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WO 2009/ 009876 PCT/ CA2008/ 001281 Influenza virus-Iike
particles (VLPs) conprising hemaggl utinin produced

wowaobioesas pl ant FI ELD OF | NVENTI ON [ 0011 The pP@&H€A2008/001281

invention relates to the production of virus-1like
particles. Mre 5 specifically, the present invention

is dir eﬁlﬁt@:ﬁjza Gifds- Iﬂ@%arﬁ:‘fe@@lﬂﬁg) !:oglﬂrlsfﬂ% hehhdzMSiid ﬂré&l@:e@@t‘hﬁlhﬁlh@s
conprising influenza anti gens 002] BACKGROUND OF THE

I NVENTI ON [003] Influenza is the | eading cause of

death in humans due to a respiratory virus. Common
S¥IpLD OF INKENG@ONever, sore throat, shortness of

br eat h, and nmuscl e 10 soreness, anong others. During

fl e I nfl uenza vjruse 10-.20% th

pohla Wrmnr IR LA e 0 Bibion 06 g T bfigtes: More
a ; f F e8RS0 McEproBY@IoRE &Hirvi-1iké particles
tﬁgff%ﬂkl)él?gy¥ %Skglg%g@r?glér/r%nbr ane oefep i nf ected P
meommptisiag 1rcﬂa1eh5a armfigeys.are classified into types A B,

or C, based on the nucleoproteins and matrix protein

F bt EAC KEARaUNT DR ERRORCERTION, [ 6°F5 The ™ ™

conmbi nation of hemagglutinin (HA) and neuram ni dase

( 803]s Ulnflaezagh redpidiigtause pf m&nmddundﬂédgaw respitdiery virus.
ability of the virus to bin %nd pen?&])ratethe
h&é’cmfé@'ll pympiams dnsiydssiey & TR 1o ShorEel preate apdiwce

pr O{Ehggsygrﬁ%&ﬁkfgs Dfin Qﬁltseﬁs%‘nl infEn24 JlﬁJSCSSIHfJC?W 20% of the

erns reven viral aggregation and
f goplilatiod %rldwrdes lemlinglto 250-5@u00@d¢dths, anbBalA ( H1- H16)
and 9 20 NA (N1-N9) subtypes are recogni zed. Each type

A infl t
B B 3 D SR S vy b o
e’iﬂfebﬂgh%a?ﬁﬁ&ﬁzﬁscelﬁ ?rfakéélhéélﬁé(dQﬁtoQ§ﬁé§m% ald, bhddandhe

NA subtypes are known fo infect birds, whil onIy
S ubmkcpp@tmn& andznathz prMsm argenspresen©, Inflaenzapypends virnees may be

R 0a8] nty s 2eC DG o BETBAB LB s R Bin i)
angd fguRhfnid RSN s@ffatdd ysopsbte it ghdsyntpdt HOggovetnsfil atility of

of influenza A viruses, and are nost |ikely to cause
f uhg V@uqo@rm@lﬁ%@d feogste thefhosteiela Noh Fraaqtes &Taynal stalic acid

duéé ey %EQmP Xhzﬁﬁsg%l P{osE E@g%gf \E%a"il gﬁllr?ac%?)g(gginé,%lﬁ@ﬁ ?events

Uenza \Y uses can evate vel S
I |\hﬂﬁi Sggragtﬂhod%ﬁﬂ facglitateavirys mbbiity. eGwmrgriyc &6 6fA (HIWH16) and 9

influenza subtypes resulted in 4 maj Qr pandem cs in
t AN 1 NO)FmbbeRt @Pyec%ﬁge‘a‘a g?ﬁhs%’? mﬂﬁﬂf‘dﬁé Eguppresents one tYPe

oo AT A8 R bbby Mt e

wospkdficitly foeexangie, B THA and N¥OAbtyHes asaelmolwn, totilfectrhislg, while

Crome e B b . 875 S R N pE i 16 e been shown 0

arihf@é{ Bumarss (Blo¥iitto ROGS Sibuki QD0PR ThilGdhlzaKirG&R €6mPribing 5, H7
highly virulent form of avi an
and H9 are considered the most highly pathogenic forms of influenza A viruses, and

are most likely to cause future pandemics.

[005] Influenza pandemics are usually caused by highly transmittable and virulent
influenza viruses, and can lead to elevated levels of illness and death globally. The
emergence of new influenza A subtypes resulted in 4 major pandemics in the 20™

century. The Spanish flu, caused by an HIN1 virus, in 1918-1919 led to the deaths of
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i nfluenza (also called "bird flu"), outbreaks of which
have been reported in several 5 countries around the

wowerbdosrer many cases, this bird flu can resul PCT/0A2008/001281

nortality rates approaching 10096mﬁthin 48 hours. The

spread of the avian influenza virus %i I rst .
i eleentS0fmnidlépn H?OPbﬁgOﬂkimée petwegnF91% %pdoH?Qr A@srsgt.ly the risk of the

countries

[ gmengence of%[a}} A %g)t%t (lgr?();f éﬁ%ﬁ&lﬁﬂﬁ%?% ojfu%%fn(%gf ?@ut{%&ﬁbk&ﬂemlc
Claf e[rﬁxﬁblsﬂiefahﬁ@s plesentrt@it pangcul arfconesna & 4 ]nlghllyrmnﬂaent $orinyof avian
annual 10 vacci nation.. The v C|n i.S, uUs

c b g oo kB SLIFAG of MhiCIoha S pegRlepped in sgvera
I

e A i

Qiﬂiiﬁacllatg mﬁ)% @@therztﬂ hgurs t Tiee spuerdent thd awiac nflnenzaoses (HSN1),

produced . each year suf ent to vaccinate e
Wk 0 HosRongesy (Y80 e A et g5 RRtbe S been
ngélf ihe &Y % ﬁ&?ﬂr&%ﬁp&ﬁfsto | mmuni ze
E%%lt?lq{gﬁtet@P tf% 15 t eir %opulsau oln while only 17%
of the popul ation of the European Uni on can be
v HI06i] n aktecturrent methed oflegrnbatingtinfiuenze it hwgoarisdwbyisnnual
product.i on i nfl uenza vacci woul-d_ be i ns.uf nt s
P heciatipR SR radkings Pat e Pr o Ot ey e I iof 4 Predicted
NESBSHhRdYmidine siedindfoR ducdontifg cRbsehssd mifh@ dictivitis téorainated
gi ven year, the dom nant strains chan romyear to

ybathe Wedd Phabbt@pgamra@loat Geagratgcthe pp gr ofiyaggie gesgp produced
IS not 20 1ca
e SRR o oBERRRC A 1t 3598, oot Comaca

S hﬁd‘ﬂfe'lﬁﬁf&i Stﬁﬁaﬁ oBain dn@ug‘DVzﬁfchﬁE dbsedmslinihuiaé 8bout one third of
|ndustry alike. [0Q7] _The viral stocks for use in
v heds pepylagion, wh@maﬁw Varpfithe population of dhgsEurppean [pigy can be

p@[iédﬂ?&lt&? {s% evtqae%yg%{ ﬁ.g-ren?%rlﬁ%de od R4k loY ﬁﬁﬁl@ni’aj v#kine
vacci ne, sru et er gent t i nactivate. Live
atwonidisd mduf\ﬁamm imcthe ﬁeroe ofracdvorldfvidenflh pardbmm‘/l Euses thehmressary
wer e adapted 25 f grom h at |ow.te ture which

meapal prpductign Wﬁﬁﬂmﬂs@a‘y‘)% eE: eaf a*ée AR frajns

a | f $
ShGMAKES P45 e, UE SRy WIGRTREY i WBhe ok 58
\Mpodceca/ll Ecmowzicadj laeee sasle prasludaoreof dncaffectve inflpenza vaccine is of

i nactivation with chem cal e n have been
pls%%‘ffltcé‘a Wﬁr%%vﬁpgn%ﬁ dBﬁ Qﬁgﬁﬁﬁ lﬂk%el | cul ture.

Al'l these types of vaccine show sonme specific

aqoeyt ages vahl sodks dhsad IR RARERS arePredwdd &mf@@l@ze@feggs The virus
vacci nes derived fromwhole viruses is the t

i peiieiasyare harviested, pyd @R inagtixatad yiral WC@Eﬁ&i%upteé By idgtergent to
V%‘&a%h@&‘é LR%%%%P& Vﬁ& ff&ggles %%%Qf%%ulg@fa@gmﬁu%@ tHaf were dadapted

vaccl nes e viruses In an anti bo
- ZoVifoo RS/ 100 387 Perbiifd WARE O¢ald hiaB4at nofinahbdyltgmperdture, the
cellul ar response, Even thou h a fun [

al ant.i hod

" RERORRE MBI, Such i FRCIFD P HeRtSAdY 94 Rl s ipdivihals from 5

Wieh g 2529‘& Bf Béeo MhQAMEAdV e RinYsAeti8s ark i&drddsharmless by

i ncreasi ng evidence that a T-cell response is al so

i Mpastivatin with cindrhigelragants and Hieyyhave been produced in embryonic eggs or
mammalian cell culture. All these types of vaccine show some specific advantages
and disadvantages. One advantage of vaccines derived from whole viruses is the type
of immunity induced by such vaccines. In general, split vaccines induce a strong

antibody response while vaccines made of whole viruses induce both an antibody
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this may al so provide better protection in the
elderly. 5 [008] In order to induce a cellular immune

w0 e®pooseq vacci nes made of whole viruses werBCT/CA2008/001281

devel oped. Due to the high pathogenicity of the

i nfluenza strain (e.g. HS5N1), these vaccines are )
pi(lmctoerel) and cgllidar esponse. tByen thsugh jadunaiopal anghedy gesponse is a

i nf.l uenza strain uch > . t . :
h&0 nr?Bé?rf lﬂcgngrﬁghq?] e %’lgll%a F@?t##otggggﬁl elﬁgﬁe%gig Cags[al‘éénlﬁe, there is

Ongteéastiy dvtbneetHah e TRallregRscis blsodipbhnt iim fnflienzaimmunity —
strain and to make 10 it avirulent and nore easily

pitlis oy clsorprevide JhsHECPIalgEOB I thaflidaIlVan cel | cul ture.

O hers al so use reassortant influenza strains in which

t engty QiR SRAGL Waldhdd RRR of whol
ngg(g%m ﬁlld geérztsprot g?ﬁ:gﬁlgrﬁre C %1}1%3 In a high-yiel di r?g/g oe

| arvusgzaidre devilepadn fDueao zize iigh pathegenadity qf AhdPiRflBLB2; strain (e.g.

D e ey e Ahedaced HoL TS it FOL g gl pathogenic
fs géttl‘ﬁén%] stifind R '3? BN 105 0me niAh S iRlry! ARve thetiie® &e RAfAgglutinin

production of vaccines in the scale necessary to
maehe sdquendg! inlbader neeslucartha pathopediciyyeefithe afbienradtdin and to make

DA apUOTe e graiee PpairLm R T BER Bl

ONSHhBs Ao 1RL 3R inPlultdaatiBink AEwhRBARS bénehiE S8R Tbr the
the HA protein to nmake it avirulent. For hi gh{ﬂ{d' |
1pg low

pdtehagghtioinZz@dinefitapgnidasespro@inssre ¢lhredinadugh-y

whol.e vi.rus.,vacci,nes ei.ther i &S fi .

O RgE G THERE R AONCE st PV AT, BEn Btttk 2002k Wpile these
Mgh&Hodd¥8a P proahécCust Al WadkifesOthey 06 noCprovide atsol@iol itd the-need for
In the case of |ive-attenuated vaccines, there is

sthigh-velunieslow erst andhiast pradnahionof vaceings de thescalg Recessary to meet
i i, i npf i . . . .
SRR 0 SR S S B SASften i e

t Hase oFd pedderi®). Nt ai ns t he anti genic epitope and
post-transl ational nodifications, there are a nunber
of drawbacks to this nethod, incl udi ng the risk of

cdRPBhi Ratnedhis deneriecsenplés (GERnlgeYnAly Bight alse ngegto mutate the

V r. - a . .
SOShBR, fealpRely UREHATIORE @hake 1 iR T highly pathogenie
geinfitienza berhins, ahe peidugtiomoftwiwle virusuacdines ¢ither tegjuires confinement

introduction intq.eggs. . O her di sadvant s includes
exRTBTRAMRS BPeIHI Gaceites dosi iﬁaﬁ@y BRisE the genefic Seqénce of the
CORfAMRAWVAAY T BK SadW? 1ivE-afBR MG} agciHES thelrdlis still a risk that the
purification, and |ong production tinmes. Al so, persons

hygslmnigisteséd vageint cae gryombitesvitisan inflyenvatviie froim dietlost, leading to
candi dates for. rSecei ving the vaccine. -3 WO
20‘%)’@‘7“6655*?%%% CA2008/ 001281 [0011] In the case of a
pandem c, split vaccine production is limted by the
nef@d 10 oWhald alpis nidiodshiiaiainsithe agigeniclepitopeeggipoandarisheional
vari abl e production yields achieved. Al though this i
t ePRABIcAiRNShikeTe R A NUEBEr ¢glraypacks i Gis Iflﬁéo‘grl’a‘d%‘tlg By risk of
Of .GHEARARRn due to the use of whole virus and variable yields depending on virus
strain. Sub-optimal levels of protection may result from genetic heterogeneity in the
virus due to its introduction into eggs. Other disadvantages includes extensive
planning for obtaining eggs, contamination risks due to chemicals used in
purification, and long production times. Also, persons hypersensitive to egg proteins

may not be eligible candidates for receiving the vaccine.
-3-
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vaccines, it can hardly respond in a reasonabl e
timeframe to a pandem c and 5 worl dw de manuf acturi ng

wW@2paoiesys i s |imted. [0012] To avoid the use PET/€yy®3/001281

i nfluenza viruses have al so been produced in
manmal i an cell culture, for exanple in MDCK or PERC. 6
c 1014 Trothe chee dfiaandemist $mit va@qmpﬁr praductios iy kpdted by the need to
eti.cs viruses
O PRL5 i Toh SR 45 e Bl BB Rt s achieved.
hm&%&gh thi t8€hrloRSpYi Ha8 Bedh@etl 36t yehrs\iboihe pyddudtomsf sedsonal
wel | as el aborate nmethods and s CIfIC cul ture

enaqc;mmamrshar@loomoné@w reasonabledimeirme togt paademic Mgl e
bee d & 4nfluenza vaccine
caf d&'q/ alp‘ﬁﬁ %ngo\ga% gg;ﬁ%ﬁl éave f ocused on the
expression, production, and purification of influenza
t yo0a 2 FdlaidithidAsp obégisnimifluenal vindiseschaex pise sbséroprodﬁced in

( axanmbise cell s eramBe JMINGK oh PERS 5o selfy e fike! Another
18@(5}85&1 TS%\%B{ 4Rt nnﬁhl‘é Oitded %#espr()@lc%ﬁ By@k1l &ansformation

peci fics an | l'uenza virus
i m‘lﬁmltad) peries £ Thedel méthodw) ho‘Beveef dlsq retyhiges thefiigecofi whade virus as

cycle i |n|t|a ed by the _attachnent of the virion
s ell8 &laharaly ’G‘Fé]f’as ?%i %{)CCQ%‘JFW%BVHOIBW %4 ni ng
cellular receptor (glycoproteins and glycolipids). The

Nfgo 1@;] X&khhl P@%@hﬁrﬁaﬁt PoRG&S Bavitbeeh dbVorsedals irécoattighnt influenza
receptor, and virus penetration into the 20 cel

d @pmmcwdldmsdﬂprﬁ dpproaches bedocused pattl@ftﬁmml@yt préfuction,

810 Brvifaon of itienah Fre & MR gl HAASEREERpression of
URKIRE 9RASIns GANE sadm&u@@ Mfcobanges CEH@(tCrhﬁﬁﬁ‘d toalf UHI%N
of viral and cel menmbr anes and virus uncoatin

g and
VEohangsan; é9199r)eY1éQié’éCt©¥S and BNgy wacgigecppstucts (Olsen'et al., 1997).
nucl eocapsi d-associ ated ribonucl eoproteins (R\Ps),

. . it
SRR b Bl Vbl 0y e
i ﬁxﬁfeeﬂious rybly in@mitiatal by iheattaciment of thteddion/surface WAeprogsn to a

antlbodles to NA teins medjate their e fect. on
o814i¢ agidaeetaigng GE “j‘r‘f B Ebr orTol B nd EXso s TERA

al otf,ﬂﬂﬁé’dla@é ?1‘6#: @l'ieeﬁﬂﬁco&ld)fecéﬁf)} 4ed Zﬁusﬂfcdeﬁatlon into the
b ovI rus ect i nsect cells. The expressed

proetl depsidape Hi‘ieslepaﬂdent raeeplummgilmaqb aidosywiis3 the acidic confines

vent i | et,hal influenza di ase caus avi an

D8 Mgl SO BERE B RTR - oy N 68 rdRreoes
t &3afdrindaénap ek §@é/ {hatRa@ XPfuSoa o virfilf dndeeH andifbramd abld\ virus
-4 WD 2009/ 009876 PCT/ CA2008/ 001281 proteins induce

i mmoessingewnd M2owdiateduelassd of Mlipwitéing from nuglpeeapsitdassesiated

efr*boggél;)g%s ebnsgﬁﬁP }/r ﬁhgi:l{]r% )&g%xtegg}gg glgee{]gllcﬂuc)/ﬁugl?& viral R%\IA

eGyhihesib.NKtibedes toy HAUSrovsss provanar ias ﬂnfecaofn b;mbmgﬂumg virus
DNA vaccine candidate (O sen et a

canfesiyify, avhgreas gatdbodipsita Nfb RiptRIRY Iaf:@a&eﬁla%lr %ff?ﬁt §A the early steps

of viral replication.

[0015] Crawford et al. (1999) disclose expression of influenza HA in baculovirus
infected insect cells. The expressed proteins are described as being capable of
preventing lethal influenza disease caused by avian H5 and H7 influenza subtypes.

Johansson et al. (1999) teach that baculovirus-expressed influenza HA and NA
-4 -
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5 degree of protection against influenza virus
chal | enge can be induced with reconbinant HA or NA

WQ@e@be0983q usi ng various experinmental approacheST/anzhopmno12sl

di fferent ani mal nodels. [0016] Since previous
research has shown that the surface jnfluenza

g |py@gms dndalicq ENMURATESPRNSRIAIN AYBals HEPgIor Rathpse BABeaddY dr
el ici t n r | ;
bR Ronhefoin® AR TR biiealPR BEhlovhls prpressed
t %gﬁggmaﬁmqﬁlehulha ﬁnﬂlréﬁkmvii‘lys Was ddﬁ’iﬂatt&hba homalegous DNA

vacci ne candi date may i nclude these vjral anfigen .
a vge@tl%mdlm@w &ab h997¢£q1 eetigely.dhess data demhmsires ot a igh

glr gre ér Vériz)ﬁ)a aiit 1HAG&H-A 9irRE QERSe can'eR Edlﬁfeﬁ Qitht he

adv 0 nor e 1 nmunhogeni C an subunit or

r &écwﬂihlﬁﬁfMHA aﬂNLAglﬁﬁﬁ:n&n dsiag eardduisexpariméntahdpptoachestand in

hunoral and cel | uI ar imune response 15 (G gacic and

Arfdereptanimalgg9delEyr t her, the particle with these

i nfl uenza anti gens may di spl ay confornmati onal

ﬁﬂp@ﬁae&ntcg fevﬁlds ‘féstea&ﬁ lﬁta§ oAl dgh Be Eﬁl@&‘é'lﬁ?uénﬂa glycoproteins,
| e strains 'uenza viruses. [0017]

PridA mad Ny apé tha pmmnmry tdrgexs fayeticitationiod rpzcaemvneumnsumtwagamst

| et y o PRCER Py oS st bRy s <ol FhinBghy o
aSinflechza UPsdv Valcaie dapdidhidenAtintlMae thevd Vidfl aRAYEs! ka@ @Mrotein

investigated. VLPs mmc the structure of the viral
capmrdmobgulat parkicla, g@h@&r@lmahlﬂe particles GIABY). Aspadcagtpsoducts,

SeyEpopireingindBR o of b RF SRRl il ifHinsghpetBinbinan:

| rinkig@RZmdrO4IE RSstiflihte bdgsRthdal add @1aPiminin€ fsponse
cul ture using manmal i an_expressi on gt asm ds or 25

ba€ugasi mdsAv@mm 200@oFushep the parsicleywigh thesejigflgenza antigens may
Ne
Goérir%i a cl:Joenr ?r?%atfé)fl %th?#%g[?éngﬁgg\l%@gs ‘i’lbo&??t"c) multllple strains
f asfatlaenza @frusdsnf | uenza VLP depends on the expression
| evel s of several viral protei ns Neumann et al.

2000 est ablopd)?ed a .mpnal ia ressi on plasm.d-
ba[QQél P?i‘b? H?f’é ITBY ST £9r YaRGiRE purposes is
vi BRI hhde® ﬁﬁfe'c{ SA Y AltéHi el P REhs FiblBarticles (VLP
La(ﬁ%am an?VS 1Ga gr z% ) r eportled t hesf or mat 1|Coer§ (o S as
i m‘dbsmxm fafltRe ciltured semt haye Iblesn invéstighted. WLPHmimic the structure of

ggﬁé %g%{ﬂe@glfg%é e Co %J%%%}bggﬁgﬁ%% prl(\)/lvfde %nnqeans fora
qulcgﬁglgpg{f%gsl dermnst rated that influenza virion
proteins nay sel f-assenbl e upon co-expression in
eukaryotic cells. [0019] Gonez-Puertas et al_.(2000)
t clWOR8Y Pereralstudigg diave demenstrated thas feggIdinang mcﬂuem) proteins self-
th [
es%é ?’lgﬂﬁ(t R;L(?l{%_ b%gl(l g’éﬁurgfu]sfng %Jémélghgx%ﬁge\é F)H .fﬁlasﬁnds or
I—IONR\ARW;rthmOIGt(GainezlPﬂeﬁﬁs) ethbArd99t Natmadfin etiah20000 Latheam and

required for VLP
8alarza 2001) Gomez-Puertas et al. (1999) discloses that efficient formation of

influenza VLP depends on the expression levels of several viral proteins. Neumann et
al. (2000) established a mammalian expression plasmid- based system for generating
infectious influenza virus-like particles entirely from cloned cDNAs. Latham and
Galarza (2001) reported the formation of influenza VLPs in insect cells infected with

recombinant baculovirus co-expressing HA, NA, M1, and M2 genes. These studies

-5.
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formati on, and observed that efficient rel ease of M
and VLPs required the presence of HA and sialidase

W@ei09w98y6 provi ded by NA. The NA cl eaves the sP@El/Ca2008/001281

acids of the glycoproteins at the surface of the

cell's producing the VLPs, and releasing the VLPs in

t [demonsiiated thzmmﬂg@z@]wr@mmomnsanaﬂma&sgablﬁé@% rexpression in
VLP, vactc:| n(?l produced in a bacul ovirus expression
s§§¥%ﬁ96 sact cell) induces a protective imunity

agai nst sonme strains of influenza virus (A PR8/34

( HOOND)) )GonidrePO4rfas esdl (2008 tdzwh Quamnin wddicion s the\hethagglutinin (HA),

pdbmaRrOsHT 4D B B PAHET AR HbPOG Al LY 2 PUgdine from
Uhase: ALAOEC & TRt RUTRIAAD s hATM MR 6l hehquitd for vLP

ped Vi ruses nay ain their lipid
e fyhaion, e bbsebvadidhatgfficient releaseld M1 nid ViLd rtﬂmllrled dregpresence

obtain the nmbr ane from rane fro

t 1Pk pndhsialidase apthaty HSP\SQWEPY A P B e g atic B8 of he

p %@dh g*&énéfﬁ]qhy LirfadR i tlfer QI gf&u&hgﬂ‘[@w LPeHha @él@as?ﬁg the VLPs
st ce I'n manmmal i an or bacul ovirus cel

sysﬂ&nnahﬁmu exanpl e, influenza buds fron1the pl asma
menbrane (Quan et al 2007). Only a few envel oped 20

el G L2 LIe e YR ko b FEEE Sicelpvinne,

krbamsﬁb@@yst&ﬂmbap@al)\ahdu&@ ngrdté't@x‘ﬁe Anmualfagahe rsblil@@tralns of
by dding frominternal nenbranes of the host ce

anuﬂlmlza viras{ A/RR 3R 4EHA 1) e ¥WhBS stpdied by gvag \§¢rﬁ|0bserved to
nbi
plli)nﬁfé%gl}e Spqgs(ﬁ)% r'ggm }‘ang oal?lr i Veé%?&)s?(%ﬂ?q?{ooo%%(f?ﬁe &ﬂrect size and

MeRBHBsIRgy M st HAMg thdse oﬁtaﬁfeﬂl ina rﬁﬁnmhmf@stepi @48DEK cells).

menbr ane-derived VLPs, including influenza VLPs can be
produced in plants. [0022] Current infl ue za VLP |

pr[QQ%IUtFrIB’ﬁlOcPé@ NHBES grayohtain jhegilinig é“\‘f‘éollé’x‘ﬁ S ohHingout of the

Myhfel- Rl R ell Ah& thf ahe Erﬁ?r%br?rﬁzdfr&ﬁ ife SEQRNARABENe, or from that of an

represents a wbac ese technologies since In

c _aﬁ&rmaﬂ oﬁgape\lﬂrd eInfluexmadnmﬁ pyreiates uné Vil dPe bird $rony the plassra

tlne ci al r vaccinat i A .sinpler VLP

p r‘B%‘B f &V?‘Pétrﬁe” agnadian o a"é&l‘b‘f"é‘?ﬁ:{ﬁ Jystegps. 4oy grample,
ONRfNdA |bu@§ 2581 the bﬁsxﬁ@ %iéhﬁm& afe€al 2@0@} €A1§& few enveloped
devel opnent of vaccine. -6 WO 2009/ 009876

P@Eﬂ@@ﬁ@&h@@n 2<8mfec[t Pb28] (fcmtxemabr; membporsaif ¢lae Toprryiruses and

I opul ati ominfluenza and. to stave off .
r (RarPgBAB AR fidbe ki Plrat S BoBTVinh 8 SheY e Uhuragtepied by
deytRIaRR fedrh @RbinkPmefmBRInds SELBAIS cel! AUk AGmMABE piaba
doses. The current use of fertilized e s to produce
v doembrage. n%lthquigh afsmad]i reymben atirecombingsis gPSf kaygtbegn produced in
pr ]
0 AT RN RE gldn fBon
Vi Wht&hérl pl&ma membrane-derived VLPs, including influenza VLPs can be produced

in plants.

