTEVETPIRNEWESR
SNGSSDP (SEQ ID
NO: 75)
AlChicken/Nakorn-Patom/Thailand ~ H5N1 avian SLLTEVETPTRNEWECR
CSDSSDP (SEQ ID
NO: 53)
AlThailand/1(KAN-1)/04 H5N1 avian SLLTEVETPTRNEWECR
‘ CSDSSDP (SEQ ID
NO: 53)
SLLTEVETPTRNEWESR
SSDSSDP (SEQ ID
NO: 76)
A/Hong Kong/156/97 HSN1 human  SLLTEVETLTRNGWGCR
‘ CSDSSDP (SEQ ID
NO: 55)
SLLTEVETLTRNGWGSR
SSDSSDP (SEQ ID
NO: 77)

AlViet Nam/1203/2004 H5N1 human SLLTEVETPTRNEWECR




NO: 5 4 ) A/Wsconsin/3523/88 HIN1 Human SLLTEVETPI RNEWGCK CNDSSDP ( SEQ |
DNO: 49 ) SLLTEVETPI RNEWGSK SNDSSDP (SEQ I D NO: 7 3 ) A/ New

Cal edoni aweQi@Depibbll Human SLLTEVETPI RNEWGCR CNDSSDP ( SEQTIUSBIoN@46665 O )
SLLTEVETPI RNEWGSR SNDSSDP (SEQ I D NO: 7 4 ) A Aichi/470/68 H3NL human
SLLTEVETPI RNEWGCR CNDSSDP (SEQ | D NO :-31) A/ Hebei/ 19/ 95 H3N2 human

SLLTEVETPI RNEVECR CNGSSDP (SEQ I D NO: 5 2 ) SLLTEVETPI RNEVESR SNGSSDP
(SEQ I D NO_: 7:‘\ Al Chi cken/ Nakorn-Pat ond Thail and - H5N1 _avi-an

SLLTEVETPTRNEWECR CSDSSDP (SEQ | D NO 5 3 ) A/ Thai | ansha i ANSER 88 HeNL
avi an SLLTEVETPTRNEWECR CSDSSDP (SEQ | D NO : 53) SLLYEVETPTRNEWESR
SLLTEVETPTRNEWESR
SSDSSDP (SEQ ID
NO: 78)
A/Chicken/New York/95 H7N2 avian SLLTEVETPTRNGWECK
' CSDSSDP (SEQ ID
NO: 57)
SLLTEVETPTRNGWESK
SSDSSDP (SEQ ID
NO: 79)
A/Chicken/Hong Kong/G9/97 HON2 avian SLLTEVETPTRNGWGCR
CSGSSDP (SEQ ID
NO: 58)
SLLTEVETPTRNGWGSR
SSGSSDP (SEQ ID
NO: 80)
A/Hong Kong/1073/99 HION2 human  SLLTEVETLTRNGWECK
CRDSSDP (SEQ ID
NO: 59)
SLLTEVETLTRNGWESK
SRDSSDP (SEQ ID
NO: 81)

In a particular embodiment, the compositions, fusion proteins and
polypeptides of the invention include a pathogen-associated molecular pattern.
Certain PAMPs (e.g., TLR ligands, TLR agonists) bind TLR, which act as initiators

5  ofthe innate immune response and gatekeepers of the adaptive immune response
A(Medzhitov, R., et al. Nature:388:394; Medzhitov, R., et al., Cold Spring Harb
Symp Quant Biol 64:429; Pasare, C., et al. Semin Immunol 16:23; Barton, G.M., et
al. Curr Opin Immunol 14:380; Bendelac, A., et al. J Exp Med 195:F19). TLRs are
the best characterized type of Pattern Recognition Receptor (PRR) expressed on

10  antigen-presenting cells (APC). APC utilize TLRs to survey the microenvironment
and detect signals of pathogenic infection by engaging the cognate ligands of TLRs,
Pathogen-Associated Molecular Patterns (PAMPs). PAMP and TLR interaction
triggers the innate immune respoﬁse, the first line of defense against pathogenic
insult, manifested as release of cytokines, chemokines and other inflammatory

15  mediators; recruitment of phagocytic cells; and important cellular mechanismé

which lead to the expression of costimulatory molecules and efficient processing and



SSDSSDP (SEQ 1 D NO: 7 6 ) A/Hong Kong/ 1 56/ 97 H5NL human
SLLTEVETLTRNGWAGCR CSDSSDP (SEQ I D NO: 5 5 ) SLLTEVETLTRNGAGSR SSDSSDP
(SEQ I D WO02006067262 A/ Viet Nani 1l 203/ 2004 H5N1 hunman PCT/US2005/046662
SLLTEVETPTRNEV\E_CRCSDSSDP (SEQ ID NO 56) SLLTEVETPTRNEWESR SSDSSDP (SEQ I D
NO : 7 8 ) A Chicken/ New York/95 H7N2 avian SLLTEVET PTRNGAECK CSDSSDP ( SEQ
| DNO: 5 7 ) SLLTEVETPTRNGWAESK SSDSSDP (SEQ I D NO : A/ Chi cken/ Hong

Kong/ G3/ 97 HON2 avi an SLLTEVETEETR%IS CS (S I 5N .5 8)
SLL TEVETPTRNGYESRtagQme S serstey [ ree G@E %%n%%@t% %"Kf)?f/‘% HON2 human
SLLTEVETLTRNGYEGHnGREPonER. (SEQ | D NGO 59) SLLTEVETLTRNGWESK

TLRs recognize PAMPs including bacterial cell wall components such as
lipoproteins (TLR2) and iipopolysaccharides (TLR4), bacterial DNA sequences that

5 contain unmethylated CpG residues (TLRY), and bacterial flagellin (TLRS). The
binding of PAMPs to TLRs activates well-characterized immune pathways that can
be mobilized for the development of more potent compositions, fusion proteins and
polypeptides of the invention. The compositions, fusion proteins and polypeptides
can be generated in a manner that ensure that those cells that are exposed to

10  protective antigen(s) of the pathogenic agent also receive an innate immune signal
(TLR activation) and vice versa. This can be effectively achieved by designing the
compositions, fusion proteins and polypeptides to include at least a portion of at
least one PAMP and at least a portion of at least one influenza viral protein (¢.g., an
integral membrane protein). The compositions, fusion proteins and polypeptides of

15 the invention can trigger signal transduction pathways in their target cells that result
in the display of co-stimulatory molecules on the cell surface, as well as antigenic
peptide in the context of major histocompatibility complex molecules (see Figure
16).

, Figure 16 depicts the activation of an APC by TLR signaling. The

20  composition, fusion protein or polypeptide of the invention includes a PAMP that
binds to a TLR, promoting differentiation and maturation of the APC, including .
production and display of co-stimulatory signals. The composition, fusion protein or
polypeptide can be internalized by its interaction with the TLR and processed
through the lysosomal pathway to generate antigenic peptides, which are displayed

25  on the surface in the context of the major histocompatibility complex.

An “effective amount,” when referring to the amount of a composition,
fusion protein or a polypeptide of the invention, refers to that amount or dose of the
composition, fusion protein, or a polypeptide, that, when administered to the subject
is an amount sufficient for therapeutic efficacy (e.g., an amount sufficient to

30  stimulate an immune response in the subject). The compositions, fusion proteins, or
polypeptides of the invention can be administered in a single dose or in multiple

doses.



SRDSSDP (SEQ I D NO : 81) In a particular enmbodinent, the conpositions,
fusion proteins and pol ypeptides of the invention include a
pat hogen-wieowimbdmd nol ecul ar pattern. Certain PAMPs (eP@T/USTaRokésgaNdS,
TLR agoni sts) bind TLR, which act as initiators of the innate inmune
response and gat ekeepers of the adapti veZi mune response (Medzhitov, R, et
zgl4. 4lglgtu|r3e:388:394; Medzhitov, R, etal, Cold Spring Harb Synp Quant Bi ol

: ; Pasare, C ,. et al in_|mmunol. 16: 23; , et al. Curr
Opi n | munol 14: 388,1"?%‘8%8%% Ogggglﬂés,enelt“v%{’lnfmﬁan eg%@éﬁl%ﬁb&f@%_ TLRs are the
best char act eradm@fisttayipeofihe RahpsitionRéchaprdteionoRedtmepiides (RRRnventjpnessed on

antigen-presentin ells (APC). APC utilijze TLRS to surv t he

m croenvi ron ten%ﬁ’ccﬁ OH@E%%F"‘IS‘%‘%?H%I §’68 lcﬂg't ﬁS&é}ﬁ? Ettaldﬂ?”élétfai%éwst)b;y %gagi ng t he
cognat e | i gandggeafionl(e/Bs drifiatingedapAssReh pdredraiiilsagat iafectidatof iens  ( PAVPS) .
PAVP and TLR interaction triggers the innate inmune response, the first
line of dePensemREHits{USIPRPHEEE T Bolyprotifie ,Otﬁ%{ﬁf"?té%? StARPIL A0, ¢

cyt okines, chenplhnesddcheqhréiht ihithtiodmBLOhY iniR RS iStadérgal Ui t ment of
phagocytic cells; and inportant cellular mechani sns which |ead to the

expr essi on of BEstPH Braeyionetley PRastaRFRYS UGS ISy AHR BELPIRG-

andpresent at | %p?(gsitgﬁés'cﬂ?rﬁl?sd[‘:l‘?ha-fpﬁt%els%an aldefBe cPdye@l both innate and the

adaptive i mune responses. TLRs recogni ze PAVMPS incl uding bacterial cell

\g/all c_orrlponents sudlie gempdsisiops. dessomrrotens Roolypsetides o5 Bs &R taR Ptles ( TLR4) ,
acteria ]?\IA e : C b ISR : ,qj%@ R9), and
bacteri al Iagagﬁﬁ%%&%ﬁ‘gﬁél{%‘lahsgg ?ﬂn |uné o?%éﬁﬁ/}ﬁgg%eg@%gswéc i?%{ugés_ :

wel | - char act erdftlediendniticrvellp@tthevenpepositian, fesdon dyeteingtsipblypeniide efthe he

devel opnent of. nor.e tent .co e P i i ns and pol ypepti des

of the inventi%Wlaﬁgﬁeca%ﬂ%rggﬁ‘{Eﬁggésn,Be%ﬂ%fnéél&%%@?}é?%g}eg{hd pol ypepti deg can be

generated in a manrde cohgdsitens, fosort frateins hogdypeptides of Hetinvanigonerpbsed t o

protective antigen(s) .of the t hogeni.c a r ' hnate i mMmune
signal (TLR act® gtF%fﬂ_f‘lo%(&r VB%@C Pls“%{.smll'%ﬁ)gﬁecg#% % ec%?}g}é{tgtlr%fe&flf/pachi eved by
desi gni ng tshe mempRShilideninulfaisisnr ggotntinlnsministrapioh pHthp compmsition, | ncl ude at

| east a portion .of at.least o ) .at. |. i
i nfl uen Zg. vir SIB? Brtoéqnhor(péyé_e&?dgg%%z 1r?'v%gtlc%t1nclilgf’%hslgllyaorqg Eénkl%rrllati%}cl. at |east one

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, administration of the composition close in time to administration of

20 the fusion protein) so that the effects on stimulating an immune response in a subject
are maximal. It is also envisioned that multiple routes of administration (e.g.,
intramuscular, oral, transdermal) can be used to administer the compositions and
fusion proteins of the invention.

The compositions, fusion proteins or polypeptide of the invention can be

25  administered alone or as admixtures with conventional excipients, for example,
pharmaceutically, or physiologically, acceptable organic, or inorganic carrier
substances suitable for enteral or parenteral application which do not deleteriously
react with the extracf. Suitable pharmaceutically acceptable carriers include water,
salt solutions (such as Ringer's solution), alcohols, oils, gelatins and carbohydrates

30  such as lactose, amylose or starch, fatty acid esters, hydroxymethycellulose, and
polyvinyl pyrolidine. Such preparations can be sterilized and, if desired, mixed with

auxillary agents such as lubricants, preservatives, stabilizers, wetting agents,



integral nmenbrane protein). The conpositions, fusion proteins and

pol ypeptides of the invention can trigger signal transduction pathways in

t hei r tarwetowaléhm2t hat result in the display of co-sti rulratsesog/osasbecul es
on the cell surface, as well as antigenic peptide in the context of najor
hi stoconpatibility conplex nolecules (séé'Fi gure 16). Figure 16 depicts the
activation of an APC by TLR signaling. The conposition, fusion protein or

pol ypeptide of the. inventian.includes a PAVP th i . i
Gt or ont 1 at | GHAEH Br T BHEROR e R ARC T e PRy SeaiE’ Gl sl ay
g; ncgés_ti [rul atsﬁlﬁsyangds%ﬂ@’pht%.likﬁ'h@li&laiaspmsdleﬂdt@muslifm&icowitlpthetcahposﬁt'rongo| ypepti de
internalized by its interaction with e TLR and processed
the |ysosonal Tpaemielying oF RRRsPHESS Ogﬂ’tei“a’éﬁtil%i‘ :’Jﬂg‘ﬁﬂeé@??o%?%ﬁs%ﬁee di tsg{gygg
on the surfaceqinBintd)yheRBEEel, With §the abMRjeBtbshinBésa6 eeted mbthbdlicy conpl ex. An
"effective anount,"” when referring to the anoun{ of . a c position, fusion
oy HERE

protein or Sa plegpirior Hee ermnogiions Hsipnipeicing Fhe WYHURL Bt dose of

the conpositi gp.qaftSkds Y Qbfl BdmBlstBiRAOkMRePS bk, iduambsculion adni ni ster ed
to the subject is an anount sufficient for therapeutic efficac e.g., an
Brevifsde)

amount suf f i ciietraperitonast injrgtion. & haRomPpRFitioRS. FEKHAHSEITS nOtH? © The

conpost L1 ons, o Yk bnftiRlaSl ifiPan RinifiHleY RRE LiGRiRed AR siBkART ABrecan be

adm nistered in a single dose or in nultiple doses. The nethods of the

present i nventthampne dosetvrerscpaviogof Hine th dopfer the dagiredsiset(agi dlvisie t he

conpositiaons, fusiQn pr i | ..af: { nvention by enteral

or parent g@al pﬁ%’éa?]tgl.lraéﬁ%%iﬁéﬁnZ%%Feyg?ét%@B{re%l&g 2‘715 lrzla%ér}?m'strati on ig by oral

![ Egestl on (e.g., ?Whekpatteatbfaéapplicatpmuia eecfiaiprdesired; prrticataly suitable i nj ection of
e conposition, .fusion protein.or | i I O

adni ni strat i o_r?%‘é’“%fF%@r SSMpRLLLS @5‘“@%%4%28%‘% %bﬁéeesr??élj%ﬁe% tlaﬁ% udi ng

i ntravenous, isprile@deniond, prafarhblaaily erdgatqus soltticueasivadie adspersionsubcut aneous

