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Influenza is a contagi ous di sease that dgdally results froman RNA virus.
Three types of influenza viruses are known - influenza type A, B and C. The
natural host for influenza type Ais the aquatic bird. Influenza type A

viruses can infect hungomrduITNs ORINFIAUBNZAl $IRAL. PROTEINGS, horses) and
aquatic animals (e.g., 15 seals). Influenza type B viruses are usually found

only in humans. Infection w tANDIMETHEDE OF USEJRHIEREDF Yy characterized by
fever, nyal gia, headache, cough and nuscle aches. In the elderly and

infirm influerBRBLATEI2APPLICAAGONSN can result in disability and)deathw

I nfl uenza type B virlses can cause,epi dem in humans. .Influenza type C
viruses can cause ni ﬁa?th‘:%éoéls"%i“ﬂs Wﬁﬁglﬁgt05@25-E?govaf&na@wgga%gg?*ﬁ%m cs.
Strategi es 20 t60/438294 MileddnMeoanitg 21, 2004; 6E668:8 50 tiled b Deveinbea2u®0¥;acci nes
wth inactivated vir , asal sprays , ch a 1t adi ne
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thus, be linmte n_su : res n variahl.e rotection an ess than
sati 3f act ory alﬁ%éf&i,aﬁ%’5??%@%?@#@55tﬁw’étﬁg‘vtqaa@?%é’?ﬁf%wb%e preventing or
treating ill nesgplaadonsiR isRiRrdditcrtBsSedRAdN, consequent to influenza
infection. Thus, there is a need to devel op new, inproved and effective

et o0 o b kB B SHETB B Tmnalng ¢ ol enzz, nfecti on, VO
invention rel ates t mfoeapdd dohrgisys ditesdetint muallyeiensts &oth an RNA virus.

Three types of influenza viruses are known ~ influenza type A, B and C. The

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 virases,
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 alléviation of symptoms, thereby ineffectively

25  preventing or treating illness and, in some instaﬁccs 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.



pol ypepti des conpri sing pat hogen-associ ated nol ecul ar patterns (PAMPS) and

i nfluenza viral proteins. The conpositions, fusion proteins and pol ypepti des
of the 5 invention can be enployed in nmethods to stinulate an inmune
response i wa2érgoes2t . 1 n one enbodi nent, the invention sition
conprising at |east one PanBCys and at |east a porti On@g?ﬁ}g?voﬁfgg&s@% one
integral nmenbrane protein of an influenza viral protein. In another

enbodi ment, the invention is a fusion protein conprising at |east 10 one
pat hogen- associ ated nol ecul ar pattern (PAMP) and at |east one influenza M
protein, wherei %Wﬁ@é@ﬁd@ﬁi‘ﬂ‘g%ﬁaﬂbh ed nol ecul ar pattern is not a Pan2Cys.
In a further enbodi I i i . ifi . rising a

pat hogen- associ at edﬁng#’rg%ehrgyér%éﬁge#eﬁ%a&r? pgﬁﬁ%Pﬁl?lg{} grl%ﬂem % erein the

pat hogen- assocpudpetidandospuisiag pbigeraiiodigedmolecul RpaROypsPAMPs) andst i | | anot her

enbodi nent, the_} 10N .S a-£onposi.ti conprjsing at | east portion of
at | east one paIP %égdnm-u!gg%%%?%t e C%pésén ng;}usd%ﬂnﬁgipws Q'ﬂjop Oi)fpcﬁ’tgig@fftge portion
of at | east SonenvenfidroanbaevBlopaddh miethpdsdnetinmilate an fmriukne rgspbddse easubgsoCi at ed
nol ecultar .pattern incl ude P s, .at.least a.portiaon of the PanRCys is
not fused to the i ?’%ﬁ&f??’aaw&’%g%%%é?“ﬁ“’%ﬁ& cgfnpf’%%@[wg‘pﬁﬂ?% HIRSIRC ¢ he
influenza M2 prRam3Cys and@t fesst b portibnisfadleisd ofidiate BamBeybrand prot¢@iof @not her

enbodi nent, the 'nventil(r)Pn tis a fusion protein conprising at |east a portion
of at |east ond"pErHoderP"8€%ci ated nol ecul ar pattern and at |east a

por}] ion of at |east meﬁhbﬁmmmm,wwemmiimﬁmhﬁpﬁdm confpribii@at least

pat hogen- associ at e nol ecul a attern, ingl S PanCys, at | east a
portjon of It%he B4 E“'FSS?O‘HGFJ?E]“P 8%1%&%%3?%%&%%@“5% n and at

| east a porti Opr@éin,thRreithe pehdean-Moduted BblBculdr patledt ishuserhni2@yé.he Pan2Cys. In

yet anot her enbodi ngnt, the jnyention is a pethod of stimylating an i nmune
response in a subje aﬁ‘&?ﬁ'ﬁ’i"}’%‘ﬁﬁﬁmttﬁ%‘nﬁngﬁn B2 RERPHHOSCTPRY &% t he subject a

conposi tion t hahthbdealatkdeistednol et pafiiif afdPMBDY Sroddds] vabrelnBRSHatidg@Rr ti on of at
| east one 30 int e%ral membrane protein of an influenza viral protein. In

still another &8 grhapleculanpatier bt 4 AM2(yS-a net hod of stinulating an
i mune respgnse in @ sGI Bhd¥dr emb&IIMEt, Shd¥venfien Kla@BmPdsitRAFbApSHRI 4 Ng to the
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least a portion of at least one pathogen-associated molecular pattern and at least a

portion of at [east one influenza M2 protein, wherein, if the pathogen-associated
molecular pattern includes a Pam2Clys, at least a portion of the Pam2Clys 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 Pam2Clys, 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



conposition that includes a fusion protein conprising at |east one pathogen-
associ ated nol ecul ar pattern and at |east one influenza M2 protein, wherein
the pathogen-associated nol ecul ar pattern is not a PanRCys. In an

addi t i onal wommoeligsraat , the invention is a method of sti gpbaticd8sdss,d> | Mune
response in a subject, conprising the step of admnistering to the subject a
conposition that includes at | east one pathogen-associ ated nol ecul ar pattern
and at |east one influenza M2 protein, wherein the pathogen-associated

mol ecul ar pattern is_ not a PanRCys and the M2 protein is not an Me
protein. |n stijompesianibs ieshideth feipn profeifeomayng 4t astioge aathegerrod of

stimulating an AQckREUeCLRPRANAGN] & 1 HHPirkibnzs SOTRELS! ekrtififheSt ep of

admi nistering to the subj ect onposi tion_t cludes a conposition
conpri sing at II@ﬁlggenaasmrﬁddmlwlwaﬁb@a@no’f @R@lﬁZ(b'at hogen- associ at ed nol ecul ar

pattern and at leasﬁxzﬁ:a‘aﬁfn%haqgmﬁédlrgént t@%ﬁ ﬁ&ﬁshﬂfe{hkig%ﬁxrxwh% Epteln,

wherein, if the pathogen-associate ar pattern i1 nc a Pamzcys,
at | east a por tingwnotespdnes Pavifses corprising thasepdf adminiseringfd thewhmctw protein

15 and at |east,, I R fuggd to the
Panm2Cys. In a fart %2[; enagorg udyl‘?lela{%ﬁ%éﬁﬁéger&%éﬁ{a%g?%&?%ﬁgg%gf stimul ating
an i mmune r espoustee influanzsNi potein, whmrpn iheipathogehessstiated ofoleaulaipaftgt 8ri ng to

t he subject a 894@191?6[)} on tli]pﬁ,fzgmqg% 5]% q\gﬁum n protein conprising at
0 ea a

| east a portion ated nol ecul ar pattern and
at least a portion hﬁsﬁﬁtanétba&tnbmdimaﬁ,&he mf/énuemxsaxrl\dﬂloriromtﬁhmatlng{amr ein, if the

pat hogen-associ.at ed nol ecul ar tern ast a

por ({on of The BAIEATOR hac Pt Seof amoaoias S EheedBona "ot

I east a porti omomfaostdm tlnaniﬂalmdfm&ofdﬁoqiti‘mtcempnm anl&hst‘alpsmdn tof)atﬂdaﬁ ondPanCys.

The conposition fusi on. he invention can be
25 el byed t o RPPERITEREEH HoHrt e APere BO A BRR £ Preon B 2t SIS s of ¢ he
clained i n\éentmmonemcbvgdem x‘E thie pﬂh@é@hﬁoaﬁ%ﬁxolﬁéaﬂeftqatatteltxememm&s| tions, fusion
proteins an tides that n n relative

quantities for % attlf?éta%qné({?e“ﬁ?\egﬁmyﬁ’@‘f?‘gi‘lﬁ% thedl VWFTMZREO%“?M ection.

The cl ai rTEdlSCOm@d)alléalsﬁpbmdnwfmﬁnﬂuﬁxﬂz@Mprswlnﬂmd!ﬁﬂﬁdlodﬁé;PMyﬂEt hods can be

enpl oyed to prevent_or_treat que za 3Q infec n.and, therefore, avoid
SorT oue i || nase. andvdduhe SuheBErb Pethon F adnad of SRBLE D THOrS006) 060262

PCTI US2005/ 0466&gonse 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

N

one pathogen-associated molecular pattern and at least a portion of at least one

20  influenza 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

) 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.



-4 BRI EF DESCRI PTION OF THE FI GURES Figure 1 depicts the am no acid sequence
of Salnonella typhinmurium flagellin type 2 (fljB/ STF2) with the hinge
region underlined (SEQID NGO 1). Figure 2 depicts the nucleic acid

sequence (WigQobddedez 2) encoding SEQ 5 ID NO 1. The nu%@m%ﬁﬁglbgﬁéequence

encodi ng the hinge region is underlined. Figure 3 depicts the amno acid
sequence of fljB/ STF2 without the hinge-4r-egion (also referred to herein as
"fljBl STF2A" or "STF20") (SEQ I D NO 3) Figure 4 depicts the nucleic acid
sequence (SEQ I D NO 5) encodin %I D NO 3. 10 Figure 5 depicts the
anino acid sequENEE R C@IEHQN@ GHREPi C (also referred to herein as

"E.coli fliC') wthgde Nioe theHh gl ). Figure 6
depicts the nucleic aégl d %eg uence Iﬁ)&aw&%&n ijﬁgﬁ%&gﬁmmwﬁ ID NO 5. The
er

nucl ei ¢ acid scigelie&ped bis 2méhmh@gereétgns ined (TRQ P NEY1)- 15 Figure 7
depicts the amno a

re]l‘oiarred to herein @iﬁresf&%gglgeh@%lc?acﬁ‘éfdﬁ ?é%wgdnggeécg%’%@@gnderl i ned
(SEQ I D NOS 7)ID NQ:glyrThe gueleip paid quufmee engoding tbe hiopairegiog iewsleri®EQ | D NO. 8)
encoding SEQ 1D T I nge region
i s underlined. ZONgFELr e3 %&5{}% %gd %%&%&%%Sgggﬁghggt%? ﬁ‘ﬁ?/rr/ STF2. The
linker is undecgwm(etSO mfciretdhehesen]aﬁeﬁbB/SﬁzA’m “srnm(ﬁm NOsB)gynal is bol ded

(SEQID NG 9) . Fi e A Rnl Ak I8 GLEL FaRFNER AV BISESER | D MO 10

of SEQID NO 9. The nucl eP et aci sequen underl i ned
and t he nucl ei dDN{Zi3d sequence encodi ng the B| P sequence is bol ded. 25

Figure 11 dgpicts t acid se guence ( ncodi ng a

mul ti mer (4ﬁ)3n| ts) ‘Igmie%cdegmsﬁbeaf“e'}orﬁc HugasPes ?E%ﬁ @F‘%&nﬁ@(ﬁf%o referred to
herein as " 4x|‘vﬁex‘fe)dto Rerginrae “A.20/cfE AP )owish e hiapd mgiomonddriged (GHQEH XSEQ | D NO
18) encoded by ? ID NO 17. 30 Figure 13 depicts the am no acid sequence
(SEQ I D NG 31) ‘'of a fusion protein (referred to herein as

"f1] Bl STF2- 4xM2e" OFiglirel6) dBpitit B2 ndolBiR afiil 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 ﬂégellin fliC (also
referred to herein as “S. muenchen f1iC”) 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
“4xM2¢e”).
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/STF2-4xM2¢” or “fljB/STF2 4xM2¢e”)



WO 2006/ 069262 PCT1US2005/ 046662 -5 conprising fljB/ STF2 and four, 24-am no
aci d sequences of an amno-term nus of an M2 protein. Figure 14 depicts the
nucl eic acid sequence (SEQ ID NO 32) encoding SEQ ID NO 31. 5 Figure 15

depicts a ReyMbe/doldge fusion protein. The ami no acid segsEp§Rosdasiss | D NO
13) of M2e is shown in bold type. Figure 16 depicts the actlﬁéati on of an

antigen-presenting cell (APC) by Toll- liske receptor (TLR) signaling.
Figures 17A and 17B depict plasm d constructs to express an am no 10
termnus of an M (e.g., SEQID NOS: 13, 47) of H and H5 (SEQ ID NO 39)

i nfluenza A vi reamprisiog SiB&STF2pmMirfounad-aminetaoid sequerrep o lammmino-fomzeus o€ x pr essi on
vector. BiP: Sa%q\ﬁfHO%% si gnal sequence of inmunogl obul i n-bi ndi ng protein.
STF2: fall- |engt agellin of S. typhinurium STF2A: hinge region-del eted
STF2. MCS: nul ti pl &igukeoldidagicts theancldib adid spqnencd SEQEID O 532 kwdinglSEQnst r uct s
designed to exqggéé,ﬁm of H and H5 influenza A virus isolates. AOX1: AOXI
pronot er of pPI'CZa eXpression vector (lnvitrogen Corporation, Carlsbad,
CA). af secrietion sFipgued 15siepjcteaaniFysh2esfusion fETtkia. Theidrhinb ecidjtehudntagel 1 i n of

S. typhinmurium FRA:A~.NL egi;on- de d STF2, MCS: multiple cloning
site. 20 Fi guré8§§@%9'3P28%1 ?%OWBI%{&OFI‘% eéquence (SEQ ID NO 60) of the
STF2A. HA fusi on pr ofFiure Midepicts the attivati@r oflag ivigempioddnfny (cBTARCYhyrlisd- i t S hi nge

regi on) and HA underlin . _Fj.gure 20 depicts the nucleic acid sequence
(SEQ I D NO 61)1&857?8’3]:95@9‘%“41%‘NQ 60. The |inker is underlined. 25 Figure

21 depi cts the an nPigars (74 aguaBaepictFHmidtohkiuct2) expfest freamifl F2A. HA (Puerto
00,0, SR, S B TE B MR BRI, LKL
(SEQ'I D NO. 63)infarasdi Rigal Hioles.| PMRGhet@ibothidem grémdterrbab&l dip@aionivegst, 30 Figure
23 depicts the BEH;H sggﬂet?o%i s(ljgna ese Llllgrl;]c%%f g&%o&%bth@-bir?dﬂg pcl)'gteilt_liA S{Tmll'-
length flagellin of S. yyphimurium. STF2A: hinge region-deleted STF2. MCS:
multiple cloning site.
15 Figure 18 depicts plasmid constructs designed to express HA of H1 and HS
influenza A virus isolates. AOX1: AOX1 promoter of pPICZa 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
ID NO: 62. The linker is underlined.
30 Figure 23 depicts the amino acid sequence (SEQ ID NO: 64) of HA (PRS).
Figure 24 depicts the nucleic acid sequence (SEQ ID NO: 65) encoding SEQ
ID NO: 64.



Figure 24 depicts the nucleic acid sequence (SEQ ID NO 65) encoding SEQ 1D
NO 64. WD 2006/ 069262 PCT/ US2005/ 046662 -6 Figure 25 depicts the am no
acid sequence (SEQ ID NGO 66) of E. coli fliC wthout the hinge region.

Fi gure 26 Wwpooé/ssordze ami no acid sequence of influenza AcifaNlesitudssEQ | D
NO 67). 5 Figure 27 depicts the nucleic acid sequence (SEQ I'D NO 68)
encoding SEQ ID NO 67, Figure 28 depiets the am no acid sequence of

pMrI/ STF2. 4xM2e (111) (SEQ ID NG 83). The linker sequence between STF2 and
4xM2e is underlined _and the Drosophila BiP secretion signal is_bolded. 10

Fi gure 29 depicts t FgUIfdc Ceries Reieminveagdrpiende SEe IDNQoORF- el ng SEQ 1D
NGO 83. The nue»lmogttg@hlﬁhes%qwnce encodi ng the linker is underlined and the
nucl ei c acid sequence encoding the Bi P secretion signal is bolded. Figure 30
depicts the amino afigdreséd %ﬁ&@eamwsmﬁzewmef{nﬂawa(\é@@flﬂﬁ;«@@ 85). The
l'i nker sequenceph@hwggn STF2 and 4xMe is underlined and the BiP 15
secretion signal is_bolded. Figure 31 depicts the nucleic acid sequence (SEQ
ID NO 86) éncodi ngFgmEe27 ﬂGPl?(Ei?leSEGICIW seaeanes @E&W@eﬁﬁumﬁ@émé%gdi ng the
l'inker is undeghiggyand the nucleic acid sequence encoding the BIP
secretion signal i1Is boI ded. Fi %ure 32 depicts the am no acid sequence of

pMT/ STF2. 4xM2e ( HI HBigure 28 de¢psgagihe mmiuoacid yequenrn of PVBISEF2 $dRe it ( ween t he

bol ded.  Fi gur o 133 ey ors trike YRkl Paned iy iy ML SR BB BT REAES) encodi ng
SEQ | D NO 87 DraeghitaSP edcestign bignal écpoiade encodi ng the linker is underlined
opdhe TETel . 2CkpsOUERERENGIAL 0 EHR B BsBeen gt i Buigknbo ol dcd
The I i nker seqlfeNsk 88.sThemueleicianid dequente eivodiBe Fhedimkerds nmlerlisedyamelthe s bol ded.
s 520! Ehack Ly ML el B8l S ERISIR, A LR °0) encedina S0 11
Figure 30 deplcts the amino acid sequence pMT/STF2.4xM2e (H5) (SEQ ID
NO: 85). The linker sequence between STF2 and 4xM2¢ is underlined and the BiP
15 secretion signal is bolded.
Figure 31 depicts the nucleic acid sequence (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 (H1IHS5)
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 de;;icts 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.
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nucl ei ¢ acid sequence encoding the Bi P secretion signal is bolded. 30 Figure
36 depicts the amno acid sequence of pMI/ STF2A. 4xMe (H) (SEQ ID NO 91).
The |inker sequence is underlined and the Bi P secretion signal sequence is

bol ded. WOw@Q0GsER262 PCT/ US20051046662 -7 Figure 37 gepighesddig: nucl eic
acid sequence (SEQ ID NO 92) encoding SEQ ID NO 91. The nucleic acid

sequence encoding the linker is underlingd and the nucleic acid sequence
encodi ng the Bi P secretion signal is bol ded Fi gure 38 depicts the am no
aci d sequence of pMI/ STF2A 4xMe (H5) 5 (SEQ | 93). The |inker sequence
i s underlined and tRigwBBpdepicts Be nepleisacigraquense (SB@IIH@EP %) BGPENBSEQepi ct's t he

nucl ei ¢ aci d segyuRnNee. f’fﬁﬁ@cl@@a&@secﬁéﬁw@%@ﬂg%ﬁﬁ@m ﬁrﬁeﬂﬁ@d adhelne nucleic

aci d sequence encodk@g ['i nker 1s underl rned nucl eic acid
sequence encoditngeie &qmns@@wedmmeBIPgﬁqpﬁqwmllélb@idedlo Fi gure 40 depicts

the am no acid sequlqg £3 W&Tﬁéé&%g@&cﬁmgfphq%@f%@%e f3) - The linker

sequence is underlin secret1on signa ed. Figure 41
depi ct's the5nuc$ER B> NEx 213)5 Shulinkerseq'SE® i mdadined @)d thnBiBdraresiosEignaliD NO.  95.
The nucl ei ¢ aciggsgquence encoding the linker is underlined and the 15
nucl ei c acid sequence encoding the BiP secretion signal is bolded. Figure 42
depi cts the amino &g 3tdwintcthe 8RO &) suDen@YPEQID MY 94&%&33% rruenchen

f1iC without tﬁﬁN@bureeZ@glgﬁ%d @ﬁee&o &Jﬁk&f&%ﬁ&w@ﬂ& °S.

nmuenchen fli CA € nuc |c acli d sequence o Sal rmnel | a
muenchen fliC nrz@em{meqtﬁnmncadiﬁgtheﬂﬁ’amrﬁg)@@aﬂlibmd 99. Fi gure 44 depicts

I L-8 secr etjon foll i depi cts TNF
secretion fgl | ow ngﬁ)é\l’}rg% ﬁ%ﬁ) ﬁ%gé‘#ﬁ%ﬁsg&ﬁ% gﬁ% zﬁﬁ)éMgeG@‘gep cts

Me- speC| fic | (SEQF §Or #5)AThalibpierdeguendeds @dérlmpdemdfthazBng@rctEB signgjisr e 48
depicts the MZg lggdem fic 1gG serumtiters. Figure 49 depicts the

M2e-specific serum 1 gG titer post-boost.
Figure 41 depicts the nucleic acid sequence (SEQ ID NO: 96) encoding SEQ

ID 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  (SEQID 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.