[0022] Current influenza VLP production technologies rely on the co-expression of
multiple viral proteins, and this dependence represents a drawback of these
technologies since in case of a pandemic and of yearly epidemics, response time is
crucial for vaccination. A simpler VLP production system, relying on the expression

of only one viral protein is desirable to accelerate the development of vaccine.

-6-
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particles (VLPs). [0025] According to the present
invention there is provided a nucleic acid conprising

W@ 2000009804 | de sequence encodi ng an encodi ng anPERCAY®R/001281
froman envel oped virus 10 operatively linked to a
regul atory region active in a plant. The antigen may
bé0GA3] I nfden enpratasbhagirld populatiopifiom inflyewga angdo stave off future

present. i nvention Q i pr j

R dihish Vgro et shl LR f GPRIGIP ATt v B Shéloas
C QrRIucHigh@icciag dbses ! THe cufight asdofifertilizedepgh e ptatlicagacuines is
antigen froman envel oped virus, for 15 exanple an

i imsuificiont and ivgdvasta lengthy PIRFessoperativel y linked to a
regul atory region active in the plant, into the
p's"i‘ﬁ\tfﬁ\d&{wp@i?tt]ﬁﬂl KPioNnand b) incubating the plant

or a portion thérefore under conditions that permt

the expression of the nucleic acid, thereby producing

t 1602 Bsis ah@bRE] ofTthe invention tongryville impreved inflwenzevitdsdike

st eps of rvesting the plant and 20 purifying or
sé’ﬁ%{%i(@%}]e VLPs fromthe plant tissue. [0028] The
present invention includes the above nethod wherein,

| nod3% ALBRIIRE to thBbFREMGhRGIiOA HREe R)proviled NHEdIEit Gci@@oshprising
may be either transiently expressed in the plant, or,

s taabicleotisp scspiseet dngoding ap kagndingruy anigemfrom an ¢nyelgped; virus

may b uri fi usi ng, si ze. excl usion, chr r .
beres) ks L Bl o T B Bl PHELAGEE R be an
| iik@udd2h hbmhgsleilif HAQPri sing an influenza virus HA
protein and one or nore than one plant lipid. -7 WD
2009/ 009876 PCT/ CA2008/ 001281 [0030] Also included in

t HB02frI hernresent/mnentinn also poxidap® giethod:of perdyeing;iphucaga virus like
ef Y ri sing an influenza virus
kéag?%%se@%%gﬁleé) lflﬁtrrct\)/)lrngprgﬁgﬁ one plant |lipid, and a
pharmaceutically acceptable carrier. [0031] The

pr esenta)iimvehucingra mickoc ecid epopling @sarftigay fint an enveloped virus, for

portions of HA proteins 5 that f VLPs. in a.pl.ant.

[0032] SHAEDIA 8 Fﬁﬁf})‘e _%E%‘}IL&!%P?&PS@E‘V B 158a 12 regulatory
nor e t r}@%gﬁ%@tiv%ﬁﬁttﬁ@ﬁl’ant i6 tediing, &ilportith theRof, Hd HS,
He, H7, , HO, HI1O0, Hii, H12, H13, 'H14, H15 or H16

or fr a%‘%ﬂéub%ﬁﬁg E{kt pigt Jrrheé]&ﬁgn tﬁﬁgﬁl Alfrﬂee\f/’onrﬁﬁ%%Rﬁﬁ permit the

conpri si’'ng suc proteins I nc
Cal edonixptedfibA 9f (Hdlhit)eY daid] alerehyaprod2ans theNAMNs) , 10
Al chi cken/ New Yor k/ 1995, A/herring gull/DE 677/ 88

( HBDB)1, THY rhetkasd hidd/ fafReE . comprisBtheateis VN EAIEHMg the plant and
A/I-ﬂguck]/ Shanghai WZOOO A/mr%rther ndihé ehep

pi INERYINg PRscPRgt g tho VLPafron) the plaohtissip o/ 6118/ 68( HSN4)
Al shovel er/ | ran/ G54/ 03,

[0028] The present invention includes the above method wherein, in the step of
introducing (step a), the nucleic acid may be either transiently expressed in the plant,
or stably expressed in the plant. Furthermore, the VLPs may be purified using size

exclusion chromatography.

[0029] The present invention also provides a virus like particle (VLP) comprising an

influenza virus HA protein and one or more than one plant lipid.
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Al chi cken/ Germany/ NN 1949(H 1 ON7),
A/ duck/ Engl and/ 56(H 11 N6), A/ duck/Al berta/60/76(H

wa220d8)pg9saé Gul | / Maryl and/ 704/ 77(H 13N6), 15 PCT/CA2008/001281

Al Mal | ard/ Gurj ev/ 263/ 82, A/ duck/ Australial341/83
(H15N8), A/ Dbl ack-headed qull/Sweden/ 5/8%; H16N3), .
B0 4950 mehisisd i s IeS§NGBYEIAOP IR CORPRBH) epanprising an

b B Rp! VTR o i Bl RS Pofeid S 8 ore than

Alovit ptamn Hipid] nd 2 Prmat82)lly &ickpthbly chaie2506/ 2004,

B/ Fl ori da/ 4/ 2006, A/ Si ngapore/ 1/57 (H2N2),

A Anhui /| /2005 (H5NL), .20 A/ Vi ?t nam 1194/ 2004 %IS
ALFEE TS RS RGIVRALINGS O GQBIGIYP AteSnlt BRRPTHE PP By

( ] 1073/99 (HON2)). [0033] In an
aggggém%ﬁlﬂﬁg&:éﬁ\%ti on, the HA protein nmay be an Hi,
H2, H3, H5, H6, H7 or HO subtype. In an anot her
agdpe3x], Ther¥ LRImay carapriseramyHA @rdteinof ohe os/mgseithan one subtype,

Cal edoni a/,20/ 9 j : iCRly 8/ '
oninens b oy ég“( ﬂ?%l‘?‘ . oSBT . Hls, Badl s or
3/20Y6 fedgbhdhl oB pérdibh thel&. HIamples OF Subiypes %bﬁlpribiﬁ% SHAHA
the A/ Brisbane 10/ 2007 (H3N2) or A/ W sconsin/67/2005

( HBoE@insdncladenA/Naw Galedprin@P/994El BddAdndangeialSRPOAIHAN D),

th rRLel ekl t | /

sep st EHRES EorRo g bR AL B PRRRDRRR i ehdsizoos.
( HoAH N ard/MIN/B 80021 dL S h B4/ (/2005 Mhorthein pintail/TX/828189/02,
A/l ndonesi a/ 5/ 2005 strain. |In an aspect of the 30

i vdirkeyfOntare/6LHES/ARGIENA, AshovsderflranoHEs,

s . |
el kR A RN o S ag e B P 1
ahnA/dg/s]f_X%diie&m%(X/ﬂ%glg}mggn?Q/Gﬁllzlll\ﬂhglsgahﬂ/m#/dﬂéﬂr%‘i@, from

t he ngron .
POTREABHEND0Y 2B S ohddutH AU et P B SR Plagk-hended
! thm%dvéﬂ%%ﬂ@mﬁ'éNBitﬁlﬁbmmJ&ﬁnﬁésﬁmg%, APl RIRID/8/34
viTus may yp

e a type B virus, 1ncluding
B/ (HHNely sA B rxbenty/ 290a0 ToH 1BV 15) AfSolleaer BEDESs 3/2006 (318 E), of

o\ SRR S B0 APl st Bsosrons,
4 %@%ri&/&mwgihgaﬂd@é/h 156 TERNZ), TAJA nhidy/ gam:eqmmqy be

H5 I ndonesia. [0035] The present invention also

pr AN idagmAUIGHE004 45 1 hﬁ&@mgg@ﬁWQ Ay (H@Nlences

en i n n I\N. ~fhe [ i | ecul es may
f ?r%é%ﬁ%l‘}%ﬁg{}ﬁﬁg *of %‘&@0%%3’35’3? g%lg%gl ons
operatively linked to the sequence encodi ng an HA
pr @083 1NIn. ard hspebtistithe hvemtich, tel €A pr@sinmayy soapHl 582,843, HS, H6,
Isiigﬁuence encoding an H, H2, 10 H3, H4, H5, H6, Hy,

17 po HOubtypen I an-anptherpspectihe Hiprotgip maybe frm the A/New
a . h v, ' : t R}
e T R S
H6or AdBobmd#Olsknts §412606 BN Histpaimo t BierH 2 poicie dhayyalsote from the

U 52| 12007 (H3N2) or A/Wisconsin/67/2005 (H3N2) strain. In a further

proteins

aspect of the invention, the H2 protein may be from the A/Singapore/1/57 (H2N2)
strain. The HS protein may be from the A/Anhui/1/2005 (H5N1),
A/Vietnam/1194/2004 (H5N1), or A/Indonesia/5/2005 strain. In an aspect of the
invention, the H6 protein may be from the A/Teal/HongKong/W312/97 (H6N1)
strain. The H7 protein may be from the A/Equine/Prague/56 (H7N7) strain. In an

aspect of the invention, the H9 protein is from the A/HongKong/1073/99 (HON2)
-8-
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nol ecule is fromthe A/ New Cal edoni a/ 20/ 99 (HI N1),
Al . PuertoRico/8/34 (H N1), A/ Brisbane/59/2007 (HLN1),

wo@rood@sronon | sl ands 3/2006 (HLNL) strain. | nP@mnCA2008/001281

aspect of the invention, the H3 protein encoded by the
nucleic acid nolecule may be fromthe A/ Brisbane
16§4A0.0Th £ Fi3tiR) aspeet of/thW myenticingthe H A poseinmeayhe fsemapanfluenza

criEiEay B A rime e e g AU B 2onrg b Rishidef200.
AE:?&rﬂﬁl%@@f ghiHoméid §é§ e§bmbm{A§ia)@edr15fr&m{g|}m 13 biseH6, H7
by the nucleic acid nolecule nmay al so be fromthe

AbPHAsibtypesoioslude-BRD) ID NOs:487/%t nan 1194/ 2004 (H5N1) ,
or A/l ndonesi a/5/2005 strain. In an aspect of the

nﬂy@glpﬁgané{ugg {?r on}?{\?r&eﬁﬂﬁéﬁﬁgﬁgﬁn EE’I \l;l\glil.gll g7aC| d

( H6NL1) strai n. The H7 protein encoded by the nucleic
apoas srahe prdsentrhyendibs alsb réviden rubkeicdcidimoteeniles agupﬁﬁﬁg

bgcauRheqh sarediEe i A PROIGUR uT e PHEJE 80 STl 18 forther comprise
ALhP Blgllﬁgﬂeg/e%&l ? Poidil N%éraﬁ%l? 'hﬁk FesafP ls&%ﬂeﬁ’cfe encodln an HA
nuc ecul es enco

sequences o el'c ac I ng such
ppdteinn STHer mueldit acidinoldddles iy daprisk acequdBcesentpgipgsin H1 H2,

6 i3 Haciae Wil HTcuie i vidk Fla bl iy am aspec

H’%f MeQh&intiohthe HXIBRRSH ncodiBd i)?%ﬂucﬁ‘?ngé@l@hﬂﬂééu[eeﬁh@'ﬂéan Hi,

that may be operatively linked to a sequence encod ing
abl2, HA, Hﬁoﬂéa H7ionH9uabtypho$he Hi girotaineengpdadzyi the nixgleig acid

D upaion orbter AL ER B g SRR s ARG Riser g (HIND.

I QUBANSaneY/200¢ (HIR 1R op1AFS16168 1418 dsSPR00BL(PILIN 1) S@difN In an
a regulatory region of Ribulose 1,5-bisphosphate

caspssk9f the em@nyge s H3 pretginggeyded bytthonwgitig pridapejecule may be

8 A5G L PToh S RO LAY e

r Qﬁﬂtm%spd&ﬁbme iivehtionStit H3 'proddi eﬁéo&d@rtm: ﬂliﬁléii& a01d molecule
sequences. The SI ast oc anin_regul atory regi on nay

amnay efrgrg th ngf@ysﬁﬁ AT (AP ety Fheghld ﬁrotflﬁén?pded by the

r
R R
i MYWidthymil094/0000{HINDZ ar AilndisesiafSE005amrainn Ia as atjeecof, the
is also provided, the mathdco risjin mnisterin
t H@vwmstﬁf HoPrafgin qrepéedé&hfgﬁ uf E@ aciflyndls Olﬁfl}aé{ m the
an e lﬁ#r%m ?WBIQ?P? (6N TPtfid. "R 199 BrddiA Rheddel 'b? the nucleic

tically acceptable carfier. The vifus
| iakiel rpalletmle Imeyradso Hecfrad thanA HquiredPraguedS6 (sI-IxBiBstram Additionally,

or al i ntrade tran saII intra arly,

e Ml arorpinsasas by hhppdvieagaany et mesbE T feas
A/HongKong/1073/99 (H9N2) strain. Examples of sequences of nucleic acid
molecules encoding such HA proteins from H1, H2, H3, H5, H6, H7 or H9 subtypes
include SEQ ID NOs: 36-47 and 60-73.

[0036] The nucleic acid sequence may encode the influenza virus HA protein H5

Indonesia.

[0037] Regulatory regions that may be operatively linked to a sequence encoding an

HA protein include those that are operative in a plant cell, an insect cell or a yeast

-9.
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[0039] The present invention also pertains to a virus
like particle (VLP) conprising 15 one or nore than

wo@e@opesrei n derived froma virus sel ected fropeT/82008/001281

group consisting of Influenza, Measles, Ebola,
Mar burg, and H'V, and one or nore than one |ipid
deelly Sucl regmiatory segiensangy iaciudg ampipstocyaia irauiaserydegipn, a

Eﬂ%@{l}?{f rgg{gfxoq g@l}llﬁ,%el g%ﬁs@g%%% Q@%@égla%%ox}’%ﬁ%se (RuBisCO),

Vichiro l@‘ll%bﬁldi@’prbt%uﬂﬂ/ﬁi?STt—ml hs@@i&)ﬂﬁdrml rergmatory region, or a
proteln may be H protein or F-protejn, SSLOO4O]

AdDPE regwiatpsy regieny pé'@fémqlm@rfﬁgleﬂs F)@l%??é bRy iR or
li [ [ Ry

tlél?mH%oé {eiluEndey'FHe pI RSB ORI AD: Sftagom%a)pl Poedi difaf

&Fahih regidatbosiegion; these TR, BNETRtdneermiinater deijkences may also

partl cle (VLP) may conprise an influenza virus HA
pristadial{a seANeBERs- or nore than one insect lipid, or if
the host is a yeast, then the virus |like particle
( ST
(A SOBS] TR RRTRSS uchy inft 6 A itz Gyt PO infPsubject, s
praéseprovided,ahe imethod|cemprisingtadministeGugrihe siitus tike particle comprising
com S|n VLPs of two or nore.strain ubt.ypes of
" RARE v ARrolsi B or B6t Ypesio ot e Bty be
C?lﬁﬁhf&uﬁéﬂ atcb@ptﬁﬂé’ HRrieR " WhRike YahR¢ ma be administered to a

| edoni a/ 20 (HL N1) A/ I ndonesi a/ 5/ 2006 (H5N1),
A/smlbjeck@nﬂwswra@rmlig dgranasilys mtramus@andy; lintraperinealtg

‘%SP Al Texas/ 32/ 200 A/ mal | ard/ MV 33/ 00,

IBH'E’: BHst i AP "f %853 ‘Al nort hern
pi ntail/TX/ 828189/02, -10 WD 2009/ 009876
PEBOSH2DR5pr06h2 il entfdnalskpat{atdntia aiviru Lik& pABCIGMAP) comprising
Al shovel er/ | ran/ G54/ 03
A QI§i QF ey e @@,nrp@ﬁ)pfwlpgkg(vm@ma virus selected from the group consisting

AP RSP AR e i

A/Hd]%ilzllgd f%?d}xﬁi}h@%g@?ogﬁ#rd?lﬁbﬂusm rBlei HY\B}dib/ceBﬁB may be p24,
G0 b P ot bﬂ/%%sf@rpgws@“mw BT S0 R YBR6) 168 Marburg virus
3;_%%%% l{éﬁ E& )kﬁ)??(ﬁA?,Btrﬁ? é%%glés gf_ﬁﬂ%l)telrﬁﬁ%e TRProteth 8P HSrotein.

Al W sconsi n/ 67/ 2005 (H3N2), B/ Mal aysi a/ 2506/ 2004,
B/ [B040]) Addiﬂibﬂzﬂr}ehe pt@émga‘fmtien 19187s (oHNR)s, like particle (VLP)

Al Anh '/.1/200 Vi t 1194/20 4 (H5
PR g AR b A s R prerenGie oo R kg liggd. For
( FFM)pl@rf Y IHS%D QKQM( HH3NE 91rﬁmbé2ﬁa)nclér (eLPY®ap Eorﬁpﬁ& an

subtypes or strains of VLPs may be present in about
eqinfluenzarvirug ikt prot¢in ond ane efrmeredhan ongnasast lipidy exr ibthethpst is a

SURLYP AR e TS HRY d@%ﬂg@ﬁ@@g@&%flﬂ@m S HASprotein

or- suptypes represen resent I nven

pedridedrieor infora thuatdne Jedsvlipidnduci ng i nmunity to
i nfluenza

[0041] The present invention also relates to compositions comprising VLPs of two or
more strains or subtypes of influenza. The two or more subtypes or strains may be
selected from the group comprising: A/New Caledonia/20/99
(H1N1)A/Indonesia/5/2006 (H5N1), A/chicken/New York/1995, A/herring
gull/DE/677/88 (H2N8), A/Texas/32/2003, A/mallard/MN/33/00,
A/duck/Shanghai/1/2000, A/northern pintail/TX/828189/02,

-10 -
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15 virus infection in an aninmal or target organism
conprising admnistering an effective dose of a

WO 2@ei00887€ onpri si ng one or nore than one VLP, PE¢ECNRIBS/001281

produced using a non-sialyating host, for exanple a
pl ant host, an insect host, or a éfaSt host. The

vayd Pﬂ@ymafkf@ BI/03(HSNG) Y shpvalenkran{GR4/ Qi er rml I y

y
| PRORR R many N/ STNBORT) Yy OSBRI SABRERELY.
dbﬁdﬁﬂ)eﬁeﬂ@ﬂﬁeﬂ 1IN MY GallYfaviand/@p77 @ 13N6hunans,

AN o OBTPv30 BS b Rhcklauralgass B (o SR Bk badsd
agvlﬁﬁbwe‘a%ﬂ)y ?@ﬁ§)ﬁgr/1§€é/40“ VI dhdhrisb rg%gf A/ILLERBRR@/S/M

tone ferrets,
| i(148 Bl19,cA/Brisharee59/2007H1dd | A/Smhmhmslshndis 3/B@Od (I—RENI)

L Aflabag 70T AN s Y e BN P R atgs 2306/ 2004,
g B/l 3}4/20@)%' Amﬁ%paw%ﬁmmzﬁ @Ahﬁm/@dsqﬁs ,pabl e

producin for exanple, a plant, insec
y edtietnifoAd 041604 63N br, AdTeabilonpKopg/ANit 19/FHIEN 1,

coRERisdlmefis R it AR 3ol PN sl st more

CalibgptIS raflslof VIS sGhAyest presehd in dbdBeEduivaldit @Bantities:2M@rnately
VLPs “produced in yeast ‘conprise |lipids fromthe plasma

nmnbmnmr@bf theasbtyp& welrpins apyrherth¢ majarisy ef the gtraios grsubtypes
"yeast ids"). [0044] The production of VLPs in

plrgpﬁe§enb dgsents several advantages over the

production of these particles in insect cell culture.

Pl (8042 ] THY teseapinvaitidierfatns 3§ & @iethad for inlu¥iBk immunity to influenza

2009/ 009876 PCT/ CA2008/001281 i nmune cells and

enaM defectin namanEnales RIEOTHINTR 6AMPTAiAg pdiinisieringen effective

o BoBRER S PSP B RN AR et v
gl r)dhc)siﬂbatﬁ@didsp ifeksextahple zaplanujmsq laa utsechioan bsa geadt Baste The

bacteri a and prot.ozo phln o s are unusual in
t RECCIRBAYdead Aropisegarall ANt ERs i meraasafis igtramesalgrty.
S n
7 op Rl oANg Rl ol G P T reshiStt may be
cm&twteldl fram ther grotheomprSicghioas, piGaesdoPiEs gagubirts Gyian)

| ycosphi ngol i pi ds. . can nd to CD1 | ecul es :
e BiErsBiRrasavaih i efe RoulB AR ER samgl ganine. dogs,
pft%ﬁﬁ@tchﬁguge@' leSpdrd\RGvok, thinkEstd ki, FeredS |h%us’ﬁ’ﬁ:ts livestock,
macr ophages and other cells including B and
| ymisieorais, esal,i whaléseaandtierike.and |iver (Tsuji M. 2006).
Furthernore, in 10 addition to the potential adjuvant
ef i i :
Iig)s%]l\fﬁei érggerr]lg ﬁﬁ%ﬁt?&n Cllar(f-;(/&de% QH{ H{od%ld ugé&% Q’iﬂﬂs cBXta&fmg
gI hene@ehitidin(HA) frgariiffhyneinfligea straheﬁwtulragledﬁki &pable of

(Sai nt-Jore-Dupas, 2007), may be advant ageous of the .
priyadesingd VAP, fapepample., 6P5‘ﬂf slnse[coo)wfasw k&5 th W@mrﬂ@wd in

t Oplgﬁs @&&tgﬁ\}ﬁ%%st SH9Mnf oribin, W PRBEFlRinGHsdchadlls comprise lipids

['ant - made
from the plasma membrane of insect cells (generally referred to as “insect lipids™),

and VLPs produced in yeast comprise lipids from the plasma membrane of yeast

cells (generally referred to as “yeast lipids”).

[0044] The production of VLPs in plants presents several advantages over the

production of these particles in insect cell culture. Plant lipids can stimulate specific
-11-
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15 will induce a stronger imune reaction than VLPs
made i n other manufacturing systens and that the

w0 pavanedsreact i on i nduced by these plant-nade \REHCAL(G0B/001281

be stronger when conpared to the i mune reaction
i nduced bﬁ l'ive or attenuated whole virus vaccines.
[ GouB]necolis angd gnhance the imuse raspense induwsed- ePlanimembranes are made

S AL RS et APy Bidmine ) an s

C Qoh iS5 B8dsphihgbRpida thab h@hiniduead plaats andsene bastetis and protozoa.
woul d be working with a whole, infectious virus, and

i Sphingolipisiaresenusaal in grab tey areonet e ghigeol likp€C or PE but
proyi . r . i I 1001

D LS 4] YA AOBCON Rl O e 0

f | Ridlchalhethtdiging @ncre Gitinf i8caridny. FCraad PECasneetl asadly@mphingolipids
suitable for scale-up. 25 [0047] Additjonally, pl %nt s .
derandindtekdp] molecles expiprred by masnpalian immyne gells pychrpg antigen-

a | . " .
pPteseBffie OsTATGRf HBFUhio LR bARIpRb s 30 i Scl [ cluding
t i@ ard Tdymphowses ih thecthy@upasbsiverdTsupr Mi. 2006 e fiurthesmore, in
producing . cells or extract w.th sialida .. .

( rreldftion B orRaasgrtial Bt FEean b U BRFRES S PIRM Lipidnthe ability of
o Bl S TaiGRARE Cap e ORI thidtns BF angen,

| sprsenving tells(Saiit-Rdta-Duids, 30973 noayrttezadivarstageous of the prbdaction of
pr £§ratilon and i s undesired when obtaining regulatory

ap}? Y PIRYS- the VLP product. -12 WD 2009/ 009876

PCT/ CA2008/ 001281 [0049] This summary of the

| 0B8S T Withd@e®ishRlk tHBE BEGRI by theal§SH id AficRatedltBalpldr®Inade VLPs
of the invention. BRI EF DESCRI PTI ON OF THE DRAW NGS

[ ooBbindwecswranger istnete aciionritkan VEPy made mather reanufgqtyring
beco no. are f ' i Bt

SRR S PR R oh 5ychd b ARLLG-HRIEVLEE Willbe
whetkoiger: whdriOétedgardd GUREichusd @usicn iadeed b eivefor aftenuated whole
al fal fa pl astocyani n-based expression cassette used

f oYI'YSHACERGT essi on of HL in accordance with an

enbodi nent of the present invention (SEQ 1D NGO 8).

Pr , . . . | : . i
BB AL Rk RS R e A Banag

r ethty artrionninfictiess, tas destrictivelbaelbgigal kOn@irenai wot iam significant an
boJ d. Fi.gur B shg.ws a.sch tjg di agr.am of , . )

£ LHRS 25riB O DE IR WiF 4 WOl BIaeBRES R, Fl is nongeauired for

cl 5RYAGRNO PN GhaddAML I WotiBe a FERAIRBY sidRMBhin byMeRthg th
¢ ohiatipdtion PIANC ade V1PV Proviog a TrdiiRgY s Ao YeNng the

a exppesearsysteingn beigrpymird gredrtussserdinld ghus ping fignificantly more
expressi og o% qpplsegbt %cﬁfe-llfll' FI GURE 2B shows a
r eprPeeENEL T B8P PR d'®B60 15 assenbled for the
expressi on of HA subtype Hb5.
[0047] Additionally, plants do not comprise the enzymes involved in synthesizing and

adding sialic acid residues to proteins. VLPs may be produced in the absence of
neuraminidase (NA), and there is no need to co-express NA, or to treat the producing

cells or extract with sialidase (neuraminidase), to ensure VLP production in plants.