50 be empl oySeIS P BREG P BEE S RGT S B TRl BT E I BRBkECE PRl
i nvention an dagidstion HicRide dqesuyiottiohsofaesidsp.ealines para vateogtusoldendri ti ¢
g?l)![ Z| anlr | 8\31 %}n%@g{l(,ﬁagéa%?%e% é;f)f]%eagﬁt”éf{ !setselﬁﬁe &E lpL)ﬁ/o;[(}?etﬁy?e%e%?o%E%gliy%ie&n’ fusion
and the like. Ampules are convenient unit dosages. The compositions, fusion
proteins or polypeptides can also be incorporated into liposomes or administered via
transdermal pumps or patches. Pharmaceutical admixtures suitable for use in the
20  present in\m/ention are well-lmoWn to those of skill in the art and are described, for
example, in Pharmaceutical Sciences (17th Ed., Mack Pub. Co., Easton, PA) and
WO 96/05309 the teachings of which are hereby incorporated by reference.
The compositions, fusion proteins and polypeptides of the invention can be
administered to a subject on a carrier. “Carrier,” as used herein, means any
25  composition that presents the compositions, fusion proteins and polypeptides of the
invention to the immune system of the subject to generate an immune response in
the subject. The presentation of the compositions, fusion proteins and polypeptides
of the invention would preferably include exposure of antigenic portions of the
influenza viral protein to generate antibodies. The components (PAMP and an
30  integral membrane protein of an influenza virus) of the compositions, fusion
proteins and polypeptides of the invention are in close physical proximity to one

another on the carrier. The compositions, fusion proteins and polypeptides of the



invention, the dendritic cells can be adm nistered to the subject. The
conpositions, fusion proteins or polypeptides of the invention can be

adm ni st ewedo@lmwoms20r can be coadmi nistered to the pati enr/USGwamdmionst rati on
is neant to include sinultaneous or sequential adm nistration of the
conposition, fusion protein or polypeptidde of the invention individually or
i n conbi nati on. Where the conposition, fusion protein or polypeptide are
admi ni stered individually h de of _adm nistration, c e _conduct ed
sufficiently dPgagdon@npe ﬁ%aé’S‘?@ng%cagfe}‘igP’ C‘E‘fagqn%’i?g%qvgl,eng%tr%cblﬁfl%“?r ation of
the conpositi qRefekBI§aht Bartibr e bioGordghiiblRi SBioasheibif” o heedfhesdigmepnot ei n) so
that the effects on stinulating an i mune response in a subject are

maxi mal . |t i $haithesamisyiess dALIFIFTREEN h‘ﬂ’lnf'il‘b‘leépofl%’f’gl? SB]PJe%fo(ﬁ‘igln tration

(e.g., intramyscdibddn ofQh@bodids]. aMRASkEBEah teAbiddReUEDIL dubstAttaRics ath the
conpositions and fusion proteins of the invention. The conmposjtions, fusion

protei ns of pdisypelymedecador ¢ Hposomgehhg i an BetherdpglvleA Ur 8598 one or as
adm xtures w tslaitgo@gg@%tgnal exci pients, for exanple, pharnaceutically, or
physi ol ogi cal I'y, acceptabl e organic, or inorganic carrier substances

sui tabl e for ent er dhe dosapamsifragpericy &sinale erarylaple dpsedrrdadnisieied ¢t et eri ousl y
react with the,extr |eh 8 &{:ﬂ BGM ElHR, e AbkRsEatdd ers

i ncl ude wat er ,Su?g%tcggiqrﬁ?%ﬁggﬁggkgﬂc fg@% ng_ecr' s’lsol g{éﬁgfr?), %Iscghol s, oils,
gel atins and cdrabotigelr, steabiraionlof wisal infestion.riontrgatpens obthe gtrakiafectignathey aci d
esters, hydroxynet el l ul.ose AV bl di&epdie Bizprepar at i ons
can be steriliZ% OQ%‘@}I“%SE”H)Z‘&W%% ) m§184>1<%0 %{OHB&E@# Fll%a%e geﬁtg ’sagc’h as

| ubri cants, presecesat bydsweightatyidyinpey imdexnetd dietepf dgenisctomaiirs pid &itent salts

for influencing osnotic.pressure,  buffers I ?1/'&{1 a ic
subst ances anagftSWBptP'i“EBf(%ﬂflwaﬁﬂjoﬁ%r?’ IH@ 8f aelgl?egﬁsﬁ %lg}ﬂée W tn fﬁ"%gztd
conmposi tions, itSieeporRibld @ the inctpal(ypeipflices AoB, Chetheisoweadftbn. The
preparations can al sqg be coﬁ)i ngd, g/na‘%? Iglesi\gLedd 1Wl h ilgtcﬁef(rin Gt ive
subst ances to ME¢RIERY (&0 iPBE (8L atld B> TREESnpEEM Y oNE, ™'t usi on
protei ns of5 podoypeRhi &k (4. fiendsil\prays @l dewrs, sneh adifiantagines Wdarttadines or al
adm ni stration, such as a drink, i n{,rarms ul ar .%5 intraperit (eaala
i nj ection. TheZE¥ARBSPe P??H%‘PIVFTQPsGPE‘ﬁ IGSHBRST R e OO e;’fB‘réJsb‘f‘? &one, or
when conbi ned WrdbibraR oftdfheditHirBlated BlobRMs ADMenthetapetid rédimensdragimgs @n i n nore
t han one dose over a period of tine to confer the desired effect (e.qg.,
all evi ate be used in conjunction with the methods and compositions, fusion proteins or
polypeptides of the present invention. For example, the administration of the
20  compositions, fusion proteins or polypeptides can be accompanied by other viral
therapeutics or use of agents to treat the symptoms of the influenza infection (e.g.,
nasal sprays and drugs, such as amantadine, rimantadine, zanamivir and
oseltamivir). Adjustment and manipulation of established dosages (e.g., frequency
and duration) are well within the ability of those skilled in the art.
25 The present invention is furthet illustrated by the following examples, which

are not intended to be limiting in any way.
EXEMPLIFICATION

30 EXAMPLE 1: FLAGELLIN-M2e FUSION PROTEINS

M2e is conserved across multiple influenza A subtypes (also referred to

herein as “strain”). M2e is at least a portion of the M2 protein, in particular, a 24



prevent viral infection, to alleviate synptons of viral infection). Wen
parenteral application is needed or desired, particularly suitable

adm xt ur esof2006/a6bms2conposi ti ons, fusion proteins or pol ppeatS2asm4@HE
injectable, sterile solutions, preferably oily or aqueous sol utions, as
wel | as suspensions, enul sions, or inpl-aat-s, including suppositories. In
particular, carriers for parenteral adm nistration include aqueous

sol utions of dextrose, saline, pure water, ethano| @g | ene
gl ycol , peanutamdid-tersmysfsoatierredsp neisinaseRy FAOMBINOLH ¢ é%V@ﬁﬁ?@’ t he

like. Arrpul €s ]ﬁ gct&Wa‘?rpfs?aﬁtl\‘éW snafl Q8AUERId FYEnbOINARIiRd L) cmisatean
proteins or ypeptides can al'so be incorporated into |iposomes or

admi ni st er ed vpéﬂ¥@®msdé6wam0@@#$§néNAdéb@ﬁé§9MPHQPWQ@erP@@? admi xt ur es
suitable for [ I ot Rinianose of skill
in the art an§£§F dggg??@%g%p%okﬂggg%p ﬁngc%d}gﬁ{asrfﬁégeut?calaSmences (17th
Ed., Mack Pub.isdBges, biids highly-cPAgerva dmnez @S/a@m@glatehése@ Ealdeil nyyeradf ok ch are
her eby incorp t ed b i t and

pol ypept | des. GPEReePieERFLAREEs L BriRTRR R BNoadelthl ARRARHEAS
carrier. "CarkkSEFthgeug&dchkmﬂ)wmemganmbanymdﬁﬁﬁOQHmuUmehh@@ﬁﬁmesents t he

conposi tions, [fusio ins a l,ypepti des of the invention to the

i mmune systenﬂ%gyfﬁ%ﬂgﬂ%fg anﬁqggﬁgrate an i mmune response in the subject.
The presentation of the conpositions, fusion proteins and pol ypepti des of
the invention would preferably include exposure of antigenic portions of

t he influenza(yﬁ$Wmeﬁathnmuamg_nerate anti bodi es. The conponents ( PAMP
and an integral nenbran rotel nf | z rus

conposi tions, fusi df¢pHFBLR (f“sfﬁﬂ ‘éméepstylngigg W%eﬁgqaeﬁ 4t(i083r? UM in

cl ose physi cal24pinfxs a8id yeqh@lces)wamnems obnstro@edcarfolieys. Thh@ET4osi ti ons,
fusion proteins and pol ypeptides of t ven be attach to the
carrier by c oVEFIER T AP ESRdm élﬁ‘(aga{h[h&eﬁ%%% e ;Fg? SFagEym W@gﬂﬁr rier

bi oconpat i bl e. 3z R1Q¢ OMRRLIA @atal dutHer? a0E) flom SEApend atioliecarri er does
not generate an i mMmune response in_the subéect@é éﬂg oducti on of

ant i bodi es}3 W@&@&hp%@“&edﬂbwg&% eé“l??)%’”{ﬂf "%, such as

a pol yner bead.,0fif fhk %ﬁﬁfﬁotm{%s ﬁﬁﬁﬂjﬁ@hxm GovaBend wiacksddes RN o ot her
sui tabl e adj uvants.” The dosage and frequency (single or nultiple doses)
admi ni st er ed ttemplate for insert preparation for construction of the C-ferminal fusion expression

construct with STF2. The synthetic 4XM2E construct pDrive 4xM2E G00448 was

used as a template for PCR as outlined in the Seamless Cloning Kit (Catalog number
20  214400) from Stratagene (La Jolla, CA). The expected product from this

amplification includes the 318 bp and the restriction enzyme sites incorporated into

the oligonucleotides used to amplify this insert. The procedure was as follows:

PCR conditions
25 1L -20 ng of pDrive 4xM2E G00448
5 uL of 10x cloned Pfu polymerase buffer
1 uL of 40 mM dNTP mix
1 pL -10 pmol of forward primer 4xM2Eforbsl

1 uL -10 pmotl of reverse primer 4xM2Erevwsto
30 40 pL ddH,O
Immediately before starting the thermal cycling 1 pL of PfuTurbo DNA
Polymerase the following were added.



subj ect can vary dependi ng upon a variety of factors, including prior
exposure to a viral antigen, the duration of viral infection, prior

t r eat mentwof2oedneoaser al i nfecti on, the route of adm ni st PariusR005H4d6hE
conposition, fusion protein or polypeptide; size, age, sex, health, body
wei ght, body nass index, and diet of théb6subject; nature and extent of
synptons of influenza exposure, influenza infection and the particul ar

i nfluenza virus responsible for the infection (e.g., influenza A, B, O,

t he source of the influenza virus (e.g., Hong Kong, Puerto Rico, Wsconsin,

Thai | and) kinqxngggggaﬁﬁﬁygaﬁ&gatnent (e.g., nasal sprays and drugs, such
as amant adi ne, ri mant adi ne, zanam vir and oseltanivirﬁggp%ﬁplications from

t he i nfl uenza 5expdsTE ETCAMMGASHZ I GRFGAETHACHT IS C IGSERed

probl ens. O hep \dr&joqpeutic regi mens or agents can be used.in conjunction
wi th the nethods and’conpositions, fusion proteins or polypeptides of the
present i ndentkMRErdvoistogxiarepbeguenche admi ni stration of the conpositions,
fusi on proteigg or pol ypeptides can be acconpani ed by other viral

t herapeutics or use of agents to treat the synptons of the influenza

i nfection (e. ©GCPEEBECAEGCATATAATCTAGHS;CEGERT @A CARICLAT MGABLCRA adi ne,
zanam vir and §$§| Sghy;s). Adj ust mrent and mani pul ati on of established
dosages (e.g.ﬁ gé by and duration) are well within the ability of those
skilled in the art ThiEheacfioresantycletuefollown on & Thamb Eybaid AxEdhermtlagcley t he

fol |l ow ng xagﬁ; . i,ch are not intended to be limting in any way.
EXEMPLI FI CATI 'l: FLAGELLI N- M2e FUSI ON PROTEINS M2e is conserved
across nul tiple infihigrzae A subtypes (also referred to herein as "strain").
Me is at | east—aportionof the M2 pretein—+na—parficular, a

24ani no-term hus (al'SBPPERE red to her eifH&n an "ectodomain") of the M
protein. The 2 ectodomgin 1S relfativel'ygamél am np acid sequence (24

am no aci ds) QQHpﬁL&dJJlJﬂLiiﬁEuT 566 am no.acids)|{and NA (about 469 am no
aci ds). The MPe sequené®é’ of exenp| ary ai®BUEnfluenza A isolates differs
fromthat of humenm—Tsolgtes—but— s highiyg@nserved anong the avian

i sol ates (see|Table 1, Supra). Folur tandem copies M2e fused to the

carboxy term nus of a flagellin STF2 (full-length or STF2 hinge
regi on-del eted) were generated. The STF2 w thout the hinge region

Subsequent nine cycles

Temperature Duration
95° 45 seconds
65° 35 seconds
72° 1 minute
15 At this point the following was added to each reaction.

5 uL of 10x cloned Pfu polymerase buffer
1 pL of 5-methyl ANTP mix
44 uL ddH,O

Subsequently the following thermal cycling was repeated five times.

