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WD 2007/ 011904 PCT/ US2006/ 027764 RECOVBI NANT FLU

VACCI NES CROSS REFERENCE TO RELATED APPLI CATI ONS Thi s
weapplioaadoson clainms priority to U S. Provi si onalT/UsS2006/027764

Application No. 60/700,601, filed July 19, 2005. 5

FI ELD OF THE | #ﬂ Tﬂﬁ‘@l‘ j tion is
directed to thgﬁ?r\d(})- UCPII on g?f?a?sceww mul ti val ent

i nfluenza virus vaccines utilizing isolated influenza

anti geni ¢ (Eiroise REFERENQE DO RERATERARBNCATICNY | ved from
human and/or avi an influenza viruses conbined with an
ddjsapplicatiosrgiaimsiprigrity to0J.8hPrewisicnal/ Appiscativk ®lop 604706,51, filed
Ju1y190%d§.er containing a viral capsid protein derived from
a eukaryotic or prokaryotic cell genetically fused to
human and/ or avi an i nfluenza virus antigenic peptides.
The present invention is also directed to novel
anti geni ¢ pepti desFIERR@BEHBEENTEONS cont ai ni ng such

t.d . ks fr iynf | Wenz roteins. B ND .
e P R 1 Rl o B R B0 B asnmply gnangfivalent
influentaheirnosceadet atilizing issidted fififitined tntiginsc HrdtdRObElotein fragments
. i mgl s and humanps frominfections by pathogenic
derived Jipag huap AngiaR 8V, In{jaRsis Nuwses cambinst] gritiuan adsupsmb epuprising a

chimeriB V@8 Gk f%ic%ﬁﬁ&%oﬁfaﬁﬁhga 9351%98? isﬁ:?tgl%ed&ivg% from a eukaryotic

eliciting a I Mune response ant|
or proknyotie cels gepéipaliydifsedio nmivarandfomaniag émfiensd vied aftR8nic peptides.
The S0 ained.in.th Va%Ci%ﬁ’ thui reduci ng the potential

PIPRSHt JOEEROB: 1y 2SRt BFih 1Yl 2BBEsHE DEPlidese Fmgs comppsitions

containin@ucP BERIIEE, Hefivadf b inflenth ﬁrd.téi%é.uenza virus, is a

menber of the Orthoinyxoviridae tamly, and includes

three subtypes classified by their core proteins,

desi gnat ed i nf | BAGKGRAUND OF THEANWEMIONNd | nfl uenza C.

Lnfluenza A viruses infect a ran%g of manmal i an and

év‘?%‘i?es BIEWAIGRE SRRy ofhe et gHgctive andeciéisioahmass tty protect
animals' @8 tHunfdn8 $robPird Pt As byggﬁ%%érﬁ%aa efifs lﬁg%?lzeré Vﬁgcli'éegsérea&e%igned

general ly responsi bl e ual ent cs an
to provige paeteeiivel impamieriias a patimgeds agatft byetizaing atiostiB@Sune response
to the aSQUSE. o%ttbr eaks. everogh 2-4 years, but are not, . i
BASAV S PIOJCA DSRGAES 8 othet PR Ccructyres eondaingy insthg vaccine,

thus re@lodsgithé §fbtential IbishetetFulh ﬁﬁ“&ct&ﬁeﬁﬁ(ﬁ'xs eﬁlgos d QFMhe host to the
geographic site, year of isolation, serial nunber,
pathogegi¢figeplor i nfl uenza A, by serol ogical properties of

of: ha i N neur am.ni dase. The
iR R PR B B M otBaiae BRES aplfnciudes three
subtypey tlassi fied b tidieddry procing sed gfted MMEnA Af RFRSHzaMB i %nfluenza

M);, proton-ion channel (M); hemaggl utinin ( ,
C. miged & Pheagie 30U mﬁnmaitﬁpm ilan {A9Ples, YWotrgasdypesed and
C are eR&@RallyREQHEED to-hiRR L dnfodtiBh Y . L& i

(PB2) y pol yner ase ac?ng? cglﬁr %ﬁe‘%ﬁga( %%CI f;u%%sg%g ggneral%y responsible
for annuabegitlemoss and bcgsonel panderaNBAyherddzanflfenzNB viNses caus¥Butbreaks

3{)07/ 0161?04 PCT/ U82ﬁ)06/ 027764 . . . . .
every 2-4"years, buf arc not generally associated with pandemics. Virus strains are classified
according to host species of origin, geographic site, year of isolation, serial number, and, for
influenza A, by serological properties of subtypes of haemagglutinin and neuraminidase.

The influenza virus is a segmented negative-sense RNA virus essentially composed of
nine proteins: matrix (M1); proton-ion channel (M2); hemagglutinin (HA), neuraminidase
(NA); nucleoprotein (NP); polymerase basic protein 1 (PB1); polymerase basic protein 2
(PB2); polymerase acidic protein (PA); and nonstructural protein 2 (NP2). The HA, NA, M1,
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and M2 proteins are nmenbrane associ ated proteins, wth
the HA and NA proteins being glycoproteins

woesponsiobl e for viral attachnment and entry i nPOTUS2006/027764
host cell, respectively. Fifteen classes of

e Itnnant ens. | assi
and MABIRESE A Rleluiile fiFRGued Rl fit b R, sl aprofgns being
glycoprbRUR REsohsileToi Virfd aftithhidhi WA ZAtrd Mo UeCBost »rbe-'ih @esﬁéctlvely
protein initializes viral attachnment to the cell

Fifteen slatw g hepagelpiiein apbgensselpssificd Hi-Edépanst9 elasges otsmvaammldase

anti geng ic?dgglgﬁg@ﬁ]gq\l JGe Iﬂgéﬁaﬂ%tgﬁédgh nrgf‘ﬁ{engéj Laf | uenza

erentl O Sla IC aCId receptors

TheHa priotedn Axtidigelasl mehﬂmm katesell blydimise ®Vd Bdst cell surface
i nfluenza, viruses preferentially hind to cells
receptog, Jhata CANES a siatic gagidet okhe |hem@g§1§§mnm§ skumayg) ﬁéﬂ}*ﬁjlza viruses

preferexﬁfaﬁgr%‘hgd%g% aﬁactE@Lfg&[%Itér!]i‘ﬁ gg‘%tgﬁgl#p%@ %%ﬁ'angﬁghglgl}]{é%eﬁs i‘wz.lefe%s avian

influenzze virsses qnetfeeahtﬁllg dindttosellki crmhatmmﬁg @ 3agalm‘tosenhﬂ]ﬁgem al These

binding%ﬁ%ﬁegegllﬁ&?%ﬂ% %Wéﬂ@ﬁﬁsredtgﬁ%}%ﬁ?(g 9iys laelw ks gxgq\'aewwﬂ@@es on

human @ﬂiﬁfgﬁ)il celiSl B 62,310aNR 136 17k SRl dvidd RStihdl e:pﬁfxélih‘? Rélds. See,

haemaggl uti ni n change receptor binding specificit
for exaiiptey R@g@@ﬁNJBalﬁ&n BoridaiiclRRS, Kok K& WJlsMéb‘é,t erley{@C (1983)

w Paul son . 1994, .Recept or ecif| n_human
Singleg G A5 BUGIHH0RE o RSV TROBHRALT cbMegorapbigr binding
spec1ﬁc1t§ \Wa QO YY4: 2f35—78 1 Cosror RY, KalvaoRh aU kiebsterM GNBAIsdn JC (1994)
Vines A, Kida H, Kavvaoka Y ( 19975 "Recept or

“Recepigp eppeifieity yn drumags |ayeanz andacqiine &% and e [iafleengg tkus 1solates,”

ut f L f | t
Vlmlogggﬁ)lg éZ roI’ oSé])E/L%Z? %ﬁl SBL WIE% g%‘ﬁﬁnl{ Fecu Y (1997)
“Recepme eﬁwﬁalymf infsgena N Diresef Odsmslete efittodgehitingtingof erythrocytes from
pecificity are poorly def]j s_believed that

dlffereqt rﬁqnaéh SReCigse né’gmlw 2R 48?—%%. a%lﬂefmga. the ppeteculay gngcdanisms
respons%??&e ESRALBhat r%g)apgibft?% f)écﬁlgﬁ %Efﬂr?gg gﬁ REbafi&ed Qhat influenza

strarng e of su uman-t o- human
hemagglutans i 331anmr1g$e epust ecquercalimphan, recGitepbiadmgrspecifiki to generate

hal son, anbon,, and JM Kat 2
influenaS Y ARHERLF OhA USSP G EE, RS a0 SFetor example,

Stepherf36Y €| FOBTEBhoIA, TR PRIRNM@YaRBS &Rl IM K2 2(')@7 G€bnfronting the
I nfecti ous Diseases 4°499-509. 'Site- di recte

avian inflvengethesst: yageineldeelopment irovprtetial pardepichdhe Lanag Infectious

Discasef 80 ¢ ST e BBl B et bl i B BgGgaESr wwo

amino acﬁﬁmhwtlahé ae a&q@m fof thisuhah €5 e3¥eWatbdsodich O/, PTeflest A SSovin N,
and H3 avian__influenza virus

et al. (ZHQ%E@Wtaﬂtﬁtwnépf e re¢rptar bikkngprgpeitishof the SllnkinanddI3 avian
influenzh Q{Hs.‘iﬁleng%luﬁéﬂg aftér thelPRifOIRES d;ﬁﬁ Emgl U By nBlhﬁl 0212
proteln | I at (0]

tiates receptor ne cytosis, and
bas¢ attehinkut omursmhrbNa\nprotm iratiatesTieecptdr mled)lh’edrenﬂbrs_/moms and

O T N AT A —

the acidié &iv@lofmeAEsK Bt 88ddsBRe! fleaRag w3l RE MIALnBR, %J&%tésrtﬁmelease
nucl eocapsi d- associ at ed ri bonucl eoprotei ns (RNPs),

of M1 \phateins sfram tﬂ\l@lﬁocapsn(iaessedated nibpmuclebproteins| @uﬁPa‘)DWMhr ate then

h Th 97 d
AR B R, 5o
©Chd MLpRih Bs E’W(alﬂ&@)acuﬁﬁﬁﬂ? 6&;}" 128dd ﬁﬂéﬁ%nﬁ%ﬂe\tﬁ@tem Lamb

fromgenone RNA segnent 7 O uenza VI rus:

RA, Laidftli AdwppianBW (188 Hupieateneramd wBAAY derivedefiPappenege RNA

e SR PR B N o o

"I nfl uenza virus
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M2 protein is an integral nenbrane protein expressed

on the infected-cell surface," Cell 40:627-33. It
woaomiivomot etraners in the viral nenbrane of POEUSRIVES27764

particle, but at conparatively |ow nunbers when

proteingy BRASE Rt 3PS MR ZETRRoR SR Ph GHE SRR L tplferza virs

M2 profaﬁhlls akShRgRe n@mbr&%"?ro%ﬁl eAS8&Ed or tHel MeREA-BIIViukfSe,” Cell

M2 protein’ nonoclonal antibody restriction of virus
40:627-38 owtthfozmesl hoamt@memm i fthevwirph meithiramss of the virps|particle, but at
2-72. . The r ot 5 beld eved c
compnfehy 875 EGuoBehp SRR AN S oAt teb i e i

high deakityein fHespledina hienfd¥diicbift the piifettod cellarBsdedse 8L Lahb RA (1988)
that reduces the pHw thin 10 transport  vesi cI es

“Influenggr Anyiray M3 spreteinyi rmpnecienss MBRBedM depirieH® AE Vijus ngroweh and
detectm'ﬁ%gt d,bﬁ #gsﬁf@lm@wglfaﬁpreyentl ng a premature acid

uce Jr mat'i ona ge in HA. See Mbzdzanowska
Khe Mmprofréaﬂ @3helielvad ttcfalcﬂmate the ridanenf RNqu‘Iﬁn}AeXﬂs rfmm the viral
spec 1%&! esi sta i mruni zation.of nic

memb r@fn% ¢ fugiopy| {t & o lgﬁnmo&@nrransyeﬁt Aty Sbas Wéumathe "PH within

I |
oo S 2y 5 ORI Bl e Ao ACER e oo

membratie, epreRBlinglay phdm{taS0 2id" mdumdadonbrmeﬂlm |0daangn‘ lla HA. See

Mozdzq?é&%g@ IKJUE{ %ﬁu&%éa/‘ﬁaa}llj%{o&lc?f 1n§g$1}a§|82té(g9fpb P/lI'uS specnstllc Tesistance by
immuni¥hfidts vF BBk fWith rae GliadticORultiple bodilit Peptiey %Hé[rﬁ:t ﬂiaf‘ contains
transport vesicles,"” Proc Natl Acad Sci 88:115

ectodormping @f unatnxmp@rn@ Viageing 2hi26RA26200 Sjeintiagen Dé\azwharton SA,

r r an.ch I [
sl §3 IR He" 45 081y gBHRDN Rl i gy vims
contamﬁfgoetrﬁadid-MabM ﬁdnwg’glﬂtlhirpgll?cdmﬁﬂdfrﬁ evitlencd f(freﬁlelﬁlspéﬂrﬁé edgulation
orthonyxo- and paranyxaovjryses,” Virol ogy 176

of the pi ofalyeaprefeny Easperesirles” FToG Nawh AGachSFiyss: éhﬁ}S—9 Pinto LH,
d t‘ 2
rosinfif 3088 A VB ek BAlp rEaR S0 A, AN Sk ol

69:517428; Zaohov OFe(1990) “SubilirdionarfindriagirdsiraMa/NMatah Ivynons occurs
conserved across the infectious, ns. of the
at diffegpng Eﬁ for ogthpnpyer an RIFRYPVE itSno lrn@@’ 3&6 2? Astructural

Ly VIS ¥t cSMaMe d QBte{?ﬁnf)JaEﬁt 1031% Skt b &I AM2efThdl0is highly
aci ds. Zebedee SL, "I'nfl uenza A Virus

conservigll apramigeli mﬂumdmmlrusc%ca@ablﬁ mfdych‘?esg himgenso ninofact, the 9 N-

termm% Lhs gmggt ar%l tl%ga?lyd ehastd ?ﬁﬁ tﬁ/%(g%gsv Iars@%.rr]r%g a%]if]am;f/ 0r e virus,

and thve hﬁélﬁfq aR@ir(ot Winee 'oF\6@hetintad ﬂ@fe)/mt@rn@ $h8va iBfthd figst 15 N-terminal
nfluenza A virus M gene with conparison of the M and

amino N*Edspr éekqdss SL, Lamp (19§§) Bpdyenya @eﬁg}sal}/[[z}pro’@m aponoclonal
anubodV}E%tH&Ekﬁaaof"n%ﬂnésﬁwng{] fd QGARBR 1L 03 ol L yirg] §33762-72; o

T, Gorm% [T,cRawackaoY, Beara Wi, W ehsem 2G (il 991B)e‘§3v0lluthma@n&1aly51s of the

. Arch. 30 Virol 19: 37-42
influengofy 1%1&84 ﬁﬁ&wﬁ copppatison A¥ rhgﬁ‘ﬁf @M%B@éel%saﬂ]o%’fﬂtl @taéﬂél 8.
Y?}ehgﬂaﬁy,t DGl WRRNLL §REdR LA ﬁlcta}%aﬂ)‘fé -of mél&tr}@%ﬂ?caaﬁﬁ An $ymans.
nmber  of confirned cases ransm ssi on of avi an
Beare AS;‘ Webstea RG (1991) d Replieation Seavist epfhemgo wirhseskK@ humans,” 4rch

Virol 1{\gzchol son, JM Wbod,

37-42. However, it is known that some subtypes of avian influenza viruses can replicate
within the human respiratory tract. There have been a number of confirmed cases of

transmission of avian influenza virus to humans. See Stephenson I, KG Nicholson, J]M Wood,
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3 WD 2007/ 011904 PCT/ US2006/ 027764 MC Zanbon, and JM

Kat z (2004) "Confronting the avian influenza threat:
woacwineo4 devel opment for a potential pandem cpPCT/TIS2006/027764

Lancet Infectious D seases 4:499-509; WHO di sease

ez, SRR e TR E ke bSE fcoime
developmédt Ufen zapdedtial fagdendid,” TheeDaldtt HMebuNDis€dsen4:499-509; WHO
"Avi an influenza (H5NL) in 10 patients in

) (2004) Jd ]
disease\; gleHam(2004) Endfonfirmed) dmnanigasegg of Tawampiipflespzar HSNL,”
. i i, a0 A Z @\ O f
AR RR e LTI il 19BN Bl o, o o
(2004) &Aveanvinfloeman@ SN iaviDgratibnsdn Vieasmgr Nalivigl Vi Mud 350: 1179-88.
en neral, two é%ges of influenza vacci nes

mer e.. In
The abily of ce e WRPAOL AYiaR drflusken BTHSeF U BHGA hymegs increasssi the pool of
species@Rgt chl Brd i@CH RN B Hmehtyt Hi%ﬂhﬂlh&g‘l'eays%ﬁﬁﬁmms gﬁﬁré@ﬁ%.e
viral vaccine contains intact, 10 Inactivate
U gereemal, twehtyipes ofiaflaerraivacames\exist,i the innotitaedrehote st fludnza viral
. th iral .stryctural prateins a S af the. viral . .
vaceine i 3ERcs T et FHfan B Grrtir-Fhe SPRG i an G bteins inact
inactiva@ed yldnY, Whil@thelsubVigios RhcdthEtshtaths indbl SaBE Fichd RfrcthrNStoteins
i nfl uenza type B strajnsapredlpted to be in
and somgp of theaviranenvglopa gprothias.h mese pisg trageibenaregompogidvamually of a

. I T reviews vacci conposition, . . .
valer R A Al 5 B AR SRRl Ribsip gtation
among fHechimhanpopbiatioulfat 4 figes BOtsyR66. The WHD@VIeWE vaccine composition

] z:}glt irg(gni cally wel | -matched vacci nes. For exanple, for
biannuglly, agch ypdaign gniigenic eqrien, depsading rqn, arevplent shigtlating swbtypes to

provid%ﬁ%&ﬁ%ﬁ%&; %gﬁﬁ&%ﬁw(v%{g%? rp;l(\)gi/e%%ﬂag, fgg'hlél' 20'04-2005 flu season, the

trivalent/cBumpbsitiod tampAERt thieke/Newr Usled@nial20/99 (HIN1); A/Wyoming/03/2003

o BT AT 5 s ghe v o

g tyaschr SRS VEGRp L TN EL IS Fon

(
(Connanglat), rRtuvitin{gbiron), aed/Blue§ineld { WietheLederleh UReeed lyi¥lbdiampane has

vacci.ne for intranasal delivery, Flu ,._Whi has_..
devetondCEHE o G SR B b B oS rlvea e whih has
received BBprdRal R6m ThaFB\ fof RE6StheYASIGIsAESin U6 NBkRH ISYatdl, OFHERE vaccines

strain-specific hunoral response, have reduced

generallyt mprediicg g sir#BsPecai¢ | hyngrelarespodse, f havg vedugeb seffieany against

gy LERER L 0 Bl LD S e Sppenson .
Nicholsdat KG] MVio30 0B, "Z@atbbn o], ngrdt Katzava@®@3) i ‘ionbehiig the avian
. : . Ll n c,
influeni Bt EAeC R EPBISS! o & 85,6844l g gmiss T ignoet: Thfectious
DiseasdsAa@ioLyt ed and attenuated viruses utilized in the

above descri bed vaccinations are produced in the

Ah¢ aacovaied and attenofited monses mtitizw iolheiboygdsscribhd saccinations are

e T N o X,
consum@t) takihah k@B modhs! 6 ¢ af®BAPHe Hi%hié}ﬁllﬁéﬂaﬁlé‘?o contamination.

roduction of the influenza virus by Chiron resulted

p L C . . ! A .
In 2004; gordamingHipy in fhgpredictienjobihd lefbirenro visvshaChisororeassltpel infa highly

. . f ; ' ' di d i . .
AR I T R T

August @d12004} ®oriew foatieh@anfhci@eriongerefite hbRtbatche@sPPacclnk for that

aﬁ?ﬂ%ﬁon, the current production nethods require )
season. ot #qditing: ithigcurFrat pradurtaan Betheds gawire gpticipatingihe ppigicular strain

or siraifié $hdlORE rhodf qhééllytn ) %ﬁ@fg@edﬂﬂ{gi 9 fil'Sedsbt!. SRR reqaifthent, in

a requirenent,

4
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WO 2007/ 011904 PCT/ US2006/ 027764 conjunction with the
current production nethods, |[imt the ability to

woudi7iogigos oducti on of an i nfluenza vacci ne t OPCEUGR06/027764
an unexpected viral strain. Thus, there is a need for

. L.nproyed vacci.nes.that can .rapi dl.y..produc and can
corjungigR e { ANl Ph oSt el b Bl BT R toRugRg of an
influenRREEhO & tetdet 88 SnexPeb®diR¥al@diraktE | NVENTION 5 The

Eresent I nventjon provides conpositions for use as
hess itheae isatyaeadsior amproved vaceingstthat gan beyrapidly pofuesd zad can be
. [ £ IS k . | derived from
casly nid e SRl bfarich sl Ay R Ml L Lo
protein derived froma plant virus formng a
reconbi nant capSuMMARY @OnTaeANVERTIONNEr €i N t he
reconbi nant capsid fusion peptide is capable of
dbe gmiseyt T¥entoorf pravidesvéanuposyiony ifpusise iak evapeines eganst a virus,

. .and ji.).at |east one.i.sol.ate ntigenj. rotein or .
particul19 ol it S e SRBrEBE AT b Bl o e FERLfort an inftuenca
virus fus&d td1@N@ast \onk WapsiPpedteid ddrived €y Hipldrt Z8%s f&®ning a recombinant

. .. inmunogeni c aspect of a virus or virus |ike par%l cle
capsid fugiop peplideatihsreinithenreaembigent cappid dvspm pepside ip capabiaof assembly
f t ol VACE .QVi: . .
o ol AR Tph BASTAUAE 1936108, Nt TR B P o i
fragmemtvdeived nfrbrien Zamibnr oS @sian linflhehzanenas pSauth of strdtegy utilizes the
. present inyention, the peptide derived.froman,K ‘
immungenic ASAS o p Vigs of vigeglikepartide i1 epmabinatinn with apligsnie prateins or

protein FaBAGRELY Brodut 3 VELER, Mol iy BRYIRARoud FpRAGye frmunity against
human dieravianfihfleeiza vitusass epi t ope. By utilizing a
onserved jpfluenza.epifope,as an, antigenic insert .
TP Aot phihegegin (R epiinh (he PEPRIeCacrRa i g iniluenza virus
fused t& ORRYMR Rhpsi®@brdtéif 16 Q¥BAKKFddARfNESd Vi@l efifope. In one embodiment,
re-engineered on a yearly basis. Instead, only the
the congesidapeidpR® aatomisgaed bupemindluanzsr vipisepéope. f Brayghkzing acenperved
X change as_new strains, of .influenza vi.rus rge.
infhuengg pitFe &Y proanliepnis bt (5F Heciines OBF Y HkeRutriEL e omponent
of the daipobiohaedRonNBA Tt ¥nBheHHE 6.2 Ydaely BHRIEP OBmbiehd bnPR thebiSolated
. rapidly produced for use as a vaccine to elicit an
antigenjcroieEl pleRielis &apmen! need rRANES asapfvriiraing af Hdluengayigns emerge.

T Y e
composionpeant e mapidiynprodeceihtoodiserant vatdire Melitetr arv eampepidspse in a
Is selected fromthe gro consi sting of SEQ I D Nos:

human qt gumalagayst Bowly Esees UENZX SHAHS- pr esent i nventi on

B 9%he8aMnitRhinkienZde REMPEDidRERMCHRRRLIL Urived from tBe M2

sequences sel ected fromthe group conhsisting of SEQ I
protein.Nbsone3emBRlime3 theavld derivedipietitide ansdl¢oped fromghe grosp consisting of

s8Q ISk P 7 50, SRAitenR of ircpreambatienting a0vidime influnsa

protein GERGRI PEPEdE Béfuensesiseleciedl el tier @b bshsiNEnd @f BEQL B Nos: 3, 22,
In one enbodi nent, the NP peptide is selected fromthe

23, andgldouprdslgfirgialy,i figgrammtsEorivaivengad hampipgs|of gty TiAdYo: Nos. 3, 22,
2, or SUOBSTENS 1f B QURSHNEA B OREh ey SRS LIRT Al o

one e
protein.s &l etd @abddiment] the NP pegtideds sélsdted Gonf thSkfduplohkistingéof SEQ ID
7. 5 WD 2007/ 011904 PCT/ US2006/ Q27764

and
Nos: 8-10. In another embodiment, the conserved epitope is derived from the HA protein. In
one embodiment, the HA peptide is selected from the group consisting of SEQ ID Nos: 6 and

7.
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In other enbodi nents, any conbi nati on of conserved

i nfl uenza pepti des derived froman influenza virus
weeb@mied4from t he group consi sting of M2, NP, POT/USE006/027764

can be fused to a capsid protein I n one enbodi nent,

usi on pe tains gn NP d HA

b it oo Oh b et Sl bt ablved from

an 1nﬂ1i@ﬁiht Vl@'@s §sthed RSmaRe Mo Nebreidtibe of MD NS MEHAPER bfised to a
In still another enbodi nent, the capS|d Tusi on epti de

CaPSId poteim| hsomﬁenwodlmnmt, e mméetbﬁlpn@epméﬁ egisainean M2, NP, and HA
t
pepie TSI s B0 1 s BB s SORLRETA, B2 an o

conserved Ipbpti&bS Inaaﬂl gnqthat @n‘mhﬁem vedcdpsidnfupiloanjepiilé Usr@sink @n M2
constr.uct glld fusion peptides. The ca Sld pr ot ei ns

and an FAmeptife hﬁé’@ oF ampadiFeat, @@ﬁo@qpa@ fusian peptide coutampandLp and an

é’ér\‘/é?l HQ vitro to forma virus or virus |like
NPconpar ]%%e In one enbodi nent, the 10 virus or virus

Thé(preparttm‘ﬂdneoﬂ m&hzésodapsldqimlﬁms llesived &b plamsviruses to construct
In. one

it B St e Yo Ll Bt A o
assemblé! hURES of ﬂf’“{lltl%r ® folhOSFRRISA ins e PO, 'Iﬁ%@%ﬂfoﬁiment the

proper, 1sometric, quasi-isonmetric,” and gem nate or
virus or" vlvusrid@dﬁa)hclp dbymmirlablu(iq: hast wdll ipjpssaheembeing poateing or host cell

BT B35 b R Byt RS
1cosaheﬂ1%l '(‘ﬁﬁ:llucﬁhgl ql:d){ﬂh&&af Pfoper, 1 Bodilid)dghatsonRRek, and geminate or

filament ou In sone errbodl nments the pl ant virus can
"twinnegdd), aﬁlyh@b@ ding spitesinal, vvm@ssanéd@rép@-ghapleﬁ) dagilliform (including

rhabdo— n‘p 019“117? ggﬂ ﬁlgt%né ! [f{)ﬁ% p%f uféa? ?’E%ﬁﬂ? € Eﬁa/ elgeag Lom angludmg rod,

cyhndnbﬂ$ and; fiVaneisosiPMY)some renststdich e ghe pﬁﬁb@ﬁ}um be tfécosahedral
plant virus is selected froma CCW or CPW virus, and
plant virgespegissi din o pgbediment, |tb%§traloﬁ@81% ey be slsrived &any  §rAwpea

Chlorot&c:Z:%/I?LﬁQ UPirfd Q@JW‘VP Q)rt{] é@%éa[)l\m%c Firué CP%@V) ang, ad8tional

one aspect of e present Inventio
embodimenisathe cplaumtt wgsmscsemmﬁdeﬁmrma @CHEion CPMNg mms and the capsid

ined with the yirus or virus like icle is
includef f Pt A2a BPESERed O G el orangehe bR Setizh 22 23, and
24, Vviral strain, including a human or avian influenza

virus. In one enbodinent, the protein or protein ]
hr agersaspedt sofdthei m@ebnﬁ rioverdionathearsolai¢d vehgeaniviprefein ¢m protein

ne 25 e i men resent.inventi on,
fragmefftSmERaSToR Heinls ' ibBTuRTpERRES indh SR G rblefh fom g ety
emerget infifehie V2@l \shiaR, iBElQlRENa SRINeGT 0 fviamitiMengs Otfls. In one
consi sti ng_of natrlx (M), proton-ion channel (M),

embodipieria g RoTeit o PRl fragmeitis ﬁfr‘la%?siefrm avispanidispEpYEIs I one
embodié{aélsﬁ‘% 8f Fﬂ)‘ﬁal ﬁ?é'n@jﬁveﬁ}@gﬁ ﬁlep{nﬁge otefn! éé:) gro?éﬂl yﬂzﬁ%{r%?gi) derived

e acl protern
from arsinflu&arvarad proteih weladted ﬁoh'etlhla g201(pNBﬂ)ustnhgl obmetrix (M1), proton-ion

di.ment of. th esent | nventj prote
Chamelp&?)e.h%nﬁggWH% ), R apes A Ay %‘%q%ﬂl’r‘?tﬁlrni {]\3‘?)2 Rojymerase
basic pI%EGIM (PEE‘) @8@&%&&%@ AkdTBRISPH: 229po &rﬁ&%sé}ﬁmeﬁb i’%elh'd‘ﬁ), and

ticle conbi ned with nore one 1sola
nonstruamra,l g)emem If,b(NP@) nImpngembedimeht afj Henpresdnt imvwentian,the protein or
protein %agment i1 em?ed é]oen%%n Ia\Sa%ln ?rtlf?uenza HA or NA.
In certain embodiments, the virus or virus like particle is combined with more than
one isolated antigenic protein or protein fragment. In certain embodiments, these isolated

antigenic peptide or peptide fragments are derived from the same species. In other
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antigenic peptide or peptide fragnments are derived
fromthe sane species. In other 6 WO 2007/011904
wWOCH7WsR006/ 027764 enbodi nents, these isol at eBCT/US2006/027764
ant| gem C pepti de or pept| de fragments are derived
ffere In certain embodi

emboditpep i DEre igyFad 2P B seertiog P SRR SThGRRaR Aif e et ol different

species.Olfcerfith BHBéEIRNR! thE V1S b virislaretiticls t @imﬁlﬁ@c‘ﬁivltﬁ R€least one
HA protein or protein fragnment. I'n certain

NA protqmb otlpratein fragntest Aol atlgAshone A Broteinzgyaseieln fipgment. In certain

o 8BS AR B AR L EE Bof pf paBRE g s
certain @Hel \e@tholilrRentd AEMAA and/drnthe UEAZRagthdnts ard derdred from a human
addi ti onal enmbodinment, the virus |like particle.is

lnﬂuen@dﬁmsiqé@w@@hamal eabetimeshdhapmirgsy Wtearasicle 1%06@@11%1 with at least
f n t t

one NALRRIE N pe] 885108, KRN DB 000 RN cna any

combinatiorpoDaEaMm irfﬁumgme Rirsl etefret @dprbteuxmﬁﬂagmegts csakeccted from the group

con ti f ML, M2, NP, PB2 P2. | )
consistifg o} M MABYH B ELD: RE, kot gﬂ’& iy 81?“% gt oo A protein
i [EYV/ f e f
or prot%fra %@({ﬁ&t gszggg{eg dﬁ‘(]g? otﬁ@ @&@ o 0P Bn A NiA! ﬂote%{hzéelé%ed from the

group consi s
group cbﬁ’s,lstixlg of WL, NQ5 N3NS4, N7, NN 7,a%8] akid NI rinadd{ntlpn@irmibodlments the

HA proffly Py BRUP St (et rom BBl ), bl AT e e 7, ws,

HO9, Hl(b"%IllHiﬁz H3, A 2nd M3, H14, and H15 In certain
nbodi nent's, the isol ated antl genic peptide is in a

I:ﬁ sar@rreemquimphfé, thp isplates} antipgnigipepidq isikea pmctuirfeweth g virus or
virus Tike aga?&élfa SR % moyatlt!lzjﬁrtg}ﬁ%g(gg % h{c}l es ogﬁfér%% h‘ﬁ% g#&lc . kﬁme mixture

can 1ncla&€ afdidohA extipientse hﬁﬁﬂmﬁnlbﬂi]ﬁhen@ht legsi he aftgenit progrii fagment
rotein fragnent . is less than_the fall |.ength

is less thamthsi fRLl langiiy BRotein.n I restsin %h@@mepﬁeth&rﬂnrlg@m erossindiggment is

del‘lVGdf fr@ﬂ”&ﬁ‘tavia% o ?Lﬁfn\éﬁ?%hg%aﬂnﬁv' 3 Rftaftl %Boélﬁfehfée@ﬁéprotem
I'n certain Iments, the protern

fragmerﬁ@:trmpm&snt ddast BEQ45, 2@ 251@ 73010® 550,500 of mord @ﬁunolaﬁﬁlis

00 or e am aci n one enbodi nent
50 B B BeP s SrATAc B 50, POSE i uiria b qoapsid
protein(@y ‘ﬂEﬁ{I&f fbnt ﬁrﬁlkﬁﬁdwﬁ[so Tha th afkig éﬂldf WPoteid &h;ﬁrotem fragment(s)
antigeni c protein(s) rotein ragnent (S) derived
derivedf rﬁ@m am uniﬂmemeau Z Ty roas garaltyeedalto eprotideo f@r angreased ofesirable
racteristi

des bI
charactb G NP SERERP AR S R aPEaed ReriHRP dnpipased recombinant

expressidi*ﬁhﬁﬁﬁ@ cERCIAGRI ¢ThBlent £XEHBISS bOfinprovéd besilent ®indindProerties.
efficjent assenbl y, or _inproved coval ent _bi nding

In one gppgdimanésthe Jnflygrizs Reptdh surriec into tthe cppid pERigi is modified by

I I

changm%@& ?J.ngl 0 agﬁ%eﬁl?églcg,&{fl‘rﬁegélgghééﬁgazﬁtgmﬁ%ogs \Aﬂréa'ﬁigcmg aflflgéiluc nature

of the paptide. alni amtlﬂbo esibndimene dhke mfmhnzzaqmptlge imsertethintis the aaps1d protein

. t eptide. In anoth enbodi the nfl uenz

is modﬁjlégt ostriEslebens! ARedifpRiongpRIch a&r gyersiaten. RgPhprlption or

lipid mQ&iﬁQé’cﬁ;n tanRkit RmalinteRdithe %ﬁdt&f‘&tlg%ﬁﬁrbr%m or protein derived
gl ycosyl at i on, phosphorylatlon or lipid™nodification.

fragmentreaarbst medifiedibydihmeging its hming e¢idtseqhieant.i Weanréio tbq: olieration does

not redlgc%&ﬁé (Iz)\%tggle?l}cdga&@ﬁ\ére? tliop%'i@ggﬁﬂ 3 er}m&pgodl ft,ntgle 1so¥ated antigenic

protein 3t pRtéth dBRvEAPRSsm @ s MEMIAE® bl PBstarinkBEBhL nitdi fidaion
the peptide. In another enbodi nent, the isol ated

Imethgeembodimenis@if theppregand invientiems k@éF gnedgeipled prajein or protein
fragmeﬁpn%ﬁldﬂ egoxmlen?l éﬁe%ptélstg%'ts&:}%évee frﬁeﬁﬁélé ?éhgglbﬂgg\énﬁr or virus

|solated proteln or protein
7




10

15

20

25

30

fragment can be covalently attached to the surface of
the peptide-containing virus or virus 7 WO
waQe/a1sh904 PCT/ US2006/ 027764 |ike particl e. PCW/US2006/027764
anot her enbodlnent at | east one avian or human
. L.nf l uen iral e|n f ragnment. con istin
ke paylen B 8eler Suo8iPegh A1 COERYRE 3B RPirn Hningr L protein
fragmentoabistiigd ¥f 1e8¢ HAGNRE chidretdEins Utidagguéice toTehd pitdiflGs covalently
cont ai ni ng virus or viral like particle. In _one
attache rip ol nswtace tafetheopentidat soptaining edirusner garel diksr parels. In one

embodi%gg %ﬁ%ﬁgy grgﬁecngérnet ggf;illnﬁh)rc}tgm fg']a}meélg fnc Ides f'aﬁlg?stié, 15, 20, 25,

50, 75, ¢dddSD @M orafiore it &gdnt i nvention, at | east one M,
NP, or HA peptide derived. from an i nf| uenza Vvirus_is

fanednge gbodipent P SRoPISsot dsreniey at dest anepl%iﬂ’v iOF El peptide

. of e
v, 51 00 A i STTRUY o SRS U5 S REDEDAE kb vims
formingk filst atcongnsdnt caesid pfdndeeptide and ¢ha‘ neoasmbmaraivoa@mdémsiém peptide

is Comta%%v’g n l U §I§%¥)I8[5#(F€\#qnly§g ime F]ilntaﬁ g’l%&%%%l dd{)url'l’(l){:{:neljn uenza virus

fused té %C&Bgﬂllﬁ%upme‘a fréHS PRnPEREd B8midd alsbichd recombinant capsid
enbodi ment, the first reconbi nant capsid fusion

fusion prptide.dén Hrisl embodineent, rthe firdh |rcﬁa>mbmm§ sapsid @aslmnpeppéqde jatd second
riln.vitr.o

recomb Hefy FHER Tyfo prRR AR wipbleb pee R Pl e o R a viros

or virud likeEpRBaEIE] The résaftahthains ke l"&h theh Be @BmbiRH 3ifdan isolated
antigenic protein derived froman influenza virus. In

antigenigrotephéatived dtom aminfliepra vigise datoae satpodangny, thepepfidlesatained
in the s &%ﬁ@é&ﬁ‘tﬁharﬁ%ﬁﬁélg f&éf@ﬂ gél)tﬂg RL Hg%/édsfr&ﬁr | il fc';r dg[l?ga% influenza
man or avi an ['uenz VIrus proteln selecte rom

virus pifokedn gelectpd (fmnst}&tgrﬁqp obnsidting MZ MhHA2, hNAA, N, WBIPBEERB2, PA,
ne enbodi nent, of the present

and NPanglﬂ%Q%mNbp ngné @gtthedgreégﬁ iByeREgn; the ipgpiidgeqniained in the second
recomb{n% sf@ﬂfsuﬁlﬁlﬁlﬁ)‘tl% 18! ﬁéﬁ’%dpﬁ%' ﬂﬁuél*fzad\ﬁfds ggteiﬂsoﬁk or NP. In

I nf nza vir protei ns HA P.
some emhtmhdlemrths peftalepoptaintd in cbhrt acme«l:l repcmrtbhrems eqpeittifusion peptide is

re |dfu|on id |520NP n ot he
NP, T GRS eRR R Sept CuRRS HEfhel oL Meambi®t hid fusion
pept1der1§mh{‘§ﬁﬁe 6ﬁ9§d11ﬁle§1’eésth9!HA peRideds desvdd o BN H3, H4, H5,
enbodi nents th et| e Is derived fromH1, HZ, H3,

H6, H7+-{8, HBHIOﬂéﬂlHHlZHé %14 PLBISHI1, H12, H13, H14 or
]ﬁlg'%tlllla'}loﬁ{elrlelmb%%%gﬁr off H;%oglleggnqtm\oz (}'f he pr os1t10n is provided
nventTon, a conmpoSition 1S provi dét

comprising HS/ii@s oy ivirus hkd: bertiory tvhetetn theharsior Vﬁlhl@ h\kle rpaﬁmmer comprises a
virus |i artlcle conprises a 25 capsid protein,

caPSId RreFesy éaﬂquoﬁ?la PPIaRk Vi fsec tosB @t d6gst 9nea%0q8@a§<ti pgptide from an
t )

a0, Y89 0MAEcf AR ARSI Srn ) pffrin o

capsid ﬁtsmnepaptlﬂbﬁeareaapsbld off usseablpeiptiivtesr ar eimee bl arvsfor virus like

. . ass I ,.in VO Oor in vitro, to vi.rys or virus
particlep, 4pg Ty isp Biedatibadtie b dh e af Bbgemis
RERLI SRR ehHREinh &rdhd Brds Bt iHRAein \préH@es d Ebrddsitlon comprising
anot her enbodi nent,” the present invention provides a

a mlxtuc@ nﬁdgms 00 rvmul@ e mrtmj;es Sheeeimithet mixgursf comprifss @) a irstugrus or
er el r.ses

viras 1 {00 bl s EnF ket A I RTPAIVEES 443 o 1ast ome

second VRassr ARB 1kePattife ESr@AThAR at Mabﬂtﬁi&lﬁff&r’eﬁﬂiﬁﬂuélﬁd vira) peptide than
| east .one _second virus or virus |like particle

that containediimtheyfiest vitaa or virme Lk foreicdntandnifl) @s iselated eafigenic peptide
peptide than that contained in the first virus or
virus like particle, and iii) an isolated antigenic
pepti de
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8 WD 2007/011904 PCT/ US2006/ 027764 derived from an

i nfluenza virus. In one enbodi nent, the influenza
woeptviddem4are fused to a capsid protein deri vedTfusemmsa27764

plant virus. In sone aspects of the present invention,

.. Jthe co sitions c vacci ne.
derived 5 A8 THRG SHiTe o 30 4% sibaniREE bR i Ro8 bl aps fused to a
capsid lﬁBte[fﬁcﬂenVEH@roﬁpi'F@ﬁﬂ Jih@Ns can be conbined with an

adj uvant and adm ni stered in_an effective amunt to a
Fuseae @pecaﬁpmp prasentgnyngien, the cempesitionsrean pewiibized in a vaccine
st GEBNEE RS SFRCH T30t " BaFATD AN oo con e

comblned'[l intithlan ddiuvasredediagaistoest 9 dnheffectivpanbinta a ietand@sanimal in
nuno-stinul atory nucl eic d(s such as CpG
order tosthg@ﬁdggnunp HesParseaj Ihho@ﬁb%b?fjéwn ike compositions are administered

[

withoud ML (W hARGE br MELE, By 300 oipbo Ao ERCATRANEA Hhludes

1mmunqmsme}atory mueleid amld(smcd;umﬂeasvﬁpﬁesequeﬂ[t&s chrrpedait i amisodiment the

. be. 1 ni st ered uman apimal, in a.. .

mmune; atygfﬂ%ﬂ{xy 3‘11(;1910 ﬁalidksg ic%‘la{)]? 89%?5‘1‘1%}?5] g;t%mﬂ Vdrus like particles.
SHpSERAMkAbE ¥he PERENOInvEAKIn &RIldePHAERI She cBmBBﬁ’ﬁan can be
enbodi ment, the conpositions can be admnistered to a

adminidternd o @huraan orsdnitinl ia apmbsteatially nyoifief ifen, ffor enanipde, substantially

n a for t hat .i ncl udes host.
free of SRRl Giptofls” g S cltodlsPaRobR Sompatinfis o B Pfinirpd to o
human of ahif@il R 8 partially Pagifiell Fsm, Xofekfi8le Oin P FfGanthcBides host cell
conposition for use in an i nfl uenza vaccine in a
protelnhmwb&mlmﬁpelinroﬁﬂim| ded conprising: i) providing a
| "
b ki Eudh R oS Bl PhiBltbg U diSuERRRY Somposition for
use in awmﬁuenmpﬁdcde iB achuman @r aninth] &qpoadsd cgnphi€ng:i r st
nucleic acid | st cell tg produce .a capsid fusion
Pe pt i BEvijing 2 flch Eciggéc‘afﬁb% .aﬁ) Wsl‘ggﬁ ca@;@.m@eknosequeme
orm [ [
provi g?ém;lgt% HFéedaﬁsétg[ngﬁfel %ecgﬁgf%él?%l gls & acféo’l a{e}ng)écﬁe%%ngathe first
I east nmieic anitliig e host cefitopridncoa cqpsvt ﬁasmnfplep'gctfe nt
Bk ceSrb T Be saluh B roBfEs B Rl s R Sirus b Pyt
H[)Oduﬁl%vid?l@g @f"léagteﬁh& se&{nﬁtrﬁic[bl@ hacidl &lcBHgl 4tBAR Nne antigenic
iv) isolating and purifying the antigenic protein or
pr ot epwteﬂn aynertein afiegmes Jorivednbpmi Ay nfuendar yupstrain, and
Vi rus t|cI nd {t.he Lsolat te
or o PRTERE s et B e d B 3 B AR Blufl Bpfigenic
adm npaidiabt pdtdie fiaghemgn or animal. In some
enbodi nents the virus or virus like particle is

BPodusekiting aad purafyingihe antigeyic PYS@HE%H%W@ fragmeptognd
Lant Sorfthinf E i })r Githd HlEee artlfclg R R i 1s Sﬁrﬁ%@ﬁlﬁ protein or
e virus o V|rus I ke e I's pro uce
Ps e udpraten disighletnotoefoon mscqu:ﬁtltmal dapalle ob bdeinistration to a human
enbodi nents, the capsid fusion peptide is expressed
in a ADEMk| | such as a pl ant or Pseudof nonas

il W3hE&8mBBGEments the virus or virus like particle is produced in a plant host, for

example, in whole plants or plant cell cultures. In other embodiments, the virus or virus like
particle is produced in a Pseudomonas fluorescens host cell. In other embodiments, the
capsid fusion peptide is expressed in a host cell such as a plant or Pseudomonas fluorescens
cell and the virus or virus like particle is assembled in vitro. In one embodiment, the

antigenic protein or protein fragment can be produced in a eukaryotic cell, such as in whole
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cell and the virus or virus like particle is assenbl ed
invitro. In one enbodi nent, the antigenic protein or
wonroet7@imolr agnent can be produced in a eukaryoPCT/usedob/027764
such as in whole 9 WD 2007/011904 PCT/ US2006/ 027764
n [ o r / ddi t] onal. . .
pants 1 3 o AL St bbb CoBpabhl i L8Rk ot g protim
fragmengcarbbe proddesiesh dny molaryoiik eelly doi exp@dlé,, inf B c@X@&PéRdomonas
in E._ coli or Pseudononas . f|uorescens. In some )
Sluoresgansolit AERE SRdimeenbs the ¢apsidolisigapraplide 4pd the@ntigenic protein or
tein4gntRR hie JOLALE Psahek e id fusi i
pro emco- expressed | ﬁéstg %défnstgrres%u kgﬁ{%ﬁ c cél/d?‘,i ﬁla(lanc(i1 P lﬁeﬁlsmn peptide
assemblesp@i Wvd bs fam peyptisde Enaskilenbdrtslei i vibeo etbotlimndntathe capsid
. virus or, virus like particle..In other enbodi nents_the
fusion pepride s e agfiasi, PRAEmAPID IR HABPGUrATE PropRieRecon e same
prokarytiel &I shERASRNPs@BmERasC SRS 3R okl hite Ttlfea sid fusion peptide
rokaryotic cell, such as a Pseudononas uorescens
assembdas|iiz yivariel farieea vimpslile radsilon peptide assenbles in vivo
to forma virus like particle. 10 BRI EF DESCRI PTI ON OF
THE FI GURES Figure 1 shows schematic draw ng of the
i nfl uenza vaccine conprising virus or virus |ike

particles di Spk@ﬁ%msbmllméﬁTﬁEWé?ﬁﬁg topes and

i nfluenza virus protein or protein ragment antigens
dagurednshioys sehenesdictdsawing ofite. infinerse siadeine comprfising virus or virus

e o RDB Sl L e, PRl SEASHS 6L (YBERACHERS B r o

fragmeftC BeighE Codslamiyn tinRéd GO \tA¢ NtP. at RapiaBMonObs iflud8REmulatory
VI [ Us proteln or rotelnfragrrent antlgens to the

nucleic\picld seqpences ((p&3s) ikibe particleds also shejue 3 schemati c
U ity . el ot Lei .
S04 SOARTICT I A LRGSO QLR ) ot

or protéfi filapmenteanti gatsavsheevintses sironlikd pLGdiW129 CP fused with

e-1 jnfluenza, virus _peptide I n Pseudononas . i
ﬁé&% ob S RVEE elyenppsigaionaemamapersamplatasy micieic acid
bl ye 8 thSU it ?é?fﬂ) ~Figure 5 shows

sequeneggrggrg)iflon o?mc):l(:all\]/hvlllgéﬁLgP& uselg with Me-2 influenza
Wigure 4 sbpvs dapiessifls e dOOMNVAIRL9f CRBofisst evith M2edbtinftiada virus

ey P e Sy PP By i

stain (BhWi§6gbM t h NP55-69 influenza virus peptide in
Pseudononas fl uorescens as detected by SDS- PAGE

Fignracl shgwsicnprogsion wé QMY 128t @Pnfusechwiithr diend .influenza virus
- 1.1 OBIL [ [ Q fus .t h
peac i B BAT 3 0ok SR i e s
stain (Iivittogead.cens as detected by SDS- PAGE stained by Sinply
lue safe stain (Invitrogen). Figure 8 shows .
%k%ré ShAvvsoexRIessienoet @Sl\g\%)ec’dcﬁi e ot B85 Afinfuemza virus
tide\th "PiSud it HfolBcdns QY QDY ! Red:
peniesh B A 15 BUNAR0S9 HUPRERC ARy LShBE e
stain (Ifviimogan).ogen) .