[0048] The VLPs produced in accordance with the present invention do not comprise
M1 protein which is known to bind RNA. RNA is a contaminant of the VLP

preparation and is undesired when obtaining regulatory approval for the VLP product.

-12-



10

15

20

25

30

[0053] FIGURE 3 shows a size exclusion chromat ography
of protein extracts from |eaves produci ng

wheowagadsad i nin HL or H5. FlI GURE 3A show t he el BCT/OA2008/001281

profile of Hl; Blue Dextran 2000 (triangles) and

proteins (di armnds) FI GURE 3B shows i munodetection

(\RG9% Thisxuatmarzof thetinyension doesshaimicenssariln descoig all features of the

foll owi ng size 20 excl usi on chromat ography (S500HR
b&RFYIONF| GURE 3C show the elution profile of H5;

Bl ue Dextran 2000 (triangles) and proteins (dianonds).

FIFRIRE [SESCRIMHON OFUTHEBReOWINGS (west ern bl ot; anti
H5) of H5 elution fractions follow ng size exclusion

chr omat ogr aphy (S500HR beads). [.0054] FI GURE 4 shows
arﬁo‘éﬁoééfhﬁ athesdeaspips ohiedyeatiopMalh hegmq mpgreapparent from the

f r ult ) gtdlg&;rflﬂtlbﬁ 1mﬂlchl§ei%fe{h9é3 sYhdfe ¢ mﬁeﬂ&éd‘lﬁawm&s wherein:

oma size exclusion <colu FI GURE
shows a 50 000-fold enlargenent of a VLP from Hl
s 008 N FIGURE pA abews & safuenad dfiaplatfalfa plasacyatin-bated e@pression

ot@gsespgé" s PG erimeich oL VipAsePiRA ™ th AR SpAnIEa of the
és@ﬁﬁﬁ@éltl%QQSEﬁz/D NO §§UBRotén hatee @oxﬁ@ra@@’ﬁw kignal peptide is

ar genent from H5 showi ng the 30 presence
oflmdetllmecplliglﬁl(RGAaTC'El andcSagl €3AGCAE) estrictipprsétsented fe0cloning

9/ 009876 PCT/ 08/.00128
Pt e SR WS L eI R R, T g one domains of

f riRGRERE h%aé'glutﬁrgg(?\ft& c1ddFadd of ﬂ@ﬁﬁliﬁdmﬁa%ﬁ&tﬁemain
termnal fragment of HlL (S ID NG 2). FIGURE

s frousd tdgetheobyp h disslfsdeduisigee encodi ng HAO of HL (SEQ I D
NO 28). [0056] FI GURE 6 shows the sequence encodi ng H5

fl §8$‘ﬁ &{@%@ﬂé\lﬁ% a%épt gseﬁtahﬂ%%fj‘)l%rﬁ ély54lf5p(1§£ern?[ﬁgﬁ R)fr the

Céﬁg&fsﬁlsﬁlﬁf HA sdbtﬁ)eSHD FIGURA) 2B stebsis o ﬁE@séI{t)atNﬁi &@)plasmid 660
7] FI GURE 7A shows the sequence of the priner

Plaé sarighlody frs thegp@respioRof JA subtYRIME 7B shows t he
sequence of prinmer SpHA(Ind)-Plasto.r (SEQ ID NG 5).

P17 EITRRES o0 a3 RReRiaf ok IB¥ant. of protein extracts from

t Heavee grmiucmgdrﬁemaggluanml—]m‘( onid} - IHéiHRE GBB@OWEﬂler\IEIuﬁiyn profile of

il i Piratren SRR Doy Gftamer Bt 1R G B hovs

th ﬁuﬁtﬁ]oﬁ@te@t% WRRHEPIRE aafi Hﬁ%f pﬁr&mﬁﬁl fraPOHEMIRWInES ke
ID NO 10). Native signal peptide is indicated in

b aixdlusjod@beimFEOGaplEy G5000RDeadn. BETRIASE shpwHire elition profile of

i nfLluenza A su H7 EQ 1D .15

GRS B RO et SOl RO, FAGTRE 3D shows

S Limrﬁﬁﬁﬁ)dﬁ%ctﬁéf@ds@m DIot; Tad)i - HfF)'o@I:B%ldtQﬁa B AD0Es fdRwing size

sequence of | uenza A HA subtype H3 (SEQ ID
exclusion chromatography (SS00HR beads).
[0054] FIGURE 4 shows an electron microscopy photomicrograph of large
hemagglutinin H1 and HS structures from elution fraction 9 from a size exclusion
column. FIGURE 4A shows a 50 000-fold enlargement of a VLP from Hlshowing
the presence of multiple similar structures (the bar represents 200 nm). FIGURE 4B
shows a 150 000-fold enlargement of a VLP from H1 (the bar represents 100 nm).
FIGURE 4C shows a 50 000-fold enlargement of a VLP from H5 showing the

presence of multiple similar structures (the bar represents 50 nm).
-13-
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NO 13). FIGURE | OC shows the sequence of Influenza A
HA subtype H4 (SEQ ID NGO 14). FIGURE 10D shows the

wa egueomses of | nfl uenza A HA subtype H5 ( SEQ | DPQODCAKD08/001281

15). FI GURE 10E shows t he sequence of Infl uenza A HA
subtype H6 ( SEQ NO 16). FI GURE 10F shows t
4603 EBGURE | 54¥ $h9>§\r$zthe e QMRS e tﬂsm(laéé@gnem Ndvll (SEQID

Ny R E SRR R e Tt R P ML 88 PG oure

ws&m%@f:omg&{etseq\z@cé\eﬂr&dmguﬂm of HIQSESGHD ND:28YO
19). FIGQURE 101 shows the sequence of Influenza A HA

subtype H11 (SEQ ID 25 NGO 20 FI GUR J .sho
s[@a %@%E%ﬁhgweﬂ@éeww sf)m?@y‘,s Qfﬁieéé@q Sl Sie

R S PG R B 0, SR PTG P yheam of

SB€OpPCEAR cobddr (BBHQ D NOB) subt ype H14 (SEQ I D
NO 23 Fl GURE 1(]\/I shows the sequence of Influenza A

RS EURE T SR e i & b G 5 15 oo,
:ﬁd@iE 75%%5&%%@%%% ReBSIRNGS). _PlastbR(EEOMBANS:S).

EQ I'D NG 26)
qumoc&hem ﬂﬁ:]seqlfdr@bJREplim@f Bllastws"sp&hée(lmbqu@ﬁ&elleO 6).

SRR 8B o e e Snee Sppiak A RIS 5807

FI GURE 10R shows t he sequence of primer

58053 A FGURIESSA Ehdwihik hRil icidBquerlde @fidie HIAT pepadssdghience
sequence of %rl nmer Sacl -PlasTer.c (SEQ ID NO 1).

FISEQRED NOFO) FEGERENB shoyesdhe aminogicidysedugice of HAS peptide
E%g&éncg (é@ﬁeﬁ) I(IO( QN'ane!\lsq sz%l:%tu{e 19 %‘dul,ateﬁ 196'3&1 11

emnat | c epr CEEne several constructs
as used herein. Construct 660 conprises the
NWOSPFIGIER B 9Gliews ehel seqaxice dEHiAhef inPucaizhty abtypdH 1SR ID
eratively linked to the plastocyanin pronoter
ﬁpalslto) and term nator (Pter); construct 540
conpri ses the nucl eotide sequence to encode the HA

St&%@fﬁd@Rﬁ%Mh%%’%é@hhaﬁeM hﬁl@ﬁz@)\ﬁﬁ&{@b%eml (S8EQ ID

di sultide isonmerase signal peptide (SP
ONEX B)i EKWREulﬁBehows the seljeesice of/ fiuanzay & bk subtyra H&(%ﬁQ ID

rm r er constru 44 a l.ed f
R0 LB IR E o6 rhEd hppbfisted HE ltigd R A SR 84 sEQ D
SROLENCEICURBADDGhbWs itife seqiidtics of InfiuehzaA 1A katht H5 (SEQ D
protein disulfide isomerase signal peptide

aN@: Bn. HOURE L0Eshews thesegirace 0f flyprracA &1A @lrgmype H6 (SEQ ID

| NERERORE 0P ARTELR B P RbET o R bl s
( RtﬁEI)OFICHUIHEHeC{EhB% Gtic deQh@rck of aifthefAnNAHA @ﬁbt?ﬁ@H@ @8EQ ID
expressi on of codi ng regl on from.influenza

ANQR’;' By ELﬁV%EleHoﬁhﬁ@va theoseqpnce GRHHLISTER ALY SHRIYPY HEQ(SEQ ID

SN, PRABESUEAEE b R4 L ADR KBRS0 0

i MQU2@JEIGGREJR] sliowdbthe ssjuenceaoftinflitnze VA HAnsmab)ype H12 (SEQ ID
NO:21). FIGURE 10K shows the sequence of Influenza A HA subtype H13 (SEQ ID
NO:22). FIGURE 10L shows the sequence of Influenza A HA subtype H14 (SEQ ID
NO:23). FIGURE 10M shows the sequence of Influenza A HA subtype H15 (SEQ ID
NO:24). FIGURE 10N shows the sequence of Influenza A HA subtype H16 (SEQ ID

NO:25). FIGURE 100 shows the sequence of Influenza B HA (SEQ ID NO:26).
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20 anti bodies, in protein extracts fromN. bent ham ana
| eaves transforned with construct 660 (lane 3).

wa@ewoeesial H5 frominfl uenza A/ Vi et nan 1203/ 2POBCA298/001281

used as positive control of detection (lane 1), and a

protein extract fromleaves transforned wth L}i{
V&GHREAB}PeSmyédh%%iiqn@g&ﬂf‘l@%m CHA (PERADAYOHHGIGURE 10Q

E SRt e AR oL ARk A1 BRLOTSIRD Iﬁ%’@gﬂég E‘I@UﬁE 10R shows

y Siz exc SI on omat o

Priigd @iqlieré tof peitnet smmswqmmser (SEQrisNEs 30} MGURIE;IOSEshows the
H1 sol ubl e H1, or wer e segp)‘lar at ed b

f ISEQUEAES @frpraners&asb?lqﬂﬁer C @&Qﬂ@ N BTG VRE, & T gqusotpe
FI GURE
| SHehES ol B AR AT R IO N 00 P ot ve

protein content (Relative Protein Level - a standard
p{00di] FIGBURHE bhshmvafd dobemftiarepreseraationf ofaevéralnamstoncts s used

shown). Blue 30 Dextran OOO ref erence
sthsmr@?ns@que& feopapgiees e ah@e%cf%fquwawcfé%thesﬁmbtwe
elpey § UE)F&%V AR YEE ait%yahﬁxeprﬁﬁl%&? @ﬁﬁst@)‘ and terminator

herrag nin b I mmunobl otti'ng with anti-H5
( (Peet)) aogstrant 340cubimgsis¢S the nhlpotidel syRBce Bimadehe-HA suype H1

2009/ 009876 PCT/ 8/ 0012 ution fracti

2 HaRorabiaancp witha ATARY RIDA dRultferinsiitat Tl fitide (sP PDD),
F

A 8035 LAl e

13Bnshish844hssembled foribe expressinmaofyitA gubtype H1, the nucleotide
i%tgcllléehgé\lgrlljcg)p 1aspcf,o|g& deléiﬁvgulg %xg flllflihfa Cprgtsemt &iSuifiad BoRerase signal

2 Ziepndeﬂ(fslmg and\ah GON4pIDRUEIRe fz%eﬂ'{l{i‘f&‘lhce b006 4hnsthéshiiane

shows concentration of influenza H5 structures by
s Wonwdandygyienlasmic sahet b agd operativly ligkedtormplastocyanin

TS B0E Bl RAMIE 0Pl D5 TREBLH 5o FRRGEDRALor o

f rcdding@8gioh from milacmmer/PRESIS4H isycog{tﬂlﬁhdetﬁlthe tobacco etch virus (TEV)
centrifugation, Each fraction was anal yzed

fo h .
o BUTRe BpParESiys]y keI BBINGHEF Ag0 PETRGICEAIS Npglerminator.

(\/ i etnam) anti bodi es (upper panel), and for their

Yy
 DIpACEE B S n 0dchora s oaa

t ramanmss i progdie extrants M Peothymémuartecavas tramsfotfmq:domitle donstruct

on 7, 18 9f.rmsurse r adi
PR bttt B Ao g S0V B P40 gy s used as
Fl ﬁs’ﬁﬁe LonPOOMleRbib (157 1)0h Bﬁ)ﬂofbﬁﬁ serheafrbi VARS8 transformed
FI'GURE 15A shows 15 Coonmssi e ue stai ned SDS- PAGE

anvitly sn empfy \fyrcmr aiere wsdtas negative cortrad (e £).cat i on
steps - | ane , crude extract; lane 2, pH 6-adjusted

e

DB 1 USRS Aty b Sy e
staphmdna:hﬁ)rﬁatogxfaplw Préteia dE(IraCtVﬁaﬁin seﬁaaanebﬂ)maefsestpmdmcmg HS,
(10X concentrated)., FIGURE 15B s ati ve SBI nj ng

t rléhssml@iq B ik endoM iy ere senags B% ashHBRHBYOM
PUF brbrin@ELi AT MinfthS TR &Froset@s was also fractionated (H1 rosette). FIGURE

13A shows elution fractions analyzed for relative protein content (Relative Protein

Level — a standard protein elution profile of a biomass fractionation is shown). Blue
Dextran 2000 (2 MDa reference standard) elution peak is indicated. FIGURE 13B
shows elution fractions analyzed for the presence of hemagglutinin by

immunoblotting with anti-H5 (Vietnam) antibodies (for HS). FIGURE 13C shows
-15-
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H5 VLP enl arged to show details of the structure.
wWOo-b@BR9816D shows the H5 VLP product on a CooneSH{Ca2008/001281

st ai ned reduci ng SDS- PAGE (I ane A) and Western bl ot

(lane B) using rabbit polyclonal antibody raised

aghlutlﬁg frapporsragphyaed for antivinfluenpn Ayantibodiooon HIHEI@)JRE 13D

| SRR et i Fecblls SRR oM BPLEER A TIUFRES bOloiyble .

hE BB EUL3Bshows leogéfaetxomlyeé@f@dﬁmmgmh antibodies for H1
Accessign No. AY289929 (SEQ ID NO 33) [0067] FI GURE

1?°S§%mglcéﬂﬁlédﬁﬁéb@\a%d§aa® Actions gpalyead fonarsi-tluenza A

r@lﬂﬁ, t di sul fide i sonmerase. GenBank
Accesd;d?%n lﬁlom+§)ﬁ499 (SEQ ID NO 34). -16 WD

2009/ 009876 PCT/ CA2008/ 001281 [0068] FlI GURE 18 shows
a [Oﬂﬁé] EUGURE KKleshoen cendeatration dfliaflaanzA HA sthietufdy Busictole

/3 | Ge k
R SR SR S
FL&RRr40d BAQhs! PRATRE 3l AQRoRE CB/AIF ct&TiavoH lof‘fr'a&fanX‘me sucrose

positive staining 5 transm ssion electron m croscop
obensity gradient oéntrithgation tirich dratiieswes ar@yzed o thuvptebence of HS by

h: chl | VLP: l.ik
opriay 8608 3k AR L e R Shksdim pss paje ot e
S hoabvel protet doﬁ&n@ﬁn&ﬁéxﬁﬁ@gﬂﬁfna@&%‘a a@x%f’@ ﬂ-ﬁﬁ[ﬁ@ﬂ'§4B shows

after boost in Balb/c mce vaccinated w nt - made
i R¢gatize StainiE WMISHDFISSlmedmtmnnawtosstapylmdammat@nHﬁpoﬂbGﬁREtlons

204 R 3RO L 549500

responses of mce inmunized through intranasal

apoes| FIGERES. shdws ipbatlyatiod of MTRREzAES &/ IIRAFIGERE 15A shows
agai nst i nactivated whole H5N1 viruses

(rrmatsifcBiug siined) SDERMGErshsis ofprafsmrrontang in thyslagiéisation
256! DRAEWT(UBE sl £ PSBRL UG RE B LA
1Bnp4, DEdfltnEdeatred; tie ferdo aﬂﬁnlmy purisiodtionl stepstané 8064d;]lane 6,

LT A RS ) ESESY S i
yg%g%ﬁgrg?l@%g&uﬁlc?&w&lﬂg ogx%gi?e f}égg—égVLP sample. The
r eapepresstof00mn FIGHREIL 3 €dshowh ismlgéd HitVIhredangedro show

R 3B e TR A B shSSe TS VLR omict pap Coomassie-

aﬁhin@@%d ERE SIS PAGH (1% A@%ﬂuwe& IS 108 D Lt
whol e H5ll\1|1 \§7| ruses (A(;ll nedoneS| al 5?05 8 qﬁdéle r?ea%ﬁ c

neelsiclonal @ntibadyl naissd against (A Gm s(ttaogAJV iefnamg 303/ 20041(H5N1).
end-point titers of five mce per group. Bars

r g@%gfﬁgﬁUﬁE‘?l% sﬂg\% Q'ilhglgotlde s%quencg ?oralmquenza% virus (}l\/New
Caledoma/20/99(H1N1)) hemagglutinin (HA) gene, complete cds. GenBank

Accession No. AY289929 (SEQ ID NO: 33)

[0067] FIGURE 17 shows a nucleotide sequence for Medicago sativa mRNA for
protein disulfide isomerase. GenBank Accession No. Z11499 (SEQ ID NO: 34).
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to reconbi nant soluble HA. 25 [0072] FI GURE 22 shows
the effect of adjuvant on inmunogenicity of the VLPs

w0 pooovses Fl GURE 22(A) Effect of al um on ni cePCT/CA2008/001281

i mmuni zed through intranuscular injection FI GURE
22(B) Effect of Chitosan on mce inmunized throu

) ough
i 100681 FGURE thshowstaniclegtide sesquenge fppbflpenzash yirge 6A/Puerto

(Ko AR S g L RS sEReEE Genkiadkelife,
angC tdoeo B (SI©Q [bage) 3%t reci procal end-point titers

of five mce per group. Bars represent nean
deviation. * p<

o FAGHRES B3 e ol 2o0a RN B BGOSR POSVE staining
PCT/ / . ey _
SRS SIOR RO Iicio oy bk Rk of 52 OUfciA i RRCOW: cell wall,

Arthi eHloxdpraes par: pladimainmembrand, MILR: ivirus-$ike paticlenThe bar represents
vacci nated with intramuscular injection, 30 days
afl08Mboost . Val ues are the GMTI (I oge) of reciprocal
end-point titers of five mce per group. ELISA

P]OHG R BEURE DO sHYWY iBdhdiRa ldf Y@hathnibbiy RSpafsed [ dBys after boost
coating agent. Bars represent nmean deviation. * p<

0.if) Balbye miee GicCipated ovithaplant-made infleenze H5e¥bBwdreggmbinant soluble

. | . FIGQURE,.23(B) Ant.ib it
" R DO Ruhad respas of ke imaiggthoulah it nuscular
Stié%&t%ﬂ- JAGURE 2B afiboli P rdipeide YLmERTnInized[tRfdagh intranasal

FI GURE 24 shows antibody titer against honpl ogous
whdmanistnationi. vAndbpdyuespesses Wese Megeied peainyt gsictivatedywple HSNI

IR AT RNV

g e ¥ediprio6al BRApolrit tigdrs oMV imscediee gtdup. Béllefrbpemedi deviation. *

reci procal end-point titers of five mce per group. *

pL<0-05 compisad tnrecogbingpioiohidalA- sol ubl e HA. [0075]

FI GQURE 25 shows in vitro cross-reactivity of serum
anhhPAdt | ' inAfAi P Antoay fe HAI) 14
RO PAIEURE, M h S AGREE BT AR ARG Rsponss (HAD
15alys hfeersboagtain Balb/v aricovus cished avitngletti madesid{luenza dEsVLP or

VL e 2 AR CARPRY: Bl SohPRSS s B iz
d&KicAEh HtranfistulaSinfiéRsn AFRGOREL188) AatibodydedpoREQME ntite
negative control. p< 0.05, ** p< 0.001° conpared to
t Hennowrizesighomgh myranesad atinimasitation] (i bantihody 63peé)ses were

FI GURE 26 sh effi h | ant de. LP

A, RO P A B R )

( 4gfe@ﬂfé§1ﬂ5m% eP) valued i the \GMIEN8@) 8f FeRipfocal end-point titers of five
Al'Tur key/ 582/ 06 (H5N1) (B) Body wei ght of inmmunised

T ise PET goup H3drh eapgesent njedndeyiaiios. fips (RRAndBHY< (bl gempared
of survib\{lilg}lga&iuﬁ%ﬁg(ﬁ?] FI GURE 27 shows Origin of

pltgﬁ%qo errve uenza VLPs. (A) Polar lipid

conposition of purified influenza VLPs. Lipids
C 02 INAGURE 27 skeps thaleffiett affadii@agtgonaimmunogenicity of the VLPs in

mice. FIGURE 22(A) Effect of alum on mice immunized through intramuscular
injection FIGURE 22(B) Effect of Chitosan on mice immunized through intranasal
administration. HAI antibody responses were measured using inactivated whole
H5NI1 viruses (A/Indonesia/5/05). GMT: geometric mean titer. Values are the GMT
(logy) of reciprocal end-point titers of five mice per group. Bars represent mean

deviation. * p< 0.05 compared to the corresponding recombinant soluble HA.
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25 proteins, were extracted from VLP as descri bed,
separated by HP-TLC, and conpared to the mgration

w@e@biobs7of |ipids isolated from highly purifiBdI/CA2008/001281

t obacco plasma nenbrane (PM. Lipid abbreviations are
as foll ow ng: Di gal act osyl di acyl gl ycero

g|[QménzFI§UB%o%3y$ho@eraaﬁb@f§/ respRnspifo¥hh aﬂm@lla&t@n PEGURE 23(A)

b %&iip ﬁx?%)neg}'a/ §/p§ l(l: o gl]nog Ebulﬂ%&t&ﬁ Yée S}gﬂﬁﬂzﬁlggﬂitg Gntrg :r)lg':scular
p hﬁjé@hﬁlﬂ; Bol ylhyfs%iﬂeﬂ BoosRGV aliee fingl thchMD Glbgiﬁ of (‘&)prbm]l bnd}bomt

l'ipid conposition of urlfledlnluenZﬁ VL Ps. R
c ditgraphive miceaner EFuPy LdRA nsrforped sing W Olfsnamvate Viriises as the

|65 r

PRI T AB Bl oy gy o i
C efigpeurRgporiding ieeomibigaat sobrbloHAs FI@@REZSI(B) Aﬁ])lbody t1ters agamst
| munodet ectl on of the plasna ne rker
RS PP BUARRCS. A D 8FUPS BT PN TERA (-5 Rh e gtrol.
PM fromtobacco |[|eaves (PM.) and BY2 tobacco cells
( | ki hole inRadaed

O DT P By DS TS, Bhaif BbRLIbgOY Bhole
S pmusnsr(@/hldomstav’ﬂﬂﬁl 2tweeBaafterdinstatosofwedkdhel4 dap4 after boost

I [ 59/ 2007 Hl
el S0 S Ao ek JLARU T Bk BBk Values are the
plcﬁﬁﬁ({ﬁ}g@mﬂe& ?Qiéhpérﬂtpblﬁﬁﬁb@ f fivt Alitd g%d;h *@<[¥.@8 tdmpared
restriction si end and by a stop codon and
a temshbmbinant salublpdlB' end. 10 Restriction sites are
underlined; ATGis in bold and underlined. [0079]
Fl t
A RGP 28, shiSs RESHETARs SPRND Ol (B iBbdis. ')

A A0lbodD fitdrs hguitks v@io&ﬁﬁﬁct(vbfbﬂlﬁruééﬁlf@b Heh@gglﬁﬁhatlonﬁhhibition
codi ng sequence is flanked by a plastocyanin
r dHers agopg vasgpowholg dnactivagd KiregesaYal BfSaa}rP the GMT, (loge) o

r&ﬁﬂl%tceé],téﬁﬁ n‘%mtetg% PAvOHhidk ﬁe&%?m@eﬁ% rgﬁ}g neglt ﬁ@&n d%‘\’t&t‘?on All

EStFICtIOH Sl S ar
ATGous ardstidtitaiydiffencerd hepadve FRARD] * Ek((lﬂFﬂE*3(p<§mMs

t he sequence spanning frompDralll c! sites of
clSoRwarcrg the W%ﬁ%reg@ageﬁ@éom&)?ﬁ% i sbane 10/ 2007
(HIN1) (SEQ ID NO 38). The coding sequence is

f 8018 chbmaa D6 ARbRS ¥AHaBy bEUH pRInP4dE BB VIR, G RE! rate of
with a Drall restriction site .at the 5° end and by a

strojge aﬁdtmhalalmgeawSad;(D LBist . claxwi;ecgbsomohe gml;lenza strain
R ATG
AR BN SR U DF TRl Reh e