Figure 50 depicts the PanBCys. M2e dose response. Figure 51 depicts the
M2e-specific serumlgGtiter. Figure 52 depicts the rabbit 1gG response to
M2e. 30 Figure 53 depicts the inmmunogenicity of STF2.4xM2e in a rabbit 14

days post wWaF 2088e60k420ur € 54 depicts the survival follow J | I enge.
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The features and other details of the ingention, either as steps of the
i nvention or as conbinations of parts of the invention, will now be nore
particularly described and pointed out in the clains. It will be understood

that the parti CRFBALEDRBHIRIEHIN OBTHEHRVENANi on are shown by way of
Il lustration and nOtTh@?eahfréPah@B%&'&étaxlﬁocgftﬁeezlﬁvénﬂéfr?@ftﬂe?ﬁ's stB?%f ginciple

features of this invention can I n vari ous rrent s w t hout
departing fr om inYeatigreerse combinkfong Qf\permqf@w qumﬂmnevﬂémm memtp;irtmw@ly nventi on

IS a conpositi
([Pal mtoyl]- Q/Ods%fc?%%?&gjsdgﬂ%e(pa{n?‘l%t%ga& oxy prop Stgcflds atth mzlicﬁlcf:at | east 10
a portion of5 atemb@élmentsnéthemvegroalarersmmlasnwa}pwfolﬂlestratxomfananotlaatiinita'mna viral

in. PanB f " J 1k 2
E)EI'EJI[QEI) nagoﬁl stq, G‘F%\%Btlgne O’l?xletpl Ocrglpglgfe%rreg' Pﬁhg‘gnveﬁ% can §e9m 8yed in 'van%%x%ecept or

four, five, S|wmpdlmnnsevmhamtmemmgéismhea:bpdofrmdmeamhar[ patterns (e.g

Pan? , PanB d h 18 fi ,
o oo e ol ors Mboatidh o inhion % Bmpe RoR o Rgfighe e}jf?aaﬁ°rr'15rot)e. o e

Wien two or norRemBB)}REPam s AT-Cy(@SP2,3 dr(palmtbylbiy)l@f@gl dybteiak) nd af leasns conpri se
e e e A
ani no-t er m nus Pam3ays WMo pafertedith hepdmasb®2f)dsia TolE-nkamepfmr a¢TOrR2)sgsHignces (total
of 96 am no acids),. which | referre 0 her | n as 4x 4xMPe 20 (" Me"
refers to the 24 anf HocoRPry &qﬁc%mflgcfe”f %}W %E‘B%F’rf”b‘?r its
ect odomai n) . Paﬁda@geﬂbgaxsagsmaéceﬁolm!aegaﬂeafs (agt Pa&ﬂiZCyé %b@)?y@&fl@fvﬁ), to a class
oo o Sy L o BEE g Bl Al Sl R Touns 0
trigger an 15NNgkieihd 64N enfluenza 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, TLRY,
TLR10, TLR11 and TLR12.



R e

25 response. The PRR can be a Toll-like receptor (TLR). Toll-like receptors
refer to a famly of receptor proteins that are honol ogous to the
Drosophi |l a rnel angogaster Toll protein. Toll-like receptors are type |

transrrerrb_rajbem&i/&%ki ng receptor proteins characteri zeg%%%{gsé@ﬁéggacel | ul ar

| euci ne-rich repeat domain and an intracellular domain of that
of the interleukin 1 receptor. Toll-1ikeg30 receptors include TLRI, TLR2,
TLR3, TLR4, TLR5, TLR6, TLR7, TLR 8, TLR9, TLR10, TLRI1 and TLR12. WD
2006/ 069262 PCT1US20051046662 -9 The pat hogen-associ ated nol ecul ar pattern
can be an agoni st ofThepithddendasskaated reclequiap pattefroran b amggoeist of aktlRkeagoni st

such as PanB8Cys, " ist,". a ed herein n.~efenring.to a . ILR neans a
nol ecul e t hat afg‘fep@g?ce?rsexa F@S%H'%r?é?qxﬁ’gsuﬁ}é Sf?\ﬂgﬂ:;{:ysA A’?E’ﬂgsiaé hE Pér_lrampat hway is
an intracel | ul ain refergingto d TlR) sdterstaintiiecpizthutvastivetepd DR sighaling pathweyr tA cul ar TLR

that can be act t.ed..b TLR li.gan r a R nist, Co n

it racel ol ar pEepUERLp v o SR ol SROrRr B SRRl o, N B
Jun N-t er mhal a particame TER thantah bg evtivated byvaTER ligindoea TLR iapafe. Cdir@on

pat hogen- associ.at e nol ecul ar patter i ncl ude at | east menber

el ooted from (RG-SR PRE R Tl iR B! R R RE M ot - & TiR
3 agoni st, a TLiRtefm@@Diihast andinitoléh-dkifuted pro®ini kidase. eThElphthbgehgesntistd a TLR 7
agonist, a TLR 8 ]%g‘?ni st oni st TL ist, a TLRI | agoni st

a TLR.9 , 10 on
o TLRI2 | aqdRTIGHER paiem Sn behge 7 A0S0 e Eded TR e Be (ypes (1 6.
A, B, Q) det er riohisinpyfa ThRI gpohisig€TLR2 ghonist b EMRSagbiist] 4 PORYGE@BREOL ei n (RNP)

and matrix tigens of the vir s, Influ Aviru n cause

epi deni cs aw ﬁﬁ%ﬁ% °€‘§t'éﬂgl‘kf§ Ot agﬁrﬁﬁ%a 1t 4t W%aﬁbgﬁ?gqnﬂﬁ’l uenza B
virus appears trLR18tbpémd YTLR @€dnisoMda TRM@AgorARd can  cause epidenics in

humans. It naturally infects humans and several ,other nanmmalian species,

i ncl udi ng swi ne andIHBFEaYIrussHe diviged i thiee BPEs Gf- ABdr BIsERPEDY | nfl uenza
C virus has beeafk dnsigdnid @fferbhi @h hUIRRRoFBEInINPand Hkir 0 @MPinBbdny ofdmes not

occur in epidemcs and usually results in mld disease in humans. 20
| nfluenza A vi rifsesi Rfluenza 2avims ¢ancarse spidemint and@pdgmics 674 s 2pdi¥ng to t he

viral fam |y GhbRrmmenssd iRz ¥ vitu® fipe@t o DRrABHEER chy HukeRgad AnVi rus,
influenza B virus and influenza_C virus contain a single stranded, negative

sense, segnent SgUSRRpidergisnBiEmaNd tapwrally nfecpiaman and seveptl 88fbr phi ¢ structure
rangi ng in di anghgfaibh HRY including swine and horses, and a wide variety of avian species.

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 RINP.

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



- 120 nm The single-stranded RNA genone is closely associated with a

hel i cal 25 nucl eoprotein and is present in seven (influenza C or eight
(influenza A and B) separate segnents of ribonucl eoprotein (RNP), each of
whi ch has ™0 p6/piseeent for successful replication of thea26040466880€
segnented genonme is enclosed within an outer |ipoprotein envel ope. Matrix
protein 1 (MPl or also referred to hererh0as "ML") lines the inside of the
outer |ipoprotein envelope and is bound to the RNP. 30 The outer |ipoprotein

envel ope of the,influenza virus has {wo types of rotr.udi ng.spi kes. One of
the protruding ‘E%F%EC' Cgf%ﬁgle f%&?rﬁfclqﬁﬁ%g m?%%fqéi‘ﬂh‘&h@&?%#eﬁi“aase (NA) ,
whi ch has enzynathétenept Es vitug partidibif e @ler®RME hitiRn S@hkiae Wih PeLiB006/ 069262
PCT/ US2005/ 046662 _-10 the t rtrgfri,c integral membrane protein haemaggl utinin
(HA), which par’P‘iCB’i"ffaf_tne”s"af‘ﬁy oLt léd_ EHits e blppdeelis- The gy PP‘?PF‘%CWO a cell
nenbrane and cafvelepEthdres thé Vifios ROTE nldGuscERBRIAL AES, dBfngd d¥dighAl hdof cells,
including red blood cells. The outer |ipoprotein envel ope makes the virion

| abi | e and ssuséglﬁ"?rftf)l e to heat, drying, detergents and 5 solvents. Matrix

protein 2 (M2 or M2MaiHt@btth 2i(B123r M2YPrOBn PR b SRl R1deiN e gbl MBRERNE 10N
channel protein of the influenza A virus. M2 is abundantly expressed at the
pl asma nenbr andoothagget protein i gheriafipensn 4 ¥irusy M2 is sbyndently grprpssedaiéheexpr essed by

virions. For hRmbAnP & i 8y ' MR AR is 10
VBLLTEVETPI RNE%@%%\ID%]SDPLWAIIB\%F]’IJCGI%EEEIII%\%?%E%E%CFL th’?rfkﬁsls idhs!

FKHGL KRGPSTEGVPRSHREP R RKEOIAyeRMEseesteriinflug=@A ® NO 11), which is
~l ( £\

encoded by /AT TEANGEERAGEEREN TA KCIVRL
GCAGATGCAACGATTCAAGT GACCCGCTTGT TGTTACCCCGAGTATCATT 15

GGGATCTTGCACT T EETISERBIER A PR PEENREENBREQQNA GRARPSHF VSIELE (SEQ ID NO:
ATCTATCGACTCTT%%W[ GAGGGCCTTCTACGGAAG

GAGTACCT GAGT CTATGAGGGAAGAATATCGAAAGGAACAGCAGAAT G

CT GT GGAT GCT GACAAGAGK AT IO TSI AR ACRE I PEAX ST CAGEBACS AMFCAGFGTThe nati ve

o sul 1 de- i nk Sy b oA T TG I O OREPATERIT. o

stabilized by GRSATCITGEART HONDATTRPGEATAETTGATEGTEYTTEWITHALEGE of the M
ATCTATCGACTCTTCAAACACGGCCTTAAAAGAGGGCCTTCTACGGAAG
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 (¢.g., SLLTEVETPIRNEWGCRCNDSSDP

(SEQ ID NO: 13; also referred to herein as a “human consensus sequence™), which

25  isencoded 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., H1 and HS 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 (infra).



protein nolecules in the honotetraner consists of three domains: a 24 am no
acid outer or N (amno)-termnal domain (e.g., SLLTEVETPI RNEWGCRCNDSSDP
(SEQ ID NO 13; also referred to herein as a "human consensus sequence"),

whi ch 25 we 2emeskssl by ATGAGCCTGCT GACCGAGGT CGAAACACCGH G R 0sarishd GCCEGT
GCCGCTGCAACGATTCAAGTGACCCG (SEQ ID NGO 14); a 19 hydrophobic amno acid
transnmenbrane region, and a 54 am no acild-i nner or C (carboxy)- term nal
dormain. The M2 protein can vary dependi ng upon the influenza viral 30
subtype (e.g., H and H5 subtypes of influenza A) and influenza viral source
(e.g., Puerto Ri co“qmploﬁﬁdﬁ/asmwmmﬁfl&m]mﬁ@elﬂéﬁm’coﬁbclﬁﬂWﬁAfor exanpl e,
in exenplary g I (infra). WO
2006/ 069262 PCl/ TR e m%%@f%rﬁg?w%e%ggggﬁﬁﬁg@e?w?p&g@?%m role in
the life cycl e i®f thetygalipaticlgewbigh Jawessithepsl mslde g Virugpigpulianstin fhﬁsof/‘ll%omncoatl ng
stage where it Pﬁ@%&ﬁrﬁat@@x M1 Qémﬂfe(?fbglﬂz%leobr@{eﬁzmﬁ X é?akascﬂ@éntcéd e, which
| oners the pH inside t Irus, resulting 1 n dissociation of the viral

matri x prot &i n e ving et is renqvedand e eotsnts pithevirerre 1alsased Somdkequence, 5 t he

virus coat is r é{xﬁgmﬁﬂﬂe r#b%a%ﬂrbtf th§st9é 1]!0{11%@5{1(;&15 are rel eased fromthe

endosone into t e cytopl as the I'nfection. The function of
the M2 channel can b‘@mmqupmoﬁtbcjw;chmchmb@mhlumd:yanﬁu@hdraas sughant adi ne and
ri mant adi ne, Such

antiviral dr ugs us m@;’“ﬁ’g‘?ﬁ Wh%ﬁt? regﬁlrgscﬁragﬂglof%&g ﬂQﬁSstﬁﬂf protein and

10 sterically Bhdrﬁntlvmmgmwaimm ﬂl@tr@amadbrbge rngen atheMd pritein anghi ch
prevents prgto n i cussed
above, M, &A gtﬁ%ﬁcahx%grclg&%ﬁ eCH%é] cgc #g%gﬁutel\@?;g%el h%h{chgﬁwnéspr&!a ei ns that
ext end fromthéom@tcrmgmdﬁmmnmgthehmom rus to t he i nner surface of the

virus) of influenza,viryses (ONHENZR, B 1Rl Aok BRSLoRRAIET oD

used herein 15 in re?e?ence egra rane protern Of @h |nfluenza
virus, means apsotqiarthat edtenddfronetht buter surfice gf mb vinestb t}anmapswhea afitheFor exanpl e,

L B e S5k I R B o SR BBy SRR e s 1
NG 34) or 1EVEIﬂieﬁNncc( Db JinkdgraNtemBfjie proteitof biemsltieraa pivusi means afy part ok pr ot ei n;
and an entire integral membrane protein. For example, the 24 amino acid N-terminus of
the M2 protein (e.g., SEQ ID NO: 13), EVETP[RNEWG (SEQID 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,



20 PAKLLKERGRRGAI AGFLE (SEQ ID NO 33) is at least a portion of an HA
protein. SEQ ID NO 15 encoded by GAGGTTGAGACCCCGATTCGCAACGAATGEEGT (SEQ I D
NO 97). The protein encoded by GAGGTCGAAACACCTATCAGAAACGAATGG (SEQ ID  NO
16) is al swantoob/edasd2 a portion of M2. 25 The conpositi oRgwrdsYssBikcy Ot €i ns
and pol ypeptides of the invention can include at |east one nenber sel ected
fromthe group consisting of an influenz@-A viral protein, influenza B
viral protein and an influenza C viral protein. The influenza viral protein
can include an integral nepbrane protein that includes at . | east one nenber

sel ected fromthe g tc%h%‘F@PraPFgPrﬁthﬁaW%lH‘éfgﬁ‘IMt? Piotein hatinedydss at30 menbr ane

protein, a neun@m%ﬁ%@stLMPM@m:mmm BYD RO, B edcbior al
menbr ane protein 2006/ 069262 PCT/ US2005/ 04666 -12 The integral

menbr ane pr ot ei%¥ SEQHPINGI ¢ @6 atirashppstics d SEQIRANO  4fe ngeed bt | east a portion
of SLLTEVETPI RWWGA@@@TG@GM@CC@@AW&NCGMT@@@G@&@ 14 or at

least a portion of SEQ I enco e .
AGCTTGCTGACTGAGETFEA ‘ BEFPcieY) s TN E omisi I T CTTCCGACCCG

(SEQ 1D NGO 10 f)rthed] lﬂﬁucMzat RaglaL Hmeﬁqﬁé? selédtgdtm thle @Fd,; uHQ&s@ﬁn%(ﬁ’aSt one member

selected fromthe group consisting o SEQ I'D NGO 15),

EVETPI RNE ( SEQENBTRBNEYS (SERUEN: nmwts@@@wsml 19),

SLLTEVETPTRN 1 et Nam
oGy ADRNEY (e ho: SIS R ieppiead

| solate with serine repl cyst €l ne DSSDP (SEQ I D
NO 40) (Flu ANGBRD (K/Eé HQEQ)MZMQ% Vigs mémlai@ with s&ing RWETE TRNGABSRSSDSSDP

opi acing st 810 A FeVE ERGIIERECSRARY AL PO M SR, 4 v
M2e, Hong Kondi®Namdeslaie)e$L L BEYRENE BREIRSHIISSER
éfL?E@%E%%@éﬁ%&’é%@@%@%@%ﬁﬁ%%% OB " L
95 |sol ate); SBL SKCHRISESSPP (SEDD NO: ) (FWs) HEFI M24 Héglg? We, Hong
Kong 99 Isol at g W LiSGE. 881 TEOERSHIG WY Sk §SNSIDP (SEQ D NO: 43) (Blu A
15 H7N2 M2e Chicken/New York 95 Isolate with serine replacing cysteine);
SLLTEVETPTRNGWECKCSDSSDP (SEQ ID NO: 44) (Flu A H7TN2 M2e,
Chicken/ New York 95 Isolate); SLLTEVETLTRNGWESKSRDSSDP (SEQ ID
NO: 45) (Flu A H9N2 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 and 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
PAKLLKERGRRGATAGFLE (SEQ ID NO: 33) (Influenza B);
SLWSEEPAKLLKERGFFGAIAGFLEE (SEQ ID NO: 35) (Flu B);

30 SLWSEENIPSIQSRGLFGAIAGFIEE (SEQ ID NO: 36) (FluA H1/HO0);
SLWSEENVPEKQTRGIFGAIAGFIEE (SEQ ID NO: 37) (Flu A H3/HO0);
SLWSEEEWEERERRRKKRGLFGAIAGFIEE (SEQ ID NO: 38) (Flu A H5/H0);



and SLLTEVETLTRNGAECKCRDSSDP (SEQ ID NO 46) (Flu A, Hong Kong 20 99

| solate). Certain cysteine residues, for exanple, amno acids 16 and 18 of
SEQ ID NO 40; amino acids 17 and 19 of SEQ ID NCS: 42, 44 and 46 in the
natural | y woceedshisg sequence of at least a portion of P deésRisbbedr ©
replaced with a serine (see, SEQID NOS: 41, 43, 45 and 47, respectively).
The integral nenbrane protein can includB -a haemaggl utinin prot ein that 25
i ncl udes, for exanple, at least a portion of SEQ ID NOS: 64 and 67, encoded

by SEQ ID NOS: 65 and 68, respecti Velﬁj The haerra()ggl utinin protein can
include at | eaBAKLKRRGFRGANGELEE| (BB ID YRe 0B MeB)isel ect ed from the group

SUVBEEPAK! L KERGHEC RTEE (SEoT %%%5@%@"??“3&&“’8“ venea

SLWSEENI PSI QSR@VEBKQ@GE@ HASRRIDE): 105 (H AHIP/HO);;and

SLWBEENVPEKQT RGy Al 1ASE G ERG g\ﬂ%ﬂﬁﬁb () e hidy
SLWSEEEVEERERRRKKRGLFGAI AGHI EE (SE NO 38? FI u /%I})B/ HO ; WD 2006/ 069262
PCT/ US20051046662 ThacoysitiEraRFising fdrRsEEe PaE Hsﬁlmleaﬁmi’)ort(qﬂl@ ap) ;

NI PSI QSRGLFGAI I PRSI | AGFI EE
(SEQ ID NO 10A’)g}lc ﬁg‘&%%ﬂ)}geg%%@ ﬁikﬁﬂ“&ﬁvw&"’m Nghe (SE%"!E%% 106)
(Flu A HS/ HO) . cmenazlanrmp’&«s (5-02B3-tis(ppimiteyieny) propylbersteingh hPsaB@piioand at

| east a portio I !;y%g@ i i nfluenza
viral protein Qoanhf ?rﬁ%?bgfu eéspcén,?gw t one %%#@O%&aﬂgasmc

(S-[2, 3-bi s(pallmegrdyh@)@?nemrmpylcz}n pyampinawy of aifusior potsos iThe opmposttiomt | east
one ParrBQ/s h | east one

i nt egral rﬂ) Eﬁﬁxﬁﬁag?eﬁas@glg%@éﬁﬁ gﬁoageea%t%%#nog fﬂééa(ls)tﬁ)% ﬁ’lftetg?alﬁ n. The

conposi tion 10 mmhnmrsrqﬁg'n afanl ieﬁlsmaomrel prateifl Cyrsalsorie campmemspfaﬁlp’onti on of at

| east one int eg‘% . menbrane protein of an influenza viral protein can also
be conponents a fusion protein. "Fusion protein," as used herein, refers
to a protein generat‘lhldiohrpnmiat’ a4 wsedsereint, vefers ko pratein@enadated frome 8t leastyponent s