Temperature Duration

95° 45 seconds

65° 35 seconds




is also referred to herein as "STF2D." Construction of Fusion Protein The
carboxy-term nal fusion of the synthetic 4xMe sequence (4 consecutive 24
am no aciwoeguesmses) with STF2 was constructed as fol | ®@as/USTS/OpEwE24A

vect or was purchased from Novagen, San Di ego, CA. The strategy enployed the
Searm ess T oning Kit (Catal og nunber 2143%00) from Stratagene (La Jolla, CA
wwwv. st rat agene. con) perfornmed by DNA 2.0 Inc. (Menlo Park, CA). The gene
encoding the fusion protein was | pDrive 4xMPE (00448 and was used as a
PCR tenpl at e flor |nsert72pr eparati on "for lBM¥ter uction of the G termnal

fusi on expressiom construct W tiT STF27 _Tne synthetic 4xME construct pDrive
4xMRE (00448 was used as a tenplate for PCR as outlined in the Seam ess

d oni ng Kit (Catal cbhenl@fripbmpraiudisgs)brdughite Stvpbm@g?éﬁ@o pL&y thsladditiong) . The
expected pr Odu’f}ti bf ffé)rmfhp b3yt %ﬂoﬁﬁcﬁ%k ﬁmepblrﬁ?‘L glggm% @a'adCAhe
restriction enzyne Sites Tnc onuc des’ Used to
anplify this |ﬁste1|ognuﬂib<ar Ipﬁﬁe@dmenrmdom@ahcblchlom‘"orrm&?ammcm Os 1 nl -20

ng of pDrivy, 04485m_ 1rr1_of
20 o BNTP B g aTHPTRdHE] { W R ol dprec”i”gated oy RBIHRE 3P ﬁE%ﬁ%‘f’&%

reverse pri rr?raoénamﬁif&vpﬁlsa aﬂﬂ)7510_uﬁdﬂlz(m% el aThd PNogfetistevas trasttedng the

e e k| "Ste T S AR P 0l TR PR LSOkl QR ver e

5' - CGCTCTTCAMI {a4sb3ndeCTAGI GACRITTFEGAGACCCCGATTC (SEQ I D NO 69) 4xM2Er evwst 0

primer sequence: 5'- CCCTCTTCACGCTTATTATCTAGACGGGTCTGAGCTATCGTTAGAGCGAG
(SEQ I D NG 70)

10  Amplification of Vector STF2 in pET24.
The previously constructed pET24a/STF2.M2e construct was used as a

template for PCR as outlined in the Seamless Cloning Kit (Catalog number 214400)
from Stratagene (La Jolla, CA). The expected product from this amplification
 includes the whole of the pET24 plasmid plus the STF2 sequences but does not

15 - include the single copy of M2E that exists in this construct. The procedure was as

follow:

PCR conditions
1 pL -40 ng of STF2.M2E pET22-2

20 5 uL of 10x cloned Pfu polymerase buffer
1 uL of 40 mM dNTP mix
1 pL -10 pmol of primer 4xMECpET24
1 pL -10 pmol of primer 4xM2EC-STF2
40 pL ddH,O

25
Immediately before starting the thermal cycling the following were added:
1 pL of PfuTurbo DNA Polymerase
4XxMECpET24 primer sequence:
5*-GCTCTTCAGCGGCTGAGCAATAACTAGCATAACCCCTTGGG (SEQ ID
30 NO:71)
4xM2EC-STF?2 primer sequence:



This reaction was cycled as follows on a Therno Hybai d PxE ther nal

(Wal t ham MA).

react i on.wo 2ms/w@9H2620x cl oned Pfu pol ynerase buffer
m x 44 nL ddH20O Subsequently the foll ow ng thernmal

Initial

cycler

cycle At this point the follow ng was added to each
1 nipofr/us2008t0le6k2 dANTP
cycling was repeated

five tinmes. The 100 nL product was broughi8§ifo a volune of 300 nL by the

addition of TE buffer.
(I'nvitrogen Carl shad, CACatal o
? ’a@GGECEEQéCAﬁfqu%WCAGMA%Gﬁ

chl or of or m ext

The resul ti ng product was phenol
nunmber

15593- 031

chl orof orm

extracted once and

{CTWEC@ KR 82 Wéhol

preci pi tated by,addition of 30 nL of Sodium acetate buffer pH 5.2 and 750

mL of 100% Eth

anol .

The DNA pell et was washed twice with 300 nL 70% Et hanol

allowed to air dry for ten mhutes and then resuspended in 50 nL TE buffer.

Anplification
pET24a/ STF2. M2

of Veﬁﬁ?Jeac%-BE %vais Qgégégi-rag %ollom%ﬁ%]rlgltéléﬂ#%#yayﬁ{shéﬂgﬁaﬁ

e construct was u

as ate

F’:’%rlféd in the

Seam ess O oni (Walihatm, M2at al og nunber 214400) from Stratagene (La Jolla,

cA) .

[
The procedure

conditions 1 mi—40-ng-oof—SHZ2MEpER2225+nt—o6f
pol ymerase buflffer 1 mPSFHES M dNTP ni X Rugion pn
1 nL -10 pnol [of prinergsdxM2EC- STF2 40 rmslmghedtd2O 1 mre
the thermal cycli 1 lwere added——— |
65° 1 minute
72° 18 minutes
Subsequent nine cycles
Temperature Duration
95° 45 seconds
65° 35 seconds
72° 18 minutes

The expected product fromthis anplification includes the whole of the
pPpET24 plasm d plus the STF2 sequences but does not
of MRE that exi sts Initialdyick construct.

ncl ude the single copy
was as follow PCR

Ox cl oned Pfu

of primer 4xMECPET24
diately before starting

10 At this point the following was added to each reaction.
5 pL of 10x cloned Pfu polymerase buffer
1 pL of 5-methyl dNTP mix
44 uL ddH,0
Subsequently the following thermal cycling was repeated five times.
Temperature Duration
95° 45 seconds
65° 35 seconds
72° 18 minutes
15

The 100 pL product was brought to a volume of 300 pL by the addition of

TE buffer. The resulting product was phenol chloroform (Invitrogen Carlsbad, CA-

Catalog number 15593-031) extracted once and chloroform extracted once. The

amplification product was then ethanol precipitated by addition of 30 pL of Sodium



1 nmL of TfuTurbo DNA Pol ynerase 4xMECPET24 priner sequence:

5' - GCTCTTCAGCGECT GAGCAATAACTAGCATAACCCCTTGSG (SEQ I D NO 71) 4XM2EC- STF2
priner seyoaneaicsi62 CGCTCTTCACAGACGT AACAGAGACAGCACGT TCT GBGEUSBEROIMBONO.  72)
This reaction was cycled as follows on a Therno Hybaid PxXE thermal cycler
(Waltham MA). Initial cycle At this poi3ft- the foll owi ng was added to each
reaction. 5 nL of 10Ox cloned Pfu polynerase buffer 1 nL of 5-nethyl dNTP

m x 44 nL ddH2O Subsequently the fol i t her cl i was. r epeat ed
O R gL ted P Lo M E PR Y i iy ppat o
addi tion of Thuhukfigrioo ineovesuhdol MbwRHQE b Uryastep Ranads aabkienof or m
(I'nvitrogen Carlsbad, CACatal og nunber 15593-031) extracted once and

chl or of or m extreseneadecoind8 LTHEDWHep! i fi cation product was then et hanol
precipitated by addition of 30 nL of Sodi unacetate buffer pH 5.2 and 750 niL
of 100% Et hanol . The DNA pellet was washed tw ce with 300 nL 70% Et hanol

al | owed t o 5ai rDigestion ard figatiombhYactos apthserhapplifecatiensended in 50 nL TE buffer.
Digestion and |igation gk | ¥eehogea0d Jiel3 TRV btbiCALIQRS aFRIIBWE104 |

di gests were set upasepgr at%%y&?%rr Qvgk{g%‘%}a%g@%ert as1 fl(sglalgove/(sa‘:?v ‘30 mL of
anplified prodéqtl cffapiified pradalt afer ethepdltpatcimoation nl. of 10x Uni versal buffer

(Supplied wth, Sea ss. d oni } : restriction enzynme
(Supplied wt ES é@aéﬁ@%? eésr?! gr}gfe{gsﬁl%)pléid%ﬁgﬁﬂgl@%]eg%ggsﬁ re m xed ge%t |y
and i ncubat ed 4atpl3FHL] @] restsctivo enzyared Shprgiat with Seaalessi dosingKityect or and

i nsert prmdotjct repared as above perforned as foll ows (Reagents
supplied h éeﬁ‘ﬁ?g) Cloning Kit): ]
Digests were mixed gently and incubated at 37°C for one hour and ligation

reactions of vector and insert products were prepared as above performed as follows
(Reagents supplied with Seamless Cloning Kit):
Ingredients added in order listed:
15 9 pL ddH>O
5 uL of Eam 1104 1 digested 4xM2E amplified insert
5 uL of Eam 1104 I digested STF2.M2E pET22-2 amplified vector
2 pL 10x Ligase buffer i
2 pL 10 mM rATP
20 1 pL T4 DNA Ligase (diluted from stock 1:16)
1 pL Eam 1104 I restriction enzyme
The ligation reactions were mixed gently and incubated for 30 minutes at
37°C. The ligations were then stored on ice until transformed into XI-10 competent
cells (Stratagene Catalog number 200314) later than same day.
25

Transformation of Ligation into XL-10 Competent Cells

Eppendorf tubes were chilled for ten minutes while the XL-10 (Stratagene
Catalog number 200314) competent cells thawed on ice.
50 pL of competent cells were aliquoted from the stock tube per ligation.
30 2 pL of p-mercaptoethanol stock which is provided with the XL-10 cells.
This mixture was incubated for ten minutes on ice gently mixing every 2 minutes.

Seamless cloning ligation reaction (4ul) was added, swirled gently and then



I ngredi ents added in order listed: 9 nL ddH20 5 nL of Earn 1104 | di gested
AxME anplified insert 5 nmL of Earn 1104 | digested STF2. MME pET22-2

anpl i fi edwoeetsrso2nl 10x Ligase buffer 2 nl | OvMr ATP 1 poir/UB400BMAGck2 gase
(diluted fromstock 1:16) 1 nmL Earn 1104 | restriction enzynme The ligation
reactions were mxed gently and i ncubatdf-for 30 mnutes at 370C. The

| igations were then stored on ice until transforned into XL-10 conpetent
cell's (Stratagene Catal og nunber 200314) |ater than ? day.

Transf or mat i ofncybated epeic 39%@@&-@‘9“@6%@?@%“@@@ Oggf)é"r?%qslattubes wer e
chilled for teRedmnuy &MH.l"[%etnh)%sﬁ%r‘e]iﬁ’cuﬁ)ﬁe&@ﬁﬁgﬁﬂ%‘c%@b@ﬂliﬂﬁuﬁber 200314)

conpetent cells thawed on ice. 50 of conpetent cells were aliquoted from
the stock tub&OSenediigdtuk) wermadded toshaealls apd BettateA Sor BEBEW &b th i s

provi ded V\nthv;igﬂ Kioh0 cells. This mXxture was incubated for ten mnutes
on ice gently mxfng every 2 mnutes. Seam ess cloning ligation reaction

(T ﬁm % \Q/as éddé&v,r? Lﬂ\hgalrr] kahkagenml(w@ﬁuu pleing are umltt@nlat@ﬂog ¢k 210 doofihmut es.

e tubes wer t ogke t 42C in a water bath. The
tubes were i n%ﬁﬁ%?%ﬁ5ﬁﬁ% acng aIl%&edé’t? g?%gg{kq%ﬁlg m nutes. SOC nedi um (400 mi)
were added to the cells and incubated for one hour at 370C with agitation.
Two LB agar kgnag&.ci nFJéQSOm/ Dl att s are used to plate 200 nL and 10 nL
of the transf 1 DAL Q0P B=gr ow over ni ght. Screeni ng of
Kananyci n Resi st anRefdnaigst Radidates wartgroemay thamasprepsie LgrieBmotup f or

mnipreps in Luria Broth containi Kana in (2 ni nd racted
using the 18 MP@@ngﬁiﬁﬁnﬂnﬁ?‘Bkgﬁg@nﬁ) a("%e g%%e%f"ég%%%p& %’é‘% lz\ﬁfé%reﬁlu nber
éfé?géé CBigngl fi@i i eﬁr\@genw,r@t\@faﬁg{wﬁn&y 27 E%Y.r Caididate ctoney wess s¢ridead Engl and
verly, _and posi , in. i
Brot h cont ai nibgfgesﬂ'(rétfﬁléﬁf&?%eé Q%é‘ﬁvgylgi@? }glfs?@%égve%’m) akd I%Orsl‘t%’eoglor% of Luria

were grown up in 100 mL of Luria Broth containing kanamycin (25 ug/mL) and
extracted using the Qiagen HiSpeed Plasmid Midi Kit (Catalog number 12643).
15  These clones were submitted to GENEWIZ (North Brunswick, NJ) for sequencing.

Production and Purification of STF2.4xM2E Fusion Protein
STF2.4xM2e in E. coli BLR(DE3)pLysS host (Novagen, San Diego, CA,
Catalog #69053) was retrieved from glycerol stock and scaled up to 5 L. Cells were

20 grown in LB medium containing 15 pg/ml Kanamycin and 12.5 pg/ml Teteracycline
to ODggo = 0.4 and induced with 1 mM IPTG for 3 h at 37°C. The cells were
harvested by centrifugation (7000 rpm x 7 minutes in a Sorvall RC5C centrifuge)
and resuspended in 2x PBS, 1% glycerol, DNAse, 1 mM PMSF, protease inhibitor
cocktail and 1 mg/ml lysozyme. The suspension was passed through a

25  microfluidizer to lyse the cells. The lysate was centrifuged (45,000 g for one hour in
a Beckman Optima L ultracentrifuge) to separate the soluble fraction from inclusion
bodies. Protein was detected by SDS-PAGE in the soluble and insoluble fractions.

The soluble fraction was applied to Sepharose Q resin in the presence of high
salt via batch method to reduce DNA, endotoxin, and other contaminants. The flow

30 through containing the protein of interest was loaded onto 30 ml Q Sepharose
column (Amersham Biosciences). Bound protein was eluted using a linear gradient

from Buffer A to B. (Buffer A: 100 mM Tris-Cl, pH 8.0. Buffer B: 100 mM Tris-Cl,



extracted using the Q agen H Speed Plasmid Mdi Kit (Catal og nunber 12643).
These clones were submtted to GENEWZ (North Brunsw ck, NJ) for

sequenci g0 2Bv6odeaski on and Purification of STF2. 4XME Feeras20d50t@bn

STF2. 4xM2e in E. coli BLR(DE3)pLysS host (Novagen, San Diego, CA Catal og
#69053) was retrieved from gl ycerol st oék-and scal ed up to 5 L. Cells were
grown in LB nediumcontaining 15 ng/m Kananycin and 12.5

ng/ m
Teteracycline tao 00 =0 and j nduc Wi th. | PTG.f or, t 370C. The
cells were harl\}\é%\[%g ng/&ﬁ)eﬁ‘#i’%f@%{ﬁ%?f %Burﬁ%eﬂ\{llfm’?-%sr@tsé)gm??a Sor val |
RC5C cent ri f ugghmankht hesitep grdRbressluton feBEd td sglvy certahinatbipegsinsl nM PVSF,
prot ease inhibitor cocktail and, /m 1yso . Ihe. s Si,0 s passed
t hrough a m cﬁ?PP%Pr@FeZIéWaSt%“t?£§E&? ﬂgeaégliafiém é‘%%ngf‘g?d? RS Qaéﬁt ?Cl)q\ﬁged
(45,000 g for e R prif 9.0BuBREE TR0 M THFeCILL M Ns@icpmBIo)f uge) to separate
the soluble fraction frominclusion bodies. ‘5{1% eiﬁﬂlam@s g te&:{“?rd .bl%/
SDS- PAGE i & the soFimsl eurdisgfionsod aToupn &2 somplgteshusingtpedgy-at &' FPAEY on was
applied to Seranf%ﬁ%%%mghry.e%erbomnﬁ 08 Ry assacAtofooRhgTBal 30 viaNaoateh met hod
to reduce DNA, endotoxih, and other contam nants. The flow through

cont ai ni ng t hé Y%pglyeaselplest1% Nedeesrhales tq rsmaedthe AP BOITe cxXe2888#8% 0se col um
(Arer sham Bi oggl i nPEIL S RealREbE L SHikiSE BO M ITiie8s myr adi ent
from Buffer A%%ﬁ@f&ﬁ%mgﬁg%ﬂ% {)1108 rﬁ?%aTri S- Ce] , pall-ll 8.g0. Buf fer B: 100
MMITis- O, 1 MNeTand i gyearpl Wil dene & tsmoveNprdoiychialate-nEotesonsNEBH Wsi ng a 45
m Source (@ colum Lt Y RYMAGHREAAAbEH ASAaRULbRRnerAqd Lo resol ve

cont ani nat'i'ng 'prot &l ns. Bound protein was elute with a linear gradient
from Buf f er A RioteBnpBgff. curificd fi@paravind of STRI4xMRe ydeldedrydiedebapd visthbe nvi
Tris-d, 1M Nadl, .pH 8..0).. H nal. purifi j LO.Masored et ed

usi ng Super deﬂ‘gb%goé%qss?%tf?rt%att?néﬁg R 6%?%@%%6%@ %%‘ﬂge‘%:/%l?urma was devel oped
wi th 100 mM Trdms, onli2®: S belcradadideé¥elyl ycer ol pl us 1% Na- deoxychol ate to
renove the LPS. Buffer exchange was carried out using overnight dialysis
agai nst buffer containing 50 MM Tris, 100 mM NaCl and 1% gl ycerol was done
to renmove Na- depxyphel 8 EXPRESSICN ANCOPICRIFIC ATION ORH AdSRIANI(BEP by t he
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The consensus M2e sequences from several influenza A strains of human

and avian origin are depicted in Table 1. To facilitate the cloning of the M2e

20  sequence, two vector cassettes, pMT/STF2 and pMT/STF2A, each containing a
multiple cloning site (MCS) were generated (See Figures 17A and 17B). To
generate pMT/STF2, the 1.5 kb gene encoding full length flagellin of Salmonella
typhimurium fljb type 2, or STF2, was fused to the Ig binding protein (BIP)
secretion signal of pMTBIP/V5-His vector (Invitrogen Corporation, Carlsbad, CA)