S Pediésde tHeanda dylwdight SEchrvaiiaemi®f cl one 777 -
nucIeotlde sequence of A/ Wsconsin/ 67/ 2005 (FBNE) ( SEQ
codi ng. sequence i s fl anked

pl [Qe?Bc}il_éﬁiRﬁ Pégurvat Orginof glastdedyed IPﬂH%“Z\ﬂA\f[HySa(@r%‘?l?l] lipid
;et%gl{(ﬂog%i:o? reof glflﬁ{?%cgfngﬁlpﬁza% Llf‘asn f Fgﬁﬁ‘sdccgﬂalﬁedsﬁl% gﬁgfgfén%MO pg of

end estriction sit
urpteteinsneere eAfrécted fiom WhPas dmstrlbcdi sepdratediby HP-TLC, and compared

to the migration profile of lipids isolated from highly purified tobacco plasma

membrane (PM). Lipid abbreviations are as following: DGDG,
Digalactosyldiacylglycerol; gluCER, glucosyl-ceramide; PA, phosphatic acid; PC,
phosphatidylcholine; PE, phosphatidylethanolamine; PG, phosphatidylglycerol; PI,
phosphatidylinositol; PS, phosphatidylserine; SG, Steryl-glycoside. (B) Neutral lipid
composition of purified influenza VLPs. Lipids contained in an equivalent of 20 pg of
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[0082] FI GURE 32 shows the sequence spanning from
Dralll to Sac! sites of clone 778 - nucl eotide

wa egpueomses of B/ Mal aysi a/ 2506/ 2004 (SEQ | D NO BO)/CATI08/001281

coding sequence is flanked by a plastocyanin
regul atory region, starting wwth a Dralll restriction
Sipratemt weheetacted droam ¥ Lli’g/asaiemrmgd,cﬁ@gmteém HBP-83.6) angljqompared

,?_\Epél}régm%ﬁatg)gﬁo& sggﬁg\%ﬁ &gb frpl Qhodetec f %ﬁf&@%ﬁ%'@negrane marker
PGIS6AS0RS/ A48 @Mh@@&ﬁﬂmﬂfé@m Sl I5BMySpulrifiRd P BORC®bacco

spanni ng ?rom Dralll to Sacl sites of clone 779 -

nledventEMe) ad e tabaedo @1IF(BMpva/ Highioes micegyamy ofprotein were
i{’ﬂﬂ 'grhe c?llcj sequence is flanked by a plastocyanin

R F3F @E’g starting with a Dralll restriction
site at the 5' end and by a stop codon and a Sacl site

atjot783 BGUREI2S Shdvas thel segmdmﬂe szinﬁﬁlgéffc&n LIDﬂHII kd Saul sltéSTdE clone
is in bold and underline sh

s@déerﬂ@é‘eg%@ﬁ?ﬂh@wﬁ%rﬁ/ﬂf@amﬁw @Béﬂlgil@@%w Ell%éé) The

T

plresﬁlamnamuem tegliead aid/by £goptodat zardtai Swyl Witd: dn the Breatl] |
restriction site at the 5 end. a codon and
a Resirjction siteszre Pﬂ‘iﬁrgnedeﬂ !PG“F‘?@Q’( d{na n§ tes are
underl [ ned ATG is in bold and underlined. [0085]

W, tes ﬁ‘h’% %%Sﬁgh%e WMg%lﬁ r@fﬁ‘[l@'ﬁ@kﬁél st& of clone

one 781 - tide sequence of
A/7/X|5hu1ubtbbﬁdm&q(1éﬁm1))‘ A(lSElinom IMdsMQOﬂ(hHI\Ha (SEQ ID NO: 37) .

sequen e is flanke | at. ) )

g AN ML EE AN N T e
t N8rafl re%ﬁ?’ct@ﬁ%t@ﬁt e St & HABYH AGPlcionatl aFatEsitat ' end.
3" end. 15 Restriction sites are underlined; ATGis in

bRedtriation sitekeatt undetlingdy A isHn bokkargaindrdined.t he
sequence spanning fromDralll to Sacl sites of clone

7&@%(3]%% Bg W 4%% s%ﬁﬁé?{ce agmﬁg@(g% luléﬁagfel %9 gacI sites of clone

f | Enakathcleytide fqashceaf A0BFistng D207 YHING) GEQ H]) &l0:i38y. The
with a Dralll restrlctlon site at the 5 end and by a
C{S’é“’&ﬁﬁ@'ﬁﬁnﬁﬁéﬁ fanksd by giplastogyanip gegylatenyfegion, starting with a Dralll

SRPPRALAR 5 % R AL Lok AT S1R: Bheovnd
smmam@nfsnesmauaﬂd:ﬂmtd) AFG s inibobbamifundedimed. 783 -
nucl eoti de sequence of A/ Teal / HongKong/ WB12/ 97 (H6N1)

o108 BT L gtk ol aparein FymD RS §act SieSof clone

Draf7l Indcrestifd eﬁbe%ftw&c&@i%/@i/z()@'SQH@NQ) BEQ@ ISINW: 39) . The
codon and a Sac! site at the 3' end. 25 Restriction

si qodinganequencd éy flanked by ApGisteryamin egudatarydegintcstarting sith a Dralll

[ 0088 RE 38 h f
Lo L R s 005y DU SRS R 0P ena
? ﬁmmﬁmmqiteﬂrsqmdmhéa,aﬂgm/iéﬁ t(oWMur(dSE@e&.D NO 46).
e

[0082] FIGURE 32 shows the sequence spanning from Dralll to Sacl sites of clone
778 - nucleotide sequence of B/Malaysia/2506/2004 (SEQ ID NO: 40) . The coding
sequence is flanked by a plastocyanin regulatory region, starting with a Dralll
restriction site at the 5' end and by a stop codon and a Sacl site at the 3' end.

Restriction sites are underlined; ATG is in bold and underlined.
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codi ng sequence is flanked by a plastocyanin
regul atory region, starting with a Dralll restriction

W@ Ra0e/0eu87¢ he 5 end and by a stop codon and a BaUCA108/601281

at the 3' end. 30 Restriction sites are underli ned;
ATG is in bold and underlined. -20 WO 2009/009876
PEOSGAEBOUREG o ws| Do sejuertepraniag fiopbidratlhio Sachsitas of clone

S ni n 7
9 eg? e(%éaggnce o?ﬂkﬁﬁﬁ” ondﬁf@ggfggp%HbNiﬁ f%EE?
| Eéd\u@lcedrlg)ﬂanﬂ'étﬁby £ pmstbgyﬁlﬁqwgnbe)ry segliorg ltaetmgxylt]aa DraIII
pl ast ocyani n re%ul atory re ion, starting with <L !
n

r sestriqtionjsip akthe &' end andedysp S %@d&ﬁd‘nﬂﬁ‘ Sackiigpt &IEd%ﬁn
Rggt(f‘ Ctlglll %@es}%@@r%‘edg&Qé} 9 nBﬁélH ﬁhh&’é}gﬁécf es are

and underl1 ne 0090]
FI GURE 4OA shows the am no acid sequence (SEQ I D NGO
480084 FIGERE®4 shoeyt ihdaequeacssmneing ffroomDRiahe Sacksites of clone

St oSN B TR 0

2 @@&99@ f ﬁ)@ flaBRAYVSy & PRs@EYdhh &%hgt&?w&p @tah%@%pa Dralll

e polypeptide translated from 10 cl ohe
7 1S ufichioBolite mbhe 55 rehatst 18/ 2006 cchenmn)i)a SaThsitecgs ghe 3' end.

di fr. f t he, ATG
| ieionie e ppeelig: ATy Bpioanundskin€hons « ne
am no acid sequence (SEQ ID NO 50) of the

PO HGORHE 3581wat 8@ skqmce sngin Tﬁ)m Dralll to Sacl sites of clone
X/%grafsbane/ 10/ 2007 I\g he o é readi n ﬁ\? frane

of788c| @n@lecm}: SSHBeNCS Ihnhlh@/z&)ﬁ@( Bﬁlbéﬁﬁﬁiﬂp @4 elhe coding
30, Fig
e g L R LY e

7}<?st1(1éMdﬂV sste AN e ™ éﬂd ﬁﬁﬂfy a( sidpieddon ahide: SHesitd R alkt 31@nd.
frane of clone 777 starts wth the ATG indicated in

FiRgpstristign sitgsme prdarlingdRATAD I8 18 helgand padeingdy aci d
sequence (SEQ ID NO 52) of the polypeptide

gggdrf?q] §@JI{E‘ v fhe SZ&J %%Jr@? | Rdrd IR ngfacl sf[&eof clone

|ng frame o starts wth
ATIB2i- mnicleath@lselqneriaegxﬁ AEV B:manﬂﬂ QQMH)MZBSMOWSEQHE mm 49 . The

aci .se uence, (SE NO 53) of th tide

© Ko SEREIET 5 AEREMEY b PlrstoLkarah poeb ulty R ar g with a Drall
OREriERRHNifa%t fHeaﬂTEnd)fim%}Qi‘ Stop C8dcH AdtaSS M bifke 4¢hike ﬂﬁd
indicated in Figure 33. T0093] FI GURE 43A shows t

arRestriction diteseaye en@IIQ@EQTICDISNmbOKMa)ndomdcﬂh@eQS
poI ypepti de translated from cl one 780

c MORFIEURE 31 Riopty S ehocabESpRAFR (IR DR HRTS of clone

Fi730r-euéRBrish@Eeidaf AATeNMagKdngMBIemeEHEEQ (FEQNO NO: 45) .
55 of the polypeptide transl ated from cl one 781
dingseqermse isiiaukeg by Fplastasuanin s A4 yregipR stArting with a

C |I91r21ﬁ1 &Rk at¥nk B érl?learﬁ-[)g a ét&kﬂé&ﬁh%ﬁd ly R aE] QT8 R end.

Restriction sites are underlined; ATG is in bold and underlined.

[0088] FIGURE 38 shows the sequence spanning from Dralll to Sacl sites of clone
784 - nucleotide sequence of A/Equine/Prague/56 (H7N7) (SEQ ID NO: 46) . The
coding sequence is flanked by a plastocyanin regulatory region, starting with a Dralll
restriction site at the 5' end and by a stop codon and a Sacl site at the 3' end.

Restriction sites are underlined; ATG is in bold and underlined.
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-21 WO 2009/ 009876 PCT/ CA2008/ 001281 [0094] FI GURE
44A shows the am no acid sequence (SEQ ID NO 56) of

wa b@9/opsre/ pepti de transl ated fromclone 782  PCT/CA2008/001281

(A/ Vi et nanf 1194/ 2004 (H5N1)). The open reading frane
of clone 782 starts with the ATG indicated in Fi
360088 Elﬁ‘éREzﬁB shewsihe sqauengs spannipg Hogk udlRde g%ejeﬁ pf clone

Y5 G i BRI B ST R 99,

f eadimg & ueﬂl&ns flarfi&ed 81t eyplasiosvanin refelatbTyCreigivi etattm(g with a Dralll
Fi gure 397 [ 0095] FI GURE 45A shows the am no id
sEgttien sitsgithe B qudand gy aston gpdon gagd 9|§éfk Sitgat the 3" end.

Tﬁggﬁct%r?ﬂtefs ng' g@gﬁgﬁgg(lé\f@aa ggé RhRIHGIO6 (H7N7))

open rea one 4 starts with the
ATG i nd| cated |n Figure 38. Figure 45B 10 shows the

af0090] &G UREtPLesiveys(tRERNIND aslid sefBYnce (SEQIDIOy4Datf itlke

( PBRBSTLe B8 e 74 1A/ BER BB R Jeopen
Whéaaufgr}?an‘%r& Aot £ad eshd Wit W EG %ﬂhcz{t&pﬁq&l?ﬁ‘e SRR gdR 40B

ows 1 nmunodet ecti on (western blot) of el ution
f slalws the amdrdo aqid samlemnedSEQeﬂD NOP49) cbfahd: poliypeptisle zranslated from

A3 ARG B a0 AP e e R clone 75
d@ﬁaﬁgwﬁm@m@ﬁaic@&amﬁ 2g0rresponding to the
elution of VLPs. [0097] GURE 47 shows an i nmunobl ot

anal ysis of expression of a series of Hl

h é@ﬁ?@@ FIGUREL A shavwsrthe amingpiciibsequense (SEQID Neh 5@ the

| Bt RS R oRREafs Pag b BE A e e e
aReadd HERAHE 6f clafay JsdtartOvite Kl ABS indicaéd i BiglieS®. Efgufd541B
hemaggl utinin from potenti al ﬁandem c.strains, Ten an

t Weows/thejapvrg)radrseqyencefSEQINEX Sl ek the mllyeerrttsl&d@aslawd from

SRR P PR Ao PRk T i bcne

pinitewithaké ATG mdicamd ifFiire aha t abacum | eaves,
agroinfiltrated with AGL1/660 Two 25 plants were

| g R BRI Sife 2 i SR s BOTEHB. 551 %Pume
E?E%Eétﬁdée&a&sla[egqmﬁ]cloﬁle %@Malgﬁ YBSOE045 Yhd bfen reading

eactivity of serumantib
Hérmaggificl anedt78 starts withbihe IAGIG {nidicatediin Figure 32 {Bgurett2B shows the

da ti d ft
> Al S’ SERl PR ) FTHE ng b tRReibizh st Eone 779
a'@BIP@&‘i’th/Q@(}SB)nSI% féa&ﬁgﬂahfé%fl&dﬂégﬁt) Reards W ithohe ATG
i nacti vat ed whol e WO 2009/ 009876

POTliciebpdiigee381
[0093] FIGURE 43A shows the amino acid sequence (SEQ ID NO: 54) of the
polypeptide translated from clone 780 (A/Singapore/1/57 (H2N2)). The open reading
frame of clone 780 starts with the ATG indicated in Figure 34. Figure 43B shows the
amino acid sequence (SEQ ID NO: 55) of the polypeptide translated from clone 781
(A/Anhui/1/2005 (H5N1)). The open reading frame of clone 781 starts with the ATG
indicated in Figure 35.
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viruses: Alturkey/ Turkey/1/05, A/ Vietnani 1194/04,
A/ Anhui / 5/ 05 and the honol ogous strain

wodopdansesi a/ 5/ 05. Val ues are the GMI (| oge) 0OPCT/CA2008/001281

reci procal end- point titers of five ferrets per
group. Di agonal stripe - A/lndonesial/6/06 (clade
2 [Q093) FIGUREKdshowy the aming arig seayence (SEQAPNE: 56)xf the

wpsiierts psslaica LR Shd 74 DA RRR 3420t BeED 2 Fhe open
M&Ringtexh@bf €one 70K sIwith IRETE indibaus i Figure 3ol Bigure 44B

aci d sequence of an HA expression_cassette conprisjin
alshew$ thepmine aciy agdusngs (GFS B? NEX; @ 7kof thyy polypeptide translated from

TR 2y SRl DR i e of v

P83 kQey anhnhé ATGLAdIdARdAn Figues BT.nat or sequences
[00102] FIGURE 52 shows the nucleic acid sequence of

DA EIERRE £ ey e s TeoRBS BRI N0k SELRh g

Z%g%?@?%%ﬁgdrfgﬁ%{dﬂ@WSQA@ﬁmﬁ& ISPAI DY STh&Gpen

stocyanin 3 UTR and term nator
s eepdinpcfeamd bf {1004 084 sthit GuRE tie3A Thdndicatbe imBighei 38. Higude 45B

456f flond i t s
SISRaNF thePHiee Ay aPAHAnE S 7 NEROB0! BpROpeptide Fansiated from

h A [
N%@??g;ﬁé;ﬁ%@%;ﬂ(@n@@%@m% Afheldbed F@Ang frame of clone 785

construct "#774), alfalfa
plsests oashathe AT indighRdaindFiguee AP nat or sequences. [ 00104]
FI GURE 54 shows the nucleic acid sequence of an HA

OB IS AR X R o
H 14t SR A& VPR fol 16 W a1ptks/e¥xdR8fon (chilhldtograptis Hedfigglutinin

#775), alfalfa plastocyanin 3' UTR and term nator

segbyneed !, {ad1D4]6 mdddRereshownokemagelutiniy isidetegled ip fractions
Seﬂgéfngge()fon?ﬁ RRI RS pcassette conpri sing
al'fart p?p ogy

as anin pronoter and 5 UTR
hemaggl uti nin coding 25 sequence of H2 from

A8 HIGURE 4D shdvr2dimriambdit mualysig off &resswnfodlafsaries of H1

pl ast ocyanjn 3' UTR and term natgor seguences, [00106 .
FINGHRESHENIHENS appal ﬁalép@fccstrée}sﬁ%ert@er@@tyo@%%ms ot protein
e ' @ap-gt R sdspektakfal fa pl ast ocyanin
p;%gkg?%p%genlgﬁ 1U'Il'ttﬁ?l,ﬁgsﬁerragg’; SP?Cn?nygodi ng sequence of

H5 from A/ Anhui/1/2005 (H5N1) (Construct# 781), _
al [Pe9§]FIGIURE 68 ylaonvsnan iB3On@oblerRnalysis pEexpiresatonrof a series of HS

. - WO 20 009876 PCT/ 008/.001281.
e e et SR AR TR LA Ne lisiograps of

aprbiBirfexaBl W8 102886 REhAR ICAHIY, ir@ske@ﬁ@l;f. al fa _
pl'ast ocyanin pronoter and 5 UTR, hemaggl utinin coding

[0099] FIGURE 49 show an immunoblot of HS from strain A/Indonesia/5/2005 in
protein extracts from Nicotiana tabacum leaves, agroinfiltrated with AGL1/660. Two
plants were infiltrated and 10 and 20 pg of soluble protein from each plant were

loaded in lanes 1 and 2, respectively.

[00100} FIGURE 50 shows the in vitro cross-reactivity of serum antibodies.
Hemagglutination-inhibition (HI) titers in ferret sera, 14 days (A) after 1
immunization and (B) after 2nd boost with plant-made influenza HS VLP. HAI

antibody responses were measured using the following inactivated whole HSN1
-22-



sequence of H5 from A/ Vi et nam 1194/ 2004 ( H5N1)
(Construct # 782), alfalfa plastocyanin 3' UTR and

wWa eqosemror sequences 5 [00108] FI GURE 58 showsCT/ha2008/001281
nucl ei c acid sequence of an HA expression cassette
conprising alfalfa plastocyanin pronoter and 5 UTR

heimesgsyl Avtirkey Totkay A5, déVistnaon | H4/04 A/AshwifY/G2and theng

/MB12/ 97. N 4 t # 7 | f alf .
PR ISEg et e s B2 T o) et end-
Fh&ERReR LI Werréth peindtohR Diagdfilbusau aradomkiafi0dtlade 2.1.3);
expression 10 cassette cog&rl sing alfal fa plastocyanin

é}%‘éozb{clade

prlmbe Mskes T 1 2 e der gV ieseam
7 7
[y bR RORSORE ReGioqited 8 Moo dd? IO Wleskniit,

[ 984d#Yn. Fl GURE 60 shows the nucleic acid sequence of
an HA expression cassette conprising alfalfa

pl ast ocyani n_pronoter and 5 UTR _hemaggl utjnin codin
108 Lence FYSURE ﬁ‘%%ﬁ?"%?@%ﬁ@@é‘?%@&ﬁ i expression

a OCN ) 1 :
b e Rlstiocy i BRpork Gt NIV ER, EUERERR coding
aseqdén@irHES fbmnA/ IndsssbtSL 006 P onssiungh 660)ahlfafa plastocyanin 3
plastocyanin pronoter and 5 UTR, hemaggl utinin coding
s&dife CB’FHHPPQ‘IF%W%FWsconsi n/ 67/ 2005 ( H3N2) ,

al falfa plastocyanin 3" UTR and 20 term nator

sesenres. FROURE sHneWRMOkuctiONEd sEieRCRInH Ak Bression
sequence of an HA expression cassette conpri sing
akdsatttecquhprisingral fabfiarplgstasyenia premeiesand § RJ TR, hemagglutinin coding

hemaggl uti-nj p._codj equen fro

AR AP L g SRR R ER A Phe Bl s n i e
agrhstotcm BAUTR SAALPHIEREF sedBedd@9113] FI GURE 63 shows
the nucleic acid sequence of an HA expression

cassette conprising alfal fa plastocyanin pronoter and

5'/[0erﬁﬁe] hemddgVBE 1 shovsdhhiiclaieatidieqicase piamr kLo expression
tBC%&@@ﬂrﬁﬁgﬁ%ﬁg@@as@%@ g%@ggg&ﬁ,%ﬂ{@@@% coding

-

ermnator se
PedqueAZOEIaA D ErdRBA/Brisbarcl 2/ 2 G0 7@cBkst thdt £17d)valfalfe phaswicpanin 3°
aci d seqguence of an HA expression cassette conprising

allfI prd iSFRYRKE SSAICACSSr onot er and 5' UTR,
hemaggl uti nin coding sequence of HA from

Biddoul da/ 4 280RE M {wsandhagdio a¥iaRkduedce TR BA%xpression
termnator sequences. 5 [00115] FI GURE 65 shows a

c onmsens crampriningal fedfacplaseepyenio r¢raeer armi NG/ TRAemagghutisin coding
o e ) AT ARASh 01D ok SN Db DM

plastocyanin 3° UTR and terminator sequences.

[00105] FIGURE 55 shows the nucleic acid sequence of an HA expression
cassette comprising alfalfa plastocyanin promoter and 5° UTR, hemagglutinin coding
sequence of H2 from A/Singapore/1/57 (H2N2) (construct # 780), alfalfa

plastocyanin 3’ UTR and terminator sequences.

[00106] FIGURE 56 shows the nucleic acid sequence of an HA expression
cassette comprising alfalfa plastocyanin promoter and 5° UTR, hemagglutinin coding
sequence of HS from A/Anhui/1/2005 (H5N1) (Construct# 781), alfalfa plastocyanin

3’ UTR and terminator sequences
-23 -
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Al Bri sbane/ 59/ 2007 (HLN1) (SEQ ID NGO 48), A/ Sol onon
I sl ands/ 3/ 2006 (HLN1) (SEQ ID NO 49) and SEQ I D NO

W@2000098posi tion 3) is A or V;, X2 (position 52pCT/6A2(D8/001281

or N X3 (position 90) is Kor R X4 (position 99) is
Kor T; X5 osition 111) is Y 10 or H, X6 (position
14991(17& V orFIGURE/ST giw&th@nuqlmpcndsce@@ﬁe andA expression

posi |on
{PS55h¢ B She ol oS kOB S DFR) il cocing
s@ﬁuéﬁce Sflas trRms AVV féﬁlaﬁﬂlD])94VZO01 (BISNK) (OGBr(grais? 82) uifalfa
225) is Ror K Xl14 (position 268) is Wor R X115
mmqqy@mnésébm andrtegRInAEOT SEABIeRGEEsi ti on 290) is E or
K, X17 p05|t| on 432) is | or L; X18 (position 489)

s Zq uen J e of ﬁ?&%ﬁ&?&& oqrflggu ég@%@ﬁg&!ﬂf? Bfe%g%l%, eé(plgessmn

Sk@ksetde bépBsng hiF8lfal pthstbd yahiFpromoten and St U@‘RAhemag@lmnin coding

EE%J‘E"-I%:I@O]C Hg Elrl"zlg fu\%gpiii?e% K@E% %’7‘8%%‘[%8 bgl(fg)pc ey eg ﬁ%) alfalfa
leﬁzasg a 1ﬂ‘ée'ﬂf’[*l? J{%}Iﬂﬁﬁﬁ,rg@%pﬁ&s roduction of

e partic ecifically, the present
|nvent|on is directed to the production of virus-like
pdpoladles cdfiURE A9 showd the nueleimnicidyeqeenck 004 BIA aipeession

foll owi ng descri t|o is of.a pre err i ment

| Gons2bt Comeriare s Py Enbnis PR UF aad . BTRC PRI coding

c %@Hﬁén%b BEHO fiUik A&thgiﬁongemwm EHEMDQ GRG0 #F85), dERIfa
from an envel oped virus or exanple, the influenza

heregedyainrd’ M’l(RrW)d tegpinater iseqlencdsi nked to a regul atory
regl on active in a plant. [00121] Furthernore, the

[56 gﬂf] i 'kgv S@H“ﬁg&? ?%WSP&I? %u&gfchagﬂi s%f ug{fzg %f' gﬁ F%\ cg(pression

i rbé@éett@ Somptisiag difhlfg lastﬁblﬁllnﬁi ptoﬁﬁ)tdil and SeUTRJ| hﬂGa@lutmm coding

antlgen 0 eratlvM ked to are%latory regl
acenyance o Hidrgn rleaﬁts/éO/mQ% (4¢N2bebslgnplastecyanin 3' UTR and

the plant, or portion of the plant,
ﬁg |ncu8§%ﬁg&%'he pl ant or a portion of the plant
under condltlons that permt the expression of the
nyoDelld aci dFIGURE é6byhewrodiaauigictavel sequéee of 80 H2P¢xpression
VLPs may be prodyced frominfluenza viry however., . . .
VIgsEscifa pompuibing 1§Ea platigErasth FIPBIH< A" HiTRs hgmagelitinin coding
RERE of #hl | Y6 Mwlgb%ngmm)os QH@NQ) rag’mfé tly_ﬁkt()@ﬁnir% UTR and
Measl es, Ebola, Marburg, and H V.
|nvsmmm®nsmnwhuﬁes VLPs of all types of |nfluenza
virus which may infect humans, including for exanple,

b lim he ve val e .

07 ( o R B Elné RGP B et gy expression

Al da96boe @B inptibing alfai# plastocyanin promoter and 5° UTR, hemagglutinin coding
sequence of H7 from A/Equine/Prague/56 (H7N7), alfalfa plastocyanin 3’ UTR and

terminator sequences.