(e.qg., PaerQ/s, , [t !I[ﬁ gral menbrane
protein of an i n %‘gdlm %DIBP%C%EE)&P%IH%&& jc’r%ﬁép c’cz)l\tliacf&egt ly or
noncoval entldy. p'Bl't@n ofmyiategrat membradepeotéin sf aninfwentasiinl watein thatanclkinked or

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



exanpl e, synthetically (e.g., PanBCys, PanRCys) or by reconbi nant nucleic
acid techniques (e.g., transfection of a host cell with a nucleic acid
sequence encoding a conponent of the fusion protein, such as at |east a
portion of veo BAbBso2er at |east a 20 portion of an integrgh /15335@ Q&f;‘z protein
of an influenza viral protein). One conponent of the fu5| on pr ot ern (e.g
Pan2Cys, PanBCys, PAMP, at |east a portidh- of an integral nenbrane proteln
of an influenza viral protein) can be | i nked to another conmponent of the
fusion protein PAMP, at |east a portion of an

, & G pPAIPOYS
integral menbr '%{Q)F%N@' 8 (FWQWIGB@%‘Z%WSEQ@ H%@%Kﬁweﬁ)n@ﬁ@@ cheni cal
conj ugat i on teq@@l@t@fgwa SR, Pe HQROC% 399%@513&@ §g ol ecul ar

bi ol ogi cal techni ques udlgg(&reconbl nant ec nol'ogy, such as the

generation of a(Flﬁlt?ﬁoﬁﬁﬂ?ﬂdsfi@Y BhiEx %(Flm@mdﬂ’ymﬁ@m euchps ot ei ns of the

invention includs .o F 31 (Figure 13), encoded by SEQ ID NO 32
(Figure 14); QElc IE%PZI\I@( Figure 21), encoded by SEQ ID NO 63 (Figure

I2?)) NOSE8Q3| E)(?EIO 60 Emwretemspfth@mvm%dmbewmsa@dl& [bp chi@por@its @Fﬂhg lé rQ eI %0?\0 SESQ
| 2

(Fi gure 30), e%g%%e%g%m%%%&%%%?\%y EE gl gure glﬁ“%%% B%?V%%O 37 (Figure

32), encoded bﬁumrbﬁnl‘d@npﬂﬁngcﬁn@uﬁ@%@@ﬁﬁﬁ@ﬁme PO%in)8240051046662 - 14

N9 95 (i gur e 35524 B Re8ke o BRGR RGPt il bidl| B 30 0579 10

(Figure 40), ewdthdetdhwn@@bma) Ben(ird gndsqlmhyqs oﬁﬁd_bpmﬁﬁjssof tiguch as

depicted in d:| %%ﬁ&%? QIFIB%\I@W roteins of the i nven:tll 9n ca'r'1 b.(.a desi gnat ed

0 . -,

by conponen S on proteins separated by a or For
exanpl e, "STF2. M2e" Aroefn@omntmfthz fus‘msproﬂampamtneiudne corrprl si ng one fljB/ STF2

protein and ongq& S@q\%eknl r fusion protein
conpri sing one E?%%Lg pro ‘%ﬁ‘ﬁh % ﬁé}@ c?;r’:l and (4) 24-am no
aci d sequences A&GAMGMA@EMMG@TAGWGGOGWGWAM@GTQCEEQGT&O@@T 47). A
conponent of t n ANcl LGAVI LGSTLLAGCSSN ( SEQ
ID NO 21) encgg:{é}@ SRR R TR RRAR AATCCTGRGTTCTACTCT
GCTGCTGGECAQ@ATTGCT ccmmaen piotef@s bhdl@veriRdh can further include a linker between at

least one component of the fusion protein (e.g., Pam3Cys, Pam2Cys, PAMP) and at

H)

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 memprane 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



15 The fusion proteins of the invention can further include a |inker between
at | east one conponent of the fusion protein (e.g., PanBCys, PanRCys, PAWP)
and at | east one other conponent of the fusion protein (e.g., at least a
portion of vanadopb&2l nenbrane protein of an influenzg viral protein) of

t he conposition, a%i nker between at |east two of si m?(ﬁh@%}%@“ﬁ@&:ﬁs of the
fusion protein (e.g., PanBCys, PanRCys,-10 PAMP, at |east a portion of an

i ntegral nenbrane protein of an influenza viral protein) or any conbination
thereof. "Linker," as used herein in reference to a fusion protein of the
invention, ref éimilarer ikecompenents pf he fugicr pratimionenmpleon fusioa Prateiseadn pr ot ei n
n a manner { nabnbhg f RERANPPANPO bahiEylaHabFAnaCH Ghnfpofifls Bl SCL| ¥

joined. For exanple, one conponent o usion” protein (e.g., PanBCys, 25
Pam2Cys, PAMP) igdvdebelinkenkasueenofonexample; fiwtor moreddidis; atleasytwo infeeraleast a
portion of an rﬁéﬁib@&%?%ot&%ﬁ?&@&ﬂu&{z&’bﬂl Qnt%%n 5 et %M@FYMef"Bet@écgt ein) of
the fusion protein. I kew se, at |east t or nore simlar or |ike
conponent s of tthem;fadiskeshetween ane noropanentisé theifusion gratan (e.8. RAMPIRAPSs can furt her

el ude a || nkeroREBER oBAGNLRAMR shfor il (. 560 o BB B g O of NS can

further include a Ti ween eac rane protein).

Addi ti onal | y omonaintegrahateinbrehg/proteinef umifloenzpvicd poted).ofr apheonibinatient i on can

i nclude a conty g%%l on of a linker between distinct conponents of the fusion
protein and WO / 069262 PCT/ US2005/ 046662 -15 simlar or |ike components
of the fusion prot el lifkarcae keaEneno &id irden Thpamine acid tiaker coningudese at | east

two PAMPs, PRa and/ or Pa S conpon . furt . .includes a |inker
bet ween, fo]Ir8 gg%%{n%tlg ,0 ! Itla&uﬂa@rorégn‘% & wﬁ%gg?%%ﬁqeégﬁe atnyvlvlt])o ipcﬁ 1éngkre al  menbrane
prot ei ns of anemplolytcintie fusiomgirotaing ofybninvénéibn fau frtchude afi loast ordenember nker bet ween

5 them a linker_between one compoenent .of the fusion.protei e.g., PAW and
anot her di sti ng?lecgeéin%\%%@ﬁgog? SRS 2 iaé;’ﬁ"‘ﬁﬁ%{%é‘f’ﬁ gkug%?a%lé rqs@gég a portion of
at | east one isariregesiadue amidarasgiEnguesithe. The hmmo adidfihkeecendnalodegfor pr ot ei n), or
any conbi nation__thereaof >l ' ' ' The am no
acid linker caf I cf’&g@ Di@%&ﬁk‘ﬂ‘gﬁ%ﬁ‘gﬁ%ﬁgﬁ%&&ﬁ%%@ﬁfﬁ ﬁf%g acid
resi dues. Tlie @EHIRYPACQWRPLYHaéR9 enpl oyed in the fusion proteins of the
i nvention can i [ f group
consi st ing of SCPyERfEBhLEraRter APy RE R RS GGRCPBS hEPLERE)
encoded by the nucleic acid sequences of SEQ ID NOS: 23
(AAGGGCAATTCGAAGCTTGAAGGTCAATTGGAATTCCCTAGGACTAGT),
25 (GAATTCTGCAGATATCCAGCACAGTGGCGGCCGCTC), 28
20 (GAATTCTCTAGATATCCAGCACAGTGGCGGCCGCTC) and 30
(AAGGGCAATTCGAAGCTTGAAGGTCAATTGGAATTCCCTAGGACTAGTC
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 TLRS5 agonist. The TLR5 agonist can be a
flagellin. ’fhe flagellin can be at least one member selected from the group
consisting of fijB/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



serine residue and an arginine residue. The am no acid |inker can include,
for exanple, SEQ ID NOS: 24 ( KGNSKLEGQLEFPRTS), 26 (EFCRYPAQMRPL), 27 15
( EFSRYPAQARPL) and 29 ( KGNSKLEGQLEFPRTSPV W WNSADI QHSGGRQCDGYLONSPLRPL) ,
encoded by wbeondwed2ed ¢ aci d sequences of SEQ I D NOS: 23 PCT/US2005/046662

( AAGGCCAATTCGAAGCTTGAAGGT CAATTGGAATTCCCTAGGACTAGT) ,

25( GAATTCTGCAGATATCCAGCACAGT GGCGECCECTC)-,1628 20

( GAAI TCTCTAGATATCCAGCACAGTGECEECCECTC) and 30

( AAGGCCAATTCGAAGCTTGAAGGT CAATTGGAATTCCCTAGGACTAGTC

CAGT GT GGTGGAAT TefealifagsitindiGamacrmaeatictiCa@sargferred to herein as “S.

TGATGGATATCTGCAGAAE, 'y b 156Gl Yakoltin fiE0E COMPOSI tions of
the invention can further i1nclude a Iin%<er et ween at 5 l east two integral

menbr ane proteins oflnppeenhodingsi the dlagelimiacladpythepotypéptisles FREQIR WOk, ei ns and
pol ypepti des of g N2 ' n el aﬁlxér s a TLR5
agoni st. The TLRSQ%mg{gﬁtgg)@g%aB‘?F%gZIPNd;?’ #ﬁegastﬁﬂ;gé nloﬁﬁgtéaﬁﬁ be at | east
one nenber skl elPel af leantrn portiorgefSER IO, ot leasya pdrtion pBSBYER NOSS, dtyphi mur i um
flagellin B, 1 i on of
f1j B/ STF2, E. Gﬁ’%?ﬁ?%?‘ﬁgﬁﬁﬁ.ﬁn |${%m(2§f‘%%g°r@f%g€br%ée§&%d8d%3#@@15‘19229% coi |
flit") (GenbankIDRIOesSEQTDNIOriSeand ABQIBANG)S; orcett ldagiagtortionpée polgpepidd

2006/ 069262 PCT, k A . j gel | i L GA. S. « ;uenchen
flagellin fli C%gﬁ%g%ﬁgﬁéﬁﬁ%.tzbéﬁ%fﬂ%@.g,‘s’ﬁ@ﬁ%gﬁﬂﬁé‘%&h}Iﬁ&§ dNd at | east
a portion of S leashaportitng’hasfubeideteln in réfeiee td mflggellingaigo AiBIETH2, Etdod f 1 agel | i n

i ncl udes t hg, pok.yp | ) . EQ.. |  3..SEQ ID NO 5, and
SEQ I D NO 7; ailglbf‘ggﬁsdtegczzgrf)@h’?gthgsggagg@ %Bhgﬁﬁélluﬁ%gggf’n fngg Btaga portion of
SEQ I D NO 3, aintrdcelhdér signgamtsdoctionfpatBir€y foba NCR. SAt lasst a padiet,” @agerti on of SEQ
ID NO 7; and a_pol tide epcoded,by SEQID NO 2, SEQ IDNO 4, SEQID
NGO 6 and SEQ Irﬁg%ggggreglraggtgf%’gg‘ a portion of a polypeptide encoded by
SEQ I D NO 2, SEQ | Dhégathopen-Bkégidtdd Melecuffer padrmSae)bt BDTRRY afonist. AThe | east a

POTH OB 17, VoA B BRSSPl BT

can initiatke arsEQ I NacH drulpalypsptidaiedcodisdan SBEQADING: 32at hway for a TLR "At

least a portion, " i In é’j‘nlof?lgf 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 inﬂucnzai M2 protein.

The pathogen-associated molecular pattern of the compositions, fusion

proteins and polypeptides of the invention can include a TLRS agonist, such asa



referred to herein as a "fragnent." The pat hogen-associ ated nol ecul ar
pattern can be a TLR2 agonist. The TLR2 agonist can include at |east a
portion of a bacterial |ipoprotein (BLP), such as 15 SEQID NO 21 or a
pol ypept i dwoemeoaberszby SEQ | D NO 22. I n anot her enbodi pEnts2o0bédRredspvent i on
is a fusion protein conprising at |east one pathogen-associ ated nol ecul ar
pattern and at |east one influenza M2 pri¥t-ein, wherein the

pat hogen- associ at ed nol ecul ar pattern is not PanRCys. The fusion proteins

of the inventio can further. include at | east ort|8 of at | east one
menber 20 sel ectagdllipy Shs #agellip paRipcledsiticast prrgnes caf»?lqefz %P@tt%ﬁ HOUPan HA protein

and an NA pr ot @nfistinERe IS TINOL @b NCRAMdISNRLdERratic| east a portion of SEQ ID
NO 13, EVETPIRNEWG (SEQ ID NG  15), EVETPTRNE (SEQ ID NO 19) or

EVETPI RNEW ( SEQ | D Nepnegmpodimel, fapcoimroitipns, Msian proesing gad %&We@té%f °f portion of
PAKLLKERGRRGAI AR {rfet ok an! 1&1&\@ 2 fﬁé@llm fa m-@ﬂ%e; 9/ OIF2RkRRIBS Pfeadt BE | Nvention

can further include a |inker between at | east one pathogen-associ at ed

nol ecul ar pasttdroﬁﬁcﬁlrﬂisﬁﬁmé‘?%tl Bk agpe HBEIE? that %ilcluﬂ?é’@ﬁ VeBd at | east
two M2 protei NSyycRiclabideueRe IE EIRodds of 18RI pbiien BAMES MONOAN KR BRIQNAt | on

thereof. In still another enbodi nment, the |nvent| oni1s a fusion protein
conprising at BONOdhst two Pamzcys and at |east one influenza M2 protein.

The pat hogen- associ & genkfckih, BRLbRRiOAs hRn SRS LOdRpid4s! on

proteins and pol ypeptides of the rnvention can In agoni st, such
as a WD 2006/ oeémnwwwa@@ﬂmﬁwﬁmthanmclpd@g@qluciehE cplidiG thafgel | i n can

i ncl ude at tg&gpd I p 1 of

fljBlSTF2, .co ?IQ#FI , aﬁrgr%?l °§u§§§§]ﬁen f ’i C. an.ncglzg%&hﬁ%%%s t he

conposi tions, fSEQ &N@rQﬁ@iamgcleindcié@ﬁqme@ﬁlhmgow$ at lqabtef portiemefiSER can i ncl ude

a flagellin thaﬁ) ;i(ﬁs fljB/ STF2 that includes at least a 5 portion of
h as "t

SEQ ID NO 1, suc e fljB/STF2 that includes SEQ ID NO 3 or a nucleic
aci d sequence that énpbawthentmbodingmt,dfe coopasitions, fisiBEWIB éd 2, such as SEQ

B e
i ncl udes E.15colthatfinciugdes 4 kst a portion of SEQ ID NO: 7, such as S. muenchen fliC that
includes SEQ ID NO: 99 or a nucleic acid sequence that encodes at least of portion
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: § that are encoded by
V 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 least a
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 ({ljB, 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 |



10 includes at least a portion of SEQID NOS: 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 ID NCS: 6, 10. In yet another enbodi nent, the
conposi ti oM 20061869242 prot ei ns and pol ypepti des of the ipgyaikbdg@R4dse | ncl ude
a flagellin that includes S. nuenchen fliC 15.that includes at |east a
portion of SEQ ID NO 7, such as S. nuenthen fliC that includes SEQ | D NO
99 or a nucleic acid sequence that encodes at |east of portion of SEQID

NO 8, such as SEQ I D ,.100. . The ,f [ i | oyed in the itions,
f usi on prot ei nsﬁs‘%%mpoélﬂg&érﬁeir%@ O?g’fﬁ/ ?ﬁ% ﬁaﬂgﬁﬁg’%&ﬁ%@ﬁ’ﬁ“}‘%%%’dﬁ%ﬂ@g regi on
or at |east a pefiSEQID Nd: la hi nge region, 20 Hi nge regions are the

hypervari abl e regi oqﬁ of a .f_.l__c’slg&:s_'ilvi h t hat J%}Hk t he apjnp- term nys and

car boxy-t er mi nus of -ChETRCHEERS U§on BEQISHS oY BRIYRTPIRTE oF B IMSFEIoN A 4i¥e  ani no
acids 177-416 dhclinfe@t lek3t Npbrtidn bivatinfRefza&REIGH6EIn RacaLiE b fiGediGla@ortRal- 1248  of
SEQ I D NG (Zf g(gi no @ci ds 174-422 of SEQ ID NO 5 that_ are encoded by

nucl ei ¢ aci ds 52 ePIRREGrRsSeigfer Bolgeplargaticsp, such 3¢ regionyef therpathogan-of SEQ | D NO

25 60 that are RachieeholulBiibkieh thabéontihs o1 Sonlahd adlingSFRidnD Qxafple, " At | east
i used herein, refers to any part of the

a portion of a hinge region," as |

hi nge region pftﬁwgge@m ?fﬁgﬁpﬁ?}@g?"eaéioctaﬁgﬂlql??élaémﬁie@é’r At lagea PEPRA. " At
| east a porti aRe KhgeRegdion Erihd Riiofeh-asiciafthi HdIdoBLHABA chObORARYEY Bsn @
"fragment of a hinge region."” For exanple, the hinge region of S

ryphi mur i um f | deRsariomenERsEqefatad mojecylar patfen g Fapiaged: Wil feafte RREoRjOBAISTF2 or

STF2) is anigno iafieRs virdbmfidd (Q'E‘ EQubLNRQ b Nowhi£ho ﬁ{ﬁsﬁbg.oﬂ@ﬂké?y nucl ei ¢
aci ds at position 541-1246 of SEQ 1D NO 2. A WO 2006/ 06926
PCT/ US2005/ 04668 urthes be inghdahbetween thednfjengpeviiabaitisen avf thenayogE2 can be, for

exanpl e, am no ,a6kitked ABRcdRGardh RERID Macelent’Ne coi tipositions, fusion
proteins and polypegtides of the invention can also include at |east a

portion of an influ thppenaassqsiated enalecpippagiern; of ths fusansaereing ofibpor tion 5 of
the pat hogen- agsRahdRtathdRbRGY b Birbdkghdrihs, tﬁéjmn@%nﬁin[xﬁ&‘a%% @ the pathogen

associ ated nol ecul ar pattern that contains or contal ne I nge region. For
exanpl e, tlhe Ksitheyey- prdpnyno-tsrminheol am infloenan pepsein cuchitas an misigest membrapat t ern or

at least a_por bl Ofan if AiRad ViFHEBATOE, 100, HASNRRUARIRTARS0G! stk ol ecul ar
pattern can be I‘EITDVE(!J rom
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 least 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.