25  for expression in Drosophila. The BiP sequence is included at the 5° end of the
construct as a secretion signal for expression in Drosophila. A chemically-
synthesized 4xM2e gene representing the H1, H2 and H3 consensus sequence,
SLLTEVETPIRNEWGSRSNDSSDP (SEQ ID NO: 47, Table 1), was cloned into
the MCS of pMT/STF2 to create pMT/STF2.4xM2e(H]).

30 A similar strategy prophetically is employed to clone two H5-associated M2e
sequences, SLLTEVETPTRNEWECRCSDSSDP (SEQ ID NO: 56) (A/Viet
Nam/1203/2004) and SLLTEVETLTRNGWGCRCSDSSDP (SEQ ID NO: 55)



kDa on 12% SDS pol yacryl am de gels. EXAMPLE 2: EXPRESSI ON AND PURI FI CATI ON
OF FLAGELLIN (STF2 AND STF2D FUSI ON PROTEI N CONSTRUCTS ENCODI NG | NFLUENZA A
M2 ECTODOVBI2DOGBIEQIENCES The consensus Me sequences fromCsasesaloddont | uenza
A strains of human and avian origin are depicted in Table 1. To facilitate
the cloning of the M2e sequence, two vedBor cassettes, pMI/ STF2 and

pMI/ STF2 D, each containing a multiple cloning site (MCS) were generated

(See Figures 17A and 17B). To generate pMI/STF2, the 1.5 kb gene .encodin
full length f|(é§éqngi1ﬁ}9n5415@’87hg§?f@w@pftﬂpﬁfﬂ ?’Pﬁmli?ﬁ\‘/ PY‘}tﬁeSFﬁ‘g%e“is, 908@%‘1&2, vvag
fused to the |ghRdhRoeplapdd@ioPict B (Y indREEEHS MRsoiagiaNkqB! P/ V5- Hi s
vector (Invitrogen Corporation, rlsb CA) for expression in Drosophil a.

sbad,
The Bi P sequemncepheticajlyateisdgd ito pMd/SFT2 éngensrate W e GAEed{rdY) 38 a secretion

signal for ex L DB, i ! i e gene
representing ?ﬁg§2$8ﬁﬂéﬁgﬁ%ﬂégﬁgg%§%gﬁﬁgQggbggﬁggéwgﬁﬁgggﬁ$ngﬁ %SNDSSDP

(SEQ | D NO5 4 M2¢Thbhe thk)hetonelegais dnde sequance@epppiStistllyarinsTed itQ creat e

pMI/ STF2. 4xMRef. i 1 m tegy prophetically is enployed to clone
two H5-associ a?‘gtle;%) & PZI&%"f eﬁ%’g§§gt%LLTWETPTRNEmeSSW (SEQ ID NO 56)

(A/ Vi et Nani 1203/ 2084irokrpduSicqTERVET L FERMONBCRCIDBSORA(SES ffaNdifiess) ( A/ Hong
oSl 97) - srer 1 BPLMeE e A T EAL i BUBLO G ERE AERE RS CORLATL N0 our

tandem y repedf&d™c e indicate assocl at ed quence
propheti cal | y aars@iagils@pettei Mhos, A Said 2% soqupanesraat betGdlegous xdefdesVN) and
STF2. 4xM2e( H5HK) , respectively. To generate a construct that contains
mul tiple e f\&8ns, the heterol ogous 4xM2e sequence(s) prophetically are

i nsert Sd hi Nt 0 FiNTEVETPTRNEWBSR SSDYSIIESLL UEVE TP TRBEVESRISDSSDBESSlences, "
Sequence 15 & THINGR SENIOH SR ESR SRR R RS B s e,
Thus, the H apdyto1@equsseesyare heterol ogous sequences (e.g.,
SLLTEVETPTRNEWESRSSDSSDPLESLL TEVETPTRNEVESRSSDSSDPESSL
tctetgetgactgaagtagaaactccaacgegtaatgaatgggaatccegttctagegactcectetgatectctcgagtece
15 tgctgacggaggttgaaaccecgacccgeaacgagtgggaaageegttceteegaticetetgatccggagageagee
tgctgaccgaggtagaaaccccgacccgtaatgagtgggaatctcgctcctctgattcttctgacccgggatcctctctgc
tgaccgaagtggagactcegactcgeaacgaatgggagageegttcttctgactectcigaceeg (SEQ ID NO:
102).
Primary constructs comprise at least one pathogen-associated molecular
20  pattern (e.g., STF2, STF2A) and at least a portion of at least one integral membrane
protein (e.g., M2e, such as SEQ ID NOS: 13 and 47). If there is more than one
integral membrané in a primary construct, the integral membrane proteins are from
the same species.
A heterologous construct includes at least two integral membrane proteins
25  such as H1 (human) and H5 (avian), for example, in SEQ ID NOS: 87 and 88.
To generate pMT/STF2A, the hyper-variable region that spans amino acids
170 to 415 of the full-length flagellin gene of SEQ ID NO: 2 was deleted and
replaced with a short (10 amino acid) flexible linker (GAPVDPASPW, SEQ ID NO:
98) designed to facilitate interactions of the amino and carboxy terminal sequences
30  necessary for TLRS signaling. The protein expressed from this construct retains
potent TLRS activity whether expressed alone or in fusion with test antigen. Thus, a

second series of M2e constructs prophetically is generated based on pMT/STF2A.



IBTEVETPTRNEV\ESRSSDSSDPGSSLLTEVETPTRNEV\ESRSSDSSDP (SEQ ID NO 101), encoded
y

tct ft gct gaohg@agbmgaaact ccaacgcgt aat gaat gggaat cccgt t ct agcgast@siedsgat cct ct ¢
gagt ccc

t gct gacggaggt t gaaaccccgacccgcaacgagt gggddagecgttcct ccgattcct ct gat ccggagagca
gcc

t gct gaccgaggt agaaaccccgacccgt aat gagt gggaat ct c ctcctc attcttctgacccgggat cct
ctctgc t gaccgddgopty égﬁ@?b%@%@t(%é@é@g&ﬁ@@%’g gt LR YRTEM et gacceg
(SEQ 1D NGO 102} nerEld mc)ﬁngx@@r% bl sxﬁ%fﬁ%{ehfé@“@ﬁi loeAmss Adntibiotics

pat hogen- assocli at ed nol ecul ar patter ., STF2, STF2D) and at |east a
portion of at praphgicaltnis tiansfege lthr’élﬁﬁ@@ﬁéﬁ%)ﬁi%?rébq@i aP‘éVeglsmgl@Z’Efec%%ch as SEQ

I D NOS: 13 and, ggr)t (I{llzlftro%g‘g a@cdr?“l %@ngrﬁaﬁf?acﬁﬂ& d ﬂgtﬁgﬁéﬁs ToEhfane: i n a

pri mary const 1 Ut ane proteins are fromthe sane
speci es. AS heiheursb@sgUanssf@uns,tqummphwtalmet’smé‘!ceﬂ aab0. 5 Cwidral nmenbrane

proteins_such a Hl lacg r@%iﬁ%ﬁkc{lﬁ.’[@é%'&ﬁ@h(ﬁtlé&ﬁ g?ﬁml @ondﬁtfbn%edlp NOS: 87

and 88. To ger% er-vari abl e region that spans am no
acids 170 to 40:13[) pifophdst&alﬂyaislhahastgd frorh hralgefldlqu}tulgeatel SglfeeISE(@OII MORD, 2 was

del eted and repl aced,w rt
( GAPVDPASPW §E?§eﬁs’6n ﬁéﬁs‘[&f‘@g 83& SRR ORapGs ind bR SR
am no and car MMpéoeﬁmmﬁbdxseqﬂwidamwn@bk$kactyvﬁymfthﬂfﬁﬁorsplgt¢aﬂ,| ng. The

protein ex ressed fromthis c ru retains nt TLR |t whet her
expressed ! Ioﬁ@“%?Plc}t}ﬁaﬁ‘SE%SF%hy%fsﬁé "imésf’f VIEATPYER, %"ﬁ‘ﬁ rlmgluse se?/i es of

M2e construct Ecpr@h@tmagy[sqﬁkfbmécs gener ated based on pMr/ STF2D Dr osophi | a
Del -2 cells (Invitrogen Corporation, Carlsbad, CA) grown at room
tenperature in Schneider's medi um suppl enmented with 10% FBS and anti biotics

prophetically E)éAMPEE‘@T@9?\1@¢R\MGTHONU@EEK$’RESSI@Ndﬁ‘ﬂfﬁi@@i@bove usi ng
Cellfectin rea%ent I nV| trogen Oaccordl ng to the manufacturer's

instructions nsfection, cells prophetically is

i nduced wijsh 0.5 5%319 hh TohAekbnE TRBS saRtné HChhad RBorhoFy an
addi ti onal 48 hour s. ndel ti (ljned ngh?é%é& ropheti cal | y [ rharyvest ed from
r\le’é&g

i nduced cul t ursesin@R4, aycaticavasesl desivatpieof e omrspsplasess SEBREP and
yestern blot_aug Zﬁlt%chiﬁg 980aRhlof §7398hd dche #€lnAY othd @eARAGkAE G
ioactivity of the fusion protein
has been prev1ously constructed in pPICZA generating STF2A. R8 (SEQ ID
NO: 63, encoding SEQ ID NO: 62) (See Figure 18). Purified recombinant protein
20  was tested for immunogenicity and efficacy in BALB/c mice. The gene encoding
HS5N1 of the A/Vietnam/1203/04 strain was custom synthesized and fused to STF2A
cassette generating STF2A.HAHS (SEQ ID NO: 61, encoding SEQ ID NO: 60).
Both human and avian HA constructs were transformed into Pichia pastoris strains

GS115 and X-33 (Invitrogen Corporation, Carlsbad, CA). Selected clones were

25  screened for expression by fractionation on SDS-PAGE gel and staining by
Coommassie Blue and Western blot analysis using anti-HA and anti-flagellin

antibodies.

EXAMPLE 4: GENERATION OF A PAM3CYS FUSION PROTEIN

30 M2e (SEQ ID NO: 47) was chemically coupled to a tri-palmitoyleysteine
(Pam3Cys) moiety through the amino terminal serine residue of the peptide. The

structure of the fusion protein (Pam3Cys.M2e) is shown in Figure 15. The



antigenicity assessed by ELI SA and in vivo nouse studies for inmunogenicity
prophetically is performed. EXAMPLE 3: CONSTRUCTI ON AND EXPRESSI ON OF
FLAGELLI Nvalhasldd®ichll N (H-V CONSTRUCTS The gene encodi ng PEvVUSz@siog@ann ¢ DNA
fromthe in-house |aboratory strain PR3, an attenuated derivative of

Al Puerto Rico/8/34 was isolated (SEQ IDNG 68, encoding SEQ ID NO 67).
The gene was fused to the STF2D cassette that has been previously

constructed in _pPl CZD generatl ng . STE2 od| ng SEQ

ID NO. 62) (Se®emiglparcrs) Pangifeys iMiasds &é@@ﬁ@?—ﬁ&#&%ﬁ@%’ﬁ%‘g ylp §’[ ed for

i mmunogeni ci t y,and)-e&iTictaty-Th-BalvBI-GriTikerro-Theagona-GluchpidigskAg- of the

Al Vi et nant 1203/ 04 strain was custom synt hesi zed and fused tg STF2D cassette
) -

generati ng STFXDAMHSP(SSESET-{ANCIo-@H aCeisie sl n ghespriequisoGesss g Bot h hunan

and avi an HA cg Xgmly\@g@ 1 dA88f ormed into Pichi a pastoris strains GS115
and X-33 (Invi trog Corporation, Carlsbad, CA). Selected c|ones were
screened fof expreé@n@ﬁbe%Méﬁ‘j’D@waltZ?d)WlWSsbéphﬁ\@_e@é? s¥RkEsist ai ni ng by

ant | bod es. B e P AR e A B A (320 10
NO 47) was chgmitessbfpeptidgd ad pegidamiméticpal ek ZQOQEW%IQHF%V@PS@BW@} noi ety
(Drovsh, the om0 el sk SSEAIR LNRLSL e, BT devs e ot Tucture o
for PanBCys. Wéiagrsrn{n%lrfﬂw Ayv-ciyrs el RG) TiR MQprZmli oftisorpyetein
I T A T e P L bl
PanBCys. M2e is 358713 fil@lstepisthe Eﬁﬂ&@ﬁﬁndﬂﬂi&d walil @ysetdegﬁd@dthass richea sol i d
phase peptide s nthe is nmeth ased on
Froc- st rat egy '(n%]aa B SqAEgCe ogg ?gmt%\g%ﬁ a3sefy l%go&aflgggro- 8Islorogr1tyl
pepti dom et i cghjorMRlresir?By so@@@h@eﬁ%tﬁlﬁ@yﬂ(ﬁd’sls&@“ histresirt @ idhly sN\f)tble Teehesynt het i ¢
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15  successive coupling of the amino acid derivatives. Each coupling step was preceded
by an Fmoc-deprotection step and both steps 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. |
Stage 2 of the synthesis included coupling of Pam3Cys-OH. Pam3Cys-OH
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
25  peptide resin. At the end of the reaction time the peptide resin was washed and dried
under reduced pressure. Color indicator tests were performed to control the
coupling of Pam3Cys-OH.
Stage 3 of the synthesis included cleavage from the resin including cleavage
of the side chain protecting groups. The peptide resin was treated with
30 trifluoroacetic acid (TFA). The product was precipitated from the reaction mixture

.and lyophilized.