[00113] FIGURE 63 shows the nucleic acid sequence of an HA expression
cassette comprising alfalfa plastocyanin promoter and 5° UTR, hemagglutinin coding
sequence of HA from B/Malaysia/2506/2004, alfalfa plastocyanin 3° UTR and

terminator sequences.
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10 type (H5N1) (SEQ ID NO 60) and the | ess conmon B
type (for exanple SEQ ID NGO 26, Figure 100), and C

WO y@e/0¢BEQ | D NO 27, Figure 10P), and to HAs OPCHCAZ®8/001281

fromother influenza subtypes. VLPs of other influenza
subtypes are also included in the present invention,
f ¢®0 1a¥anp! e FIGUBE &bshoays3he aaddic aeid Nequeseeyf m Néy ezxa;esswn

%%%ﬁggcgp@slﬁg$8(1%?0¢§%}1%0rp§%%9£§;pf ﬁgl)lemagglutlmn coding

Astqlentd bf BAGRorh IB7Mb1idFHR006) dNalIfe %)astocgamn 3’ UTR and terminator
Al Vi et nani | 194/ 2004 (H5NL1; SEQ I Al Teal / Hong

Keegienges2/ 97 (HENL; SEQ I D NO 57), A Hong
Kong/ 1073/99 (HON2; SEQ ID NG 59), A/ Brisbane/10/2007

(552 2 i Y BSARAL Y SRR RS 7

B/fMﬂHAy(ﬁI AMNED 6LRA0HiaBEQ (mN*ﬂ@(éﬁ))decmy SEQ ID NO: 33),
B/ Fl ori da/ 4/ 2006 (ISEQ 20 | D NO 0&4.39500124]&“The
aﬁléb'i%éﬂlpé‘i%*&) myihbkangs/3{20@Q (HINT)

pridBeigbanePPE3007 dH
TRl f -
WQS%Q SC %9 s&t‘iﬁ or L éﬂb@ﬁ%olng Io?(}ls ). ¥4 %’8?‘38“ 52) is

WD ef Nf K\M (posﬁm@f 2a)ds K dTIR,d’S‘l (posiidiioh 99)ilsdk or GeKS €position 111) is Y
chi cken, canel ni ne, el i

b ?oglfléi x4 @opisiea 149) l'éé{ or Tn' >ﬁf (P%F@Hé%ﬁglrstl’ew ngg Km%giosn’ 161)is R
t he%F A {d ‘8@}?} 1tf0ﬁt2§) )r‘é»fiﬂnr NV"%Z? epcAittbn 205) is

| i t [ ex an‘p es o
aR bgEnX12 I(lpxisxtrmlyzme 1se’R pr KsXéﬂ (pasitiqul 225pres RrenKr, Xrid (position

0 25) G5 R POt ST A BRBoEhBos e 280 Eraf Kk 7

pr(?$§ﬂ16}§434:)>391 &g )‘(ﬂ?ﬁ)os@ﬁ&@&) N ogbycosyl at ed

egral mémbrane protein) of Filoviruses, for exanple

Ebol a or 30 l\/hrburg or the H protein, and F protein
of[0@bk6d my x o GBS 06 larw b acid sasasncef HL New\faledonia

A RSy SEOI O . nftuenva

derived VLPs that obtain a |ipid envel ope fromthe

|O| [66 7] Me b rIGRIRE 67 blfoveetht Aminwfatidisegitace Y R1 Pueite Riko
re expressed For exanple, .if the VLP is expressed in

a(HCaJQf‘ §e’den§‘3@fié\¥15 QO NP 3Pay obtain a |ipid

envel ope fromthe plasnma nenbrane of the cell. 5
[00127] Generally, the term"lipi d" refers to a

f%]ﬁgfgﬁ ?)ll#él@@ﬁ% natural | y-occurring

ecu etermis also used nore specifically to
rgberigjo f arlieypragintmvaintibn leRitds tol efel ptadiucvleﬁ of virad-likk plzg‘ticles.

¥pre speaTinaR (i bredn) BVEAnSs egebiPRPrRJUBtion of vifis-like
ng;a@@(gég I frgg}glslhg[l Z§am§§gsphol i pids are a major

rrponent I ol ogi c menbr anes, along with 10
gl ycol i pids, sterols and proteins. Exarrpl es of
pHE8pHAI i pi dEhd foblbwittg depérepgivmas P prefereadainzhadireent.
phosphati dyl chol i ne, phosphatidylinositol,

[00120] The present invention provides a nucleic acid comprising a nucleotide
sequence encoding an antigen from an enveloped virus, for example, the influenza

hemagglutinin (HA), operatively linked to a regulatory region active in a plant.

[00121] Furthermore, the present invention provides a method of producing
virus like particles (VLPs) in a plant. The method involves introducing a nucleic acid

encoding an antigen operatively linked to a regulatory region active in the plant, into
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phosphati dyl serine, and the |ike. Exanples of sterols
i ncl ude zoosterols (e.g., cholesterol) and

w@hoovoeses ol s. Over 200 phytosterols have beenPCT/CA2008/001281

identified in various plant species, the nbst common

bei ng canpesterol, stigmasterol, ergosterol 15
brtiasplagtagt RATHED ofjide ,-agltiﬂlgqvﬁgm& tF plant or a portion of the plant

del t.a- 18 Ole I

S SEE 0 £ P LRl GG L ey pogucng
orxq,m;f Skl|| in the art would understand t he I|p|d
conposi tion of the plasma menmbrane of a ceII may vary

with the culture o growtfé'cond i ons of the cel

ol @24 m fr o\f#l\)/ﬁfp% ¢ Prodpeqd, froa inflienza, wigus, hppeMesg #ng s may also
CR)e lorSRITRY ﬁBﬁ?otﬂ&;tg&?ﬁd MefnBFARE UsGvdd RhA ikiih@ug Bﬁt n(ﬁ‘%mlted to

wel I as protelns or various functions. Localized
c Meslesy BiolaMambiirgyand HEVil ar | i pi ds may be found in
the lipid bilayer, referredto as Iipid rafts’'.

to beb d l.i.phd rafts .
nﬂ@gﬁ;&e si gl::heq{‘ nr"bq ‘é \ﬁ‘}iaér?g 8ﬁ§%9fs E@\‘%&ZF‘ Jirus which
enhdyinfict R SHS nféfud\(ﬁg' 18 8RamplE, Wk 6T lnhﬁéd?ﬁ)t th@Weéry prevalent A
agents, inter-cell signal transduction, interaction

vvl(HﬂNdb bar-typs(e. goMNﬁaV Celcd@uwé%@ (BANH hetheeh/Indgnesia/S/05 sub-

n n ar and extrac

TR B TR NG B R L3L bR B SRE R g S
t h@otzar R ufbemghxm CRypE' (SEQ IDRO:2AFigiFedoPgasd b HAs obtained
refers to a glycoprotein found on the outside of

i ffometheninfluenta subkypes.cV bBs of phersinfuengasubtypesyare also included in
rane .t

gﬁﬂagﬁese‘% %\%ﬁtlé’m,g&y %{pg%%a/ﬁﬂslgﬁg E)ﬁOb%i)lgﬁ) $égriﬁ NG: :48),

C QY80I candidls RnaFH006¢H 801 ; sﬂm 1 ND:49); oS mga;tcﬂe/&iﬁﬁ(HQNZ, SEQ

C-term nus and a snall | asm ¢ tai Fig B)..
b Ig@emef\ewugwaggs S S WA N5 S Ve 1974004 (1SN

c II—I\Ike(glllgtls F %’ggzgﬂﬁrfﬁ%%nﬂgﬁ% LSHB see %%fﬁ@%/)v\%}{ong

2(10&@11978;9@ (PON2CAFQDE) DL 291 A/Brishhne(l 6/200% €IN)SES ID

BIaFE{{CI) o5n S:Ly%’e géﬁsﬁaﬁagiﬁ) (&-ﬁi\&. %Eg?mg:gf)%qume(/ﬁrague/ 56 (H7N7;

| NGRh RN BH), *B%@'ldgs#ambsfzﬁb@(sm 1D Q83:38), of BEFIbARELY/2006 (SEQ

“honotri mer" trinmeric” indicates that an
ol IDgN®EY3). is fornmed by three HA protein nol ecul es.
Wthout w shing to be bound by theory, 5 HA protein i's

B P95 Calt ARRRRTeE ML PRl Plflead L Bhigh infee

el angah&fmbhlsi oBbitanRhls %ﬂexaﬁqﬂ@hlﬁnﬁr{sl pBiaestopdes, pigs, birds,
occurs, the precursor protein is cleaved at a

c cﬁfvsaérrwgr footli migratory kirdsaquaile duck, gegsal payltry, chicken $amgl, canine,

as t ) e |

A RO AR R Bt oA
a lduesumbklxﬁm,hfafsdseall'hﬂlaléﬂdndsthghbmt may be 328 10 am no
acids in length, and the HA2 segnent may be 221 am no

el oo imidng SiAgenAl et iRy b de expresed in

eS5gdHd Ambrane derived viruses include, the Capsid protein of HIV - p24; gp120,
gp41 - envelope proteins, the structural proteins VP30 and VP35; Gp/SGP (a
glycosylated integral membrane protein) of Filoviruses, for example Ebola or

Marburg, or the H protein, and F protein of Paramyxoviruses, for example, Measles.
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for the trimerization of the protein. Insertion of HA
within the endoplasmc reticulum (ER) nenbrane of the

whomb/oewlid , si gnal peptide cl eavage and pr ot ei PCT/CA2008/001281

gl ycosyl ation are co-translational events. Correct

refol ding of HA requires glycosylation of the protein
14001 or nektiednvestios alsatinguddsel ‘ﬁ ignefdimiteddopigHyenzagedved

m}:& e at ({Iﬁ%ﬁ?fgy ?T%‘)r% Ig#ebr% o ln’?aI m@rﬂgra}lg 6?%19’%9 lgﬁ which the

t heLp F)fdtél'ﬁi hré @k prebsedl F@ES}&mpTélEif mE)XSIIIHis e&‘preuseﬁun asplzm‘t -based
bronel ain-treated HA proteins, which Iack t he

t rsaiptere the MRE rawhehtain aHipid eryelame fromm therlgseamempragg of the cell.

structure anongst influenza strains. It has al so been

e b@Pi shed é&%}%gﬁ\gﬁ%ﬂ{@l & PRb%o 2%&8&%@3&#@1}@[

c ange during t fecti on process res
t hﬁtmalepummning HAldctiles Eheatmasadisa used mdne sgecifically to refer to

tid h HA1 t ei
prfé%lggg‘é‘lﬂ 3‘54 &63' 23&%%? Seuainesrin H%d@ﬁﬁ?_ &?ﬁf@g axwﬁ?
FS’&%% (Pi%ﬁgi glg g(sezlelnatg othet PATRGIDE &&181-EbRaid FBh&dbolites or sterols.

I nvention pertains to the use of
arPHdép}mhpﬁ(Bi ane 8 nm}jml coimpgner? f alhh didlogica mesmithramss, alongivith
an |ncl HA2 _dommaj for t,he HA

!
o iyl HGHO IS ESEBBES 8t PIEBTIIRI Y Ba1 and
Highos AR RE O Rife, pFESRRINARMnE bHolghaR PRGN OF

ion”of VLPs using a pllant, or plant cel
emsmndmlsm end th[edrkts E_]xarnpl@s Bifstefols inelude ég@mrols (e.g.

| Q‘&q& *é:o 'ﬁ[é&/ W—}W%Wg err é@@%@ é{ﬁf%wg %f_%l laﬂ}flfo e'g‘én various
H6plaﬁt|7sll)_ edils, tHégmod'f'l;Qmmdﬂ being ddmpéstetd], sBigmidstérbl, drizdsteroRr
H'16 he recombi nant HA of the present invention

may
al byassiaaterdl sdeltary -stigmastezel; delechavanasterphglagnesterpk sitosterol, 24-

ARG BB STBRMeRA P blta- sftgstxg 2R08400PRTPin e art woutd

t hendBisedaaf e apidFedihpasitideadiitie plasfa enibrameta ceananSvary with the
see URL: bi oheal t hbase. org)_ or Natjonal Cent fo

Bi @ﬂt@w(grgg@ ¢ondBionsof tis cell 9peraapasm from Wthh the cell is obtained.
ncbi.nlmnih.gov). Furthernore, the HA may be based on

t hgosesiuence fy m&nmﬂ&g%h%ayﬂ)l dehﬁéé lipid bil§§€|r§‘ta§ ell'a8 Broteins

one Or ‘nore energing or fi'ed 5 1nfluenza
vi fousasous[faRdd8s. Lbenlizedsamentrationnbf pmlallllanhplds:magd be found in

R SEIRAR 5 R SRl S o
° nl@pld Qz{ftm%lﬁ@%'ﬂgrﬁﬁ@an%lg 19@[188 énd rY/Q)@ls "Qn]t_i(i/)edl“e%g@,g of viruses

H2 (encoded by SEQ 2),
( ewrmhmdnﬂgyn@s@gbms Naret-8¢l] signal (teansdigtidn bptegEdon Bith®ther

I\IO 14%; A f&))oner&ﬁ op?lgﬁgliagargﬂg}ls%w%ﬂs I{Ha(c ff‘)‘ ar @ Sraceltular

(emg@ﬁeﬁ by SEQ ID NO 17), H9 (encoded by SEQ

[00129] With reference to influenza virus, the term “hemagglutinin” or “HA”
as used herein refers to a glycoprotein found on the outside of influenza viral
particles. HA is a homotrimeric membrane type I glycoprotein, generally comprising
a signal peptide, an HA1 domain, and an HA2 domain comprising a membrane-
spanning anchor site at the C-terminus and a small cytoplasmic tail (Figure 1B).
Nucleotide sequences encoding HA are well known and are available - see, for

example, the BioDefence Public Health base (Influenza Virus; see URL:
-27 -
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I D NO 18), H10 (encoded by SEQ ID NGO 19), H11l (encoded
by SEQ I D NO 20), H12 (encoded by SEQ I D NO 21), H13

W@ eneoaistds by SEQ | D NO 27), H1l4 (encoded by SEQ/CBE2008/001281

NO 23), H15 (encoded by SEQ ID NO 24), H16 (encoded by
SEQ ID 15 NG 25), or a conbination thereof. or
mbichealthbaseoorg) prNptie Qﬁ@tebfpé Bcwte?mw@gyﬂn&wnéﬁ%n (see URL:

fl I
oferifERa i BE ot FRr e SRPHET B Ll O

one or nore than one HA results in the formati on of
VIidts130pnpr i gihe@eren ‘iivtimies oot “hbdmbédment’ dandieated thanaroslggomer
or nore than one influenza subt lectl on of . th

ket SRR

céiormed by thres HAveroisiy molecilies ingjj@ by ound by theory,
' @i& ng{ﬂo%dn lfsc‘%ng{ers]fezg¢gér’ﬁlgﬁbrﬂgmpﬁx%eﬁrs&dprf){em}w ¥aBoutF3 kDa,

use I'n “inoculating rsrmy
C Wmdfh Seerablys athd surédde amoah elvhgatel tymesc proldih dBé\fbﬂEstrlmerlzatlon

useful _for inoculating, humans may copprj se sul 3/
oRECIS. the PIECHRIPIBHN BICISANE gleconiarved pgstvalign clgayaggsite (also

F@cﬁfgﬁ'&(@ to & fusibf pe ]ge%eﬂ}ﬁio 5&70 Jjﬂg eeé' a1rf§>t Ran alﬁﬁ‘l—wfc)b r1s1ng

I'nati ons rra prepare i ng’ upon the use
t hie frarseehibranc26gipAp 1iakdd Fhe dishifide bonéeTherl#A & ne¢gment may be 328

i nventi Qn J di rect.e VLP conprisi,ng one r
{ REFG a0 1 ki gd the HZBegmenanpy bt 2k S0 arids oy oneth.
alﬁ&oﬁ%ﬁ\ﬂ@_@l@a\fagé nw(ﬂeelhﬁaoﬁﬁﬁt%r GiRGAHfeR vity, it may not be essential

hemaggluti nins that "f orm VLPs when expressed in plants
[ (fd:ithé}nmmﬁzauienpéthdqmuem EnsagiomdiiHA within dnngedw_;ﬂasmlc reticulum

arities d dlff ence resp ect
e e e host 681 SRR revr Heivagk 338 B Hycosytation ae
CRBRILIRAbNA @dedt&" TorteckRfolding o@@%fe‘%;ﬁrr@ﬁ"'@%&@latlon of the protein
properties of the various herrag&l/ utinins may be useful

t and formaton @6 6 /o eén psyifidabondy. dbe mtrnmrl agygmibles within the
diff t bet t
L 30T Db RRR BEbR R B ROUA R Nty P

U&ﬁm‘&fl@dhdﬁ‘}fr@cetshaﬂh@é@stlﬂ%thﬁuﬁ@r@b@élﬁslaﬁxdtrédﬂe(ﬁHASprO@irs which
system Exanpl es of such physico-chem cal properties
arleckghe (rrarsermbyangeraain have showgna heahdy epseryed structure amongst

2+ Cl1
%%88%@9 R g AR M R £08 o
OQoﬁﬂ)rﬁt@tlbIﬁl changes duridixh® (ihfed?thth)rﬂ&sN whi€h faquinés the pfedursor
O 00 ~QO
HAO to be cleaved into the 2 polypeptide chains HA1 and HA2. The HA protein may
be processed (i.e., comprise HA1 and HA2 domains), or may be unprocessed (i.e.

comprise the HAQ domain).

[00131] The present invention pertains to the use of an HA protein comprising
the transmembrane domain and includes HA1 and HA2 domains, for example the HA
protein may be HAO, or processed HA comprising HA1 and HA2. The HA protein
may be used in the production or formation of VLPs using a plant, or plant cell,

expression system.

[00132] The HA of the present invention may be obtained from any subtype.
For example, the HA may be of subtype H1, H2, H3, H4, HS, H6, H7, H8, H9, H10,
H11, H12, H13, H14, H15, or H16. The recombinant HA of the present invention

may also comprise an amino acid sequence based on the sequence any hemagglutinin
-28 -
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QNNNNNNNNNMNNNTtot/) vn ~nin V1l inin
in M NNNNNNNNNNNN s~ Q\O "I 3NNCC00 N 00
wWORD0OWIBTM Mt +1 +T Mt~> [+ t~c MMGC-i' NQ@I/0A20108/001281
OO0 NNt- t- t-t- N --~+ NNNNNNMNN1.4 110

\D~OIO0O~0O~0\0 110 NNN- MNNNMNN OCN O
N khdo@ntifl the arBGee,Foxampie, khe\BioDefence Pubig/Hrplth paspi(Infuenza

rus@s?eer %'\Ll'éleeq{}ll\llpaseﬁ)rg Na}tloEaN‘q l}|1,§f>l\r|rf(l}!i\ﬁlholxlech{fg\!f\)ﬁgq(/lﬁl',&mnat1on
'\QA(MeMJMMM Mivhid.gov® PRriImkeOHe IDA ity bebddedbAMHY seiiience of

inint~~O0ininininlit OFTrl inininto.in

| it ltemagglurunm that is isotatedFr@mEnENr Korg emenging oroewdy-identifiey
OOto ONNNNO.. bAO- " yOOMgO0OcaOoO
%lzaélrbsesD bACs 00 0 ~0 a ~ X XXX~~XXX XX X N
'I HOIt ~n ZNOOCQ O-- NMIt W Oz NNNNN

t 1063390 00 12 f26seBPinventibh also includes VLPs that comprise HAs obtained
from one or more than one influenza subtype. For example, VLPs may comprise one
or more than one HA from the subtype H1 (encoded by SEQ ID NO:28), H2 (encoded
by SEQ ID NO:12), H3 (encoded by SEQ ID NO:13), H4 (encoded by SEQ ID
NO:14), H5 (encoded by SEQ ID NO:15), H6 (encoded by SEQ ID NO:16), H7
(encoded by SEQ ID NO:11), H8 (encoded by SEQ ID NO:17), H9 (encoded by SEQ
ID NO:18), H10 (encoded by SEQ ID NO:19), H11 (encoded by SEQ ID NO:20),
H12 (encoded by SEQ ID NO:21), H13 (encoded by SEQ ID NO:27), H14 (encoded
by SEQ ID NO:23), H15 (encoded by SEQ ID NO:24), H16 (encoded by SEQ ID
NO:25), or a combination thereof. One or more that one HA from the one or more
than one influenza subtypes may be co-expressed within a plant or insect cell to
ensure that the synthesis of the one or more than one HA results in the formation of
VLPs comprising a combination of HAs obtained from one or more than one
influenza subtype. Selection of the combination of HAs may be determined by the
intended use of the vaccine prepared from the VLP. For example a vaccine for use in
inoculating birds may comprise any combination of HA subtypes, while VLPs useful
for inoculating humans may comprise subtypes one or more than one of subtypes H1,
H2, H3, H5, H7, H9, H10, N1, N2, N3 and N7. However, other HA subtype

combinations may be prepared depending upon the use of the inoculum.

[00134] Therefore, the present invention is directed to a VLLP comprising one

or more than one HA subtype.

[00135] The present invention also provides for nucleic acids encoding

hemagglutinins that form VLPs when expressed in plants

[00136] Influenza HA proteins exhibit a range of similarities and differences
with respect to molecular weight, isoelectric point, size, glycan complement and the

like. The physico-chemical properties of the various hemagglutinins may be useful to
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WD 2009/ 009876 PCT/ CA2008/ 001281 [00137] The present

i nvention al so includes nucl eotide sequences SEQ I D
WOEN028098BEQ | D NO 3; SEQ I D NO 11, encodi ng HAPET/One(68/001281

H5 or H7, respectively, a nucleotide sequence that

hybri di zes under stringent hybridisation conditions
t elloEdor dffeEnstiorsrove hotB\s epesse iN@ plant, insegt cgll or yeast

nucl eoti de 5 seguence .t ha r dj .St .
ngEre s S BHERIRUR S BER G R P 1E1 gt in
Ningt sysfefd. | EXdNiples of Sah bl?sN@éhethﬂ? pedipertied@re provided in Table
nucleot’i de sequence encodes a henmagglutinin protein

t Hat when expressed forns a VLP, and that the VLP

i nduces the production of an anti body when

adm nistered to a subject. For exanple, expression of

t he nucl eoti de sequence within a plant cell forns a

VLP, and the VLP 10 may be used to produce an anti body
that is capable of binding HA including mature HA,

HAOQ, HA1, or HA2 of one or nore influenza types or
subtypes. The VLP, when admnistered to a subject,

i nduces an i mrune response. [00138] Hybridization

under stringent hybridization conditions is known in

the art (see for exanple Current Protocols in

Mol ecul ar Bi ol ogy, Ausubel et al., eds. 1995 15 and

suppl enents; Maniatis et at., in Mlecular Coning (A
Laboratory Manual ), Cold Spring Harbor Laboratory,
1982; Sanbrook and Russell, in Mlecular Coning: A

Laboratory Manual, 3rd edition 2001; each of which is
i ncorporated herein by reference). An exanple of one
such stringent hybridization conditions may be about
16- 20 hours hybridization in 4 X SSC at 65C, foll owed
by washing in 0.1 X SSC at 20 65C for an hour, or 2
washes in 0.1 X SSC at 65C each for 20 or 30 m nutes.
Alternatively, an exenplary stringent hybridization
condition could be overnight (16- 20 hours) in 50%
formam de, 4 X SSC at 42C, followed by washing in 0.1
X SSC at 65C for an hour, or 2 washes in 0.1 X SSC at
65C each for 20 or 30 minutes, or overnight (16-20
hours), or hybridization in Church aqueous phosphate
buffer (7% 25 SDS; 0.5M NaPO4 buffer pH 7.2; 10 nM
EDTA) at 65C, with 2 washes either at 50Cin 0.1 X
SSC, 0.1% SDS for 20 or 30 m nutes each, or 2 washes
at 65Cin 2 X SSC, 0.1% SDS for 20 or 30 m nutes
each. [00139] Additionally, the present invention

i ncl udes nucl eoti de sequences that are characterized
as having about 70, 75, 80, 85, 87, 90, 91, 92, 93 94,
95, 96, 97, 98, 30 99, 100% or any anount

t her ebet ween, sequence identity, or sequence
simlarity, with the nucl eoti de sequence encodi ng HA
fromHL (SEQID NG 28), H5 (SEQID NGO 3) or H7 (SEQ
ID NO 11), wherein the nucl eoti de sequence encodes a
hemaggl utinin -32
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WD 2009/ 009876 PCT/ CA2008/ 001281 protein that when
expressed forns a VLP, and that the VLP induces the

w@edoetsion of an anti body. For exanpl e, exprBSECam08001281

t he nucl eoti de sequence within a plant cell fornms a
VLP, and the VLP nmay be used to produce an anti body
that is capable of binding HA, including mature HA,
HAO, HA1l, or HA2. The VLP, when 5 administered to a
subj ect, ind 2 :
Slmlarly,te re Wi MRedtTeRle N EEENE:
associ ated w|th hg‘f‘ﬂ’a“‘”"é% :H %

SEQ I D NO 28), H2 (

(encoded by $EQEI D

NO 14), H5 (ené . by
SEQ I D NO 16), H7 ¢
(encoded by &
NO 18), H10 |(encadedi b
by SEQ I D NO|20),<HL
(encoded by $EQ-I 2
NO 23), H15 (enmoded|Ry SE coded by
SEQ | D NGO 25); |

nucl eoti de s¢quenees ng
from 15 aboyt %ﬁ)ét_oA n,
80 to 100% on a i) any
amount t her efet weens

t her ebet ween,| sequefrd

NG 28), H2 ($EQE & NO_|12) |
(SEQ I D NG 14), ( D |
H7 (SEQ I D N 11)- SEQH
NO 18), H10 (ISEQ I ]
(SEQ I D NG 21), H13 EEEJK%E[L@
NO 23), H15 SEQ I
wherein the |nucl eod de
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WO 2009/ 009876 PCT/ CA2008/ 001281 invadi ng mi crobes
(such as viruses or bacteria), which flags themfor

wae@bpowsré on. Hunmoral inmmunity i s used gener aPCTHCARI08/001281

refer to antibody production and the processes that
acconpany it, as well as the effector functions of
afo0Badi es, ’Il'hmplrezsdntngvém@n@éslol incladssinugleptade sequences SEQ ID

Nk "EBBYGY 5 SEo T RBH . SheqiolR S, 1RPRORT
t hespebthRly, BhficleBfid®seqiBibe|tRdt AybRdizes L[ﬁi’l@ﬂétﬂhgcﬁiﬂ hy®riditdtion
liké refer to an increase or decrease in a particular

r eopditions OrSEQ &P Mﬂ&? SEQSIDdi(t)éF SEQLD NQ: Hnyong nucleotide
Z%\é&@éﬁgﬂ F ﬁ%é ner s¥r %V\@jb%fgls%g ?r? Corﬁigtg@{ % a cMﬁbﬁHlent of

I SHPMS N(O:38:38ED ll!DIN@ 3F SEQQ!ENOE hathettoR menmblebﬁameqeence
10 anti bodi es but rather involves the activation

of
m;:@p‘m aé@magg]lgp@mrotpm thatywhes| qxgre(smd) orms a VLP, and that the VLP
L{A&gs th%%?gdlfchgn 6Y 4P %.rﬂﬁfoﬁg L'he}{ IRRARGHERS to leﬂ)dé& € For example,

ease varl ous cCy response t

ar&pﬂ:@ﬂon 6Eihle nﬁeldb@dﬁéqum mlthyn ) plaus&ﬂll foenen MIPy ahdthe VLP
refer to sone Th «cell activation, Tc_cel] acti

oA (AR FUUBEN ULt OBt pEbdnadiA e mature

r u r

LRGN B B0 B ERR A0, the v, wien
anidnﬁmﬁteﬁqﬂao lafsubje€Dhdnossi dni ivenuhe respopseocyt es may be
measur ed usi ng an ELI SPOT assay, stinmulation of CD4

| t . . .
[@pﬁfﬁr ati aﬁ%@ﬁ niﬁg{}a rmge{}% %IP?)S%Q;EH(?I}SH? known in the
MaY: k& W eRith 1b%qmlé§t Px%t&elsﬁhh\&ﬁe&ﬁwoldgwkwl%él &fal., eds. 1995

antlgen specific or cross reactive antibodi es nmay
aI and shpplementsy dhniasisegakirin |Mq>ls@tla}t|c£é0amg |(Ad€abe@t<(r§ I\Qanual) Cold

F ovprigerfgorTapolion: B3 Sumir i RISER, Aol SFE AR A

[ QO:bbfdrord MSTRY BFditisi 2000 ; Edthiol wWhidis trddorpd@itediiérkin by

assay may al so be used to denonstrate the efficacy of
anpfmp)esAm axareRld op gnesugh stringent lmbrldgemm@ondltlons may be about

MLl o%&% eqr?ﬂytzr tio@hnlla % s n_geat B9L Eﬂio 1 wihidg3 0.1 X SSC at

reconbi nant™

Heasegqbltﬁd W 62 wmbmrml X 88¢ hbeSPC dach €120t 39ehiniies.
| es may be eval uat ed by mcrotiter HAl (Aynmard et

@n@)veh&raytehcrnplﬁtk@rmmﬁhabr}dlmlogévedlapn g@\éé ibe overmight (16-

b HEE 1y SFrdhountinl; £ XSS E bRk WS 04 x ssc m

t hesetWot &d KB, &2 WhkheS i 6.20ESSE aMb$2C &R Fobr 20 &@Otlﬁi@iutes or
proper present ation of antigenic sites on HAs.