.

t he pat hogen-associ ated nol ecul ar pattern and replaced with at |east a
portion of an 10 influenza viral antigen (e.g., M2, such as SEQ ID NOCS: 13,
19 and 39-59). A linker can further be included between the influenza viral
anti gen anwotjoes/qesdepogen- associ ated nol ecul ar pattern f(f‘l‘/ﬁ%@&/oaﬁssz

repl acenent. The pat hogen-associ ated nol ecul ar pattern of the fusion
proteins of the invention can be fused 190 a carboxy-term nus, the

am no-term nus or both the 15 carboxy- and am no-term nus of an influenza
protein, such as an_integral nenbrane protein of an influenza viral protein
(e.g., M2, HA NA). Imysearother embodiment thednsntiontaa coupppeition eamrEHERncl ude at

| east one path 5 S i tween at |east two

i nfluenza M2 p otﬁg %:{gg& aﬁgﬁ%é%ﬁ%%g%@%ﬁﬁwbﬁﬁgﬁude a linker between the
pat hogen- associ at e Foinadditional prahodirent, hedVEREOIND 3 perenositipn congpriFingat

pat hogen- associ [ : i i t he

i nvention can |l€1at(§tl%f})c?gﬁg gﬁ%@mﬁ@gh{“tﬁ#ﬂgasgﬁgtg%%gt&ﬁ%gg%&%%e%g%as, at | east
one PanBCys orpodioy of ¢idsstroae infinerzhM2aqodteinTWhesein, tiffthe fathogemaspecitedi ns of t he

i nvention can j . oup

consi sting of glé%@g&g% lléﬁﬁggé%}g@sgﬁ%gﬁﬁé%%ﬁgégﬁh{)éag’?md}gngsnggrrpri sing at

| east one pat hdigehtrabsinfietze M2 poitac aldat leagatporion ofthelinftuenze dtpraeipor t i on of

at | east one N%sx%ﬁg}sgciﬂtﬁeaﬁfrﬁﬁkst her include at least a portion of a
rotern;

haemaggl uti ni n “menbrane p at l'east a portion of a neuran nidase
menbr ane protein; atFukalsf’ apused imeeib evcarsebeddndy of noncavelestlyglirdeagporconsi st i ng of
an infl uengza B vi Eu‘%l tprota%ic%taré an influenza C viral protein; or any
conbi nati on 30 "TREPEBTY P& T80 za B viral protein and/or influenza C
viral protein can bk aaotherentbedimet, thehioermioe isur fotiei proteMCoBORGALHD B26 2

PCTI US2005/ 04666

.- I.n_yet. anot her e diment, the jnvention i.s a
compost t1 o coRpreapid ket bpd e SR B e o BT RIS 2 o
protein, In an afaldd;'t bﬂﬂmMenﬁmﬁb?mWhTrbhﬁf thepethbgenassosiatad MORPOSI| tidon I I
conpri sing at ast a.porti of . at | east e _pat hogen-associ at ed nol ecul ar
patr? ern agd at Pf géindé{dg% PtﬁB‘?@YSoﬁ legpt aéiogtfoé‘é’gg"’gﬁ@&&?gi%%‘?ﬁgﬁéhcpr ot ei n,
wher ei n, i f15t henfhaiZad@EproRBsME htddastch poRicciTkiRrinRidaeNprortl indasused Pan2Cys, at
| east a portion of thf Pan2Cys is not fused to the influenza M2 protein and
at least a porti‘?'gﬁP e influenza M protein

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 35%, 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 infroduced in the sequence of a first sequence). The
amino acid sequence or nucleic acid sequences at corresponding positions are then

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

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



is not fused to the PanRCys. "Fused to," as used herein neans covalently or
noncoval ently linked or 10 reconbinantly produced together. |In another
enbodi ment, the invention is a fusion protein conprising at least a portion
of at | easWives/sard2ogen- associ at ed nol ecul ar pattern apdrak2dosassss?r portion
of at least one influenza M2 protein, wherein, if the pathogen-associated
mol ecul ar pattern includes a Pan2Cys, aB0teast a portion of the PanRCys is
not fused to the 15 influenza M2 protein and at | east a portion of the

i nfl uenza M2 prot in ts n u to the.Pa anot her

enbod ment -t heRiSRBRTEACAME T e 22O S rerie il roeine P 6BBE. SEQ 1 D nos:
9, 31, 64, 60, p’ﬂ&,em&ﬁ ;the&?ven&ﬂ or 8 polySsptiaanel t%m@dﬂdorﬁaligﬁé@/mecﬂmpd&smenCOded by

SEQ I D NCs: 10, 32, 63, 86, .88, 90 91, 94 96.. 20

addi tional enbdWRREFY'S attlﬁaét%or{‘\reﬁ iy FHE‘?%M‘%‘”?)UF%{?SB% f‘td%“‘kﬁgv? ﬁbﬁpat | east
about 70% at |ﬁ&@hoﬁ&}ﬁ&&raﬁ@%leﬁﬁt7@%&’5%,58b%985°/§©%6,936%,|%%§99%bf)m 85% at

| east about 90‘V r&)e st a&gut 95% at | eagst abciut 98‘V and, at | east about
99% sequence’ 9% pe wﬁW@f)sqqa@g@ pr exgrep NRElciGeid3] g4 60, 83,
85, 87, 89, 91,sQa n@d’kffamladezishﬁ @ﬂ&i@aﬁuﬁ@érﬂ&eﬁxfbraSEﬁokdﬁlm 10, 32, 63,
61, 84, 86, 88, 90, 91, 94 and 25 96, Thglﬁleercent |dent|ty%f two am no
aci d sequences lﬁen%wr%aercepe%yaept@ean B BYtedy forisxargRle: 8F fRPiEY by

aligning the sqaeeaqeq\lcbem .‘DIDBUGB 83CQITBAIJ9SON) 93 RIArPBR8E SEQEDWOS: 98pPs can be
i ntroduced in the sequence i rst sequence) The am no acid sequence or

nucl ei ¢ acid sefuhébsS4ads, é%rgP’@ép%ﬂidr?S positions are then 30 conpared, and

the percentyg denti t yhHed\Ue & ﬁh&nb‘f‘@m%@@lb&{?&ﬁé‘s cﬁb@ac@&%ﬂish&fb yQbellt he nunber
of identical positions share t he sequences . dentity = # of

i denti cal posi tKNGW8 medhogds 1o cxpmpiro ysing wMathsmative plgorithen. | A Arglaredmor-he pr otein
or nucl ei c WO 3006/ D632 %OE’QQEH Qﬁ%ﬁ&@éﬁ&%ﬁaﬁggltmn %Qie&ﬂbéb iARGAM g, @ PAVP,  at

| east a portion of an i | uenza viral in f usi on rotel n of the
o]

i nvention or a (Bmcyiﬁ@‘btfllc@ésﬁfu‘frﬂﬁ@w&@ 77 64993 thgﬁe@hmgy‘rof iepaei son purposes
is at |least 30 t: st 60%
%:rem{' gnfrcgr%?ﬁ,e}fb Rlerd B8Rt %gﬂ% b %B@g Qg @ccﬁ‘ﬁor&t@cﬁ 9

and even nore pre east 7 95% 98% 99%
or 5 100% bf tmtetheeB{g%WandtHﬁéSTéifmmme(vseméﬁb@s desqmbecémaﬁvlpﬁf@r et he nucl ei ¢

acid al. (Nucleic Acids Res., 29:2994-3005 (2001), the teachings of which are hereby
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 BLOSUM®62; and Gap
) Costs have an Existence of 11 and an Extension of 1.
Another mathematical algorithm employed for the comparison of sequences
25 s 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),



sequence of a PAMP, at |east a portion of an integral nenbrane protein of an
i nfluenza viral protein, or a polypeptide or fusion protein, for exanple, as
depicted in SEQID NCS: 9, 31, 64, 60, 83, 85, 87, 89, 91, 93 and 95 and
SEQ | D NOSwolM¢6/068%2 63, 61, 84, 86, 88, 90, 91, 94 andp@Bys2b6sokés2 act ual
conparison of the two sequences can be acconplished by well- known nethods,
for exanple, using a mathematical al gori2lhm A preferred, non- limiting
exanpl e of such a mathematical algorithmis described in Karlin et at

(Proc. Natl. Acad. Sci. USA, 90:5873-5877 (1993%), t he, teachin of which are
her eby i ncor portht Eeshings plarhicherrchersby incpporgtediby g8 ch%wnaﬁtyéélaggri thmis

i ncorporat ed 1FAdNia0dekdbedih/Aeakbnand LB IHoR T 20 Y €53189104442) as
described in Schaffer et al. (Nucleic Acids Res., 29:2994-3005 (2001), the
t eachi ngs of wWRAH(133® theradhipgs phivichyse barehy ilpprnostedbyefarenss s entirety).
VWhen utilizing eg@ﬁ@@}j and Gapped BLAST prograns, the default paranmeters of
the respective prograns (e.g., BLASTN, available at the Internet site for

t he National® Cent er Ifafurtisr erbadiment dlep/invaytiomis Sesiaelis gnd vestors th ngdel. | n one

embodi ment, 1 henARLRRATA sKBETcE Gdnd iﬁ&ti@?”&eh@ﬁ@&ﬁ%&& bd MRarydad ghase, and

paraneters for sequence conparison can be set at: no filters; pect val ue
of 10; Wrd Si Zeca oeuketyetioNngs ingect eclipiswrbiamdrosophity el cdisst s have an

Exi stence of 1h80\iAd A6 &SI yalb: s louot APAEH neRLAgAI [ cal al gori thm

enpl oyed for the conparison of sequences 25 s the algorithmof Mers and
M|l er, CABIOS (198e perdert identityibietngen w0 aptinodsidpequendps carasoibacor por at ed by

br ogr am (velsi Aoy os fHOAP HhefbRhd O GBI Mays Y o0 ' O
Cal i forni a) sedliegocEalifbmigrusingteithank Blessam phwkisiyeor a PAMASQmatrik.apdggathe  ALI GN

program for co am i 2 i resi due 30
table, a gap |g‘%§’ %&hg’g& g’g%ﬂ?@%ﬁﬂ’g&%‘éﬁﬁéﬁgﬁ%% I°s used.
Addi ti onal al gmbodies, thoperesatgdentityebetveah P ickicackiseguendencanhe art and

st 5 S50 g P N S DT
t eachi ngs db wihliegh, Galdorhig), eding 4 gapovejpht et ®dndy lengthewrmhtaflin its entirety);
and FASTA describ in Pear.son and Li n Oof .. tl...Acad.. Sci, US, 4, 85:
2444- 2448 (1988), eplEiEoid Requéng R AR RRAL h%trleel\l;a H°ﬁ‘é°8r°§%‘r‘8'f§§él by

ref erence in i tembrane protein of an influenza viral protein, fusion proteins of the invention and

-

polypeptides of the invention can include nucleic acid sequences that hybridize to,
for example, a fljB/STF2 (e.g., SEQ ID NOS: 2, 4), a fliC (e.g., SEQ ID NOs: 6, 8,
20  100), at least a portion of an integral membrane protein of an influenza viral protein
(e.g., SEQIDNOS: 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,, ef 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



entirety). 5 1In a further enbodi nent, the invention is host cells and
vectors that include the nucleic acid sequences of the invention. The host
cells can be prokaryotic (e.g., E. coi) or eukaryotic (e.g., insect cells,
such as Dr #&pphé/de2@nmel2 cel | s; Bacul ovirus; CHO cel | s; pyeasboog@kdssz such as
Pichia) host cells. The percent identity between two am no acid sequences
can al so be 10 acconplished using the GA programin the GCG software
package (Accelrys, San D ego, California) using either a Bl ossom 63 matri X
or a PAMR50 matri x nd a gap,.weight of 12, 10, 8, 6, or, 4 and | engt h

oei gnt of 2, 3. baset i ietiofe gt ogemic vk hen Srmat e aloT Ot | o

bet ween two nuclesstien &Cdceur 268 WHRERMpEraired B ghtBEpddy coh@bny leN@r t he GAP
programin the GCG software e’acka _ ﬁ?%%ée_l rys, San, 15 Di ego, California),
using a gap wei GAPPEsreBdvelnle e?allt%'%z‘t’ IEREGTRAGTAITT conditipRs THER FIEREENEEIE sequence
encodi ng a PAVRyrowfed 15aBéut 8.0 M to 286ut@f10 M NaOL £ EndleratFRBPRRAES19CQS €1 N of an

i nfl uenza viral praotei fusion proteins of the invention and pol ypeptides

gl Ny, & e . L
of the i nverﬁi FRORFY G- ik, srEngrmex %qnéltla%giago‘gé‘?fd%@é@’ﬂ?ﬁ% ofyigipgtehicse to, for
exanpl e, a fl] Bleflder tHe@w@sequedhebd. ITPoRER0 achievé loss @rihdeheoh@iichs; theo&R | D NGs: 6,
8, 20 100), at least a portion of an integral nenbrane protein of an
i nfl uenza vi r al Op¢eaireion may be dncreassgand/ey thacigmperaturepay beglecraaged. Mediym | 33,
35-59, 64 and Gfjn bt B8 aR e ileA 5t a G cIdBnttRY S BEAbAR 0(180 §.25 MPEQ | D NCS:
31, 64 and 60) under "selective hybridization conditions (e, g., highly
stringent hybriNaG aed ofmpesairedf abay 37°Ado abowlcP e il low figngepst ms " hybr i di zes
under | ow siq' | NARARYS are aBHEYD] # &5 AR BR OF 48U 19 4SRN 0o RNadly br | di zes
under high stringency,”™ or "hybridizes under very high stringency
condi tions," desépidmrenbraiangiagionebounIBEiteirbont $06. Seicttiometromgorndnts he
nucl eic acid L f | Lk di | eactions,
whi ch can incl ﬁg@gﬁ&%&%n '{}%&;Or?aag%‘ggﬁg%%ﬁ]@g%&@%ﬁlée oaglﬁ ei n Aubusel,
F.M, et al., enevesdtn ARubtloeal 6997 Shirt Brotocels irBMoleady BidlegynJdBniWidsy & Sons,
N.Y. (2001), t j , i 2 /-l &corporated herein in
its entirety. %?@gﬁ%’.’ gg‘?ﬁ%%é L@ﬁ%?@rzggijﬂggs'gfg ‘g% 'gbti vity, relatively
hi gh stringéncy cobd fuitiemsmbodihentthtdmpositionsafusioe peteyis epdepblypeptides| ut i ons
used for sone I . -
ybr i i zat i ons O SHEL CTSH CBY Ca e N Yot g R By S IR EY
t he a subject. In one embodiment, the method of the invention can include a method of

al | ows

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 a2 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



reaction to occur at a |lower tenperature. H gh stringency conditions are,
for exanple, relatively [ow salt and/or high tenperature conditions. Hi gh
stringency are provided by about 0.02 Mto about 0.10 M NaC at

t enper at ur a® Rnbs/@byt 50C to 5 about 70C. High stri ”ge”ﬁ}’T/ﬁ%@&ké&E‘s al | ow
for limted nunbers of m smatches between the two sequences, I/n order to

achi eve |l ess stringent conditions, the-3dFFt concentration may be increased
and/ or the tenperature nay be decreased. Medium stringency conditions are
achieved at a salt concentrat FB‘E} of about

.1 to 0.2 NaCl _and a
t enper at ure of PABSRRTA5PEAEd molfgyfer Ratien "?%W%ﬁﬁ‘é’f‘??t‘i@%ﬁ SPHUEBRAdI ti ons
are achi eved atMapmsalnl whaeis snihe phthepen-adsoddiedimoldcul & phtetrdinelndests 0. 9 M Nadl

Component o an AR FIGHe ToGHonR) B PTG O 4 T L

in the art and afd & least@\WoRWRAGT tha 11@&8&6@&2@@teﬁhsnc(t1i&9@toﬂmmc§§ otocols in
Mol ecul ar Bi ol ogy, John WIle & Son w York N.Y,, Units 2.8-2 11,

3.18-3.19 and 4-64. @aﬁni@fmg%@@%ﬁttétwé%b‘am@ﬂto d of igulaging MBS, f usi on

protei ns and podsyeRpiiadesectHordpRSing MY §EY sQAMERNRrBR tGIPLBYREa | N Met hods of
stimulating an i hmune response in  a subject, In one enbodi nent, the nethod

of the inventi 6PMBAsition el ineiudes afusiongepiein comaprising|ehleashgpartion eh#ilsastr esponse i n

a subj ect, CO”Bﬁéﬁd ?ent&ﬁfoc%éﬁﬁn&&uﬁgﬁ&tt@ﬂn%@ﬁﬂ l%t&&orn&nfb@atslh'&t &fel a
conposition that udes at | east onhe PanBCys and | east a portl on of 20

at | east one |m%$2éll\ﬂr@%mawbﬁfﬁm of tbe thwgemswqﬁwdmﬂzcalamtam ippladesin, In
anot her  enjgodiyFRnbe stitteabﬁ%ﬂtdn%the@anwwx%ﬁéemmqgﬂtﬂﬁzm nul ating an

i Mmune response 1 na sub risin he step of admnistering to the
subj ect a conpnsﬁmmaﬁathatapmnenaﬂ mﬂPW@%N@ﬁ“ﬁ@@ﬁ@Pﬁm%%ﬁ®ﬁ$s|ng at | east
one pathogen a§?85¢ ted nolecular pattern and at |east one influenza M
protein. urt’her enbodi ment, the 25 invention can include a nethod of

stinul at i ng an i mﬁ@%@é@@ﬂ@@ﬂm reethadbpfdhe invengionrpan b iampminkd sueheds of
adm ni stering B Bt@ grfig e.&, AR, th 9B axInthllir en{G4itE%RSth Fub d-EREL one

pat hogen- assom pattern an east one in nza
protein, \Miérelhwn(tm@ngdma@ggétoa@@mmmeméw&ualbattern is not a PanmRCys

“and the M prot ei dyy; tnﬁ#aﬂf?% nmgres 956' ThsYi6da RS, N8l RTRO %’néﬂ%oft he

invention is a method Imulatrn I mune r ésponse | ect,
conpri si ng t heastibegietb abldast np@tlmofngutﬂ@emhelrﬁwbqtec(eaanmdcg:tdm tion that

i ncl udes a_ oL oR AN M A% i3 A2pRRNA O snflfind £ N VIO

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-speciﬂ;: 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.



- 23 pat hogen-associ ated nol ecul ar pattern and at |east a portion of at |east
one influenza M protein, wherein, if the pathogen-associated nol ecul ar
pattern includes a PanRCys, at |east a portion of the PanR2Cys is not fused
to the inflwepmwanddsprotein and at | east a portion of t fﬁﬁ{)d%@ﬂ%g (%%
protein is not fused to the Pan2Cys. 5 In a further enbodi nen e
invention is a nethod of stinulating an-i2dmune response in a subject,
conprising the step of adm nistering to the subj ect a conposition that
includes a fusion protein ?o ri S} geg e@? ortion of at |east one

pat hogen- associ at ed ‘HEFEEHFUPPEL T fiongnd illnessicansequent t Jluerss VR at | east one
i nfl uenza M2 pl’ﬁif&tldihha\%ﬁét@hﬁhged§1gﬁ1ﬁ@n@ﬁﬁ1h@d};§h@ti6§ﬁc@€dd@st ghedtgcul ar pattern
i ncludes 10 a Pan® " tl (? ortlon of the PamRCys is not fused to the
i nfluenza M2 préios Iﬁ‘a'é‘ﬁ%lo 4he i 5 disiénet tvgss ASinfiugwzaivisky Aed B) Bt protein is
not fused to thﬂxreaBaﬂ%%anﬁo;ﬁMab@@hdﬂxegéﬁeﬁéimb&bﬂl%f%hwsltQf the invention
can be a manpal, such as rimate or a rodent (e.g., nouse, rat). In a
particul ar etrb o BRCRERY t0 lieﬁ>ém§ f5jadriitiyalengcompgsiiQnsdfig. %@%ﬁ'@@@oﬁ@n’agso
referred to hergiR s o @@pbﬂﬂhﬂhéik'@%re{f profeid) WthdtaRgin@dthd VARG €SPONSE, " as
used herein, refers to the generation of antibodies to at |eaSt a portion
of an i nfl uenzaSWieFtapachFetrebased @ egidemiplogicat Regigtion ofgieins dikely taskfch as M2, HA,
NA of infl Uenzacﬁula%g’?iﬂqlpgﬁulgion% {hgldxll fi’ﬁcbﬁglg% seésmafnec%{?l BiforsN 2 subj ect
can include the production of hunpral ‘and/or cellular 20 I ne responses
that are reacti$6h ggarpass areoduagd firanstecks pf sglecisd arotatype virgl strgins gmaivat | ng an

i nrune respofnse S Nl i nfection
by the |nflg‘lénzglle€ﬁyg§ator c%ﬁﬁﬁg?soﬁis assnggf%l'?%éaﬁ¥ﬁra gb?e%taﬁ%%ggy th

i nfluenza vi r usingldg forrexamtileriun¢esthin predigtiornef|cirewlating s@almﬂ@@m@de@@f
stinmulating an t jons, fusion
proteins and po?%%ﬁé%gﬁggpgﬁgk:&#\fg f?]g?] Gése%éggdu-gg&] S%l stere to a subj ect
with or withoutrisnofzu¢dpetsontaminagion theipraduet proviycédin aggs canmdt beadeini ve i mune
mechani s and LAHCE: . RPRRkes Rl L BOAK AEARAOAE, BGERIRARY o By 11 e
non-specific in I mune respo

protecti on Hyaipreiection pgding o pandamiz shanefumgnubckthnasubgpcoﬁasmnfpteuenza Vi ruses
and 30 thereby {my %%?P{d protection against circulating influenza viruses
and agai nst At Al pandem c influenza caused by introduction of the H5
avian strain | nt o t Kenerally, 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 stenhzmg
immunity to subsequent exposure fo 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 H5, 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\‘lian 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



human popul ation. WO 2006/ 069262 PCT/ US2005/ 046662 -24 Strategies to nmanage
infection and illness consequent to influenza viral infection have not
changed significantly in the past four decades. Due to the seasonal nature
of the di sg'é)s7é’°6/Q6ﬁ%§2d| stinct types of influenza virus (PCEOSR0®046dsat

t hreaten the human popul ation, and the %Snetl c instability of each type, it
is 5 necessary to refornulate a nultival“nt conpositions (e.g., conpositions
containing nore than one type of influenza viral protein) for immnizing
and vaccinatin i m’lﬂllgq j di ction of
strains |ikel yg:tm olsgg%lp%g(?e?“éﬁ ?} %ﬁea{oﬁlpgﬁog)gu@g?ﬁﬁgiﬁn t egjggﬁitﬁ%%%t?n ng flu
season. Cert ai fhedoyeptient meoprevent mg@nzaasfeqtamam pownngr taigs ovbtrefestifatom st ocks of

sel ect ed br ot otpgcfidle S LOSGAL M b ol dh ATRTNARBRighen_edos,

Limtations of e Current y aval n| gques 1 ncl or exanpl e,
uncertain predi ctl oﬁutx!ssfpes:bﬁtbuilnﬁmrmﬁgAswsaarmgenella%ena@mdlamoydmg)to@eow t he

appropri ate gst EP?* I&ﬁmjag ccdé?eﬂnﬁ moxh@xﬂgﬁ%ﬁ%&n | ! et&gpsg System car ri es

ri sks of produ conta natlo cannot be used
in subjects winbhramipilasd (ll\Tea‘tg:ue%majaxrtMpas) Hor ewtwtpttmtypeﬂ in¢lvdel imfhienzzohposi t i on

the a subj ect IEETHoA B e PR R RN B P o bl

protective conpgH&H). olTntlm*iastnérituryarltxee smbﬂmsufinfbmzaAsamhechmpandammsl ne is the

viral haemaggl yf,i.n Vi at.ed . wt

' uenoa Ao 14108 i S0 17 kadn et MgRr 89566 oS ROES B ualiide (o 20
natural i nfléct |xmm99;an&mnnwsasulaeﬁlxmutmdkblof refpiraleryzdisedse\in Hosg Kisigt. pr ovi de

arth cut ar e e SRS AR Bk o e T R RO Ry pos of HA
Mbst human i nf Iwhaaﬁmuﬁﬁdmt“e&xn&wmsmibb@-bﬂadxﬁg s:ﬂeBaqahﬁnleﬁewpenmbhl | e avi an
viral strains ress Even within aegné‘ %{ r phenotype