Figure 7 shows expression of CCMV129 CP fused with NP147-158 influenza virus
peptide in Pseudomonas fluorescens as detected by SDS-PAGE stained by Simply blue safe
stain (Invitrogen).

Figure 8 shows expression of CCMV129 CP fused with HA91-108 influenza virus
peptide in Pseudomonas fluorescens as detected by SDS-PAGE stained by Simply blue safe

stain (Invitrogen).
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10 WD 2007/ 011904 PCT/ US2006/ 027764 Figure 9 shows

expression and purification of CCW129 CP fused wth
wORey7b1190% | uenza virus peptide in Pseudononas PCT/US2006/027764

fluorescens as detected by SDS-PAGE stained by Sinply

. s@f ai.n. (l:nvitro -Fl gur, .
Bils20 B T HEYE g Y S DR i e
influenwa wirss péptitiepini Beutlombliasyltioraeansad ddedtesbeSDIRBAGE stained by
cteg by _westernp blotting with anti-CCW and

] te
Snnpb&ﬁ%q&%& aRt(yauess8)-14B. The M2e peptide i s recogni zed

N . ' oa e '
Bl Wogr ko or T4 coTae Sagass! ot v
peptidepinaRtegdasonist fudrestehy aSDSeétaGhyanektarr H@ting lwith inthGCMV and
. it nti- d anti-M2 antibodies 14B. The Me
anti-M ol 15, Lhe Bt Sarmortive Bes il weivodssr gur e
FigROMBSsHIR SORLSIBADIUPY filbed %H%el-ﬁ iR &H%%Hﬁhgpepﬁde in

i sol ate conprisSing signal peptide,
plants g$ gletectadnby aBBSRAGEE nandamasient dbdttsgriweith ainti-GRMVc ahd chnti-M2

.l e13 ows ,.the structyre of. N1,. HA mononer.
antibodigs S THE MEAKRRB 8 R e sp et P AR T P B ased vi T al
FR@irer2 §HofwsChb 8§ Rined ofhn HAPréieRZRomr K BERN$ iflate comprising
protein fragnents in plants. 15 Figure 15 shows

signal pepHdordta b antt BiiZn draps-nsiemenadomedn,\pad cpioplamisdald yadieated.

I ' fo iyus proteins in plants.
%ﬁéugﬂggygé%?%5“@8%¥%§%%ﬁ%ﬁﬁ%gp%ﬁngmgkpress i nfluenza
Fligure ToF shozvsnschematic @iaiing fof FMEMasedCHifal Becded fdtgéﬁgﬂession of

) to plants by mechanical inoculation as plasmd ,
influengg profeiyga PrfRINAREHRMNENS um nedi at ed del i very.
b 45L& i ' s | i
e e R e 11 2T B LA vEURE B 5 pHBfuction
of influgerd vied ffroteinsain flarfts.uhe alant virss véctzetigineerad ¢@psprdss influenza
. ratein derived froma plant virus_ formng .o .
virus PROLRBHBY Rré’ﬁ?m dEFEIE 8 Yy, Sctiy i g @len, B PibeBanisah drpeulation as
plasmi B, FirbURNAN) oPE?Wg?&abﬁ:ﬂﬁﬁ‘i%@tﬁi@te@ﬁeﬁ‘%?ﬁnbl y to forma
virus or 25°virus like particle that does not contain
host cell plasma nenbranes. The reconbi nant capsid
fusion peptide can contain influenza virally derived
peptides. In enbodinents of the current invention,

t he reconbi nant Cabﬁéxﬁlﬁﬁ@?&xﬁﬁﬁbk@e contains a
n

pepti de derived froman | uenza viral protein. In
I addchpQaehsishpestidgents, the peptide is derived froma
conserved peptrde, derivate or honol ogous peptide
Thepeesent Miventeonvieizes dit 3easpent paetideaderived dieme vednflueonmm virus
. HA . or NP pretein..ln so enbodi nents., ane, . .
fused 13, psigineelh aSTsEl BT e SHEF Gtk eaPvatD b ehed fusion
peptideOrTitefecdrabindBS caphidnRBdh GEEptild & ephble AFTds¥itbly té %R virus or
X HA, or NP can be fused to the capsid protein. A
virus likpparijele thas dees neb rentaig host cell playparpemprnesn 04
C b . n. no...
T e s A Lo Bl P 3118y 3R Pbtiaes
In emb8&imedB, of the current invention, the recombinant capsid fusion peptide contains a

peptide derived from an influenza viral protein. In additional embodiments, the peptide is
derived from a conserved peptide, derivate or homologous peptide thereof. The conserved
peptide can be derived from an M2, HA, or NP protein. In some embodiments, one, more
than one, or combinations of conserved peptides, or derivatives or homologs thereof, derived

from M2, HA, or NP can be fused to the capsid protein. A derivative or homolog is
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95, 98 or 99% identical wth a reference sequence. a.
Hunan and/or Avi an Influenza Derived Peptides 5 In one
wenbwditment of the present invention, a pepti decuaseoed27764

froma human and/or avian influenza virus is

I f d d f
e BPBRGA  ARTHIE K04 PGBRY P LR A S o .,

95, 98 sleﬁﬂ%n‘dmﬂcairvﬁtlv\@felferkmwaquamcé.he art. For exanple, the
Nati onal Center for Biotechnol ogy Information
mai ntains an Influenza Resource Database containing
nuch eirg,,Af ns, and am no
acid seéuen‘ggz&%{? W#g'%? 'Jf}gst rg%uzéss of human and
dwioae embbdmmmz af WHerpresent: iwediama hasptils deredd fdthe latman and/or
/ vww. ncbi_, nl.m ni h.gov/ onmes/ FLU FLU. ht
avian ifluchsp R &8 Seriorle ey YR CEPDh DrIED deHee o A plant virus
HumanVérfdadvuﬁlaiBﬂhan%rﬁfa? betéiﬁ‘ @etﬁﬁengéasrelré{ Gi11 EdoRm ih ke Qx‘fn B8r example
aci d sequence of ength influenza virus prote
the Nationak Keentesnfiod Bm«:almplogy hblfpmfm’cwde nsaaitmns eah flofluenza Resource
Lnsert.ion co rls s at | east 9, 10, 11,

Databaie2 cor{cgmmfdfnu segHenges ex_qlg)d'nlgapr @ns 2'111 agzmo Z‘]gld %ﬂuences
from 1§t‘5atec3@tra1fﬁ5,of4iﬂlm:ﬂ5 ancﬁ@waﬁﬁnﬂﬁéhzaeﬁrus?oThZEdata%Qse &P available at

90, 95, 100 or nore amno acids in |length

http:/ vpepacbiaBetbeowaenamesBiLHFLIkksd. 75, 80, 85, 90 95,

9 ni t.i de
con‘E{eP%?eg gglgk?&? gog's ﬁ&iné%m%(g tﬁgiﬂag? vg%l (P&E%d %teml?n lie derived
from thESmid6 ,aci]i%eqﬂe&ce &B fulEIéngtH Infl@ehza 28us gfbtelﬂé In?@cher%mbodlments
40, 45, (g% 0, 65, 70, 75, 80
the pepiie fpeied X TGS HISTHROTE ISR B4 IR 66 7 f Phd b?r 4ol 15, 16,
17, 18, flbom ‘Qﬁ' oh 33t 2 ?50'96'36‘3% 29 561 55 Jo2Bs Va0, Y& @%'966%3100 or
pepti'de’ s€l'e¢ted for Thserti’on’ conpf ' ses’ art epi
more almlpabmés 1mIength cThé peptida selemedecan e est 1751, &0, manam 9ff, 98 or

0 Det erm nation. of epitopes.is
99% hHilSEs 16 R A BRALP R PRI L Attt 6 Br 01 Hodht 13, 14
15, 16,117t 08, tib€2(®I28ND2 \i3r ol Baps; i, 49@4 8ON54 30, @ﬁ%e% %@ 8% 90, 95,
detern1ne it s capabl’e of eliciting an
100 or n@m@e aby‘ls frpgmivithist the mﬂgenzaeprswhrefrt)mdwlpelprtusjéertvedan
or _nonke

B eEboe iRy P dRp R AR hfon o, S 2 spigifcapable

of ehc1ﬁf1§$ﬁﬁﬁﬁmﬁfe @Eonbe e thuhﬁntcﬁrearﬂlﬁﬁl | DBterrhihatiOh BEE 1to es is well
nbodi nents, the influenza derlved anti geni c pe

knownélaﬁheoért alHog rexampls, paspdeesalpred &rainsestion inde ithe p flt vml capsid
i nse r Qv
protem &5’1 féés gclasgénﬁc Iﬂ)n %gtﬁmﬁ HE ?Cﬁ' 1enﬁg§b?9 é)tf hcitﬁg %}1 I%gln‘{une rgsponse by
admmlstﬁtpug)ﬂae delecredlbep‘tideho a0l ianign 4 sogiedst 4 m3u363ﬁ1bb1t gouk, |dﬂ6}1ﬂiﬁey, and
M2 Pept.ide The_inf| uenza rotein is a 97 am no acid
subseqyRgls TBE SPTAL M Uhf SR L e REGCRt OLaiRplighiodBe peptide. n
other e%b@%éi‘ﬁse R Bﬁﬁl%ﬁ‘zaedéﬁﬁﬁeirﬂt Eﬁ%lﬁé filie EEPF g atlt@feq'tgl{@ rove the
am no aci ds span 6 bi [ ayer 4
charactp@fglc@i wé shevimsett, amcél asc)dvat sot bmltGIde:o;:;mpxpivak gkpressicteinothe host,
t 2 WO 2 04..PCT/ US 006/ 027764 In
enhancecﬂlénr lf%o&g%ﬁ’tanﬁtlﬁlgrw Yﬁq?rflntgn%ﬂlw PPR ]16?1 t he present
invention is derived from a 97 am no acid sequence of
an influenza virus capable of infecting a human or
bi rl. InfluenzaildPiRestidpept i de can conprise the entire 97

] bset, th
ggknp%%}%:ﬁ%%ﬁ%eas% %95 ggl?réoaa 34 ngeemganﬁeﬁr%?eili., TE«E ,profgt,n has 24
amino dodds ihich by exbosedldkiradQlulRG; at2he Nermids, @%amidd acids which span

the lipid bilayer, and 54 residues which are located on the cytoplasmic side of the membrane.
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30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90,

95, or 97 am no acids chosen fromwithin 5 the 97
wamotwisoid sequence. The peptide sel ect ed canPOE/USR006/027764

| east 75, 80 85, 90, 95, 98 or 99% honvol ogous to the

gnz o%enérla? 0 me tp ﬁ%gl\l/lg :prtl(ﬂill%qlczgé %%rﬂr%lglq %entl%)%aigtfgnved from a
97 amind ,aciaoseqaéncegoa' anzﬁlﬂuglgﬂa VARuS @aggblgfbf iftfctifl® a ﬁﬁnalﬁér bll‘% The

am no acid
denvedpnﬁitldﬁ oAl compisdi themngreoW tanmn@ rae@emquemﬁemrulwna subset thereof

compnélﬂg H?%(t) ﬁhssé\%égfé\;ggdﬁ;%'{ éﬁdln% T, 1;‘ G8P16, 051, 22, 23, 24, 25,

30, 35,eX} 18- 305155 6@ 650 GURTS).80E8H02Y, WEN61S9 D AmindEcidy E15BBE from within
i nventjon include wherein the M peptide utilized in

the 97 gipjgo @P@ﬁﬁwenpﬁvmneehdq selqctrd ca;z@eat ead 72 86, 85, 90, 95, 98 or 99%

ol 331 04 B AR Bo0E GRS AORRAPIN o g 0. 101,
12,13 S@glﬁi‘rléf_‘ﬂ 118, 39 @0ohet, RUD@CQAUEBJ?»O BBMGYZSDE(MSSQGO 65, 70, 75, 80,

tilized in 15 the present invention is conprised of
85, 90, §ﬁ I /rEnine peldg ubset of the M2e-1 peptide conpri sing

PSRl qfbogpet b e Hhvepin sicudihe Bk pcblay Hited i
the pressint hiventidreis Meavdd fremt thel emiﬂhzmlqb extra-ckdludel dontadnl Embobhiments of

the prefige nygatan Bshiie uicotin JBM2 deatigy plreg 2y B despildnvestion i the
23 amlﬁo ac?ld e&trac%lluilag adomjailn sehﬁeno%%&’[Zé‘A (SE% I[j-@o 317 Tal;-lg 1()) Herived from

am no aci ds of
the ummrlsféb' @mb@‘dedrm sequt:rm@ NR apefbet @mbodlmehiz éhie M2 penpélde utlllzed in

the prefipf BRAGHTISTRHR e Ar SEAIRCse BBso’ O AN rprisin
at 1eastﬂaksl @, 1)8, 9,noanot 13, enbiglileent,, 18 he, & xepp) &623 am1no acids
utilized in the present invention is conp ri sed of

chosen g itk the I\be%mpt@ﬁ {lhe prptideselsatsd icap bé @h’;?ﬁ$ts7|5n§0 a&S 90, 95,
98 or 9%2;%11&@0g(ﬁ!§ t§ %71\/15%1 }%Btl&g seq%éncgm]c%w ﬁglcnlg(ljﬁf ’leaégdé,e% %f 7, I m9 10,

11, 12,48} 4, ﬂS;hﬁ 1VRES, 29 pEp il f22, of D2 amépt doils IBE@ IR Ned. can
e S 0, .85, 90, 95, 98 or 99% honmml ogous
?‘a @ﬁ@e “?16’6‘@13‘?‘? M2 peptids @Hgéedc‘Bﬁ%‘?Pr§?%ol%‘fenP%§tdeﬁ“’ed from
the 23 énm@ acKi e)(%acéluléi'Qion‘fla;n se];aencl: ? ’(Sﬂ% IDRo: 21;71"abije81r2. 39 another
2, of "SEQ ID No:” 2. |

am no aci
embodlmam Irth¢ h@mdnmnhzed methw@rqselptihwtioniid; cgmgrisad ¢ftem amino acid

subsct B 5 Hhs-# RS O ar Rinecti Rk Mol Osk 1 lpi33% 5. 16,17,
18, 19, Tahhe, 32 . orl 73 arﬁﬁloa&mshﬂfosaﬂheﬂﬂ WRHin, the M2&2 ﬂé@ﬁae% de&he peptide

utilized in the present invention is conprised o

selectd ot & 4 16955 b 86 &7, AOSNEB-8 e EPuSIRmNB D ShndL2n2 peplide
. 1 1 1
sequengipingn 191 %5 %, 261048 LhAg Il 1047 fras o 21 2

or 23 aﬁﬁﬁrﬁzldmmﬁﬁdpmlﬁowpeptl de sel ect ed can be at Ieast
75, 8 85, 90, 95 98 or 99% ho ous to the MNe-
e gpeiher embodymeniydhy M2 penfidecatili CODIEFEY INCIHAR AT éenved

from ﬂf{:%?pé%%’ﬁb régldaéxhla@éﬁlflarddonﬁnb@eqél%nce%\/mg 3 & B3Nt 3, T;fg’lfz . In

2 amno acid
anotherSEGbédimisot, the M psptidel utdivet Herthe pooeditmaventisnes ddinprised of an

amino 8 e ishe MFTLPRLCE coBPRRBEst . oot i Weddekbd 14,15,
16, 17 Of 8 ' 1'9‘ | 24)9 77208 2 &inklindV &fAs8¢hdden ﬁoﬁ‘f"ﬁi@lM%S_E?aﬂtﬁel\bThéf peptide

I'n anot her embodi nent, the
selectedncam |bgea41 1¢a$t 7880, 85, 90, 95, 98 or 99% homologous to the M2e-3 peptide
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present invention is conprised of an am no acid subset

of the M2 peptide frominfluenza strain A/ PR/ 8/34
woOkldddbi1wenpri sing at least 4, 5, 6, 7, 8, 9, 2OT/U$1006/027764

12, 13, 14, 15 16, 17, 18, 19, 20, 21, 22, or 23

onen LA BEIPSER, LR BRI, BB 2 14 30 [ATALR0Z8 o1 o

22 amigs admﬁsﬂsmn)&tb 385, 90, 95, 98 or 99% 10 honol ogous
to the M2 peptide frominfluenza strain A PR/ 8/ 34

skl anodes r erabasgment, |they M2 peptide uglized irg theypregent inyention is

derived]'ﬁ)'o ]tl?fe %§- é@é‘?{f;&g@gxtr%:%ﬂu]%ﬁ doﬂl? g?%lé% oié ﬁ]gﬂug s%{? J]g{]PIU8/34

(HlNl)\/QSEQ ADi Ne: 4t Tdblz @yl iIn ahh‘ﬁep meedltnenf,]\thmMZDpeptﬁle utilized in the

derived fromthe 23 am no acjd extracel | ul ar sequence
Present JfVeIHioR 8 EPRPEFch o A Re ams*nﬂ@a% tro fra M2 2 PrAY frpmpinfluenza

strain A/PRID34 BL1ND) %&aﬂ?smg'aﬁléagm heg, £r09di et 1, tlﬁelzl-\’%s 16,17, 18,

pepti de ut|I| present’ i dvehti’on’
19, 20£6ﬂ1pr22,senl 28f armimoantide cﬁoseuh sﬁmmsﬂte o2 lphpildﬂﬂﬁ'pﬁphnfﬁﬁnza strain

A/Pw8fé§4§gl];{ I | ;el’g%aqegééai ectg %%}1 b'\e/bqglgas%h/S §67§é FH(Q%‘)S f§ or 99%
homolokﬂus tolthe h@pepliﬁe fibfh mh%enz?ac%tra&llA/P?@SB@ (HZR1 PEBRRi sty f Feast 4,

hosen fromthe M2 peptide frominfluenza ‘strain
5,6,7 N?;dros 1Mooy Bt I, 15,4175,(lll|,11\$1)19 Zﬂgélp%?{aﬂB@mlmamcdoSEQm No: 4.
99% honol

5 g A 2 S R v

from tﬂ\d)m:uﬁﬂid héid 7ex21@ct€11‘d1&d1§eqﬁéﬁﬂé réfSinfigerdda dtQAS IA/F’ort Moxﬁiouth/ 1/47
11, 12, 13, 14, 15, 16, 17, 18, 19,

(HlNl)ZQSE(BllD Ba Snfahie 4bi &8 agethgrembeslissnt, ghe MR BQFW@P ut111zed in the
present SHPQRIAEE (B m g@&i MZ SRlihd %cfﬁit él%égtecg‘ thi 1\’[@% 19!.]’ (?esﬁglrh influenza

I nvention IS erive from am no aCI sequenc
strain AVEext MoLoytBEG7 (B I3L) @ﬁlp(lj'l'ﬁﬁigleelléa)sté(lj 15 GaH;ﬁB,hSero 11, 12 13, 14,
tide utilized in the present
15, 16, v BP0 ?En?fhf%%a ngracyls %ﬁ?%ﬁ%.ﬂemweﬁomﬂueﬂza
strain A&ﬁom&{&ﬁ&ﬂ/lmgmm) C@HPf)élp?id@Qele&teh 8aSbe Ateadt 76 807%5 90, 95,

18, 19,
98 or Qﬂ% dpnzioges doi e B aseptidé rom vinfliminga tsheml\/Aﬁ’—cﬂ( Mc)nmouth/l/47

o B TNEGBPL! 65, 3UFEHET,. 108 58 520 3.2,

23am1rﬁﬁﬂiidls<iﬁ“mmmbes conprising at least 4, 5, 6, 7, 8,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, or

k;zotéﬁﬂi grebodimprs, the MsHpptide NBhZ@izm thagpriesens irvehtiemis dhved from

{
Ll A —
the M2 qfepidPRiIB{ed 4n (tllrd:lj}ifb);c(rﬂ‘vil)veﬁiﬁli@ld &Iﬁiﬁl’lse& B)f arl ahh@ ac’ial suﬁsﬁt of the

t her . enbodj pent, the peptide utilized in t
Mze- Z(Sxfggemdq PRSIt lgaséﬁnfrrq Jed> 3110, 2, ]eﬁnlﬁol‘bc]ﬁdm 17,18, 19,

20, 21, %i" QQ %Ynn% aJ:\f@s @ﬁcP 81[1 @fg%ﬁﬂﬂﬁ%(ﬂf%% 26?}%&4{@5@%%‘% R%}ﬁﬂ% g,elected

can be a_tgﬁaSEfbﬁ 8?_01 85,090 22 28oneY % diod®1adoos enthe IMIB -A(WH/p8pidde sequence

oG R 540 F0O) CH001, PEISEO0N 057160, 10 e,

acids oS SEQMDIIhonol ogous to the A PR/ 8/34 (HIN ) (W)
Ergptlde conprising at least 4, 5, 6, 7, 8, 9, 10, 11,

stil another ephodimgent, fle M3 pep_tgle gt)hzezl]_m ﬂga p@senarmvmltlon is

vt Y500 LR BB BB PRI TS TB o v

1). In dweilicy @thboBiniengrthé M2 ﬁ%)tﬁlmuﬁﬂué&hﬁth% EseMGay @tioAViEedrhprised of

Monpout h/ |/ 47 ( HINL ID No; 24, Table 1
anamwr?gt%ﬁ%bser?é%? g?é%R/ Hg‘h(ﬁlﬂi ‘gp)tqoa@mtnglati@ét%} |§e§ah 3, 9n10 11,

12, 13, REESLM6, 17089, 90, 25 or 22 amino acids chosen from A/PR/8/34 (HINT)(W-).
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conprised of an ami no acid subset M-A/ Fort
Monnout h/ 1 /47 (HLN1) (W) conprising at |least 4, 5, 6,
w620(87101ib0410 11, 12, 13, 14, 15, 16, 17, 18, pOT/UREN06/027764
or 22 am no aC|ds chosen fromthe M- A/ Fort

G I

R/svm BN <Obgkin wbrwaut 3/ 6/ AR, OHLONII( V¥, 18, 14, 15, 16,
AP (Hfu spem)ﬁébtmst ?1 15g 6 9. 10, 11, 12‘ 3, 14,

17, ISiQ Ly:an %223B$angmd29f E@Ibéﬁ>2@ ami no acids of_SEQ
s, 0 R el S o

from tlIeHZQ anmoramchmieqwenae o€l ME@ﬂMmm(ﬁﬁlh/emge(glzlﬁ\rzlanI)i(SEQrmmo 24,
i sti . 1- 155 4
Table fjpdar %%E%L%%M%ﬁpﬁd@ ugﬂzqsi iy the; pragent igvention is

ot o ki, 4 180 3 bogkh . Gy R
least 4,f516, 7n8,e9,tli0ph1, t23ri3bé4,al5, I16,a]§7[ 18519, SZD 285or QHDame) achB chosen

vom oSSR 09850 3 PSBRES R bSRle s xBist 7,

80, 85 @@; 9233 o%wphoﬂ%go@rfbrﬂpe Beptide ML A/EERY Mo R/ 1M (R 1)(W-

ti de sequences sel ected fromthe group
) compnsmgméf qapigh, &, 655(? 119, Mbs12, 135140k, 28, 1418, 29, 30 201 tre22 amino

nts, any conbination of M2 peptides sel ected
amdsofggﬁﬁPﬁg d?%up consisting of SEQID No: 1-5 and

22 additiondl] embS iR, EHBGMQ? pli@y/inBéHted intoPRs blaﬂt v1§us c@psﬁ jprotein
8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
can be the entie amipogeidsapensrisplectad figm the gr@rrg@qﬂwang b%SEQ 1D Nos: 1-
capsid oprpt£i
5 and 2'2@%&2%%%?1%{3?3%@5 Kaitds 5C8PP, 8 o0i0; . 32, D5 94,15, 16,17,
18, 19, 82(0 28522,20, 295br ni¥e amirdOLidoinitnghu The peptidd ﬁa&ﬁited4for nsertion
6,7,,,1 w12, 13 14, 15, 16,
can be %foleasﬂ§ §(§ 852§0 é‘lﬁ%&r 9%%@%94%@8&@.%&6})&@ éfclﬁ§a4f$oﬁn7 8,9,
10, 11 tlbem,flqur?s CRNISig NG 0h, ﬁE@z 3P Moor hore ﬁFﬁho%%ldg‘}n 1dn3th from
ddi t'i onal’ erbodi nents,” the M2 ’i'nfluenza deriv
within ﬂnntgeg@&n LqpeEes sldecrtahfrbm th¢ peupdonsisting eiREQY 8 Nuvs: 1-5 and 22-
24 characteristics of the insert, such as, but not
" limted to, inproved expression in 30 the host,

& AR e b IIBRE S AbE cbibingfish ioFVIOViRSHasY adieitd BioRing group
properties. Enbodi ments of the present invention

consistingof 3§ h¥pel A 234 ava auhsat ﬂlmgepf ptiagatileasskQ, B, 8, 9, 10,

d h
1 128 112 gt 8. 20 ST e et W on o

insertedsinputhie piat izﬁ'um;iéﬂi)ﬁnb&iﬂgﬁlﬂe IEKﬁ'ﬁ/dUSBﬂlBﬁ{aﬁaﬂﬂﬁfected can be at least
ence_ Nange SLLTEVETPI RN

u %\5% EWGCRCNDS
75, 80, §5c8t; D829 ST hopologous B FBECACNGEHD TP L, 213815@15 16,

17, 18, '19 i@E\%Ilz%zz %ﬂ'-izﬁ\éﬁg E&Bﬁﬁﬁb%e@h%%ggf{gﬁ%ﬁ ﬁ%%§> sﬁ% ng of SEQ
ID No: meﬁ axmzzszuEVETPTKNEV\ECRCNDSSD M2e- A/ Fort

% é’(rio tlonal embodfrsn%gtsl Ble'ﬁ:z mﬂlsenza %i?enved antigenic peptide can be altered’

to improve the characteristics of the insert, such as, but not limited to, improved expression in
the host, enhanced immunogenicity, and improved covalent binding properties.
Embodiments of the present invention include wherein the amino acid tryptophan in SEQ ID

No: 1, 2, 4, or 5 is removed or replaced with any amino acid that is not tryptophan.

Table 1: M2 peptide sequences
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SLLTEVETPI RNEECRCNGSSD Me-2(W) SEQ I D No: 22

SLLTEVETPI RNEGCRCNGSSD M2e- A/ PR/ 8/ 34 (HIN1) (W) SEQ ID
w0la007231906L L TEVETPTKNEECRCNDSSD M2e- A/ Fort PCT/US2006/027764

Monnout h/| /47 SEQ | D No: 24 (HLNL) (W) The pr esent

nop

'IIVCIILIUII al U |JI UVIUCD U V1 IVQ dCII vcd %A% — |||
Seq“e%ﬁe enbodi nent, the noveiFaWﬁ pepti de Me-3 %%Eﬁgf’ng

SLLTE\&EQRII\IE\WECRCSIDSSDpr ovl ded.Mtenl one enbodi MeNnt | SEGUD N9 1

w ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ Feast—7 75—806—90—95-98-0r_99%
SLLTE ho?m ogous Ffégg%o | D No: mazre 5 provi ded. I#'Oaw&\f%%r

SLLTEV@FEBMEﬁﬁﬁﬁNDéSQJeptl de cog?dsing at | east, USEQIDMN;37,

SLLTE\mTPH{NEWGCReNGs%, 18l SRt (H-lNl?\kf?" 31§9ESQ B No: £ 1

amno acids derived from

SLLTEVEFBWI&%‘&ECWSSP% 3 peprtM%FeA(F§“8®F“P1?}élﬁl/‘ff7r o fEH® Nepé- 1
pept i de wher ein the am n(mm)i d tryptophan has been

avli doc"

aof hao trvnt nnhan nnr for
IIUVU.I Ul X ZPL UPIIMII SN . ‘U_
SLLTEVE?PIR@%%%CI%%S@;‘DI y of cer¥%‘| AW Jcapsi d fusi o> RN

SLLTEMRAPIRAEGORCHENEY sel y af f ecVPriyPREBA (Hﬁhﬂ)(Wg)e n|i $HQ P Nk 23

mﬁﬁmaﬁ@mﬁﬂ‘rﬁmmwmm Niombb IR Ve~ osﬁeflwwm

is inserted into a plant| viral capsid protejn

Enbodi ments of the prese ™ h(¥Ation i ncl ude wher ein

the M2e-3 peptide is inserted into a capsid protern
derived from CCW or CPW. In one enbodi nent, the
oo eresppt ipeptionelsmprropidey poved M deriveg 18PdesD Moonezpatiodiment,

the nox%{ RX% 8%}%1@7@128%0&6%\%?@@98 cbg%o . dvﬁlgﬁb n;o%lsﬁ e%%bgdlment
amino ﬁﬁi}sdqﬁeﬁ@s aPRagtr7®, p5,80, dems, 98 oaBQVJlﬁfmcﬁHQﬁﬁltHSm ]DiNo 3 are
e conpri sing at ] east ,

prov1de£12RnJa_ otherembogimer, amqptldfgompglsmg@t leggt 4505 62% %,ﬂ 0, 11 12, 13,
d
14, 15,361 8 h £, 28081 fof 953 A WRerived o egﬁg‘eﬂpgﬁg.p% %ﬁ;ﬁ%flea The

pepti'de rom-t
M2e-3 \phmcm ] delme'edirﬁamm tlaécMiletlr paitoiehsvhetedrs threaninoeandy égtptobhan has

v G 50t bGP e B o et
capsid ﬁﬂ%%éﬁﬁﬂéss vﬂﬁleQIQ)t taﬁ@er%l?%ﬁ@éuﬂgntﬁ@ nﬁlhﬁﬁ‘logélﬁélﬂdgf the peptide. In

wherein the Me-2(W) peptide i's inserte
one ernlaphmdntp ribeeMRe-Hepiplidd fsr ampedSNVingr «'CFiN!Mlt Ivurab raapsid protein.

enmb novel ept, de
Embod IR DT oretsip ey MenBERRBn BEMAT gt el nsepied nto o
capsid SOt ad0kidITRIHh CCMIVe GRNVIY. sequences at | east 70, 75,

80, 90, 95, 98 or 99% honol ogous to SEQ I D Nos: 23

I engypimbodisent, (the ovesl Ad2 p@f@@ﬂ\m@ﬁ(w -pcomisigg SEQ ID No: 22 is

prowde]%g gé{ Gt }%ﬁédﬁ?ﬁtg%%%(s%gc?%e&gérﬁ?g %ﬁ;éagti’é(f%ggb,s%dj g)f 258 or 99%

homologdus tb,8SE(,1 S[D, 126}, 22 ,]are i)nt)g),:{%d ﬁh@hm&d&o&ﬁ@ffg&&@aﬁﬂidﬁéompﬁsing
ided T - A PRI8/ 34

at east gt W Sl 105 b5dh 106861 Forkts HO> Ro? a/5d2amino acids

denved(ﬁ’&kﬁ'@EQ)EPNod 82 1%51%%@ ThenprLigy - Egb%gde A}ﬂ@ﬁ%@&n RigSM2e-2

been renoved. | n one enbodi nent, PR/ 8/ 34
peptide( whetey( the prpapadid ryptophar hvséxeererbmcmed dn capeinbogimeniithe M2e-

200 50 P b G B P R s o

the preééﬁpﬁllvélﬁldrﬁmbm&@ kthegbin tHeQViZe-8 ngﬂ? Phptiné o 1ﬁbé’ﬁeﬁ%ﬂovae&p51d protein
om CCW or CPW. In one e i'ment, the novel

derlved;féml COMEYet NMonnout h/ | /47 (HLNL) (W)
In one embodiment, the novel M2 peptide M2e-A/PR/8/34 (HIN1)(W-) comprising

SEQ ID No: 23 is provided. In one embodiment, amino acid sequences at least 70, 75, 80, 90,
95, 98 or 99% homologous to SEQ ID Nos: 23 are provided. In another embodiment, a
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conprising SEQ ID No: 24 is provided. In one

enbodi nent, am no acid sequences at least 10 70, 75,
w6Q0079319095, 98 or 99% honol ogous to SEQ | D NoPCRAISA06/027764

provi ded. I n another enbodi nent, a peptide conprising

pepice B sy, S0 3, 181020 18 k008 40,2, or22

amino Adi@iSERAI RBHNREG4D RoPLPVE BefidelineThe mgedﬁ/Pmm (HIN1)(W-)
derived fromthe Me- A/ Fort Monmouth/|/47 (HLNL)

peptidepispderéned {ipmr dha MPeARR/EG4aHENL) pyplidsy Haherbias thye amino acid

yptop TS ERry fohedls S RRRGPOmebb i Reriv PRl i) gevice

is insertedpimitc a papdieiprotdiy daeekdf frewh A plinBRiruyi Misbodiments of the present
Enpodi ments .of the present invention include wherein

inventiqmygciyde whersin thaRecER/$/ A4 (NI -) powtjdepe poseded iigfo a capsid

protein dtiﬁgnq@ id protein derived from CCW or
ve conp05| ions conprising a capsid fusion
pme elebadimpni, shengove] d4peépiderM2eArF ort Mdnneith/l &M @ 1N1)(W-)
n ng a p nt virus, fused to, a peptide
comprigg g@PefJP ﬁo ﬁf‘tl%@rogﬁ zﬂ@e@a}b@ﬁgmnﬁgaram%tﬁo FgURRsSS at least
70, 75,30, 98, 98398 @f‘@9%ﬁh@r§1§lo 51%91:0_059? Bedo: b24'd%e @f&h&’éaﬂ In another
I nf'uenzZa virus hemagglutinin s a |
embodlmeahsrmpbdeacmn]ghgmg)mleim,léh % leat, 8 &pﬂéath 1(2;113 nfd, aenk@ 17, 18,

0200045 A48 55 BB 80 T L8 0B
derivedD@&EIStha U268 WeorN N bitk&shal4c @IﬁNlﬁp&ﬂiﬁleN\ﬁlﬁféﬁ NRd andio acid

ect odonmi n, a transmenbrane domain and a cytosolic
tryptophagi |has \lep® gismeved| . Iy 1wg1 ymbedimest, uthe M2e-Affiert Monmouth/1/47

[ e gl r .h of .influenza
TIPSR ALE € AR BRSO, g v
Embodimests afidhe @res&&ehﬁbntﬁ&f?&?clude'r%e&lﬂ et M2~ AIFbrf WMsinh@ith/1/47

glutlnln menbrane gl ycoprotein of influenza

mlNlithaept wserﬁéontoa Serid protsi: @slse@ﬁam GEMepySPMYV 30
I
S ot U PALO0 BBl it e g grovein
derived pirahed miris) intlndingemplans whusi fuséthto a\qmpm @ele@tealnﬁdm ‘thed group

consi R L D B LB GRS 2 O Lerm nal

stem region contains the fusion peptides known to be
i nvolved in the nenbrane fusi on activity of the
pr dt ef#d.Prvidimon et al . (1981) "Structure of the

- R B5REURERIEAT & & B8 PR s, ehggprgein that

appears%rﬂﬂfﬁféﬁtdl irgs paﬂi&lﬁstﬁseh&fi&m%ﬁs@s ik mltipdy fRldfag @cﬁﬂams The
Skehel (1987) "The structure and function_of

monomﬁ%h%ﬁgw dnirarhAnndigpiida bogels awh severi Mrligked ighiceure iy the N-terminal
ectodon‘éd n{l) %Hansﬁl%%rﬁﬁ%%fé g{ﬁ?g < u?& S8R; %‘fsotnhéﬂ af Q?981% “Structure of

jodi nent 1 %ed
the hacimagglntinianmembri@ei glw;bpfcrtelm af inBlublfrapviaiseatn3 Mte@blﬁﬁdn I’ Nature

2506 TP A TR b s P e b gt

membrd@l%rgry&%r&@m STARRGASSE Vifs, ”%ﬁﬂd g BTN, 9@3@5 5-394 _ The crystal
Uence, or be a subset thereo conprising a ast

structurg | %Eihe ©ptod9m81,n of theQproteo]ytit2lly a&tivatet] tritbers Ievealsli’ 1338A° long

tr1mer1c:6 ghk% g)kot% m%%ﬂn%oéacé5éub25 t }gg m%g@afog 1@%&&1&%5 a gg)gular NH;-
termmalll‘bg ,dohRfh arddd) coﬁ@wﬁﬁ% dbdin ¥BRNL 188s thddkm 8@ spRE protein.

275, 280, 290
The stem region contains the fusion peptldes known to be involved in the membrane fusion

activity of the protein. Wilson et al. (1981) “Structure of the haemagglutinin membrane
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310, 320, 325, 330, 331, 332, or 333 or nore am no
acids chosen fromwithin the HA amno 10 acid

weequanoe4 The peptide selected can be at | easPCTAS200/027764
85, 90, 95, 98 or 99% honol ogous to the HA antigenic

glycopfb? fl gl}fﬁ.%ﬁf%\%%% aﬁf Ab ?GSOEIEIO#S’%%TP %%6%&“&5{1%}58% and JJ.
SkehellﬁQS])?“TH& strﬂrﬁureZQld ZinctieR, oﬁﬁemﬁg‘glutﬁﬁm rﬁ&nbr%ﬁ% &ﬁbogrotem of

55. 60, 65, 70, 75 85, 95, 1
mﬂ“eni%lm 34nmt Rev. Emﬁeme}iﬁ36.|.57%9 180 190 200, 210, 225.