[ 00EasEhi@l 628 -hosrs).tarhybridieiont lnﬁlmmhmye@lswowatﬂs@dfer (7%

SIS, e 5L AREAAEDEA TBYRS OB ber o

209?(39199.&& SRCTHGA2808/10PIP 8130 minutes each, or 2 washes at 65°C in 2 X
SSC, 0.1% SDS for 20 or 30 minutes each.

[00139] Additionally, the present invention includes nucleotide sequences that
are characterized as having about 70, 75, 80, 85, 87, 90, 91, 92, 93 94, 95, 96, 97, 98,
99, 100% or any amount therebetween, sequence identity, or sequence similarity, with
the nucleotide sequence encoding HA from H1 (SEQ ID NO:28), HS (SEQ ID NO:3)
or H7 (SEQ ID NO:11), wherein the nucleotide sequence encodes a hemagglutinin
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subtype. For exanple, serumfroma subject inmmunized
Wi th a vaccine conposition of a first strain (e.qg.

wO/Re/0a87é/ | ndonesi a 5/ 05) nay be used in an HAMT/@a3@y/001281

with a second strain of whole virus or virus
particles (e.g. A/Vietnani 1194/2004), and the HAI
t |greue1rubatewhnmres®d[foon%]‘/ L&y ewskihaiethe M Peinduces the production of

SyhPod, Rl B o ggﬁsq@e%ﬁ@?% B gy

MRS £VEPL af tht MEP/mafBel uddd td C€ehh agltﬁﬂlylﬂsat is¢apgble of

by ELI SA (e gi; BD Bi osci ences IA kKits

Pémn@thaX i mbnlg moRse by e‘EAO (PP’BM: @VLP, when

splenocyt obt e y be cul tured,
R AR g O e% MYt s my 4l so

be quanti f| ed 10 by fl uorescence act i vated cell

sqooi4ny ( FAGHmilatl§, the pf&éﬂ(&ﬁveﬁﬁﬁ@ irfcluzlef HAGr®sooeéd w1th the
| abel s and net hods as are known in the art. %40014

mifeHevingsubiypossili srncadeadly HEQ IRMNG-25 Ry (ragededd

S OAPLI ey SR TIP3 (Rep sy R?ﬁﬂm

nE(lehlhcrogbd bgs?mm NCELS), Hé)(erh?d?bb?SEQstN(DetéaJ H¥warspded by SEQ
A0 b laneper bl ToRipdt S e M B Srib . Hio

Ce(leh&)degi) S ﬂf’ﬁl@ Jckﬁﬁ’?ﬁ{c‘cﬁaéd SE@ 1paV0: ﬂO? S 52 {eﬁcoded by

cul'ture; spect r ophotomefri c ection of
NFSEQ ﬂ]DQ\I(per)) é{ 1r3 (@nmdleé batSEQUDR NQu2HuH 14 iéneodédby SEQ ID

ﬁﬁblﬁflﬁg@ 5 Ny IO A4 FTg ool PESERIE N0 25y e

E&@Q £0&P5MEP) §&Fn@l&gfd@'§b?®ﬁ&ﬂ tAft atd\Hardired 86lhaving from
in DNASIS (for 20 exanple, using, but not [imte

t mbouh’éo mqommmmﬂ@r@’etmn $bi0al00f &, any@imauppthere

PN S0tk e PRkl 5 S R e, BERLE?

al therRpaVee®fsegRAYE MRty With HOTPBQIIBANOS H@tSE@ MOWO:12), H3
in the art for exanple the algorlthrrs of Smth

VASEQENNCE 9®1H4AEEQ TRONO: 1434k 5 (SEQ 112 15%45&%143 X0:16),

W‘lﬁzgﬁééb A %E@%é@l@é?%&i g it REEQ 1

computgs,rmzpcsmm NORORHIQSEQ I NesH), HIYSHEQ NbwN0:27), Hi14
GAP, BESTFILT, FASTA, and BLAST or by manual
CiSHOEANCSED, M7 (B0 ORI, 116 (SEeb I a0 20 wiheitth the

- TRIERAALY L e IBRBANY o Kol EroRGP b OSn G forms o

ThéLReaeighhtuthe NLP ilducei theqweducnion of &Oantnxoklyd Eot éxample,
si gnal i de, ra smenbr ane, doma

cﬁ"&b‘?sa’gﬁw oF thegielepBls e qUECe TS A At F%f%@é @r¥lifhgnd the VLP
prﬁsfb@ usedds p W&u%@@&é&@o%%}@h&?@éa@ﬁ%@%%%&?g&% h@%ﬁ%]mature

erm"virus like particle" VI rus-
paAi, ElAes HAdl, or HA2. The VLP, when admlmstered to a subject, 1nduces an

immune response.

[00141] An “immune response” generally refers to a response of the adaptive
immune system. The adaptive immune system generally comprises a humoral
response, and a cell-mediated response. The humoral response is the aspect of
immunity that is mediated by secreted antibodies, produced in the cells of the B

lymphocyte lineage (B cell). Secreted antibodies bind to antigens on the surfaces of
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"VLPs" refers to structures that self-assenble and
conprise structural proteins such as influenza HA

wEe@vesre VLPs are general |y norphol ogi cal | y apdI/CA2008/001281

antigenically simlar to virions produced in an
infection, but lack genetic information sufficient to,
r épvadiee reickotes dsuch as viamses pobadteriag cwhich £lagy themdepdestruction.

e | es, VLPRs nma onpri.se a.single otekn. . speci.es

or AT RIS OpbgaPrlIE fo R0 iy ey RsGalcsipp AR g processes
YRR abERRp RS, RWAILASThS BEEHGTunétiRs B @itfodies Piaclu@ig Th2 cell
may be from'the sane species of virus, or may

c ampvitive aad gyokiieprodusiion, THemMewyceH i2eBgraion §pSQnih prpmotion of
subfam ly.or famly. of viru [ te ]

; Epoeratabis PaubBin infhati 9 ks 1ESRRL Aballd 37

t hendanupkishn o Be $iRE e¢fEStoGAMRErE S d8 dacriAse i paRRular response or
nodi fied fromthe naturally occurring sequence. VLPs
mepprasestes; avdeteranined by anya0f severakassays|gererphy kKRR her yedntome of
and .i,nsect hoﬁﬁ cFﬁelzrlen . Follow ng extraction fromthe

ho$ lc%%ﬁelexgwg %on I'solation and further purification

under suitable conditions, VLPs may be purified as

| mbar42]st r ucA yelesediddéiliedgonie 8 avliffsnyieeelipoast thatadoes not involve

i nfluenza derived proteins, in agcordapnce 15 wth th
praélélb?fileﬁ butaptheoRvelyehibe aE‘é)Y?&PP@é HN}FIOQP%%‘?@{ I}ﬁturmﬂgﬂmceis (NK),

BrOLeL 0. | S: Py i ' ‘
BB QMo LB T RioEhe, M BB Al oy Res in
ThesponesementfeNAeli-sedintkelsimmavhitytie nsadgeatmailp ¢o refer to some Th
regul atory appraval, for t VIL.P product, therefore. .a

Vil geipaom, Torel setieetich radalroels miBlelearamonglo S rsdifled

[ ity i i ERERpohMUE R VR4 ifRYIRR.

p90 ucé%llpﬁfgérﬁ%gtglcgbﬁa?%at g%)oi S ghar actleriged by

| acking the ability to sialylate proteins, for exanple

| dOR14%] si dfardasmplesthehndustign pf aniigen epecifia@DBpositive T

cell, . fungi, and ot her, organi | udi.n n .
camhesich hay b st I HLPEIRREL asky: PHiulddn 8F CD4 positive
nemxﬁﬁ{dt?fé% A8 be héARGREARINGagSFolifeltioh @ksdlyNAR&Snfluenza antibody
chaet ognaf ha

. , tentacul ate, chlanydia, spirochetes,
grtitrespoay be quantified vyingan ELEW Bty dpotipesf aptgtiagpeeificpr cross

S‘;’{E%lcq%%tain[i{)g led May LXGBL HeHWr&P u£ii§§ gnti—fsgfypg ARTRI s ('é.té?anti -IgG,

gl PO LR ughi). | Meltide aneteohiidt@\viot pérfantfifSsudl Absalys aie)well-
The VLPs produced as described herein do not typically
comosia thedrt.ani ndase  (NA). However, NA may be
co-expressed with HA should VLPs conprising HA and NA

be iir ed. Of - [ I

aciOBERI o o IRARELL AL ERBHKERPL 1A oy jmay alp be sed 0
c odemhamsrdtewhe Effiphgnif-atebodiedintliqrddy.a Vieeink/L(? viaegine composition

CoR 350 S on e LR oo
S Ao T kT 0 D LOBR) b s o

200drodiesHAl paymarba 81 91312 Erythiegytes opr anyeofiseysiral species may be
f glé@e@[l%r.]é.%o%fe, ttulgkeeyf) lcl%%k%% &%@fl&n eTH{s atslyf/ é%e%%di%? {formation

on assembly of the HA trimer on the surface of VLP, confirming the proper

presentation of antigenic sites on HAs.

[00145] Cross-reactivity HAI titres may also be used to demonstrate the

efficacy of an immune response to other strains of virus related to the vaccine
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I's produced, including, but not limted to,
phosphati dyl chol i ne (PC), phosphati dyl et hanol am ne

w@ RiEp/009gre/cosphi ngol i pi ds, phytosterols or a PCT/CA2008/001281

conbi nation thereof. A plant- derived Iipid nay

alternately be referred to as a " pl ant ﬁ
Esubtype e Fonexapipie. seruat Gpe aasubjachipunized Wé arV@CCl%eomPOSItlon

Ll PP A AR S5y bR AL ey wina

e9eaoml railbNGhAB&ir@t oavirus pa2iidlés (e[g0ATBikinarfi/PEO412004eand the
assessed for structure and size by, for exanple,

hﬂﬁéggqrdpﬁeﬁmr\eén assay, electron nicroscopy, or by

si ze excl usion chronatography 10 [00155] For size

e ion c YL Guittedl Bk Xaple a T-
b@ﬁll ract e‘g%}r omp Sgﬁ%y%rilé%?ﬁlgi% genl Zl ng pea
(IRppettcen méspsmmrrmmlzj wilk Be\clearatsdriogdd by ltieenine asateménalof IFN-y
extraction buffer, and insoluble nmaterial renoved b

candt L4 seezetingreells pying by ELES A dnrenBihBiostiensey OptER BiES)of
r}gepfhe{al blolgﬁ ng&{oﬁmlgarpd’eﬁg @'—‘%Mgi rog F@?nﬁdggfieg %Rt.a ﬁ ufédnli]ﬁ subject

ract passe rough a
?r baouldned) aid Yhdstipesathnasnalyred. d‘abrinbh@ctyitemnay dsmlhes quantified
Fol omnng chromat ogr aphy, fractions be furt

a}Pﬁ’i Wﬁﬁpen%a‘itmﬁ?ﬁdﬁlé?ﬂmg (HaLep-mswe I{I erpqpsggp [Rorescent

f [ 0156] Wthout wishing to
oundH% %%%§F5Qﬁ§‘§252%?ty of HAto bind to RBC

from di fferent animals is driven by the affinity of HA
f @0147]al i ¢ Aantsoreftralization agag neuychisorhe qondwatert® abfiracterize an

these sialic acidg.on th surfa of RB ui ne an

A\ FRANS XS SPRISE HbSyhiTdbusen Sor SRPmRLedhe 3551055 Pﬁgf’%{e &N,
eVYﬁlE‘ B&Ri’ath‘%&l(fl{ t‘?c@is%iy Wélﬁ&d SdRefal Rays, 'Mﬁdiﬁ‘g MY enumeration of
turkeys, chickens, ducks, guinea pigs, humans, sheep,

hysisgiaquasl (Maws assdyp falesvingenystal okt fikationggaeratien of cells; 2)

AL BRehud S DR S HGRR D omer
VistedtRiof NV ingZproteR@3rré R willh dirdimedckios oRh&st cel@d)
2001 Virol ogy, vol 289 p.74-85). Exanples of the

ecies reactivity of HAs of 25 different influenza
s QOdABk i s SP@HGRCE identity| s sequsngmYmIprity maybegstermined using a

R ARG S B qulE, o iy FRE R BASIS (for

st:xampis usgabanmt libtitedita thbf(ﬂlomgmglpdrhnetersTGmﬂ%pena}t& 5, #of top

%1§;| ;lgf ?%3@200%(1%%%1‘%&5 arilp;r; a;é 10/ Sncwidow size 5).
%We%gaeﬁ{eélg/? %%g% (S)f ent gﬁse'ﬁ'ﬁ'éﬂ?:@s for 'Eb"mparlson are well-known in

sconsi n N2) 777 Human +
Bthvkrafps esdri2d© @lc20Qetitiims ofiimath & Waterman (1981 Adv. Appl. Math.

2:482), Needleman & Wunsch (J. Mol. Biol. 48:443, 1970), Pearson & Lipman (1988,
Proc. Nat'l. Acad. Sci. USA 85:2444), and by computerized implementations of these
algorithms (e.g. GAP, BESTFIT, FASTA, and BLAST)., or by manual alignment and

visual inspection.

[00149] The term “hemagglutinin domain” refers to a peptide comprising either
the HAO domain, or the HA1 and HA2 domains. The hemagglutinin domain does not
include the signal peptide, transmembrane domain, or the cytoplasmic tail found in
the naturally occurring protein.
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B/ Fl ori da/ 4/ 2006 779 Human + ++ Table 2B: Species of
RBC bound by HAs of sel ected pandem c influenza

wa@reoaess7éandeni ¢ Strain No Origni e Horse Tur KBGT/CA2008/001281

AlSin a ore/1/57 (H2N2) 780 Human + ++ Hb5
A Anhui / 1/ 2005 (H5N1) 781 Hu-Av ++ +
A/[&(i)@tom am 1104 @0@4v(ru45N19 pamczle HVIR), on"virus Ajkeparticlgsn g

[ SPAEVPRS Jo VR Rl e SR e S S Bl s o

( %ZZ BEA ploteii. VEPY afe dederhlly }no?ﬁhdl@@dall}&nﬁl antigénically similar

‘protein" refers general to a string of am nqg_acids
ryb@l g

c domitome grasluced ineam infestion hyt lagk genetigayfoppatiqs %‘é@c@ﬁtt% rephcate
1 G T T P

t @bBdies, BPMBREHEA e o b}ﬁ&le@r mﬁNLRé&oiﬂ;ﬁgﬁ‘gﬁh&em one
be used in a simlar context. [00158] A fragnent .or

pmf@fﬁmrﬁpéﬂe% thsy RrOBImSPeCies Mty bsifeana the S@mer?BFG}?ﬁe(ﬁtVilﬂPé’ qrgnay
I nc%hlj:)e roqagtffogr?a(a ffﬁqgljl%ﬁ?c%s ggnu%bar ?Arﬁl'tljfgr Bl gl}ﬁev‘irus (as

no acl

0 fdel@l(gha!te@ BY eelC TV ﬁ(v‘mdﬁﬂhttlﬂegat In dtherfexagxphﬂl orean nfxcﬁe of the protein
VLP when expressed. The fra%nent may, for_ exanple,
C SRPFIESEOMPTISHIE 3 b’éﬁ, rpay beymgdified from the naturally occurring sequence.

S tVﬁlssSmEﬁ 8@ g@ﬁcém%ﬁit{:}ge h&d 'ch'Ps Pglruﬁﬁgr;ﬁzgit QHd insect host cells.

i sl unctional donain o rotein or
deo}]pe@mg et&racﬁlmefrbnaguhmt cabhgndilipan Bdapon arel farthegpurification

domai.n, commm, protelns of the sane genera
faHﬁdFS/S‘l“aPle ngfrﬁflf’ R{!?ﬁs be RHEHIFEs dRipgt; SEP%‘ﬁ{esam' no
aci d sequence to speC|f|caIIy identify the full-length

Prigb ! frommdwebs plodhseddesh ifenzd &Qikedbrdiéins, in accordance

exanpl e, a fragment or portion may conprise f rom about
60%ith the patront inY@OBAn dofnot hemprsegvlth podtenhdbedVll praseigtihknown to

f .t bet

0 hip RA A B inten B D08 DATER S PuuBig oF v
0 I MRGRECRTHETRIGAZ0 AR P Bhen SKtﬂi'ﬂiﬁ eghlafny a/pproval

abou 60% to about 100% from about 70% to about 1009

f riontheaioRi pragogs tl@rcszr@mVhBo%parantlsmlfatllsmgtRl@éox&%beawla@tageou&
100% from about 95% to about 100% of the Iength of

t l e is
1O wonthe XEPeb B BFOEA Arerlln Y BN . hogy ool tha
b eis thaattahitudtibyllackih® thelability SdSalglaaprosednsd for eiampleamgklng

ampunt therebetween, dependi ng, ypon the HA, and
prodliddss sueluas & wéntfqe!alg%ﬁﬁect eelh Tt Ang oghas opgampms including

AROFES Efgle Rtk MG adhor RATARLIIRY RS 1 ©

f rtmnhalmmtes,aﬂahehmaﬂneutchw@grmdmntentaculate chlamydia, spirochetes,
gram-positive bacteria, cyanobacteria, archaebacteria, as identified in glycoforum
(see, for example, the URL: glycoforum.gr.jp/science/word/evolution/ES-AO3E.html).
The VLPs produced as described herein do not typically comprise neuramindase
(NA). However, NA may be co-expressed with HA should VLPs comprising HA and

NA be desired.

[00153] A VLP produced in a plant according to some aspects of the invention
may be complexed with plant-derived lipids. The VLP may comprise an HAO, HA1
or HA2 peptide. The plant-derived lipids may be in the form of a lipid bilayer, and

may further comprise an envelope surrounding the VLP. The plant derived lipids
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acids, or any anount therebetween, from about 250 to
about 500 am no acids, or any anount therebetween,

wo e@aedsout 300 to about 500 or any anount PCT/CA2008/001281

t her ebet ween, from 10 about 350 to about 500 am no
aci ds, or_ any anount therebetween, from about 400 to
3B Couyiss Aipichgorapangnts of ﬂ@rlémmembrmp ofthgtdant wigee the VLP

s SR e A S T
V@Homﬁdﬁxmﬁﬁ(ﬂsmdle (PBY, g@?@@ﬂhﬁgoli}ﬁmu f)h)’&osté&ls 0tQ, codthination

or 50 am no acids, or amount therebetween na

béhffré%v%a ant-ger teddiped may ﬁitmgtelytbsferef@meért@riaﬁ@.sz)lmt lipéd'h

[
I M EARITLRIRRR i BPLEID: B SR sipmaseol,
[ Gaxd€erol, Krethylcholesteiramdctatésttgoli -NseNfor @k Maple SPIRHSRAGE et al.,
% relative to the particular sequence, however one
200 11 can readily determ ne the " equival ency' of a
particular amno acid in a sequence based on structure
angd 4] SeqUENCRs mbPhe S8R & f | o
aglds %ere rennJgdym%en consgﬁﬁ@??ﬁﬁggh%%ﬂﬁghﬂg#aﬁﬁk’
cthysiagglutigatimphagsayt bliestrawmiaioschpy,@e by size epelabibh chromatography.
nunerlcal |dent|ty of the amno acid (e.g. relative

ful f th t d t
a0 he r fokes exdliupe Fufimatserabhy. I s0lohlsinsoiis vy be
Sfekh‘ﬁétét[ ﬁon{@m%iuemdg%ﬁﬁﬁlégﬁ &t&ﬁgé’a@ﬂﬁ@ opfrozen-crushed

sequences nmay be done usin orithm
( Alans gratgriagin @qtractlmglgcfferJandlvnaiol@lg mazerﬁﬂ na@mmem by cedtrifugation.

BIPAé%le-%?a%%m{l %é@ sloCbeS (e)t;%gﬁtjét plglfgorB{EYn is quantified, and

s ﬁwmdmeﬁpass@lrthwwgh a&iebﬂz&ﬂﬁim ol YB10E DR APATIV 8y Be used as
GenBank or GenPept) of sequences, and identify not

oRicpliration sfandarg. hE@llféwng shromagegyaphye ff@i?tl(yls nnnytbqafugber analyzed
t IB?%I%HWHBQ]O gjsée%rmnqce&%%?&elgfcob%?é?ﬁen‘i ¥ raﬁ dblg gg' d

or“am no acl d sequéences ared u
BLAST al gorithm Furtherrmre t he |dent|ty bet ween two

of0G56k seqiéitines wighind® bedeinad by tiesdrin thatdpgtitef Ao bind to
sg&tﬁgpes é get her and determ ni n the %identity
b Ay decatamalsds duysngimitie athiaify pEHAdfoF piakic Mids 02,3 or

Bt} Pl P it Ik 8 Aifacé X YEC . Fpigna avian

G(H)Bﬁbiﬁ, 1nﬂ%nzamkesm§@dﬁhbte@®th&9¥teb FromBiARTEral bb%'cfég including
def aul t par aneters rogram bl as Dat abase: nr;

E%Hls%)ts qlickensy dugks, gyirtea pigs; humgnsgsheepthorssaiandvcows; whereas
BLAST2 thro

Nl R BT AR AP HAL) 5 IRIR AERHAL humans
uanchghedp(@a latsofer Breehk ﬂ997 N(&td’lbg(y, 5’0132235%@?—49@5nﬁﬂede1ros Ret

igﬁ@f (ihofl I ter t: cutoff: default;

Vimlegy, v Blte%%‘;rIP B‘hgé)n a@GleSRF : rﬁﬁéﬂ@%rea%ﬂtymf HAs of
F&ﬁﬁéﬁnt%ﬂd&zﬁﬁ%ﬁ’é is sH@&ﬁﬂPm{lfs) ,? manual 'y
and ca at ng t

conmparing the sequences he %
i dentity.
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[00162] The present invention describes, but is not
limted to, the cloning of a nucleic acid encodi ng HA
WO pa00/0898pé ant expressi on vector, and the produrtT/OA208/001281
10 influenza VLPs fromthe plant, suitable for vaccine
production. Exanpl es of such_ nucleic acids include, .
f GFabde 2ApSpeciesnf RBE heund by lAs of selectechsqaspnal dpfluenza strains.
Al New Caledonia/20/99 (H1 N1) virus HA (e. g. SFQ
| D |IS€nsofdl) , |wraitA from A/ | ndonesi al N5Osigin { Hpese | Turkey
(HIM) (e. 9.| ABBRXHakeSQ206D HINI Br i shane /| HamaA7 + ++
(HINL) (e. 9. ARERMonNO.  30slarflig/af3006 | A7 ST ormon
| sl{ands/ 3/ 2( E)éugnlNl) (e.g. SEQ 15 | B7NOHudén | 4% 63+
YR A Vo A AL AR S LT P
A Vet nang 11 84VasensinfoTES (HING) ~oiA77 [Humany , +op ++
66)|B A/ Teal /| BMalaxsin@b0w20047 ( tan) 778 |Fumangq+ pl nort
45, 57, 67) | BAFlbide/4RE6AG/ 1073/ 99 (HIRPY |Hemgn |[SEQ | D++
NO 47, 59, 68), A/ Brisbane/10/2007 (H3N2) (e.g. SEQ
ID NGO 38, 50, 69), 20 A/ Wsconsin/ 67/2005 (H3N2)

g e,.’ﬁz%rll gggslgg)clggé l%%(l,@%mﬂé@ géélog %‘(Iecqgé Egl?(gel{gljcslgﬂuenza strains
B/ Mal aysi a/ 2506/ 2004 (e.g. SEQ ID NGO 40, 52, 72),
B/ AL [AHRn (€- 0- SEQ TD NO  4T,N$3Oribfile | HOM | Turkey

RV O T T Wl T T AR
cor;}gspondi; W05 @END 47 cjmr' Ay ¥

pl alst ocyani Nagtnamy bl AH007( a1 | :7§23 HurAY dd *to |t hd
codi ng sequgadéeafHange HKerg/WSHeM7of the typgs or
subtloes, d¢HbNIustrated in Fi gureg 788-3gianNyclHei d  +
aci [(HBequengesEqaine/Peqpaadc(H7NG) SEQ| 1784 NBquin6(- 43 ++
conpyg se an |AHexPKongI10M3/99SHONLE ¢ asp!| Hhini@ |al+al|f a+
pl astocyani n pronbter and 5 UIR_ hemagglutinin

codi ng sequence of an HA, alfalfa plastocyanin 3 UTR
and term nator sequences, as illustrated in Figures
51[062457]130 [ O\&GBd hi¢reinvh Peroteay’ rfesgdierallydd atstring efderino acids

reagents,conpris of econbi.n i.nfluenz .