Tueh as " naRY cptihice afabHEsma D s miusra et QFYRY mutati on

and "anti genl C setjdct’t imh@RRPdtdns, vn&hmabﬁmate)to@fsogb&eawcoaﬁm gen that may
render the virus resistant to inmmun responses, dire ed agg t earlier

virus strails, ”V\m%’ilﬁ’é?af’ﬁéinﬂiu?ﬁ?ﬁweé‘?@é ippnunie© et FiEAInS tion or to
vacci nati on. Thhlﬁs,, HAfenef £ mma;ynde,fgoaﬁ@dm&uﬂﬂal corrp05| tions enployed to

revent influenza infecti ted a andeni c
P Irl]l uenzag can e?lso unggrgo antlgg ic srixsrtt resu]tp gr}n 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 1918, 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
(Zeiﬂin, G.A,, et al., Curr Infect Dis Rep 7:193). More recently, rhigratory wild
30  birds have carried the disease as far as the Middle East and Eastern Europe
(Fereidouni, S.R. ef 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



30 strain such as one of the avian strains to which the human popul ati on has
not devel oped i mmunity. The | ong manufacturing process prevents the
efficient production of traditional conpositions to prevent influenza

i nfection ayariesmeoase WO 2006/ 069262 PCT1US20051046662 -pi/ @3kys@idlg, Pandemni c
strain. The conpositions, fusion proteins and polypeptides of the invention
may prevent influenza infection in a nandér that is cost-effective to
produce and that can be stockpiled in preparation for an influenza pandem c.

part | cat ar ant GeHIE THOEry RSB o RO PR S JONEH P mn) or t ypes)
and neur ami ni deisifldchks thatmepottistepmierstof fhe S)seast; Gpre@khroubiemigatbl ¥@as | ncl ude
influenza A (H2 A(H3N2) . . ACHONL) ,  A(H/N?) HON2),. A(H /HO , A(H3/HO)
and A(H5/ HO). %“ﬁ%%%%@@%’%ﬁ%%#@@&%@%@g@aﬂ HEAGENTA A resulted
il—lg pandeni cs: ddberéﬂcﬂ@rk&;i%tg@@s&&i}amefﬂ%pﬁﬁenls.ﬂ,?ﬁﬁ?ﬁgﬁﬁ]\l&%@&ﬂ(@%;%gg?, an
avi an virus i ; virus resulted in outbreaks o
respiratory di w%r%&lmﬁpmwsgﬁf PR adreed RECYSIN M$¥nza virus energe
due to anti geniimpthved tomposBbRERESn prok|isQRY pdifeptided BSprivedt BidjecthR Vi rus
anti body-bi nding sifes accunul ate over tine. As a consequence of antigenic
drift, the inf R3BlsRR" bypaps epqtentishegisasirons effpteebapetherduiiensét ' s i rmune
system which rpydepgé. be able to recognize and confirm15 inmunity to a new

influenza strain despite the inmunity to different strains of the virus.
I nfl uenza A and B udégfrejeposiiensgasipepigicinsend polyneptides af the Beptien 88Y Bhder go

antigeni c sy f trefrReddY td tﬁ9§én&ioqgﬁ@mtybftué RHBpIREn lue hgeRi BA s ft is a
sudden change in viral antigenicity usuafl y ‘associated wth _ reconbination
of the influenZgugditdase (ks Weighregdires pnrpaksslegtionof mujtiplessiraing foanseds| y 20

i nfected by t WordlhiligMensiif @i, AleomPldsANESofpilditisd phiiptdie BN century,
three infl uen\é\‘a%rpandgnl‘i csﬁ3 oclcur_red iog ?Qi& ’ 19g%¥and_ fQEE.HBTehe %918

"Spani sh flu" Pasdensticaliissiabis aptigen yay Reovidsdengtlegtingimmudiyde mguendz e t han

500, 000 deat hs yirioRCoehssiul RAGARSy IR RN BSpaRRuROPyAMR AR Bl ss yor | dwi de.

Recent sequence and phyl ogenetic ‘anal ysis suggest that the causative agent
of the 25 1918 iflwseeend pande®ican avi an strain that adapted to humans

oaubenberger, o i BIML Pl sl gy e
avi an i nfl uenzaD NO: 13, also referred to herein as “M2e”) has changed little in human pathogenic
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 conjugateci 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, J.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 NK 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 83:1851). However,



infection in humans with an apparent increase in incidence in southeast Asia
in 2004 (Zeitlin, GA, et at, Curr Infect Dis Rep 7:193). Mrre recently,
mgratory wild 30 birds have carried the disease as far as the M ddl e East
and East er WOR90@$6262 ( Fer ei douni, S. R et al 1, Vet Rec 15CTHELRp0sAUsdsAL OUr ,
MQ, et at, Prev Yet Med 70:45; Liu, J., et at Science 309:1206; Chen, H.,
et al. Nature 436:191). Wth the WO 2 0(? 6/0 69 262 PCT/ US2005/ 046662 - 26
growi ng i nci dence of human cases, close proximty of humans and donesti cated
D L ocks t Mahes2ia BBk SBlrbBluel AL LRl iR, dlaTRNCAaaRLERG, (N ouTn

m gratory fow HPS HURITAR Spread on’a gl obal scal e
(as experi encedimking M2 tedomtits chtmtrgasmrsuaDNuﬂymmwmmaﬁmdnﬂcﬁmM?anen S.M, et
al. N Engl JMe e 7)) there is
a need to deveﬁxgéﬂ'%yrotg“g)qﬁ'ie dgse I%Pallerége anEi ?he v1r]ug é{a@hqwg)r% eé%%h#

pol ypepti des tampmoizermn ofﬁ:hptemth MZerpept;damtthmdna:xt dsﬁarmmﬂexf:armn t he

potenti al | y di sas f anot her, infl

Pormosi 11 ond. FoueF B ie Vi dt Ron St e BB PRRGEREbi ey be 10
refractory to toffl elirgenh gimptoms(Btaaldi, lei 4lyVaztind 20229980 tCdnyokitads, fusibd uenza t ar gets,
HA and neuram_ni.dase \hi requires selection . of multiple
strains for us@ DS W%@@‘M@% O?E‘Fl‘rﬂ’gﬂ?ﬁ%aﬁ’f@&#ﬁa%ﬁ in ga 8%2\9 t7®h, fusion
protein and polliyrﬁetpé ‘sedent?aﬁlﬂﬂuenﬁ"illﬁbsgﬁmﬁtaﬂlwinhyheﬂio&binﬁxuﬁme!;p@m toray provi de

| ong-l asting i nu ! %‘QHO L nf uenzg |r1fect|onl, sef ul g after year,
and be particul ﬁY HYg BprRuity to.te do Wa“éﬂe“fg‘%l?ﬁlp EH2AETatideni c. M2 has
genetic stalpility. Tﬁ@co&@bmmb &ﬁmm&telaﬂandﬁfb@pepﬁﬂbs%fﬂ@qmﬂm calbi=) 11) NO
13, also referred to, herei ") has cha&mged | it le | human pat hogeni c

i nfl uenza v.ru§m§1°?/%4ﬂ@#@&%‘ﬁ%ﬂ%ﬁ%@@%@?rﬁ ?W‘h?:?&l hgt al . Nature

Medi ci ne 5! 11%dthposttiong wisioRIpfoteiddanil folpspiidey of HEHNOERA & beradﬂnkl&tdaaitl ve form
however, 20 when adm nistered with adjuvants or conj u% ated to an appropriate
P

carrier backbomne onpith quFgRIYAYaiaRls ”H}“S%(Y?‘icﬁﬁs B g HPPEVeRnt@BSdi es t hat

correl ate w th gps &ﬁ&c‘d?wfc'is(}ff%hféb‘ﬁ%@&%slshﬁﬁs HA/NA schtleh,anoe (Nei rynck,
S., et at Nature Medicine Frace , et at Vagcine 17:2237;

Mbzdzanowska, geoggaphicplly apd dpqeally-flistingg isglatess thepompositiongfusign projeips: i ne

22:2993) . Anti et @¥pehtRicl6r 1B B PenbON el indhAS MG AY BB latel a8 Bniheani mal 25
nodel s of influenza A infection (Treanor, J.J., et at J. Viral 64:1375; Liu,
W, et at 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.ncbinlm.nih.gov/genomes/FLU/FLU.html), Variants in
reference to A/New Caledonia/20/99 sequence are denoted by bolded and underlined



| rnmunol 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 at J. Virol 62:12762; Jegerlehner, A, et al,
J. I nnnunoWOL026/EBBB) . |t has been proposed that one mechaSR@E0Mme662
protection is anti body-dependent NK cell fctivity 30 (Jegerl ehner, A, et
al, J. I'munol 172:5598). | mrunization of Pigs with an M- nucl eoprotein

fusion protein exacerbated disease rather than protecting (Heinen, P.P., et
-27

at J. CGen Virol -1 . : gg@é

t hese data merebggﬁf%g%%gﬁhgiﬁ¥ﬁgaﬁu ﬁ%%ﬁ@gggrla. iéqéégﬁgﬁgé E¥€SIOH
protein |inki njONMXO0; é2, Aépat 46 igrd apbSEQ EhNOFehs, W8 redis0, iNPeblentmimfiay at i on
linking M to i th f v | i the virus
strain, Mre ré%ﬁﬁ%ﬁ%@ﬁ&%ﬁﬁﬁﬁf¥ﬁ?ﬁ?ggﬁﬁe&ﬁ%ﬁ%?Zh%fﬁﬁ' gﬂggﬁﬁﬁg% in the
context of a comptaandcHiQ IDENOS: e Zhbiddd in Tablelueer. Bushgubstitugibn tney er s upon

subsequent chal,l enge wi.thout  exacerbati.on..of clinical. synptons_ (,Fran, J.,

et al. Vaccigrqle W?‘%@é‘gﬁ?‘?‘ﬁ&éﬂ%ﬁ%‘f % efgmfyl?glthgr?omB?%tfoéliq’nﬁéSle{lrp 50T i31/11:‘)iepti des of
the invention tpodgpeptived afdiee iMentiom particular Me, may limt the severity of
influenza illness while allow ng the host i mmune response to devel op
adaptive immunity to the dom nant neutralizing influenza antigen, HA. 10 The
conpositions, fusion proteins and pol ypepti des of the invention can be

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

adm nistered alone or with currently avail able influenza vacci nes and
drugs. However, because the sequence of Me is highly conserved across
strains, HANNA subtypes, and 15 geographically and tenporally-distinct

i sol ates, the conpositions, fusion proteins and pol ypeptides of the

i nvention that include Me may stinulate an imune response in a subject to
W that nay provide protection against a possible pandemc arising fromthe
introduction of a totally new HANNA subtype into a population nature to

t hat subtype. The sane genetic conservation lends itself to 20 providing
broad protection against a potential bioterrorismuse of any influenza
strain, such as influenza A. The W sequence of certain avian influenza A
isolates differs slightly from that of human isolates, but is

hi ghl y-conserved anong the avian isolates, as shown




in Table 1 (infra). The conpositions, fusion proteins and pol ypepti des of
the 25 invention that include Me may target circul ati ng human pat hogenic
strains of influenza A (H and 113 subtypes) as well as avian strains that
present a pandemic threat (H5 subtypes). Exenplary Me am no acid sequences
of the conwowdsoeses2 fusion proteins and pol ypepti des mwirddigosicdssent i on are
shown in Table 1. The M2e ami no acid 30 sequences were based on Fan, et al.
Vacci ne 22:2993 (2004) or the NCBI Prot-é®r Database
(http://ww. ncbi.nl mnih.gov/genomes/ FLU FLU. ht). Variants in reference
to A/ New Cal edoni a/ 20/ 99 sequence are de&ote by bol ded and underlined WO
2006/ 069262 PCTI US2005/ 046662 -28 |etter& cysteine (C) residue in the
natural | y ocCRepresegtabité ssagence (€. 0.Sub§bd) T DHofOS! ™ ABlino 4did ddbuaRds 46| supr a;
and SEQ | D NOBumdBwite@riendplafing i N Table 1, infra) csuLtsvEIebRNERGEREd Wi th
serine (S) reeysthire (e.g., SEQ ID NOS: 39, 41, 43 ands¥Esspesupr@; 1@nd| SEQ | D
NOS: 54, 73 and 74 in Table 1, infra). Such substltum@on;may 5 inproye
sol ubi lity aha/PetmdRitad/ad integrity efiNthe corpesd tiomnsceviEwsiRNEWECRt i NS and
pol ypepti des| of the invention. WO 2006/ 069262 PCT/ US2s0346662 1p 29| Table 1
Representatiye source Subtype Host Anmino acid sequenges aghiuman with [serine
repl aci ng SLLTEVETPI RNEWGSR cyst ei ne SNDSSDP ( SEQ | $,iN@VE4B)RNEWGSR
A/ PuertoRi co/ 8/ 34 HINI Human SLLTEVETPI RNEWGCR CNGSSRRSEBE@GED 10NO | 48)
SLLTEVETPI RNEWGSR SNGSSDP (SEQ ID NG 54) ANVi scong:n/53523188 HLIN1 Human
SLLTEVETPI RNEMNGGE€ondi33SBE (SEQ | D HIN1 Human SLLTEVETPIRNEWGCK
CNDSSDP (SEQ ID
NO: 49)
SLLTEVETPIRNEWGSK
SNDSSDP (SEQ ID
NO: 73)
A/New Caledonia/20/99 H1NA1 Human SLLTEVETPIRNEWGCR
CNDSSDP (SEQ ID
NO: 50)
SLLTEVETPIRNEWGSR
SNDSSDP (SEQ ID
NO: 74)
AlAichi/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)
A/Chicken/Nakorn-Patom/Thailand ~ H5N1 avian SLLTEVETPTRNEWECR
) CSDSSDP (SEQ 1ID
NO: 53)
AlThailand/1(KAN-1)/04 HS5N1 avian SLLTEVETPTRNEWECR
' CSDSSDP (SEQ ID
NO: 53)
SLLTEVETPTRNEWESR
SSDSSDP (SEQ ID
NO: 76)
AfHong Kong/156/97 HSN1 human  SLLTEVETLTRNGWGCR
' CSDSSDP (SEQ ID
NO: 55)
SLLTEVETLTRNGWGSR
SSDSSDP (SEQ ID
NO: 77)
LANiet Nam/1203/2004 H5N1 human  SLLTEVETPTRNEWECR




NO. 49) SLLTEVETPI RNEWGSK SNDSSDP (SEQ ID NO 73) A/ NewCal edoni a/ 20/ 99 HL
NI Human SLLTEVETPI RNEWGCR CNDSSDP (SEQ ID NO. 50) SLLTEVETPI RNEWGSR

SNDSSDP (SEQ ID NO 74) A/ A)chWI70/ 68 H3NL human SLLTEVETPI RNEWGCR CNDSSDP
(SEQ I D N&vo 5ibj/odaéebei / 19/ 95 H3N2 hurman SLLTEVETPI RNEWEGR s, 6NGRSRP (SEQ I D

NO 52) SLLTEVETPI RNEWESR SNGSSDP (SEQ ID NGO 75)
A/ Chi cken/ Nakor n- Pat onf Thal | and H5N1 avi-80 -SLLTEVETPTRNEWECR CSDSSDP ( SEQ

ID NO 53) A/ Thailand/ 1(KAN-1)/04 H5N1 avi an SLLTEVETPTRNEWECR CSDSSDP
(SEQID NO 53) SIILTEVETPTRNEWESR SSDSSDP (SEQ ID NO 76) A/ Hong
Kong/ 156197 H5NI human SLLTEVETLTRNGAGCR CSDSSDP ( SECBPEBDEINGISESS)D

SLLTEVETLTRNGWGSR NO: 56)
SLLTEVETPTRNEWESR

SSDSSDP (SEQ ID
NO: 78)

A/Chicken/New York/95 H7N2 avian SLLTEVETPTRNGWECK
CSDSSDP (SEQ ID
NO: 37)
SLLTEVETPTRNGWESK
SSDSSDP (SEQ ID
NO: 79)

A/Chicken/Hong Kong/G8/87 HON2 avian SLLTEVETPTRNGWGCR
CSGSSDP (SEQ 1D
NO: 58)
SLLTEVETPTRNGWGSR
SSGSSDP (SEQ ID
NO: 80)

A/Hong Kong/1073/99 HON2 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
(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, GM,, 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 rcspoﬁse, the first line of defense against pathogenic
insult, manifested as release of cytokines, chemokines and other inflammatory
15  mediators; recrﬁitment of phagocytic cells; and important cellular mechanisms

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



SSDSSDP (SEQ ID NGO 77) A/ Viet Nam 1203/20C4 HSNI human SLLTEVETPTRNEWECR
WD 2006/ 069262 PCT/ US20051046662 -30 CSDSSDP (SEQ I D NO: 56)
SLLTEVETPTRNEVWESR SSDSSDP (SEQ I D NO 78) A/ Chi cken/ NewYor k/ 95 H7N2 avi an
SLLTEVETPTRNGAENG26ZSDSSDP (SEQ ID NGO 57)  SLLTEVETPTRIMNAMZ0H6/0485632SSDP ( SEQ
ID NGO 79) A/ Chicken/Hong Kong/ &3/ 97 HIN2 avi an SLLTEVETPTRNGAGCR CSGSSDP

(SEQ ID NO 58) SLLTEVETPTRNGAGSR SS&5SDP (SEQ ID NO 80) A/ Hong
Kong/ 1073/ 99 HON2 human SLLTEVETLTRNGAECK CRDSSDP (SEQ ID NO: 59)

SLLTEVETLTRNGWESK & SRDSSDP ( SEQ. | 81) In.a rticul gr .embodi ment, the
conposi ti ons, P{f§fin3?ﬁ°‘bPfgﬁng?é?éto%ﬁasp%%?)‘éoﬁﬁl&@@ “Hg’%taﬁg%]er?gﬁvﬁﬁ on include a
pat hogen- associmhett regpoeesll ar pattern. Certain PAMPs (e.g., TLR |igands,

TLR agoni sts) bi ndT, which act as initjiators 5 of the innate inmune
oaponet and gat ool esmis FEVEE Bk bt pall pomiogerts Mot as
lipoproteins (TLR2) and lipopolysaccharides (TLR4), bacterial DNA sequences that

5  contain unmethylated CpG residues (TLR9), 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 (e.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  onthe 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.