2]c‘ﬁ Bne el%@@dml%gto thf?%fl gegl%)e utffidd i B Cprgs]egfb SefHon’ 1§ gelf,tyeéjn;qrom a

30, 331 nore am Nno a oséen
HA proaetnl‘lccmt&lmﬂl Aam ihfvenas ivitus esgleeted efréih abe Widwph of ifieén classes of

ved,. Addjtiopal e od| ments of the present
hemaggl {}Igﬁtapggpnp fgﬁg J(l"h% Vesé)ﬁml cag,ltqompz]ég therentigg\HA amino acid
sequenéd, @588k shﬁb\éﬁih%fegf‘ cifip ﬁlﬁ hé Yedadi 40g‘ @27 'Sn%n@egiﬁ%ilﬁ't éug 15, 16,

capabl e of inf ectlng htman or
17, 18,1192 20y s 821 23, RdeRs,i 30 3540, Ude SOV, 6063, 6, ARy §05185] 9@ 95, 100,

10, 1715 Y58 5 R 050 BB g SR04 s gy 90, 00,

310, 3263333138YP331, BB, RAdB to Ak aﬁﬁﬁlﬁé&dlﬁ‘i‘é’l{o%eﬂ Hsm%ﬂrﬁﬁﬁﬁé ﬁg amino

can be derived fromthe 333 am no acid proteln
acid sequfnre divg Rerfideciclecivd Ten ds at loast T5H8MAS, Q@El; I9®Oll\k99%6homologous

to the Iﬁglatz%n gﬁ n?‘i%uoetﬁi}% 1n§%1g%@ro(; nrc‘dgnpnsmg atleast4,5,6,7, 8,
9, 10, 1r1e42 n1f3e¢u| g6, 111 18] vd, @0t 21,025 23 186 25( 30,:33840,985 50/ 45, 60, 65,

70,75, 3405 pggbnlt%%l;gﬁ]tlaiz%aé@eh O ke Sho! o SIS eTY. s
250, 26UA2’?‘5“2@9 AR gOG;%qUeW Qg %%Q.’:égﬂg 3@? mgrlh % n?lﬁx%lJb §%hosen

t heréof conpri $ing at east 4
from within thegiTAlaning 5¢id k6quende frad, whidh itA0derdded. 22, 23
30, .35, 40, 45, 50, 55, .60, 65, 70, 75,
g%ddl@(gial T%Odlﬁats of4 € p@gnt @g{e@mog} 5@clu(iq3@e Hémpth@gtlhzed in
the prest3Dinveffon i 4k
p 510 550" 558, Ve%%%)m %13 %ﬂ%%ga Vﬁl@@capglrzlg rcr)tg %ﬁf@cat}%?gﬁ%hugg%gor bird.
Embod@@éﬁecrf the preseit itventiom schileanionein dlos H&muda miseﬂéd B the plant

e e g, DS SRR e P B 0 e
addltlor&ih bm@smhfént%&ﬁé H@Bpé‘iﬁ?lg Q:Bﬁi ge Qi%i;méd ﬁbﬁ&lﬁl@@ﬂ ﬁﬁ‘ﬁ;ﬁo de @IA protein

of mﬂuz@za szrfm ééTexzéi/ﬁA(mQ@ (36Q 1BsNoy6, Tabde 2% oCBssmltB @1 al. (2002)
vlecfy epidour e p B g Wiy oyl 15

(7): 980-2)85 BBtk @mbaainend e H/ABPOptidkALilizdd Jor B8t i &R, plddapsid
aci of . SEQ 18 WD 2007/ 011904

protein B FORBABHE S AT it FeBRiRs SRRAID,Nof Reor be a subset
thereof@c?llﬁﬁﬁﬁﬁg hNYARL D% '7”8?'9\126 ﬂhﬁizﬂ(‘}. gapfs 48, 14 818' %&%‘ 91,22, 23,

present invenfion is defived from’the T

24,25, 3238, 46 43eh 85HIM 15108-75A80,86280,1957 700, (1HBNR)S, (155@4013150 160,

170, 180390200 326,%8) 28, 280 Hp>51s, D6, 305 $185 Y, 328 33he381, 332,

333 or @GfeMias hélds Eibske ROhwiHBH e g A aﬁmd%uflge en&%%Q ID No: 6.
91-108 of the 5 influenza A Texas/ 1/ 77 strain.

The pepfide sslepierl fan de|abdeasti 7280, 156, 80, Paat orzsg%a@am(ﬂsgo@ap the HA
8 9 t
anign S ep @Al YRABLORENRS £ & b ATbL PP 18P e, 17

18, 19, 2321, 203, meaejslﬂ A0, 45139255, (@E@slﬂ) N@ 80, 85T99|935 211)0 110,

b t her eof hav at | east
125, 135,348,530 368, 178145 190,800, 550, 395, op: 450, 26055 5a 281250300, 310,
320, 324 %'39}531, 332, 333 or more amino acids of SEQ ID No: 6.
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derived from HA am no acids 91-108 of the influenza
Al Texas/ 1/ 77 (H3N2) strain. 10 In additional

wentrdiment s, the HA peptide inserted into therpansk006/027764
virus capsid protein can be the entire am no acid

SRR STALSH J AT BT R i
the prebmﬂsﬂveﬂuoﬁ is @env%d ftbm the IPamihd, acic?seqllamcelHA915081ﬁ/Texas/ 1/77
21, 22, 23, 24, 25, 30, 35, 40

(H3N2%é§EQSé§ Ny@% 7§5ble 2por Fspbsgdhergef hayme ajdeash B, 6178, 9 10, 11, 12,

13, 1435216, Epor 48 gmikydeiag Bolendf Jerp ol B filthp ik 95108 of e

1nﬂuen383(T@35{ 1/7333N2pstrain. The pepside selected dn benatllenyy3).80 85, 90, 95,

nbodi conbj.nati on of HA pepti des
98 or 344 B Er o o By RS EGHENGH Fenoese @E@qsmg\t@g 18gunino acid
a
sequen@eﬂﬂ[A-Ql FU'S @\/’I‘éi{%ﬁﬁ?@ Kﬁ%ﬁ?})gssﬁt?\lﬁgnﬂrﬁb ;[gﬂﬁ gsugsft thereof
havmgth 1eagt34 5 ,X4.7,859, 30, 113592, 48, 1455, 36, 1B50r mJamﬁﬁ) acids in length

denvedl%nig% 815 ggdsziaol 08%(%8?16 @ﬁgénz%ggTe%@glN% ég?»N%)%)rale;gg
RORIAIGER erbOdimdats, th3dPA g@%ﬂie iBsbked 38 m@ﬂlaﬁﬁﬁr&rcaﬁﬁﬁ Protein

amng acids in length ca e inserted into the
can be therquéireypIoRCHst m@@we sglgeted fropt therew ewisisting afi SE@ & Nos: 6

% t
o 7. bt Bl sl 0 OIBLER DA Bl P 16 17,
18, 19,36p21,@e, 2%ridy ef, 30,685) 40;@15950265 6063, 90, 78) 80f 8558Q, b8 100, 110,
In_additional enb nts the influenza

125, 1335 f4%iag HROGHTL: d80H 190548, 248 e 150 2500675, 280190, 300, 310,

320, 325”BBQV§31t @@209% %Ptn’ﬁfré i aQlis 1 FerloliS €T ’oths'ekfJ Hlbﬁﬁ%?ents any
but not Pimted to, 1Rproved expressronin

combinatidraeiddd peptidescglenied ifitoyn tha lgnbupmmnsmmg SR EDtNd3: rmanalg7 or a

subset REzRRFI e kA0 %5 8.8 T B 18 S TR 985755 8056, 21, 22, 23,

24, 25, QNLBRROMITA], Lﬁ-@b*%VWGBLE’NésTb@@SEYﬁMEELV@S?% 140, 150, 160,
N Texas/ 1/ 77 SEO

170, 1SMWQIQMI%NIWWWEMB$N 330, 331, 332,
333 or b By Rt AL B RaEEE AR RSB YIS GBSl profein. The

peptide W&R&Mﬂeﬂfﬁﬂ"ff’\g@’\wmwg %b\ﬁ‘%/ﬁﬂiﬁggtﬁg G0 HA antigenic
NLYVQASGRVTVSTKRS | I PN\/GSRPW VRGLSSRI SI YW'I VKP

peptlde lﬁPﬂllanBerQQL thep rrc;ﬂ@ss@@pmmrrg@ksm ID
6-HFQNVNKI TYGACPKYVKQ\IT L KLATGIVRNVPEKQT RGLFG
SKAFSNCYPYDVPDYASL HA91-108- SEQ ID No: 19 WO
thmpanbcnﬁmemszme il 77 Dderivel TEX astidenic/pdptidBéin be altered

P Protein. Ingl uenza virus _nucl eoprotein (NP) is a

o pr i P Sl S Db PG ERee: Seh S 1SRN ltovienrovadipression i
the hosty értahcedl ilhghopbhidRy @dd Bﬁﬁog&{]&f@gnggﬁldiﬂg 0;1 U}Z&ﬁ@s NP

protein is rich in arginine, rine
resi dues and has a net positive charge at neutral pH

T nza type A NP 10 protein is generally
R @&%%télg%?quenbél ypeptide of 498 am no acids in

sequenb@ngt h, while the TnflTuenza B and C VIiT[i§gge  N€ Seq. ID. N

QNLPGNWKML@IGH}D@JWWQWT@@TEW@SSS‘Te TEA-OFTIRLANA7Y SEQ ID No: ¢
GRICDSE{L BGKINCTLIDALLGDPHCDGFQNEKWDLFVERSKAFSN | (H3N2)
CYPYDVPDYASLRSLVASSGTLEFINEGFNWTGVTQNGGSYACKRGPD
NGFFSRLNWLYKSESTYPVLNVTMPNNGNFDKLYIWGVHHPSTDKEQ
TNLYVQASGRVTVSTKRSQQTIIPNVGSRPWVRGLSSRISIYWTIVKPG
DILLINSNGNLIAPRGYFKIRTGKSSIMRSDAPIGTCSSECITPNGSIPNDK
PFQNVNKITYGACPKYVKQNTLKLATGMRNVPEKQTRGLFG

SKAFSNCYPYDVPDYASL HA91-108- SEQ ID No: "
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35

565 residues, respectively. See Londo et al. (1983)

"Conpl et e nucl eoti de sequence of the nucleoprotein
wgen/ofooinf | uenza B virus," Journal of Virol oggT/US2006/027764

47:642-648; S. Nakada et al. (1984) "Conplete

..... ClCali farni al 79

I P 1 £ 4L H £ 1
NuctT eotrrae bl:‘qut:‘llbt: Ul LTS T1TITrTociTra—< Ngﬁ}‘{’a‘i/jl ,,71( 2) |

ViTus nucteoprotermi5gene ™ Virus—Reseat

433-441. Alignnent of the predicted am no acid

sequences of the NP genes of the three influenza

virus types reveals significant simlarity anong the

three proteins, with the type A and B NPs show ng the

hi ghedt” Beggive of conservation. See Portela and

igard (2002) ."The in enza yirus nucl egprotein: a, .

RS, HEEY Bicteonsmn i ing helid v oprofaR alosely Hosaeited with
the viral eipbieCaiiahed REQ2genodfeY B id8denz3 NP 1'3‘4’(419%915\3{ Cargini i

anal ysis of vi ru% 20 strains isol atﬁe)d £ om |%pf erent” glycine
and serfiggesidpes eyl Bas hiaet positivierehgeasentinsuirall i Iheyinfledriza type A NP

protin TSRS coptl b B VSR AR R TS white
influenta @ ad @ witises) tRny@rdfalid lindlbgdul wym%hm hygﬁé@all@ 560 and
90, " Journal

vj rus nucl.eqgprotein gene from 1933 to ,
565 res&f*“ﬁﬂ IP%HGGBWIBV:SEP?@B%V@.a1-|(ﬂu9%?ae“<29mﬂ@tb mepleotidhsequence of the
: A , ’ N ti . Ved
nucerPOBE) e bRt B RS SESA Y MSLL VP B Vfflge .

(1984) ACoBpletr niledtidesseqiidnee o€ thevindupent ¢/dalitadia/ 780ARIs fRleoprotein
L,ihe entir P._am no ‘f-i d sequence, or be a subset
gene, {/ﬁﬁ ge r4}33rﬁlgl a?‘ iggent of thespregictedzamigo agid seguenggs of the
NP genéd of Hb thtbe idffuenid virky typeS revegls Shi i ;
B550°30, 85 40, 45, Y opkdrovbls Sehifichy shiffactifigndiy the three
protemng ®ithgle typg0A and B NP2 Showli8s thel ghest &drecl @ondstOatich8B¢ee Portela

and Diggdd: 20 958" inf5gize ;5E mEgieonsaant 4 aritfgotionsh KiAhinding
protein #idtal 4@ Firus 4§5licatidrb 20507 Gm:72‘31934.4?’ﬁ¥lﬁg&%gc ‘%glvysi@ W@ virus

. or nore am no acids chosen fromwthin |
strains iypdated Hemodislerane hests ravealspibpt the NB eiene isrtlativelbweltconserved,

: £ 70 . 00« 99% ho us to .
it G 9P S i P15 X FTRLEA ok i o
the evolntion end vadation of the hainah éeffilenzAA BrusGuciéoprdtei? gerﬂegf}ioﬂl]la933 to

.12, 13, 14 15 16, 17, 18, 19, 20, 21, 22, 2
1990, %’Q{Haﬁe,f‘fgsloga!(ﬁ7:?47§?—%@9- 55. 60, 65, 70, 75, 80, 85,

190, S diBent My NE DeotigepitiZb dn thpfhesd el idgived from

an NP Bo@in 800taimed0n B2&Hussa, tyBe®, B2&, C33fs. 3Bk d@6Rd @phde can
. 380 20 2007/011904 PCT/ US2006/ Q27764 390, 400,

compns&?lbé’ elﬁlﬁ%’ 4251%1’110 A5 ’segf%@ce,%@’e afpy ’et 01 £OPIIHOE ?.t ]@gfg 4,56,

7,8, 9, T, 1MPLE 131001 246087, 4BOBEN0, 51, 0M 4 bl 35 BhesNAoam 1Y 55 60

sequence. Additional enbodi nments of the presént’ "

acid
65, 70, V5189 85 090, 4 110Be! 10n d25H 352 p40,dS0L1 60, 17841800 196,1200, 210, 225,

29, EBSHS, RHCN, A, 0080 A0S kBl SELUR B S, s

435, 448)f450h46(ria9 480, 4004915, 498 biNEibHOEWh QERls Bhédes ¥R within the NP
. peptide inserted into the plant virus capsid protein
amino agid; efyenge; khe H@Ot}#eﬁ@ﬁi@dicﬁﬂf baetf leasti ), dor 3084, PP.0M, OBer 99%

' £ ' T A Vi .
homolodfis ) P 6K N R 0 BB R Lifpgs ot s
4,5, 6, priopel® 1df 12,13, idrisa 161 173il8, WBIe)@lsQ%/QBZ 2f4,Hai}I3D, $55HQ 45, 50,
55,0, & 7D o, 3500218 o935 S48 o, 1681813 TRLS, 380, oo,
225, 235 2501860, 295, ; 230, 3243392 ; ,
’ 50,50 5%,0 %g:,; %gf 293)(133 o@,s%,mg%z,o §%§ 33§i 329&5,@2%’8’%9’ §1‘§1b0§ é(?’zgg,s’ 350,
135, 140, 150, 160,
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10 170, 180, 190, 200, 210, 225, 235, 250, 260, 275,

280, 290, 300, 310, 320, 325, 330, 350, 360, 375,
wG80)7/03804 400, 410, 425, 435, 445, 450, 460, BTOUSABO/027764
490, 495, 498 or nbre am no acids chosen fromw thin

hP'oidseeef I_.D No: 8. The, )
390, 40010 425 Aefbo afE 500 A0 10544, 495006 ar mies g agigs chosen
ﬁomwﬂﬁmtﬁgmrmgg(/%a@g‘g& gaIs to the NP anti genl Cc peptide
sequence of the |an uenza protein conprising at

|Ae1§§10nql ergbodmeits o the present inyentiop indlgde nm NRﬁzep‘d.@ﬁ utilized in
19 .20 3. 24, 25
the pre%e 1nélgntloélds dglgﬁed%bmﬁ n benzg gim@bdpaé% 0 i}@f@ctmglﬁ]émhan or bird.
Embodik@nts 356e picdBnt idEhtiohGRslude FherdBChe XPO0pepidd insé infe fhe plant
235, 250, 260 275, 280, 290, 300, 310, 320, 325,
virus capgtsl profe; uiihzpd ig3he peBELt iBEmMLion wsderg@@ frgnghe N@mrof@modenved

from an %ﬁueﬁg’% T(Xﬁﬁ\% Vi%fll-SG TRE . fo%elﬁql rdgn Itggsl@g 191(31 6101d NP

am no aCI quence o
proteln/kd‘dnﬂumalstreﬂfOAﬂFeﬁeﬂllSWOde (SE@SEIIING F&;elfﬂblepﬂ) or be a subset

include the NP peptide utilized in
thereoficapgring At kegst&ega @&d 8f9o]19ﬂlhe121$3a1|41>|]16 1é£ula %dae?rpcél 22,23,

24, 25, '§'6’5§55 Q8 45“/56 EA e(])§57 40 &&'%Uzés (0BES3, '1?0,'\@’0, Z’zs,ﬁ’%%ﬁog?iso, 160,

or’ a’subséf 1 ’hati Bg at ’I'edst
170, 18001901 200,220, 22]53235,4250026(1375;‘@8@02%&;869, 3109, B2 $Rh, 330, 350, 360,

575, 4 S 9 B G487 . 00 P A5 S amino
acids cl%eﬁﬁohﬁ@ﬁﬁm%ﬂe NP 2mifd amﬁ%eql%gce 8155E(2 3DQ0:30 THE ﬁ%phde selected

hormol ogous to the NP antigeni c peptide sequence or a
can be @’u keastt Q,Wér é@f 85heﬂﬂ 9§, 48 or #9%& hdamolgoussio the NP agiigendy; peptide

2 am no a e riv
seaueni ¢ e ol MR RSRnEd & R 7P, 16
17, 18 (19&3242)215»122&31 24) p5,80)85, £01GdFORETH, §0, éfhezoNﬁ’s mplxsd% 95 100,
lized in the present invention is-derived from

110, 12851 35,70 1501 L0 4 BchD0 180 240 16002502 v asd) 290 2701 290, 300,
| b tybh
310, 3202853, o800 325, 3700350, 3600875, 380 0B BOE 4107855 955 445, 446, or
more ammodmds rhowndidm dethinthd NI afinhRcinsegaenae bﬂSE(MDI\I&EB of
T S i S e e i

the prege%%iﬁ%ﬁg&i)?so oi;r@rﬁ Y 13Nnhig6 Ak seﬂﬁﬁ{c'quPﬁegy eﬂf‘:’leexas/ 1/77

or a subset t ere aving at [east
(H3N2)IGEQLID Nor 9,1Pabden3 )nar aagibset thérpofl temigighat thast 4;S¢6f T CB[,T9J\F0 11, 12,

i ds.147-158 of the infl A Tex
13, 14, sl Sy 11 BREGTHEY bl Hhend aIpaeITosh s influenza
A/TexabN/AOWi3N29 Bi2hin © THO Geplit electddeahiBe RERA T, 710! 8590, 95, 98 or

into the plant virus capsid protein can be the entire
99% hozralegpus ¢o the R atiperioapde saqupnesror asabspt hepeod baving ef legst 4, 5,

6,7,8,8 184 945951@024 g'axégioga%{dfgn%fx%ﬁn %ﬁ%@ﬁ%ﬂy’i"‘%{@% fgi%s 55-69 of

themﬂa&;zawrexh@/umHm\msuaa 23, 24, 25, 30, 35, 40, 45,
55, 75, 80, 85, 90, 95, 100, 110, 125,
ilssther %@dl@%s ﬂ:ﬁsbﬂ’ aepé}de yilizedn e progent pygntiopis derived from

the 12 o aggigseqé%g 1@@5,7 1%%8A/’§%%s/1@3ﬂ3§§8 (sgégb 131§510 }%816 3) or
a subseﬂ ﬂfe,reoi 3)5y1ng46 _leaéﬁfl) 54607, 84’9010 A80 or 49(ymind abids 49 &ngtir derived
from ar.rgip%{gé:ggt 1a4%1095587ép o gnzaT eg%{hg éHg}e\]J S%E%?lg G ne peptide

selected" @ﬂpb@ go1astt @, 7B eSd)‘lF%ﬁrgO' 98NIE o PSP Iﬁﬁnﬁ@éﬂiﬁ "iS Qhé)f\]Pt RRigenic
| uenza profein ‘conprising at |east 4,

peptldegeqqemce Q11a sutget thereof having at least 419, 6,18 8, 2,910 2@ 012112 anzmo acids
n lengt?l:%ienged from 'NP amino acids 147-158 of the influenza A/Texas/1/77 (H3N2) strain.
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30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90,
170, 10 180,

95, 100, 110, 125, 135, 140, 150, 160,

wae2m7/0a004 210, 225, 235, 250, 260, 275, 280, PBOODUSIDO/027764
310, 320, 325, 330, 320, 325, 330, 350, 360 375,

A gaangi cdainigaty SHERP it st

470

(B8 R4 SR papRpprotein

can be ttieeriite amitdOacid u&%%@ﬁ@ﬁd%n@ﬂieegioﬁﬁ eshsishifg @F SED ID Nos: 8-

consi sting_of  SE I n other enbo

di nents,

10, or & PeEIHERERTEIE BHcAbAD St Tdbd) 16, HollBckie 441 Vorbt He 18, 19, 20,

21, 200898, 890, Bhi 045, SE53, B 570, 85 90 88/ 9F <3

?@@0}010, 125, 135,

140, 150 160,dgou $8a, 090 rm)om(amzs B35 25(e60) 2155, 8@@1@09}0(9310 1320, 325,

330, 339 548 3303350 360,395, $807 30, JoDGa TS, #2538, 445, s, 2et 478450, 490,
495, 49?83,or n?o4e ax%fho s %gengﬁ’ OTﬂé gﬁfhf fgﬁec g%an ?g 8“7 %%t 70275, 80, 85,

95, 1

90, 95,19809r %ﬁ)hommgomﬁ) the NP, arigbnic 28ptid2&QneRBhf tﬁgﬁlﬂu&% protein

comp G35 258 181 20 0248 12200 1630 R s 002, 207,

30, 35 44113454563,5548@ 65498, 75496, 85, 90265 e agYing, ﬁPj <i§o'1r50 160, 170,
deri ved fromt he’ gfoup consi sting of

180, 190 B 530, M7 g R Bl 2 A28 A0 3881305, 330,

250,381,378 8, A9 9601 103 S0 TRE A 4 o KAEDES I o

amino td@ﬁlst‘l@Eaplﬁ%m stittes thé NIhendifs ekcid s&%ﬁ‘éﬁb@%le@éﬁ Rk the group

mted to, inproved expression in

t he host

COHSISté}%]%%%@ IDhNa%io ek cIn gthererabodimentse any: evmbiaatorhphNPrReptides
selectel rﬁ%ﬁ’?g{e (5?31%) I(f'\l% sBing of §EQafﬂ RRs 2% fh, 3¢ %%%Qge%%he?go%%(}%% 70, 75,

80, 85, I90SQETHRS VM EGDGERQMADEN RASVEHIMCRIS 1ERFRY @GR the influenza

A Texas/ 1/

proteinORPAPHE POV  SER I HeSsherokie 10881 22, 23,

24, 25, BECHS, VISRYDGEVSARE Ve DIgER R WW@T

"MM VWASNL NDT TYORTRALVRT GVBPRVESL MOGSTLPRR

i@ﬁs 135, 140, 150, 160,

170, 188AAUKCOGTIAN/EL], RSP KRG, RERNIFARISENCRE TROAYHRISRZ0, 325, 330, 320, 325,

0, 4] SRR RESIEORE ERUE L

?%?Léo%gis@ WS@@H@(N%; 820 can be

more alolifRPMNENPAHES ¥ VEREHIRANE
WO 2007/ 011904 PCT/ US2006/

inserteqRE@ i hs ENIVETVESDSTLIEPRERYWAI RTRSGGNTNQORASAGQ

B o et AN e R Bt idqgon be alered

to impriBiz¢ (NShalaEiiMicS ofRtEEn&St, sefEQs| ButNwt lithiteAtd, Gdsdvii é¥pression in
the hosl(. enﬁlazrzced immunogenicity, and improved covalent binding properties.

Table 3: NP amino acid sequences

490, 495, 498 or

Sequence Name SEQ ID
NO:
MASQGTKRSYEQMETDGERQNATEIRASVGKMIDGIGRFYIQMCT | NP- A/Texas/1/77 SEQ ID No: 8

ELKLSDYEGRLIQNSLTIERMVLSAFDERRNKYLEEHPSAGKDPKK
TGGPIYKRVDGKWMRELVLYDKEEIRRTWRQANNGDDATRGLTH
MMIWHSNLNDTTYQRTRALVRTGMDPRMCSLMQGSTLPRRSGAA
GAAVKGIGTMVMELIRMIKRGINDRNFWRGENGRKTRSAYERMC
NILKGKFQTAAQRAMMDQVRESRNPGNAEIEDLIFSARSALILRGS
VAHKSCLPACVYGPAVASGYDFEKEGYSLVGIDPFKLLQNSQVYS
LIRPNENPAHKSQLVWMACHSAAFEDLRLLSFIRGTKVSPRGKLST

(H3N2)
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RGVQIAS RV S FE SR T AT SRS
ISVQPTﬁsVQIEM%FbRSh{ﬁ/EM

KPEEVIHRERGIEBLIDEK GG ptsppﬁsﬁmw@bmﬁnml, while
N mai nt ai ni ng the advantageous formof & viral particlie

TYQRTRALVRTG NP147-158- SEQ I D No: A/ Texas/ 1/ 77 (H3N2)
invention utilizes
woapwiodigos ot ei ns derived from plant viruses toPCT/US2006/027764

10 d. Capsid Protein The present

construct capS|d fu5|on peptldes

Cne potential

WAI%TRSC

“"A S—HTom=& pl et
I\%EI aldver se reactigns

RLIQNSL@IERMBASNt t he 1 nfTuenza epitope. Tn [adgdsis-onal SEQ ID No: 9
enbodi nents, the capsid protein wll tﬂ eri,v g m
plant viruses selected from nenbers of gﬁVS/léﬁ H%’)I?Bt he

TYQRTRAA¥REChat are specific for at |east oneNRiFaf®- host. | SEQID No:
Viral taxonom es recognize the follomnqu&@ggﬁqﬁgN@ 10

rticle entities:

10 (Qrmm \/i ruses,

i.e. the dsDNA viruses;

SS%IAC\HPEZ tez oup |11

G oup II

Vi ruses, i

Vi ruses, V Viruses, i.e.

Uhe lpsassntvmnvdmhdmmtﬂ)l‘xlés samgbpro@lmdbn‘de&/ ififos plant VlrLQ;es tdr€onstruct

st randed Group

capsid ?Lﬁémra\%(& lzds% - 6ing Rptsntialadvapisee fo iccusscPigAPPviEPEnS from a plant

virus istthe RfbéPhSentydl erﬁv\j%ﬁ*ers@r%éﬁoM WhMh bitSfdsteredl ta b Eﬂ]% n BNanimal,

h are
while maintaiging th@gdvmgeg&eﬁu‘mlﬁ aVinabpatticle ampireSatt el infleenza epitope.

retroid viruses

Vi

e virus

B AR ERoRRC eR Gl e FpRE

selected\Bbin 1KEQBEs OO aRPEncdf tRE EhixA AlaY af

reviewed in: H'V. Van Re

ennorte

\/ruses i.e. the

VI

reverse transcr

_e. the dsRNA
the ssRNA (+)-stranded

Vi ruses,

I ng

bR oV B¢ dedecd ek et viruses

bdifik !Poxtah:‘ feaﬁr dnePMsht R6E.

et

al. (eds.), Virus

Vaseb ria¥gnonses, épgognize et Oélpwm& tayan o6 rengapsisatad-particle entities:
{2000
S

Group | PHILGEFE S0 NG

fGr
[ ng

L.g (séﬁﬁ%evwﬁ,e&s&oup I

Viruses] az.ahe dyRWNAbvipags, @Ifoup 11+ ‘thmse@ rzSd thé S@RNA& (Oasttded Wses with
crobjol ogy & | nmunol ogy Departnent

no DN;&Ats{ageq %

the RNANGtrbidevitRed | Wich g#é ééﬁ%\h@@

Taxonony Browser

erséif

t1ona

Siisb e BPRERT Gpsimded;irussgr Gonse. Wt Miruses, i.e.

ﬁ%‘s& r?% MS%QSGI%Ept\r/qﬁ Viruses,

Le. the BDNAevlctmnﬂ vyseb nivbicivedre mlnDNMC&Iv)erseftretrbmH\hg ivirasds; Deltav1ruses

V1r01dsHé'1511 ?gr?){?}ﬁ{et ed! CaBap%a?

Prions. Servi ces (Washi ngt on,

D.C,

%lhtgﬂ%rgjl\qlaeg :_g}gﬂ Qchn ssﬂ %erfug ic acids and
USA) at

http://ww. nchi . nlnlnlh gov/Taxonony/ tax. htm . The
Mﬁrmh@rSa@f these duenate wll khews dpsind qfa;rdhnarssslhﬁan gle fartoand are

reViewedhl% ect | olgé G?H% rtFant g %%%3;3%3% &g‘%}é‘g’g}z Fysn Xt%ol%eport of the

Internaﬁ‘c&ﬂlﬂ @Smnﬁfted hem Mbﬁcﬁrﬁy obf tVigges t @anmcmnﬁbt Pi‘d@@’@lsevwr
from sources, including

Burlingiapolleest,11994); she Nirgs 6@6pwmb-pég@of the Adnipmsity @.@Lelcester (UK)

Microb Gl O P

VirusgrdgiBihten; dudtthe bh-linev" Wixbs" aﬂdrt'l\hrdnd"gsavﬁ@mtdf ehrd T}zu@hymfydﬂ‘owser of

theNé/Sl’ﬂ‘#re S caorbggg%ﬂ%ga fleg intg

1Py,

but not

arttnbi €

sear ch

limted to,

o TR F Rl o 03

t

f

with helic
Hal hpyNatlonal Library of

MedicikeE60 fHl Nﬁﬁ’otf‘a@ﬂﬁétﬁut@@ oPRLAE i FShé "U§ mﬁeamhﬁﬁscﬁhﬁgilﬁl & Human
(including icosahedral proper,

Servicesy Gé(gmngoméi)ﬁ JJSAha WWI‘&Walcbr nl'm mhrgoeﬂ“‘a)(onomy/ tax.html.

h | ud
PR SRS, Bridts 25

gttt

pher.i.ca

R T

ay

I SO

ovo

08 87

tric

c]‘,qqaﬁ%_ th8 rcapsids of any

membeﬁtﬂﬂaﬁﬁrcﬁ' 2R taxadfst drél §ifEHON @ plants. Amino acid sequences for capsids

of the members of these taxa may be obtained from sources, including, but not limited to,
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ci gar-shaped), and helical (including rod,

cylindrical, and filanmentous); any of which may be
woaod7edimmd/ or may contain surface projecti onspCswsoas27764

spi kes or knobs. In one enbodi nent of the invention,

' d..s n he"c el cted
th% ﬁg lg{ayp& S ’g u%aﬁl% 0% Octs §p$$§tauc§geﬁ 5%A WBS 8#1{}16%1\43‘1
search faoilith offegd byl the mramewhnptwmﬂw ncbigmGaR gweﬁtﬁezﬂh%fmgi
géon1a rod shaped plant virus. Additional enbodinents

TUSECHY RS elassified, Bte thase rith etisak syenmaeips priicogahgdiabgymmetry.

o888 48 Sy 0 A YRR 8 o

1somet111CP\,Q()agl—15sml§ng‘tmp rtmdsg&gmﬁteaos |"tvgh;hﬁecwb ,UpolgRdiizgl Qﬁﬂﬁdﬁhg spherical,
capsi date th_a uni que_coat

ovoic, g i yninta’ Besi ot LRngiois ibabda o dullEhseed, and fusiform or
cigar-sitped), Gh& felic3? gilngmimg%ow enBQSH, Jrﬂr}ﬁgnlgﬁtou%)ogrﬁpgﬁvhwh may be

nosal C VI Trus | ows "one to use a varlety 0]
tailed aggyer may castapr outface purectious, deth aseapikes oy khebws In bhe BraBodiment of

v B, BESNPRER SRR LR B T LS e

classifidtsd B@hginydherphdR29) “Hi gh-affinity RNA-binding
domains_of alfalfa nosaic virus coat protein are not

2 gue pabodigrens ghe capsot isi dv:nwedjrﬁ@ned rode slne@taé ey Vir. oAddltlonal
embod&l?etn s of tﬁ‘g ﬂjtsgxﬁ Sl Venlfjrc]é énc% (?e t g%agsg hsaar }r %ﬁ drYlé# l%wéd derived

from thel gmapsselmteh &ora| PéYace® NedsaiceVihd (PANDLindnPatadyids D@(PVX)
he. capsid structure forns a basic helix with

™V CBP%l%tﬁ Ogﬁ S Pl-sense rgﬁn%mccﬁl%s@mkb)ml%d Witlhe hmmle coat
protein ((1’9@81}Da ‘SRR RRREN f‘ﬁalto'doéﬂﬁ ? g B}ﬁ er\];chfchlgost range of
anentous particl es of &R uses

tobaccocmnsaw vivlis ald§wly ordeOfd-uisé.a \Iameqt hfeplaﬁrdpedbmpmductthﬁ and delivery
roma plant _virus that is

L N AN U N R R
high leVe}9§ ey YRRIbEH @l QY9955 RR{AL alfﬁmfty Rﬁ\ﬁi-bm%ﬁ&gd&ﬁalﬁé‘ of alfalfa

i cosahedral viruses are conposed of” numerous
mosaic iflys gpdttprotein areged requlredcfosaquxrabm(mahaueal regtstam:te;’ yProc. Natl.

Acad. Q110 SEGSRUSEI! s RO SRl e ety
ﬂexuou@fvuase%a@ﬁh d cldaﬁﬁidﬂdb] RAgthf 605 Wbedl 13 nfOFMeNTHR capsid structure
npl.ete capsid. Representative of this small viral

forms adhapigeliK avitih Bitgh ofghé naY | Vasmgh @iy Al Wiengs RBY Finch IT (1968)
“Some bﬁ%?%%ﬁg @kl/aﬂé Eﬁﬁf‘ct&ég)‘? tﬁj(?’ ﬁfa%?etlﬁ}q é)n%lc?e 5 ?t}f}seggral Blgﬂtt \gm?es

I COSa

Gen Viemd. 2¢1hi1pas14l | ml othen ghbedineanded dpsid-prateiels depived B@m a plant
notif has a wedge- shaped bl ock with four

Vlmsmﬁé’?ﬁ"%ﬂ@ﬁds (desi gnated BI DG on one side and four
Ii88¢ @hdoRnedH AR H AL 19 Q@bsﬁggr%fvs\égg)%%&gggienerally, viral

_CHEF) on the other. "There are a
capsids gifpieasdhefliat edrusete sieg patpoked czfndurﬁérpumpeotem sd.’memmtseairranged in

ol R NG N RS S 00 Bl i

subunityfdrideeash Fblh 1dr %&(‘dﬂa%ﬁsﬂ' fe8itinS RESY ﬁl%uﬁl&aforﬁlﬁl & complete
is a menber of the Bunyaw ridae, Reovirid §

capsid. Rﬁabraaﬁntatw@a@f thlsL gmeliwmaﬂ @hractunaisosgr bmophage @X174. Many
1cosahe@¥ {rrnﬁ%évéllakélg? %%6%133%8 evthgﬂ g@ gubun%g%any caps1ds of icosahedral viruses

contain an antiparallel, eight-stranded beta-barrel folding motif. The motif has a wedge-

-

shaped block with four beta strands (designated BIDG) on one side and four (designated
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5 Necrosis Virus Satellite, Caulinoviridae,
Gem niviridae, Conoviridae, Sobenovirus,

wdandnswiosi dae, or Bronoviridae taxa. | n one PCT/US2006/027764
enbodlnent the icosahedral plant virus species is a

CHEF) atﬁﬁy efr}?léé) %%talsb\r;lxjxfs i %ﬁ%e% & hlg%fl?licéggc{es{g%at%d r}r\eerl‘rnbde ]5), one is
betweeR®EfaCt dndietgR €he SR EntREaR did iedal. 1 i dae,
Qurmi avi rus, Tobacco Necrosis Virus Satellite,

& 0ne ewbpdimeat thedeossherral plant adrus epeeissi willdzgea plant-infectious virus

i SRETR U S pTSERSH B e Mo DERTRGHLOS, R,

LuteovB*ph@; Nsnm&rl@adQ IPanitivitittdes Sedqmivisiduk, DsndRediee Ouk-Matvirus, Tobacco
IS nmber of any of the Caulinpviridae,
Necrosge r}{lﬁqs\,, Sqt@g’@? C@ékmqyzrzﬂ%e Genppjuirideer u@omovzrzdae Sobemovirus,

Tombu;r 97[79&%3 V" Bﬂ&gquﬁ&a £QAOV i 1088 GmudaiRiRe :ililee g%%gﬁé&?ﬂ U Slant virus

I cosa ant virus specles
spec1espks arplamtnh&cnomrw srplﬂ&es thﬂt lisear 1Is hamqembemf sy éf tive Maedoviridae,
VI ri. Sobe s, .Tombusyiri dae

Nanovigyiagy i dace. SRaHOAERA% | DA S, AR TEAD o) eeco. Necrosis
Virus S?a@élﬁted oaazzﬂswnyzsg @é;ﬁi%‘zﬁﬁd&é @%Jv%d&r SO iARCY bhibRviridae,

I'n additional enbodinments the capsid I's derived from
or Bromow‘udm:ma sin amhlfm amisudlmblﬁta,l thalqws@adxal planti mr(nmpdmes is a plant
r odi,
1nfect1qu8 O\’élélﬁ ga?czﬁs tgﬁ ]ﬁtor\}? ? er%’\%,)é é)f égy otgﬁ: g%u QHoVir1 ae SGemzmvzrza’ae

Comoviddd} SobP&R& i@ TombliéSr i@ Or EBrohlddlridas. AITBIHRE enfHodihéhts the
Coroviri dae or Bronoviridae fanil y. Enbodi nments of

icosahedrpd pland yérwe spasiesrivilldre 3 Rlentimdeciinus élru\s siesieyithailis omissi member

of any 82' tﬂg rd’ grz L %%1“?\1"% | rusz’lvs?/ rBE n%l% %‘ it gnoq%dltlonal

embod]ln’(mtqo I‘.I&S eapisid v dativean fionc bl dnrwires o Fant Hﬁaﬁtaﬂﬁzksd In addltlonal
pr otein t he pr esent invention is der| Ve

t d
embodiments the e%mlvl chs;%glv[a{] Bren T pbacp plecakyares £ Aalfa rosaigyirus (AMV ),

o ol 1 S5 P SEGHNE i D CINGORG g0 i

can be 4 planit-infoctives vemb epéaiesithat is laen«mlpmocﬂ thoer Gbmbmrm’tze bf B&ﬂnoviridae

sty 675 et S Ra G S BRoEl VAT 0G5 v

from a CB%@%?\’IOGS%@ "nggiss(glpw ot ﬁ@@@g&%hl&%ﬁc %?@)ttlg g/ 1@%8&?\27 %)

ﬁmodmn@lts 06 @he present N@nthrs mclImONhememrtb(r eapsid poicn iutidized in

the presc' %}‘. gngft a r]é 1rasg 661§E§ o%gl%iﬂ\#é cagﬂg pgete t%glol\ql s%tee calgf, the capsid

proteanQ %ﬂilﬂm)ﬂ'r@ths OCMVhewpsia aaithe @cﬁ%k:qlu@l@é] HQﬁ}@&nﬁ:ﬁ By"$EQ ID No:
e capsid protein, or a subset thereof
11 (Talt&g,ﬂ-}3 r ﬁnéqt ea@bodpgeggq, thg@apQ@, proggn uglzedsp, thqgresg@ invegtion can be

the ent%go rﬁl?g OJch fé@lengg (?f 8@% O@%(p) §argg' %%%su} ]19'ote C%ggbset thereof
comprising et:]baml_Zf)rmeQ 14D, 4i5:501 35, B0N6KtH0eTS5, %)U’Sﬁ)d)(),‘réﬁl,tﬂ),o 110, 120,
130, 1405280 207 S0°L, R s BhALEE bR S o 11, T
capsid gfélH%%QQ@dQ?&?lWat fedsti ) SOCRE] 96, 95 URN 2D9oPYb B ous to the

imted to, inproved expression i'n the host, en e
amino agithsegipant of tlye CCMY dengd capsidpeotein ondi subsqt rtbtpremﬁ ¢Qmprlsmg at

s 255 AP SURE s60L BT FRSBSHR s B5CIO g, 130,140,150

160, 1P0,e$801t 190)VENIARE drfindeididEdelected from SEQ ID No: 11. In other

embodiments, the capsid protein can be altered to improve the characteristics of the capsid
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fromthe CPW snall capsid protein (S CPW Capsid).
More specifically, the capsid 5 protein is derived
wonemoiive4 S CPMW capsi d ami no aci d sequence repCeEISmi0ed27764
by SEQ I'D No: 12 (Table 4). In other enbodinments, the
ot ut|I .zed |n th sent_i.nventjon can
fusion BRI B o Bulvito HEERA' B SErREE SR Pl SE AR 8 g "enbancea
lmmunﬁmﬁdlt@' b eddcovalenbbisBg@ogcRtdseof 1mp@@&‘&rfoﬁilﬁgoﬁteassembly
%ga 20, 25, 30, 35, 40, 45, 50, 55, 60, 65 0, 75
Shgg embgdln@gts ﬂ@ocapgﬂ(protfg{)uhthggn tllmgresq;gonve;m@n 1s derived

7 9 r cl
from ﬂgee@gl(\:/g\z aﬂ-loc?n pgéoogliobé&%g é%g/[\pﬁ]aggidgp?ﬁé ;ge[cﬂd cﬁdly, the capsid
protein sed@tied dromathete CAMV egsid #@hino8Rid &Guer2@ ,re;&Esen%%l%bW‘%EQ ID No:
0
12 (Tablefl, Jirarher Gapainepivo s pograeguiidized h Fgetent invention can
be the 619&{'9 ra!nﬁh@ GeRl sdqBaRe cggl‘h S(%PMg'gsm%g B?p% 13%0?&2281" a%ggs’et thereof

5, 70, 75," 80,
compnqn@at lgm 20,1%030,]350 40,1‘81) 50,13 6026 ,70225) 80283 90¢ 9Fyii0e, 110, 120,

130, 1TV RELED, 6008 5012 550 i 3 gk Fom 55

No: 12 MIheVvéapkideprbeif NRIcREHEEArS bi G 1e£stt7fse RAPS, dod, US4 088 or 99%
peptide, such as, but not limted to, inproéved

homologgglgﬁ' tos theo reming, apﬂesqqggmce eintha rcRMVi Bmaiih@gmld @irotgin, or a subset

wror PRGNS sPRAALSSDN s EORETLL B 017 BRTGYEE o0 o5, 10,

110, 120,am di4(pr16t) ei60, 170, |1I8DeIJDO oo fmoplleﬁﬁﬂﬁoﬂe%ﬁﬁé hé&ils éeiected from
i ved from the CPW Iarge capsid protein (L CP
SEQ ild) . Iveiher spedimets) (e cappid prajsin gan be cltsred ﬁ0s1mprove the

charactc?ﬁs%?éé gfi tn}{ee H%H I?%s&%n E@Y{‘\éb e’ 91&21 an 1@1'[9(1{%9 él?rﬁ{eg)tg eﬂr'lli)n oeidhexpressmn

in the losh ecdhmead snmtlimegmq:l!sy, dmpravedi covaitid biadihgl propdities, or improved
foldi gresent |1nvent|on can be the entire amno acid -
olding QLECASSSEWINf the CPMW I arge capsid protein, or a subset

th o8k enfhd ' i i0R 4. deri
i o 660 Hig%én% thé C%SSI& gx%%fln aghze%ﬁn tﬁ@prfgeg}ft n%gl)e&tlé‘n? é%fienved
from thESGPW@aTgi%pSIQ@QtGWOL amay @mldQOMOIzlﬁJ,GCﬁZ5uy,2ﬂl@ capsid
. 250 . 2 275 290, ., 300 0, 320, 25 330, .34
protem ?é??hvﬁ‘g Bonsiog L GHNIV, i) nighy ey Sseiace SRRy i ID No:
13 (Tab%EQ. Idbther: endbbdimbies, aB&irdid g%b&lrﬁhﬁllz%ﬁ h&ﬁ{eﬁﬁes‘éﬁf‘mbgmﬁ;n can be
| east. 75, 80, 85, 90 9 or 99% honol ogous to the
the entisgriarine@rid sequguten ekt tet PG Ciarag Papsigle Prodgisi o pr ewtisih thereof

comprififg & }l%a’gp%g% %k‘?%égﬁoﬁ%”?%é%' B &3 gb e@gko% 9@395 g@o 110, 120,

130, 140,060, 1640),170,230, 130 2004010, 225),2406150, 264),2758285, 2880300, 310, 320,

24 2 2 27 2 2 10,
330, 344380, 388 37828 Gamire g S0dt sy Mo T capsd
protein %édi’&i S8 &Ca{tqgasf VRIS g dPDoblogg 13 99“/%021&(2?%0% t tl{l% amino acid

mbodi nents, the Capsid proieid can ere
sequenci @ﬁ the@PYNelargeaapsid eratsinj o mibsdt lileereafjzeinprising ab beast 20, 25, 30,

2,40, 580186 b, AP ol LT AGF 8 LITBYER L0 17, 10

190, 200, 0OYES] 280\BDEPYS, 2175 ruiasng90)r3ooe:«r1tol 830, 380, 3400890!%0 370, 374
fol di ng or reasse 6 WO 2007/ 011904
or more pERQ &2 de) S'I%I)Hél\b 1B &mothes mbOdihnpsﬂsdthAmpﬁmd protein

b 5 L L B R ey o

limited @gpmipebvBEQxpfdsdion id The host, enhanced immunogenicity, improved covalent

binding properties, or improved folding or reassembly.
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Al KAWIGYSVSKWIASCAAAEAKVTSAI Tl SLPNEL SSERNKQ
LKVCRVLLW.GLLPSVSGIVKSCVTETQT TAAASFQVALAVA  DNSKDV

WYANMRPEAFKGE TLEQLTADLTI YLYS SAALTECGDVI PCT/US2006/027764
VHLEVEHVRPTFDDSFTPVY
e SDYEATAERASER AT ERAPERAMTAUER MR IEVCD S CoW
SequendbVWTHI YNPPI MNVLRTAAVKSGT T HVQL NVRGAGK S RAD SEQ ID No:
v GMDEOMEVYL ROSMNPESYDARTEVL SOPGSAM NESED | GPN
s V. -’- ER( psi T 11

PN Pe,iqfcr:@ “‘g-“-;"‘ E ‘v f ;a 4‘ MVRESENERPsid/AGNI SEGHPNo
'i-mt LTS 3~ e":_? ~.=r AMAGGD L CPMW [Capsi d
VHLEvﬁﬁQP'T@D QFTPY "’

DNWN
WDGQVENE BROSIMIRNECEARMB M sive SRERVRMFBIICYSGATL SP
SGFEFAEWMMW@WMMMMRWL

GPVCANASOVE K FTAVAIYERIBTIRD VYA DTN G b B T $Eﬁlxw Capsid SEQ ID No: 12
TEDNSEOEAVL T NSEAESH I SODNYRE LM VINPGCK

VAGNICMEPOR/IBEY > SMAR
MEQNLWMF@WWBPMWKAM@DAF (55 CEMV Capsid SEQ ID No: 13
g}gﬁggﬁﬁﬁ N KaT 3 W&NPRTTLEA
'Y RING CE GSN
%}r‘g\b}“ ' g%‘ % Peptide Generatilon A
Q‘der ved from an

TFPQG\PI‘é {fﬁkﬁpﬁ%écﬁﬁﬁ? i it .