(chemcally linked) and is also referred to herein as a "lipidated
peptide." The first step in the synthesis included solid phase peptide
synt hesi swOBh@/mpdeno aci d sequence of PanBCys. Me was a®semdsb@d/ oessenn

H Pro-2-chlorotrityl chloride resin by solid phase peptide synthesis. This
resin is highly suitable for the formati®h of peptides with the
Fnoc-strategy. The peptide chain was el ongated by successive coupling of

the am no acid derivatives. Each coupling ste s _preceded by . an

Frmoc- depr ot ecti on st “idPesun e%%’églgd‘?ﬂég’él lé?f@BﬁgBWB%rGt%VeV@ PRE¥Y washi ng
of the resin. @#bter TeOUDEd Mtedl obfaRcl @5k StieNOvA QUi prapdratre HPRE fi nal
Frnoc- deprotection step was perforned. Finally, the peptide resin was washed

and dried unde@n%@@feréfeﬁla&%@m%S.inaﬂlft?agy%wiﬁle&r?ﬁ%@w@ﬁ??Ca € nt hesi s

col or indi cat ofetiRaths MRy EaPAPLO AR IR acEReigIS! PRoIELfARIdLE Fbm tHte _

conpl etion of the Fndc-cleavage and the subsequent coupling of the am no
aci d deri vali vEEA nesacee Doplfilizse synt hesis i ncl uded coupling of PanBCys- OH.
PanBCys- OH was pre-ggld ink s NeieirCoisilahienyhe sathegbirge 1T ) in
t he presence of 1-Eﬁ%%f%%&%%ﬁﬁ%t#?%golgﬂ%kK£§%. 'Théaggiultjng sol uti on was
filtered and apluifigd imuteriabirere Stagelé wae siepipitaied frpre ae AgreoRs 1OHEIONEAEPTHN ti me
the peptide res) ri ucede pressure. Col or

i ndi cat or tesfﬁﬁe1¥@§%§€§@§%% %ﬁé%ﬁgp6%9?%g&gghpﬁﬁﬁg of PanBCys-COH. Stage
3 of the synthesis StagelGuafalk synthesisigelufiediion expbange shremiatngtaptiy nidieddseavage of

t he side chain_protecti [ T | d i ; i th
trifluor oalg@t i oL apré%j:gng?ﬁ%n%&y%@?gﬁg é\%/?ée %?%gg%ﬁ?lﬁ?%ed& IF] rﬁglrr(1)1§été a‘((a@ reaction
m xture and | yefthitbitzedeisteagebdionfexthange ylitmesirial frore Staged vuildafiecat i on by
hee puri {1 ed Y BRoBAARTYE T B SHET BeTt BRI r AR THA
system The fr@gcthiroagervBlogat@tdpRe hkithe cdistikeichrdiycacvatayting fhctid werand pool ed
accordingly. Pgole fractloné fnqg1t@e FFAHruns were |lyophilized. Stage 5
of the synt heshilerendfyahilzed o st thei'Ba 'R%Y% e presence of EDTA. The
purified material from Stage 4 was precipitated froman agueous sol ution of
EDTA. The product was filtered off and dried under reduced pressure.



Stage 6 of the synthesis included ion exchange chronmat ography. The | ast
stage of manufacturing PanBCys. Me was the exchange fromthe

trifl uor osocavaiwomal t

into the acetate salt by ion exchangaiS200hi@4deat eri al

from Stage 5 was | oaded onto an ion exchange colum and eluted with acetic
acid. Fractions were checked by thin | ay#- chromat ography and t he conbi ned
product -contai ning fractions were filtered and |yophilized to yield the

final product.H Pro-2-chlorotr ityl

chloride resin

~,

upling of 23

N a- Fnoc- protected Stage 1 Sol i

i phaszchamivrorigoisd d

erivatives carrying the

si de peptide synthesis chain_protecting ofr oURs JERL,.aned bel ow fi nal
Fnoc-deprotection at the N-t|eyd nep phase am'[nnopj_gdgfnr;vagggs=:;vn'39*:;;g:w
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f) al u u Tl ro-lie-Ar

ASN(M t) - G u( Ot Bu) - Tr PUERe s b ety G e SoMABEIsHAS N ( M t) - Asp( Ot B
u)- Ser(tBu)-Ser(tBu)- Asp(Clsﬁt?)”-SF’f‘Bd)-AZP(?iEh'lPd’rztﬁ't'°r°6‘ty\ﬂ"°”?ﬂ‘ﬁs'br| de resin Stage 2

Coupl i ng of PanB- Cys-©&H
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 Bu) - Val

-Qu(OBu)-Thr(tBu)-Pro-Ile

:Arg(be)-Asn(l\/tt)-GIu
)- Asp(Q Bu) - Ser (tBu)

Drying Stage 3 Cleavage fromthe resin i

(PR S

S

tt)-

LB Rl Frser (tBu) - Asn(M t
( ﬁ%c%werdsfﬂ chl onde resin
?¥¢Fudi ng cl eavage of the side chain

protecting groups
Pants- Cys- Ser - Leu- Le
Ser - Ar g- Ser - Asn- As

R

qetgaFﬁ (CleqRapoRy P oo

vage ozghe Si xhaln pr
T

Fo—Cr1—Cr |

Pro-11e-Arg-Asn-d u-Trp-Ady-
de (trifluoroacetate salt)

Lyophili zation Stage 4
Pant- Cys- Ser - Leu- Leu- Thr

- ety Rpater P EE Y

usniafcys@auuma TSI PA-@paF-ad- ey AdlRl Ge-cly-
Asp
ophiliz

PhE T A RS A u- Trp- G y- Ser -

Ar g- Ser - Asn- Asp- Ser - Ser -
Precipitation in the
Pant- Cys- Ser- Leu-1| eu

Asp-Pro-OCHpuri
-2 56n66 v9fepFIALEArLC

Thye o 4\ /ol Fa. | I
=IO a-—valr - u- 1111

red (trifiuoroacetate salt) Stage 5

-Pro-l1e-Arg-Asn-d u-Trp-dy- Ser - Ar

g_

Pam3-Cys-Ser-Leu-Leu-Thr-Glu-Val-Gi
Arg-Ser-Asn-Asp-Ser-Ser-Asp-

u-Thr-Pro-lie-Arg-Asn-Glu-Trp-Gly-Ser-
Pro-OH purified (trifluoroacetate salt)

Stage 5: Precipitation in the presence of
EDTA

Y

pPam3-Cys-Ser-Leu-Leu-Thr-Glu-Val-Glu-Thr-Pro-lie-Arg-Asn-Glu-Trp-Gly-Ser-Arg-
Ser-Asn-Asp-Ser-Ser-Asp-Pro-OH purified (trifluoroacetate salt)

Drying

Stage 6. lon exchange

Final

Pam3-Cys-Ser-Leu-Leu-Thr-Glu-Val-Glu-Thr-Pro-lle-Arg-Asn-Glu-Trp-Gly-Ser-Arg-
Ser-Asn-Asp-Ser-Ser-Asp-Pro-OH purified (acetate salt)

lyophilization

Pam3-Cys-OH = Palmitoyl-Cys((RS)-2,3-di(palmitoyloxy)-propyl)-OH

The purity specification for the Pam3Cys.M2e drug substance was > 80% by

RP-HPLC. The specification was based

resin. The purity of the three non-GMP
and 80.8%, for lots D.001.Pam3Cys.M2
D.003.Pam3Cys.M2e, respectively.

on the purity achieved with three non-GMP

lots of Pam3Cys.M2e made from the same GMP batch of M2e-peptide intermediate

Jots of Pam3Cys.M2e was 80.2%, 80.3%
e, D.002.Pam3Cys.M2e and



Ser - Asn- Asp- Ser - Ser- Asp-Pro-CH purified (trifluoroacetate salt) Drying
Stage 6 |on exchange

Pant- Cys-wgenetsasoiseu- Thr - A u- Val - A u- Thr - Pro- | | e- Ar g- ASRCEUS2005/04666Y - Ser - Ar
g- Ser-Asn-Asp-Ser-Ser-Asp-Pro-CH purified (acetate salt) Final

I'yophi I i zati on PanB- Cys-0H = Pal ni toyl <¢§s((RS)-2, 3-di (pal m

i toyl oxy)-propyl)-OH The purity specification for the PanBCys. M2e drug
substance was > 8005?4%‘ _IE@ EE_@@@I%peci fication was based on the purity
achieved with _ _ anBCys. Me nmade fromthe same GW

bat ch of Me- peRtERRAIYAMETHODS resin. The purity of the three non-GW

| ots of PanBCys. M2e was 80.2% 80, 3% 0.8%. f | ots D. 001. PanBCys. M2e
D. 002. paneqs.wwsmgvﬁkr%@&go@%&éﬁgw% y. EXAVPLE 5: ’

| MMUNOGENI CI TY  MATRRL Aty2 MicwA ke b3 O8RS SyriNoisRulRBEdhe Tsibl s6lkd
PAMBCYS. MCE PanBCys. MZey%was %fppar ed b§ Gene[rgfj Synthesi s an i%élachem usi ng
ﬁ/gl i d phasé syhesssynthesifangibrdologips aad B Cﬁbﬂ@‘%éﬁp?f’?vdﬁgovﬁe fbed above.
hss spectros IS used i j of the
Final product SRR B Ay S R S Bbe. and th
PanBCys. Me were neasured using the QCL-1000 Quantitative Chronmpgenic LAL
test kit (BI 0%@?&%&1\1%@@ v648U), follow ng the manufacturer's
instructions for e m cro%l ate nmethod. TLR5 BI QACTI VI TY ASSAY HEK293 cell s
constitutively expiEadstosin RyelanftheSdratuMaesusthe PaadsM2aw@e BEasirednc| udi ng

8 LEPUE A odbRCOMLAG CpiGEas: eatia KRB aaded s 96- vel |

m cropl at and test “protelns were added and i ncubated

over ni ght . Thes48B tfolttening thh enanafactinter’s mstuatiens fonthsasiclepleteardatlead; transferred

to a clean 96-well nmicroplate and frozen at -200C. After thawi ng, the

condi tioned nedi um was assayed for the presence of IL-8 in a sandwi ch ELI SA
TLRS5 BIOACTIVITY ASSAY

HEK?293 cells constitutively express TLR5 and secrete several soluble

15  factors, including IL-8, in response to TLRS signaling. HEK293 cells were seeded
in 96-well microplates (50,000 cells/well) and test proteins were added and
incubated overnight. The next day, the conditioned medium was harvested,
transferred to a clean 96-well microplate and frozen at -20°C. After thawing, the
conditioned medium was assayed for the presence of IL-8 in a sandwich ELISA

20  using an anti-human IL-8 matched antibody pair (Pierce, #M801E and #M802B)
following the manufacturer’s instructions. Optical density was measured using a
microplate spectrophotometer (FARCyte, Amersham). Results are reported as pg of

IL8 per ml as determined by inclusion of a standard curve for IL8 in the assay.

25 TLR2 BIOACTIVITY ASSAY
RAW264.7 cells (ATCC) express TLR2 and secrete several soluble factors,
including TNFo, in response to TLR2 signaling. RAW264.7 cells were seeded in
96-well microplates (50,000 cells/well), test compounds were added and incubated
overnight. The next day, the conditioned medium was harvested, transferred to a
30  clean 96-well microplate and frozen at -20°C. After thawing, the conditioned
medium was assayed for the presence of TNFo, in a sandwich ELISA using an anti-

mouse TNFa matched antibody pair (Pierce) following the manufacturer’s



using an anti-human |IL-8 matched anti body pair (Pierce, #MBOlE and #M02B)
follow ng the manufacturer's instructions. Optical density was neasured

usi ng a mvonop/mbm2spect r ophot onet er ( FARCyt e, Amer shanmpCTRS3a5086682 €
reported as pg of IL8 per m as determ ned by inclusion of a standard curve
for 1L8 in the assay. TLR2 BI OACTI VI TY-A$SAY RAW64. 7 cells (ATCC) express
TLR2 and secrete several soluble factors, including TNFa, in response to

TLR2 signaling. RAWGE4,.7 cells were seeded.in 96-well mcr ates (50,000
cells/well), ﬂ@gvctwﬁp‘a%kd%@%wm&“aﬁﬁ1%%’&5‘5%%@ © wstmﬁ%ghme?%e next

day, the condigﬁAﬁ@%t ;Gﬁ@liswﬂg\ﬁ@%ah@weeéﬁ&@d at A 2B5TF p& thltad detenligaibyd6- wel |
m croplate and frozen at -200C. After thaw ng, the conditioned nedi um was

assayed for t mefersnessenstendmd quarior ANE inclyedit e BISPBA usi ng an anti nouse
TNFamat ched anti body pair (Pierce) follow ng the ,

manuf acturer' sinstructions. Optical density was nmeasured using a mcropl ate
spect r ophotondd@USE BARYNQGENAeFShan) . Results are reported as ng of TNP

per ml as determn f e85t thNRed g¥cl uded in
t he assay. MOUSE IM%@%@%&F% %&ﬁ%ﬁg{tmt@yifﬁl‘ét@i otntal gCancer

Institute) werabow$etiwerds.t Miccarsee dividabinir srouiss afddr 30 migeer gieve 284 vi ded i nt o

groups of 5 to 10 m ce.per grou j [ : bshdo ORiggach side
of the base of‘nwalzféﬁbg%%neglésﬁ%g%c%ﬁ%démi@ﬂ\%‘mb%}%%{f ﬁ}eé%wﬁc}g?eg .conclent rations
of STF2. 4xM\Re thy inPanBymcdatiinssif STFD4:0¢U2¢ or. Pa@3 CyalyBe fiiqnprotair Y and 28
(boost), indivjdugl mce we | ed by. retro-orhit i Sera were

har vest ed @y 2 fqﬁﬁﬂmﬁwaa%cé‘ﬁgt&f)?%gﬁwgﬁa% 9 Wgr%bg‘l'bdagi n-é?gjztalbl ood sanpl es.
MOUSE SERUM ANTHBWRY SE HeRMaNATONy bBring pad tdntrdfupaiGn loéthe hepaneifigedet er m ned
by ELISA. 96-well ELISA plates were coated overnight at 40C with 100 mi

/wel | of a 5 mPIHs2@BFYti on of the M2e peptide in PBS. Plates were bl ocked
with 200 mM/well of Assay Diluent Buffer (ADB; BD Pharm ngen) for one hour

at roomtenperature. The plates wer ) ree times in PBS containing
0. 05% Tween- 20MPPSE-SERUMGANKIBORY B&Mgg&ﬂn ADB were added (100
n/well) and the phdepeMBE BG BE3IDREE deter @i BNELISA. 40Giel[THIESA plates
were coated overnight at 4°C with 100 pl /well of a 5 pg/ml solution of the M2e
peptide in PBS. Plates were blocked with 200 pl/well of Assay Diluent Buffer
(ADB; BD Pharmingen) for one hour at room temperature. The plates were washed
three times in PBS containing 0.05% Tween-20 (PBS-T). Dilutions of the sera in
20  ADB were added (100 pl/well) and the plates were incubated overnight at 4°C. The
plates were washed three times with PBS-T. Horse radish peroxidase, or HRP-
labeled goat anti-mouse IgG antibodies (Jackson Immunochemical) diluted in ADB
- were added (100 pl/well) and the plates were incubated at room temperature for 1
hour. The plates were washed three times with PBS-T. After adding TMB Ultra
25  substrate (3,3°,5,5 -tetramentylbenzidine; Pierce) and monitoring color
development, the O.D. 450 was measured on a Tecan Farcyte

microspectrophotometer.