G S BRciRAPY B PHR R bR whiE 3R Blaes Mo Sy tepasnr
angliatdrAFRY RAGENICIoRBRRYY P partioRIaF AORIRIHyaTAlRERitey Nhe t
st(‘rihuactur_es, i ncl Sdi ng su vilr al -%J\Agggpogl.oogsga e feme
PQRlypeptids/ meotidsar paphfle fregrmantp atayibelused HrsimalRr CRItCKd:
VLP, in transformed hosts cells, for exanple plant

COUbTo, R85t B PO L LS o e

"'on provi
pr adudengpaptidalor YoRpeptideaoplpaisingevqubss sf tie asyifd acid complement
fromthe expression of a single envel ope protein.

: : single 5
Thef apgrdcylanprpein o paksepHds/ppavides thet the figgmgnicen fermyaVLP

i R PSR PR Ry R KR TP i ithc eon. o

stress-response-inducing region, or a region comprising a functional domain of the

protein or polypeptide. The fragment may also comprise a region or domain common
to proteins of the same general family, or the fragment may include sufficient amino

acid sequence to specifically identify the full-length protein from which it is derived.

[00159] For example, a fragment or portion may comprise from about 60% to
about 100%, of the length of the full length of the protein, or any amount

therebetween, provided that the fragment can form a VLP when expressed. For
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[ 00165] Proteins from other envel oped viruses, for
exanple but not limted to Filoviridae (e.g. Ebol a

WO 20008098Kkar burg virus, or the |ike), ParanmyxovP€T/daz008/001281

(e.g. 10 Measles virus, Minps virus, Respiratory
syncytial virus, pneunoviruses, or the like),
Rekampller ﬁrohaeab()la 9% rauahent 168%n front aboneTR% tapbaws 180%, from

LA RIS 00 o 97 PO P S5 s

Enpeahaf ink iengttPeN@r eulV ichbeh, of tePprotdin, or @ny hﬂhbﬁnt thi€rbbedween.
fever virus, or the |ike BunyaV| ri dae

Hef¥lteandtelpisa ragmeéns o presion ngrksfaem eb qael SQéo gbout 500 amino acids,
coronaV|ru 15 the |ik

¢ " PRpeRO R agPrr et cREnE drgl e S aEbolidh o i tragment
| icHh tdritta VX RIS xplessidl iFbeBLarhpla]fa ﬁ‘ﬁgfnélft n&¥Yefssre d 50 o about
pl asma nenbrane derived viruses include, the capsid

p580 @mindcidy, or anyameuntitherghojwesss Gomi ahout 0o 3@?9“‘9?9@1%1“0

Fi | gvi rus protei \Y P

s, P PR P 0, 40 g i i, oy
P ragicRhithefebbtween] fed abbutt300 t&/ﬁaﬁit 660 pAARRHEIL tht%ebeﬁ%en from
exanpl e, P24 20 of HIV (e.g. CGenBank reference_g

1 ghm@ég)to RBout 560 Bffb’@‘e?%d% Bt anharnowy therehebyean; R gt 400 to

" SFENCER ) WA SSOUAEE Rl WIS IS P OB amoun
ofthdrebétraeen, gbpmﬂprgatpenmse HiAt, anchpmvm;cdthmnml faagnoamt aaudform a
cl.eavage of the. g

g.VIg% sres’}preeﬁ%ogéfgg@gm&a@{m%% %ﬁ%@ﬁ@g@ e{&ﬁﬁg acids, or any
ﬁﬁj Af thERBLGYHeh %ﬁg(b%gé?@%d f6h8hE0GEmethas, BRN Q&ﬁ‘t’ﬁus'o? both
el n obtai ne

e prot y translation of the vp
S ethrtmd Oferminms Bbah B proscigemovided thet the f@gmBatman form a VLP
Reference gl 55770807) ; VP35 of Ebol avirus (GenPept
REYRSMEH, : 55770809) is the protein obtained by
translatlon of the vp35 sequence of the Ebol avirus

ge[O@f@) Gp/ SEmnBérir¥estuniifo ¢l 4n eqiR@le bRteRtive to the
296965) is the Tprotein obtaine by transl ation of

t imn(cs@qumye dlowetier augrob skigf can replily dn@n@lns@he( caniBalgrey’ of a

Ref er ence | 53910 ei.n nP £gl.e
oiterisib gatho fa i SbaghRE o ke AR eSO B “Fifnamote
Mgag |I~B§:mihfall§mﬁ1%%ﬂﬁ weee Fdpadvied Rafea rceﬂsftﬂlcghg a c}oﬁ& chtO
2009/ 009876 PCT/ CA2008/ 001281 9626945) prote

( Gayaljsgraphy ethisneuld ichangs 1bosgyi wmcglrlémm 06¥hetam3n0 acid
F
(%% i‘é:?zﬂfv% t gie %gg A@?@ t‘fnﬁ, HY&EM@ bg? %{Iﬁ dn Q%Qﬁel rell]atlve position

rrﬁifhh)@lanﬁlfo atchﬂntmﬁﬁﬁxurel nventl on as vvoul d be know to
one of ski [l in the art. 5 [00167] The invention,

th ovides for a nucleic acid nol ecul e .

cOMBFtS! ng RCSBHIOEROEN sl SRRALEDies TN gsing a BLAST
Hl Y5 S (Alﬁ*%é}hﬁ\ét 51“ 399630 Mol Bagl A% 409 Stlﬁ??’ﬁ BIMRS PYEHch allows
V|rus Gp/ SGP, Measles virus-H protein or -F protein.

Thier poropaison af k quenyl segusinge with Aspedifie sequeves or groytkeidsegeences,

ad evgi%h a} é{' hrbggly o adts lt)as\é ?e gnGenBank or GenPept) of sequences, and
identify not only sequences that exhibit 100% identity, but also those with lesser
degrees of identity. Nucleic acid or amino acid sequences may be compared using a
BLAST algorithm. Furthermore the identity between two or more sequences may be
determined by aligning the sequences together and determining the % identity

between the sequences. Alignment may be carried out using the BLAST Algorithm
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an insect, yeast or plant cell, or in a particular
pl ant tissue. 10 [00168] The present invention further

w@e@ioasss t he cl oning of a nucleic acid encodP@ryCazos/001281

HA, for exanple but not Iimted to, human influenza
Al'l ndonesi a/5/ 05 virus HA 1 into a plant or
i e examppreswiilbhleihough Geal 1| nsbi- nlosnigygen g5PBLAST/

AR el DAL g P e,

stAlmhiehRlpaRivieeQierytdeatticCbdes aSaadddd@)), ot BLmsrmtthmuglh EMBL
and 15 i mrunogeni ¢ honot ypi ¢ macronol ecul ar protein

stURIgtembd dieide rgjdn/ﬁgvmﬁfvndeaq htmjl gsing default pagemetqr Matrix

£ A Mg D el oo B Wbl Aol iSrabf; Strand: both

e MseRékipt tnk:N50, H&:gﬁﬁlehﬁf S(Dle@rZB‘\S'DRI wesdefingdt paamerptsy, or by
but not limted to, A/ New Cal edoni a/ 20/ 99 (H1N1)
Amangalieeompamgshe saquensss apd cglpgaling the % identity.

Al Bri sbane/ 59/ 2007 (HLN1), A/ Sol onon | sl ands/3/2006

1 Al S : i ; .
(e RSB A A B DR AR e coning o
KanglelBtd éntodingMA intd/alidany exgoragsidrOvestd SandHBdgjoduction of
A VEPA 50 36 1o e Aoy JpIe- o such

Eh%{a ﬂg&aouﬁgé)é 5B aRBIEBRY £ R6mIta 1o ¥R R IuEnza2R/New

using a ovi'rus Expreéssion Systemin an
amhile:mmaéiw&b&l[lNl)lmms HAvfe.g)SRQIR NO: 61), an HA from

Spo teri%@%ggerd %@?‘}%Z‘Fé Sﬁ?ﬁ@g‘“ﬁn@ﬁ% s@gﬁ%éég&ﬂ

[ Qﬁliﬁ}( g f1b XS RC 18l 62)) 2096188 0h NQarkdd/ 3006 (HIN1) (e.g. SEQ

al't er nat eexressedlna plant cell, or in
pIIErNO 3‘hél9n6@L éVSjnaapoaje/é/ﬁa éHﬂN@) (arg. (SR BbN@Hthé%Méd

ARG B PP TE & B REN AL IR R B poos

2 ﬁSNQ %@EWWSSQ BA/TehiMomNRoREW 312/9 7S@I6N 1
80m hggé;% i nfluenza A/ NeQ;V?CaI eedon?a/ 20/ 99 (H1I\7IS( e

vﬁﬂﬁ%ﬂbNQ}tﬂﬁanﬁ?ﬁJmIﬁvqgﬁ%ﬁ@&(HﬁM@ -£135@ JD NO: 47, 59,

WA a‘ﬁ‘é?(}?hﬁ{é%@f(m%? YSEEBING: & 50,691, 2 5006

( Wﬁcomsﬂ/@/l@ﬂ(@lﬂﬂ) (&g. SEQEIINOAASNUI0)) AXdne/Prague/56
1‘27@ Al Vi et narri 1194/ 2004 (H5N1), 5 A/ Teal ]g
Kde i 2g.$EQ HBNQ: 46asBioHg, %ﬁ@?ﬂ?@f@wo@%ﬂz SEQ ID NO: 40,

A Séa i éégéﬁﬁ@@ % H@N/asﬁay& a> 6%%?%%&&&1@ clone or

B/dohstiicd atber® B, these stmmicprovled inf Eatled. Nidlbicanid sequences

i nfluenza, virus. For reverse transcrj tlon and PCR,
omogsm?@ﬁ@&tp é?%ll? NQSQ@ 289?‘&’853 3 tpez\vaﬁmuwrsm ‘and

h
Al B e A e

i el lillesteated An [Frghoese28-39.5N08eic acid sequences corresponding to SEQ ID NO:
60-73 comprise an HA expression cassette comprising alfalfa plastocyanin promoter
and 5’ UTR, hemagglutinin coding sequence of an HA, alfalfa plastocyanin 3° UTR

and terminator sequences, as illustrated in Figures 51-64.

[00163] The VLPs may also be used to produce reagents comprised of
recombinant influenza structural proteins that seif-assemble into functional and

immunogenic homotypic macromolecular protein structures, including subviral
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(H5N1) virus HAO sequences, or HA sequences from
i nfl uenza subtypes A/ Brisbane/59/2007 (H N1),

wov@elason | sl ands/ 3/ 2006 (HLIN1), A/ Singapor e/B¢BTA2008/001281

(H2N2), A/ Anhui /172005 (H5N1) A/V'etnanil194/2004
(H5N1) , AfTeaI/Hon% Kong/ WB12/ 97 (H6NL1),

Kmfgiem@a?mrggleq uenvapfiRin ﬁémfwnmwstwekméﬂmxample plant
sconS| 7/ 2005 (H3N2), A Equine/Prague/ 56 (H7N7),
BF 6/ 2004, B/ Florida/4/2006 nay be used.

Addltlonally, a nucleic acid encoding HA may be
chemicaq! | y dhetdies| thethwaiingprorides s VbisPsyand o mettmdrfot o

one of skill in the art. [00171] Th uItlng_ch}lA i
c Oprdisingfvigah ¥4&8s dem e@nhﬁsprﬁéwewbﬁ%@’ rﬂmdfl% ErrRTEHIan © Apingle
E)ég{feqﬁﬁé [%c}te\fr? oh(PJ V?? PGkt edYa VE®s NSRRGSR $dm other

app?oprlate expression vectors

f @lasﬁia&ﬂérﬁbx&ﬁ@-dé@w vihe dndbedingy, buahdtdimingd toeMeasles, Ebola,
bacul ovi rus_expressi on vector, for exanple, pFastBacl
( MarpusgogthhIVy esul ting in pFast Bacl -based pl asmi ds,
usi ng known net hods, and infornmation provided by the

”EQM it Ur erprteirs Tt bbbt GRR1PRY vREses SR exa%@pl& Bot limited to

sent ‘invention is further directed to a gene
c d?nlsmmuiae (e.g.dthmila wirwsg Marbwg veius, cm@hailﬂm)dbmmgxwmdm(e g

SR s B BB S BT YR PR BL r te ke,
r qg:'t'lloﬂrﬁfa)f (&L STRALS ImPRRSREHCKACY Vuﬁs-ﬂ' Alinaf $ninuABEeficiency
that nay be Used in accordance with the present

i rWierst2, dﬁlmmTim IpukemiaecV a1, driie lelcﬁ)tlaa‘awlrldae (e.g. West Nile

pl ulat e US,,30 7, 125, 978

¥ O B Diaie Rt Hebal PR Bpbrauy™ et S Glind B
HirQaviditae s@ lHa@lSa@nrlls or &bsmbpmhﬂiaemdae (e.g. coronavirus, SARS, or

car boxyl ase/ ox genase (RuBi sCO, US 4,962,0 8; which js

i ok 2 weuld pémﬁwwo thepepleskalbin the ATtomay Ao e ysed. Non

b' n dlERg 68@%@3&3& %%n; ‘:}%&@?lb\%hl §1{$sslegz}§ fcéé}gl%gr?g{qugl? B{Qived

h angiksés iByludel deenagsad Fro‘EéEn LSHIV (- @smlwggdopmtdmst Be120 or gp4l,
ogg}wn evol vi ng conpl ex_ of phot (o]} stem Il

I BrotgInSns RSP 3 oraY PIsoef Ebolayarmg or ?@E?( $P psMarburg
' qﬁl% RP E&tﬁgrﬁaﬁ%lr g3 P iff bEHE 'M@Qsles ?ﬂrs gé@gpilnfs Yor @xample, P24

pl'astocyani regulatory region Is uence
c mfﬂ{IVSderg} GeuB hldotelfdeﬁce]gi 185729 8 5isGhd probddh oB@ined by arahslation

C DU PRV QiR Sor SRV O ooy MEGLEoie & (rouRquk reference
i regs!%z@agp:lpg ﬁzmindrg%gwloﬁmvm glyeaiﬁsfeﬁls%%@dl B4Rrdrid1afBn and

ect i ncl ude but are no mted to
pallsavegk ofithe gp thfbpreteir @Ros SwaBankiraferaprei P68T363Nankcedard by env

Acid earch 15:1 ronot er,

(e TEY VRS sqnsgie O] o iy (GouB Relbi AR R szr01) i

| i k& protéin bBRinedlby thkkfien 6f thap 3B RRuéneiof HREEBIIMEAKIgeRome

provides for _a nucleic acid
(e.g. GenBank Reference gi:55770807) ; VP35 of Ebolavirus (GenPept Reference
2i:55770809) is the protein obtained by translation of the vp35 sequence of the
Ebolavirus genome. Gp/SGP of Marburg virus (GenPept Reference gi:296965) is the
protein obtained by translation of the (sequence) of the Marburg virus genome
(GenBank Reference gi:158539108). H protein (GenPept Reference gi: 9626951) is

the protein of the H sequence of the Measles virus genome (GenBank Reference gi:
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conprising a regulatory region and a sequence encodi ng
an influenza H AL The regulatory region may be a

w@k@svasyani n regul atory el enent, and the i nflRenza2dids001281

may be sel ected froma group of influenza strains or
subtypes, conprising A/New Cal edoni a/20/99 (HLN1)
AIORARTIEE pmt@n @6 enRapt raferenge-EN1626930)8s ihspinwisol the § sequence

Eféﬁg’_lgg% ) SS Igm)n IsI ands/ 3/ 2006 ( HLN1),
A B YA P EFIPHS A Anhui /1 /2005 (HSNL),
A/V'etnan11194/2004 (H5N1) Al Teal / Hong Kong/ W12/ 97

([061e]. A Havgever rmh&&zad;ﬁete(ﬂsaﬁ@ be WeBmithathe/ MAhGBOT the
(H8N2) Al W sconsin/ 67/ 2005 (H3N2),. A/ Equi ne/ Prague/ 56

(negrsamh invemmiaueas syaild bokney spene ofskit] igrtheiata/ 2006,
Nucl ei ¢ acid sequences conprising a 20 plastocyanin

BBHET" b s R thedors Brofibs B Hfueleft RKEABIcLEH
tdomiprisiiRya LquarRS lﬂ:ﬁcmﬁngiHl‘VqﬂénHEé-ngZQ IiHngqldeEbelawtus -VP30,
okl st VR i GROP, I\%ﬁ@ﬂe RS ULRRIeY P?L@tppgem

A T T Ay v

Noninbedctyi yieasi@r phaatqulle sr of a pamtulah fli”rtsnees are
illustrated herein i ncl udi ng Exanpl e 18. Furthernore,

of s in the art uld realize, .additional .
TR0PEH o LSe weteln ot Gy BrOy R i Dani St d AR acia
r@ﬁ@@iﬂk%'}m Tor expifé Bchok ligiied &Y hakiadiiffuedSa A/Indonesia/5/05
addi ti onal nutations continue to occur. Due to the

kriowrHA ¢HORNAL ntw aplaabp ingeet bmrmm #ctor £9-grhaculay irgesrpaession

t“egfoqw : nhlﬁ;’é@g ol% f 4 l esae \r/]gocl cafy 182%%181“ rei%%ﬁ% suc%?r’?pri\é%&) of

I'ntluéenza

PrleBothBidgnt 1hﬂ@énzﬂﬁ§@{ﬂctﬁﬁﬁppl®$éiﬁﬁﬂlhﬁbeﬁ Reshblasntd ﬁﬁﬁilbbzﬁdmd
herein, the influenza hemagglutin forms a  VLP. -44 WD

DOUDYTRYRIF AOROTY TATRORITUACRET DIt SHBFIULSS e subviral
| i .
& n!ﬂgerr&%n tais’tlc?&dan‘a(?%f 74 %’%V%Hlut?&%ﬁéglggiﬂeﬁ? cgﬁto? Efg%l{qugned insect

severa re pac nown 1 n
a@ﬂm for exanpl e MULTALIN (F. CORPET, 1988, Nucl.
Acids Res., 16 (22), 10881-10890) or sequences may be

aligned manual ly and simlarit i fferepces
b0 t he 15%%% gmas{l@%maq%a AsOF @g‘i‘?‘ﬂa sgpiypes, for example
Shift 4ol Hinfte@to, 'l@ﬁ%@z%zﬂédd%ﬂ@@@ (H\ﬁhi) AVidbedia 05 Mbetype

structures are known | ghl'y “Conser ved.
heHRgO! Amebtams(ﬁWa@@hﬂéﬂ\I b)r A/Sm]tpmom Isbosled/2086 (Hilljlh)

ShisSaenretay (RNGT 2/ ARRSALRR FPol5, ARGFER (S B crsv,

t ReriarHohge Kb/ W3 B0 7 (ﬁmwmkﬁ%xoﬂgwww(

positions (see, for exanple

and Wle 000
AABiban e ¢2ASHHEIND3 980011%11/%/@@@5 H{MZ)aNé‘n}O@/Prague/%
REFhPNS BAaGIRB9061200Y, BIFRE G 2006 Wily 5ESRRESYE Por dxlnple,

using a Baculovirus Expression System in an appropriate cell line, for example,
Spodoptera frugiperda cells (e.g. Sf-9 cell line; ATCC PTA-4047). Other insect cell

lines may also be used.

[00170] The nucleic acid encoding the HA may, alternately, be expressed in a
plant cell, or in a plant. The nucleic acid encoding HA may be synthesized by reverse

transcription and polymerase chain reaction (PCR) using HA RNA. As an example,
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exanpl e:  Structural domains: The HAO pol yprotein is
cl eaved to provide mature HA. HA is a honotriner with

W@ amb/0essnoer conpri sing a receptor binding dJdPEEICA2008/001281

(HAI') and a menbrane-anchoring donain (HA2) Iinked by
a single 15 di sul phide bond; the N-term nal

r em ENéemeY be irelatesbirembunian infiena ANGE Ca}eép@m%é?%élml)

S5 b RRAOSBARRSABPRRR) a7l PR v

Eacd) ATBAESHGEASDI200M (HONDY, INSﬁlohi@ﬁﬂﬁandsﬁﬂQ@Oﬁs(mlNl)
domai ns. I ndividual regions or donains are ty

cAMSingapareAlfoT qumwmpps BT bty Pl Tenad | a0 (HISN )

th ol
Wﬁﬁgrr{mﬁlﬁﬁ/& A@:{?nélﬁd tllo?gléar@bpoéiti on
ONA/BlRigb&¥Y 120071 (HI3NDY, W@@rﬁfn/ﬁ?ﬂ@()(b}(SBNZr),GMthﬁt/Prague/56

participate in disulfide brid netvvorF conserved

arBAN 7). HMalaysiaf2006(A004. BiFlarida/fd2Q{i6eer fromcells mfeqied wih an
I'lﬁigﬁe(fxtzg (linég F%F]}emefs@ traﬁ&ﬁjlg dBéEﬁJ’Pbﬁ?U nudlestd cg }'t)rgxﬁers specific

es an er conseryv am no a S an
r efbﬁHJAVlENAo fortex amplecbue noldmitededhiman fnﬂuemaaWew

Gamblin, et al 2004 (Science 303:1838-184 | a
stapedomasd)/ad 1 N e b Sraences o R oz ARHNEsIS/03

B%&%@ H%B%gu%\é ?pﬂAesefqﬁ%eg fom iRfRLEha @ulQ%&

-45 WD 2009/ 009876
PQUBCARA{AIINNZEH 1 letM[SthmnmIslaadSIS/QO@mﬁ-I ] o AVSipgaplore/1/57

3@&%@%’1@@8@9@& A& B onaIRRG) i eatione

%%'1919‘?‘{%&1 ), 30 /BRakE Kongndh 3o @H@Nzﬁmms@m@mm

Amino acid variation is tolerated in

hdﬁﬁ@@l),tAMlsqmsoﬂﬂ/%OiJ(éﬁi‘bZ) Adbquasdlrague/3 (HINAL | on

TS0l Al s M By, et ac

vaern)éedlhg\m/ﬁfa bE @héMichls Vya{ d3EB USling imethdils tak WBRIdBknown to one
whi ch subsequently form VLPs is maintained. The

predskitinithyamt i on, therefore, provides for a
hemaggl uti nin am no aci d sequence, or a nucleic acid

12[9 di ng %h@?&ﬁﬂ&' N]‘Ac‘i @oﬂg% 6‘1&2&% nés%h‘fﬂ&@loné&‘ﬁlta suitable

LPs in"a pla own sequence

angkpreasion lvbctsmsueqmeai Bynae hosex prevsbogystent) OH.iaﬁﬂlplEs @'Ua’p@roprlate
65 il lustrates an exanpl e of such known variation.

THXPrespign vectowsprplagts @Eﬁw‘i"é?%‘l?é‘ betavnaltsmat Vel xasploxirus

( A t ]
S o oty B 6] OO0 O AR b

33)lasmids, using known methods, and mformatlon provided by the manufacturer’s

instructions nay be used.

[00172] The present invention is further directed to a gene construct
comprising a nucleic acid encoding HA, as described above, operatively linked to a
regulatory element that is operative in a plant. Examples of regulatory elements
operative in a plant cell and that may be used in accordance with the present
invention include but are not limited to a plastocyanin regulatory region (US

7,125,978; which is incorporated herein by reference), or a regulatory region of

Ribulose 1,5-bisphosphate carboxylase/oxygenase (RuBisCO; US 4,962,028; which is
incorporated herein by reference), chlorophyll a/b binding protein (CAB; Leutwiler et
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ABri sbane/ 59/ 2007 (HLN1) (SEQ ID NO 48), A/ Sol onon
| sl ands/ 3/ 2006 (HLN1) (SEQ ID NGO 49) and SEQ I D NG

W@2000098posi tion 3) is A or V;, X2 (position 52pCT/6AD08/001281

N, X3 (position 90) is Kor R X4 (position 99) is K
or T; X5 (position 111) is Y or H X6 20 (position
1415)198@ whidr is Tncoxorigd dieteiroby mynqeg, H-b51 |((ass9(3ated with the

BSlsSPrt s CoEingf i 50 M OBAPE), ks 007,
011989; whidi?is (R@$pdrhed herkth by fefélfel(itfe) KAnXi&nf)]éQﬁ Iatplasfbcyamn
225) is Ror K~ X14 (position 268) is W or

( paslatorymegies)s 4 sequense cmnpmleg epelsetides d 0Bhmf SﬁQ D HO: 36,0ra
43 X18 t 489
i §m’\]|il35fé%gs‘2§5a"?n Q%?Egs ano %lrr gxan‘pl( 202:‘ Isggh )

variation, a sequence al i gnnent and consensus

SEOgBREEe f ofif thé\corstriiciNe ik fighsed dm ardind€dt 3611 (dxliﬁdja)es of regulatory
(encoded by SEQ ID NO 33)., A/Brisbang/ 59/ 20
( skEmenty aueratiyg i amnsAt ek chlug.e ube 3o hmged ¢ %S@?