YFRGEIHIEV MR MR PO SARRISDARAILYS | USel 5 to a nugleic
FPHRIVOEARV EHRCICVRGEEFRTARMS Ty VKPR TI6 8RS d protein to prloduce
DGCPYIsY AITHIHTTGTISGORRBEV I b IKbecGigssNe xpr egsed as a
PGIDGSRBIc@Qnant f usi on peptide. The recpnbi nant capgid

peptides for use in the present invention can be

produced in biol ogical expression systens utilizing

veld - %HBWQ Fugige hepigdeeSendratiote art. For exanpl e,

AUSLRIC i |

3 EiFAGH R phoolBlEed besfies qPRARCATA B hithcrd (RACHS feipRiat fusea
to a nualeie acid tengetng a phiht viealzapgié ptoteia t6 arodaee 4 Qohstitucoeipabld of being

oot e A e e

present tihAgieh | dah | BN BlodBELMARE Biol oflr %ﬁ@tdtﬁﬁﬂl Well known
enhancer sequences, prono ers b0so entry &ites,

techniqyesdntbié Ay i Frreaxamiple; inbolstsnadtid emush;ucm mgdmg@t ﬁmmhm@nde of a

pnt R UMRHACAORR rRbBEL AR B0t PUE ab Y ERIEFHRS P con
introdude@ Qi@ ta0nSst ¢ellg abd PHRERE. qwmcﬁﬁnc;ﬁaqsla%at ﬂrﬁmaﬁ%ﬁaeﬂ%latory
pepti de 15 codi ng sequences, which

"tags" and "
elementﬁ:aé‘ﬂqhn @mtéaglscprggwpalr FelanCen seqiepensattiapplationyl | dnhesger crequences,
0 c t si.d
promoté?g hg?%]o%ﬁ%sg% stét%% Jg%iﬂiﬁlﬁ% n aef ﬁlﬁ'@o?rﬁﬁ]’ r&]pp sﬂ:gs actlvators
translatfﬁﬁalt astprt Send agpp HSi\glhhg trB}sbﬁgtl;lorSLfe&nlrﬂa;élgs, cistronic regulators
ar gj ni ne, st ei o enyl al ani n
polymsthﬂ éggg&tc{rﬁ éag ‘261 1 e(sNugﬂ-pls ﬁﬁqlp%tlc}fr Q%Hencte atg;(“ tag” peptide
coding &%ﬁé&{c@@'v@lﬁ&l@%a@lﬁﬁ@s 1&%&195&%*1 Eﬁia‘r‘é? onaﬁl‘flllﬂéahf)ﬂnc?rfl%lgﬁ& of the

omal t odextrin g uconot r ahster as
exmeSS@%Fmomblr@md@@myl pbowanﬁmqueptlds,oneiuémga{ls-tag, Flag-tag, T7-tag, S-

o, G O RSB oo oty posasprti
acid, (Ala-Trp-Trp-Pro)n, thioredoxin, beta-galactosidase, chloramphenicol acetyltransferase,
cyclomaltodextrin gluconotransferase, CTP:CMP-3-deoxy-D-manno-octulosonate
cytidyltransferase, trpE or trpLE, avidin, streptavidin, T7 gene 10, T4 gp55, Staphylococcal
protein A, streptococcal protein G, GST, DHFR, CBP, MBP, galactose binding domain,
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protein A streptococcal protein G GST, DHFR CBP

MBP, gal actose bi nding domain, 27 WO 2007/011904
WOeCH7WsR006/ 027764 Cal nodul i n bi ndi ng domai n, PESIUS2006/027764

c-myc, onpT, onpA, pelB, NusA, ubiquitin,

Inhe trans Se, P. YFEP, .. ..
Calmo@rﬁﬁlaﬂr%g@hg ‘3016;1;11 sﬁgh I%&o’r e § PRy G %af'ﬂg;: WPy Eex'hlsndme
glutathionk Sstrhreserades reEp;| YEPAor CHnaR)gk NERMBuGEN Hh@fé@céh't Bro@aRd antibody

r.a known binding partner useful for purification

moleouleshFROTHRI AP knavn Bt BT BB dorcp keayrebidingmartner useful for
purificR0RIGH Bk lﬁdédtnli] ﬁlerlﬁllgfelé:ﬁzll& seggeﬂ—%%opggﬂﬁfgésfonges e 150 %egp

sequence uenza can
ilihe entletd acnd]ctcﬁﬂlrtg‘@qmmb dorcthe drifthenocipdpgide o pepiiies t&1 be inserted

" ﬂltheIV|raI(Wa sid in in a predetermpnped site. In
into the;puclels aeid; seq C? | the wiral qRepidineteinsin g aisdeternined site. In

one embb&inféﬁp fihéjln?lﬁgﬁindg) ?ﬁ&’é‘i@ hRrtS@ifS tHelca |§d ot 258 &25R9c@S0 & to be

| oop durin on of a virus or
expressgd es p doap. dumglmenpé ptvirdesr vm;s lde pansede.t ed at nor e

erti nS|te| t he ant . ca 10 Thu
ERRA RSP BB et e iy e TR B¢ ireping sth 4h thgrRlent capsid.
Thus, i8E#r26 9ehBOR MR bé 1ﬁ’sfert6d SRRl thadh&it 518 c6 305 ?rtéftﬁ%'f Mcapsid
eptides reassenble to forma virus or virus
when %ar sanside fusipp t peptides \reGlS§€mblﬁfI0uémz1a Ppeypitisdes vimyg ks oparticle.

n ites within i ven |.0a .
AtesaSebSERERA Ml bt 4 et B A RaBL U 08 o i o
motif when itieispsirl ﬁisldimpeﬂtﬂdkﬁadsﬁﬁb]!e% €ormd AvirekbrtviRR like phiieaNza

des be inserted within external -facing
ﬁbé&l&ﬁmadﬁ Pgiza PeRfqEs mpaYNbG W@F%Wlth@cﬁ’?ﬁ@nﬂ]ofm@g)bop(s) and/or
within ig\’g\égr)llal%&ﬁ,% Tbo:p&? glsv\% %thﬁlﬂﬁog c%&"ﬁ% Hfa?fa%e r&%@&%}ﬁ aYy from
or towamﬂrrmcqrtercbfome pepsid.denyo anmhol amd oSlplef)Wbémbm ®kurdlace loop of a
can.serve as .an |n%frt|on si.te for the

capsid ARG 5 0 PUBTIBENE R ghe ARSI e BVl e esegion stc can

be seledl€d &eARGE B RhteRBLHE 1668 z%tht aﬁ)roupfhetﬂb 1tifoﬁq90até%1%osta&1stal from
about the position |ocated nost di sta rom

the centeg ﬁf ﬁ?ie tgttiapheirucarre ofithe fotdedchprie pe[ﬁtld:eh &hé mftiedze pgstide coding

R e PO LS SREF e S B2 B8PS enc

corresp@mﬂng Jo SBig URPERImEIRT deRfd WTHHB %ele@teﬂWo% p@PRARN! B &psid fusion
center of the selected |00 e capsid fu5|on

(s)
peptldefp apemblastogfosmmyp visug or szﬂlge parltlglss oThleumJgddsu the retentlon of the
e t| of t
readmgp?élhn% cf#)% Fhat-{ﬁiorc‘tldrpgt ltjtge B oétp? eeﬁggx{& the %aﬁgﬁctélag Hﬂhemzed
downstreapsa theatepiide fnywttlbﬁsnezed downst r eam f romthe
tlde [ Bgﬁ%lon sjte. 25 I n_another enbodi nent, the

P Rloi. shropaiptonf A S Aok G o et g fgemino Sepmrinus of
the capsh&r nTHBanﬂ%nzatﬁE%tlﬁ@@% ge 1ihREd rd il EaR @gﬁk&le‘:&nm%?e linker

linked to the capsid through one or “nore
sequenocsaq lie feteanothen elgnbbdlmmt Hke inglubnaii pepititle ctu be iimsetto@ azthe carboxy

tide ca erted at.the ar 0X) erm nus, of
termmu Og d& aB%HS &ﬁ% lﬁlfelnﬁae RS ldﬁe‘ﬁ‘ﬁ g%ﬁ%‘gF‘i farhpegterminus
throughtoietof encz@lifliessy, wiSEHE M e cléeﬁﬁ@l@%@ BBl of@fz@rﬂaﬁ@ K§aRlysis. In
whi_ch can be cleavabl e by chem Cal or enzymatic

one embgdimenty thesinflpenzz pepiide éﬁﬂb@@ﬂeﬁr@m linkeddeatiboth tl@rmmno and carboxy
termlm,gcgrfﬁ'oxy 'Iﬂi‘ﬁﬁg %&? a? etn&e d]{lgerﬂgglagatlgﬁg s@c{ﬂ ?%cggfm that is

or a one

express@h @ni ﬂnbesunﬁnbe |dfCthEI@ps1dSmChs abred difeaéibR) ddddérmation. In one
ressed on. the surface of the capsid in its three
emb(’d“&ieﬁ‘e ASieati one iftieaeaatisghic Deptidmis exprasesd; wishin at Jast enesinternal
one influenza antigenic peptide is expressed within at
| east one internal 28
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WO 2007/ 011904 PCT/ US2006/ 027764 | oop, or in at |east
one external surface | oop, when the capsid fusion
woepizioddem4 are assenbled to forma virus |ike partisedoe/027764
More than one | oop of the viral capsid can be
ey ' t sent.. dnventi 0
loop, of Rt 1o opE PRl itte o A TS, ot B age sssembled
to formexposdikequartitle.| east two surface 5 | oops when

senbled as a virus or vjrus_ like particle. In
Vit oem pethe virg CarPélé]s‘iantb\‘Rém?déE%eE@boéimeinmﬁ the present

inventi&?ﬁkitﬂlg%vl?ér&nit S flrluBRya A el‘ﬁ? g»glﬁel'?c}edis %&Bé)%ht ngeﬂqeast fwo surface

exposed on at Teast two ur 00ps ViTa
loops whapessemtdedyes a vimsisy vious Nierpestidle.k &n pasthércdrebodiment, at least two
. not.her. embodi ment., at . .l east three influenza
influn 3 4GP pEe] Besssried iRBSk PP Rkt fad capeied on at leas two
surface D6oPh @If theAVigh] RURDE e R}lir_ﬁé, or bEASTikd PHrBEle S ERfifer e?rgj%ﬁiment, at

of the virus or virus like particle. The influenz
least thyse gaflurega antiganéc neptides fra duseitedbingo tdrreahsidrothim @dnaposed on at

] i,d sequence. |n _separate epbodiments, the .= .
st 0 R 8RB R B S s i
surface $o0pb @0 Ha0O e Ll hhihb Qbid sEQHENBYIC LbpaRftd ImPEAHRARE the amino
) encoding the viral capsid protein can also be nodifie
acid sequgncefithe mthienzagaptitlesgn thsf susfacs logps edn diffeus | i ke

j r ' . et al. Q04) J n. ..

0RE SUE 555l U Mkl 00 Yy e ot

alter the feasmtion @ffammeagq?ms Gikke PagiclEOSEe é.ngﬁa?ﬁ?(id,lé al. (2004) J. Gen.
. enera modi fying virus or virus |ike particle

Virol. 823@%& @%)Tﬁ‘ré?lé, EXFPRRIP £ thics ienial dasses ofanpifisatianpare mast typically
s, S, R O, SO BB 008, LY i gons e
designedde catisr i th inteiisr, extrigeori ihe pintenfoces bemvecheadjmedt sebunits )in the

akter the interior surface charge .of the viral .
assemblﬁtliJ Protein %aézle.df% iaﬁ%ﬂr%ls é}élp,,orﬁut@geq;g BP%T%%P%M to: (i) alter the

interior k@FhddUgiiargd 6f the Viral Ruclelt 4diE ' ' L ghdic resi
interior %# b s % Lo e( D_{)augl .g se A a})ﬁ%dﬁt%%%%ﬂfb%%@a% git\sgc 5%11dues
(e.g- K, iRtiarthe N tessiintsewith poidict glataiic evids (Deugldsost ax 20P2; (ii)ndelete

. | esidues.4-37);, (iij} inserf a c ...

inteior £1cs 1T b N RN T et o COMY - Bl 437 G

insert a sBUean@d{g &f 1 Bhmélo. acid Béptille cbiMtBg@inpWeh @GR e (ERATE4L., 1987)
npdi fy interactions between viral

. I : d
o 2 s WPSQ@WE"I&?’/ t 814 GY) MRy ireraptions befwRynsiita sutuods by altering
the metdE HFHUR Ssites Qf%g%%%l% SRIcay, BMahdds Wﬁ?]%:tiﬁ% mp). N_one

enbodi rent , 1Uuenza anti genrc pe Q'can be
Inreger ¢rebodinient, tive inflpsdadantipbnit reptide Canbeandeltb@ligtbithe capsid

ttl .. E [ t f th t
R R T T -
include WBereit@ktifBudiiza P%‘cﬁfﬁb @ ':If% is@deLt dnlifo Q&WZ@?&%@CC%\% capsid

_ protein in Seq . I'n anot her enbodi nment,
protemn 1nn$¢qEAzNopébt il enetbeuembaliment, e inflnsemnt jeptidé sequence can be

msertoa 3¢ PR, 82057 o ot RN BP0 BR G t SEELD 6. 1. 1
still anothif énibodiencR Mhd BEuEDA ptégﬁder@ﬁrbfeqﬂse&%d MRS 20 28d amino
i and am ng 30 acids 60-63 of the CCOW capsid protein in
acids 603@(30? BiNeCMY  capsid greteianipotiQrdRt Noahl.Min ope enitwdiment, an M2
. t f g i S f1-SEQ | P R
peptide SRRy OBl SoiHR T BIOLTLNES, 523 G et e Pegifivetve or
homologueskmreefis imened o GENMCMENpeld prsrtiai N. | n one
enbodi nenf., the inf] uenza antigenic peptide can be
TR 08 HEEPER e TURaPTA LRGP chopFghreah Osvipeaiey e small
. » I - -
s O 3RS R0 PRSI  B A o mcuc

29
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wherein the influenza peptide can be inserted between

am no acid 22 and 23 of the CPW snmall capsid protein
wO30@PsoCapsid) in SEQ I D No: 12. In one enbo#CTEISR006/027764

an M2 peptide selected fromthe group consisting of

. . : . . rivatihye or
s o BB AL e e v
small capgid iptotpinofSeOPM G Capsidién SHOID M t12. t N o érdbdtBRent, an M2

N T T T
homoloi%frﬁ: lﬁﬁ?eo@ iERsdHed jlooRE t%ﬂ/f\'/ Bnhi g%éimgfeﬁg; t he

uenza peptide can be Insert i'nto CPW | arge
tmpse enphodinesnt, (He OFkzai antig8REQpleptiddocanl Be ihgertedénto the large

copsic SRS TFRS g3 B RERRS) Sl 584 8B ntue

hereirtl Blel MBS pBhti | % i ! i
BN i IS S LIRS SRR ASLD e i

SEQ IR ANy: d8qUnrmne exaljoslomertt, aroM2hpeptidé Iselected fmnt thgegrowp consisting of
ti int . i nked. t Li f..th
s8Q IfRBY) S0 er¢indh 24 et Qi xS otaeth e atsioaciragh the Comv

large capeidgatbtent , this tag sequence allows for purification

of the reconbi nant capsid fusion peptide. The tag .
e qoe sEbodimeniea 4pe seduensq gdiscegt tos theninflwenga antigenic peptide of

. h -hi st di Af fienify. n .anot her enbodi t
e BEREAE ) 1 AR T kP B 00 o SERBELEE 1 e
embodimehe dhisetag THequemg altaws SrsguriiRatiord o ke seatbinmt @epdi€, fusion

... sych as YFP or GFP, or anal ogs of such fl uorescent
peptldep?]g}e

R SCIUPRES (°4] bER APy B8. aichaista bexadiistitinaatingydye. In
another[)@_?ﬁ‘rﬁﬁ%&t, e AFrkRQ @%ﬂ# ié??ghﬁfltplohg-@jlgans% seAnbIeNE. The tag

i ndi ng partner useful urification. e present
can alsp rbgemn fliuorescamh treplpdde.esich e YIER oo fGERY ntr hemhiogs @if sacly fluorescent
ical .20 expressjon s%/ temto produce

proteing /0% 3 o e e 3 QPP IFE IR TRIFcUls oF AdDPHE antigen or ligand

for a knbWhlbi@R#@parRRP k&8l Pl eHionEt hods of capsid protein
expression include insect cell expression systens,

Bhe Pegspall ingentiore gptemplates thy ysent syafbéticasr Eny ¢yei of Biological

bi.i : P.. f.l ugrescens | ant _an | ant. cel | .
expressT bt gs Thdtse, e HeP RS elheft beflits PoRi€ fhfintivenza
peptides Cukreism&hodes Veaphidravsih dRpresstans inTuds ins8fitelTRAPREdi G systems,

Xpression systens. 25 In one enbodi nment, a nucleic

bacterial cbld eXBIRSHATEYStERE SERnY & e2kp B qublifus ed P pluodescers, plant and
in. . | cel.|.
pan oSKBIERS Skt U SHhsSSEEGT 10 AL g
PastoriRssd demnasnfdxporsssnsyserael | . | n one enbodi nent, a
ucl ei c,acid construct .encoding the_ capsid fusion’ L
Befes qaoPdmisty awislfis A°id GRSTES! RSt aotapsitn sPRepeptide s
express€VRP QI KBROEE seRcfRHCh&hC flahdcdp riﬁ%lﬁ(?iﬁé gﬂ{bﬁgﬁgaﬂé&eﬁﬁplmt cell

capsid fusion peptide is expresse p
culturesg 9F eufseud@trnas fdredcemmnetiheln exbedbordiment, a muldiebdd construct

. aci d r.uct encodi ng the.capsid fusion peptide is..
encouio € SO BRGS0 PR 8 R DB i
a nuclei€ ¥pidesastAGt eafdlinh thy ShRtl ASRh pesisde it Bx&frgﬁe@ﬁf)éfﬁlaﬂt(&'ﬂ culture.

...cells are described in, for exanple, U S. Pat.
In still snofher egabpdimer, amyeleicacd gonspract engoding the campid figiamepeptide is

S, i ' , . U. S, Licat.ian. .
expressSl g PPRpABhu L Rreb it TS S o SRR G4 Bijgg pepices
in the B0 OIS 4rREELRIASID 2T, 1S, PaSSEHAYSRIUM Palss 058,422,
U.S. Pat’ 6,11 406 0. PAbplication 11/001,626, and U.S. Application 11/069.601 as well

as in the Examples below.
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The capsi d fusion peptides of the present invention
can be purified froma host cell and assenbled in
woom1io4f orm virus |ike particles or cage stPaTUSR®S/027764
wherein the virus like 5 particle does not contain
host cell plasma nmenbrane. Once the reconbi nant capsid
fusion peptide is expressed in a host cell, it can be
| s ofl. atdeseretiipl oPHi-id biekirisOLike Pateopdsi al purity by
andang techni ques well known in the art. The
i14151°8P§16 fUsipry PrHdes iof Hhe RisSent dmvention sar he pudBes framom host cell
ol L i . . .
ond assE IR i G AP T Qo BEROUE Eadc M GRS Sl B viras tike
particle doeistretl containPkdB celinpinsinamaeambifaat.e Grice ¢hdrageombinant capsid fusion

.. precipitation, acid 10 extraction, anion or cation .
pepidell ERaRsEAHT DhaRciTla s HhGORBLEI Dok to Sbstantial purity by
standar@ rtéélﬁ‘ii’cilﬂg R ¥nowi) Yol HIRPARD I fnd ﬁBEﬁ@ﬂ%ﬁ@ rf)uriﬁc?(tiop techniques can

phy,” ni cke

chromat ography, affinity chromatogra
depend ¢ therdiosigretipHilized hy grodrsd theatapsid fosiow peytilgs.aSheh techniques can

nlude! PR RS20, AR LoD, Y QTELPSL B i

extractibf)] @6ibhV&r §tiRAl HichaldeOthrdhatbgPatfhl), pRbdPRbEMGRRe &hromatography,

col.urm chromat ography, | mmunopuritication met hods,
hydroplgbje intgrertien ebrometnesinkyogffinityychromntostphy, ficketchoymatography,

S ' at | | tracentrifugation. densit
hydrox{fgbRE SRR ST ER gihebl S HER ot Pn SFERBLLerarhy.
preparative oeleéirophstesis) cdeta@pdi e sd1EbiGLat @, aghl @it ?ljecipitation with such

ultrafiltration through a size exclusion filter, and )
substanges,, 45t (fRlIE} ATEPRAPFEPAY.i GRIHEORWIECAkABWmethods. Isizearexclusion

a ' r L T US| ti | . .
ctronsE Q57 oo BB oP LR, \UAIANGRER, RIAN i, dnsi
gradient eenériBighfign (fos exhniye,eon 4 gaurdse M drha téstura phtoridt i(@5E) gradient),

Li.ga the capsi rof.ein 20 fusjon peptjde can he
i BTyl S5 By SRRt nown
in the aft! @R ekérfplet éh%sid%bﬂéfﬁﬁbi@n%ebﬁ&%f;év\éﬁéz YstdHtisfed ﬂBféEul%fdhesion

capsid protein is then renoved ymati c acti vi
propertie calbie taversibly iesed aps iligapt. SV sh thef appirapriapreligandethe ampsidprotein

. o {NQ. | oaf f.i nit | yunms . or Ni.- NTA
fusion {4l B oSBT UBR et B Bbr R Rl bt tlesdfrom the
columnfin kb rebe gy purd¥oraC ARRTapsi EPPdtEFISs ibhi tbm6add BPenzymatic activity.
Principles and Practice, Springer-Verlag: NY. 81?982);
In additpes, the-¢apsid regteie fustonRephde eanibe Purified vsing snmupesifieity columns
. 9. . 1S (Roe, Peptj
o R Dt S fes By o oS00y 5, PR e
Peptide (PRrificstiaya PriAgiptes anh PBetice Sprintt erthoPNEE S(19¢ D0 DEMscHer, Guide

to PeptiiBgeyathcafitn, phidtamid Pises (1i0hy Dot Pascb. Aol 50318/ Bye, Peptide
Purificafibn 1i88hiduds2 0R0psacEhd rMéhmPJr:«ﬁ:ticﬁt Aﬁ%roa%sg‘%geg}, Q%éit%}d Press

. 303-6 (1995). See also, for exanp
(2001); 21 Bqllegaat adn@epiadd Mdthods Wkt Hic, (1996); sl dPatrs 20891Q)Peptide

" QUi de ide Pyrjfj ion," t hods_ [ n
Expr Py, |88, 012 CLbBS Al VBRSO aloGorm G p- 303-6 (1995).
See als&efot @83 AgiSibel edt A ¢ ppRifents);
e SOpDBTEIS) T on Bl gcol 411 Bt Ge Sel REdr (1)
Guide {gy PefidePasifisatiory MgthedsimBnzavmelpgy vel. 82, end otiree volumes én this

s GfBEPU 50545 4d 5EIUGPSBATENSLD oy o0 TP s

cat away,
Wiley/Geoeriai Nat; iand meintifactueaBitiraniné on uscoivepties paifiavioh Yeidass, c.g.,

Pharmagif, BRGGERAT 51 ProRagoRb e Cris (oaioosso amisombinan
techniquid iaBlBwCRBioR %o fag@gﬁ%%‘dé @e@nl_%gc ,L - ?,S{%( %gg&@%ﬁe&%%gﬂcﬁuivdm’c

See al so, for enm sc
I ndustrie 12:69-70; Hochuli (1990) "Purification of
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with Metal Chel ate Absorbent” in Setlow (ed.) Cenetic
Engi neering, Principle and Methods 12:87-98, Plenum
wonewn1198); and Crowe, et al. (1992) { Aexpr esBCT/TIS2006/027764
Hi gh Level 5 Expression & Pepti de Pur| fication System
, t r odi ne
which R 58 Muscd Vi 4 AR RRPP A shusnl e By oo opPgle Hochu
(1989) Ehpmische lndusimqtzesg 20; Herhiili (9903 /'Puvication B RRSGhbiBhE Peptides

with MEGK CRER Rpforbart g%ﬁ‘qvgze%gfsw,sﬁg;%@g Piietisla pog Methods
12:87- dsoqil@@m Fﬂfesse | £d BHd | Gaki QRods ). gaLQ‘éJt(ﬁféés"”r ;’ﬁ'lg%s Level

typi cal i nvol vés the extracti on, I on an
Expresgiom &ﬂi’epande @nnﬁf:atmmcﬂyswerIAGEbb moasCHayswbrﬂf aplif. on Of

e host cells, i ncubat.ion in a buffer
W mants, %ﬁgcapéﬁlyﬁ‘momar@l des qpraAses m hast &ml@memaﬂy
bacteridd h&st@&l@?ﬁa 6 iksdi18 e mehki
typically I};/sed 1usé,l ng 2- e%aaibg(ageél lt0 rougﬁrbss%%ré@ﬁomcm are
suitablepiarspurifitagion edfl pepiisloe divino dnclesion dbdies.bEohermmple; pedfication of
Br.j n< an | nst rument

1nclus1oglzbo:}igeesatypl)&ﬁ ; rrﬁfgl THe 1%1? SF,%‘?IHL&I %zadé?re]?q c&pgrtl SP inclusion

bodies ‘@ﬁ@ﬁﬁ@ﬁbn o tHde)%ﬁcéPIfs @ ki b& icbata ia %tbu(ft%? 81 5GdM TRI§/§ICL pH
Sanbrook et al., supra; Ausubel et al., supra).

75,50 ﬁ@%é@QﬂayS m¥eMighbh dsm%ﬂﬂaal(bls mddrAE, eud dbM EMSF The cell
suspens?d]{jltstt%cély Eg%d: ?éel ﬁa%mgng ﬂgou%ﬁ%ﬁal | %P%r%?t @Pe cell suspension

can alsﬁl&ipzs hdmbg&nmﬂ paﬂglai@slytlbha@ﬁrﬂmm?dnitﬁﬁnédfé)' &S b@icated on ice.
e renatured by dilution or dialysis with a

Bodg 1
A“emateol?ﬁ dp & Lysines Racterig qre Apparegb e, drass ehelrilloa, theart f5ce, e.g.
SambroBEtetJﬂ' 'ﬂlfn%dAh [%1(%135?551 about 4 Mto about 8 M, 20
f or marmi de east about” 80% vol une/ vol une basi s),
Hekcgssaryi, dhen mOHI;su:bmbcbﬂch ca:ilebe{ bolobilized) cunid the Mlsted c&ll(limtspensmn

. 8 Al t h, guani di ne dr.achl qri de and sim|
tvpicat g e Sep{HIgk £ e SEieied o on GoHosion peptides
that forined eNEfneilRich Biies BRRLY k@ {ahREd B}%\)dﬂeﬁ&y br gﬁ%ﬁlsf SR Y ¥ompatible

é@ dialysis, for exanple) or dilution o
buffer. Yeitehiasalrents mchéile lsluu aranmehmuw @rlgea(feoqunm 4 M td dame 8 M),

formamfcﬁe' {Salt %;darsjc n?(%'?eSO %f‘ ?t i )’e@éi nbdé?ﬁ B&%E%:}Honde (from

about ANMLtS hbdﬁe 8 pay.t lAltH@ghogu&ﬂﬁﬁe fhglﬂﬂ)‘éhldﬁ‘ﬁi% AdOBntike agents are
host periplasm After lysis of the host cell, when %1

denaturgrgs, Jhis; %ﬁfurgm qsd@tpgre‘ée,gi;bl,eta@é iepataratine mpet pg}uag][pp@fremoval
o a5 8PSl o MBSHEIEL IR SHEPR b e oo
those skaltkdi initmart.o ot her net hods knovvn to those skilled in
e art.. T ol.ate recg i nant _ peptides fromthe
AlrBfiisty, € o ouflein PESR R Fsbmb e efaPaId fEoh geptids i like
particles; ¥ daké WE8Gtutl Fh %@h@s@lﬂeﬁb}asﬁhgi’b@? ils?st of Al 15t ce[ll when the

resuspended in a buffer “conhtalning 20% sucrose.
recombllnglgta)ephée Baxperted into thapedplasm @ﬁﬂieﬂms‘c&ﬂll, thefpmglpthsmndfractlon of

the bacteﬁg %?p ) I%%l%%ﬁ blyccéolég)?ﬁl%g lq%c%p c:e C otin@r Irﬁ,fh%gfs %own to

those skiliel ipaht agUTE @dsdtOFecemBinaft Hpilied frbhﬁqge 48, f le, th
super nat ant decanted and saved. The %%9200’7/066}(3190})6 ¢

baoteﬂab@?ﬂs@s?é’@efﬁemm torfern ﬁmeH@tntleapﬂlcU@@ e xesespended infacbuffer

COI’ltallf].lﬁ%J Egs/n ?(gsggpgr A I?% n%tecgg%nl qﬁ Cfterl'l%.m ; ri%n hg{ﬁl@g e(f (ﬂ‘gﬁtge Bgﬂet can

be resus;:lendid'd lmldehmbldlrSt mMIMeBO} iaal ke In bl d6é ibathafdroppEikimately 10
of the unwanted host cell peptides (or

g@e man
mmutes.piglpl SuspeR$ion ey besanirHugedand the, pqggn@t%@pg@ntefdr@m&m The

reconbi nant capsid protein fusion
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5 peptides of interest. One such exanple can be

anmoni um sul fate. Anmmonium sul fate precipitates
woeptvidde®4 by effectively reduci ng the anount ofPCWaSeN06/027764

in the peptide m xture. Peptides then preC| pltate on

. of th Q he nor dro bi c
recom‘t%%ﬁlt :Bgét'ufes presteHF 11}7%1}‘3 Shﬁ%lltlaﬁt e Separa ﬁa]d ‘i’rﬁﬁﬁ%{q@t é)leptldes by
standarklcsmmatmnméhlﬁ@il&lﬂfe‘lﬂhfbmﬂmm& bﬁ&klnﬁﬁthe&ﬁt ypi cal

r ot oc?(§ i ncl udes, addi ng saturated ammonium sulfate to

gtx“b]élbtf alt diprtienasian gan sepsrate many of ke vamantedhrhes icelpeptides (or
peptided WeHIEE HRRD Q@Eé]ﬁ%hﬁ%@rﬁecﬁ? ﬁ@@ntthg qteﬁo% ngar? capsid protein fusion

concentrati on Wi
peptldeHnyr otdredti Onef sqahpémdgﬂ;e cdin éJepz[mmbmuhﬁfsﬁlfaté t Aftfinonium sulfate

e W I
Peptides YRGS Iﬂéélﬁﬁ&tetoﬂ the baFNGELMbEr %Blugﬂlég ng’ﬁ@ rdofe g&?bﬁ%@g Peptide is,

the capsid protein fusion pepti
the moper dkelyiit as ¢o ipsecipitate s lavir| anzechiimm m’lfaiee bon‘;tﬂdtrithﬁs A typical
ved. if necessarr either 15 thro

protocc SRS Riding ARFFER A HRIOE RUFLEIR o @EPHFatoGMy Soribat the

resultarfOdriidohiuky sOffate €qncEifFatiof Uit NbedfeerC 003084, haﬂgé concentraﬁon will
precipitation, are well known to those of

precipitgie the maost Awdaphobie daftmptlquacTheommeltmnpnm chsqasded (unless the

oS0y LGB T oM ooy BOPTRIER) e Sk o

concen1mste:d1 kaown stol pieelphthtef thém:é;p%ﬁi lpﬁﬂéinofusﬁiheﬁé Rideasd 1nterest The
esser Si Zﬁ{bUSI ng. ultrafiltration through nenbranes of

PTCCIPItEE? Bi terse llﬁﬁ?ldemsblif@er( anglr thexenepisesaliaraneyied dif necessary, either
hr e

bt S I M) 631 B0 s B B e e

cold ethdmod pg&mmtatmn,balaneel‘l{\ﬂmhwa tpdhesesifzekill i@tthe BASand da@VRY used to

fracti | ecul ar wei ght cuf-off thnthe nol ecul ar wei ght of
actiongie copIplex ap OTGQp’g’F]GnPFH% IHXHEBYi de of interest.

The motdcankatdgalfoft PR conbinahi L4 ﬁ)ﬁl@ refélnhﬁgloﬁr}gﬁg can be used to

ultrafiltered against a nenb ar cu
isolate Jéfffong Pé@tt@ﬁ of lgawtttrfmdrigds@cm@usm@ utytmlﬁltnitlohhhroug]»meﬁhbranes of

f i d h nbi
dlfferenﬁ? e 4 (r% eé(%ﬁ{ E)]& QEM‘D Blé)logat Ipeqrar% ra'lglgs-g gﬁ 83’%% steltp{,]1 e capsid
protein mt&;iﬁﬂ Peigide Mbi@nhird eaﬁ bé utAaferedBrolizh & A¢EbARS wtltﬂ%npd?@ size that

chr omat o]ﬁr aphed as descri bed bel ow. Reconbi nant
has a lowygdpelesylan waighe ﬁ?ﬁ'@f&h%ﬁean@l@(w@ weight of thd reeambinant capsid

fusion &hﬁ&é Opﬁﬁg&%qe%‘ﬁlg glelrg ie (?fsthec' g{aﬁltrattltoy%:ali aﬂﬁ‘gﬁltqrﬁ(? against

and ini
a membaait Wlﬂ!l) A mcdﬂtuldtr(niit eff greatbisthen ﬂ@ahﬁl‘ébultnhﬁeﬁgﬁpﬁ e capsid protein

ps.can conj ugated to colum matrices and the
fusion p@gﬁé g)éerﬁto?ﬁ? rﬁﬁx&ﬁ%tp@pﬁlfilmgtelnpfuplogfpeph@%@ﬂl pass through
the merﬁﬁﬁl'i@ﬁfo hE %lff\ﬁle | T @t dan kS H'%rcthf]otﬁ&t? é‘chllled REBAE BL1ow.

to one of skill that chromatographic ues can be

Recoml‘p@zmt eamghﬁlatonamug@ataa adocheusspargted dopni pmenpelftlﬁemmare)bams of

s e ]GRBT R 58 o RS 0 A5 i

raised dgaﬁlst dlepézqisfﬂ Proteihlp WaN &e: co beldl Rﬁ@d)luﬁﬁcﬁﬁfrﬁes and the capsid
gnificant for VLP fornulation and stabil may

ty
protemselmltnop}lﬂ@% dH@1 Hhese mnthasls aezawvluca@miromwm It will be apparent

to one gﬁlé{*lj ?[ ?I on%g t{e% tg{l]r%?ndl o?%ulg%rlgge @ A% gy scale and using

equipment o man;Bdﬁfbyelﬁ&nanafactl(réI@ZJ % Pﬁlrﬁﬁ@ﬁllﬁbte@lﬁb of pol yona
jrus. by the chel ation of calciumions found
Vs, Biatniriclg, Rl iPgErs Rarfeois foldgd ogpsigproteins.  However,
addi tlona}?’fagl)o /shdnifidsht SV 1
' resi dasesgmare esse%??g?m atﬂl aélgig:sg%mtx agpexo;t lh&lﬂgmg PH, ionic
activity of rotavirus VP7 outer capsi d protei n J.
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5 71:2211-2216; Walter et al, (1975) "Internol ecul ar
di sul fi de bonds: an inportant structural feature of

woOher7meigpoma virus capsid,” Cold Spring Har. Spapus2006/027764
Quant. Biol., 39:255-257 (1975); Christansen et al,

st 401 S50 5 B TR B! SR8,y

al, (1927):“Dask8eibfi8 of Hallybils &k byl the cHA&Eon oﬁ%.lléluﬁﬁéﬁé"fﬂuﬁd a8ociated
ifi.ed pol yomavirus capsid protein VP1,
with P&Béeéig‘én%% I S¥iroh l@é(3ét713‘r724( Papugo gloaly ﬁ@?hoTWhlpswhnerreSIdues

are ess&rﬂﬁl ﬁﬁﬁl@ @Qﬂc){mg gum“ 1;%&@8%& ngth%'\%ﬁ#;lﬁ&e%gg)prc}%’; J. Virol.,

37 rcea et
71: 2211@@@@ Wraamsétoaln(mgspélmmmblepmlhy dmalﬁduerhmdpl @Yﬁnlﬂ)rtfaﬂﬂ Qructural

featuregg‘ VI ol %31%137%?&? capsidy’ a?lg}gﬁ)ng st(bgant Biol., 39:255-257
(1975); e%@ﬁﬁééﬂn ePlall o7y mt‘fha%@rizlaﬁ@vdﬂ' H&n%éﬂ%ﬁtsl%léﬁ&? ) alkali

protelns det €ction” of LI-L2 protein
disruptarpf simiap|virus 7Q; ”2J98’ilr012,931810’/‘9etﬂ&41; Gulnake htaztl @@386})ﬁ£elf—assembly

of el b e et TaRSORTY Fofl Bl g S ctos
“Polym@‘ﬁphlﬁﬁﬁﬁ thd @sheinBlyt bE &&amhﬁl&eapbia SOt oy (ﬂﬂx s. J.. 56:887-

capsid fusion pepti des of the present 1nventi an be
900; Gérﬁsa &5 8k {1983) AHosbrange dtansformin g szpe rmif | petlydme virvoplags a role in

s a8 RSl 8RR A s S3057 4 HPAMLBP, macovims

expressmmdsfaﬂha H‘Ilﬁﬁlh papillonlvas sreypeEBIapEig - proteindN@et &dHAMMEBINL2 protein
virus |ike gartl cle (VLP), or cage

compleges, i dy e Vit o B2dti #9Bhe. Trsbriates | aluningeottiliged dor the re-
Si !

st BT, 6 R 00, BT 961 R s

descnb@&mdlaeﬁxamplemf | uenza peptide on t he surface of t he

rusé{ article, In one enbodi nent, the
:jfl.%@mova S48 Sbcaf RpLides offhe presentinyepion can bg expressed in
host ceRSHRINRLGALIS iAvivBk AT ifs 3RS ‘%ﬂm esObr 5{%‘;%&&% wherein the

capsi d fusion peptides, including fromthiee to abou
virus orpgnpdkequpidlel doessiop opeiptlicdessll plasmmmeambambl fewohe etnbedlment

v Vi ru partlcle or .c cture ingludes
a virus, Sifuf e bl (Y 1P, BEfchioeRionitp i B it e st gl Gt or afr
expressﬁin dfans baﬁhﬁﬂﬁl@ﬁﬁ%eﬁh&é’ SInOcBhe R diH e, tHerﬁl@ OfiARlike particle, or

enbodi nent, each _virus, virus |ike particle, or cage
cage exgpsen dianBuE PARHds on the peke of o O ditis koparticle.