RABBIT IMMUNOGENICITY
30 Female and male NZW rabbits (Covance Research Products) were used at
the age of about 13-17 weeks. Rabbits were divided into groups of 3 male and 3

female per group, and immunized i.m. on alternating thighs on days 0 and 21 and 42



pl ates were washed three tinmes with PBS-T. Horse radi sh peroxidase, or
HRPI abel ed goat anti-nouse |1gG antibodi es (Jackson | munochem cal) dil uted
i n ADB wewe 2aabdsokee 100 m /wel | ) and the plates were i ncebatusdooato4666DmM
tenperature for 1 hour. The plates were \gashed three tines with PBS-T
After adding TMB U tra substrate (3,3, § 5'-tetranentyl benzi di ne; Pierce)
and nonitoring col or devel opnent, the O D. 450 was neasured on a Tecan

Farcyte m crospec IW Yshemmhe fmal e NZW
rabbits (Covan‘*élgﬂkese gg@r 1t c!%Ivl\)/e-glrne Mﬁghg 3 e of Za%%%? 13-17
wegks Rabbi tsprweuneAﬂhmaldwdrelbﬂﬁd@nglajodp(gprabiee@) e (pesinzRryd aBd E&awd € per group,
and i nmuni zed

alternatin and 42with the
i ndi cated con ?ﬁspagfr&ﬁ%er%?r ?f%&/c an% ?t%éfega natg{'jf?—]ﬁp%xlv[ze f usi on
protein. Animals were bled on day - 1 (pr ebI eed), 14 (primary) and 28 and

42 (boost)._ Se I epar. i entrifugation of sanples.
RABBI T SERL§I\/I m%ﬁ#}%w&%m&ﬁgm | gG |l evel s were determ ned
Pﬂy/ EL: |SAiv|296 vvelt I dEl;ie%eaﬁatgeslews;fexe@aﬁeﬁmweynmm 9atwaAbBLESA40@swi t h 100

we e peptide in e i 0 m/well
of Assay Di | ueWére peatgdevern %%’tlﬂh%\?’vﬁtgr@éﬂf/wm@mf) ﬂﬁdm\é’\é 8: ’ﬂﬁ% '
tenperature. Tﬂ@tema%%&cw&f@tmnwemmesa IDIRﬁntIBhfﬂBB@:D'B BDI utions of the
sera in ADB were added (100 m/well) and the I@es wer e ggdcﬁ%bat ed

overni ght at aBwuringgiorpre heyrat wem\fEpRergiEy SVErF BB rSHINY 1 gG was
det ect ed Uﬁj ngS @ﬁ? 'Poﬁillﬂgﬁg 8eng Q34 ind1HB 'Vﬁfe%)zmdﬁd {1@@5uf/\4'@9|ﬁ§9 fthe plates

| mmunochem cal | ates were washed three times with PBS-T. After

2gg| ng TVB U twaewblsatt¢<baV@H7(l$1’itefr8(bél)t 45 d Thoplpey PR grashsdax WV SBment, O D.
was neasur
£ tﬁg%@as tﬁ&éﬁ@%@%ﬁf@&@%ﬂ%@c@ﬁ&mmg@ gﬁ@%@phm onet er.

Resul ts are repor which s determ ned by subtractlng
thehO D. 4|50 reamlinoghdngeal %em&mw@e@wwe@ﬁw tigweis ivith PBSohn ARer addmg 450 for
each ani ma a LS | DB | ypi cal
experiment, agﬁ@% st Eritgz]la cei@é %‘Ow SAL E/(g’ﬁr:nd(%% 10- 20 pe4}0§¥argup) wer e
obt ai ned angl amtowed oh @ Maledularieeicds@peciramapaaikiosiaisophatopietr e Raglts are

reported as the Delta O.D. which is determined by subtracting the O.D. 450 reading

for the prebleed of each animal from the O.D. 450 for each animal post-

immunization.

20 BALB/C MOUSE EFFICACY MODEL
In a typical experiment, about 5-6 week old female BALB/c mice (10-20 per

group) were obtained and allowed to acclimate for one week. Fusion proteins
formulated in PBS or other suitable formulation were administered by s.c. injection.
Mice were immunized on days 0 and 14. On day 21, sera was harvested by retro-

25  orbital puncture and evaluated for M2e specific IgG by ELISA. Mice were
challenged by intranasal administration of 1xLD90 of the well characterized mouse
adapted Influenza A strain, A/Puerto Rico/8/34 (HlNl). Mice were monitored daily
for 14 days for survival and weight loss. Mice that lost about 30% of their initial
body weight were humanely sacrificed, and the day of sacrifice recorded as the day

30 of death. Efficacy data were reported as survival times.



formul ated in PBS or other suitable fornulation were adm nistered by s.c.
injection. Mce were inmuni zed on days 0 and 14. On day 21, sera was

har vest edwbyossateszser bi t al puncture and eval uated for MecsmseoosiosscbyG by
ELI SA. M ce were chal | enged by i ntranas?ﬁlé) adm ni stration of |xLD90 of the
wel | characterized nouse adapted Influenza A strain, A/ Puerto R co/8/34
(HHNI). Mce were nonitored daily for 14 days for survival and wei ght | oss.
Mce that | OSW@S 30% of their initial body weight were humanely
sacrificed, a day of sacrifice recorded as the day of death. Efficacy
data were repdntEHR@BIGACHIVALY ti mes. RESULTS /N VI TRO Bl OACTI VGGY These

assays were based cell lines expressi.ng the relev screened
for the ability ;O%BFstﬁ’(fﬁ%s Bf'f E%siﬁé Pﬂﬁagbn$ -TSI?SH’%P%S%%%%“&?%@WR

t [ ! ggler It ng-TL :ngcngb@drfgr #hé abitifyeo poithdeteyth@f L SHFENExNR eespinsoto BIF2. OVA(O) to
stimlate .dependent, |1 L8 producti al vat fQl,l,owi.ng the

stinul atior pf“lg&eﬁﬁg-pwlg?r%‘“ §°§8ﬁ\€f§’d\%eeg'>18rs€ﬁzs8%/ﬁ i ct%'? e that both
fusi on protei Ngmiad ™ RS 8&hehdedt I8 PEBMREH A whsevalusied Blidepgnikestimuiminmer and
that the activity of the PAMP was ret ai neI\d [

~a f th pth ontext of the fusion.
TLR2 activity Rélpﬁ’FIFl&‘?aI}iEK@\?éPﬂﬁtEEFIFSf tslﬂégwge}tﬁ?ﬁ@ 1?%?‘? BWRS stimul ati on
of TLR2 posi t's‘ﬁﬁluﬁt?éé%ﬁg?&ﬁ&tloﬁ-inAapdé!cﬁyérﬂelﬁ%anhé}%n@memb a®nigbf GEoups are:
the known endotoxin, LPS, as a positive control (), LPS plus the inhibitor
of _etn_dot oxXi nt @?Mﬁwgten%@mcagteétﬁé@a@ﬂ@é control (O, free PanBCys as a
positive control fap &) GRRIARG dhluabd 89 PRASGERN2OIUS D),
PanBCys. M2e () and #arrB%‘é@l\/Qg pllusgPl\/Bu?O). The results s‘ﬁ?\l%/g (si) m | ar
ag'él i vity prof idtiesildtion oPEhRTyesitivER AWa64 Frells.r lod igrrehS, theganes! Cys. The
addi tion of pol X1.n o r oY ITIPE kst cati ng t hat
there is no or® %/%aéeht ot%gwl%%m‘i&é%iﬁgt ifsga;ﬁb%gﬁ%%nﬁcﬁid% ILI<1.Itg CI%S%CEZ PANPgAND
Aaﬂ'l _GENl ENMNFEEbitMWﬂNﬁMOﬂiﬂJGIan B P MBI ee2 negddyescoptroli(amiiise Jami©ist v,
chem cal coupling of. Pa : t ! OPOR &
antigen as corﬁ?&r%é’amy%coenl ﬁ%ﬁr@%&e@ﬁnﬁﬁ@m%@ﬂ%bw& @ty of the tee

15 Pam3Cys.M2e () and Pam3Cys.M2e plus PMB (¢). The results showed similar

activity profiles for Pam3Cys.M2e and the free TLR2 ligand Pam3Cys. The
addition of polymyxin B (PMB) did not reduce its activity, indicating that there is no

or low endotoxin contamination.

20 PHYSICAL LINKAGE OF PAMP AND ANTIGEN ENHANCES

IMMUNOGENICITY
Using mouse models of immunogenicity, chemical coupling of Pam3Cys to

M2e enhances the immunogenicity of the M2e antigen as compared to either the
M2e peptide delivered alone or the M2e peptide co-delivered with free Pam3Cys. In

25  the experiment shown in Figure 46, groups of mice were immunized on days 0 and
21 with PBS as a negative control (*), the free TLR2 ligand, Pam3CSK-4 ((), M2e
peptide alone (), free Pam3CSK-4 mixed with M2e peptide (OJ), or the fusion of
Pam3Cys and M2e referred to as Pam3.M2e (#). The relevant the molar ratio of
M2e peptide delivered was held constant. On day 28, sera were harvested and

30  analyzed for M2e-specific antibody titers by ELISA. The results show that chemical
coupling of Pam3Cys to the M2e (Pam3Cys.M2e) generates a detectable serum

antibody response to the M2e antigen.



M2e peptide delivered alone or the Me peptide co-delivered with free
PanBCys. In the experinment shown in Figure 46, groups of mice were

i mruni zedworzoabss26® and 2 1 with PBS as a negative cont pali/uS20os/oudsez f r ee
TLR2 |igand, PanBCSK-4 ((), Me peptide alone (0), free PanBCSK-4 mi xed
wi th Me peptide (D), or the fusion of 'Fﬁa}rfﬁcys and M2e referred to as
PanB8. Me () . The relevant the nolar ratio of Me peptide delivered was

hel d constant. On 28,. sera were.h : or Me-specific
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shown in Figure .47 depict 1gd titers at a 1:100 gHHtI,O Rg(f t he sera.
These resul t's adbhdhdilition ef thhatrapRRese eaplts deRRBTE I PHESI P EE2ES iéh%l and
VR | MVLNOGEN T B R A A BALr o mice vere
_ _ oups o C mce were
:mmmﬂl zed ﬁ; day 0 and 14 with 30 ng of PanBCys.M2e (), 22.5 ng of Me

ichist I?ﬂiﬁ ' OvBURbRA B G aRe (O, 22.5
of Me adsorbgipdlkltglcﬁ)3 eE\ggéllszfrﬁ@gsng@%a%Pg\%ant Al E)m (D, orWES gwg) of the "
recogbl nant pr@?NE\/rEI\HI[gEIMxADHJ‘MNT A group receiving PBS was included as a
negative control (0q). Ser r Y ay ose and
Mee specific 1gG we(%’ré’u%svoafl%t%}%%%c E@éeéﬁ%gﬁgm ijﬁge%rozlsd%?t% tsanés Eﬁﬁﬁgﬁﬂgfgur e 48
i ndi cat e t hat RRs3Gylsivize ()5 26 puglof M2ewhidge thie endlay egiizsalentiof M3 et mgofel i ci t

anti body titers ahove backgraqund, . The convent| LV, | rovi ded a
nodest enhance EXSW%g )’i%‘l%tfﬂ% of lgg% %Cﬁsgrre%e?g) tk‘gg&lv?ﬁgj'n%ﬁ%%@ﬁk% P M2e
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These results indj i i i i i
menbr ane pr Ots e{wgsdilaglﬁaeed acsI Ialilgé:altcivle Iccpn%r% ?o)pgergev“éﬁ:sha\{'mve%tgd 9%5§s' p%gischeogecc?rﬂl I ntegral

dose and M2e specific IgG were evaluated by ELISA. The results shown in Figure

48 indicate that M2e alone is poorly immunogenic in that it failed to elicit antibody
titers above background. The conventional adjuvant Alum provided a modest

20  enhancement in the immune response to M2e. The PAMP linked M2e constructs;
however, provided the greatest enhancement in immunogenicity. These results
indicate direct linkage of PAMPs with portions of an integral membrane protein of i
an influenza viral protein can elicit immune responses that are more potent than
those elicited by the conventional adjuvant Alum. .

25
DOSE AND IMMUNOGENICITY

Dose ranging studies were carried out to further assess the potency of

Pam3Cys.M2e and STF2.4xM2e. For STF2.4xM2e, BALB/c mice were immunized
on day 0 and 14 with dilutions of STF2.4xM2e that ranged from 0.25 to 25 pg of

30  STF2.4xM2e per immunization. The prefix D002 refers to the specific batch of

. STF2.4xM2e used in this experiment, while R-028 refers to a historical reference

batch of STF2.4xM2e used in this experiment. Seven days following the last



an influenza viral protein can elicit immune responses that are nore potent
than those elicited by the conventional adjuvant Al um DOSE AND

| MVUNOGENNVGI2006/08ee r angi ng studies were carried out toPCunshesoaasess t he
pot ency of PanBCys. M2e and STF2.4xM2e. For STF2.4xM2e, BALB/c mice were
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with the optinmal dose in mce falling in the range of about 2.5 to about 25
ny. For Pad8Cys thyrangepApimue2 fiteebope? g muni zed on day 0 and 14 with 0.05

to 30 ng of PamBCyg Mg, Rk MIUTHALBA thROwersMERnIRY 8n 8/ d L¢i1agvithe | ast
i muni zation (Day 21) mcé were bled and M2e-specific I'gG responses were

eval uated by FEL953A30TEef PasiyseVareanimmpnirtigns 860 ingthe lashat

i muni zati on "H]m ; aty 08 &m e induced
detectabl e | eve sno&%{?@lze(??g5?0@2?8%?69%%&8%%%gmg[g)gélén%elg dose 156!(\)/[r2 mce in
this study of eabloated BOERIFA. | TINOBENo@n T FighreMOLdPmPhstraftiubE STRAI NS The

i munogeniGity of P v, ' j trains

i ncl udi ng a é?“%“(‘jz,%ﬁ%%@@%%?@a@é? ms)%%%ﬁ a%"&)@,&g%gﬁl}*ﬁﬁ% Wi ss) (X
and C3H HeN ( *detecBblugpsisof Mewpedific lgGawith dteraptimalmnse fir micerin fhadistody efay 0 and
14 with 30 rrgc??)g RPanBCys. M2e per inmuni zation. Sera were harvested on day 2
1 and |l evels ‘Hepecific 1gG evaluated by ELISA. Al strains exhibited
significant levels of Me-specific IgGindicating that the i mmunogenicity

f}cwﬁﬁlg'@'\lf b:\/-!ﬁh)pﬁg %@q\ﬁt %W?IQML?{‘T@LE%B{J% AR (Figure 51).