(Medzhitov, R, et al. Nature:388:394; Medzhitov, R, et al., Cold Spring
Rarb Synp Quant Bi ol 64:429; Pasare, C., et al. Semin |Imunol 16:23;
Barton, GM, et al. Curr Opin Inmunol 14:380; Bendelac, A, et al. JExp
Med 195. FY)2000/09%62are the best characterized type of pEatusesos/oREe0gNi tion
Receptor (PRR) expressed on 10 antigen- pg esenting cells (APC). APC utilize
TLRs to survey the m croenvironnent and et ect  si gnal s of pathogenic

i nfection by engagi ng the cognate |igands of TLRs, Pathogen-Associ ated

Mol ecul ar Patterns GRAVES dsq'?%r%&g %Ohgénegeaa%dngﬁls{lﬁrbgg&ers the innate

i mmune response, the first line o Fense agai nst enic insult,

mani f est ed as radménisfeatiof offhedompesitionsHissiokproteins ampblypeptisies ofithé QMDmry 15
medi ators; recryi ti rt.an | ul

mechani sms  whi ehféﬁné p?jen ?g%kg&lsr eséescli%lﬁl oheg%g Mrfgé a1.‘°c‘“[1°'H§I L es and
efficient pr oces&smrgl (apgldrit, ﬁBEﬁbﬂﬁﬂQ&%ﬂRﬁﬂ%ﬁ@ﬁMM%ﬁﬂoﬁhe 31 presentation

responses, - TLRSTEST SoTRRRE rrBhEty VBaRraT AEPPORATIE Biponent o
such as I|popreompasseqHyLrRQ)areaamdmlvermopmlctjmagtuinavandesu(ﬂﬁeﬁﬁ)l bacterial DNA

sequences that . ain u 5| dye .and bacteri al

fl ggel lin (TLR traa%?féa brftﬁa?rﬁ%negﬁ&ﬁ&kﬁygan% PP%?&?@”‘%G@HP ‘characteri zed
i mune pat hvvay]fSup;!mttordbanr trdn@denmiﬂlclialalcm;daxfakro bbhmpd@?ﬁl opnent of nor eTEOt ent
conposi tions, fusion, protei ol ypeptides. 0 e, i nvention. e
coggosi tions, fusi oﬁh‘g 8‘("87‘&%“%8%)%93%8B‘{)Hob@gptld(‘?ﬁﬂhg‘ém&@ﬂtg? &apg’ﬂ in a manner
that ensur el0t hatimingel &ehb o 4 injecty AtdogoasRadrit ckis. moub\e@g expes@8t i gen(s) of
the pat hogenic ?gﬁr&t %I SO recrgl ve an, | nr%'gte i nmune % a TLR activation)
and vice versa. ndrifie, oqlls I EeERASILPY, l?ﬁlpéQ;@EIOBS’/O fHS t he

conposi tions, fit&htidh, meQénanﬁ@c@l@darmlamﬁmaﬂest}ieQuu,Jsal ude at |east a portion
of at | east one PAI\/P and at st a porti OBTOf at tleast one influenza viral

protein (e.g., an f@@?&%ﬂ% %lmots%?réao eplifpt ol BRI BALE f usi on
protei ns and paiMPeRirédi@me of cahde hRmiMstaed to @it gaaeht! CogBtisusi@nsa|

transducti on pat hways f@n thejir target cell f hat result in the display of
co-stimul atldry "P?B’Pté%ﬁllc e %‘ﬁuméo%é’f tequptial gdmainisationgfitheLempesitiogeni ¢ pepti de
in the context f@fonPRbteth ofp GHERA tHe Rvetiod iHadIBlag oFRlcBabingfon( See Figure

16). Figure 16 _dep |cts t he ;activation of an APC by TLR S|dgnal i nq The
Where the composition, fusion protein or polypeptide are admmlstere 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 éxtracf. 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,



20 conposition, fusion protein or polypeptide of the invention includes a
PAMP that binds to a TLR, pronoting differentiation and naturation of the
APC, including production and display of co-stinulatory signals The

conposi ti oo fobiide®s2Prot ei n or  pol ypeptide can be integ Zﬁ % its
interaction with the TLR and processed through the Iysosoma pa to

generate antigenic peptides, which are-dBsplayed 25 on t he surface |n t he
context of the major hi stocorrpati bility conplex. An "effective anount,"” when
referring to the anpunt of a conposition, fusion protein or a pol ypeptlde
of the inventi emulsifismesels fopinfencingwemeiic Pessuss Sulfes, cplpdng, awkigssamation, f usi on

D M oy o BlouREpkidlge ukd\Ahion WIBRARBOR SREE SR ShBogiphect s an

anount suffl cient for therapeutic I cac .g., an anount sufficient to 30
stinmul ate an i FAARPrAtRRSIG NS md@sw@t}@wpé@n) Thqwgpaéﬁlmn@isgb% f usi on

ose or i n_rul PRV, (R B b B R R o e "'
met hods of ®he dpgredstiont Thavempdsisions fusiob eroteirsonpélyesptides b?tht ventigedmi st rat i on
of the conposi 1nlftgﬁé§bgﬁ o?g%ﬁfngﬁat% B ¥Repkk d % 406 | nvention by

enteral or paren?era pecifircally, the route o 5dm nistration is by
oral i ngesti ontiaperitpneal djeation. T}abbmpopitiwpﬁlmbepmm oppolypaptidenaismaul ar

R ection of t hewRy SORRES] MR B8 NDL LR M8 ROl HARAL | er O or roUt es

of administrati‘o CoNpas e resen nvention incl udi ng
i ntravenous, i rﬂtanaﬁhsdbmadvprapesrtoﬂaaﬁﬁmeromaﬂfc:rtherﬂesmq:tbaffettc(ngaﬁllevmrc subcut aneous

rout es, nasal ni.st.r at i 0si t s.or transdernmal patches can
al so be engpoygﬁwe ggl@&%%’lt? i(‘)‘g"ﬁ‘ét"?”ﬁ@?%w v[xrgfgfeﬁtéonﬁ)r pol ypepti des of the
i nvention can be mhacbaremesaﬂ epreidatien iswieadad bnodealrai,lbgrmlarls saitiblel ogous
dendritic cells c cells to the

conposi tion, fagk Wref)?o&lbe%ﬁmtggsﬁb%lf %é%&l)f‘ﬁgn ?pPg(Bept’d?f\?é%‘ﬂe?)tﬁblc’t he dendritic
cell's can be aemtilescitions referatith eilysertajeots. sollitiensc anpalisk tuspasiond, usi on pr ot ei ns

I tid f. th b d d al b
Coam St er od SPOSPHGS JPIeaR b EERIPRSE Bt | B Soe SREE YT T Ac) e

si nul t aneous oadrsigiyteion imludadquemss;blnﬁdns afueafrosbrs'aluwﬁmes/a&t efhandl,usi on protein
or pol ypeptide @F%t he i ?ven gn i ndi él dual | Where t he

Conposi Li o, 01 WeonsTRap Bl e i bl seee ol P g R Ca PR | el 1 v

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 prcsént irxx;ention are well-known 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



t he node of adm nistration can be conducted sufficiently close in tine to
each other (for exanple, admnistration of the conposition close in tine to
adm nistration of 20 the fusion protein) so that the effects on stinulating
an inmmune MQPYHNE26N a subject are maximal. It is al secanys280smaed: t hat

mul tiple routes of admnistration (e.g.,_ intranmuscular, oral, transdermal)
can be used to adm nister the conpositi ot and fusion prot eins of the

i nvention. The conpositions, fusion protelns or polypeptide of the invention
can be 25 adm I exci pi ents,
for exanpl e, ﬁlgefntrt%gceaglﬂ%é C&,)toot% lcgil%yoo alglit °FP°“°°V% enygt%ﬁ‘?)‘ﬁe %or ganic, or
inorganic carri Emferablybﬂabannexss bmctnma!htﬂe f‘ﬂonoemlpatulﬁd ”asms@btremhemmhs appli cati on
whi ch do not de etter %l £ M th the extract,[h g’g ag)

phar maceut i cal | aékbecéﬁ’teég eé“Sa?P?’%?@“’i“W&linuéeép?/ﬁ?@r e suRigFL(Cen it i ons (such as
Ri nger' s sol ut i praducticil af@hiidodies)oiThe cangselcat bmblaibgradaidmbstfﬂtmaﬁ&r,?sﬁds uch as

| act ose, anyl ose or esters, hyce Iulose and
pol yvi nyl ﬁrol?sd‘lpﬂlé{m %?F@Emp? @?ﬁ‘i&ﬁ ﬁgarEngaB réP? ‘I“?lg‘g Shderi £ desired,

m xed with auxsuit&b@erad wgeRnt s such as lubricants, pr eser vatives, stabilizers,
wetting agents, &0692 PCTTUSZ 05/ 04666% enul sifiers, salts for
i nfl uenci ng osnotic 8 a8 ﬂn‘fefl@'r(émg & 61 BrHIRY OSSF?(? ’S‘Fnlﬁ?rﬁﬁirﬁ‘tal c substances

and the like vvruuejbctdalmyde?eﬁcﬁﬁgaryo@wsa{n\ét}rcﬁworwlﬁcmdtn@@napéﬂwﬁé fo@ns, fusion
t.h nventi on tions can al so be

proteins or pol tide

conbi ned, when %&%’5&1&% dt“ﬁ“%‘t diralipdection, @WBEFJE)W ‘gBVF@d @ioRehB ol ic 5
degr adat i onjg Th@u’c@@ﬂaaﬁﬁﬁﬁttaﬂaﬁoftﬁ&@dn@@sxﬁﬁrpﬁﬁioﬁ%rcﬁtﬁn &qiow@emdedﬁfe gfe, t he

i nventi on can m ni st ered oral adm nistration, such as a drink,

i ntramuscul ar of% hFag r%?ﬁ‘ér“ietgéhéa‘%ly M35 wdes apd d qur?éthéé'f%&“taf"é%@g 5% on

proteins, or pCHfXﬁﬁﬂédxﬁ&Snﬁleﬁfheexposﬁfe wheRzLanrbiiaedd WelpbrtROlaAfMienkar €, can be
adm ni stered in a single or than one dose over a perlod of tinme to

confer the desiYiagregpongble f‘(réhegmfec%nl(“e&t igfleenzpApB Loehe sapref thenf ect i on, to

al l evi ate synptigmRnafyis f e3% HJE &%k, ‘P’Hérto MBS WG ER TRERndfRRL beation 1S
needed or desired, particularly suitable adm xtures for the conpositions,

fusi on pr ot Bi nsSORMITRES R HESHY (Eés nasplsprayy add degp.such as pmpgtpding simgntadipe |

preferably oil ﬁa&a&mﬂﬂé&ﬁ%&ta%@%ﬂ%o%ﬁcm@xﬁﬂ’ﬂﬂhe AuSHE a%a@nﬁﬂuen@drml sions, or
inplants, including suppositories, In particular, carriers for parenteral 15

adni ni st rat i on ifetion geotherbedthsrelsist problems. Qfherthampegtcreginan Arageiea wat er |
et hanol , 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 further 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



gl ycerol, propylene glycol, peanut oil, sesanme oil, pol yoxyethyl ene-bl ock
polynmers, and the |ike. Anpules are convenient unit dosages. The
conpositions, fusion proteins or polypeptides can al so be incorporated into
| i posonmes w RokMehicst ered via transdennal punps or patghegszoiaésgnceuti cal
adm xtures suitable for use in the 20 present invention are well-known to
those of skill in the art and are descrilsed, for exanple, in Pharmaceuti cal
Sci ences (17th Ed., Mack Pub. Co., Easton, PA) and WD 96/05309 the

teachi ngs of which are hereby incorporated by reference. The conpositions,

f usi on pr ot ei ngmdnpdtenYsialp tefred wihexeinasian Vestadpogin'd #fi the &2 praisinn Bt ered to a
subject on a_ caf ildomafr ielaifely gt HRFholtRERelbe (IPEHRo A1) S GRAPOST L1 ON
that presents the conpositions,” fusion proterns and o? pepti des of the

i nvention to tHheHArhoubS6eatinoraciss) anth &lAs(@brjue 4G9 aminapsivis}: Md% i mune response
in the subjec 'Wolo e; ! i proteins and
pol ypepti des tg?qu'}-%g 0?%’%@?% %@Eﬂég%?g@gﬁ@&% fﬁg‘%’éﬁégg@éﬁ ure of

anti geni c pdr t iiokesdfut isthéghly-ewhécrned 2zmong thabvipristladsi{seedabledoruatad Eout i bodi es.
The component s [ BANE AN eRB e hed AHRHMo wwlms%gaﬂageﬁﬁ{ §'IEP9f ffedoflf | UENZA
virus) of the corrp05|pt|ons, ust on pro%( I'ns and potypep |c{es ort he

i nvention are ionSTFXdngepbgigi-deddtedpwereigandrated The REF2 witlotuhthe himge tepion carri er.
The conpositions, fusio rotein ng, pol ypepti des of the WO 2006/ 069262
PCTI US2005/ 046 orgé ecﬁﬁ@%rﬁ’tnia(s)lrﬁlgsrggﬁ' be attached to the carrier by coval ent
or noncoval ent attachment. Preferably, the carrier is bioconpatible.

"Bi oconpatible,” as used herein, neans that the carrier does not generate

an i nmune rléspgogsructipntdi€usgonBretein (e. g., the production of antibodies). The
carrier can be a bi.pdegradabl e tr L er.~such 5 3s | ymer bead
or a liposone. The @ﬁrcrgfbgry'%ﬁ?\miu%r%f%@?h%ﬁ '%eggg%enﬁeg‘#m%? %eclg’%e‘gﬁf/ abl e

adj uvant s. The 2¢enmgecidsdjuénces) with STFE sangnsruoted mubliovpd. €hd pEEBHA adm ni st er ed

to a subject can var ependi ng upon.a xariety.of factors, including prior
exposure 1o a Tory A erenion ReldGN sh HREG A 1Rt Sibroatd i o

treat nent of t ISeamiess &llonimpflic(Canlvg ntunber 204400V frém Brataging (liadvllaCihon of the
conposi tion, fusion protein, or.pol | de;._si.ze v aNS heal t h, body
wei ght , bogi e Hesiec Pe&ﬁ"%?edﬁ’gwgg’d‘b‘i Q\i‘i‘ﬂ“ﬁ%ﬁ&@ iﬁ%ﬂge&%tent of

synpt ons of i nf:ﬂxdaéingalce’&ms;mtein wagihlplDeive axVI2HE 600448 andwsh usétbaspPCRI cul ar

![ EL' ggz% 2 e \(;:c ' e%é)lia?es&g ngérP greepaiaggn %o:h 80&3@&0%8}1 Iofo ﬂ[PC é-?én%idal tlugllforll gx%lne%sexlonA’ B Q.
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 1 uL -20 ng of pDrive 4xM2E G00448
5 pL of 10x cloned Pfu polymerase buffer
1 pL of 40 mM dNTP mix
1 pL -10 pmol of forward primer 4xM2Eforbsl
1 pL -10 pmol of reverse primer 4xIM2Erevwsto
30 40 pL ddH20
Immediately before starting the thermal cycling 1 pL of PAiTurbo DNA
Polymerase the following were added.



i nfluenza virus (e.g., Hong Kong, Puerto Rico, Wsconsin, Thailand) kind of
15 concurrent treatnent (e.g., nasal sprays and drugs, such as amantadi ne,
ri mantadi ne, zanamvir and oseltamvir), conplications fromthe influenza
exposure, iWORUSMAIN62 i nfection or other health-rel ated oI R08/0463s0ET

t herapeutic regi nens or agents can be used in conjunction with the nethods
and conpositions, fusion proteins or poBYpeptides of the present invention.
For exanple, the admi nistration of the 20 conpositions, fusion proteins or
pol ypepti des can be acconpani ed by other viral ther apeuti cs or use of
agents to treat the synptons of the influenza infection (e.g., nasal sprays
and drugs, sucmmmm;ﬁdﬂda&,quénbaant adi ne, zanamvir and oseltamvir).

urati on) ar o T ECREERFRAPREALE GRC e Sa PR R opAETER™ 25 The

present inventimNOsedurther illustrated by the foll ow ng exarrpl es, which
are not intended to be limting in any way. EXEMPLI FI CATION 30 EXAI\/PLE 1
FLAGELLI N- MPe FORAEEpiRSmEmMSipacs s conserved across multiple influenza A
subtypes (also yeferred to herein as "strain"). Me is at |east a portion
of the M2 prot e| n |n articular, a 24 WO 2006/ 069262 PCTI US20051046662 -
35 anino-t er m&fis C@@TE&T%T%A%PQWT% CARCTANCSHIAGMEFTHE t he M2
protein. The NBg@ qj;qﬁ@nm)n is relatively small am no acid sequence (24

am no acids) conpared to HA (about 566 am no acids) and NA (about 469 am no
acids). The Mee sedtiseastiosrvas Renigs a fslloxss on n Thermp kbnsid PAE theamalcisderdi f f er s
fromthat ofg hmnh,ﬁnlm ates, but is highly-conserved anpbng the avian

i sol ates (see , supra). Four tandem copies of W fused to the
carboxy terminus of Ifaﬂffllcﬂéﬁal lin STF2 (full-length or STF2 hinge

regi on- del et ed]"were Trar. €d- e STF out The hinge region is also
referred to herein a?ﬁg%t%{%\ " 10 Constﬁ%?gn of Fusion Protein The
carboxy-term nal fusion98f the syntheti d mixe 'sequence (4 consecutive 24
am no aci d sequences) wWih—STF2—was—con th Eeu as—f ol |l ows. The pET24A
vector was purchased from Novagen| San Dieqo, 'Hhe strategy enpl oyed the
Seam ess Cloni pg Kit (C&ral og nunper 2144ﬁi(ﬁ)tefrom t ratagene (La Jolla, CA

Subsequent nine cycles
L Temperature Duration
‘ 95° 45 seconds
| 65° 35 seconds
72° 1 minute
)
15 At this point the following was added to each reaction.

5 pL of 10x cloned Pfu polymerase buffer
1 pL of 5-methyl ANTP mix
44 pL ddH,0

Subsequently the following thermal cycling was repeated five times.

Temperature Duration
95° 45 seconds
65° 35 seconds




15 www. strat agene. com performed by DNA 2.0 Inc. (Menlo Park, CA). The gene
encodi ng the fusion protein was in pDrive 4xME (00448 and was used as a PCR
tenplate for insert preparation for construction of the C-term nal fusion
expressi onwEaogist W th STF2. The synthetic 4xME copgiishebs/dbisk ve 4xXME
300448 was wused as a tenplate for PCR as outlined in the Seaml ess C oning
Kit (Catal og nunber 20 214400) from Strztagene (La Jolla, CA). The expected
product fromthis anplification includes the 318 bp and the restriction
enzyne sites incorporated into the oligonucleotides used to anplify this
insert. The procedure wdd® as foll gws: PORNg®ndi ti ons 25 1 pL -20 ng of
pDrive 4xM2E QO ctoned—Pfu—potynmerase buffer | L of 40 nM
dNTP mix 1 L -10 pnol of forward prinmer 4xM2Eforbsl 1 L -10 pnol of reverse
primer 4xM2Er evwst o Th8Q0GEL prodidtR& browgbdd atveluge b€30r 1L st the ¢dditign phe t her nal

cycling I pL of ur . _Pol rase f ol | ow . WO

S056) 080n6n- peTTE R e Eae PRGNS ﬁh’ff:“%"grﬁ%’%"%ﬁmp&%‘ﬁn‘go \é@g%@%{ggg

5' - CGCTCTTCAMI QB4¢aldd GsACHEAGH]) EGACARICAIEGAT dHIiSEGN ekithchd@ond9 Thd

4xMREr evwst o, pri ”i{f:’f%eglée ce: %ﬁ . it 0 odi

CGCTCTTCACGET T AT R KRR s ethanobrscinliariliadd PHESIHY KEPUHB) Thi

reaction was cyakes tafferfph 3.Dugl 750 pb of bidrsEthidpblle DA pélleewantasioycl er 10

&V\ﬁm Qam M) . tlwri]éetv{'i%l 308%'78%&1%81%?1%\%&0 I5531[1Jr attjoro tre]n m%%?es %n%gnm es 650 1
resuspended in 50 pL TE buffer.