6 17 or_.at. | east

gggﬁsél %ﬁ?ﬁdslﬁ%rﬁﬂ ﬁ?es% glm?&léé ?ﬁ’? %lr?é 018 cage Cﬁtx}}g eIs; eﬁ,genabqed as a

multimeria essermblyvoft moMbhanm@apkidCﬂlelonSpe@ﬁS@Tbﬁcﬂﬁﬂlﬂg fﬁiih rt]hree to about
ahedral . structure. In another enbodi nent, the

200 cad 3EOIpH Rt | LY o6y cryhodionts hes SaHn) G Hks merislamor cage
structur® SIRRIeS Yat i’e‘&sttitbe af‘ RhabtVeD, Ut Tedst éohngf 1 EQ@OC&pﬁ flfglstS ?ﬂy%g% fusion

i s derived . I'n a separate e di'me owever i
peptides;j Ingnother ﬂmbg@lmank @aq;iavnrmsc verusl hlea;pamtlehavcmgb lsucture includes at

et 13 BRI & T2 K A 55 e B fusion
peptided.n a particle forned of 34 WD 2007/011904

PCT/ US2006/ 027764 mul tiple capsids fusion peptides
Buene, gmbediment ghe viras joy iy dléie\pamrsle parssembied #Fomn icosahedral

X as few as 3 viral
structur . BB Gine em RHRB LR lels Y BB i tielbiod fg e same
geometlgttasm]m& nate viris o te cﬁps19 ,seqh%ncelﬁ defifed &l . In d4epatdte cRfbodiment,
36, 39,. 42, 45, 48, 51, 54, 57, or 60 capsids can

howeve dht SRiear Visupliks pheisi Gres ot peemthevidentisel sermgiiapf the native
virus. Midtht? eRPolintdEs ASSHMEthd Rrithl iP28R6R in a particle formed of
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previously descri bed. For exanple, see Dijkstra, J.
and De Jager, C. P., 1998; Matthews, R E. F., 1991,
weleoro1dbon ol ogy, Third Edition, Acadenm c PresspPCTms2006/027764
Harcourt Brace Jovanovi ch, Publishers, and the
i sol at ed

multlpl | na sgﬂlpeptlg% {fo%%ﬁlsg %ﬁ‘qr}hvg VRF VRS adtlct:)l)é %or example, a

nore

cage squrlcxi)rmedifrars&’ewhzlsgﬁ1 V&Ble&eq)sﬁ@d:bmmfafm&m Tl 8k dty efibd@ingils, cage

I'yet hyl
Stm"t“ﬁ‘}s % oty |9Fnl|8r & rt%itg‘i):ﬁt Ié&n%lrj.s%? gg;tpﬁ?%yr‘i’%t4 selnes4 57, or 60

caps1d§d%h%%ﬁﬂédaphy and dialysis. Once virus or virus
i ke particle containing cells are broken and the cell
Ponfieatic of glanserhsendr milane dsiruk heartiéles asembléd” 4 vivokBas been

oo B AT oo S on TR AT e e
E.F., 18b1 |1f1111‘17r'\?1|rolﬁg§;I ﬂfiﬁid@ﬁﬁh&[‘ A afl ORI EE&! gﬁ Hd}€outt Bth% Y6vanovich,
iC unag 8

virus |ike part es I n an intact ah gregat e
Publishersaped ﬁmEX@nplbﬂab&lawr d‘rlestszulagﬁscanfbe isslated thyancoribigation of two

oo Y 0 A B BB S Bonaton,
precipifatioinuting pelyeasae” diytof rs'd%?re%iﬁﬂaﬁ@ﬁ Zgle? IF1a{oh Skrb¥ato graphy, and

purified preparations reover fferent factor
dialysisraPneqvisraet vivs Bkgpyrticle qontaining @nkls ax bwhkerhanchthe cell contents

A L A TN Se——

abnormahd Therefoze, is ysbofen ndtetsaly iooms anadtifioRl tediun®B&ifhed to preserve
._reduci ng agents and substances 20 protecting agai nst

the virusyor ¥EPs Bk paRelen gkan ket ndmeseeaticd sistndurisgabe various stages of

isolatioR! OtTfleNSorfiforls! RRS s staﬁiﬁ'l S pudtich qf%l?_'r&e@ rﬁs ke %artlcle
viruses are stable over a r her narrow pH tan

preparatlhes a)ayrh@td1ffersnt iem rheise tresedet inichiden exthdicss bﬁrpgﬁlally purified
afﬁ‘:h f bu f% rrgort ant. Phqosphate buffers

preparafii, SisPoauttistBhreBh ety e Joierich SEhay Nifyecient o which they

affect vit@b efaBility U@h@ﬁlfaﬁﬁfa&omo%%%néiﬂéﬂéé npﬁev\ék{pﬂ% 4 5@bfmedium are:

articles. Sonme virus or virus |ike par es require
pH an(f hafipr sxderoe ofetali ipas end lnnlca$trarrrgﬁs educibhegents and substances

et A2 ALl VS BB S o,

enzymea,dzdﬁdiete@géﬂﬁ@ extracti on nedi a. These materi al s assi st
in preservation of virus or virus like particles that
Meryi Yigpspp gee plablscoveyia jpthasrragh okl tage.omnd Teegxipmy must be
¢ S co [ n
main algécfglé&lﬁgﬁﬁsﬁo gg e Eeclr"3 ?Jafl bgl hﬁg g’a‘ﬁ sg‘%%"é{ra?‘g ufs)ﬁosf’?mte Woittors have
often bekinf €mplolytd, elmt&ﬂesemnayl taves db]atelnons 2NFCP RS V@ ird® o®fvirus like

s ar virus | ticles. Several nethods have
partiolef o iiseprriis H5F PRBGSS SCRUGS 4ug DIoRgpee 6! AGR meal s for the

reserv&{dne&H stk IERRbLEH NoRl Adtfeniih’ g e
P eSerVpart [ CS| es duri %gﬁl}go [ati orﬁ3 ng!EDI&I%\y gé a%lshe@og%ﬁm %%ucmgtagents
are frequegly added tp ﬂlﬂemrebtmi medxaauﬁmse n’mmnamh assispid mesartativnsdf virus

or Virusr 1'11? par% thg:ll gesa H?s% 1n£'eﬁh E%t?c{ylsg q\:lym.oritngyta sg reduce

adsorpti‘vbh rolf %68t doRgtituéls fPthe vaAY Pl@en@h& %ﬁa@éﬂalﬁﬁr ?lcal!rs@ Rerib Y difficulties
stability. 35 WD 2007/011904 PCT/ US20067 027764
in the isglaiion Al anesssyation 96 yote or Vlms Ekqnpmnelen Sevetalgmethnds have been

rii hl o | asts can
used m(ﬂ@ E’i 1§s§ g{:c%s{@ f %dengBy 1% nt{}ﬁlggpl% O&ngﬁ virus or virus like
pamclesragmeg lsolntmnnEBfIW ad thensoduﬁh @ﬁlc aab.omayl SR Fefbhifer causes the
d renmove host pmterials, artrcul arly

rb a
dlsmptlﬂ? aﬁ%ﬁf tIIbOSPIRGHPE VeRting thelr sergedimentating wWith the arruemrrl@l@s This
bstandOFary M6l Qg BT 4
sbsand bk B 044 08 VRRBE 2y SRR Ge GEALIIRRAL, v
i ke particles that would otherwi se remain in the
fiber 35
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5 fraction. The enzynes al so digest materials that

woul d otherwi se co-precipitate wiwth the virus or
woiourgiidoke particles. Triton X-100 or Tween 80CTAIS2006/027764

sonetines be used in the initial extraction medi um to

R B8S3, Be9% Sl 3006 UM PIEHICRSR dpamencs

chloropdests &dn fedilydeiabsérbad bl tehtdniteatiden céﬂauﬁ E‘x@a@%ﬁﬁﬂn concentration,
ul ar

n|on|c detergents di ssoci ate ce
CharcoffhB G é‘§e byl KBV E Rpsateeuplsupardeulaly pigments. Enzymes
c
B A i e v
aids in therrekeiss ofghplvans ot Visssultke pentales thativodkl c(thérw@seneﬁfairﬁn the fiber

nort ar i i) ch ty food bl enders and
fraction e S fints. blsp Ji2 atials IHASMARE qriepeise GormgriEiate With the

virus omlh'lhsslikeaﬁbﬁﬂtlélgwﬁfﬁnaj( 108 Tv&geﬁ%" Gn $OfebitheS EBE u%%fﬁxsthe initial

ogranms of tissue. an extraction ne
GXtraCtlgls enledlilm tosassist ém relgdse rﬁc‘esu.saoy viros éiiks yragidlesnfdinaingoluble cell

ont a of roken eIs wth the iy The
Compor%%}%b ? S S RS SO | A5Sigk ffy %,nmxﬁgl@a?{;%mu% the plant extract.
Nomoni‘d‘l&ﬁé@@h@tdissb@la&e@@mﬂr%é‘rhﬁﬂéﬁesc QRfich Mok ARnaRMANRG virus
crushed plant tissue. In the crude extract, the virus

like parfiglegi rus |i ke particles are nixed vvlth a varlety of

gejvéneﬁp g H{}cgﬁﬂte? Cél{] 8t u¥ Lo {;‘ru}sgg %12 o%aggerp%q 81 aWéuStcH erus like

virus or virus

paﬂlclenfﬂmahﬁﬂgphhoﬁ@ubl Theddiatluas €) aipdtileddnd MoB AR BERES bich-type
These particles include_ribosones, 19 S protein from

food blenders 5 AigeCK ITAR{ORS 2R €11 T‘P]&ﬂdéﬂ]éycqlblfhgg B gatd eommercial meat
mlncersO %&f&hrdo b Qv1 g of EROTRPLS exi® o E'rge(ra tissus%{i,l it is often

br oken chl rop ast SO present are oken ce
necessaw fo ertseresimehbdintesohtabt ef okéecels with titemediuln. Fhelhdb@vdeenized

| ar ol tes The first step in, virus
R T R LT RS LI M
crushed 'Fi6ktONRLE OH| BE cﬁﬁeh&‘%ﬁtact”ﬁ{eeﬁhﬂ 0 ﬁrl&oﬁlﬁ% ﬁérﬁcleg %%qfn%d with a

the virus or virus |ike’ particles 1n solution
variety ek celh consiiuentse that memanythb esanhesbrgads dize cuaI[geem thistvatus or virus like

o nd ot her ,.hi nol ecul ar.
partcle R S echipirinh Sih e STHUR, et sepasit. iysp garticle
include Sibiyjsemibs,t 19 BUphotéih epbMeERloRplRBA W haQ ragﬁﬂﬂgn to aggregate,
sol vents such as chloroform or n-butanol -chl oroform

phytoferrym, mpesalirarr Erements, and fragmentsabpuker ghlprpplasts Also present are
unbrokeglzgilg 'Jl%@ts{rgp 1? hﬁlﬁé H‘X%}L%f ﬁx@%@ﬂ ar{dhlla ];%glﬁ,}gf \Ef%]lgg‘f solutes.

nments ceé I's¥an coagul
The firsCetap iin Vingsisolatiomis Ihsluglihy dpeaadfite rerﬁoxmﬁsfmﬂ‘dlﬁﬁﬂthé bf¥Bromolecular
nt the virus or virus like particles. This

| "
host mafégtala§ BOSRIG dedTios i vinis BiG articiie Taeubhienp Fhp Gseaction
medlunpﬁay%nﬁ%feat ﬂon&e& ?ﬁaﬁé'ﬁﬁb%oﬁ@é bhé!ld ?l?eratﬁgh rn?(ﬁ@é’dlﬁgwlﬂ host

nol ecul ar wel g erials Certaln Vi ruses a
materialgrazfte rdéﬂnﬁeaﬁalwﬂpneaﬂpl xaetdman be S$Lb]1bgi ® anchst&atment as heatmg,

organio AR MRS FIokERom o Ehp B o igrirai et is then
subjecteletoomtﬁﬁlgatﬁﬁl MOR2P T6W QY RETY HSARRR( %YIYI%S Jeﬁedebns and

mpst common procedures used in virus or virus lik
coagulajsd hopiapaterial| Grutdfigativreatdsigle speed dorh sufbiient wme will sedlment the

[ 0 nic strenagth,,.and
L A T e —
concenttaﬁﬁglth@ vtk 0 pardicled ynd p@irolvitigl Ry ﬁidlébﬁldrswﬁgﬂﬂ friafedihls. Certain

.The . . . . .
plant viruses are preferentially precipitated in a single phase polyethylene glycol (PEG)

system, although some host DNA may also be precipitated. Precipitation with PEG is one of
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mai n advant age of PEG precipitation is that expensive
ultracentrifuges are not required, 5 although

wdi2dd7enenti al centrifugation is often used as RCTASLVE/027764
step in purification procedures. Many viruses nay

] lets t very diff.icu re-su end.
e B! GERAAA 800 i ! Bk i R The v
conditipmss Sifobl bret:hpnaﬁorﬂ od&RAl r ahl YL, S isilic Vbtiatpt)r Al WenddnkBtion of
rticles without pelleting and is used in the
acrmﬁ@swﬁ?sr oHs prriication & fas isqtatpn oif rany exprtionlagevirusi fsuggepirical. The

I i on..havi :
i i8S 88 At R AR T g i
although&hffaﬂuetlalléantrﬁh@mbn\ls bﬁaeasedsasczr esend Step Qﬂpﬁﬁﬁ&atiéﬁ?ﬂocedures
to forn1t2e graﬂlenh and the ¥#%#s solution_ is
Many VRyses dgisorored pebiets tthet ieats¥rdittionlt Jo gi-sempepd.s Pensitgderadient
centnﬁ)lgahbn 688l iR ?ﬁéu{bzl Jytoﬁ%of{de H’étll‘%; %eh WiiSs of Witfs ﬁﬁ% #Arﬁl:l%? without

be distr roughout solution a
pelletlrgt mdt ISolﬁsedhla ’&edswietm;rapr@ndlme fot hegnynwuskme IAy@an&ﬁfug@ tube is

partlallﬁgiilgg i r{l\é%‘g]gé ?%fgrgt ?ﬂssltttyé“;og]a aignl?ottom to ﬁw top of the

tube. FoePlahi ‘flﬁﬁ@é 's@é}ose( iis ichmirfin®y 402 FHRAMEBRIAR tﬁ@glrus solution
iii) equilibrium 15 zonal sedinentation. Fo ng

(
is layergd gn torf @igthe gmdlenvu Wigh pradigstsrfaymesbwith sesilunzsatis, dhe viros or virus

S T N .
they mﬂ:th@ biytedtonaBp off phd @en@hﬁ lgi'ad@é'iﬁ B@nélﬂy %ﬁ iehed may bk %sed in three
man er

st commonly used, alt %; salts wl
ways: B} léemﬁmcaarédlwtrcﬁgtrﬁvgwm@ F3tR &0 ﬁ@dl@leé@tlomf?(ﬂér(lll) equlhbnum
f
o SARRALNEN! AP VR, SRV Y WS by o e
light seagtedis podpestibsi nSalt Zﬁecsplw&onml alge cofanfondl Iefn@ﬂxb}%d Ammonium
[ roteins ha%le low solubility at or near

d
sulfae G rpentUgEY aBith oW T |seEAtiont I imRosh CaBTA R sy although
many ofiRP s418 vl eJ Iglfaté/ VIS orQirnéi1fidd ah clfe% ?%étglll(ﬁﬁ 'f&‘%{) rh%urs or

stabl e un he conditions | pre |p|t
days th¢ girgp it @mseldmtmlmlcﬁt mfcagartﬁugﬂi dowvn afnlbWrspeedommeﬂlssslved in a

small V dl S V‘ﬂéh%r g]ﬁgsw t arllg é)??e}gljélg rﬂageDl lgp%%gﬁlyl s o gr near their

1soelectﬁi@ |p6ﬁit§ qgoé&&ihﬁl@%reﬁmtﬁﬁérﬁéa% B/ w8a 86} vifdks ok @iru? Kk ?ﬁ‘hcl@? fhat are
to change the 2 dium It is nore usually enplo

stable ngef élpﬁ)\gagn(ggpms fyoledi ndhe aprecipitete| igi eodlecton lw centnfugatlon or
§ I r adl
St ALETLET o 05 R S0 e TSR o g o
be usedviorremolé koav pildcular evqigle pastatialo fiont ak afitiilhex@aeNardng change the
of pu“];ll}agl‘x,tlon an concentration will still

e
med“mbonf talf St SHALNPG HO iSRS st RRHQIYnS hisdty precipitation or
oo il ¢ 500 SUBNGH e

Yirapior ivitys dike 3@rtidie pmparﬂons taklen uhrolugk enpattép of purdfichtion and

h hi_ghl .
concentiiBn il i Spuiair sERERE Sk e ionote gy tRapPaiesals. More of

these cafHel re@alddmy ﬁﬁth%hﬁ;rﬁ@dﬁﬁoﬂ kREEIVEE roEéHur@ ﬁ%&ﬁh@ on #he stability of
preparation maybe subjected to repeate

the virysros cigys tlikei perticle gnd rﬂ@sys@ée of therpreparetiarl. Soyedtizses loghly punﬁed
The latter
preparafliEhaft B ooRh RSP HiotcBligt B tné e gy Fanfe. ok SHiple, a
preparatiGic maybt sabibesd terpuged PREYpreapRatibnsGrahPbe cREReV RS cycles
pellets froma high speed 37 2007/ 011904
of high eI ssRsd Sedimestatiose &hﬁémeamrmdmeéeacbstggb@ pepferential removal
ef ul.
of host @gc{&a g?(%lééﬁle%p%g%%{qh% PJI%@%C ll}#bzé) Lxﬁltﬁ:h e géllétg‘ ﬁ%?n Iilfngh speed
different properties of the virus or virus I|ke
particles. This is likely ¥0o be nore effective in
renmovi ng host constituents than repeated application
of the sane procedure. One of the nost useful
procedures for further purification, particularly of
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5 less stable virus or virus like particles, is

density gradient centrifugation. Sucrose is the nost
woammnig4 used material for maki ng the gradi enPCT/US2006/027764

Sucrose density gradient centrifugation is frequently

. h of oi.ce far f her, purifi.cation,.Str
sedimehfiof e 18sBindl? ey btk kit iceRiiom is geBi %o avoty
at leastefvbgrddedereg Had depnd watdefférehisprbpertivd 6kbe vidib ot vidhelike particles.

. .sufficiently stable. Successive fractionation in two
This is dikelydp dstmeye séfeeiiesn reounabestreastynends thearepeatedsappiation of

' ] I I . ff
the samf Jrics bl R8P Y e Ao dBleal tor RRRBA Ao paflcufhety or
less stablerwasis lor kiauphkd patielss, idddnsiy eradieat editefuloatiéh eSucrose is the most
I leting involved in the_ high speed centrifugation. . .
commgB e SRAIPTAL 0% WARE iAot ket dsas b edienbeeRvgation s
I ' : f t
frequerSiyRO ThelhRY bf Xpchot or b RLRRIED, SHOME JofiBoIBE SR such as
cesiimphidmisld aré plsogiifectiveegradientnmateialsusr vansdsahat! are adffizyently stable.

l.0 [ the pH, Chy.gnmat ogr aphi c procedures can be 15
Succes @8 FfOhipa By vur rLATEYC SRS AV SHISEER g userl result.
Filtrati®fhirduihl dgaPdl ok iSephaEL Rk e A iseliPteS FAH AL urtlr purification of

) col um_of cal ci um phosphate gel in phosphate buffer,
virus of gfifug | lksepasiitlemthat ere fegiablpitotiad pelldtipgi mvolved in the high speed
. . - D ed.t0 rif ri ous Vviruses.
censs AR IALRAN GAVRE S B St 3o AU R e o
agarosdeCless arcylunth thanwenigeaifialty biad tBeé dirud £6mMVeEsod@idnSpaREed through
sucrqQse. H gh speed centrifugation is commonly
the colgppy o{iet eBroerahwed by lewsrinnthe - o Fhermaip prgrhia maogqeiares can be

r .
wsed o AL LOUOLE AT 01 pkANIPLSEU Bl rox o o
columnsaf] cakiunh phosphéte gehinghbsfhatecneffer,Wetih lps@caluminnoofast protein liquid
hr Pr ot %ié{n Fga%rrents The present invention utilizes, in
¢ Omaéclﬁl?"’lﬂ &EP OR Wd_ttH_PPﬂ WHEVRVAESEr i bed capsid fusion 25

PERAaHSRSstE QLAY RE1afBn bPEIHREZA 1P ﬁ_@&és&gy t&boh @At hte YMs and

i sol ated antigenic protein or protein ragnent,
removedealisv at i suerosor Hagholspepde cetigfumafion der conemioflyoematoyed for the

influenza virus, incl.udi a hunmpan_.and/ or, ayi an . .
concenriliqn ab G, grd B rprhicsian' o g arbant of fae leqliroyeisht material.
Dialysig¥tise® fir erRb6 @il 6 ExcBingeldfebi®d. n fragment, derivative, or

honol ogue thereof, is derived froma newy energent

influenza viral strain. 30 The influenza viral protein
Im. of t eﬁicrtnfl{l '%oléjﬂc}t iﬁ%gP o@ei}l%‘?a & ‘?se.nt | nvention
ca ived fromthe
Whe phMBentidventidn ulilfzes P IconfBzitioRAvith thhiRBoved&tabdiscapsid fusion
.. derivative, .or honol ogue thereof, of an identified )
peptidey copigioine, ay iniliengy pepiide, at leastqne iseldtsdrangigemp mrolghy gr protein
fragment, [d@HPRive2BH nERABISRE ANGLATI dB A B> 1S VIR Cinclud;
grnebeen [ d]gﬁt'i fied a?%g the&gequences af%g pu |%IV31%¥’ mcluding
human auydlot avibe infirenay irthe INahé ombhbdiBent,ahe fisdated antigenic protein or
rotein Bk echngl ogy. 38 YI\D 2007/ 011904 .PCT/ US2006/ 02776411
protein {geihsha PSRV NRRPY BPRPIOSERZBSEP US FeWEdriiumst mevly emergent
influenZiAatdl afpdig. at _
http: //ww. ncbi.nl mnih. gov/genomes/ FLU FLU. htm . In
dhe mdluspen ieh prajgin ohprogeie Segmentivdized onthepheseptriovesition can be

or ein f t .deriye f n.i pf '
s oot B BT S 5 TSP 7 R o
proteinf)rdetieative, of homolgot eheted] 80 bR idcntifibd GhiluedP@lviral strain. A large

enb_ogi ments of the present invention include the NA
number i ipHPHNZ3 Strping: AdCOFTesRAREME Nratedtpeayearess avietheen ddentified and

the seqfenddd hideBARIND Rt NBiroifh M NatibQI Cifiter for Biotechnology
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group consisting of subtypes Ni, N2, N3, N4, N5, N6,

N7, N8, and N9. In one enbodinent, the influenza
woRoaipepti de is a protein or protein fragnmenpCtuaszoed27764

froma human and/ or avian influenza NA protei n 10 In

t her i men the i fluenz viral ant. e
Informafiogy o ff‘{@%ﬁr ot lrfsfhl Pagnme PHGRd f Fib ava1lab1e at

hittp:// Wi nbisina A ik ngéxﬁinibs/MHFLUle embodi ment s of t he
g_resent [ nvent| on include the HA protein or protein

a@fn@mémd@mé of thecbreseahiny pretiogy Shgrprefein oif prgtaix Aragment derived

from alfSJ{J ?%u%p é}iA & Feg‘ﬁg ri‘f‘)qrfél'iﬂé gﬁ;ﬁé@ns&%ﬂg hgtah%%ﬁf\gg proteins or

protein IﬂbgmehlﬂSZ Addli§ondtikfhbodinttntd1dT. thé-piresstit irshtom ncllie the NA protein
resent invention include 15 wherein the HA peptide is

or protfa@ riraggent ip Aetived Gemdhe srowuplariieryaNARIPIgH!S; selqctrdniam the
a t ngd
Eroup C%mtﬂ{oéésﬁégﬁ%@eé ghéfll\lge i)’flgg’mrﬁaéain avi an t ﬁrﬁcfuenza%mbodlment
the 1nﬂ\mnza @inal pdptide iea proteda onotein frivement iderivddArg@n atheinmaniasd/or avian
. ted fromthe subtypes H5, H/7, and H9. In one
mﬂuen@?tﬂ REM of the present invention, the isol ated
A1 oL NtnfbATALRS, the linfMiRE £ vital 3&@&@9&%{% loB p%&EﬁCﬁggnem is
froma newy enmgrgent strain of I'nfluenza. The Worl
derivedHseunt dn ntiivgam pezil pmiemevAédafsondl] emiodingenitn bf u;t@nmsent invention

TG I A A

protelnsSédl&itéﬁSfr@ﬁl thagfdmg%aﬁslst@whecsubﬁtpeg Bt HoNH3 USefis, Hié) H7, HS,
rivi % i sol at ed ant |}gen| C prot el ns or prot ein

HO9, H].]Or 5—5}}9 B2, fE513, Bk, jand tHhS. dirakadiments f dhe peasentsinvention include
f t
wereif ) bOOE AR LGB A ! Uy o0l AR o
proteind. il aetditdonae qmbmhmeﬁhttmagq)epudﬁ talble@lefited from an avian influenza
http //vwwv- | anl . gov/ __whi ch contai ns_genet
HA profegg. ohrﬁleq %Cﬁmﬁ@w by e mrotera pelectesdt fipmrthe é‘ibi.‘&’es H5, H7,
and goEnbodi nents of the present invention also include
wherein the HA protein or protein fragnent conbi ned
Wi ohe tmbodinrens of thlc@rq:samt mwrﬂelonst}ﬂesolafcedj afiti gemi ot preteld 8r protein

no_aci uence th
fragmery; ﬁsha?lﬁatﬁg/%? = %Wl?éof‘éﬁf(r%@ﬁﬁ“aé‘% ofi wiperzaeqThs Nierld; glealth
OrganifafidRIreviews tBeFoMatihftnz# epidSnldIePt 2 A4e tWig! ﬁﬁmw hﬁfd updates
is encoded by the nucleotide sequence SEQ ID
periodiqaiiytihe idgntificationofaewlyrenerdgent strains oF enﬂwnzweﬁzaetm mi‘@matlon
useful %L?ér?vm% ﬁ]golr%%tleé saildlt nefqlta)gor%‘(g:%g Z)? rf):r%tlgﬂlv Q%i;lé) %ngge m Hw present
inventiqi i gvdilableagniose of skitieén AleThal | Fvd bk@hpR; the Los Alamos National
83)/2004( H5N1])£§st rain, or a subset thereof conpr isin

Laboratgfy Mesatping gn miuenzg Seggencg@)atabgse gpilably at hifp://veww-tplanl.gov/

which e g g omlgn o 3G b et i et derocs

EAibodBR&A6 6 Othé PoebentdfGentidf @lso 3ude3@hereiddhe H@Bﬁnote?oﬁ 6r proteln
400, ,420 443}66 460, .480,

520, 540, 5 565, .
fragmeicomfifiel Wi Abe KEPHHKETUlE RO PE BEG e Rpning acifrpeauence

f the ANfHaUSATB(SH-SHBOBLEAQINT) sifintlt SO aBNbBE15 t
of the A HaBIEYSE SR 00M orqgsg%nhon%%gog £15 Ra1e8s defivative, or

homologu¢ ﬂlesm;fuéati@ epfodet dyHite nylentide seqnengy SEQIIR Iﬂoalﬁ@able 5). In

e A/ Thai l.and/ 3(. P831204H5N strai,n, or.
other e@u%‘i IQFentsS, 3[— f’né]glf 0 %Hl gtt?l zfegdgt]ﬂ)uigres% m%’ltlog5can be the
entire aﬁﬁno 46id Sduerke oftife }@Bro_t@n of prot&, ﬁagé%enQ er t}%'SA/"ﬂlﬁQandB(SP-
120, 130, 140, 15 160, 170, 180, 190, 220,

83)/2002@5N@3§ra112,gga@@§pt tigpepf comprisizg @t leasi(0, 24,089, 3@2@0 45, 50, 55,

60, 65, ‘}6‘075 46035, 4809 51@?,61 %]??%omfié*& 1489050, 2681785 106408, 220, 240,

M nd ati ds S
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SEQ I D No: 15, or a subset thereof conprising at | east

20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80,
w6%0079@19095, 100, 110, 120, 130, 140, 150, 160pCtIaB82006/027764
180, 190, or nore amno acids 10 selected from SEQ ID

260,200 o L8 ) N, AR ECHCRAE 0K e o

more amharmdsesreie&tddcfﬁomfsmlm Mool 8] The $nfikRnabvirkkProldBi selected can be
roved expression in the host, enhanced

at least; MOgéﬂ?(bl%y 93 0fr 9%rW§H°&%\$&P dhe aminedicid) sequence of the HA
protelnp61° ﬁﬁ&heﬁa%}lﬁélrfrt] g& ﬁﬁlﬁéaﬁ@giﬁﬁﬁﬂﬁbg{f@hﬂg %P o eé)rna subset

ment co VIT
thereof@empmemtgfat &HMsiSHZQZlSDI%MS 40, 45Tab| &5,%)0, 65 WOOUBGSO 85, 90 95 100,

1o, 2fn B0 RCY . 0 by T 58 S 2aR B . S, 350,

400, 4TEQUEN4ED, a0t Biso, HB0, BA® SN 5@§ %so&eanrJ SEa[&Eedggst le%@ from

I D No: 17, of a subset 'thefeof’ conprising a
SEQ IDzNo 13031‘ a3fbset Gherdds, coBPrisihg, at@@s,st%ZS]B)O 35540,83, 5855, 60, 65,

70,75, 348 9809 398: 134426356 74145059, T g $Bging omipere o acics
selected!BOm 820, IAK6; 146@ ofBP embB@imendd thezﬁﬂﬁg&a f)’i‘g’@m &' nucleic acid

nore am no aci ds sel ected fromS E
sequengerFap peritigrad; tp umpprvetthe ﬁhar@,cémmtnce ef tmrprwemasudh@asbut 6t limited

o 5 S, e e Sin BRI SRR, AR B i

propertlB@.errl SI ng at |east 20, 25, 30, 35, 40, 45, 50, 55,
%g 75, 80, 85, 90, 95, 100, 110, 120, 130,
‘Gmaﬁ%%iy’ iltﬁoHALmotelPser pigjgin fggmentpgomipngl withsthe virus like
rt1%§9 ividGror? SBQ F#Ro Oher
e 8 880 EOLAAER, 08l 000 i
protein ﬂlﬂldlmtBEcheQ)mmlt Iwention otthbe therlentiienammine acidh;&quence of the HA

. influenza prote uclei ¢ aci d sequence can
protein gf profciy eﬁb?%ﬁ%@tq?ﬁ%ﬂgr 9 sihsst ﬁﬂe@ogfomwugﬁ #tleash20, 25,
30, 35, ag&ts 89, 59Wo, 681010, 75130, 89, 66,95, 196,0M891 BXRBESEI0CD50, " 60, 170,

host, 'enhanced i mmunogeni city, or’ i nproved
180, 198.02001 829, %D@%@S%ﬁ@@eﬂq ééO 360, 380 d00,e4200440yd60,3180h800, 520,

530, s33roP RSk AAERYLH o Dod TP Ao s 8 e protein

selectedNein bb&,t 1chatol % 86) 85 90,08 98 oy 99‘)@ hofid n‘ggﬁ tod%e ﬁﬁﬂlH %@ﬁ%equence
No: 19 (Table 5) I'n other enbodi nments,

of SEQJPSNGeh 2 T i Subset ﬂpﬂr@zféaompmsmga gt depst 20,t29e 30 s éﬁ; 45 50, 55, 60,
Venid<0 tid€ e

65, 70, 738085090, 66 185, 112 1961302 1807 149, 36 A DEENSE Ro, DB 240,

260, 28§u B@(et320t164@o$60; Py HB0,n20au40,0461, 430, 53%,5203630,337, or more

5,70, 7 80, 85 90, 95, 100,
amino afﬂ? Segﬂﬁtﬁg 5SE2918D Ned 1T@o°t151ar7@n bodimenigy the ugnzapuptein or
nucl E&I/ 05t 20 Btk red B9 Q(R)chg &
cleic Syg%g 340, 350 3520 o hé Domackeribtios Gihe HRBcin 50N as, but
not hmftecbm) sa@rpwdmxpre_&oﬂmethenhdmn,emnwdr immpnagesicity, or improved
covalené@iaﬁm ed can be at |east 75, 80, 85, 90, 95, 98, or
WERBPRS 6??3 to the am no acid sequence of SEQ ID

BioothéISGdelﬁeﬁtbl SEHAL feﬁpfragﬂl@mﬂﬂ)@gle@% Wﬁhﬂ@agmem of
35, 40, 45 50, 55 ,

the A/Tg,]@larggé(sy@@)/zggz@glismo stragB (SEQ4 N 018, 15tble 1570:ncc1®@1 by the
mecteodd e 0 SEEPID 8481578028000 R 45 i

protein atiliged mnthediresent ivehtid taf bel € antfrt AhEhd abid sefbkilc€io€ the HA
aci d seg@ence can be altered to inprove the

protein BYRAPIER LPPRERE B A& 8¢ @4 hsubsgicherse! capaprising at least 20, 25,
30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 110, 120, 130, 140, 150, 160, 170,
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10

15

20

25

30

not limted to, inproved expression in the host,

enhanced i nmunogenicity, or inproved covalent binding
wonropgaiidoes. 10 I n anot her enbodi ment the HA pPOTAISEN06/027764

fragnent will be the 26 kDa HAZ2 fragnent of the

o0, 148,708 b3l 56y 0] RPN 41 (SEQI D 20

from SEQ IDZNO( TabiTae Mifluchih GgiroRDRIE B ¢, bd f19edsNf4, 8BNER 90, 95,
J rotein utiljzed. jn the present invention can
98, or é%ﬁﬁwguﬁﬁgquﬁ do hg preingcacl seayarascf DEQINENPIALS, gt subeet thereof
i tyn0 t
compriSfag R %%& 0. 55 3Gty E 5,.38¢ t5 ?8'\@%57%97 ggsébb§§ 19, 110, 120,

hpri~si ng at
130, 1@,15@51,6060]0 680 100, 2(7(5 228924(13560 aAR0, 960, 32003401390 35200r more

. 13 40, 9 200, or nore
amino aﬁﬁ% 66113%?4% $%§t1@d r bfn %‘E@ Né & pepntsTthe nfpenza pretein or
s\
nucleic dc{djs%guél{c%tcﬁférﬂe %igé}o@ g?ﬁgggku@@tcfg&ak%ﬁgﬁn%s nog 'thef‘:ié}gteﬁﬁ such as, but
not hng’@qutgn mpm‘ve@fp@lteﬁ‘slm in 2B host, anlsarivsé timnmogeficity, or improved
c alerg%an Si ng 1? | east 20, 25, 30, 35, 40, 45, 50, 55,
ov > PIPECTUSE 809, 85, 90, 95, 100, 110, 120, 130,
14 @noth&CmBednork s H otel-r? ﬁagrg&gc will bezt@e %ﬂ@am ®ragment of

aci ds selected from SEQ | In ot
the A@hﬁé@ﬂd@éﬁﬂ*&)@%(ﬂﬂﬂ 1)u@tmm (EEQt@ No:0120n u"b'ib@ 6) autadled by the

HHCIeOﬁ’(feq%%%g&cho suczf gﬂabﬁeoa;?ﬁh g %Fltﬁ]' ct erl &lt ics

protelneutﬂrzed; $i dite plt‘e:séﬂ‘ﬁ énVesibn canhange ‘éntlfﬁ'fh&ﬁﬁﬂ;eﬂﬂl@ 'séq{wn&r of the HA
roved, coval ent binding properties. |n enbodi nents

protemd’r Pf‘ﬁ%mpffa&%f of PHQAID e, 20, l9e 2 sibsst Hiesgaf comprising et least 20, 25,
30, 35 f4ba@5mj§‘ 155265) %E'T*R}nggdséﬂésh96@% YbbYs1d '158 Bl %21(53'1%‘0' %0, 170,

derived from’t arfind~acid sequence
180, 194, V406t namoBt 26029 @didkisbleyted tromi ISHQ@ IBERQo] DO.NCThe2ifluenza virus

ot B e A S LB e b s
sequendelHEIR) P Nd: Qoo&hc?@bs@t'm&%f%%%p% fhﬁ 1643 56! %@Z%bé 'Srﬁ’(? 45, 50,

protein utilized in the presen tion can’
55, 60 éﬁt V0,675, 80 %o 98¢ Pl E@qlllé@;délooﬁ(t HelOHMS @ rieDei 70, dR0, 190 200, or

more a rn%ta%Ldg sg{eatg%ng:Iﬁy o%(f/_v C[B t?n%nlﬁ)é) ﬁ]?e/:q%goé‘r(l;lgber?za protein
or nuc1&5 aciaQse qince cdbe 4Bere® b indSrovdfhe dharactPistidsof tﬁ@pro@e?m such as,
90,. 95, 100 110, 120, 13 140, 150, 160, 170
but not ﬂg@ted tgggnprgggl eXIRessiopan, thQ bost, @ﬂ@nc@mlmmemgﬁn or 1mproved
440, 460, 480, 500, 520, 540, 560, 565
covalen%%g‘fdmégq‘ éﬁgs acids selected fromSEQ ID No: 25. In
hne:nﬁmﬂnﬂelmarttf thbepreséﬂt uREdiony ithelSHAr gtceéifl okt ipkdt&Bdfragment
$ ﬂg prese nventl on, can be the HA protein
combingd it thte Yiros s Paricings signvedamothertsp) BPOCith sHmeaEe of the
AWVi nﬁ&ﬂ/cgszo () ' '
ecCpa0gh 2898061 shoe 0 0 BES) B ey
thereof, Gha‘els mnn@dedt‘tryaﬂns munlsptdre safoemien SEHQI IR W mmltabteaﬁ)l In other
qu nza Virus rotelln sel ected can be at |
embod%ems JEVCTY Vigs Prefein WHlizgd dp flnBTea g eV Hon fran Bhthentire
amino AGtd SEEHRAGE QFf t bR HALAT ObBidh OF o YsteA I HAgRBR
ne t he A/\féme%nam CL20/ 2004( H5N1) 5 st?al% or a subset o the
A/Vletrtané%a@ﬂe%ﬁﬁmo qEaia; of 2 sehseDtheredd coBPrisizg, at @st 25,25, 30, 35,

0,55, 85200 B010%5, s 080t 5 4ol 00 i, o, 0

200, 2226010, 260, 286,0300 33@,054033@) 386,000,3820, 4401604480, 5460520, 540, 560,
460, 480, é) 520, 540, 560, 565 or more am no aci ds
565 or moré amino acids selected from SEQ ID No: 25. In one embodiment the influenza

virus protein utilized in the present invention can be the HA protein fragment of the
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selected fromSEQ ID No: 25 and SEQ ID No: 29, or a

subset thereof conprising at |east 20, 25, 30, 35,
woQ0074519050, 55, 60, 65, 70, 75, 80, 85, 90, 9BCTABBN06/027764

110, 120, 130, 140, 150, 160, 170, 180, 190, or nore

Arviet SRR ARG RRD Wit ERLID Noh e TP R et et gk s itive N-
termind) Uedrl en@CU-RrBRQl gReenEMaRedahhiard dyloflaRKie Vsl Theinfluenza
characteristics of the protein, such as, but not

virus proten selgcted can hpaidees 7exh 83s9% 95 P8t @_9B(®]$Qmoloewaandb@ amino
acid selRMBNIEL 14 froily o WORIERRERHE, &' he MNP CR03p045ND)

strain, &@qmﬁlﬁeh@msm 16610, D5 N8, 35, 40 45, 50, 55, 60, 65, 70, 75, 80,
Kl VLLFAI VSLVKSDAQ Cl GYHANNSTE!