15 The immunogenicity of Pam3Cys.M2e was evaluated in multiple mouse
strains including BALB/c (e), C57BL/6 (w), CB6/F1 (#), DBA/2 (a), Cr:NIH
(Swiss) (X) and C3H/HeN (*). Groups of five for each strain were immunized on
day 0 and 14 with 30 pg of Pam3Cys.M2e¢ per immunization. Sera were harvested
on day 21 and levels of M2e-specific IgG evaluated by ELISA. All strains exhibited

20  significant levels of M2e-specific IgG indicating that the immunogenicity of
Pam3Cys.M2e is not dependent on a particular MHC (Figure 51).

IMMUNOGENICITY IN RABBITS
Studies aimed at evaluating the immunogenicity of Pam3Cys.M2e and

25  STF2.4xM2e in a second species, rabbit, were carried out. In the first study, rabbits
(3 females and 3 males/group) were immunized with 500, 150, 50, 15 or 5 pg (i.m.)
of Pam3Cys.M2e on day 0, 21 and 42. As a control, an additional group received
the formulation buffer F111 (10 mM Tris, 10 mM histidine, 75 mM NaCl, 5%
sucrose, 0.02% Polysorbate-80, 0.1 mM EDTA, 0.5% ethanol, 20 mg/mL

30  hydroxypropyl-beta-cyclodextrin, pH 7.2). On day 7 post-boost 2, peripheral blood
was obtained and the anti-M2e antibody titers were evaluated by ELISA. The
results shown in Figure 52 depict the individual rabbit antibody titers at a 1:125



Studi es ainmed at evaluating the i munogenicity of PanBCys. M2e and
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50, 15 or 5 ng (i.m) of PanBCys.Me on day O, 2 1 and 42. As a control, an
addi tional group received the formil atlb?ﬁbuffer FI 11 (10 mM Tris, 10 M
histidine, 75 ni MNadl, 5% sucrose, 0.02% Pol ysorbate-80, 0.1 mM EDTA 0. 5%
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i ndi vi dual rabblé nt i bogé ters at a 1:125dilution of the sera. The data
suggest a dose?F g‘fai'otﬁgrea V&ti onshi p between the anpunt of PanBCys.M2e used

1|‘or E\ri me/ bogst vadg ItHbas‘gbd)ﬂSstL?ngrabBlﬁ @ &%ﬁles@fédBhlfalea/;gfdubpdyreﬁlhm&mzabhi eveg
n the second stu [a mal es 0 nmuni ze
w th S00. 150, bs00 856 P05l Ser'Sive ) R TEHEaagnpss ook Sh e

addi tional gropu Re&EAIisSAIbLRE G QR4 pER-idadiniAti@Odriph ammwaabason
peri pheral blood was obtained and_the anti-Me_ anti bodi/ titers were

eval uat ed by EPhtaped aqdthganyi-M3s aRibpiictipe wopeevapeted by LI Nealbnses were
detectabl e by dgyfik: mélsg&ﬁﬁdl%d BspBhdes ﬁlgﬂer&{eétabm‘y‘ Hh}zﬁﬁpcfs{: {)ﬂHé @ am3). The

results indicatée that STF e elicits a rapid consi stent i mmune

response in r awblin@lslmIEPFZ@@’@UFWﬁHEhQ\MBQEIMQJEN@FMZGW@SM ficacy of
the PanBCysgy NIZIF.;1 Andg ?ste%ﬁ%uux’(@%sp@r}(s@ﬁ@a%ﬁ% in BALB/c m ce using the well
n

characterized use adapted strain, uenza A/Puerto R co/8/ 34 (PR 8) as
t he chal | enge virus. Groups of ten m'ce wer e i nmuni zed s. c on day 0 and 14

with 30 ng of ﬁﬁ@ (anIVrr Fill 30rrgof
PanB8Cys. M2e i nE € pr opr| e arg)@tg;gf er %QM E ris, 10 n1VI hi stidi ne, 10%
sucrose, 0.02% Pol yBxaleﬁixtaey 8Dthe Barﬂ3(EWESUEm,nd(ST‘E%43Mﬁawa$ evaﬁ;a@ﬁﬁ% docusat e
sodium pH 7. ZﬁAf;@c > ng%%nze %e ft}‘aer d At{E’Oe nv Tri s,
10 mvhi sti di ne rﬁW?\ﬁ ‘V g 5570 SPysor H‘a% 45 EDTA,
0. 5% et hanof , R1cW3dQBﬂsaheth9@hhllenge Vs, 7G£b),1ps Gﬁemgmafwe&Tﬁﬁmmee ciom t he
' I 0, 0,
Ig(l;r {/ggr E;,? g_ ( 19ayrHVIangrll4%\’ith13% He otjyamgb I\DISé in tﬁe PM Wa%n’ bu é% lgylclr(gi%() ;.Lg' 02%
of Pam3Cys.M2e in the proprietary buffer F120 (10 mM Tris, 10 mM histidine, 10%
sucrose, 0.02% Polysorbate-80, 0.1 mM EDTA, 0.5% ethanol, 0.075% docusate
sodium, pH 7.2) (4), 30 pg of Pam3Cys.M2e in the buffer F119 (10 mM Tris, 10
20  mM histidine, 75 mM NaCl, 5% sucrose, 0.02% Polysorbate-80, 0.1 mM EDTA,
0.5% ethanol, 0.1% docusate sodium, pH 7.2), 30 pg of STF2.4xM2e in the buffer
F105 (10 mM Tris, 10 mM histidine, 75 mM NacCl, 5% sucrose, 0.02% Polysorbate-
80, 0.1 mM EDTA, 0.5% ethanol, pH 7.2), 3 pg of STF2.4xM2e in buffer F105 (10
mM Tris, 10 mM histidine, 75 mM NaCl, 5% sucrose, 0.02% Polysorbate-80, 0.1
25 mMEDTA, 0.5% ethanol, pH 7.2) (e) or 0.3 pg of STF2.4xM2e in buffer F105

(0). A group receiving PBS alone was included as a negative control (o), and a

convalescent group with immunity to PR/8 following a sublethal challenge with the
virus was included as a positive control (¢). On day 28, animals were challenge with
an LD90 of the PR/8 challenge stock. Weight loss and survival was followed for 14
30  days post challenge (Figure 54).
Animals in the convalescent group which had successfully cleared an earlier

non-lethal infection with PR/8 demonstrated 100% protection to a subsequent viral



80, 0.1 nM EDTA, 0.5%ethanol, pH 7.2), 3 ng of STF2.4xMe in buffer F105
(10 mMIris, 10 mM histidine, 75 mWaCl , 5% sucrose, 0.02% Pol ysor bat e- 80,
0.1 mVvEDMWQ 20068mhanol , pH 7.2) () or 0.3 ng of STF2. 2xiAs20058/0lasht er F105
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and a conval escent group with imunity 34 -PR/ 8 fol | ow ng a subl et hal
challenge with the virus was included as a p05|t|ve contr ol (O) On day 28,
animals were ch eng 0 en e Wi ght

| oss and sur vﬁy‘gl:l ﬁ%s‘g?lmaﬁsorﬁ%edlw?%% ggabé‘gé ?}81%‘3( X@’fl?éf R édlé'l'—beémPlgg 54) .
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non-1| et hal i nf ectl on V}Ath trated 1 00/ r ot ect nto 9Fgbsequent

vi r al chal | enge™ithagh et sPaP’éEéfFWﬁ n?ﬂ deBensg ?etﬁlr?é‘rvé |"5‘fht5é)({ rbidity

begi nni ng on dfﬁM§su?v1@ﬁh§ tlga cHMlé 8@%1(121%&9@1\*115@@@1@3@% M2dn PY 1 Haibied whil e
aninmal s i muni zed with 3 Me In FI. 11 deponstrated enhanced
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PanBCys. M2e 'nreé%ivﬂ&ﬁi@ﬁ'l\ﬁ%in%ff&"ﬁd&@Mobﬂﬁ'"ﬂ‘ml OO hiskdse, 8oand 9 with 80%
of the mce survivin Ani mal s recei Vi n%%T%p Me in buffer F120 (10 mv

Tris, 10 mM hi et AE2%Redyserhereced. 1 ;N s/mtwpbﬂé)d S%Gi%usm EDTA, 0.5%
et hanol , 0. 07556‘811? gg’lﬁqgﬁ op i) 4Rt d pl%?elrpéth%d §I%§ld%§@§%a§ércgﬁ@é n

exhi blted the m 'sease course with % of the mce in these
groups sur vi viwigh 30te 1084 theohiat indhese growlvlég met@h?&l@h@ﬂ?ﬁg? akhssa hat both

PamBCys. Mg, awgs/gﬁ;fﬁéné&{%@ Bfaggﬁgg%%%wé a%(at T 4k PN Rt é’ontfé? ?oté‘chaé I enge

with influenz I'n VvVivo m)nel a typhimrium Iage

(f1jB) is a |iigandity ora diaRengeAvithaofbuebiavait vipe.ot ei n consi sti ng of
full-length flijB (STF2) fused to four tandemrepeats of Me was expressed
in E. coli and purified to > 95%purity with | ow endotoxin levels. In
reporter cell DIiSAESSIONI s protein (STF2.4xMe) triggered BL8 production in

“ILFE | dependont Lantioh: s MRRVESY Sh.TiiERsch T2, e ha
W thout a tPNViesdibdinat prachinivsistiny of ¢ill- ]’ehgh ;ﬂuB[(ﬂTﬂFBduﬁdwdv fpor audenant i body
{ ﬁs ngzlet The reggat%n%x/moefwatsré?(prregs%g Hlbf_‘l, cgh an pur1 1ed po >V\G’5$% ];)Hrrl‘}y%{h 1de monstrat ed
endotoxin levels. In reporter cell lines, this protein (STF2.4xM2e) triggered IL8
production in a TLR5-dependent fashion. Mice immunized with dilutions of
STF2.4xM2e tHat ranged from 0.25 pgto 25 pg, formulated in the buffer F105
20  which is without a conventional adjuvant or carrier, mounted a vigorous antibody
response. The potency of the recombinant protein was further demonstrated in rabbit
immunogenicity studies where animals receiving as little as 5 pg of protein
seroconverted after a single dose. The efficacy of the PAMP fusion protein was
demonstrated in the mouse challenge model using Influenza A/Puerto Rico/8/34 as
25  the challenge virus. Mice immunized with as little as about 0.3 pg of the protein per
dose exhibited mild morbidity with 100% of the mice surviving the challenge.
Synthetic tripalmitoylated peptides mimic the acylated amino terminus of
lipidated bacterial proteins and are potent activators of TLR2. In these studies, a
tripalmitoylated peptide consisting of three fatty acid chains linked to a cysteine
30 residue and the amino terminus of the Influenza A M2 ectodomain (M2¢) was
synthesized using standard solid-phase peptide chemistries. This peptide
(Pam3Cys.M2e) triggered TNFa production in a TLR2-dependent fashion in
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acylated am no term pnus of.lipidate ..al; i ot ent
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PanBCSK- 4. PapBfpy PalNBeyyRde pptide froihshtep o fftrsiTifoiageaions was ¢valbied 31 where a

dose response relationship was_observed between th&églrm#t hO{l PanBCys. M2e
used for i mutiezaeuse phadisagempedehynnglgtiyergr pdruedR RicaPat 35 Hie™8r '8t acy of the
PamBCys. M2e p‘%f}&é. Bemb By AVOY IRRIaRE ifEf fenepl2f Ghibitka tHeaniteyasorsiiay uat ed in
t he mouse chal | enge nodel using Influenza A/ Puerto Rico/8/ 34 as the

chal | enge vi r sgth abathQ@ysquéOOg/oewmalﬂc‘écfuwhvnrath%haélﬁ’esetzlzo exhibited the

m | dest bidity with about 80 to about 100% of the mice surviving the
chal | enge. "EQUI VALENTS Wil e this invention has been particularly shown and
descri bed w t EQEVadéNles to preferred enbodi nents thereof, it will be
under st ood by thoseg,ski..l i.n t : i 4 form and
details may be nade leé?‘%%g’e%fb{l rl‘%ﬁ%e%é%g&?@%r}%&% ?vg%ﬁcti ﬁ%@fg%%%thof, t he

i nventi on encoeshrssstb pyfaed eappimdesitheteaf, itsvitbanndsraprstbyitose lelleded is: 1.
A conmposition.conprising.at |east. tion of at
| east one int é@ﬁ’ﬁlaﬁ At © %ng%selpgglg}ﬁgn@%iﬁn%ﬁ%%%% tfﬁgl]%&p@gls & 2. The
conposi ti ors ofdefdrangfirdm thdheog of thehievaniibh ereomaasvédrtal thpepperdad daéman i nf | uenza
A viral protein. ‘



3. The conposition of Caim1, wherein the influenza protein is an
influenza B viral protein. 4. The conposition of Claiml, wherein the

i nfl uenzawvpnotaicmezs an i nfluenza C viral protein. 5. TireTas2@ssideonn of
Claim2, wherein the integral nenbrane protein is at |east one nenber

sel ected fromthe group consisting of a°Raemaggl utinin nembrane protein, a
neur am ni dase nenbrane protein and an M2 nenbrane protein. 6. The
conposition of Claimb5, wherein the integral nenbrane protein includes an
M2 protein and wherein the M protei ndL%Mgdes at | east a portion of SEQ ED
NO 13. 7. The conposition of Caimb5, erein the M2 protein includes at

| east one . nenber VElek sclatdedisom t he group consisting of SEQ ID NO 15, SEQ
ID NO 19 and SEQ I.D NO .34. 8. The 0Si 4| of i erejn the

i ntegral nembrlane r/ﬁ'%Oﬂg?%%qW&gglgggﬁg%ﬁ%ggﬁm%ﬁyﬁfirr’laqgﬁ%) ei; O%a{ﬁ:[ ncl udes
at | east a porti onl@ft oat itgad ineptbeanepndicn ofel iefltanda firdprdatéie. gr oup
consisting of SEQID NO 64 and SEQ ID NO 67.9. The conposition of Caim
8, wherein-”the haemaggl utinin protein includes at |east one nenber sel ected
from the group. congihstémghsBion SEQaER 1 Neherdbthe Hifehd Wl pREein SEQ | D NO 37
and SEQ ID NO 38. /10. The caonposjtion of Caim1l, further including at

| east one PanCys. Mpenzafsvisgd 8%t i on of O ai m 10, wherein the PanBQys,

t he Pan2Cys and the integral mnmenbrane protein are conponents of a fusion
protein. 12. The conposition of Caim1, wherein the PanBCys _and the

i ntegral nmenbriane ghecenppsiioa of Glaye A enkeciptheintiygaraprolsigt 8 [fluenga Bry o
conposi ti q(rg of d aigplIetehurther including a l'inker between at |east one
PanBCys and at | east one i1ntegral nmenbrane protein of the conposition. 14.
The conposition of Claim13, wherein the linker is an amno acid |inker.