10 Amplification of Vector STE2 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 uL -40 ng of STF2.M2E pET22-2
20 5 pL 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 uL. ddH,0
25
Immediately before starting the thermal cycling the following were added:
1 puL of PfuTurbo DNA Polymerase
4xMECpET24 primer sequence:
5’-GCTCTTCAGCGGCTGAGCAATAACTAGCATAACCCCTTGGG (SEQID
30 NO:71)
4xM2EC-STF2 primer sequence:



72 1 mnute
35 seconds
reacti on.

tines.

phenol

Subsequent nine cycles Tenperature Duration
72 1 mnute 15 At this point the foll ow ng was added to each
5 p.L of 1
mx 44 L NONIG/EI2equently the foll ow ng thermal
Tenperature Duration 95 45 seconds
PCT/ US2005/ 046662
vol une of 300 L by the addition of

950 45 seconds 65

Ox cloned Pfu pol ynerase buffer 1 L of 5-nmethyl dNTP
cycl Peg/Usems0epeat ed five
65 35 seconds WO 2006/ 069262

-37 72 1 minute The t68-sL product was brought to a

TE buffer. The resulting product was

Exiracted once SrUCERY bFoRoERACRVARE A GAEASEARR IR (SRS batuct

was then et hanol2)preci pitated by addition of 30 sL of Sodium acetate buffer

pH 5.2 and 750 L of 100% Et hanol
allowed to air dry for ten mnutes and then

L 70% Et hanol

twice with 300
resuspended in 50

The DNA pel |l et was washed

L TE buffer. 10 AnplTHig reatiboWasdycivestoliowsdnd THermFTRAid PREah&maNdyers| Y

construct ed fET&ég/STFZ.yﬂe construct was used as a
hel \itham :

outlined in

Stratagene (La Jolla, CA.

tenpl ate for PCR as
Cloning Kit (Catal og nunmber 214400) from
The expected product fromthis anplification

i ncl udes the whol e of the pET24 plasm d plus the STF2 sequences but does not
15 incl ude the si nglBtglg¥eleof M2E that exists in this construct. The

pr ocedure was dS

T OlTleBeratafeX CONAI T T ONSpyration

95° 3 minutes
65° 1 minute
72° 18 minutes
Subsequent nine cycles
Temperature Duration
95° 45 seconds
65° 35 seconds
72° 18 minutes
10 At this point the following was added to each reaction.
5 uL 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 pL -40 ng of STF2. ME pET22-2 20 5 L of | Ox cloned Pfu pol ynmerase buffer
| L of 40 MM dNTP mx 1 L -10 pnol of prinmer 4xMBCpET24 | pL -10 pnol of
primer 4xM2EC-STF2 40 L ddH20O 25 Immedi ately before starting the thermnal
cycling thevd sdob/esshé2g were added: 1 pL of PfuTurbo DNApPPXsTREE&Es:2
AXMECPET24 primer sequence: 5' - GCTCTTCAGCGGECTGAGCAATAACTAGCATAACCCCTTGEG
(SEQ ID 30 NO 71) 4xMREC- STF2 primer s¥guence: WO 2006/ 069262

PCTI US2005/ 046662 -38 5' - CGCTCTTCACAGACGTAACAGAGACAGCACGTTCTGCGH SEQ D NO
72) This reaction was cycled as follows on a Therno Hybaid PxE thernal

cycler 5 (wal t#ﬁmebwﬁ9rpﬂmﬁlidaﬂ5oé§f@f H0YeRpanchiThe ENAuicHet ol WagBsd 3 ni nut es

650 L minute TiidGH0yhES 0w HBRAINENA B SrCiFlRiducl BHPEERL Ure Duration
95 45 seconds 65 35 seconds 72 18 m nutes At this point the foll ow ng

was added to eaksppspeadesin A 1L T8 bpfferof | Ox cl oned Pfu pol ynerase buffer 1 tL
of 5-nmethyl dNTP m x

5 Digestion and ligation of Vector and Insert amplifications

Eam 1104 I digests were set up separately for vector and insert as follows:
30 pL of amplified product after ethanol precipitation
5 pL of 10x Universal buffer (Supplied with Seamless Cloning Kit)
4 pL Eam 1104 I restriction enzyme (Supplied with Seamless Cloning Kit)
10 11 pLddH;O
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 ddHO
5 uL of Eam 1104 1 digested 4xXM2E amplified insert
5 pL of Eam 1104 I digested STF2.M2E pET22-2 amplified vector
2 uL 10x Ligase buffer . )
2 pL 10 mMrATP
20 1 uL 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 2003 14) later than same day,
25

Transformation of Ligation into XL~10 Competent Cells
- Eppendorf tubes were chilled for ten minutes while the XL-10 (Stratégcne

Catalog number 200314) competent cells thawed on ice.
50 uL of competent cells were aliquoted from the stock tube per ligation.
30 2 pL of B-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 (4jl) was added, swirled gently and then



44 L ddH20 Subsequently the followi ng thermal cycling was repeated five
tinmes. Tenperature Duration 95 45 seconds 65 35 seconds 72 18 mnutes 15
The 100 pL product was brought to a volume of 300 L by the addition of TE
buf fer. TheWpa8f069263 pr oduct was phenol chl orof or m (I nvpd¥ogRes/degdsh Sbad,
CA- Catal og nunber 15593-031) extracted once and chl orof orm extracted once.
The anplification product was then ethadd®t precipitated by addition of 30 L
of Sodi um WD 2006/ 069262 PCT/ US2005/ 046662 -39 acetate buffer pH 5.2 and
750 gL of 100% Et hanqgl . ' The DNA pel let was washed twice with 300 L 70%

Et hanol al | O\A/ede‘{Pa'ﬁFlP“éﬁefo‘T%rm"ﬁ‘ﬁ?f hihf tabeswerp bedf shopked fardisprondid in 50 L TE

buffer. S5 D ges4i°Qrin Qe Bith. OMhe AlbedMere HcuBdish dn1&Sb at 3AR! dvb hdkdsons Ear: 1104
| digests were set up separately for vector and insert as follows: 30 gL of

anpl i fied produd?C grdgm Q%b[ﬁdverepqdé%dtsutheeaellwdsncghat@rfon onghowrd ¥&Esal buff er
(Supplied wth wepgdiegs Coning Kit) 4 gL Eam 1104 | restriction enzyne
(Supplied with Seam ess Cloning Kit) 10 11 L ddH20 Di gests were m xed
gently and .%cu%‘aq{eaaaatrksrmm?wya@lﬁ@&nwsmspwﬁarmo wLeadd9 plasf th¢ vect or
and insert prodygt r rformed as follows (Reagents
supplied with Seani?g}é\? %%“?Eg‘g@tt@gm@%g%ea&gms added in order listed: 15
9 gL ddH20 5 gL of Earn 1104 1 digested 4xM2E anplified insert 5 L of Ear:

1104 1 digestedgRE : ; idegd vector 2 gL I Ox Ligase buffer 2
pL 10 mM r ATP zuc Eégwﬁ)ﬁar% 3&'1@51&519 1 Uted from stock 1: 16)

Recombinant candidates were grown up for minipreps in Luria Broth

10 containing Kanamycin (25 ug/mL) and extracted using the QIAprep Spin Miniprep
Kit (Qiagen Valencia, CA Catalog Number 27106). Candidate clones were screened
by restriction enzymes (New England Biolabs Beverly, MA) and positive clones
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 S L. Cells were
20 grown in LB medium containing 15 pg/ml Kanamycin and 12.5 pg/ml Teteracycline
10 ODgpo = 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, | 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,
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g/m Teteracycline

15 EXAMPLE 2: EXPRESSION AND PURIFICATION OF FLAGELLIN (STF2
AND STF2A) FUSION PROTEIN CONSTRUCTS ENCODING INFLUENZA A
M2 ECTODOMAIN SEQUENCES

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 Salmornella

) 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(HI).

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)



to OD600 = 0.4 and induced with 1 MM I PTG for 3 h at 37C. The cells were
harvested by centrifugation (7000 rpmx 7 mnutes in a Sorvall RC5C
centrifuge) and resuspended in 2x PBS, 1% gl ycerol, DNAse, | nM PMSF,
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(45,000 g for one hour in a Beckman Opt4pma L ultracentrifuge) to separate
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1% gl ycerol pl usavidn et A%6d) tHedd eant] OIS s&JHMRs A6 BetedgoBlUtdiRficeexChange was

carried out  using overnight dialysis against buffer containing 50 mM Tri s,
100 mM  Na¢l affcf19% gl ycerol was done to renove Na-deoxycholate. Protein

<(:<F))_ncent r g_ti on snmmmwwmwnssmwmm%@mﬁagem Ki tI
i erce Biotec . [ reparations o . 4xMPe yielded a single
band visible mg{(g%%ﬁ%é%@ﬁéRéf%ﬁ?Pﬁ%é{fW QWWﬁwaﬁgﬂt nol ecul ar
wei ght of aboup §: 1&Banedded 890 SDS pol yacryl am de gels. 15 EXAMPLE 2:
EXPRESSI ON AND PURI FI CATI ON OF FLACGELLIN (STF2 AND STF2) FUSI ON PROTEI N
CONSTRUCTS  ENCIESIS¥E2f Sie LA coacergaqgaq epaafps ot S eRagracieSatrRisiceasifSensus W
sequences fis 0m%%&%’gﬁégn'gz?ﬁdcU@&Z@g&ae?gfagtgégﬁﬁagéﬁgﬁb&?@%cc@%ta@é@hg%@c&&é gin are

e 1. To e

depicted in Tab acilitate the cIonlnfgo
tgetgaccgaggtagaaaccecgacccgtaatgagtgggaatetegetectetgatictictgaceegggatectetetge

tgaccgaagtggagactccgactcgecaacgaatgggagagecegttcttctgactectetgaceeg (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/STE2A, 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.



20 sequence, two vector cassettes, pMI/ STF2 and pMI/ STF2A, each containing a
multiple cloning site (MCS) were generated (See Figures 17A and 17B) To

generate p he 1.5 Icb gene encoding full length flagellin o
Sal nonel | aWég‘%ﬁRz%rl un: fljb type 2 or STF2, was fusebCVHES PPé“P@Zbl ndi ng

protein (BIP) secretion signal of pMIBI,R/V5-H s vector (Invitrogen
Corporation, Carlsbad, CA) 25 for expresSion in Drosophila. The Bi P sequence
is included at the 5° end of the construct as a secretion signal for
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two 115-associ ated M2e sequences, SLLTEVETPTRNEWECRCS SEQ I D NO 56)

(A/Viet Nam 12@3¢n26@\4§r0@ﬁbaoserémevemmm@mgsmmm SEvsHpoRD,  55) WO
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chemi cal ly synthes genes con ning” four tandenl'y repeated copies of
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H5 sequencdOi s antianicity aasessed dy ERESA arfilinrgvo monse Hudiasidr isBnunegenisityes ar e

het er ol ogous s : ,
SLLTEVETPTRN g@@%ﬁ%@&%ﬁ/ETPTRNEV\ESRSSDSSDPESSL
LTEVETPTRNEVWESRSSDSSDPGSSLLTEVETPTRNEVWESRSSDSSDP( SEQ 1D NO 101), encoded

by E LE 3: CONSTRUCTION AND EXPRESSION OF FLAGELLIN-
t et ct gct gact gaagﬁ%gﬁmcrvcaacgtmgaa%gggaaﬁ'cwgrg-é%agtgactcct ctgatcctetcg

agtccc 15 HEMAGLUTININ (HA) CONSTRUCTS
{ get gacggaggt t 9aaacheEaACSCYRARSIRALIURANPBRATLRE REAL! RELGHAAT ceguagageag
t gct gaccgaggt ageiskRE; ey attnegtddet igaiyt g@@’ﬁwtoﬂhqdz/&cwmlgﬂatecla@ﬁ@t]@acccgggat cctc
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has been previously constructed in pPICZA generating STF2A.HAPRS (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-palmitoylcysteine
(Pam3Cys) moiety through the amino terminal serine residue of the peptide. The
structure of the fusion protein (Pam3Cys.M2¢) is shown in Figure 15. The
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Al Puert o Ri ¢®/ Béudébssiimscolsilgaft @ afnfab@rill @erivatives. Each coupling step was preceded

by an Fmoc-deprotection étep 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-

\
R

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. '



NO 68, encoding SEQ ID NO 67). The gene was fused to the STF2A cassette
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Stage 5: Precipitation in the presence of
EDTA

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

Stage 6: Jon exchange

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

|

Pam3-Cys-OH = Palmltoyl-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 on the purity achieved with three non-GMP
lots of Pam3Cys.M2e made from the same GMP batch of M2e-peptide intermediate
resin. The purity of the three non-GMP lots of Pam3Cys.M2e was 80.2%, 80.3%
and 80.8%, for lots D.001.Pam3Cys.M2e, D.002.Pam3Cys.M2¢ and
D.003.Pam3Cys.M2e, respectively. |



SR me st -

WD 2006/ 069262 PCTI US20051046662 -46 H Pro-2-chlorotdtyl chloride resin
Coupling a" Na-Fnoc. protected Stage 1. Solid phase am no acid deriveuve.
carrying the aide eptide synthesis ta,ai mprateceng gmps nmamni anad bel ow.
rmel ~ Fnoo- d’&%??f’ﬁ/@@é&n at the Ndendnus H S PCT/US2005/046662

er (1 BU) - Leu- Leu-Thr (t Bu) - d u( O Bu) - Vsl -q.)J_(CIBu)-Thr(tBu)-Pro-l | e- Ar g( Pbf) -
Asn(M)-Q u(OQBu)-Trp(B oc)-d y-Ser(tBu)-"Arg(Pbt)-Ser(t811)-Asn
(Mt)-Asp(QtSu)- Ser(tBu)Ser(tBu).Asp(QO Bu)-Pro-2-chlorotrltyl chloride
resin Stage 2: £RNMpLRG: MvBROGENGeroH PanB- Cys- Ser (tBu) - Leu- Lau-Thr (tB
u).du(tBu)-Vval-QGu u) - Thr u)-Pro-1le- Arg(Pbf)-Asn (Mt)-G

| u( O BU) - Tr p( Bo%@ﬂmwmg%%( Pbf) - Ser (tBU) - Asn(Mt}

Aap( Q& Bu) - Ser (t SeTisesicta8t) pHRIEL BloN OF PaRmeRisquet rityl chloride resin
Drying Stage 3: Cleavage fromthe resin Including cleavage of the side
chai n protecting gr&apaCy.Niegrasypregared by Genemed, Symihesisiapd Baghengugingriotd p
ro-11e-Arg- Asn- - 5 5 P 1'11&%9' = P - - OH crude
(trl1luor oe?ﬁt géé ssgflt'? 3sgr%{_e§/}g)§ﬁl|6?l§g;%€ i%%]oca%{gaée ﬁg‘&%ﬁlﬁ? iabgbzltg [ gﬁgby

preparati ve HPLSBe®@aoBy @plySie was wsgd teverifjtthe pleculer WegighGpfijifhfinal product.
r-Pro-1le-Arg-Asn-3 u-Trp-G | y-Ser- Arg- Ser-Asn- Asp- Ser - Ser - Asp- Pro- OH
purified (tdfiuoreacetate salt) Stage 5: Precipitation in the presence of
EDTA PanB- Cys-IBIpOTEXIN ABSAYr - d u- Val -d u-Thr-P

ro-11e-Arg-Asn-d u- CH - < - - Pro- purified
(trifuoroacetal e saﬁg‘%@r‘%ﬁ*’g{°@%@§?N¢%@@@a§%‘§g¥§§ﬁ&@ (Sa%rd- Leu-Leu-Th
r - d u- Val - Q- Tising EredQCL-£008rQpamtitativel Ghrofrogeni LA Gesst Mr @ioWhittaker #50-

Ser - Asn- Asp- Ser g, 361 TARRIRR: SEuBhIS S {A65 A1 fe ki huElndba | yoPhi f1 zat  on

TLRS5 BIOACTIVITY ASSAY
HEK293 cells constitutively express TLRS 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 TNFa, 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 TNFo matched antibody pair (Pierce) following the manufacturer’s



PanB- Cys-OH = Pal M toyl -Cya((RS). 2, 3-dl (pel m toy) oxy) -propyl )-CH The purity
specification for the PanBCys. Me drug substance was ? 80% by RP-HPLC. The
speci fication was based on the purity achieved with three non-GW 5 |ots of

PanBCys. Mayyashenéseyn t he sane GWP batch of Me-peptide ﬂW&igég resin.
The purity of the three non-GMI | ots of PanBCys. M2e was () 4°%% and

80.8% for lots D. 001. PanBCys. M2e, D. 0024anBCys. M2e and D. 003. PanBCys. M2e,
respectively. WD 2006/ 069262 PCT/ US2005/ 046662 -47- EXAVPLE 5:
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ASSAY RAW264.7 cells (ATCC) express TLR2 and secrete several sol uble

factors,
MOUSE SERUM ANTIBODY DETERMINATION
15 M2e-specific IgG levels were determined by ELISA. 96-well ELISA 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
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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 1xLLD90 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 ofdeath. Efficacy data were reported as survival times.
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moni t or ed d&$ | yPam3Cys.M2e (+) and PamBCys 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

M2¢ 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 ([J), or the fusion of
Pam3Cys and M2e referred to as Pam3.M2e (4). 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 M2¢ (Pam3Cys.M2e) generates a detectable serum
antibody response to the M2e .antigen.



for 14 days for survival and weight |loss. Mce that | ost 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. WO NOHWQeRHE2 PCTI US20051046662 -50- RESULTS | powudeos@keaACTI VI TY
These assays were based on cell lines exgr essing the relevant TLR and
screened for the ability to produce eith }-1L8 or TNF-a in response to TLR 5
triggering. In Figure 44, the ability of STF2.4xMe (i) or STF2. OVA(0) to
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there is no or |ow endotoxin contan nation. 20 PHYSI CAL LI NKAGE OF PAMP AND
ANTI GEN ENHANCES | MMUNOGENI CI TY Usi ng nouse nodel s of inmunogenicity,

chem cal coupl i prvPLIRRRB AT TGENS Mk MORB MOREUNGEGENIOTHANeNi city of the Me
antigen as conpared to either the Me peptide delivered alone or the Me

pepti de co-del i VENEENMNAL AREUBANBCys. In 25 the experinent shown in Figure

46, groups. of m ce gy ofm%%qc%rgﬁ‘ﬁﬁun@ze@Wday@an\dﬁlhki{itﬁ’@@pt?@fa negative
control (*), the free TLR2 |ligand, PanBCSK-4 (0 pepti de alone (0), free

. e
PanB8CSK- 4 ni xedali3Chs Mk (9pinget MPp Whish it themplaseayiyalspt of EEHRGAHEHd M2e
referred to as fanByMee (4)22.5TRE of BhE¥REbed B TreBhRhtdAL dafivatt Alum

15 (O), or 25 mg of the recombinant protein STF2.4xM2¢ (m). A group receiving PBS

was included as a negative control (0). Sera were harvested 7 days post the second
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
) 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 STF2.4xM2¢, 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
A 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



M2e peptide delivered was held constant. On day 28, sera were harvested and
30 anal yzed for Me-specific antibody titers by ELI SA. The results show t hat
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i ndi cate that BEVaPLRYELLSApEBE Teshlis shawady Bighe Pﬁe‘?lﬂ‘é?ratfef % ailed to elicit

ant i body tlloteﬁﬁnﬁﬂi@&‘t@m%{ﬁ%@ﬁd@h&%onsﬂa%v@%w&ﬂlg'df%ﬂﬁ@ Nﬁéﬂﬂ&uc&i um provided a
nodest 20 enhancenent in i mmune_response to M2e. The PAMP |inked W

constructs; h&sissable lemlwi M%fdsp@ﬁéc lﬁ%yﬂb% ogtiRakfosiermics i thinsuaBeEni ci ty.