KNV HA-
85, 90 Agsmg@ﬂ 10 430,550, §4) 156, ReP: 1]@%0 190, 200, 220, 240, 260, 280, 300,

320, 34-8%/;5;@%%(% Egﬁ%g%@ﬁvaw lS@b' 565 or more amino acids

selectetSffbk[EK@@l?DNﬂ])_QﬂDﬁﬁ@m HEINGHI29] Gl MNitis&th €deb Pt Sristigat least 20,

25, 30 %%&,k@{@?@%ﬁﬁé@f@ B0, DR, 110, 120, 130, 140, 150, 160,

0. 15 GRS DER RS R0 DS o 2. 1

other etvikSEHnEMENENTIKOTTRMBLOtRIBIVREENI HIRIT b@EORIC ca\li<SNIREed to improve

the ch L AT RNSECRERRRKKRG: %&g}%wd expression in the host,

nhancéd T kA Y
) ancNAELLVL(% Xﬁf %EEEYDKVRLQ_ %ﬁ%\[

NGCFEFYHKCDNECI\/ESVRNGTYDYPQYSEEARL KREEI S

GVKLESI G YQ LSI YSTVASSLALAI WAGLSLWMCSNG  SLQCRI Cl
ATGGAGAAGATAGITCTCTTGITTGCCATCGTCAGITTGGIC Pl ant codon
optim zed SEQ I D No: 16
AAATCAGATCAGATTTGTATAGGATACCATGCAAACAACAG

TACCGAACAAGT TGACACAATCATGGAGAAGAATGTAACA nucl eic aci d

Table 55 %M?/?Th n ﬁ%&WWTTCT TGAGAAGACCCACAATGG

SequencAAGCT TTGCGACT TGGAT GGT GT TAAGCCACT CANNakeCG SEQ ID No:

TCATFTGCTITCTIGTICCACGETCCCT TCTOCGAAACCCAATGE

MEKIV. NSTEQVDTIMERNYV HA- A/Thailand/3(SP- | SEQ ID No: 15

TVTHA EXT. \
PMCDERGH ACATXDENG(HSN1)

LSRD\]T@@%W CCCAGGAGA
RNVVWEIRKRASPARACAEROAD T CAMGATBTEATGT CTAGGA 42 WO

ABQTK OGN 10 VIS OArSPCNORISARISTIRKARGHSG
RMEFFWUOARCUSRETNFESAGIAGAT TAOSKGARBADSCCTAAGICCTCTT
MKSELEYGNCNTKCQTPMGAINSSMPFHENIHPLTIGECPK
YVKSNRLVLATGLRNSPQRERRRKKRGLFGAIAGFIEGGW
QGMVDGWYGYHHSNEQGSGYAADKESTQKAIDGVTNKVNS
IIDKMNTQFEAVGREFNNLERRIENLNKKMEDGFLDVWTY
NAELLVLMENERTLDFHDSNVKNLYDKVRLQLRDNAKELG
NGCFEFYHKCDNECMESVRNGTYDYPQYSEEARLKREEIS
GVKLESIGIYQILSIYSTVASSLALAIMVAGLSLWMCSNG
SLQCRICI

ATGGAGAAGATAGTTCTCTTGTTTGCCATCGTCAGTTTGGTC | Plant codon optimized | SEQ ID No: 16
AAATCAGATCAGATTTGTATAGGATACCATGCAAACAACAG
TACCGAACAAGTTGACACAATCATGGAGAAGAATGTAACA
GTGACTCACGCCCAGGACATTCTTGAGAAGACCCACAATGG | HA- A/Thailand/3(SP-
CAAGCTTTGCGACTTGGATGGTGTTAAGCCACTCATTCTTCG 83)/2004(H5N1)
TGATTGTTCTGTGGCAGGTTGGCTTCTCGGAAACCCAATGT
GTGACGAGTTCATCAACGTTCCAGAGTGGTCTITACATCGTC
GAGAAGGCAAACCCTGTGAATGATCTTTGCTACCCAGGAGA
CTTCAACGACTACGAGGAATTGAAACATCTCTTGTCTAGGA

nucleic acid sequence
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GGTCTTCACATGAGGECAAGCCTTGGTGTGICATCCGCCTGC
CCTTATCAAGGAAAGTCATCTTTCTTCAGAAATGITGTGTG

WORHTATOBAGAAGAACT CTACATATCCAACCATCAAGAGEA

GCTACAACAACACAAACCAGGAAGATCTCTTGGTGCTCTGG

PCT/US2006/027764

AAGS
s \CTTCTA
CCTTA AGGTCA
GCTTARGATG A AR EARTINGATGEE Nt AL XA A6 A CTCGAC
GCTACAATEKT OOCATITSATECOCAGE CAAATG
GGAATEEABCA A BATTETGAAG

T TA A AT B PITATEAT (PR ORCMITTCEAGT ACG
CACTCAARBEHBAR IS AU G OATACTECMOIETTAAGCTATC

AAGGIZA E A }eoa FEETANSA et :IF"?@B\W(:ACAATA

AATCTH :t e?j o e 2 @-(ee S¢cTCC
":" 3 g‘ ket .L (el ale “GEGTTCA

AATAG ..,H- AT ﬂe AHA ," ﬂt\" CTATGG

GGAGA@E}@E@ATWMW%EGTGCAG

TCGCAACAAB TSN

e sy %
D AT L a LT
S e B K AGAC
AGCTCATGGAECCGELEICGNNGR CERAGNEMTAIGTITATECACCAACA

AATGATTATELGCAX CACTABTGAAATGGAACTTACGATTA

CCCTCABRNIIGARAZSL.
ATCTCGGGEGTGAMY FHCHSA

QOUTYHAN
TGETABCTACCAACA

FKNVTVT HA-

TCATCAL e CL*”éF@ﬁQﬁééLCDL DGVKPLI LRDCSVAGW. L GNPNMCDE

QD ’I 2004~ % Il \t.} | I\IDI:\I\I
MEKIV RSO IGY g
HAQDI NHEVE lé' MLEJ%RE

EASE _
KIQUPRAS SR ANNGR Bl ek PN

YPTIKRSY SNCNQEbMERRIWAT

i HA- A/Thailand/3(SP-

O3 NADOAKEING T

YONPTTYI S V
KAGPINDAI NFE

VGTSTISNEMPRPE RAKKINGKKGRM SHT WS ERRRY NG T KCQT PMGAI

SNGNFIAPEYAYKIVKKGDSTIMKSELEYGNCNTKCQTPMGAI
NSSMPFHNIHPLTIGECPKYVKSNRLVLATGLRNSPQRERRRK

KRGLFGAIAGFIEGGWQGMVDGWYGYHHSNEQGSGYAADK
ESTQKAIDGVTNKVNSIIDKMNTQFEAVGREFNNLERRIENLN
KKMEDGFLDVWTYNAELLVLMENERTLDFHDSNVKNLYDK

VRLQLRDNAKELGNGCFEFYHKCDNECMESVRNGTYDYPQY
SEEARLKREEISGVKLESIGIYQHHHHHH

SEQ ID No: 17

MEKIVLLFAIVSLVKSDQICIGYHANNSTEQVDTIMEKNVTVT
HAQDILEKTHNGKLCDLDGVKPLILRDCSVAGWLLGNPMCDE
FINVPEWSYIVEKANPVNDLCYPGDFNDYEELKHLLSRINHFE
KIQIIPKSSWSSHEASLGVSSACPYQGKSSFFRNVVWLIKKNST
YPTIKRSYNNTNQEDLLVLWGIHHPNDAAEQTKLYQNPTTYIS
VGTSTLNQRLVPRIATRSKVNGQSGRMEFFWTILKPNDAINFE
SNGNFIAPEYAYKIVKKGDSTIMKSELEYGNCNTKCQTPMGAI
NSSMPFHNIHPLTIGECPKY VKSNRLVLATGLRNSPQRERRRK
KRHHHHHH

HA1- A/Thailand/3(SP-
83)/2004(H5N1)

SEQ ID No: 18

ATGGAGAAGATAGTTCTCTTGTITGCCATCGTCAGTTTGGTC
AAATCAGATCAGATTTGTATAGGATACCATGCAAACAACAG
TACCGAACAAGTTGACACAATCATGGAGAAGAATGTAACA

GTGACTCACGCCCAGGACATTCTTGAGAAGACCCACAATGG

Plant codon optimized
HA1- A/Thailand/3(SP-

Seq. ID. No.19
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NSSMPFHNI HPLTI GECPKYVKSNRL VLATGLRNSPQRERRRK
KRGLFGAI AGFI EGGNQGWD GWYGYHHSNEQGSGYAADK
waTFA 906GV TNKVNSI | DKIMNTQFEAVGREFNNLERRI ENLN  E&KAER2006/027764
GFLDV WI'YNAELLVLMENERTLDFHD SNVKNLYDK

Vim\V4®]

ARGV RGH ERYs
T ap R R

GTGACME&TMALI@NA@JV&@EQ&@&@M&N‘)@KE@@E | MEKNVTVT HAl -

GAGAABGTAaKCaotd B PG Se@TiEcNccdfscaca
CTTC

TCAACESTTTIGAMAASNI T CAG AVRENTCSTAMER SSPCTT

GG TCT Y AT AN ASCTREE TGRITG4AIECGCCTGC

CCTTA EAET ¢ SSPERR VWLI KKNST

GCTTA N T L YONPTTYI S

acTac “KPNDAI NFE

LaiAc ERRTK | KRUHBHH
SR ik RERRRK |

SAGGH 5 TehAGERERY AGITTGGTC Pl ant ¢

AATCTTHAGUC2eh ORI GCLRTICNOCTRCGAGTCAAATG

GAAACRRAMITCNCGATCAGAGTAGI AT AEAAGAITETGEASA

AAAGGMKMGTWWA@@AAGTCTGAACTCGAGTACG
GAAAC ;

TAEIGAGUEATCO RECKPCTCRIOTSVAGAK L GNPMCDE

CAACAG HAI -

TAACA
CAATGG 43 WO

TTCTT GG

A AT T

%’3‘)/2?)’04(H5N1)

bdon

SNEQGSGT(Q%%%@T@

HDSNVN@KEM@'MA’H@EE@‘ECME@T

GGICT TCACATGAGG(‘AA(?(K [ TGGT GIGICATCACCTGC

' 50
RABGECT Wﬁ@mﬁiﬁ%m@@c@@&mﬂm
CTAGGA

-A/Thailand/3(SP-

Seq. ID. No.20

CT
G

AAGCA

AATTCCATAA!
TGACEAATAR L CAACALI (o (A DA
CTTAACAAGARGAAGCGBAGAAGGAEED"

AAGGTGCGTCTTCAACTTCGTGATAACGCTAAAGAGCTCGG
GAACGGTTGCTTTGAGTTCTATCACAAGTGTGACAATGAGT
GCATGGAATCTGTTAGAAATGGAACTTACGATTACCCTCAG
TATTCAGAGGAGGCAAGGCTCAAGAGAGAAGAGATCTCCG
GCGTGAAGTTGGAGAGCATTGGTATCTACCAACATCATCAC
CATCACCACTAA

TG IGlon optimized
fmw¢@%hal1anw3(SP-

ACTTCTA
AGGTCA
TREAIEEIRPEELETCTGGAC
TTACAARSTTBAGRAEOGAAACEM CREATAACTALEASTCAAATG
CTCTCGEEARCTATATUCIASCATASABESCTTABAARAT TIGTGAAG

@94(H5N1)

Seq. ID. No.21

MEKIVLLFAIVSLVKSDQICIGYHANNSTEQVDTIMEKNVTVT
HAQDILEKTHNGKLCDLDGVKPLILRDCSVAGWLLGNPMCDE
FINVPEWSYIVEKANPVNDLCYPGDFDDYEELKHLLSRINHFE
KIQIPKSSWSSHEASLGVSSACPYQGKSSFFRNVVWLIKKNST
YPTIKRSYNNTNQEDLLVMWGIHHPNDAAEQTKLYQNPTTYI
SVGTSTLNQRLVPRIATRSKVNGQSGRMEFFW TILKPNDAINF
ESNGNFIAPEYAYKIVKKGDSTIMKSELEYGNCNTKCQTPMGA
INSSMPFHNIHPLTIGECPKY VKSNRLVLATGLRNSPQRERRRK
KRGLFGAIAGFIEGGWQGMVDGWYGYHHSNEQGSGYAADK
ESTQKAIDGVTNKVNSIDKMNTQFEAVGREFNNLERRIENLN
KKMEDGFLDVWTYNAELLVLMENERTLDFHDSNVKNLYDK
VRLQLRDNAKELGNGCFEFYHKCDNECMESVRNGTYDYPQY
SEEARLKREEISGVKLESIGIYQILSIYSTVASSLALAIMVA
GLSLWMCSNGSLQCR

HA-A/Vietnany/
CL20/2004(H5N1)

Seq. ID. No.25
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AAAGGAGATAGTACCATCATGAAGT CTGAACTCGAGTACG

GAAACTGCAACACCAAGT GTCAGACTCCAATGGGAGCTATC  AA

w0 AMTIHTTd GCCATTTCACAACATTCACCCTTTGACAATA

GGAGAATGCCCTAAGTACGT GAAGAGCAACAGGECTCGT CC

PCT/US2006/027764

E DWW\

T CECAACTCST T TGAGAAACAGTCCEA

AAAAI\A"—I\A-‘-I\A VoV e PV WV VW . W\

PV VW Vol Vas da'ay Vol W.W.Vay . Val .\ I\f“f‘"l'l\f"

AT PN

GGACTAGPL BALA AR A
TTTGC@@@MO@E&”P@MM
ATCGGATAT@A d@IeH A ASEFTCBaQCGARCANGTEOATAC
GATCABNEAGSSY AADEERA CEG dXCTNICENIBC AGENNT ¢
TATTCHIJA LA CRM A A M ARRRICENT GK GV (
ATGGég%%ﬁﬁﬁﬁ@@ﬁiGA%EQQ@Kﬁ@@ﬁﬂ&ﬁ&ﬁggqmﬁﬁKEL(
CCGGC "~e" : Q@ﬁ@@ﬁ@@éﬁﬁ?ﬁﬂﬂgﬂ

%%W s

RGEORE AGTTCCGCCTGT GT
AGGGCA@@@E éﬁﬁﬁ%ﬁ%&“
AAGAAB@AEWé@ﬁt%%ﬂ@@%@@ﬁf@&ﬁﬁﬁ@é@@ﬁﬁ@f%@ym)
AACAAB?B)JCR@O@WM()}ACTTGTTGGTGATGTGGGGTAT

CCAGANRTT AT ACATAACAT T OEACABAGRIO0A,
TGAAC¢6ﬁﬁ@@ﬁ@Kﬂﬁf@ﬁﬂ@ﬁﬁ@@ﬁqﬁﬁﬁmqgg&ggﬁrna

AAGTCp
ATCCT!
GGCAA E

(."t ? (

‘tA At;
N‘ te&‘e.ﬂ A\

NG '5 RN
e TG A N “;‘{
S

ATCAA@AQ@@M@@CGT@P@M&J&W@@I
CTATCW@MMEE&O

TAACA

e'?i\o'
e

(A é"- AL
iuﬁl

-«-

,-a-.

GTATGGRS ) |
A A Al A AGGG

3 5 I A
TCTTGG@@@%@‘E&HRMHPA A
GATGG KA A EEKESNESEAT AR
TGAAGXE@KR&WCUMW@AMHN@%@QT
ACAAC ‘
CATAAEEWAHWMW&@SKGWMW
GGCACENISMITANCEPEAF BECPERGACSME QAN

GAAGC
coa s et e

TGTGGATGTGCAGCAACGGTTCCCTGCAGTGCCGCTGATAA
TAGCTCGAGTT

HA-A/Vietnam/
DEEAYA964(HI5N1)

HPH restriction  sites

IM@scﬂe%{dmg (
M%x%ipn in P.

[fluorescens
ATCATC
AAAGA

AAGTC

NGCTGT
NGAAT

5TGGAC
NAAGAA
TACGAC
AGCTCGG
AATGAGT
CCTCAG
CTCCG

CATCAC

VEKNVTVT

SNPMCDE

[V WLI KKNST
L YQNPTTYI
LKPNDAI NF
KCQTPMGA
SPQRERRRK
YAADK

| ERRI ENLN

EFL@.V \<¥ Tg:&EEL

Seq. ID. No.26

Vv
VES

don

GGACTAGTAGGAGGTAACTTATGGAAAAGATTGTGCTGTTG
TTCGCCATCGTGAGTCTGGTGAAATCGGACCAAATCTGC
ATCGGCTACCACGCTAATAACAGCACCGAACAAGTCGACA
CCATCATGGAGAAGAACGTCACTGTGACGCATGCCCAAGA
TATCTTGGAAAAGACCCATAACGGCAAGCTGTGCGACCTGG
ACGGTGTGAAGCCGTTGATCCTGCGCGACTGCTCCGTCG
CGGGTTGGCTGTTGGGCAACCCGATGTGCGATGAGTTCATT
AACGTCCCGGAATGGAGCTATATCGTCGAGAAGGCGAAT
CCCGTCAACGACCTGTGTTACCCTGGCGATTTCGATGATTA
CGAAGAGCTGAAACATCTGCTGAGCCGCATCAACCACTT
CGAGAAGATCCAAATCATCCCGAAGAGCAGTTGGAGCAGC
CACGAAGCCTCCCTGGGCGTTTCGTCGGCCTGCCCCTATC
AGGGGAAGTCGTCCTTTTTCCGCAACGTGGTCTGGCTGATC

Codon optimized
HA-A/Vietnam/
CL20/2004(H5N1)
containing the Spel and
Xhol restriction sites
and a ribosome binding
site for expression in P.

fluorescens

AAAAAGAACAGTACCTATCCTACTATCAAGCGCAGTTAC

Seq. ID. No.27
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KKVEDGFL DVWIYNAEL L VL MENERT L DFHDSNVKNL YDK
VRL QL RDNAKEL GNGCFEFYHKCDNECMESVRNGT YDYPQY
wokkARILKIREEI SGVKLESI G YQ LSI YSTVASSLALA. | WA PCT/US2006/027764

GLSLVWCSNGSL(XIR 44 V\D 2007/ 011904 PCT/ US2006/ 027764

ACA A A A-rr\rvrr\r*-rr‘-r'rr‘ Codon
ks NAT

GABCAAGTTGTA
cm%ﬁc‘f@@c’fﬁ@ﬂﬁ@@@%@@é&@é

GCAGT@M‘J

TTTGC HA- A/ Vi etn
TCMTM@M%WJ@M@@%@AGT

88C):‘AAT and a ribo
GG GATTTCGACGACTA

CTGATT
CGGCG GCTAC
TCCTG [/ CGGT
GATGG AGLE ! E{E{\ERBTngTAAT
TGAAG SCACCC
: AGCA
ARG SGEAShGehAEEETT TITGGACC
GAAACATGELCAGMAE ORI AASTTABEGEAGCGAART CGAAT

CGGCATIIAAAGEATAT RGCRO0REAN RAOBCCTAGAOGAT
CGTCGW@WWM&T&AATA
) CBAREGEECGCC

T OT 1T O ot

SGATAC

ACTT site for

(BCAGC
(STACC fl uoresce

CGTGAA

AGGTGEGATGBTFCRARG : NGGA
ATCCT@WWQ@@AATCAACTTCGAGTCGAAT
GGTAA?KW@@A@W@G@@FGACT TGG cont ai ni hg
AAAGG( Ef‘ beGA PERAACEROAGRA T CT GCGCGATTGTTCGRI GG
CGGG 4 TTTATC Xhol

ATCAA A

AACGTGCCCGAGTGGAGCTACATTGTCGAGAAGGCCAAT
CCCGTTAACGACTTGTGCTACCCTGGTGATTTCGACGACTA
CGAAGAACTGAAGCACCTGTTGTCCCGCATTAATCACTT
CGAGAAAATCCAGATCATCCCGAAATCGAGCTGGAGCAGC
CATGAAGCCTCGCTCGGTGTGAGTTCCGCCTGTCCGTACC
AGGGCAAGTCGTCCTTCTTCCGTAACGTGGTGTGGCTGATT
AAGAAGAACTCCACTTACCCGACCATTAAGCGGAGCTAC
AACAACACCAACCAAGAAGACTTGTTGGTGATGTGGGGTAT
CCATCACCCCAACGACGCCGCCGAGCAAACCAAACTGTA
CCAGAATCCTACGACTTACATCTCGGTCGGCACCAGCACCC
TGAACCAACGCTTGGTTCCGCGCATCGCGACTCGCAGCA
AAGTCAACGGCCAGAGTGGGCGTATGGAATTCTTTTGGACC
ATCCTGAAGCCAAACGATGCGATCAACTTCGAATCGAAT
GGCAACTTCATTGCCCCGGAATACGCCTACAAGATCGTGAA
GAAAGGGGACTCGACCATCATGAAGTCGGAGCTGGAATA
CGGCAACTGCAACACGAAATGCCAGACGCCGATGGGCGCC
ATCAACTCCAGCATGCCGTTTCATAACATTCACCCATTGA
CTATCGGCGAATGCCCGAAATACGTCAAGTCCAATCGTCTG
GTCCTGGCGACCGGTCTGCGCAACAGCCCGCAGCGCGAA
CGTCGCCGTAAGAAACGGGGCCTGTTCGGTGCCATCGCTGG
CTTCATCGAGGGCGGCTGGCAGGGCATGGTCGACGGCTG
GTATGGCTACCATCACAGCAACGAGCAGGGCAGTGGTTAC

ccagcmmmmmmmmcmaemmn sites

OB RBGetnam/

%Eéooél(ﬂsm)

Croeimng the Spel and

and a ribosome binding
site for expression in P.

Sluorescens

Seq. ID. No.28
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GCAGT TCGAAGCCGT CGECCGT GAGT TCAACAACCT GGAA
CGCCGCATCGAAAACT TGAACAAGAAGATGGAAGACEGET T

w0 CloTBEACET CTGGACCTATAATGCGGAATTGCTGGT TCT PCT/US2006/027764
GATGGAAAACGAACGCACCCTGGACTTTCATGACT CGAACG

TN NLNA NN T I\'I'f"l\'l'l\ ANACTOCCTOT OO aaa/sal
2\ A ‘A’AA I AAAA _M
GCAGTWM@%@%E%%MWMC

CGCCGCEACXAMICATIA COEGEAGAMGAEAGASGABECACGT CT
TCTTG@AATTEGGACCAART A& A0 TGARAGE TEEAGAGCAT
GATGGEEEEAT LR ACAGAACTET GGCCA
TGAAGEARCTSTAACATBPAGTCAT TANGE ARG TGEGCTCI CGC
ACAACE @?@@A@@W@@@?@@ﬁ@@@@r@TM TAGCTCGAGTT
CATAA A g\?h.ewt ACTAATEEARMMMINGIGCTGTTG Codon

GGCAC

CGTCT
eu i COECACTAMTCTGC HA- AY Vi et nant

CaGGATY fac '.'%;3 Bl %‘. A NN RAGT DGACA

TGTGGW v"'“ SEEACEGATIRCCAAGA
TAGCTEELO112004 ( HSN1)

TATCTTGGAAAAGACCOATAACGGOAAGCTGTGCGACCTGG cont ai ni hg
w G 7 R ACGAGRRECT S4g. ID. No.29

T&AbJoatRb)

PVNDL@S@Bbqup@tYﬁEH{IgIPItsggﬂHFEKIQHPKSSWSSHEASL
GVSSA ARRSIONANRERECFesPernd a ri bosone

LVMW i
PR PECOGATTTCGATGATTA
sl AR e o
PKYVKSKENEATLERNSPY RRRKKRGLFGAI FI
\MVIGHAGAL OB LAY AT GGAGCAGT
CTATC fl uoresceps

LTGATC
JTTAC 45 WO

GIYQ 2007/011904 PCT/ USZOOG/ 027764
AACAACACTAACCAAGAAGACCTGITAGTCATGIA AT

TCATCATCCCAACGACGCGCIZCGACIIAGACCAAGT TGT A

e influenza peptide is

combinmwmmm EdtT@&ated from an influenza virus,
ATCCTGAAGCCGAACGACGCAATCAACTT GTCGAAT
includingrhwpaenavierndusERGAFcaET Adaatamedizsarotein or protein fragment

denved%%%ﬁg%ﬁﬁ%ﬁmmema virus. In an additional

embodiment, the virus like particle containing the influenza peptide is combined with at least

one NA protein or protein fragment derived from an influenza virus, at least one HA protein
or protein fragment derived from an influenza virus, and any combination of influenza viral
proteins or protein fragments, including human and/or avian influenza proteins or protein
fragments, selected from the group conmsisting of M1, M2, NP, PB1, PB2, PA, and NP2,

derivative or homolog thereof.

a. Production of Antigenic Proteins or Protein Fragments
The present invention contemplates the use of synthetic or any type of biological
expression system to produce the influenza antigenic proteins or protein fragments. Current
methods of protein expression include insect cell expression systems, bacterial cell

expression systems such as E. coli, B. subtilus, and P. fluorescens, plant and plant cell culture
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CGGGAACT GTAACACCAAAT GT CAAACCCCGAT GGGECGCA
ATCAACAGCCTCGATGCCCTTCCATAATATCCATCCGCTGA

WOCAITBEEIEAGT GCCCGAAGT ACGT CAAATCGAACCGGT TG PCT/US2006/027764
GI'GCTGGCCACTGGECCTCCGTAACT CGCCGCAGCGGEGAA

e T N T R e s . ot s

mamma(ﬁﬁﬁ@ms%ﬁm CCAACGAACAAGGCAGCGECTAC
AGAAAGT ACCCAGAAGGCTATCGACGECG
o pioieme RTetenasmentscsnessed in a host cell selected

ANt %es or a Pseudomonas

JluoresCRECTABATAIGT GEACHTA TANBOCOMECHEeBER @ Etion include the protein or

[T I
protein %&wwwﬂm dleAredisiond mbodiments the protein or
protein WMMET &%’%ﬁ- expressing recombinant

protein CEACETIA FEARFAFOBTIBAGDPATT GOSANIKGRERGECKfiown in the art. In one

embodi%%ﬁ%%$m w%s or protein fragments in

whole $Iltc@zT; TME%B%T%T m%%twn include wherein PVX
TGTGGATGTI GCAGCAACGECTCGCTGCAA GATAA TAGCTCGAGIT
vector iGuagirinGHReEsAGET RATTTA PTORGIA AR ECENEAn GllTetia@odwnihamiana plants

In anotfe e Bledathe Boial®e 684 0 cxprase A mgieinpOTpRotep fpgpments in

tobaccoATTCLRERATEACTEAMEAL TOGENCREAMEAETIG A Gescribed in, for example,
T CATGCAGAAGAAT GT GACCGT CACCCACGCTCAGGA
U.S. Pyt 5500 CLBNRAt 5.1 710, US. Pat. 5,500,560, U1S. Pat. 5,602,242, U.S. Pat.

SO O R e G AR S a7

and U.SOBEGE; 886:CI8EE AEISCM GAATT HAIOE. Anthusher embodiments,
restrictiaon sites
“ansge%eéﬁ&ﬁcﬂaa&ﬁ%&we&ﬁwé@@m%ﬁo@m o FEpiBigs egments.
MethodB ufi i &0f T I Jihs t lant
S0 e Dol ey i (RSt lnts or plan

cells areawpll ksewnin the a8t In other embodiments and in Example 18 and Example 19 the

xR TR T Corb, oot of

PseudoHhaSFANEs06TCCT TCTTCCGTAACGT GGTGTGGCTGATT
1)A‘SQGAAGAACT CCACT TACCCGACOATTAAGCGGAGCT AC.

of the influenza protein
or protein fragment expressed in a host cell are similar to, or the same as, those previously

described in the examples for capsid fusion peptide isolation and purification.

II1. Combination of Influenza Peptide Containing VLPs and Influenza Antigenic

Proteins
The present invention provides compositions for use as vaccines against the influenza
virus comprising 1) at least one peptide derived from an influenza virus, wherein the peptide
is fused to a capsid protein derived from a plant virus forming a recombinant capsid fusion
peptide, and wherein the recombinant capsid fusion peptide is capable of assembly to form a
virus or virus like particle, and ii) at least one antigenic protein or protein fragment derived
from an influenza virus. In one embodiment of the present invention, the antigenic protein or

protein fragments are not chemically attached or linked to the virus like particles. In other
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CCATCACCCCAACGACGCCGCCGAGCAAACCAAACTGTA
CCAGAATCCTACGACTTACATCTCGGTCGECACCAGCACCC

WO CAAROCABCCCT TGGT TCCGCGCAT CGCGACT CGCAGCA PCT/US2006/027764
AAGT CAACGGCCAGAGT GGECGTATGGAATTC=GGACC

o A R R yomans e chemily

conjugdBAPRGESEATE GGAREGATKEA mees 1 and 2.
GCAACACGAAATGCCAGACGCCGAT
%A ixtienzeprperesaneeTT Eagments oA the virus like particles of

the pre%%%mw&emod in the art. See for

exampleEHUEaEAT, ANBAADCIEBEE METDOGCTCAI0S FGemical modification of a

viral oA A ANSTACAT S AOTOBT(R I 24@90-1; Wang Q.

Kaltgraaqg);ii@ll’iL MRkl EJQ%HQ %QQ@@CA{F &z O%%gnolecular building blocks.

Wlld—twwmmmmTwm Lin T, Tang L, Johnson
i P g@éanoscale building blocks,”

ee RTC
Angew CREMIAEET 145506% id virus-polymer materials.
5 GATGGAAAAW R (O S id virus-polym
L. Smﬁw@m@wﬁ%@m@mvmms,” Biomacromolecules

B T e T T S ————

blocks. GeRGETATCA AT X AATDHRCAGESNAACCAGKP BId]. 9(7):813-9.
GOGT GAGGAAAT TAGCGGCGT TAAAT TGGAGAGCAT
%&m@n@ﬁé& qurstinemmCraticdrcesratsaring sulfosuccinimidyl 4-

- AR R PR e r BN Eatie mileipapsmegons )

sulfosu@u@c@YédNﬁNSEE@@TN\EWW\WILH&?Wmmmlde ester (MBS),

etara e doy b R R BRPREIER o UEAERED, Bis-diszobensidine

(BDB)% ggyé&%aé{xgﬁg;@teﬁe MHBLGYR: GEERPYEELKHLLSRI NHFEKI Q1 | PKS
@W@WMMW&MW%RB&WWﬁmman using

s P QEN S SETNGAR AT 100, or

maleimidobenzoyl-N-hydroxysuccinimide ester (MBS). The method using sSSMCC is widely
used and highly specific (See, e. g., Meyer et al. 2002, J. of Virol. 76, 2150-2158). sSMCC

cross-links the SH-group of a cysteine residue to the amino group of a lysine residue on the

virus like protein.

In the conjugation reaction using sSMCC, the virus like particle is first activated by
binding the sSSMCC reagent to the amine (e.g.: lysine) residues of the virus or virus like
particle. After separation of the activated virus or virus like particle from the excess reagent
and the by-product, the cysteine-containing peptide is added and the link takes place by
addition of the SH-group to the maleimide function of the activated virus or virus like particle.
The method using MBS conjugates the peptide and the virus or virus like particle through a
similar mechanism.

The conjugation using sSSMCC can be highly specific for SH-groups. Thus, cysteine
residues in the antigenic influenza protein or protein fragment are essential for facile

conjugation. If an antigenic protein or protein fragment does not have a cysteine residue, a
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KGD STI MKSELEYGNCNTKCOTPMGAI NS SMPFHNI HPLTI GEC
PKYVKSNRLVLATG-RNSPQRERRRKKRGLFGAI AG-I EGGW

wQM7IDBAMEGY HHSNEQGSGYAADKESTQKAI DGVTNKVNSI | DEMNTQRHA027764
GREFNNLERRI ENLNKKMEDGFLDV WI'YNAE

s I S ML AP g s,

the deshwé eprtiqmﬂimﬂﬂtprotehﬁ ol prdisin| frdgenepBEbhteing COYtHd) Y c&ﬂ]ﬁgatlon
i nflyenza Is conmbined wth at |east one

should B¢ aghapyed dvlﬁw met:hoﬁ 1ot B AESMEG activated girnaar Vi lu@m@ancle If
ir
v ol ol RS e Sy B A8 o
fragmenteshiovidchott be womjngatad tmﬂenmruw or wizys likecpardels gisigHSIVETC @hless the
avi an |nfluenza Vi dditional 5 enbodi nent,

excess PYSLFINg hegidue py ep’%S’P{af’%‘i%r@B%I%S ning the influenza
ABRUIni8gd Shduddrabh ?rﬂer\fértsgv ?{ tHeC@ilred %Pﬁo irPfiat }ﬁb{éup br protein
pr ot ei n fragnent derive roman I nf nza Vi rus,
fragmente dde qutsindAisppreferably separptedtfeim the algsiesdt e;dmpevsequefme nwith a
enza Vi ruﬂs.d ﬁsand any conbi nati on of influenza

. an.i.nfl )
distancg, pf of easg?%etaé?lﬁg a8 BAPEIH fragnent s, incl udi ng human

AMMIRF BHjudikidd kBN 7R RS ?&eﬁ‘sbﬁtsm%ntﬂfnofse héhidkd us1r'1\% N- acetyl
fragnents, selected from group consisting o

homocyggeing\hiolggne GESEITPEor aXﬂmnthhlolaémnlesxam yeeused thimimotiogs a thiol

functiofylf} 8l o8 iR RE S5 BRs Patht oATD oA u b mateiidated or

Bromoxabaylaﬁﬁ-@bua@m(mmﬁ eDral.amy. L )VReptied PebteinOREeL A1, 1963, 455-466;
expressi.on %‘ft emto §Jroduce the influenza anti geni c

Conley st 611: Yperng 9% 62.e443-4¥dgnent s. Current  net hods of
X d ct

B S 3 OB LTS, e
protein oo proteiB fragoieht fouthe vandoPvinfs| likepagtdngivoledantioduothgpind vl using
. .. .cell CU*}J@# 47 WD 2007/ 011904 PCT/ US2006/ 027764 .
mtrinsic, Hleopiliy SIUPENEN JReadtackih Bds HFPWGwEe FRT/eT difings intrinsic
electrophilic® Bfotb$ iR ehePBiHle reaP@Rt ODhS ac@Hlion R W@R1d be to introduce a

expreéssion systems. I'n one enbodinent, the protein or
nucleophilest thiel grouyheithe vsuerprviss die rpartmlmami addihg ekaetrep:lnhcj groups

oS RS 5B YRI5 P 3Bl B, e

resultinf@ehjub 2B a1l SEPO i STRMHeS behdd lhﬁm{g; 188 %thelh Y PRItbid Tragment and the
Include the protein or protein fragment iS expressed

Virus of irgs Mﬁ% [part} %r@lrmgpactlpn ofdthe infbreara prveidi oreprotein fremgemt’s
t r
CleCtI‘OIﬁ)]ElF)({ glfl}ralgﬂﬁ rrbuidﬁ e ranginfﬁéglgﬁﬁléleergg%lgcnﬁcgugﬁ Rpreferably

primaryp amir&s rordhlq]rr)odiﬁthle Virmgoenirss 1ike pheick) Qvalifosd s€dhligy amine
are II kpo in the art. In_one enbodi ment plant
tinkageg, pr 1oL giief Bpds af@tea@élaretsehf?@a@a iaedve ydmeemal eﬁn@@@rw or alkyl
halide t@rthé”ifﬂﬁsebf‘wfrﬁsaﬂ@girﬁcl' n%aQnt\MH%ﬂcﬁ A Rhhaf E}I]é?élﬁ@f:o ’g’le influenza
['1's. Enmbodi nent e presen I nvent1 oh 1 nclude
protein wh gradein feagaeny end/or usisg usteidsit onffuapre peotédA thiots ggansresnlting in
thio] el in fragnments in N cotiana bentham ana plants In
0 “geﬁmae%e ‘enbodi nent PVX vector is used to express HA

Ar Sl ot BonteFnidd fhRioMackd BEHTRIAS & rbddtive sulfur group. Examples of sulfur

containing amino acids include cysteine and non- protein amino acids such as homocysteine.

Additionally, the reactive sulfur may exist in a disulfide form prior to activation and reaction
with the virus or virus like particle. For example, cysteines present in the influenza proteins
or protein fragments can be used in coupling reactions to a virus or virus like particle

activated with electrophilic groups such as maleimide or alkyl halides. Introduction of
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tobacco NT1 plant cells. Techniques for utilizing

viral vectors are described in, for exanple, U S
weave7/0419885, 248, U.S. Pat. 5,173,410, U S. Pat PCT/US2006/027764

5,500, 360, U S. Pat. 5,602,242, U S Pat. 15

i % B e S 4 T8

activaté&hésterdistebni@h, as well as in the Exanples 14 and 15
bel ow. I n other enbodi pents, transgeni CP&L ants or
gt sAvalens|linkey,joinipg on Jplducyea @rqtemet@paf ¥ius pa@sb@ may be stable
S .
e e e e kb B A Blep PR R A4 agons,
monogpth@mtspaazﬁed; busd ’aigeneml dpakﬂmv])ﬂbn-rspbtlﬁc &rdss-linRin@t 4pefits and their use

odi nents an | e, 18 and EXx e 19 the 20 HA
are Weﬁr TN BF Bt stramw r gichreagenis @392 Tssg inplude @eactmn with
lutarafdsh R a3MtL REh L(3-& r

sl SR R84/ SR RURAREILYY, 56 wits o

withoup adinixterst 0Hna wfcinyleteid n¥ituseor airps dikei pertides; ppeviodata oxidation of

o9 T G B35 D DB bR BP B A B v i
particle X ¢ @Sesefde 6RRGHEANT BEF rrgdﬂ&’é)tdrdé%dhﬁl‘w hsHdréfRride; penodate
purification. 25 I11. i nation of Influenza Peptide
oxidation refanei-nacyates teimeingln serinen and Ahreogieai tesidpestcen redlh derminal
aldehy@dsgngﬁ%éséagvtzlgﬁ b%n e Jéc&lY ﬁ)ﬂ 38%? sogrI {PXI Q%géﬁg%ﬁegﬁ% gsglff ‘Pase or

hydrazbmeasthich ealpleemedd@ddﬁllth \tﬁwﬁb@[{y&xﬁﬂd fof Sebi@iiasy Mhind$; diazotization
wherein the peptide 30 is fused to a capsid proteln
of] arOH@FIP VBRI r BRYRS FlieNed by GeuRlBienPR gyiesing cifbchaintresidues of the

C i
potinf REGdy {51 ERER0 o] MABRES IBALESRENHAR, o
al. 1985|JrImmoMBVh 7859 i ke particle, and ii) at |east one
enic protein or. protein fragnment derived from an
AnioBEh Phottart §his Hoc uh ot TN BEhe b \peassherc spacers are
bifunctidhMEBhd Sdhuirk n@nhBR0A I SHIG! kA
e are not %!wlem cally attached o? dﬂﬂegc{(fethgt o t%rg {/ﬁt?lgg%%n parr
before coijuggiont takeseplace. Bigerssic sPar&erd&‘ﬁi @@1%4%11 known in the art.
RPCT/ US2006/ emho
Bigencf PGS 4 OVATh A5 SBTLPBICH Pl APSGR et irfingfipyalized.

Conjug@’@dﬂi geairedhe® ehdheﬁmtztﬁéﬁéh@éd ghﬂfﬂb"}' it kdaBteRANTEN Bk BppSBE partner to
exanpl e, Figures The antigenic i ntluensa

form aéﬁabkeqom.le@trboeﬂaf &ppds: (%qgw&xtegamn& Mesbwer eial) 1986 J. Am. Chem.
Sot. 10@%&52 3h88 Bl MADE: pét%§hetshﬁ>§%’e%¥‘ﬁooﬁ‘6§?ﬁzzﬂe conj ugat ed

g any conj ug ar I'n" the ar See for 5

e“maadylaﬂta@ bf thlemeseﬁ; inVidtiontis that oMeung aMleVlBO\t@ﬂoa§ m'Bla:r ratios of
% 'Chen cal. ]g{flcatlon of aV|raI cag :
influendi pof B IR MEUHPEEI 5 Rl dh i eoniasie (Téé?nﬁ?l’tlde ‘coupling load

on virug 8r Zﬁ%Onﬁe %QMQQS &n bé@iﬁe@r‘t@dalénpg Sqe-gts {‘é&ﬁ ggu%mn procedure

Fi nn Nat ural suprano
in a trid)|and IQIEIOI‘ HWIIIQ! -tQ y@recoagugatesd ving the uﬂg$1i‘ed@hemrﬁeso lF_or example,

if a high Eundng Iad i Badied st ° n#rqyg%g Shapfigs S4° 28 't i o Jitas Lke

particle 180060 4t6d Blirl Hiflienal 26t or zﬂr@teﬁ[‘ﬁﬁ &hesid & aggesgﬂgzl reactive
41(3):459-62; Raja et al. brid virus-pol ymer

sites onthe gitpservirusjike Wﬁph@g}dgn@mde p ﬂagg@moiag gxqﬁss of influenza protein or

protem%?a%g%ﬁ?%ﬁte&g rélﬂ-ggr%g %%%Vv%rgg%‘lt\ygo fo%%o g Bg,)one can

include" d\laioiarahucs i) l@mﬂi&thﬁﬂ DAttt eoteill| f2g kole of reactive sites on'the
i ne- added rrut ants of cowpea nosaic virus," Chem

Virus of {'ﬂs 1 (p?’ftl
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O her nmethods for conjugating may include, for
exanpl e, using sul fosuccinimdyl 4- (N

worb@iomisenet hyl ) cycl ohexane-1 - car boxyl at e ( sSRCOUS2006/027764
N-[ E- mal ei m docapr oyl oxy] - 15 sul fosucci ni nde ester

El'ﬁg\g/%?i)culaﬁj ?%41tz?r{§n ecﬁ]gg 0 Zs%é’ %flghf%?t?q %R %ﬁlcdeg lb@ﬂgje y16 s achleved

physicalli prepditiésa ot N comyibats; aﬂieopbtemyd ef QIEDQs)ﬂtmg conjugate, the patient
Bi s-di azoben2| dine (BDB), or_ N acet honocyst ei ne
populatiqy #idfhe derireddasamye onp wvishes tq.admingster. f the total protein in the vaccine
[ j . o s
is not % ﬁ'%)v e%rﬁugc?fgigd\éﬁ%(?ﬁ ggﬁlgcfo%ﬁﬁmla% :&b&@a&f Ohjligates of differing
coupling lcéekls rmadl dlf&rdmnmhhmlokmmhed‘ﬂﬁmh%ﬂ the sandeffsdtiae dose. However, if

total prééfsr'bwg'c%q\;@g? 1s|'.\|- i gnah%qrg&go@ l s N dr 2 S U Clcgi]]glggpg 1s meant

el r\STN [
to be u@&lj 1r|h adb 7112&%{%%1 \ffd6391§1%5§§e m%g 45 mn?:@%f;éf Iﬁ%engialt‘ﬁ%%e ofl protein
contnblﬁlelsl dryoilp avijugateytt thienfinal @sindinetivn vabhenanOno cgulduthewfassess the
immumaI %eﬁl]ls-LcEtga s%%grgggcgﬁyéaeesdgalxhnréu@gj i keC(?lH) fn\?g:lgw qnfi:ggertegﬁer choose
to use Rajohjuphfe With!dde§lat@GhiniAbeshifty ati BAEVE dfM@tad %ﬁ’&@m or volume
reagent to the amne (e.g.: lysine) residues of the
acceptaplertggdé fo thiercgmbliriakien vesine. cle. After separation of the
activated virus or virus |like particle fromthe excess
reagent and the by-product, the cysteine-containing
IV.peptVateines added and the link takes place by addition
of the SH-group to .the maleim de function of the

488 PresednAiQR PEevidasraemupopikieny for e pe vacsney pgaipe thpyipfluenza

) , d
virus. \li/ﬁ? rdalg cﬁ%girltlf" 51%%&0&1:{{0 &g E&Igbgﬁtl %cﬁrnﬁr%s)é% l&ﬁmﬁ?sﬁr_%ns of the
present cin'nq'nlugatcan the qsemgechﬁ\ﬁdlc 0 blaﬂc salggh [Phaspeenticatlyfaoceptable salts

g te SI dues he anti genic
(in the g ﬁg‘ﬁgtsr- Bl % Prtparsblr P&&HM gl dBBustiog! non-toxic
salts orftRé cﬁs@ﬁhé& anSAG #9119 that hie BfmaN ! HeRbf n%rgguﬁb By Bfgamc acids
protein fragnment does not have a cysteine r
or baseg @m@mﬂs@m s ipcTdd 830 @@ﬂlﬁ@ﬁ' E’ﬂﬂs sucky 8¢ e¢a’me,r aﬂwaﬂw @lginate,

dd d to t ep rabl
sspartagy e Sepete vl p L O (Fehosmbeiiralr cpwhppuLionate
cyclopenfiepropiodit, OF dpiledoRhie, f r dgde Isuﬁ@t@t ai BthaResGMBAAE NE, fumarate,
t he conhjugation shoul d be achieved with a method not

glucohqpégnrgica gloramerhesphajat damisuifats, chepianoats, | haxanprie.t yflwchloride,

hydrobllo];—mdé ch%rgfo%técf‘éf géhvgr%g%ﬁﬁ&uffgl?%ﬁ%%tgg fba&sn{éﬁ{ estutff%{}ate 2-

naphthafldfmmhlﬂ)mtﬂ, nivetingts) mgiw:teﬁarhﬁaté hﬁsctsmaftegs pasulvite, L&phdnlymroplonate
article using sSM_C unl ess the . excess cystein

picrate, TEEAl8Ge PORPHE: SUHIAS i Ren bR TREA ﬁk%gedecanoate and
base safid @H&Hj ad frdJAhBh 8K e a‘ﬁ%athhmtsﬁ? sﬂﬁsélfcﬁdasesgﬁfuﬂp 8ndl PolaBum salts,

protein or protein fragnent e cysteine is
alkalingoeasthemetbl selts spetr ast @rlblﬁmcamﬂun@ndﬂmmrwm,splts oith csgpiebases such

w il AR P SRR W FhSSiees e

argininé AMERLINON i s achi eved using N acetyl honocysteine

t hi ol actone (NAHT). For exanple, thiolactones can be

Usenrp erabqdimenicnidle presant dlventiem &g enmapasitions of thetpmesent mventlon
are aun\rllrl] I s'é&??ﬁf) £ to. At C?HL mAl <.Jﬁ— ﬁ%{l{ lv‘ftlhgu &h éaéjlueavﬂtcolﬁj c%gert GI%QO&M ents the
compositions are administered with an adjuvant.

Aluminum based adjuvants are commonly used in the art and include Aluminum

phosphate, Aluminum hydroxide, Aluminum hydroxy-phosphate and aluminum hyrdoxy-
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Br ono- acet yl at ed- pepti des (Tolman et al. Int. J.