15. The conposy ti ony@t, (R1tiSh b clath i NFherdif oY REzAprbteitiG bn REbYEEE at | east

t wo
viral protein.

15 5. The composition of Claim 2, wherein the integral membrane protein is at
least one member selected from the group consisting of a haemagglutinin
membrane protein, a neuraminidase membrane protein and an M2 membrane

protein.

20 6. The composition of Claim 5, wherein the integral membrane protein includes
an M2 protein and wherein the M2 protein includes at least a portion of SEQ
ID NO: 13.

7. The composition of Claim 5, wherein the M2 protein includes at least one .
25 member selected from the group consisting of SEQ ID NO: 15, SEQ ID NO:
19 and SEQ ID NO: 34.

8. The composition of Claim 5, wherein the integral membrane protein includes
a haemagglutinin protein that includes at least a portion of at least one
30 - member selected from the group consisting of SEQ ID NO: 64 and SEQ ID
NO: 67.



i ntegral nmenbrane proteins of the conposition. 16. The conposition of Caim
15, wherein the linker is an amno acid linker. 17. The conposition of
Claim 1, wonbwrsoieacl uding a TLR5 agoni st. 18. The conp@®@sirttiseensniicet ai m 17,
wherein the TLR5 agonist is a flagellin. 19. The conposition of C aim 18,
wherein the flagellin is at |east one meYer selected fromthe group
consisting of a FIjb/STF2, a E. coli fliC and a S. nmuenchen fliC 20. A

fusion protein_ co ising at | t. Qne, pat hogen- associ.at ed. nol ecul ar
pattern and at? ea e6%&?smqnlj)zﬁiadmﬁ&ewb&@pg]?egl}aewﬁ%égﬁnﬂn proein mcluc(l:es a‘ca

pat hogenassoci at ed 93 @& WheibePadldcIdTronSthe gfoup chiamlity 51 SEXY ID Noe 3f,usi on
protein of Caim 20, wherein the M2 protein_incl u%?3§at | east a portion of

SEQ E)NO 13. 22. TR KNPs#0.5ER 11 NOot7 daER BANK 88+ her i ncl uding a

| i nker between at | east one pat hogen-associ ated nol ecul ar pattern and at

| east one M2 protein. 23. The fusion protein of Claim2l, further including

a |linker betweth atThesempositign aielamds gi“ﬁ%“.mfzikl‘.imﬂ' Aideastidied BByt ei n of O aim

21, wherein the M2 protein includes SEQ ID NO 15. 25. The fusion protein

of Claim 20, wherein the pathogen-associated nol ecular pattern is a TLR5

agoni st. 26. The fiespmpesiioniaf (3dim@d0awhargis theaftaar3&ivp thq'ﬂganﬂ_%a%fb@ﬁi st is a

flagellin. 27. The. I I f i el ae flagellin is at

| east one nenber selfnjg%% @ﬁeﬁrgﬁérﬁtgﬁlgarre&?%{@%g? %ﬁ]ﬁéﬁ% rogéﬁglj B/ STF2, a

E.coli fliC, and a S. nuenchen fliC. 28. The fusion protein of Caim 27,

wherein the, flagelljn incl S e fil] (= LK fljB/STF2

i ncl udes at" | edst afhﬁg??]})%s#%%fc’f llbkﬁégﬁfge%%ﬁ%%ﬁ#ﬁl&rﬁg %r otei n of

Clai m 28, wherein trhentrijeltr@diR2rd cooipockess SEGudieh picteirB. 30. The f Usi on

protein of Claim27, wherein the flagellin includes the E. coli fliC, and

wherein the E.coli fliC that includes at |east a portion of SEQ ID NO 5.
13.  The composition of Claim 12, further including a linker between at least one

Pam3Cys and at least one integral membrane protein of the composition.

15
14.  The composition of Claim 13, wherein the linker is an amino acid linker.
15.  The composition of Claim 1, further including a linker between at least two
integral membrane proteins of the composition.

20

16.  The composition of Claim 15, wherein the linker is an amino acid linker.
17.  The composition of Claim 1, further including a TLRS agonist.

25 18.  The composition of Claim 17, wherein the TLRS agonist is a flagellin.
19.  The composition of Claim 18, wherein the flagellin is at least one member

selected from the group consisting of a F1jb/STF2, a E. coli fliC, and a S.

muenchen fliC.
30



31. The fusion protein of Caim30, wherein the E. coli fliC includes SEQ
ID NO 66. 32. The fusion protein of Claim27, wherein the flagellin

i ncl udes wbeo®/oemseenchen fli C and wherein the . nuenchemrcfritisaosmaedearies at

| east a portion of SEQID NO 7. 33. The fusion protein of C aim 32,
wherein the S. nmuenchen fliC includes SEéSI'D NO 99. 34. The fusion protein
of Claim 20, wherein the pathogen-associ ated nol ecul ar pattern is fused to

a carboxy-termsgus afq t.he ink A ' i [ otein of
Cl ai m 20, wherein t efu%ﬁr?gﬂg%&ﬁﬂ%b?&b@%g%% lgéis%r%‘% éhungnr a%gch%%drjﬁmgéh 1?rtrjsed to an
am no-term nus of t hatermdrdiaeteast oMRinfinerize M. pr8&in, Fherefuibé pathqget ei n of C ai m

20, wherein at IeasLssgaﬁgﬁbggglgrn&é&g%%% tepcail?igglysecul ar pattern is between

at | east two influenza e on protein of Caim 20,
wherei n the pathogen-associ ated nol ecul ar pattern is a TLR2 agoni st. 38.

The fusion protein aim 37 ereln the. T agoni st .is a PanBCys. 39.
The fusion gro?gi n ﬁ)e @S‘QPH{%@?@P%Z@] Whytsin, ?ﬁ/&%?teinéﬁgl?&éab%ﬁ?on of a
haemaggl uti ni n menbpatien pf SE@ID NGO 13.The f Usi on protein of Caim 20, further

including at | east a portion of a neuram ni dase nenbrane protein. 4 1. The
fusion protein of Caim20, further including at |east one nenber selected

from the group 220nsirbé fusign @fotélfl of ClhinBT) FaxttRr Miclualng RNk & vatwalRA afBast Nf | uenza
Cviral protein. 42. The fusion protein of Claim 51, wherein the influenza

Bviral protein is S RaHO8gasosidsinalsenlgmatien gnd adcastions MURIOBH. prot ei n of
Claim4l, whgerein the influenza Cviral protein is an integral nenbrane
protein. 44. A conposition conprising a pathogen-associ ated nol ecul ar

pattern and anZf® prot Bpian pigein ef Glainhal, futhes elvdiag s diskeatbedvesp pideast ar
pattern is not a PagMs proteins.

24, The fusion protein of Claim 21, wherein the M2 protein includes SEQ ID
15 NO: 15.

25.  The fusion protein of Claim 20, wherein the pathogen-associated molecular

pattern is a TLRS agonist.
20 26.  The fusion protein of Claim 25, wherein the TLRS agonist is a flagellin.

27.  The fusion protein of Claim 26, wherein the flagellin is at least one member
selected from the group consisting of a fljB/STF2, a E.coli fliC, and a S.
muenchen fliC.

25

28.  The fusion protein of Claim 27, wherein the flagellin includes the fIjB/STF2,

and wherein the fljB/STF2 includes at least a portion of SEQ ID NO: 1.

29.  The fusion protein of Claim 28, wherein the fljB/STF2 includes SEQ ID NO:
30 3.



45. A conposition conprising at |east a portion of at |east one

pat hogenassoci at ed nol ecul ar pattern and at |east a portion of at |east one
i nfl uenzawbRogwmwdrmn, wherein, if the pathogen-associ at edTrusb@sol@@s2 patt er n
i ncludes a PanmkCys, at |east a portion of the PamRCys is not fused to the
influenza M2 protein and at |east a port?®n of the influenza M2 protein is
not fused to the PankCys. 46. A fusion protein conprising at |east a
portion of at ]| east_one.pathoge socl.ated mol ecul ar .pattern _and. at | east a
portion of at %%ast%&%s“?rh?rmﬁg‘r?g g:iwﬁ%ﬂr Wg%rFﬁ?h%ﬁ‘?@F@f’ r‘ir?"?‘fdtfs ftﬁf %

pat hogen- associ at edyjaDAfRGMicain PAEISLMIC Atk dRdesut RasR@pationalf SEQEBt a
portion of the Pan2Cys is not fused to the influenza M2 protein and at

| east a portion of XHe>influenza M2 protein is not fused to the PanRCys. 47.
A method of stinulating an i rmune response in a subject, conprising the
step of administering to the subject a conposition that includes at |east
one PanBCysS andl-at Thedusionprpiginaf Sipims30awhergindee b sali flif mghdes SR ane
protein of an influggyzg viral protein. 48. A nethod of stimulating an

i mmune response in a subject, conprising the step of adm nistering to the
subj ect a conposition that includes a fusion protein conprising at |east
one pat hogen- agsoci-at.ed.. I t i.i_f | uenza M2
protein, wher eiﬁ?l t h@neggstlﬂg%rgﬁtﬁfgsb é%@a%@ﬁﬂmn%@g}éﬁagkﬁgﬁq{lgéﬁtHles%if not a

PanRCys. 49. A met howknofendtiC aud whereig tlenS. immaunher fli€sipolndes 4t Fpast agotiioact |

conpri sing 6he stegﬁgﬁ%ggﬁkai§tering to the subject a conposition that

i ncl udes a% | east one ogerni- associ ated nol ecul ar pattern and at | east
one influenza M2 protein, wherein the pathogen-associ ated nol ecul ar pattern

[ t Pan® t \Y4 tein i { t el t hod of
St 1 Ml ati ng. antd e TPOEbERER I G BeE b PRTR] Pl sl e 0 ©

adm nistering to th®SOb$ect a conposition that includes a conposition
conprising at |east a portion of at |east one pathogen-associ ated nol ecul ar
pattern and at | east a portion of at |east one influenza M2 protein,

15 34.  The fusion protein of Claim 20, wherein the pathogen-associated molecular

pattern is fused to a carboxy-terminus of the influenza M2 protein.

35.  The fusion protein of Claim 20, wherein the pathogen-associated molecular

pattern is fused to an amino-terminus of the influenza M2 protein.

20
36.  The fusion protein of Claim 20, wherein at least one pathogen-associated
molecular pattern is between at least two influenza M2 proteins.
37.  The fusion protein of Claim 20, wherein the pathogen-associated molecular
25 pattern is a TLR2 agonist.

38.  The fusion protein of Claim 37, wherein the TLR2 agonist is a Pam3Cys.

39.  The fusion protein of Claim 20, further including at least a portion of a

30 haemagglutinin membrane protein.



wherein, if the pathogen-associ ated nol ecul ar pattern includes a PanRCys,
at least a portion of the PanRCys is not fused to the influenzaM protein
and at | eset2o@/qeezeki on of the influenza M2 protein i s necTfuss@d/otaer he
Pan2Cys. 51. A nethod of stinmulating an ipmune response in a subject,
conprising the step of adm ni stering to-Phe subj ect a conposition that

I ncl udes a fusion protein conprising at |least a portion of at |east one

pat hogen- associ ted%qnoeﬁuecul ar.p er d.at. |.east rtion of at |east
one infl uenza pr ot " %tg}neﬁé,lal %(?ﬁ’ghﬁ%lPﬂg(gig%?tg%aggac At et (%rarlol ecul ar
pattern includes a mRardyidase atenlbeastpraeiporti on of the PanmRCys is not fused
to the influenzaM protein and at | east a portion of the influenza M
protein is not fused to the PanRCys.

41.  The fusion protein of Claim 20, further including at least one member
5 selected from the group consisting of an influenza B viral protein and an

influenza C viral protein.

42.  The fusion protein of Claim 41, wherein the influenza B viral protein is an
integral membrane protein.
10
43.  The fusion protein of Claim 41, wherein the influenza C viral protein is an

integral membrane protein.

44, A composition comprising a pathogen-associated molecular pattern and an
15 M2 protein, wherein the pathogen-associated molecular pattern is not a
Pam?2Clys.

45. A composition comprising at least a portion of at least one pathogen-
associated molecular pattern and at least a portion of at least one influenza
20 M2 protein, wherein, if the pathogen-associated molecular pattern includes a
Pam2Clys, at least a portion of the Pam2Cys is not fused to the influenza M2
protein and at least a portion of the influenza M2 protein is not fused to the
Pam?2Clys. '

25 46. 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 influenza
M2 protein, wherein, if the pathogen-associated molecular pattern includes a
Pam2Cys, at least a portion of the Pam2Cys is not fused to the influenza M2
protein and at least a portion of the influenza M2 protein is not fused to the
30 Pam2Clys. ’
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47. A method of stimulating an immune response in a subject, comprising the
step of administering to the subject a composition that includes at least one
Pam3Cys and at least a portion of at least one integral membrane protein of

an influenza viral protein.

48. A method of stimulating an immune response in a subject, comprising the
step of administering to the subject a composition that includes a fusion
protein comprising at least one pathogen-associated molecular pattern and at
least one influenza M2 protein, wherein the pathogen-associated molecular

10 pattern is not a Pam2Cys.

49. A method of stimulating an immune response in a subject, comprising the
step of administering to the subject a composition that includes at least one
pathogen-associated molecular pattern and at least one influenza M2 protein,

15 wherein the pathogen-associated molecular pattern is not a Pam2Cys and the

M2 protein is not an M2e protein.

50. A method of stimulating an immune response in a subject, comprising the
step of administering to the subject a composition that includes a
20 composition comprising at least a portion of at least one pathogen-associated
molecular pattern and at least a portion of at least one influenza M2 protein,
wherein, if the pathogen-associated molecular pattern includes a Pam2Cys, at
least a portion of the Pam2Clys is not fused to the influenza M2 protein and
at Jeast a portion of the influenza M2 protein is not fused to the Pam2Clys.
25
51. A method of stimulating an immune response in a subject, comprising the
step of administering to the subject a composition that includes 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 influenza M2 protein,
30 wherein, if the pathogen-associated molecular pattern includes a Pam2Cys, at
least a portion of the Pam2Cys is not fused to the influenza M2 protein and
at least a portion of the influenza M2 protein is not fused to the Pam2Clys.