These results abafizgage direct |inkage of PAMPs with portions of an integral
menbrane protein of an influenza viral protein can elicit inmne responses
that are nore potent than those elicited by the conventional adjuvant Al um

25 DOSE AND | MAANESEDEENTOfr2aRe B e@L B iStsEserane € carried out to further

assess the potency of
The immunogenicity of Pam3Cys.M2e was evaluated in multiple mouse

strains including BALB/c (e), C57BL/6 (»), CB6/F1 (#), DBA/2 (4), 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 aﬁd 3 males/group) were immunized with 500, 150, 50, 15 or 5 pg (im.)
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



PanBCys. M2e and STF2. 4xMe. For STF2.4xM2e, BALE/c mce were immuni zed on
day 0 and 14 with dilutions of STF2.4xMe that ranged from0.25 to 25 gg of
30 STF2.4xM2e per imruni zation. The prefix D002 refers to the specific batch
of STF2. 4WA2A6PERE2 i n t hi s experinent, while R 028 reff&TURWR444%St ori cal
reference batch of STF2.4xM2e used in this experinment. Seven days follow ng
the last WD 2006/ 069262 PCT/ US2005/ 04666 -52 imuni zation (Day 21) mce
were bl ed and We-specific 1gG responses were evaluated by ELISA. The

resul ts shown idnfibdOdstie 4R dBIRAS buxadsta ddi@tespdndientigRhip ®Btwatd fle doses as | ow
as 0.25 pg per immunization of STFE 4xM2e i ndyced d<1s] tlab{ e | evel s of

Me- speci fic Ig@}oqufﬁa‘ﬂ’@y%ﬁ%fOHHg’é"/l?or‘?Strﬁaﬁ%“afﬂ%slaP @ Fei¢ithene range of
about 2.5 to ab@ubods Bited acHi@kd.PanBCys. M2e, BALB/c mice were imuni zed on day
0 and 14 with 0.05°to 30 a of PanBCys. M2e per inmuni zatign. Seven days
fol | owi ng the | ast Iqth?rfﬁ‘?P @n‘%’@ﬁ% T)*Ieﬁ‘f-r@é” AP RIS W RmNBIZRs peci fi ¢

| gG responses V@l’iheSOO(':'l\‘S@I $2G S8 PN Ehl ) IASTIIGMRS WslaRotfoR W chﬁtxcEx'agU"e 50

denonstrate that immuni zation Wt h concentrations as |low as 0.05 g of
PanBCys. M2e | nom@@decev/e@ sading plowe. | Qn/day 34 past-ingmwpzatipy, periphgral blopdwast he opt i mal

dose for mce idghuilh Sndhb'hti-He ?&ge%néwgm bARARIGRENICA TNothib, MULTI PLE MOUSE

STRAINS 15 The 1 nmunogenicity Me was eval uated i n nmultiple nouse
strains i ncl udi sigpifieatBie- s(peglﬁc Ig's“wmpplses(we deregbieiby(dey 14 pEpprmg imall Cr: NI H

(Swiss) (X) an Gy e i nmuni zed
on day 0 and CliBZ? W't M fopd (Fléa} %@re%yﬁdlg%ﬁﬁrmmzz‘glt‘/lﬁgﬁh&%éra wer e
harvested bh dagidamcamistwéuamsneGéSpmempebhltﬁl c 1gG evaluated by ELISA. All
strains exhibited 20 significant |evels of Me-specific IgGindicating that

the i munogenicity of PanBCys. M2e is not dependent on a particular MHC
(Figure 51). IWMWOMS&WLIBNSHMO@EI& med at eval uating the

were carried qut. | Arcneay pL@eEuE Rioes v R Adul RERANRARET X T o ou)
wer e i muni zed BAliBic m@0 usitd the vl chétﬁteaized&goxpgac(aptedwam, ifxfﬂu?@zm?@tsrtMZe on day
0, 21 and 41?5 %co%/gép &k%j'as the chﬁ]%ilggletv%rgs? %rox%rs%%lpcnrm?&%e\{ee ignmumzcd s.c. on
day 0 and 14 with 30 pg of Pam3Cys.M2e in the formulation buffer F111 (m), 30 pg
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) (A), 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 NaCl, 5% sucrose, 0.02% Polysorbate-
80, 0.1 mM EDTA, 0.5% ethanol, pH 7.2), 3 pug 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

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



the fornmulation buffer FI 11 (10 MM Tris, 10 mM histidine, 75 mM NaCl, 5%
sucrose, 0.02% Pol ysorbate-80, 0.1 nM EDTA, 0.5% ethanol, 20 ng/nL 30
hydr oxypr opyl - bet a- cycl odextrin, pH 7.2). On day 7 post-boost 2 peri pheral

bl ood was wb@saedsand the anti-Me anti body titers \/\/epgyﬂpq@
ELI SA. The results shown in Figure 52 depict the indivi rabblt ant| body

titers at a 1:125 WD 2006/ 069262 PCT/ US2645/ 046662 - 53 dilution of the
sera. The data suggest a dose-response relationship between the anount of
PanB8Cys. M2e use for prine/boost vaccinations and_the |evel of the antibody

titer achieved. “hetlengheA—abiiacedtinghe PBS, Bpifer slopgehibiiad morbidily bseipaipgs/ gr oup)
were i mmuni zed opdag ¥ Bncﬁ@@v:th]@% letR&lity éc'éur@ihggy Qay(I'O While éﬁfmeﬁ; Exﬁmﬂﬂ%@e As a

control, an additional recei ved sal rne al one.
post - i rmuni zat i B2 3Gies of 3§V5 W%@§1%®m%ma&dﬁwmuf%@1,ﬁm59%2@ ant i body

titers were eva}n%@tsﬁdwg% ﬂﬁ-dh%ngé\loﬁxﬁlgﬁll’receﬁlhg @hrf'nk%@WIZe'\@?‘l ?Sp&ﬁfbitéoc 1 gG

responses were detecta post-prifme in-all animal's | munized
(Figure 53).° Th@OFP@gMPPQHHIWIt@V%s ‘Fﬁa?th Of%hmfélc@:’f‘qftfll\/tng Aningly api d and

Consi SLent. | MRS ASRANS M.Toblc oo (BEEHEY:d BATHERDER, CHALLENGE

MODEL The efficacy o TF2. 4xM2e was eval uated in
BALB/ ¢ mice usi figrosehe: O%IHOIB@MWC&(SQ &rlimMEDA I Yadtbasok @036 Yoalogusate nf | uenza

Al Puerto 15 Ri ( %:ﬂﬁ gpgg en nmice were
i mmuni zed s. c. Soﬁi/uﬁ/ééﬁg zgg{tﬁﬁm §8’Fbgééﬁo tc%&/%ﬁldﬁgd%&gc estef ormul ati on

buf fer Fl | | (With 9030 1p@fe o6 the PacedTiheselgPaips snrviking the dgtindl eballeygeb Théser F120 (10

mM Tri s, % t mV EDTA,

0. 5% et hano @Mgﬁgwﬁgﬁﬁéﬁﬁb U%Eg?? @F%ﬁﬁ?ﬁwgg& C%népggn% Vs. Me in

t he buffer F119mhtBitntdldlohaldengd @itl2 DfluddzhA st vido.ne, 75 nM NaCl, 5% sucr ose,

0. 02% Pol ysor bate-80, 0.1 mM EDTA, 0.5%ethanol, 0.1 % docusate sodi um pH

7.2), 30 g of STF2.4xM2e in the buffer F105 (10 nM Tris, 10 nM hi sti di ne,
75 nmM Nad , S%BBSGUSSE)NO 02% Pol ysorbate- 80, 0.1 mM EDTA, 0.5% et hanol, pH

R, 900t ST B i e 0B 8 AR et AT DL e 7S
7.2) (.) orl®. 3e@rrrbfnaﬁi'lﬂ17ﬁem>cbﬁBtmgloﬁmlﬁeﬁgth A1BSSTH2) Jusedtogbwritgndercei vi ng PBS
al one was incl urgﬂecegts 3PM3e B 9g)§plre\é§%d? .tccr)ﬁ) Lnd(p%}iﬁe@ t%g R purity with low

endotoxin levels. In reporter cell lines, this protein (STF2.4xM2e) triggered 1.8

production in a TLRS-dependent fashion. Mice immunized with dilutions of

STF2.4xM2e thét ranged from 0.25 pg to 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 faity 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



conval escent group with inmunity to PR/8 foll ow ng a subl ethal chall enge
with the virus was included as a positive control (0). On day 28, animals
were challenge with an LDO0 of the PR/ 8 chall enge stock. Wight |oss and
survival wasotekheeed for 14 30 days post challenge (FipgyfR2@dbasedNi MalSs in
t he conval escent group which had successfully cleared an earlier non-|ethal
infection with PR/'8 denpnstrated 100% protection to a subsequent viral WO
2006/ 069262 PCTI US20051046662 -54 chal |l enge. Aninals receiving the PBS

buffer alone exhibhjite rhidit e inni.n on. days,. 7 _an h 80/o
Pot hal i 1y oeconPratst 6 1R, Wit e S Sl P Fudatt Eppio bl
of PanBCys. M2e i g&n&htedaﬂand&cb’d?ﬁédpbﬁb&dtﬁmﬁmepdensth&NMBaMheM)hdEfﬁﬂ/o of m ce

surviving the challe ceivin s MRe i exhibited 5
nor bi di ty beoglt? Qgﬁzéa%m"?:%ﬂﬁze lsﬂg%‘ﬁgfng’ 3“%“&18’”3%1?11WV| ng. Animals
receivi ng PanBGM&reM?dbsd: ﬁsﬁbﬂﬁéﬁtatxﬁiﬁﬁw(ai&:s%d‘lﬁeh&enﬁﬁaﬁiM1ﬂitIo$tI di ne, 10%

ate mM EDTA, 0. 5% et h noI % docusat e

sucrose, (V PoI or
sodi um pH ) &V?Mg%‘ﬁ—eé m&nlﬁl@{‘é‘? "eﬁﬂtlpctﬁytt‘é‘ﬂa vefli ’&fé’g Cadi sease

course with 9Q>fu:@ PAROCYON124 heptidd i6 @ nlbdr PEGiGerSt FoHRS S0k 6l chudidden | et hal
chal I enge, These 10 I’eSL[I|tS denonstrate that both P%‘lﬁ%/s M2e and STF2. 4xMRe

can confer prottR&PPUse chg ﬁ?ﬂﬁquﬁluﬁ’égglfﬁlﬁ%aﬁé!ﬁ’@’éoﬁrl%ﬁ hg&hallanes i n vi vo.

DI SCUSSI ON  Sal 8 $hin8CHsyNIPY #kHini14460 lhlmgﬁz{nhlpnzo(édﬂbﬁéd hé mifldesk BBty or TLRS. A
15 reconbi nant protein consisting of full-length flijB (STF2) fused to four
tandem repeat Vithaba S0 fpabout9peHs g mice sprvivieg the dalengeri fied to > 95% purity
with [ow epdotoxin levels. In reporter cell lines, this protein

(STF2. 4xMee) tri qﬁl\{r ed 1L8 production in a TLRS—dependent fashion. Mce

i mruni zed wi t h BEQUIYALENS Sof  STF2. 4xMe that ranged from0.25 g to 25 g,
fornulated in the bvfhheeh,ﬁ;k@e‘au@r%a%e&ﬁah@ulwsﬂe\uﬁmﬁl&@&mewtpnal adj uvant or

carrier, nounted a vi gor ous antib I’eSEOHSG pot ency of the

recombi nant pr GQfefFWvefPfefFf{dWé?bO@éWﬁﬁﬁﬁea édVﬂl]bFlrﬂé%iOPd by taterbifeti city
studies where 3ingBh thof REBLRELeSH il {ieh maybetlad iRt Pinoier oconver t ed
after a single dose. fica ion proteln was

denonstrat etd i Hepatingfrogsiac stoat o@%@@vm@emcmspamgd bnihewppendedlamert o Ri co/ 8/ 34
as 25 the challenge virus. Mce immnized with as little as about 0.3 4g of
the protein per



dose exhibited mld norbidity with 100% of the m ce surviving the chall enge.
Synthetic tripahnitoyl ated peptides mmc the acylated am no term nus of

| i pi dated bacterial proteins and are potent activators of TLR2. In these
studies, a tripalmtoylated peptide consisting of three fatty acid chains

| inked to a cysteine 30 residue and jﬂ@_anino term nus of the Influenza A
M2 ect odonai n (M2e) was synt hesi zed using standard solid-phase peptide

chem stries. This peptide (PanBCys.Me) triggered TNFa. production in a
TLR2- dependent fashion in WO 2006/ 069262 PCTI US20051046662 -55 reporter
cell lines. Wien used to i muni ze mMCIAIMS hout adj uvant, PanBCys. M2e
generated an anti body response that was nore potent than M2e when m xed with
free PanBCSK-4. PanB8Cys. M2e was al so found to be i mmunogenic in rabbits
where a dose r RS8ainfddiik onshi p was observed between the amount of 5
PanBCys. M2e used for 1 nmunization and the antibody titer achieved. The
efficacy of the PanBCys. M2e peptide in a nunber of different fornul ations
was eval uated in., the nmouse chall enge nodel using |nfluenza A Puert

R ool 8 34 Tas. t ACUEHRPIERE Sompryng & Bk 80s Dagalin ip peiFah Srreds and F6leed F120

exhi bited the gjd ggﬁénzgw@'g&gilyory\figrho@@@%fﬁo to about 100% of the mce
surviving the challenge. 10 EQU VALENTS Wile this invention has been

particularly shown and described with references to preferred enbodi nents

t hereof, it w e. under st by .t hpse. illed . in the art t ar i ous
changes i I% for %%E‘Hlogeqrgﬁefns&oréﬁl%é’ Wﬁggnﬁﬁee#/g ROt 111118]3?631% l%f‘ég%%’?‘%ﬁﬁ% from
the scope of tBESEQUBNGOON.enconpassed by the appended clainms. -56- CLAIM

What is clainmed is: 1. A fusion protein conprising at |east one flagellin or
a portion thereof and at |east one influenza M2 protein or a portion

thereof. 2 Thgpf ‘f&éi(gpp E%R]%E'q\l%in %ﬁi@}#i]nﬁlgﬂﬁ{égé TinkQCodiFed AL l%%iﬁ dnh@c! udes

at | east a portion Ion protern of aim 2,
further includflagelin hriddtdeastoic\Wd? proadin.| east one

4. The fusion protein of Claim 2, further including a linker between at least two M2

proteins.
5. The fusion protein of Claim 2, wherein the M2 protein includes SEQ ID NO: 15.
6. The fusion protein of Claim 1, wherein the flagellin is a TLRS agonist.

7. The fusion protein of Claim 1, 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 f1iC.

8. The fusion protein of Claim 7, wherein the flagellin includes the fljB/STF2, and
wherein the fljB/STF2 includes SEQ ID No: 1 or at least a portion of SEQ ID NO:
1.

9. The fusion protein of Claim 8, wherein the fljB/STF2 includes SEQ ID NO: 3 or
at least a portion of SEQ ID NO: 3.



flagellin and at | east one M2 protein. 4. The fusion protein of Caim 2,
further including a |inker between at |east two M2 proteins. 5. The fusion
protein of Claim2, wherein the M2 protein includes SEQ ID NO 15. 6. The
fusion protein of Claim1l, wherein the flagellin is a TLR5 agonist. 7. The
fusion protein of Claim1l, wherein thesflagellin is at |east one nenber

sel ected fromthe group consisting of a fljB/STF2, a E.coli fliC, and a S.
muenchen fliC. 8. The fusion protein of daim7, wherein the flagellin
includes the fljB/ STF2, and wherein the fljB/ STF2 includes SEQ ID No: | or
at | east dOpor flherusidn [BEEid &f Ql@im 7) whé&einTthe flagedliromcjdes thie . obli GiGiamd8,

wherein the fljB/ STF2 inclu S r t |least a porti f SEQID
NO. 3. -57- 10 WBeRRS ﬁﬁ‘s’%n‘é‘f{’ ﬂ‘?ﬁf“@F%l&‘B‘*%@ﬁP%%ﬁé’F af ffagtep ‘%8?0@?@
includes the Ejpaqhis.fliC, and wherein the E. coli fliC that includes SEQ ID

NO 5 or at least a portion of SEQ ID NO 5. 11. The fusion protein of
Claim 10, wherein the E. coli fliCincludes SEQID NO 66 or at |east a

portion of, . SEQ.JD./NO 66, .12, The. .fusion protein. .Cl.aim in the
flagel lin lincl JJ&B@SB‘H’ePr%?e”h‘Bfe?JSH‘ér%{)’f‘f"?eﬁfmS‘dev&‘férfﬁf:d“‘ilﬂ‘ieséé%n%ﬁ’réﬁéﬁ flic

i ncl udes SEQ | @ramas?aﬁbni@h of SBOLIDANEOK4.i on of SEQ ID NO 7. 13. The fusion
protein of Caim12, erein the S. muenchen fliC includes SEQID NO 99 or

at least a portion of SEQID NGO 99. 14. The fusion protein of Caiml,

wherein t fl lel - 0. 1 u . I m i za M
protein. rl]lg Tf\@gff %géclghol%\rgtﬁino@%ﬁrgz ’W‘%Trlgn ,ﬂ%h@rn (raﬂl1 %IH%ﬁgﬂef $2’g”ee|(’P’|wr’i’Lfﬁ§ fused
to an am no-t ennd Mhsreirothe tSh@ubidhbr G2 thcMdepSBQEDINOIL B or Fhleast @Sioetivnpofot ei n of
Claim1, wherein the flagellin is between at |least two influenza M
proteins. 17. HUNOoA- protein of Aaim1, further including at |east a
portion of a haemaggl utinin nenbrane protein.

13.  The fusion protein of Claim 12, wherein the S. muenchen fliC includes SEQ ID
NO: 99 or at least a portion of SEQ ID NO: 99.

14.  The fusion protein of Claim 1, wherein the flagellin is fused to a carboxy-

terminus of the influenza M2 protein.

15.  The fusion protein of Claim 1, wherein the flagellin is fused to an amino-terminus

of the influenza M2 protein.

16.  The fusion protein of Claim 1, wherein the flagellin is between at least two

influenza M2 proteins.

17. The fusion protein of Claim 1, further including at least a portion of a

haemagglutinin membrane protein.

18.  The fusion protein of Claim 1, further including at least a portion of a

neuraminidase membrane protein.



18. The fusion protein of Caim1, further including at |least a portion of a
neur am ni dase nenbrane protein. -58- 19. The fusion protein of Caiml,
further including at | east one nenber selected fromthe group consisting of
an influenza B viral protein and an influenza C viral protein. 20. The
fusion protein of Claim19, wherein the influenza B viral protein is an
integral nmenbrane protein. 21. The fusipn protein of Caim19, wherein the
influenza C viral protein is an integral nmenbrane protein. 22. A
conposition conprising a at |east one flagellin or at |east a portion
thereof and at |east one M2 protein or a portion thereof. 23. The fusion
protein orl% he Tbgrfp@@n pragein off %ln})m df further mwenﬂ Algleast aingemembesr selegted he
portion of the rotein i ecto r at
Ponst a “port 1 NTLRe ahErkep bt marn e N ) Brofim M RGPl or ot ei o
or the conp05|bhmanof Claim 23, further including at |east one

haemaggl utini n nenbrane protein or at |l east a portion of the haemaggl utinin
menbrane protein. 25. The fusion protein or the conposition of C aim 24,

oroup condlst  aae Rt gdn B 1" 4 P T8 t*%@&%éf?é%“%ﬁgl@tﬁé“géﬁgfgt Y
35, SEQ I D NO im6gralSE&@nbiane pidteid7, SEQ ID NO 38, SEQ ID NO 103, SEQ ID NO

104, SEQ ID NO 105 and SEQ ID NO 106. 26. The fusion protein or the
conposition of Claim23, wherein the ectodomain includes SEQ ID NO 13.

-59- 27. The f%k%sﬁkﬁﬁ@ﬂefﬁ of cidifa Wﬂeﬂg& éﬂ?bﬂwg% fv&r%hﬁ:{oﬁélﬁcﬁ%hng

cl ai ns, mhereln t he protein i1nc des e fusion
protei n or theictegrplanémbrane pfotedmy one of the preceding clainms, wherein the
flagellin lacks a hinge region or at |least a portion of the hinge region.
29. The fusion protein of any one of the preceding clains, wherein the

fusion probeinp bsnpbsRAVTRIpRSIE afat Fa@bnBTRAEAIIR or at least a portion thereof and

at least one M2 protein or a portion thereof.

23.  The fusion protein or the composition of any of the preceding claims, wherein the
portion of the M2 protein includes an ectodomain of the M2 protein or at least a

portion of the ectodomain of the M2 protein.

24.  The fusion protein or the composition of Claim 23, further including at least one
haemagglutinin membrane protein or at least a portion of the haemagglutinin

membrane protein.

25.  The fusion protein or the composition of Claim 24, wherein the haemagglutinin
protein is at least one member selected from the group consisting of SEQ ID NO:
64, SEQ ID NO: 67, SEQ ID NO: 33, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID
NO: 37, SEQ ID NO: 38, SEQ ID NO: 103, SEQ ID NO: 104, SEQ ID NO: 105
and SEQ ID NO: 106.

26.  The fusion protein or the composition of Claim 23, wherein the ectodomain

includes SEQ ID NO: 13.



30. A conposition that includes SEQ ID NO 31 or at |east a portion of SEQ
1D NO 31. 31. The use of the conposition or the fusion protein of any one

of the preceding clains in therapy. 32. The fusion protein or the

conposition of any one of the preceding clains for use

stinmulating an i mmune response in a subject.

27.

28.

29.

30.

31

32.

-59.

The fusion protein or the composition of any of the preceding claims, wherein the
M2 protein includes SEQ 1D NO: 18.

The fusion protein or the composition of any one of the preceding claims, wherein

the flagellin lacks a hinge region or at least a portion of the hinge region.

The fusion protein of any one of the preceding claims, wherein the fusion protein

is a recombinant fusion protein.

A composition that includes SEQ ID NO: 31 or at least a portion of SEQ ID NO:
31.

The use of the composition or the fusion protein of any one of the preceding

claims in therapy.

The fusion protein or the composition of any one of the preceding claims for use

in a method of stimulating an immune response in a subject.

in a nmethod of