Peptide Protein Res. 41, 1993, 455-466; Conley et al.
wdaewine0d994, 12, 445-451). 15 In additional PCT/US2006/027764

enbodi nents of the invention, conjugatlon reactions to

sufete GSGotR, et ol B of blomioB B et ARTEROS mmcxc

ALUMUsid AL HYIROGELC TRE ¢bR@piiiibn 6arbe lBQﬁnchb SNeo-prR3PitARE with the
and introducing and/or using . intrinsic electrophilic

adjuvarg ag desire and peapnrppriate écaéh%umrtw@ﬁrea%\tammedo n schene
WH'&M&I&HOBAJH%A}RQ Hé?i‘le&lgo bl Lﬁ%&f %JH lalluﬁn %li wIhARY Bnckie Q8S21,
virus or “virus e particle and Ado d
Lipid—Aelaﬁdtdeﬁ)ﬂthesC og vatipxsts 2Qerepf, S retiral yombleyé oh ahd:oiﬁ;ﬂet@radjuvant
elmd? tothelnfluenza protein_ or i}
neutral flwam% IpfaEnes, IARING Y 2eGh§ apthertoRines onghemelipes Additional
0 0 e f
v B0y R SR I S0 O RUPELCICAEDE, S, o
exanqﬂeﬂﬁ@he3|nfluenza protein or protein frangent S
ectrophi.lic grou mal ei m.de or_ al hal i de) and
%}‘}? °PHe %tlﬂ%ﬁc?’g réJrFf?(eEt B}Vﬁﬁtﬂ@ Y b & B!‘%}ereﬁr“? Ay technique
current@muﬂﬁﬁedo in 1tHé Odrf) nféiud‘iﬁke e ré’k%nﬂﬂe Viiall$, hide8sdiBl tlht%\%nously,
I"'eadi ng to secondary am ne 25 |inkages or thiol ether
intramusolaidy, iiratbecadlyi epdwelprissapeniaioally addibeytaacorsliei Finbediments
r ou hal,ide too the virus rV|r ik
of the e PH i en e QYIS A % PR R Ts it oty greoush te
nose, thhthlU@AZékin pr gldditional cRidiRhdhtd loROHRNpreddifl/ DientionNhclude the
intrinsjc influenza protein thiols again resulting in

compositigrols delivieed tyrawdly. Imother mboch@ﬁntﬁ; e sgmansinen s@deinistered
oraty GRAELTE BT AS oRlfos iR Y pESFRA i 8Pl hbociment

the confpositieh fis administered ﬁwﬁmlmlmamyst el ne.
Addltlonally, .the reactive sul fur exist in
grEghle dagng srgimses ave prgfebly Osﬁerr@weé ﬁ%lﬂ% HEe .aewunmcwrs well
known i'fhe\d Hlﬂélu@ﬁlg\él Euﬁellghf‘ Eeypﬁ{(f xin‘ééh@al c%ﬁ&ﬂ%ﬁ%ﬁﬂeesubject the route of
cystel nes pr e I nfluenza proteins
admmmraubm thef rdegineh teffecta nande thes articnlac omqnhpcxsgloneamp]ogeﬂs (tg.,
us or virus l.ike rticle .activated w
mﬂuen@ @8{61“6 o P’iol:e"@? %ﬁ@ﬁ VHes %Ylé‘?srﬁli?é’amd%l%ll The vaccine can
be usedi@hfl§osé PiccR@HEA E‘&&a@éz 50 WO 2007/011904
PCT/ US2006/ 027764 mal ei m de groups usi ng
Heoeg ombbmmnt,msecmé@ cpnsit et éhez:mgauﬁi@m gbquéd oty tpeabout 1.0
I elmd Y A coval
mg tote}qa ténrn J %1' %1 ngeraen li)on #g%ncgfz tilg sglﬁtnmtven g)r\/ © jange 1&?1" om about
0.01 mpaoti.clmeg MaJowercst &t aypreRr tpRAYRkOIOGEE a»lased on the amount of
condi tions. Exanmples of such |inkers are nonspecific
peptldecdeag%rﬁﬁu A it sgehadimentsthessignasseire suldshingss Mewg precise dosages

o ve SRR AR el ARRELELS R0 ol AL IRABETLS i s
1mmunslugicali3e aﬁemvs dasel it dediviereds eAn uninmdelogmalty effectivetdose is one that
aralde rea?at on wth

stimulaf &Vﬁs%w ASpFYpiA )esfe‘g.k%b&m igwologies) rgpponse.

Prefereﬂ&!yt r’tﬁé‘tle@éjnbf(tlﬂxhﬁnﬁf sstethl CHIMARIE il h&!Ssulficidt ! #4S develop an
articles; periodate oxidation of glycosylated

1mmuns19§@alpmgmnns Sﬁfﬁbienmmdpmyldcdmg feny prote¢ticepagainshdisegse gpesed by
infecticd W@b ﬁ‘ﬁ% rus l.ike 10 particle in the presence
cchogs 4P % 16%'{171 P48™S5r sodi um cyanobor obydri de;

TRE itk eof dvskddbpids Aipoll FactoRCYEIRLkREwhahthe akt. Y6¥ek MR initial
and threonine residues can create term nal al dehydes
adminigifation Qngnon Were beosteradesss mas pubsequsatly dre adppinisiaretbéo maintain

[ )
antlbod& g&g G &3%&3@‘ oibfﬁ rr%rfg?%fegéfg‘éﬁ%% &Qéar y gq 5’ ?econd dose at 1

uced w t h*cyanobo 0 secon
di azoti zati on
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of ; aromatic am no groups followed by coupling on

tyrosine side chain residues of the 15 protein;
woeearmioioo4 Wi t h i socyanates; or reaction of m xedT/US2006/027764

anhydri des. See generally, Briand, et al., 1985 J.

o2 b, o104 RIPER £ SORCE] o bl s e e 1

monthdpmﬁdmﬁmfaabo@sﬂa dogdiuit distdntiigks anadddgat i on of only one
of the partners of the reactjon pair before

R mRIeGRSROaRR 80 ensEwed BTy eppletshn ov partiali pratedtive against
diseaseusﬁlc?r fe althgan% kdind h%%t%%& ﬁffgc?f%%r ! \91tﬁpqﬁﬁue§1.za virus.

are forme er-e par ner of the reaction palr 1s

functionalized. Conjugation occurs when each

VILgrncélogallﬁed oartn[ezr ibs tleac ed With its op03|te

R 9f Indluenza Peptide Gontaining VLPs and

IlqﬂuenQaQ’%ﬁtigéﬂEéPFc}féHP' e, Marburg, et al., 1986 J. Am Chem
Sot. 1087 5282-5287, and Marburg, et al., U S. Patent

o anath&O4sp6@4f. thepreadntanyangienod nidtieodosemedbcinguentiposition for
. IS that one.can a?ﬁhl eve vari.ous np gr ratios of 25
use 1n AAHHER2 4 20T & T apnal s Rrovifled|coORIRTISNgt i cl e i n
e C%%ﬁ&iﬁg% il 'n%cleﬂ:eﬂﬁd @ﬁ‘cdﬂ%@h'r@&ﬁlﬁﬁ&t caPéld hdibh® peptide
or virus like particles can be varied by altering
aspecicempfisinpg e rdmtj Vs tcapnd prc@@ecg@nelcailm fasetirtp ah 1affbnza viral

o ope PR el oHE Hofif Btk S %fﬁéagf , PBI,

desi r @@2s BAharideﬁPZ QMG lexpfe@afd th‘éQ'lr§'d ﬁLﬁ‘:léi’dS\ adiBen ¥hbstceR! wherein
virus |ike artlclels confugatedto an i nfluenza

pr ot eitle st EﬁlbltSéP]ﬁc‘Fﬂ Sigremplanioedl o direrdnyeanys finerescens cell;
act iy, v e [

$5a°1 aProg b ai b biedto iR, b ou RS eparice,
or prwlte:ealm tHer algunecm vmn; lﬂdeqwn:tm]@ dbegndtematairplasthé néembrane or
| ow denﬁ COUch) in ﬁ’g S deS| red, one can include

a nDI sl watlipgotstns st fllypl i nfl uenza protein per

foi@AS Lt VIBacs | t '

o b BeRe az%c?%‘?%f%%h&ﬁ%é@ﬁ D SRIog e 5 el e antigenic
part i puitein @opidin drgnent deiredsismw lnbwly einegpeed infloenza virus

gui ded_hb i el ds achi ev rope s of

Phe  confifigHbetir e RE Aesps rue R sl i ¢ Phg e Agaiete host
the PRkl &Y plaRARUl RIAseRI AR [IRorSSENE B8l @ﬁ§ @ﬁﬁ’oﬂ&'ﬂ? wherein the
wi shes to adm nister. If the total protel nin
vacci mewly §nwmenannﬂw@aﬂams saie iig ddentified, by rtbe chﬂdI Health
formul S conjugates of differing 5 coupling
| oads O”}%%u%a%% e?rg({nt i mmunogenicities to deliver the

e édolfizigiavé pirifieng tHewaigenic pifoteit 0 plotddh GaginBntPind

voI ume an inpqrtant consideration, for example, if

he c@ﬁqnﬁ pthesvirps A5 tvirus dike pajickeand,thg aaggenia atqiein or protein
vacci o &ﬂ];gﬁ r

pr ot e:ﬁ(r%l cgﬁ%cm%ut ed&t)rﬁﬁl(ts e cor#agﬁaﬁ)g%ta}gll%{% 3] human or
conbi maimadn vacci ne. One coul d then assess the

I rmunogeni.ci t f several. S .havi lffe
0 eHEor et BN ar QrS e GGGge i et & plant fost, for
example OfA) Wikt Blattst &k Iﬁﬁjiﬁ(l:'éﬁtcﬁlthﬂgﬁm HP%@I‘ &hi)d/dlﬁﬁ@ﬁlts athE Q’YI%L 1i particle
t ot al protein or volunme acceptable to ad

is prod@mﬂo ith at PsgrdeaemisnBuorestens/aogi Wéls Thenp r@s@dnment the antigenic

L I M Y

cell culﬂheff NBCRBEN habodeemeShé hﬁ[g%nﬁ%f@feirﬁbﬁﬁkoﬁéhﬂﬂﬁglhbﬁﬂﬂ $rdduced in
the present invention can be prepared as acidic_or

a Pseuqgpiqned fpresconsibariello i PROFTIOd @tpﬂ@bvlelsScmwels like particle and

the antigenic protein or protein fragment are co-produced in the same plant or Pseudomonas
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(in the formof water- or oil- soluble or dispersible
products) include conventional non-toxic salts or the

woust7oreoy ammoni um salts that are fornmed, e.gPCTMUSBING/027764
i norganic or organic acids or bases. Exanpl es of such

ﬂuorescc'f%l th%{c' c%ﬁ #raie acégsu?gg p&e{ﬂ%lﬁ? ésﬁwﬁﬁggﬁ?zéo ctn%% a virus or virus
like pahE:ilEZ eAGStﬂaﬁ%lﬁ,t the datipstiiapeoteiai dndatifis D& PRAERS Bre produced in a

| fonate, cycl opentanepropionate,
plant aa&nP %ﬁéﬁ”é’"“-ﬂﬂd@’@ﬁ‘l’%’ﬁlmﬂt ell, é%%%?fgsdndf pHied, wherein the capsid

b,
fusion é%ﬁﬁﬁ P2 Fopgplled R 3Pl @103k d BHAB 1R T Firgs fifg partcle and
comblnle@ dviglb mo ninfieeriay dmtipade geoteid- by groveiy ef dpaneds ud ffbﬂﬁltzﬁcomposmon
t.at.es | eat nmet hanesyl f onate, 2-

capabl%gcm%%%ggup{a aé‘orﬁP]E’%ﬁLf1 nate, oxal ate panpate,

pecti nate, persul fate, 3-phenyl propionate, 25 picrate,

pi val ate, propionate, succinate tartrate, thioeyanate,

tosyl ate, and undecanoate; and base salts such as

ammoni um sal ts, al kali tal salts such as sodi um and

pot assium salts, alkali SAMRLER netal salts such as

cal cium and magnesium salts, salts with organi c bases

such as di cycl oheyl am ne sal ts, N nethyl- D gl ucam ne,
Example,d. €loning \gfthe M2 reqUniviersal finitopeof b Zne\ yings into cowpea

chlorofi ﬁfo@t?e v1§9s e &trrle f the pr esent i nvention,
t invention are

acio 20 ,‘AtAepe}mde@ derived fioRl aroMP it tof Thilikhidh ARirus: M2e-1 and
adj uv I n ot her enbodi nents, the conpositions are
M2e-2 z‘(&?ﬁ 18 @%eéfi%laly\/ﬁlwddﬁ%‘a%{{}éﬁ#’ geng tvbe ernBwsden CCMYV virus-like
partlcleQ@VEP‘ﬁUtS are commonly used in the art and include
A'um num phosphate, Al um num hydroxi de, Al um num
hydr oxy- phosphat e and al um num hyrdoxy- 52 WD

M2e 12037{011904 PCT/ US2006/ 027764 sul f at e- phosphat e.
-of adj uvants in common use include
SLLTEMBIPRRIGEW YERGND L4 NI AUSTYRROGEL.  The conposi tion
can be bound to or co-precipitated with the adjuvant
as desired and as appropriate for the particul ar
:Mzﬁzgdlﬁg%nalgsed Non-al um num adj uvants can al so be
um num adj uvants i nclude QS21, 5 Lipid-A
SLLTE¥BI PURNEVEECRENGESLY 8dqallh. Nd.2gr eof , Freund's conpl ete

or inconplete adjuvant, neutral Ilposones | i posones
contai ni ng vaccine and cytokines or chenokines.

%J[ (;efl tg@ glgleré?\ghy%%eélze@ ng%& ébgi‘& ' gg&?&c? [ Yides with the

thermoc@)chnppmgr&ngemﬂe@belahe corrp05| t| ons of the pr esent

PCRP&Q QGOT utl [ ze in the art [ ncI ud| ng, for exan‘pl
M7 averny scutart Y,
Reactloﬁ'i\ﬂfx (%Iﬂ%lﬁz *0‘1?5\131’ Hﬁna ﬁér}ﬁ'oc¥61 gnea

epi dural ly, |f|ntrape y or
10 uLL _sudeKd?iE:HmEII buffeErfbodi nent s||Step 1t hECpélesEatminnv DAPC QN

uyde—-vwherein the r\f\nrpncl tH-on—i d micosalll vy

—Re t
4“Lthr§§ﬁwwoﬁwose nmouth, ofl skin. Addit|39fge. [94°C
7 L END tThe present i | thEzs

- corrqggflptf?%ﬁ??s delivered int raﬁa‘éfioﬁgllélgic r?to%%ﬁer P3¢
I
&

0.25 mprbich®riteer t he conposition is adm ni st pneginlSieeralll y

by digesti-ng | t he conposition has

g ng—a—plant-host ¢
1-5ng by oa"&@é’é?t? RNAn" anot her enboderént] Cyele 10amiges |70 6n
1uL 1S Wﬁﬁ’I%ﬁEﬁ@A[ﬁogﬂﬁ&'&‘%em' ')%e/:ﬁ 49 Fcﬁ]&% [ljkd%m Ll POEE

dos) ng réqimens are preferal bt er Ki ng 'i ifo
Remainderc Mistilled dvd-oh&zedE 1,0 (ddH,0)
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known in the art including age, weight, sex and

nmedi cal condition of the subject; the route of
wadoi7vistosat i on; the desired effect; and the pacriusmoan27764

conmposition enployed (e.g., the 20 influenza protein,

" the..pr in | j n Vi I-US, Ok VErus )i ke
(o J15if¥gPh Bl bR CH LIE MABRP ErV i,
mul ti-dose vaccination formats. In one enbodi ment, a
dose woul d consist of the range fromabout 1 ug to
dhe gliganusleotides wiliged jrdidsi n. 'n anot her enbodi nent of
M2e-1fh€ present invention the range is fromabout 0.01 ng
to 1.0 ng. However, one may prefer to adjust dosage
S'CGG AT G TGTeCAGULET TGHA AP ARG TAGIANA/ EACHICGIANT ATIEEA
i t, these_ ranges are guidelines. Mre precise
ATGA?&M&SQ'ﬁboz\?%éﬂerm ned by assessing the
i mrunogeni city of the conjugate produced so that an
i mrunol ogi cally effective dose is delivered. An
M2e-1Rmmunol ogical |y effective dose is one that stinulates

, t i S f.th l.ent, . .to t abl |
506G ARG A pE AT SEh AR TR and Land B EAGLOEC T Tea
TTA COTAME3'{B64. 4D Nol gml ation will be sufficient to
devel op an 30 i mmunol ogi cal nmenory sufficient to
provide |l ong term protection agai nst di sease caused by
M2e-2ff“nf ection wth a particular influenza virus. The
i mng of doses depends upon factors well known in the

5'CGG WGA TAQ EGTIOACITUT THA CAGAGG TAT AAA A€ OGAPAE GTA
boost er doses may subsequently be adm nistered to

ATG Agdl G& SeqdD Padikiters. An exanpl e of a dosing

regime would be a dose on day 1, a second dose at 1
53 WD 2007/011904 PCT/ US2006/ 027764 or 2 nmonths, a
M2e-2Rhird dose at either 3, 4, 5, 6, 7, 8, 9, 10, 11, or

, 1 ter .t nmont hs addj ti onal

5 CGcgiggngi@%@éﬁﬁe&@éﬁfﬁpﬁ@é&w&é%wgq GdnkCA

TTA Cligks Q)'%O-g%@?uerat ed can be conpletely or partially
protective agai nst disease and debilitating synptons

[ ' P ' uenza, virus. 5 V.
Rt P AL O bl 052 i e suctoned
into sit@pvédie pRIC-AOMVIR Y/ RsvidNBam bhd €8 depiidshB@ied. The coding
Protejns |n _another aspect of the present inventjon, a
sequenges Of Hsric fr MY R ere BRI Be segHercsH to gasary hegpientation of the

. i ' i r ARicIE! ovhded . o
R T o L
protein g@auesdverg then exwsddi ovatf thapwitde plesingd ato§pdliafld X7ol and subcloned

o PSR R S9E5d BOSE SET Gt Bl o, e
resulting! PlHEnide NwER! tHed RindrmeiPby Hecthordion B} clediB%oniptent P.

and NP2, and expressing the first "nucleic acid in a
fluoresagps MBS withiRelraspiing Heighobas e belogtionsebaict ed from a
pl ant cell or Pseudononasfl uorescens cell; 15 ii)

assenbling the capsid fusion peptides to forma virus

Examply 2.\Glbniglof ke NREpi€dpfes of Wfhichiza A iRy infth SoRped Elldfotic
i ke particle does not contaln plasma nenbrané or
mtﬂ_ﬁ&&ﬂﬁ@%&ﬂ%m.@mhe host cell; iii) providing
Zﬁo!p&@?eg%ﬁvé@ ﬁ%&darpﬂﬁlp%t%ina&f' Iﬁﬂﬁ&&g% qusatNILS%gosg ard 'RP147-
158 were independently cloned into CCMV CP gene to be expressed on CCMV virus-like
particles (VLPs).
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15

protein or protein fragnent derived froma newy

energent influenza virus 20 strain, and expressing
woOher7seoomd nucleic acid in a host cell, wher ePaTiise006/027764

host cell is a plant cell or Pseudononasfl| uorescens

| .. tionally wherein the newy energent
NP55-63heptidé Sie s strain is identified by the Wrld
RLIQNSATERM VA B¥qzED.iNg;9)and iv) isolating and purifying
the antigenic protein or protein fragnment; and 25 v)
conbining the virus or virus like particle and the
antigenic protein or protein fragnent to forma
conmposition capable of adm nistration to a human or
NP147d58 maptidel saquamec:enbodi nent, the virus or virus |like
rtigcle is produced in a plant host, for exanple, in
TYQRi@%#éﬁ%ﬁ%ﬁ%@'H?%ﬁFéﬁ? cell cultures. In other
enbodi ments, the virus like particle 30 is produced
in a Pseudononas fl uorescens host cell. In one
&atiodf thennsertsheasasynilgeined bprovtelappimg PRt digonticlagidzetwith the
I S..poroduced in a.pla host, for exanple, in whole
thennoacélﬁggro&rargpgﬁ@aﬂ%e]'nlrﬁwp?%}.es_ I n other embodinents,
the antigenic protein or protein fragnent is produced
in a Pseudononasf| uorescens host cell. In one
dirb oligerwgleotidésanelndels or virus like particle and the
NPSS&HFigeniC protein or protein fragnment are co-produced
I'N the sane plant or Pseudononas 54 WD 2007/011904
5’GATECTIGER2008GOATIEAG A CGEETENSCORTTC A CGONIGGIECTGAG
,capsid fusion peptide assenbles in vivo to forma
CGG3°\(PpqidDoNoviPus |ike particle. Aternatively, the
antigenic protein and virus |like particles are
produced in a plant and/or Pseudononas fl uorescens
NP55-69®st cell, isolated, and purified, wherein the capsid

, ' i ' [ i vo or re-assenbled in
s TGP AR ACA IR g AP Bt feBRBA TSl
CAG3’qBed.TH! N§N¥4 antigenic protein or protein fragment to

forma conpdsition 5 capable of admnistration to a

human or animal. EXAMPLES 10 Exanple 1. C oning of

M2-e Universal Epitope of Influenza A virus into

NP147§E§£ea chlorotic nottle virus (CCW) coat protein
5’GATCCRIGAOT RBCAL OBEAIESGAE UT G ET QG MB GRIRE E@3 1 S8l

Influenza A virus: Me-1 and Me-2 were independently
ID. No:dfbned i nto COW CP gene to be expressed on COW

virus-like particles (VLPs). 15 Me-1 peptide

sequence: SLLTEVETPI RNEWGCRCNDSSD (Seq. ID. No. 1)
NP147NB8R2 pepti de sequence: 20

5’GATCCCGCCGGTGCGCACCAGAGCGCGGGTGCGCTGGTAGGTCAGS’ (Seq.
ID. No. 36)

Resulting PCR products were digested with BamHI restriction enzyme and subcloned
into shuitle vector pESC-CCMV129 cut with BamHI and then dephosphorylated. The coding
sequences of chimeric CCMV-CP genes were then sequenced to ensure the orientation of the
inserted peptide sequence and the integrity of the modified CP gene. The chimeric coat
protein genes were then excised out of the shuttle plasmid at Spel and X#oI and subcloned

into Pseudomonas fluorescens expression plasmid pDOW1803 at Spel and Xhol. The
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SLLTEVETPI RNEWECRCNGSSD (Seq. ID. No. 2) Each of the

inserts was synthesized by over-|appi ng DNA
wohkogonuokeoti des with the thernocycling progprPamus2006/027764

detail ed bel ow PCR PROTOCOL Reaction M x (100L total

resultn? plds TREfeTRBS b b5, ectphpiigacinie sstbpRipetent .
ﬂuores&éh@MRleA \&ﬁlﬂ%t@d‘d'{]a&e*lﬁgﬁﬂl 2 tBSsdEioAS %&Q sec. 55C

0.25 ng Each Prinmer 1 mn. 68C 1-5 ng Tenpl ate DNA
Stepslq/cle 10 mn 70C 1 L PT HFlI Tagq DNA

%&mwg&oﬁc mottle

virus km)'.h? * (fromlInvitrogen Corp, Carl sbad,
after "lnvitrogen') The .
Xﬂ’ﬁ%ﬁ ferd qﬁdggmuf"? |Ii}z\eﬂf°§%| BZﬂueWef&FVIWSC@ &3Al08 was

1ndepen-5@ﬁ5c1}7r %n%%tg@cmg%ﬁg‘%ﬂf) Nyﬁébbgﬁzs%ﬁ M@%paﬁwles

(VLPS)CCA TCT GAA GAA TCA TTA CAA CGA CAG CCC CAT TCA TTA
CGT ATC3' (Seq. ID. No. 30) Me-2F 5'CGG GGA TCC TGT
CAC TCT TGA CAG AGG TAG AAA CAC CGA TAC GTA ATG AAT
HA91- Im)epﬁ&gbqué@e No. 31) M2e-2R 5" CGC AGG ATC CCA TCT
GAG CCA TTA CAA CGA CAT TCC CAT TCA TTA CG 3'
SKAFS(I‘%%PYDMP%‘\S@QSG%HR&QJWM ng PCR products were
di gested with BanH restriction enzyne and subcl oned
into shuttle vector pESC- CCW129 cut with BanH and
t'Fhe rﬁnslatmh@@phq&mieaizedi byl h®eeippiiy IDRAU %ﬁg@@c@éotides with the
meric enes were _then sequenced to ensure
themlo?}ﬁ n%P‘ioéFﬂI%Pfr%"ﬁall?%ﬂﬁﬂ@ Exappde led peptide sequence and
the integrity of the nodified CP gene. The chineric
coat 10 protein genes were then excised out of the
$heoligonupleatidas dnciade8pel and Xhol and subcloned into
HA91- Sudom)nas fl uorescens expression plasmd pDOAL803 at
and X7zol. The resulting plasm ds were then
5’ GAT@C@G@\GMR@;@Tﬂ@&GC g}@ﬁtﬁ‘;
fl uorescens W214%TEG$Z%P$§F$§%%§E m asgt@tr??
CGCT&@C@EG&Q& dgemniD. No. 37)

HA91-108R
5’GATCCCCAGGCTAGCGTAGTCCGGCACGTCGTACGGGTAGCAGTTGCTGAA
AGCCTTGCTCAG3’ (Seq. ID. No. 38)

Resulting PCR products were digested with BamHI restriction enzyme and subcloned
into shuttle vector pESC-CCMV129 cut with BamHI and then dephosphorylated. The coding
sequences of chimeric CCMV-CP genes were then sequenced to ensure the orientation of the
inserted peptide sequence and the integrity of the modified CP gene. The chimeric coat
protein genes were then excised out of the shuttle plasmid at Spel and X#ol and subcloned
into Pseudomonas fluorescens expression plasmid pDOW1803 at Spel and Xhol. The
resulting plasmids were then transformed by electroporation into electro-competent P.

fluorescens MB214 with Tetracycline 15ug/ml as the selection agent.
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Exanple 2. Coning of the NP Epitopes of Influenza A

virus into cowpea chlorotic 15 nottle virus (CCW)
woaei7/protei n (CP) Two peptides derived from arCRS2006/027764

protein of Influenza A virus: NP55-69 and NP147- 158

VﬁeZCIO(ZNDMDQ%SBﬁJT i Zﬁﬁ ﬂ‘l&@’éd@gw}%@@t trdlﬁiformed into
que RLI LTI ERI\NL& I D
Pseudqﬁg_ows %greﬁ@mﬁ B2tt fodrels accprﬂyzgmgxﬁp@oyvg@prorqgol Nigost cells

were tﬂzgf}e %‘éﬁuﬁﬁ/ &F)N)&Ilg]ﬁﬁ{ tta?ln 8n qé’éqtfnﬁséaaﬁq{aﬁéformatwn, 1uL purified

over - onuc eotl des wit
expressiome plmm;d: DN’Pg Wan @Qdalﬂoashe dhestadelle dnd mthveaumtihg nlixtut® whhewirled

I NP55- 69F, 5'
cently ol. Iigonucl eot i ges . nclude: I cture was

transfel@gﬁ;;to e(l&‘f@of'a@on I\QS&G‘T %gﬁg%c@?%@%d Ge(nj_ Pulse& uvette, 0.2 cm

electrody\g@ caSexy.1652086)0 Tha 4hveiied #erelp8éed into a Biorad Gene Pulser pre-set

at 200 @T%@%%%\? VT?%’% Iﬁulsg c%ﬁ;sr%%%m sec). Cold LB

medinrfPAVHE Q&G R AEACACHE T4l %ﬁﬁe@ﬁ%ba(eﬁ% 30°C for
I D. No. 36) Resultl PCR products were digested wt
2 hoursg&feHswerethen platesdam Iﬁ e He(tetragyelinsesupplsthentedtIdB mdtmn)@gar and

193& CCW129 cut with BanH and then
grown ep ospwor%tat ed. The coding sequences of chineric

Crlhedibhygene picked droirh eschsiate emdatle icked Stmple! Wes inoculated into
ientation of the 15 inserted peptide sequence and

S0mL {-fesqert dur i 6fba€ﬂf@ shalse flagls dpawdnaispensioncenliges were grown
overni Ql‘? at 30°@f\91(tﬁ le()rg grﬁ)rﬁﬂ? Sg&agiﬁ (E‘%szlgtﬂléa%%ﬁl gﬂ%lg%Q ﬁfia% %hcc)an used to

l e plasm and
mocularézs éoamhmﬁshakbmslesrmdnsn dikprenst entraotsasmd shlp DONIBAR ebments;

SOdl“mﬁgg‘?ffgg%bé?’%? @E[e6 8)in zy\P 11%69 ff?e%ll %ake flask. Tetracycline was added

for selection. Inoculated cultures were grown overnight at 30°C with 250rpm shaking and

induced with IPTG for expression of the CCMV129-fusion peptide chimeric coat proteins.

1 mL aliquots from each shake-flask culture were then centrifuged to pellet the cells.
Cell pellets were resuspended in 0.75mL cold 50mM Tris-HCI, pH 8.2, containing 2mM
EDTA. 0.1% volume of 10% TritonX-100 detergent was then added, followed by an
addition of lysozyme to 0.2mg/mL final concentration. Cells were then incubated on ice for 2
hours, at which time a clear and viscous cell lysate should be apparent.

To the lysates, 1/200 volume 1M MgCl2 was added, followed by an addition of 1/200
volume 2mg/mL DNase I, and then incubation on ice for 1 hour, by which time the lysate
should have become a much less viscous liquid. Treated lysates were then spun for 30 min at
4°C at maximum speed in a tabletop centrifuge and the supernatants were decanted into clean
tubes. The decanted supernatants are the “soluble” protein fractions. The remaining pellets
were then resuspended in 0.75 mL TE buffer (10 mM Tris-Cl, pH 7.5, 1 mM EDTA). The

resuspended pellets are the “insoluble” fractions.
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resulting plasm ds were then transforned by
el ectroporation into el ectro-conpetent P. fluorescens
wOBaAd1wos h Tetracycli ne 15ug/ m as the sel ect POWUS2006/027764
agent. Exanple 3. Coning of the HA Epitope of
1fd Y A ' ' pPes,Ghleosotic mottle virus
' , roter el ' HS8d from an
Hehept'solwilel” afd Finkbluble? drabtivas Were ElectfobhbfBed@s NuPAGE 4-12%
. .1 ndependentl|y cloned into CCOMW CP gene to be expressed
Bis-Trig SObO0 BRPRSRe Gty NPOFES, TeVnpe).0mep kb 1valbs according to
> e: A . s 7 .
S Sy e 2 ah by et oy peF R OP2x bbaucing
SDS-PAGE draduigelotifad eandibdiledtibe 5 rhinetespeipe kd N@mpreogH &0 @&8. The gels

j | i le.1. 15 Th | i gonucl eoti des
were %Ejﬁlt&% 8’2@; éﬁrpﬂg@p%@) S?aln, (from -{n\ﬁtrg ge!n? oCal’EI. LCGO%O% and destained
ovemi%'t%m@mm TTCAGCAACTGCTACCCGTACGACGT GCCGGACTA

CTAGCCTGGG3' (Seq. ID. No. 37) HA91- 108R
FignT CEChAESERAGOIIAGT COCRTACST CBT ASSLGTACHALF T GaTIGA&a virus

o R 550 B S L WHBFEE s

stain (@0idropel)c| oned into shuttle vector pESC- CCW129 cut

wi.t h BanHl and then dephosphoryl ated. The codi ng
Jaguent shows exprasEen @fcﬁﬂk'ﬂdlﬂgé?ﬁeﬁlsvé rveitlt Ad2e-2 influenza virus

R s R .

stain (Igem@ge)he chi nmeric coat protein genes were then
iﬁcise out of the shuttle plasmd at Spel and Xhol

7€ b VKR ERPIPTHAS P EGAY Heh&S fuserbmadc BiR§5-69 influenza virus
peptid SHPPEIBINa LA B mpmgc&gdn @% SPRE Aé‘r‘?&ds&?ﬁg%l byTéqﬁlply blue.safe

~ resulting pllasmds were t ranstorne
stain (Tavisiogempor at i on i nto el ectro-conpetent P. fl uorescens

214 wi.t h Tet [ h l ection, .
A5aHE 7S adSiis 5t6 o CLASEIBLER Dieduanoshireal Ssndvgme virus
peptidétin BIORSROuHbs eRC RO bFIME PABH Haihbd 'bg Kimply blue safe

. _peptides The CCW129-fusi on peptide expressio
stain (Ipyifes¢mds were transforned into Pseudononas

fl: n 214. host rding,to the ] )
PO PER R BiSap! raryads T skt Yo R Shos datieeyya virs
peptidd i Redbmonai Micrestek @Nddt€ked b2 SDIRLAGE AMat@ bYiIMBR; blue safe
. AL purified 5 expression plasm d DNA was added to the
stain (IRG&PEEY | s and the resulting mixture was swirled
gently with a pipette tip to mx, and then incubated
on ice for 30 mn. The ni xture was
Example 6. Purification of recombinant CCMV VLPs

The protocol used to purify chimeric CCMV VLPs comprised the following steps:
(1) Cell lysis, (2) Inclusion body (IB) wash and separation, (3) IB solubilization, (4) Heat-

shock protein (HSP) contaminant removal, (5) Endotoxin removal, (6) Renaturation of coat
protein, (7) Clarification, (8) VLP assembly, (9) Buffer exchange into PBS, pH 7.0, and (10)
Sterile filtration.

The following buffers were used:

a. Lysis Buffer — 100mM NaCl/5mM EDTA/ 0.1-0.2mM PMSF/50mM Tris, pH 7.5

b. Buffer AU-Low lonic Strength -8M urea/ImM DTT/20mM Tris, pH 7.5

Buffer B w/ 8M urea — 1M NaCl/8M urea/1mM DTT/ 20mM Tris, pH 7.5

CIP solution — 0.5N NaOH/2M NaCl

Ao
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transferred to el ectroporation di sposable cuvettes

(Bi oRad CGene Pul ser Cuvette, 0.2 cm el ectrode gap,
woavo7me190465- 2086) . The cuvettes were placed i RCD/US2006/027764

Bi orad Gene Pul ser pre-set at 200 GChns, 25farads,

Rt [ iefly (about 1-2
Col ec%g%@i%lﬁnnewnﬁm@&g@ tp eﬁgl mmedi at el y added and
Stotdge soksioh t-i209, BtGRensi on was i ncubated at 30C for 2

Bu%?r:[% M@év\er oA lﬁgnggi |L1Ejn; ef’;\égr and grown
Muafang@%me 5§GWSE@§§EQ%@% wﬁﬁlspAgs%_%ﬂ gﬁﬂ}fg“bﬁsg aDAc, pH

e and the picked sdnpl e was 1 nocu A
4.8 (B1 & derC0.00028MIBMSF baf f | ed shake flask. Liquid

 MuSYs S, were grown 15 overni ght at 30C
. EEE% pr&ﬁéﬂ%’ﬁﬁé) | Ol of each resulting seed
culture was then used to inocul ate 200nL of

shake-flask nedium (i.e. yeast extracts and salt with
tlpadeg of é’nﬂnv&scens odit eell paste sitae ,masmteg Iuycoariﬂml @il 8)be and

RN T o et R
stirred @MErsdb@thahordOfenbird. TeAS Qfe%lzitﬁ G @steé G%%eﬂeﬁ\éﬂ Press at

| PTG for expression of the 9-fusion peptid
1280 pgirysig high gsat Phobysitad~32mD1was spini ajUOO80%( don ls(htrnnutes at 4C.

the T\ AP EHA B0 PRCRERL LRSS BRbRlw ne m

color ambidtib@ridnt ItheSee‘l']szfhstep M-8 of &Qm}%iwlﬁ\ﬂeﬁmﬂ adgbd £ tHe - pk¥et and
vol une of 10% TrltonX 100 detergent was then added,

the solutiom; ageprisye And sz vigh aépatplysl@flw@ Redephasigselveri e Lysis
Buffer %E‘ Q8ALd Bt RJtal ‘g?l!uhé o&h F‘nlt RO seléﬂéilb’ Q@a‘é%rt@?ﬁ ﬁrlﬁllftH% ggllet was

hours, at which tine a clear and viscous ce
dlssolvgholeh@ bmrdmymseipun a25011700)¢(hefoﬂ ¥8 athimstes lat 2000 \Edieuméwh% was

repeatel] g [ %ﬂ% |th Ve BRERY ST A iseDf pster. IBs
were dibsd19& in BY5 ﬂﬂ'dfrBM'lﬁ@a/IrﬁﬁI DFAemN Ay gIP@\Seb}b% Rgﬁng The

much | ess viscous liquid. Treated |ysaf wer €
Volumesp"uHB sdlutlgm“ﬁis radJaltsted 4@4&ml veisti SMmregémdy DT TA 208 dinsppH 7.5.

The sol‘ﬁﬁg ﬁl gﬁ%rh 4 L n]glt % 3%@;&5&%%3&3 F H%e%eg and rocked
overnightst mrdlo“&ﬂﬁy%lﬁlﬁcﬁﬂ&{ (1@”@)1 fd%QU&m'ﬁhﬁg apﬁidog{\(/l@ a84C or by

wer e hen resusgended in TE buf f
ﬁltfatwlrrth@uél a@am@%mjlt #16986 -2564) sE@n@e‘émbemsngst Flow

8 R UL A 4900 3008 SO o Low

Tonic Sip@igth leSiﬁilslrda/}mM DT Ty M drss, ﬁH€7 5 ﬁﬂ’:]}um)\e) d&ﬁﬂ of IB solutlon was
ubl e"  fraction ct rophor esed on
toaded gerj3iresgs Sndrpl G pivabioneh f RURCERE eallectfvdoé"s*mgolmnn was

washed R@ivh BV uSRBBuIP A\MEUL%W ALCAhdl R © CVBRE n@ 1 egﬁ{h §1\é[ urea.

speci fication. 5ul of each fraction were co
The colgmyl wes cleaned dud reagn&a8hSyPUGEs bV G stdticer andasldred in 20%

erom EEARY Lok o b e 98l b A Fcins

that weferl}v(bdlé@gfﬁartoﬁiﬂ Q1536660)1 OQXQHQ@%SﬁrtcﬁﬁQ} nf%ﬁﬁ;&ﬁiegxbﬁs Yifbrated

ure 4 shows expression of CP fused

with 10%&3%@& -1 Jow.u B salwipn wes filiepsdi theovigh ties BHemandatbe filtrate was
clanﬁec{) I‘fl%rfgge?eﬁf]s%fgrf‘ont%és a%%i? n‘bolq Y §P %el)aw 58 tVca> u?n%dotlﬁ/uﬂser @ar}/d mixed

B oo

'ue
immediately. The diluted solution was allowed to mix at 4C for several minutes and then

dialyzed against Buffer B using a 3,500 Da membrane at 4C overnight while stirring slowly.

The buffer was changed at least once. After dialysis the solution was clarified if necessary.
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Figure 5 shows expression of CCW129 CP fused wth
M2e- 2 influenza virus peptide in Psedononas

wohouresoens as detected by SDS- PAGE st ai ned bycsiusplog/027764
blue safe stain (Invitrogen). Figure 6 shows

e ssion of CCW129. f.us Wit P nf
The oGPl T4 @h et g Sad BRRLth dsren e fof 78 HBurs and
clanﬁedebjicdeﬁd‘lf@gatﬁﬁsof’/@iﬁt &lir@idnby THempd-¥ssbhbRd- VERf Golution was
stain (lnvitrogen). Figure 7 shows expression of

concentrator) in ¢/ iy A%@@blwﬂﬁeww%@@a ARG and exphanged into PBS,

pH 7.0 %%%% 82\0&&2 ?)gc?lﬁge%ép 'ﬁ% t{rlaré)céxgllﬁ il c@év%?%%ﬁl%ﬁq Oyum filter.

(I'nvitrogen). 20 F| gure 8 shows expressi on of CCW129
f sed vvlth HA91 108 |nfluenza virus peptide in
st AL AL 218 = SDS-PAGEstalned

A .Sé‘fﬂgiae%‘. g%Pﬁf@é?éew%? %ﬁ?%“ﬁ%ﬂ%s A gits (Gom
InvitrogepdCao D023, dl‘avrrg i leOr@mVik _\/IlSPswﬂsnmccmdmg I‘ta manufacturer s
o S B S e ol 5 5 P B9E oi

buffer, 'ﬁﬁtboﬂ%HQ&kS Rﬁﬁhﬁésrbﬂdﬁg)ruﬁﬂﬁg%ﬁ' fRank].r §MeVRls wkrd) stained with
Endot oxi n renoval , '(6) Renaturation of coat protein,

SlmplyQB?l)e 9afa rStefm;,(ﬁnonnhwﬂ(r@enVQ@t 4£36800) 3nd etaiRdfdvernight W1th water.

westerf 7 B0Bele Y Sapinne REl GG T (P8fesiRario Sggot L, fom DSMZ
Germalh-}‘xf,ﬁhéalﬁ’uﬁffﬁlénzal& Paan/(ﬁimai%ﬂécl&laliéeﬁmﬂpw&ﬁ%ﬁm 082)
Trlsf%a?S Buffer AU-Low lonic Strength -8

from ARR MfimiyDIPRecsasy as Sritpy zngbediepgnd dhe TRIN BREEZE kit

(rom I E3EGl A MG RGN SRR Bbonth?) 17004

Piuré)32006¢ B2pfdsidbn and devdction op pm@ﬁéchccwm QP ifvad with M2e-1
-100mM Tr . St orage sol ution - 20% Et OH g,
influcngg virgs pgpider iy ﬁ%ﬁéz’l”fﬁﬂﬁ Breresesii 2prdeiectsdhby SDYPAGE sthined by

Slmplyl\g;%ga@gstgn((ﬁg)ﬂlmgeg t. # MBTG&5E3)-Filtered Virus
nmbly Buffer = 0.1 NaQCAc, pH 5 4.8, 0.1 M Nad,

@lm@zowmmexpxem af @Mm &R duseBSvithi M26-1 1i{lpenay virus
peptae e oy oA e et B B Sl Sl B L b e et
M2 antit¥idsts 148! TheMRE Séﬁnae is ré®chizB@sY antww £ﬂt%d¥é§3

vortexed and 10 stirred until Ssonewh honogenous.

Cells were lysed with two passes over a French Press
Examps%slél i tope : Z , .
mosalc\mmsdlcsu\zwdeshtpiheemecmt was t| ght and of a powdery

conS|stency [1.ght in color and distinct fromthe

Aepeptiggdies-3 demVeq from an M2 pyaipid afnflusnzadsvisisdess ingependently
cloned {16 PRIV §afit® gene to be expressed on CPMV virus particles.

M2e-3 peptide sequence:
SLLTEVETPIRNEGCRCNDSSD (Seq. ID. No. 3)

The insert was synthesized by over-lapping DNA oligonucleotides with the

thermocycling program as detailed in the Example 1.

The oligonucleotides were:
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the solution was vortexed and stirred wwth a spatul a
until the pellet has dissolved. The Lysis 15 Buffer
woasr7added to a total volume of 40 m. The sanplE&USa®6/027764
vortexed until the pellet was dissolved. The sanple
M2e-3}#@s spun at 10000xG for 10 m nutes at 4C. The I B wash
was repeated at |east one nore tinme with the Lysis
S'ATG BfF AGGRAGOOAC TAEITAGC TSQUBAGI CF G@t éAC ¢B3a A@Qr@g A

L i S I

adj usted to 40 wth 8Murea/l M DTT/ 20nmM Tris, pH
7.5. The sol utlon was sonicated for 15 mnutes in a
M26-31%hi |l ed bath sonicator if needed and rocked 20

e A AL AL L
AGC crirreephrde daundasaa %C# 6976- 2504). The

Q Sephar ose Fast FI ow (GE Healt are) colum was
equi librated using 10 Col um Vol unme (CV) Buffer AU Low

FG S t h, - 8M [ 1V, DT. T |—| 7.5
RSP R Bt WEF S R i ciast. el prsficion enzymes
(NEB) mietS bitboidid Antdl védte@vpDONG2EA duk Witk HASL ']\@J&f ang'de Rhosphorylated

%ﬂl | ected. The colum was washed with 6 CV usi
2u1 of fgptiony praduct Py transfasmed datonTon ¥ Ovesdiot %tﬁdlewe]& ‘(\Imvftrogen)

conefl g, LTRSS SEOBOGE FSRERCTRGER o 4

secondsc baforqz) rafdgion wift 0.5hBPLBO Rhiaidl N&8E-sdye dRMIyARS (’f[‘@lblﬁ)@a) N The
transf FT frsgctl ons &Pat were pool ed. Sartobind QL5X o
ans O%fBTGXV?fﬂ arery 23 7°Gr f1s) heenbrfansebaings platedi on BfBam@maB@ee -soy
hydroly¥té Boal G @ﬁﬁfl% ag{-p‘? on was filtered
d y rggu %t?ﬁe f||te lmffgf?ér?%#éhv\as clarified.

Thfew ng efequierseh qu dnmms @EMB/GCPOgdrhe (pPEBEIMRE-Bh Wte then
vol une of .Buffer diately. The dil uted
Seq“em%‘g 14 PR P Rac %a irteélt Pegéﬁ? S7augirerndl theiipfagraty of the
modifie@ 0¥ dehen di al yzed agai nst Buffer B using a 3,500 Da

menbrane at 4C overnight while stirring slowly. The
buffer was changed at |east once. After di aI ysis the

ofInﬂusmalAwms\maoﬂbadym@lg into V| rus Asserrbl y Buffer for

12 hours and clarified by centrifugation or 0.2m
filtration. The re-assenbl ed VLP sol uti on was

Producti%ﬁ'&?@fﬁh{e?ﬁ: NIR A4S 1 gbly Buffer over a 300kDa
rane a o PBS, pH 7.0 using 3

@Wﬁeerczﬂbfcﬂmw §é$eedﬁhﬁeorﬁ|1%ﬁiy Mbee) pt hithbéral450 weRsSgerminated

Et haO.21ltmfilter. %gngle? Anal ysi s of

over night B BrBeahist et Bt o et o< werpgeggiEed into
il.

Sfﬂﬁﬁﬁa?ﬁgﬁgﬁrm@t ARp S Al S PhRlalcd YEh TINILORNAL and

chimeriggGRMVY m ﬁharpmsamemfabra;wes pleei CRM A RNAS viard pﬂfdubé‘dEby in

viro B B3 RS s e R oo BB RE A v

EcoRL Wheﬂmem@zedrplddﬁﬁdMA W@ ol ShrSp TR b%ltlﬂiﬂéeéj%a ngﬁ‘ clean—u}a column

yBlue Safe Stain, (fromlnvitrogen
or an eaweraleégtcéﬁaﬂ@@ kike mhegﬁansanptﬂpmma@non Wass perfornisido by usmg T7

egt o] nt, G (Acc AS00
MEGAs?r?ﬂt %&S;\Eﬁm%% ?\érgt%l)?,% theggr&/ co? Aming mg A?{;Equ\_@p 0f%E0 1ng to
manufacfurauietronions. Quality| (F@ankaRRa was %hal?zedeQﬁ@ﬁg 1ul of the RNA

transcripts on an agarose gel.

—
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fromABR (Affinity BioReagents) as primary antibodies,

and the WESTERN BREEZE kit 15 (from |l nV||trog§n, Cat.9
WOBTWwAs)904 f ol | owi ng manufacturer's protocol s. PCOWS2008/027764

shows expression and detection of purlfled CCw129 CP

f . ' pt | n. .
S Do LSS M A b o i s
and 8 hgyrs @r]mﬁrbrytwbl todheafveccRs. allhe (dansy ﬂhﬁtoﬁﬁﬁbed s Eﬁ'lﬁs Were harvested

rressi on _of CCW129 CP fused with
andﬁn??ﬁ?u@ﬁ? Q% P ifiogfighept i de i n Psedononas fluorescens
as detected by western blotting with anti-CCW and
anti- M antibodies 14B. The M2e peptide is recognized
Purificatipn pf chimgpic iRV Nquirtides Exanpl e 8. C oni ng of the M-e

A0k SF Pty OBRRBoR e i eren o CHIC 260ha o loef tissue was
crushed\Behshddedipeastd in@m warlB hod %é@bﬁﬁdérh%%rr%geﬁo\illﬁ U$0ml of

was i ndependent | clonéd into ene

cold AIg bingipg ggﬁar WﬁhéM&F (aOmM TuisrBase pHST. swmrﬁlvpﬁmsm evas poured
S SD

ot ST BTN\ RESEEEND 5,0, ( P L0 Mot Dot o

solutiorowagdsanteé drito G001 teBnttifigze BIMEE. MR/ Slchdts Q4R @I?th 30ml of

led in the Exanple 1. The oligonucl eotides were
cold A‘%E} %dgkgol?vféfi[l@gmthpg%styswommdz 764 2 MUMBECIBHATS WGTe. The

solunorA% Je%%@&i %% G?ﬁ; %&o}@% %ren&gcgge plant o ulg.?%%bns The

supemame W3R deBAnTECInET G g’fﬁ:‘ﬂ\la%T cﬂiﬁ@eﬂ%o Y@%ﬁ&fe @@C_f’@ﬁf Ws cold

PEG 60 Solioniddlih THAUE0RTIM Macor wavded dp g sersrodtan to bring the

final PR@tdohcenfdiided 406 9HG %b%gggéﬂfﬁadll\ln@al% ?olut[{%ne was gently

subcl oned i nto vector
mixed. gRee spdptiens Fm@ rajlbweé do pr@ipltate)forl 1 Gatd on igy. odhetvit Sprecipitate

solution \{v ﬁ{er Ocarétﬁl)ﬁll ntg aé%/oﬂ)&g& %@Hﬁ%}p@é Eg ltclo}]fgg%ltth? EPMY virus pellet.
The supleﬂﬁtﬂﬁab&&d pOtred C6Ff hed t&%lms%éqlgtswa@ ﬂ%e&g F}kfé}g eﬂ%ﬁdé‘ in anion

econds before addition of anl ma

exchangq)})gp@pg/‘glaff@ (B raNhbrisibase PhET. 5®)r éFmﬁldhamltrﬂ”y\ﬂm’ ‘amshﬂéeqmrtlcles
ated on LB._ani ma

the prot?i'il 1?11;( ﬁl%%)l}é;l%tgﬁ fb?’;eéo?nelﬁlfcgﬁlgglwl}rﬂmi@@ﬁﬁpgymsmg POROS 50

HQ stroag”pnxonlebcchunfge resie Fregi ApﬂhedTBi% Maﬁ%ﬂ;ﬁ?&gg%ﬁb 11. The 20
- wer e

column ¥ gfaﬁﬁ%g%‘emo"%cgem&qfﬁé Aor30eRd élinsdwsmo& @5, tos dnffedB, 30mM
Tris bas®BAL4. Vjﬁwﬁﬁqwmel aifle LG fd %F%ﬂl&t\&yas wqﬁtan@%;l}/xex&orer from

gene. Exanple 9. Production eco
Amershap riigsqienegs,t eet MemberUn3-teI%4l. Eftict fin® peak on the gradient, which

contained the desired virus like particles, was buffer exchanged into PBS using a 100 kDa

cutoff membrane Millipore spin concentrator, part number UFC910096. The samples were
then stored at -80C.

Example 10. Analysis of recombinant CPMV containing the M2-e Universal Epitope of

Influenza A virus

The stability of the small and large coat proteins were assayed with SDS PAGE. The
integrity of the assembled chimeric CPMV virus particles was assayed using size exclusion

chromatography. The purified particles were electrophoresed on NuPAGE 4-12% Bis-Tris
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of Influenza A virus in cowea plants 15 Production of
chinmeric CPW particles in plants Cowea California #5

weeeri®ifgom Ferry Mrse, part nunber 1450, wer 8CT/US2006/027764
germ nated over night at roomtenperature in wet

s RYPFAGIR . S G T T SBL R G
spemﬁd:a[h@ﬁu I5a1 6CthwishipleRas &Hﬁln@rwlﬂ@ Ly 'Bf QK%&uc‘ﬁ@@DME Roading

presence of abr asive. The CPMW RNAs were produced
buffer, Wdubﬁnlec}u PF § mirarescpriqrt i gHIRing mnpihagﬂl déflpmblm@fﬁ stained with

simpy P Mo et SR LR pi Alainemieigvigh water
Wester@bﬂxgeiet&heﬂI@mpﬂbyéﬂlpémlorﬂr aitR CPHIV Yolye¥naltsi 16@ JKBtthe anti-
The, transcription reacti on was rmed by usin
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plants Qﬁ’ Lﬁe‘%edtécﬂ By snd ]ESA@EUEﬁd Qsterd Yot \‘ig ﬁﬁth{tF@PW kagld anti-M2

| eaves ™t hat showed synptons wer arvest ed

antlbofh(vsolz@q Tae MBOgeptide mrecmgnmmdlb[mman@ranumdwa‘l cation of
chimeric CPW particles 5 40g of CPW infected | eaf
tissue was frozen at -80C. The frozen |eaf tissue was

Exam]%é UE.NEA deve Bﬁﬂ eﬁé‘ﬁ' fi¢hB%sed 6 é‘x siuﬁﬂl bidRtsSASant cells
ender, . par
B} rgsnAg eRsetingr fm tthe PiBRenz80 F, Tnd@tlﬁa@ efrpm ThesGnfluenza virus

n rushed | e
Arthfipd A IR REY st LS Por 15 i B e GRG0 DA 2.0
(DNA gl Menld ark, sCAUD4GDS, WESA Y R asyhei@sis Nt Phea HRO@Blle synthesized was
cent r|tfauge bottle. The blender was washed with 30mi of

engineergd d¢)|favor @1t red ﬁ@ Usaes btas g ?%almhn%@urﬁéuﬁe@@lcmn sites

ki 2y 908 SREKE 40, B0 | T SEAMARD B or clorin
purposgsl ar’iﬂlecsajnthdsaed cﬁaﬂrﬁeﬂgth'IHA ganeptcked alnd Caesmilal atsheghembrane

nt.o r ad d,cyl.i nder recipitate the CPW
domain ity Pordiste HHES SIS AN STES0% FAAE Dde oo Rk emsleotide

sequen¥¥@Sf tRE el HA obAMEORFRRANMARED FS af)ﬂuﬂg ahd %}C(#r'éssflérpﬁll 1R Rells is
concentration to 4% PEG 6000 wth , and IF]

shown g[lTeblech seawenge MHQ ID iocekd. Ahdns etidt sequenwafghé duletength HA
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termindl %ns'iﬁlefﬁbﬂaﬁeeﬁarﬁﬁn afd léﬁ@]?lairﬁﬁt tEPMYd ¥brithisis Pﬁé ta%tat thel®&erminus
supernatant was poure f and the virus pellet was

of the preteiyi dbe|cpdee eplpized ayclentidmsaguences deraHgepistainifisgments, HA1
and Hlﬁtﬁjfa}eeglfcﬁﬁ‘p %1& S EEQG%NO 19%hd 210 AlMRS [Ag{de%aéécg S HA1

virus cl es the protein m
and HAZ acti¢in rfaetgméntsytramilmd ﬁnmh&EQeID:Nbo mataadrzipiy shsiviign Table 5,

0 r ani on exchange .resin from | i ed
SEQ Hgi ﬁ@y%? élﬁé,%p}#qtﬁ ﬁ%‘ﬁb@%‘gﬁmﬁé%‘“i thepatyg signal ‘Nebtids have C-

terminal trans-membrane domain and cytoplasmic tail removed, and contain His-tag at the C-

terminus of the protein fragments.
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col um volune gradient was frombuffer A 30mMM Tris

base pH 6.75, to buffer B, 30mM Tris base pH 6.75
woizodr/oiMoNaCl . The chromat ography was run w t hPamus2006/027764

AKTAexpl orer from Amersham Bi osci ences part nunber

vvh C 5
PVX

L e za, : i1l C i ]
based@)@,@é@mct(ﬂxo PBS usi ng a 100 kDa cutof f rrerrbr ane
MTTi1pore spin concentrator, part nunber UFC910096.

The sanples were then stored at -80C, Exanpl e 10.

I ' f _reconbi taining the -e .
AR R R n ST, Rpli@ed B i Bopn whicn
alloweds itedoi bé eyciedd fibgm seoidd GANRY (DNA ZORt MHES:& GH1YEY &as run on

assayed with SDS PAGE. The integrity of the assenbl ed
agarose Belfor separatavibe, vedier baekbong Eempthe Hésggred JdprigAsgane was gel

punﬁeds?.lg({l: tﬂ?églp orglgé%drﬁhg %{u %Dﬁ‘?]?é}?ﬁ%ﬁl q‘/aea%%? %eéfitﬂei’c%liv +

BspE1 207 4€hbSilbriAaied UsRNg 6dal? dlkaline gospHatase n{CIRY.i t S@@ eFigure 14.

NP03 havi n .0 15 wells, .according t
Succesyia AR Hahe 8oV s tITHIAANRAR ] Y vegHieq e Seghen Fppping and
colonyp@;(ogc%gm\gfgpth@ % oBfie. 2X reduci ng SDS- PAGE | oadi ng
fer, and boil for 5 minutes prior to running on
H:Pel gml HAhgengefragmente wsteaisoletedwsing G8il 1251 y8h vemHafecin a PCR

reactions, B g PR Renclin 6o iy el et BRERGAEILAS the EoRV

restnctlﬁﬁ'@it@,ys@ﬁlaﬂ) obptedeonrd tRNArt SPIWY ORFY aheRélerdc3Rhir deBfed to add a

6, the anti- [nfluenza A M2 protein (nouse
6xHis tﬁg) 88 dho Ratermigey apd fisaBspdA regtrictionisies Rrrwtmmvere carried out

wsing S AN ALOISEHD bR P TR Rl b o) |

foll owi ng manufacturer’'s protocols. Fi gure 11 shows

expression of CPW fused with Me-1 influenza virus

peperssed fo amplity) BAL dragmeplevest ed by SDS- PAGE and
ThiﬂlM];rn bl ott| ng with anti-CPW and anti -

5 GC Ricaend G@EG&@GR?R@%EC 3 68 gﬂ;h@eﬂ Dy

Thai 3 used fordexpr$55|oE in plants and plant
ene_encodi or the influen

5 GOGeRoReFAId TR TR AT RS R M core 7 (sea. .

No. 42)p/ Thai | and/ 3( SP- 83) / 2004( H5N1) strain in SEQ ID No: 15
was ordered fromDNA 2.0 (DNA 2.0, Menlo Park, CA

The secodd gagctitibyvddoio ampiifh dei A2 Tilagmiekt. jihrefo Hywingesinzazswesesused:
engi neered to favor a plant codon usage bias and

Thai 8 FEINBEcoRVNUf act ured restriction sites flanking the

GCGATATEAATARTGHSEAATSA PAGINE TRAMEG T €S E CCATERTE ARSI TGGTCA

AATCAGG%ﬂGﬁ?ce@e(S%gfnfh\%nhgp purposes. The synthesized
full length HA gene | acked the C-term nal

Thai 7 rane 20 domain and cytoplasmc tail. See

e P oL rGRICTE B . G o

44) used for cl oni ng and expression in plant cells is
shown in Table 5, sequence SEQ ID No: 16. Amino acid
Thermospe]eresettengsifon the PCR teastiomgneiugal: protein transl at ed
%"Q‘f? ! No: 16 is shown in Table 5, SEQ ID No: 17.
acks e G termnal trans-nmenbrane domai n and
e4Pt@pdraddngec tail and contains His-tag at the

C-tern nus
56° C for 30 sec

68° C for 1:10 min

N
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25 of the protein. The codon optim zed nucl eoti de
sequences for HA protein fragnents, HAl and HA2, are
wehamwviig4 Tabl e 5, SEQ ID No: 19 and 21. Am noPaTiug2006/027764
sequence of the HA1 and HA2 protein fragnents
nsl at .rom SEQ I D No: 19 and 21 are shown in
> %oka)ﬁoes'te@,zegjﬂs{é@eTD No: 18 and 20. Both HA fragnents
6. 68NCadbMN10 e nati ve signal peptide, have C term nal

trans-menbrane domain and cytoplasnmic tail renoved,
7. 4n# contain Hi s-tag at the G 30 term nus of the

' 4, PCT/ US2006/ 02776
B AR PR AT SRR It MRADRLAR S and
5 BspEl,anuu:iI tiA2 Dmlfo EgDGMEZtEel bievas wteﬂss egcieedpfcﬁsﬁsleofbr}/cﬂ{&ﬁiﬁg -into vector
engt gene was _ isol ated using restriction
PDOWQ#% négcc%;sawlcmg wapeerifige Ronresisictipn digsst mepnieg wad colony PCR
screeniﬁgfdr%@HfArf?Me‘?&t.or G01129 (DNA 2.0). Digested (01129
Was run on agarose gel to separate the vector

backbone fromthe HA gene. The HA gene was gel

u s Xub-cl qQned. i nt o_vect or pDOAB451
Examg&l reparati R ansciipisyom pDRWS 47§md pDOW3466
BRWSPNOLMm!

’giii

10 B b R P B R oy o

G

f
(! gure 14. ugge oning o
deletion/iaghe £ogs DPONEAY Wewewtly Bndaiized uting restriction tenymensylj Qgickspin
col Qny . P creeni.ng for the HA gene. HAl and
cotumniGned A5 K GRS R PBte 0 W Ao s
transcrip@epteati®ns Rvede sBnbledas Fd1Rws %ﬂ%ﬁédnﬁpﬁwﬁ%f iR MeNace
.served to anplify the HAl1 gene i ch included the
MachingddReppedddt ¢Ambiogh site, signal peptide, and the start
of the ORF. The reverse priner served to add a 6xHis
15 tag on the C-term nus and the BspEl restriction site.
Amoun®CR [r@anpowsad were carriled out 15 using Super PCR M x
Invitrogen) according tlo the manufacturer
10 L j st rZG%NﬁS/QAPPri mers usled to anplify HAl fragnent
WET 81 i a ik BiAL. 5 GJCCGATATCAACAATGCGAGAAGATAGI TC
20l o7 [dOX Resgtion Bl ¥ S T3 AT BspEI 5
1 ng CCCrTGk&#dd ARILEDNN GATGATGATGTCTCTTCTTACGTC 3
(Seq—1D— No.42) 25 The second reaction served to
0.4 pL anpl iCﬂPthe HA2 fragment|. The follow ng priners were

LIA

USEU: —FHAZ—FEc .
2 pL C-ZCG‘\'PR% é%g\ y \T GGAGAAGATAGT TCTCTTGT TTGCCATCGTCAGTITTGGTC

to 20 plA AMCAGAREGNEGS 3° (Seq. ID. No. 43) 30 Thai 7 HA2
Bspll 5" GCGCTCCGGATTTAGT GGTGATGGTGATGATGT TGGTAGATACC

3" (Seq. ID. No. 44) 35 Thernocycler settings for the
Reactiofhsele8R&nttth b et UlEH incuthate®at 57 (Pfor 2 HOLR. Following in vitro

RNA transcription, a small sample of each reaction was run to visualize for the RNA

products.

20
Example 14. Inoculation of Nicotiana benthamiana plants and production of HA

protein in plants

Nicotiana benthamiana plants were inoculated using in vitro transcribed RNA from
pDOW3475 and pDOW3466. A single leaf from 2-3 week old plant was dusted with small
amount carborundum. RNA inoculum was applied to the young leaf and on the carborundum.

25
Using clean gloves the RNA was rubbed into the leaf tissue. One inoculum (20 pL of in vitro
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2. 94 Cfor 30 sec 3. 56 Cfor 30 sec 4. 68 C for

1:10 nin 66 WO 2007/011904 PCT/ US2006/ 027764 5. Go to
wetep/21®4 tines 6. 68 Cfor 10 min 7. 4 C FobPCOWiSHg6/027764

PCR, products for HAl and HA2 fragnments were digested

transcriUeH VA ex CI a7 d@?fﬂﬁ'ned {é/%;ﬂ &ﬁbﬁlg% SI%F ergl RFE Bram inoculation.

Plants W@@@a@qu fopuypoptesf formetiani $@ Fasevsri fied by _
restriction digest mappi ng and col ony PCR screening
for the HA fragrrents Exan'pl e 13. Preparatl on of RNA

cells \I?\nth a deletion i nthecat prote| n)S vvlereqtiotE )

i ckspi
G B b {3 sl bt via HrctanSrses e v
transcrﬂ)ed RNA(ARONTM protbplasth.t N1 ptrét ﬁ%%% g&%%i }S’%Pﬁrgﬁ%ﬂ n%gz?roﬁgrélﬁon by

assenbl ed as follows using
the remgalipf fhe ol wallyséng ¢@11u11>(smmdanacerass Biveuninu{se ppon®the

f
b TN 2 o e
gene waOntubbked|veigsesiks EI%PiihﬁlﬁeﬁrbeEi@CﬁfekfidﬁQE/ d’éﬁ’fo%st‘?été?E F%éh’égen? gene

then incubated at 37 C for 2 hours
s1lencmg-thlep<§ IngsRpsing tis smoupt efovral sepdigetidn andrastivitpf Cemphamentatlon

h R ts.
was rea§cﬁfé8'hgpntg Beé@l%zésléﬁx u?%%q%r% céﬁmfﬁs ([Ioo]%rog B/lrlr%ggﬁﬁ ana

expressipigding HA@anemIQﬁWﬁﬂﬁé dexived- RNADK & &l ab ﬁm@hl@ﬁ{ SImmediately
ana plants_were inoculated using In

before B FRam ot B i et oot e
plant ceBs iGdicé E@fled 0B Mﬁfgg @1@% id u?d ﬁﬁi%le g F Ivvgae

smal | 25 anount carborun
pulsed att 60QmitandolityV labafimerednssanttdfé 1 darseosndsd Oells widd plteg bEAS mL

of NT1 Pﬂﬁg}égﬁlehﬁ(la gmm‘g@ Slil ﬁeaf?‘? pvbt o rrllleanldchefzn zglio%vselcjl%[o glroonv&(re for 48
hours at room temp.

Cells were assayed for successful transfection and production of HA. Whole cell
cultures were pelleted, frozen, crushed with a pestle, and lysed in order to purify the his-
tagged HA protein under native and denaturing conditions through a Ni-NTA spin column
(Qiagen). Samples were then detected via a western blot utilizing primary anti-His antibodies

(Qiagen 3 pack set), and secondary anti-mouse AP (Western Breeze, Invitrogen).

Example 16. Expression of HA or HA fragments in Pseudomonas fluorescens

A gene encoding for the influenza HA, identified from the influenza virus
A/Vietnam/2004(H5N1) strain in SEQ ID No: 25 was ordered from DNA 2.0 (DNA 2.0,
Menlo Park, CA 94025, USA) for synthesis. The HA gene synthesized was engineered to
favor a P. fluorescens codon usage bias, and contain a ribosome binding site and
manufactured restriction sites flanking the gene in the absences of the same restriction sites
within the gene for cloning purposes. The codon optimized nucleotide sequence of the full
HA gene ORF that was used for cloning and expression in P. fluorescens cells is shown in

Table 5, sequence SEQ ID No: 26. The HA protein gene was excised out of the plasmid at
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WD 2007/ 011904 PCT/ US2006/ 027764 transcri bed RNA) of

pDONB475 conbi ned with pDOWB466 was used per plant
wonoewigion. Plants were observed for synpt oRCT/US2006/027764

formation. See Figure 15. Exanple 15. I|nocul ation of

1 anld D} on of HA pratein in
Spel bl QRASFRIGEL AP NS Yy Bsins oo R alowia.amOW 1503
atSpeIp@de&Irmdﬂaaea)fbhmtgemor ation of in vitro transcribed

EAln&o I\Il)gl r.ot opl ast NT1 protoplasts were
? g pareties ?Sngfi%zéfte §>ﬂnéﬁi1 by plectrppotptioringd elottre-empetent P,
Sluoreséepl IVBR1 4. Husst '3911§§/E11e%¥\§éc{‘ Fﬁﬁﬂe&!@ﬁﬁ@ﬁ%m%@e%ﬁee?g each

prior to the electroporat

transforgatios, 1Bl guoified ephrssion pemfda DN A gvak hﬁdé@ B ¢helftbsd %é‘l?s and the
evi ous|

t ed th,cells. HcPro has been
resultm%k@% ld@? rtle\gf gy é’ﬂk h g eipstte &pte ﬁ‘élﬁngldwglﬁn éncubated on ice for

30 minj Th¢ e@sivg viabaranERHEY 19
activity. Coanpl enent at | gne\éﬁag(gatﬁ(gggigﬁg%b gesogBmRad Gene

Pulser Gaveites Qrd cmatleqitodatgap.etdt noull65H2086) d“hercm'a@@ ®efelflaced into a

pirat 8 B ) B s e Ry e B ey

(about R eet)r Qoht BBimgHiud wastherd fnbdinR] gf 5&%&%@%%18 it ng%ﬁspension

) algagedii to the 1 nL of processed 1 [ ant ce
was incy #i30°edon?2 howis @dg were dhemepltai ona{dg tetEnd Sog/xddetracycline-

1 50QF, _and 250 V at a
SUPP enﬁ?#%%%ﬁ?%ﬁ%&@ gfg%égg%@} E@gﬁ‘ts were plated onto
@Gngrtolony vMEJplpitmt frovg eaetdblitd Bnd tHRSpiEkedddBlble %@llﬁ&ula‘ced into
50rnLLgth&p ]ﬁgl I.m a d then al | owed tocgrowfor 48
#fled \pagke ﬂ%%{ayétﬂw puspgrIen sflllmres were grown
ovem1gﬁtra@B§cf(¢Gsﬁﬂh%Oﬂﬂﬁj Mcﬂ‘%“‘f@h*lﬁ%f Qe O%eee\%%?lhurg visaégpq:rbused to

cultures were pe rozen, crus
moculatari’@om}is efl shakeetlask rmediumpuf.ief yedshextricts ah@Ggdvith trace elements,

el der . n enat yri ng.condi ti ons through

sodium Bbglel il WU T 606018 O HGRC s dslocsagyme o added
for selea:i@hecmeduuﬂea cRItWRS oRIval otrhil ° r ip Hi. s

ant i bod| es (Q ageﬁ@g@pack set hlz sg:{g 2%39%1}1 shakiflg and
induced ypth; IPk61Eos exypregsigmsefsha Har mroted,. I nV| t rogen). Exanple

16. Expression of HA or HA fragments in Pseudonobnas

fluorescens 25 A gene encoding for the influenza HA
Example #2Clohimgand expresiton 6ff RN22inthe Yperiplasm of P. fluorescens

DC454A/\/etnarri2004(H5N1 strarn in .
ordered fromDNA 2.0 (DNA 2.0, Menlo Park, CA 94025,

USA) for synthesis. The HA gene synthesized was
engi neered to favor a P. fluorescens codon usage
: and contain a ribosone binding site and 30

rrzufatur tm%dctlon sites flanking the gene in
A fid 8 %%EE%SPE‘I“C 1% REPIFIB Sestetien Prlisignal W tthied tohibe N-
terminusQENe &%dlﬁé@ﬁifﬁﬁnﬂlﬁﬁ%sgﬁhe%gﬁ{f&%&%ﬁgf L Z%Eé Q IR No: 29

nucl eoti de_sequence of the
without ifsgagive Secretiarngigil amﬁcémladstranmnembﬁne idonafrescens

cells is showm in Table 5 sequence SEQ ID No: 26.
The HA protein gene was excised out of the plasm d at

TH8 phisi2 00 A 431k BGhit bSANGH/ 1427 (hth thSRS ovﬂﬁgp&%} pﬂpd

boF. fbcl oned i nto Pseudononasfl uorescens expres
PbpF-Sp6f asni d pDOMLBO3

5" - GGACTAGTAGGAGGTAACTTATGAAACTGAAACGTTTGATG - 3' (Seq. ID.
No. 45)
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at Spel and Xhol in place of buibui gene. The
resulting plasmds were transfornmed by el ectroporation
wonoa/oeismet r o- conpetent P. fluorescens MB214. PEmAIS2006/027764
cells were thawed gradually in vials maintained on
JIAC For each 5 transformation, 1L purified
pbp Hé)ilg?vessi on plasm d DNA was added to the host cells and
5' - GTOAET AGSUGATGCHAATCEGETE GRECAEEAETTEGU B @eq. ID. No.
pi pette tip to mx, and then incubated on ice o? 30
46)  nin. The mixture was transferred to el ectroporation
di sposabl e cuvettes (Bi oRad Gene Pulser Cuvette, 0.2
cm el ectrode gap, cat no. 165-2086). The cuvettes were
phecelifiett HAaprofiio wasl afiptiSebsethe Bhettls §lasatid 36@ta the HA

. d 2 kV, I were pul se cells briefly 10
gmwln%i%%h?ﬁ%:26?¥g .'Wﬁhgﬁﬂgﬁﬁﬁﬁﬁmﬁm%&§mﬁhen i mredi ately
pbp-HAGtd and the resulting suspension was incubated at

30C for 2 hours. Cells were then plated on LB tet15
5" - GCLCAGERGGRECREOEACOAGAITI CABEGEC T CAdi UBY(SagaD. No.
7) and grown at 30C overnight. One col ony was picked from
each plate and the picked sanple was inoculated into
50nmL LB seed culture in a baffled shake flask. Liquid
suspension cultures were growmn overnight at 30C wth
HA-Xho m shaki ng. 10nlL of each resulting seed culture

- coBgeHhRerERT O AT ORI RO TG DD

el ements, sodiumcitrate, and glycerol, pH6.8) in a
%%Mffl ed shake flask. Tetracycline was added
o0 gene was then emplified owtasingdheprmenprirs below:
pbpgsﬁgprnight at 30C with 250rpm shaking and induced with
PTG for expression of the HA protein. 20 Exanple 17.
5' - GGAIOM GHAGHHA 6ISSTDATGA A0PTEHA AACGTTTOA TR l-sss&f. 1B.
49) fluorescens DC454 Cloning: 25 A 24 residue phosphate
bi ndi ng protein secretion (pbp) signal was fused to
the N term nus of the nodified influenza virus

A/ Vi et nant 2004(H5N1) strain in SEQ ID No: 29 wthout
HA-Xh¢}-Reviat i ve secretion signal and C-term nal

5~ CoQgROBTRHEASS P37k DT IPA T B RSB L 52, 54
P;;%E‘:rigg'k(??m{?;ﬁAAFTTATGAAACTGAAACGTTTGATG - 3 (Seq.

ID. No. 45) 69 WD 2007/011904 PCT/ US2006/ 027764

Al TGCAAATCTGGTICEECCACCECGITEEC - 3" (Seq. |ID.

Reactior\Wlix (UBuLTbel weidide) ed HA pr [aheiio gfredtron
the shuttle nlas f?’i contai ning tﬁ?ﬁﬁﬁ%ne In_SEQ

ottt

10 uL M?I%Pﬁﬁfﬁéﬁuﬁ?ﬁ;’ﬁ the fol I (Stprig| pCyelsr | Gainm. [94°C

O

4 uL 50mM MgSO, * 30sec. [94°C
2 uL 10mM dNTPs * Step 2 35 Cycles |30 sec. |55°C
0.25ng |Each Primer 1 min. [68°C
1-5ng Template DNA Step 3| 1 Cycle |10 min. |70°C

1puL PT HIFI Taqg DNA Polymerase * ||Step4| 1 Cycle [Maintain | 4°C
Remainder |Distilled De-ionized H,O (ddH,0)
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bp- HA- For 5" -
%C?:AACGCGGT GGCCGACCAGATTTGCATCGGCTATCAC - 3' (Seq. ID.
wolao07/04104 HA- Xhol - Rev 5" - PCT/US2006/027764
CCGCTCGAGTCATTACTGATAGATCCCGATGCTCTCC - 3' (Seq. ID.

. fusi on - HA gene then amplified
S TR B R P U0 LG B 4 o o
HA—Reﬁ;ﬁﬁMﬁ@@%%hﬁfﬁﬁiﬁTwTﬁmﬁkR& prim&9 were used
- X - R 'L
in feaC@wr%mz@@Ammmﬁmmcsclir(gaathCDE- described
above. N0. 48) PCR PROTOCOL Reaction M x (100L total vol une)

Thernocycling Steps 10 L I OX PT H FI buffer * Step 1
BtepyZ: | RCR praductsd4find 3 vAdre R8aMMISRAethpBfes IB€ thiPAectich. LpbpF-
g

* I 30 .. 55C 0.25 n
Spel anf {N DK privyeram e -éarﬁéufm%%ﬁ@m?mg d 31
' . rase * ..
el 030 i, 6, ks R B, 108 B350 M Rre o 7

Jluoresqogs pxmessin w4ROr pBIWADHO TGt ODH /SPATIRAL 0l and dephosphorylated.

. PCT/ US2006/ 02776 St 1. Plasm.d harboring pbp i
The hggt?cgr{n gfod\%%tswa% g&néfgn-ﬁﬁggleﬁmﬁgpgr_atl% ﬁﬁpg@eﬂuqﬁ@pnﬁ kﬁyarl; DC454
YonP ' le I Mivve!r Bi | 4 hb Fer '
her KRS A1 S S 0 SRRy SRy B! T
tranformpte wekg plated ou M cdosatemate d Tekmoviah eftemtye howg shaking in LB

: ¢ i.he ahqv t e . P roducts 1
media 3G T8 PSS F R apTe BB foneh; Df BERERiG ot he inser
was corfiioed b idiod difksial sefgshcRid. mers were used to

l.i §Sp)?ltjlt, final PCR plggductg. Final PCR product was
%ﬂﬁm by Spel and Xhol and subcl oned i nt odP.
YR 8558 I; p restricte
%\}:n? }I’% Spel &2}1 ﬁ?(l(xl%gelg lg%gyagéé&pg%tg p oryll\éfg%l}mos?hg‘eal_a and grown
overnighti g& jflonrescand undtumasoft 3.0n%0 DS byre bt foORPERBIcOdhake flask

i i 54 10 aft i fication
s, et BT & bt krtcnis yemi
e al e .
e MR A A R gy
(IPTG). Thidtupdsarezs hawested atQddatedpat ind0&idor 48 hours. The
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Example rl@ﬂ@ﬁﬂii_l:gﬂbﬁ ofBIlAC ot ﬂ%ﬂjagﬁﬁﬂtsi HBIECPR irlPod 11§ fike particles
medl a and gr own

in vitro

The chimeric CCMV VLP particles containing the influenza insert are produced as
described in Examples 1-7 and then further processed to conjugate the HA protein, or
fragments of the HA protein, or mutant of the HA protein, or mutants of HA fragments
derived as described in Examples 11-17 to the CCMV coat protein. The HA protein or
protein fragments are attached to the surface exposed cysteine residues on CCMV particle or
its mutants. This is achieved by oxidative coupling of cysteine thiols on CCMV to free thiol
groups on the protein in the presence of 1mM CuSO4 in 50mM sodium acetate pH 4.8, with a
molar ratio of 93 pM CCMYV coat protein to 385 pM HA. The reaction is incubated for 1-4
hours. Alternatively, the HA protein is attached to the CCMV VLP surface via a method as
described in Gillitzer, et al, Chemical modification of a vira]l cage for multivalent

presentation, Chem. Commun., 2002, 2390-2391 and Chatterji et al., Chemical conjugation of
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heterol?ﬂﬂuﬁr@mtemapwh%w garafiCavarsa ddaeads Y- tHecqniigatrebem., 2004,
Vol. 15| gl@-pgb are produced as described in Exanples 8-10 and
further processed to conjugate the HA protein, or
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Example 20. Immunization of mice with chimeric CCMV and CPMV particles

containing M2e epitope

CCMV VLPs containing an influenza peptide insert and conjugated to an HA protein

is produced as described in Example 18 and administered to Female Balb/c mice. 7 week old
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injected intraperitoneally with 100 g purified of the
HA conjugated CCW VLP once every three weeks. For

i ntranasal i mmuni zation, 100 g of the HA conjugated
CCW VLP is admnistered to anesthetized mce. A
total volunme of 100 gl is admnistered in two nostrils
5 (50 I per each nostril). Control mce are given a
CCW VLP with an unrel ated peptide insert such as
anthrax protective antigen (PA) at the sanme dosage
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1 day before the first admnistration and 2 weeks
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i mmuni zed 10 mice are then challenged with 4000

PFU nouse of a |ive nouse adapted influenza strain 2-3
weeks after the last inmunization. The mice are then
observed for survival. The sanples are then processed
for Ab titers to determ ne the i nmune response to the
CCW, HA, and M2e proteins by ELISA assay. 73 WO
2007/ 011904 PCT/ US2006/ 027764 We claim 1. A nethod
of producing a conposition for use as an influenza
vaccine in a human or animal conpri sing:

73



1) providing a first nucleic acid encoding a

reconbi nant capsid fusion peptide, the capsid fusion
woepizideoeonpri sing a plant virus capsid prot ePQTfUSS®@6/027764

to an influenza viral peptide, and expressing the

Wesglsnd fusion peptide in a host cell; ii) assenbling
the capsid fusion peptide to forma virus or virus
like particle; iii) providing at |east one second
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 Ot.ei.fi: i - A at i ng .and .
PSRBT BAIO el OBl R T, v
athe oapsid diukioni pegtiti eomiprisisigoa plent wiruk i dapsipasrbict] Guse@do an
the anti gﬂ}l}% rotein or protein fragnment to forma

BB SIS FPregting Heswapsid ifevion pepiida mahogicell;
a3 A8embéng T PEH @Qoﬁge}ﬁid@t&&m YEELIV iR ik gglitlgfde? d

antigenic protern or protein fragnent 1s conju
tid) phayiding g least wine sscdridksugieic tacod encadlingT hie leastt bieed amtigenic

clajml erein the isolated antigenic protein or ,
orBleth o PG Enemer iRt Bodt 1 b etin g Guporessing
sthe antigeafc dﬁrefeim@rﬁateiﬁﬁzg{ﬁanrﬁ% nest cefl; clai m 1, wherein
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pE)isodpbing apd pediyingihe ant ganieprotain pripiotain Fagmentabnd
i f a5k V9fs Bk Bafle g WOGHRkGuc Pyin g grotein
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3. afiw etho@ of Flaen fewhedtiothe ddcdated Antigdher woteit eproteimnfragment
v.iruse\%ﬁfsidngr?tein IS grerivfedfroma CCW or CPW
oF 4REY iU ? WW@GW@E‘% &0t 1pflugnges  wherein the

4. piinhethbd BB clgRRY| hefent ﬁierba-blﬁd?@sli&?g«%gidferc%fﬁphlé‘@s a9 Pubhza
consi st n%ﬁg,f Seg. ID. NO 11-13. 10. The nethod o

cligineptide dgaved fien meonservied influeniza wisalipekédgparti cl e does
[ of €j Jromthe host.cell plas . .
5. g HEGE oF ol 2, bRt 0 0059 1 K8t viel Pefe s derived
HEoM bisATRGALVIPGeptidd,. A conposition conprising: i) a
reconbi ngnt  capsi d fusion peptide, the capsid fusion
6. ﬁlﬁ’ﬁ‘t ’fnﬁg‘ogo‘?ﬁpiﬂiag?nﬁg wherging e E’Pr peptidspisi eplgsiesh &om thes erpup
enaltingUrsGnAs NO! A RERDIAE, wherein the capsid. -
fusion peptide assenbles to forma virus or virus like
7. phet ingthed efhdlain )6, avhéreinstheoM® pepidat Bdsedsatddg &oinc the group

pr.ot.ein r [ r.aooent rived froman influenza
ﬁopﬂgt_m gse%h@%%ggt%ﬁnggﬁcl aim 11, wherein the

8. IT9RléBed aNtiagR N, SvHEh ThdpRht Pir® &lplid protein is derived from a
CCMYV or CPMYV plant virus.

9. The method of claim 8, wherein the plant virus capsid protein is selected from the

group consisting of Seq. ID. NO. 11-13.

10. The method of claim 1, wherein the virus or virus like particle does not contain

proteins from the host cell plasma membrane or cell wall.
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fragnent is conjugated to the virus or virus like

partgi cle. 13. The conposition of claim 11, wherein the
wozol7aned4 ant i genic protein or protein fragmerCTius2006/027764

derived froma newy energent strain of influenza. 14.

11.The compasitiart ¢opfipriding| ai m 11, wherein the capsid fusion
p pfi de corrprc?lg%s, lc}ig: A nfluenza viral peptide .derl ved '
f ? ofhTECorNREt \rapsid drsio peptids, the capsist fidon @tlgél' bemprising a
bt : Qi eiLn the.conserv . i
ﬁﬁﬁ S’?ﬁ% |§ |1(?%f&%)lgpftﬂ% e éé\ﬂ%g RN PSPH%n “f%ﬁﬁ“b 3}‘?2%1’51(1
Nsipe pepitifie assefnbldshte fompasiut bOVIre 16 ik tR1d ng Wher ei n

. tide is selected fromthe group  consisting
g{jegg%aﬁf%e' .a{eil- Ftigepicoprotemn oy protyifefragmedsierived fimfn an
- ) ) - - - he
h d6irugherein the M2 peptide is selected fromt
qr%tdgk g]glrl]si sting of Seq. ID. NO 3, 22, 23, and 24.

12. e cphwositiopofi ¢lpion 16f whbkminmilielisolatedr ﬁitfgéﬁcilt\ils)wdeﬁﬁbr rotein
i %é:-gpsi. rg%e'n Ls derived froma or CPM
\glllagﬁlt A rcalg&]_uggtg_ GI'%VHBﬁﬁB‘é’i“H ﬁ’@f-"tl@?-al m 18, wherein
13.1he dohidkitish rdfsclansi dwRbRlE e ﬂs§1fi%ﬁ' égﬁitgglgc ;%t%ﬁ'% LS rotein
roup consisting of Seq. ID. NO 11-1 _. . €
3641 6 derivesk rem ainewly emergeniitraint Ginfinensa. or v:1 r ua
i - t ,contain prateins fromthe host
e T oRiobEhes 008 19 AR BESHSA, SOMS hennost.
offluehze virdl peptideadegived ot £ esmReSEY il &i?eﬁwge prises
i mmungsti nul atory nol ecul e. 22. The conposition of .
15. 3B%i°ﬁ¥n??§ltl% S ¢lam |l Vherginothei spmbaved ynfhrehec uira peptide is

o B B 8 ot i ng of Seq. 1D N 3,

16. Fhe cagpositimmoRdaint 35, wherein the M2 peptide is selected from the group
consisting of Seq. ID. NO. 1-5 and 22-24.

17. The composition of claim 16, wherein the M2 peptide is selected from the group
consisting of Seq. ID. NO. 3, 22, 23, and 24.

18. The composition of claim 11, wherein the plant virus capsid protein is derived
from a CCMV or CPMYV plant virus.

19. The composition of claim 18, wherein the plant virus capsid protein is selected
from the group consisting of Seq. ID. NO. 11-13.

20. The composition of claim 11, wherein the virus or virus like particle does not
contain proteins from the host cell plasma membrane or cell wall.

21. The composition of claim 11, wherein the composition further comprises an
immunostimulatory molecule.

22. The composition of claim 21, wherein the immunostimulatory molecule comprises
a CpG sequence.

23. A peptide sequence selected from the group consisting of Seq. ID. NO. 3, 22, 23,
and 24.
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