B PPl o P gl %%@%%@/ﬁ?o%@%%ﬁ& e

P@ﬁézﬁﬁr@&ﬁﬁéﬂﬁb@&iet alal8198. BVirtSkgy é8dd 52414¢ hnamdtthalike.
consensus sequence for HA of selected HIN1 strains
MKAKLLVLLC TFTATYADTI

SE@I:%%Q%T %%qu mé%}@,{il gg(\ﬁa 7NEKent1§n Wﬁe@@{@uclelc acid

TE&?% % b ¢ %:u@f bn ARy R TMERN MEYdine hliafldt®za HA. The
KLLVL TATYADTI Cl GYHANNST DTVDTVLEKN VTVTHSVNLL

496g\ﬂﬁﬂﬁiylrvglbﬁiniﬁ§'15&'lﬁ\m&T¢C}@tlﬁ\betNNSﬂy Ehavemmy/arkddake influenza HA

ttta?éd&safém/@ @VINNNA Hin 88 eea)s/ G b é 1)' A/BrisbhR59/2007
75 EDSHNGKLCL LKG APLQLG NCSVAGW LG NPECELLI SK

ESAENI VETSolomeDIsingky/ T20MG@E A QMS ingapumAAP T G12N2),

NP LI ETIR,. 15 G

ORI ARy Al eI S TR B

L KGRV 20 NASSRONAL GNP K ChE/1L O B EGVEND )V BIBYisbabe/10/2007

CSHANRY Wy Wasemaigia 71005 HBNB) MG anias Paganel 3 (HIRG 1is.

eW'l%@ia&SOg}%OéQ]B/%ﬁ)QidaM/ZO%. Nucleic acid sequences comprising a
plastocyanin regulatory element and an influenza HA are exemplified herein by SEQ

ID NOs: 36-47.

[00175] It is known that there may be sequence differences in the sequence of
influenza hemagglutinin amino acids sequences, or the nucleic acids encoding them,
when influenza virus is cultured in eggs, or mammalian cells, (e.g. MDCK cells) or
when isolated from an infected subject. Non-limiting examples of such differences
are illustrated herein, including Example 18. Furthermore, as one of skill in the art
would realize, additional variation may be observed within influenza hemagglutinins
obtained from new strains as additional mutations continue to occur. Due to the
known sequence variability between different influenza hemagglutinins, the present
invention includes VLPs that may be made using any influenza hemagglutin provided
that when expressed in a host as described herein, the influenza hemagglutin forms a

VLP.
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75 NPENGICYPG YFADYEELRE QLSSVSSFER FEI FPKESSW
PNHTVTGVSA 9 NPENGICYPG YFADYEELRE QLSSVSSFER

WO-RH0PBBISW PNHTVTGVSA 48 NPENGICYPG HFADYEELRET/CA2008/001281

QLSSVSSFER FEI FPKESSW PNHTVTGVSA 49 NPENGTCYPG
HFADYEELRE QLSSVSSFER FEI FPKESSW PNHTTTGVSA 25 76

Colén6lus npsagensedigoimediseald cenghss\segiances mhy p&k éssmnined

nht.xt gvs 151 2Q0 75 SCSH SSF . YRNLLW.TGK

R TR SoURAI R RN RSEND i LG afas NaRplsMULTALIN (F.
Y HENRNASHE RAONERSEV 5 00\ GIOR A

s%ﬁ%ggég YENLLVE TGK NGLYPEL kS YANNKEKEVL SR

493l positiNGEsSLY andNinaTd andidviftiBics batdaiKEi¢B¢uences determined.
VLWGVHHPPN 76 o o o oo oo T

AT ics 3T ienist of PRGN B e fdsed A e S fures are

S
A o I NG, .

9 | LY
@iMQOﬂsmc@@mnwtmm (FMSRKEAPEThis structural
AR SR

VSR TR REPRVRECE” et o pgid (equtcd ey Vaity n some
MVepdsitidnViEse¥ Mobk xarmSiEFS ReAE] Ad IRIERYBOGKA nE RV BISEtfem 69:531-69;

I gxgxal yhx enayvsvvss hysrxftpel akrPkvr#ge gR #yywl |
2%‘13%‘9(9 et 452665) ERegipns ytimingiase plap sritroggTved, for

IS CDAKCQTPQG 9 EPGDTI | FEA NGNLI APWYA

FA%%%@E\CQSDCES I | TSNAPMDE CDAKCQTPQG 48 EPGDTI | FEA

NGNLI APRYA FALSRGFGSG | | NSNAPMDK CDAKCQTPQG 49

EPGD?I | StEAtiaNddARRY.ATheAHIRGhéEbot ditNTNARMA (oOMSEIE RfXure HA.
76 NT LIVEW. .. LKTRPI L,  SPLTKG LGF VFTLTVPSER o
GLQRRRAVQN!S8 RIRQBHET sV ilh SAEh | Penprapneqraprisjag a receptor binding

falLsr & @sighih | B ; . :
Al NSSLPFQN d\’/ﬁ%@?ﬁé&% ’&%E%%&E“R;%fo\ﬁ%ﬁ%?’b@&ﬁ&f&Y a single
9 Al NSSLifEpiNde/HPNG;| tBEOPtekvirREAK Irédidués . oBitiRNHRS subunit may also be

I RGLFGAl .55 48 L PF VHPVTI GECP KYVRSAKLRM
VTQ.SGL Rﬂ%ﬁficﬁ%ﬁ&”ﬂw?%@% NRUP SE SRAYRES 7 (attpregion (internal to
KYVRSAKhEMeYIbrife M vefopk fIRPHd f#8kent. Bakh hemagglutinin comprises these

regions or domains. Individual regions or domains are typically conserved in

length.

.All hemagglutinins contain the same number and position of intra- and inter-
molecular disulfide bridges. The quantity and position on the amino acid
sequence of the cysteines that participate in disulfide bridge network is
conserved among the HAs. Examples of structures illustrating the
characteristic intra- and intermolecular disulfide bridges and other conserved
amino acids and their relative positions are described in, for example, Gamblin
et al 2004 (Science 303:1838-1842). Exemplary structures and sequences
include 1RVZ, 1IRVX, 1RVT, 1RV0, IRUY, 1RU7, available from the
Protein Data Bank (URL: www.rcsb.org).
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WD 2009/ 009876 PCT/ CA2008/ 001281 76 ALNG ..... N
GDPNNVDKAV KLYRKLKREI TFHGAKEI SL SYSAGALASC Consensus

wWeRMNgBIBTGN vhPvti gecp KyvRsaKl rm vt xA r#l ps i BSr/GALayaino1281

351 400 5 75 AGFI EGGMG MVDGWGYHH QNEQGSGYAA
DQKSTQNAI N G TNKVNSVI 9 AGFI EGGWIG MVDGWGYHH
qurzqes@xwplmﬁsn@w rheGRHNSY| hemiggluGRinE GOVIREse 3 cysteines at

Pt s T e ——

76 Ma.ly rinsfVibhEMHbAHicMieN] CEQ AD SQHRSHRQW
TTTNPLI RHE 10 Consensus ad | eggwt G mivdgwyg%hh

gneqgsgyAa dCkstgnain gi TNkvnsvi 401 450 75
EKMNTQFTAV GKEFNKLERR MENLNKKVDD GFLDI WI'YNA ELLVLLENER

9 QFTAV, GKEFNKLERR.. L \WTY. .
el RNER AB gl R RS ool s g igguena
Gk 8T Yities drlavbh bMNWRIes48r iVMTdsTAM LKEbMikuaRRidentified.
MENLNKKVDD GFI DI WYNA ELLVLLENER = 76 NRWLASTTA

stwemnhamEY siains may vary. SHORRmORNALehefdiemagglutinin

KAMEQROS
%*“ﬁ»g%f %Xch%ﬁé&‘fﬁﬁ%ﬁw@@%E%%ﬂ%@%{fé&%%%w

CRIRTYIEE o ROV K hierha G 1 dtiribr binGddAcidNieGundéSad a nucleic acid
KNNAKEI GNG CFEFYHKCNN ECVESVKNGT 48 TLDFHDSNVK
NLeeRdiREOhcRABSIRIEN itg-pgiy spaukpr e ot EyRIRAEPs 49 a plant, and

TR g R R B

.......... Consensus TI df HISnvk nLy#kvks#L knnaKei Gnhg
Cf[é(ﬂ/]ﬂic nx ediges\edriustrabkl hns30mple of BYEKkfeBESy ariation. This figure
REKI DGV KLESMGVYQ . LAI YSTV, 0
Y SEBRRERFRERT DS} RERERES ARG [ANR T s HAYDE th fepwine
4q{mvg>tli<a\{§gEs KLNREKI DGV KLESMGVYQ LAl YSTVASS
LVLLVSLGAI 49 YDYPKYSEES KLNREKI DGV KLESMGVYQ
LAl YSTVASS LVLLVSLGAI 76 .. ... ... ..
....... A/New Caledonia/20/99 (HI1N1) (encodedhyeEQ ED N pid) s ees
kl nreki dgv kl esngvygi |aiystvass Ivllvslgai 35 551

566 75, SEUNEIEHARIND (SEQ ID NO: 48),

A/Solomon Islands/3/2006 (HIN1) (SEQ ID NO: 49) and

SEQ ID NO: 9. X1 (position 3) is A or V; X2 (position 52) is D or N; X3
(position 90) is K or R; X4 (position 99) is K or T; X5 (position 111) is Y or H; X6
(position 145) is V or T; X7 (position 154) is E or K; X8 (position 161) is R or K; X9
(position 181) is V or A; X10 (position 203) is D or N; X11 (position 205) is R or K;
X12 (position 210) is T or K; X13 (position 225) is R or K; X14 (position 268) is W
or R; X15 (position 283) is T or N; X16 (position 290) is E or K; X17 (position 432)
is I or L; X18 (position 489) is N or D.

[00180] As another example of such variation, a sequence alignment and
consensus sequence for HA of A/New Caledonia/20/99 (HIN1) (encoded by SEQ ID
NO: 33), A/Brisbane/59/2007 (HIN1) (SEQ ID NO: 48), A/Solomon Islands/3/2006
(HIN1) (SEQ ID NO: 49), A/PuertoRico/8/34 (HIN1) and SEQ ID NO: 9 is shown
below in Table 3.
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50

55

WG 069306 |

9 SFWMCSNGSL QCRI CI 48 SFWMCSNGSL QCRICI 40 49

SFWMCSNGSL QCRICI 76 .......... ...... Consensus
gcrici The consensus sequence i ndiPEL/€82008/001281
upper case letters am no acids conmon to all 45

sequences at a designated position; lower case letters
i Aablesd:Sequencs alignaent andsansensussequenes for A A of splected FINI

mgjority of the sequences; the synbol ! is any one of
| SBAMS: “the symbol $ is any one of L or M the symbol
%IS any one of F or Y; the synbol # is any one of N,

[EN®.or Z; the synbol Seqiericé no anmino acid (e.g.
de etion); X at position 3 is any one of Aor V; X
at position 52 is any one of E or N, X at position 90

50 i K 9 N
s K, or %EMLC PRSIl egf% &am plimudty o

50

posi ti on 1 LL

is any Qﬂe MRVRMRE.C TF’I%’I‘%D'IQO§1(§Y|HQ§NS’1153TQI§I‘VKEM VEV%-I@&\ILL
posi ti 0y 16&vksRLcOfriiryRbat c RBSiknidN pFGFviLSKY VRUTHSVNLL
X at posktian.203.i.s.N.or.D;.. X at..position.205. i.s.R.....
- £8n3¥Ds26 0 HKAROB/A6 c PCTHaCARBA8+ DR/haBdst drvdEvixkmtvtvthsvnll

position 210 is T or K/ X at p03|t|on225|s Kor Y, X
at positiorP1333 is H or a deletion; X at 05|t|on 43300
E SYIVETP

or 7E BRSENCKIGE IEITG&ﬁPIA@F %SVIQGWLCDNP
anotner ob* Bl st e Eiivi ggz
A/ Anhui bt F008"THSRI) (BB TD NG B (5 Lise Eensviver:
A/C\{hgérﬂsﬂm Jel%ﬁ{lé@?cd- (@%iql@ngcﬂabﬁm%ﬁééﬂlﬁ&go%wsylve P
(H5N1) (SEQ ID NO 10) is shown below in Table 4.

Tabl e 4. Seguence al i gnnent and consensus sequence forso0
HA of sébeCiRENGHING YRADYEEIRE FEXIVISEFIJOFEER{GEHIE PNEDVILGVSA
50 10 NEKINHEEENYWS{%%QWRF\E{T EECRABEP NERNYTVTGVSA
TVTHAQDIFEBE NESHCRERC\AAPAEE PNHTVTGVSA

Q\/DTI VERRV NRARRCER L E B MEKPVITEAT "R/ SEVIEBRP'E P TevsA

i |
S SK ESWSYIVETP

SK ESWSYIVEKP
LLISR ESWSYIVEKP

| GYa

= ROt L e %&;ﬁ@%’% v, %DI 2 ENEE) Vhbddlovea

LE 1551 1
10 KTHNGKLCR; DGVKPLI LRD CSVAGALLGN PMCDEFI NVP
EVSY| VEKAN scEsane&IddNGCDlv, ToEVEL 4 oinREX LSV EGN vI.WGVHHPPN

200

PMCDEF| N9YP $E\ABNERASKARRNLLWLTGK NGLYPNLSKS YVNNKEKEVL VLWGVHHPPN
48 SCSHNGESSF YRNLLWLTGK NGLYPNLSKS YANNKEKEVL VLWGVHHPPN

49 SCSHNGESSF YRKNLLWLTGK NGLYPNLSKS YANNKEKEVL VLWGVHHPPN

T i e e et et teeee e e
Consensus scshngxssf yxnllwltgk nglypnlsks yxnnkekevl vliwgvhhppn
201 250

75 IGNQRALYHT ENAYVSVVSS HYSRRFTPEI AKRPKVRDQE GRINYYWTLL

9 IGNQRALYHT ENAYVSVVSS HYSRRFTPEI AKRPKVRDQE GRINYYWTLL

48 IGDQKALYHT ENAYVSVVSS HYSRKFTPEI AKRPKVRDQE GRINYYWTLL

49 IGDQRALYHK ENAYVSVVSS HYSRKFTPEI AKRPKVRDQE GRINYYWTLL

7 MSLLT EVETYVLSII PSGPLKAEIA QRLEDVFAGK
Consensus igxgxalyhx enayvsvvss hysrxftpel akrPkvr#ge gRi#yywtll
251 300

75 EPGDTIIFEA NGNLIAPWYA FALSRGFGSG IITSNAPMDE CDAKCQTPQG

9 EPGDTIIFEA NGNLIAPWYA FALSRGFGSG IITSNAPMDE CDAKCQTPQG

48 EPGDTIIFEA NGNLIAPRYA FALSRGFGSG IINSNAPMDK CDAKCQTPQG

49 EPGDTIIFEA NGNLIAPRYA FALSRGFGSG IINSNAPMDE CDAKCQTPQG

76 NTDLEVLMEW ...LKTRPIL SPLTKGILGF VFTLTVPSER GLQRRRFVQON
Consensus #pgdt!ifEa ngnlLiapxya faLsrGfgsg !itsnaPm#x cdakcgtpQg
301 350

75 AINSSLPFQN VHPVTIGECP KYVRSAKLRM VT.GLRNIPS IQSRGLFGAI

9 AINSSLPFQN VHPVTIGECP KYVRSAKLRM VT.GLRNIPS IQSRGLFGAI

48 AINSSLPFQN VHPVTIGECP KYVRSAKLRM VT.GLRNIPS IQSRGLFGAI

49 AINSSLPFQN VHPVTIGECP KYVRSAKLRM VT.GLRNIPS IQSRGLFGAI
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55 KTHNGKLCDL DGVKPLI LRD CSVAGALLGN PMCDEFI NVP
EWSYI VEKAN 20 Consensus KTHNGKLCDL DGVKPLI LRD

WEIABBZAGN PMCDEFI NVP EVWSYI VEKAN 101 150 10PCT/CA2008/001281

PTNDLCYPGS FNDYEELKHL LSRI NHFEKI Q | PKSSWSD HEASSGVSSA
56 PVNDLCYPGD FNDYEELKHL LSRI NHFEKI IPKSSV\SS

HEASL GV38A BG55. PANERREYMRRVE ETE)§Y SAGALASC
quPF@WkSD %@Aséé%sﬂlp"ébﬂ%%’n%@%}é (3? E&by‘@éﬁ?&ﬁ@al
L SRI NHFEKI | PKSSWed HEASSGVSSA 151 200 10

CPYLGSPSEF KN metrY B K o YN ANCOER b \Onda YA dﬂ‘T‘ﬁ’H%VI
30 56 CPYQUKaSEERMYChiEN:S ONEIISEREY poRENRRBl Lof TicvsvT
LWG HHPNgA A@EWG‘RWM%&MME&@R&Y GITNKVNSVI
NNTNQEDI4lol AdMBEEEISNDAVTICON S ens PEEGRYY LN PERFTIRNYN\ITITKKII SV T
STYPTI Kr7eY WNIEKQEDIGL AvINAGR FHEPMDATCEROAD ZRORSIFOMY OrTTNPLIRHE
ARGRREVONP FCEYESIMGRSTVANGRENPKN ATFREA/ NQOSGIRIVERRERk e v
56 AEQT KLYQ\P TTYI SVGTST LNQRLVPRI A TRSKVNGQSG

RVEFFWIT LK 35 AEQTKLYONP TTY| SYGTST LNORLVPII A 450
TRSKVNGASG (g\IK 5 %%Q _ | A e ven

L NQRL VPK| G ENEEEW Er300yTvhd errviiENER
PNDAI NFESN VKRGS N St DMK GO oM v
56 PNDAINF APEAE ol MKISERSHAMMKIEL EYANCs  garoMvQaMR

NTHRERAMSA #1656 PNRA BIEEINS ENF nAPEYAY# KIQIKKGIRSAR #11v$l#neR
VKSEVEYGNC NTKCQTPI GA Consensus PNDAI NFESN GNFI APEYAY

Kl VKKGDSal #KSE1EYGNC NTKCQTPmGA 45 301 350 10 500
| NSSVPFHNI WLFEP@E@PRLWKSR@%LWWW%@@NR@@@EW@GT
56 |NssWFkNrDFHPEWKGEEﬁ%WWSﬁ§EWAGW1C§

ﬁ%gEEN ECMESVKNGT

T R ECMESVKNGT

$§§§% "%g ﬁ%ﬁ&g& %&5 SPhED mcumsuier
k

KNDLEENLD” QAYORRMEVY MORFK, . ... .., venn ..

P(Erc‘! / }5 g QﬁL I lE cf@?%mc%@dﬁesvkngt
YVKSNr LVLA TGLRNSPgRE rRRKkRGLFG 351 400 10
Al AGFl EGGW §63aWDGWGY HHSNEQGSGY AADKESTQKA | DGVTNKVNS S0
5 56 Al AGF BEGERYQEMYVBOWHBYDHHINEDGESSYT AADKESRQEALVLLVSLGAT
| DGVTNKVNS BBy AN 8EFE EOBAKOERT/ BCPMGY Y RHSNEDESBYS LVLLVSLGAT
AADKEST YDYXBUY SERANSLNREKIDGV KLESMGVYQI LAIYSTVASS LVLLVSLGAI
9 YDYPKYSEES KLNREKIDGV KLESMGVYQI LAIYSTVASS LVLLVSLGAI
S
Consensus ydypkysees klnrekidgv klesmgvyqgi laiystvass lvllvslgai

551 566

75 SFWMCSNGSL QCRICI

9 SFWMCSNGSL QCRICIT

48 SFWMCSNGSL QCRICT

49 SFWMCSNGSL QCRICI

T6 e e
Consensus sfwmcsngsl gerici

The consensus sequence indicates in upper case letters amino acids common to all

sequences at a designated position; lower case letters indicate amino acids common to

at least half, or a majority of the sequences; the symbol ! is any one of I or V; the

symbol $ is any one of L or M; the symbol % is any one of F or Y; the symbol # is

any one of N, D, Q, E,B or Z; the symbol “.” is no amino acid (e.g. a deletion); X at
position 3 is any one of A or V; X at position 52 is any one of E or N; X at position 90
is K or R; X at position 99 is T or K; X at position 111 is any one of Y or H; X at
position 145 is any one of V or T; X at position 157 is K or E;X at position 162 is R

or K; X at position 182 is V or A; X at position 203 is N or D; X at position 205 is R
- 48 -



Consensus Al AGFlI EGGW QGWDGANGY HHSNEQGSGY AADKEST(QKA

| DGVTNKVNS 401 450 10 10 || DKMNTQFE AVGREFNNLE
WORBIOBMRISIKKM EDGFLDVWIY NAELLVLVEN 56 | | DKMNTQREI/CA2008/001281

AVGREFNNLE RRI ENLNKKM EDGFLDWAMY NAELLVLMEN 55

| | DKMNTQFE AVGREFNNLE RRI ENLNKKM EDGFLDVWMY NAELLVLMEN

Comié X st positi@KATSARrAV/GREFPOYiEOTRI SERKNPAA Xparpsifan343 is H

PRl e AL s Ebed) mpoh sl

VKNLYDKVRL QLRDNAKELG NGCFEFYHKC DNECMESVRN 55

EfQDuBEHDSN XK hhof! Kick&3i ANGEHEFGuKhe
Consensus ERTLDFHDSN VKNLYDKVRL CL RONAKFLG NGCF&F;@-K
DremssEgs Fequence fop HAsglh A/ApheiivaRSGHSE 13 AR Q AREY

U ELTUR AT 5 AR FIRIT S vo: 10

Gho8Sk it AKRBEEI S GVKLESI GT'Y Q LSI YSTVA SSLALAI WA
25 Consensus GIY#YPQYSE EARLKREEI S GVKLESI G Y

L IY TVA LALAI MVA 1 1
S S o : Gogsgg&s%_e“m% E@gg—@%ﬁtﬁ HIN1

veguenceglignpent an

10

15

20

25

30

35

40

45

ngﬁﬁﬁsus GLSLWMCSNG SLQCRI CI The consensus sequence
indicates in upper case letters am no acids common to

al |

one of |
synbol
one of

5%

t he

synbol

35 sequences at a designated position;
| BEQADsNDOndi cat e am no aci $squoaeon to
or a nmgjority of the sequences;
05_\A
%1 IERMVLISAE Wivks

Bex £21.1Ea B Wi.vdsp

t he synbol !
$ is any one of L or M theg,

1 VicvuRRnSENBRir ek TRBAQDILE
catcvRasitdTEOQvohQ¥ERNS/ @UyumQbILE

at

| ower
| east hal f,
is any

case

T, V ors4; wéktvipasai tusooxkdific icvnanmystaf Q@ TIMEXNY RyTHAQAILE
poshdenetis 1MBKIG.1aRY WHLVESDUKC OrGYRANMIIE] QOB REKNIh @VTHAQDILE
above-illustrated and descri bed alignnents and
consensus 3>3equences are non I|n1t|n

exa

| es of 1

00
vari ant &0 ﬁ‘gﬁ‘gﬂﬁg? RAVEFHE %&F gg}%@
TS e pAagAE tin i e
fefTééaéus PM E YIVEKAN
nuclei ¢ aci enco |ng an an1no aC|d sequence may be
easily 45 determ ned, as the codons for each am no 150
aci d ar eo krrawnrdyrct henpaEELKHPr DISRISHPEK I00I BHKSSWSD HEASSGVSSA

56 PUNDLCYPGD FNDYEELKHL LSRINHFEKI QIIPKSSWSS HEASLGVSSA

55 PANDLCYPGN FNDYEELKHL LSRINHFEKI QIIPKSSWSD HEASSGVSSA
Consensus PxNDLCYPGx FNDYEELKHL LSRINHFEKI QIIPKSSWSd HEASsGVSSA
151 200

10 CPYLGSPSFF RNVVWLIKKN STYPTIKKSY NNTNQEDLLV LWGIHHPNDA

56 CPYQGKSSFF RNVVWLIKKN STYPTIKRSY NNTNQEDLLV LWGIHHPNDA

55 CPYQGTPSFF RNVVWLIKKN NTYPTIKRSY NNTNQEDLLI LWGIHHSNDA
Consensus CPYQGxpSFF RNVVWLIKKN sTYPTIKrSY NNTNQEDLL! LWGIHHpNDA
201 250

10 AEQTRLYQONP TTYISIGTST LNQRLVPKIA TRSKVNGQSG RMEFFWTILK

56 AEQTKLYQONP TTYISVGTST LNQRLVPRIA TRSKVNGQSG RMEFFWTILK

55 AEQTKLYQNP TTYISVGTST LNQRLVPKIA TRSKVNGQSG RMDFFWTILK
Consensus AEQTKLYQNP TTYIS!GTST LNQRLVPkIA TRSKVNGQSG RM#FFWTILK
251 300

10 PNDAINFESN GNFIAPEYAY KIVKKGDSAI MKSELEYGNC NTKCQTPMGA

56 PNDAINFESN GNFIAPEYAY KIVKKGDSTI MKSELEYGNC NTKCQTPMGA

55 PNDAINFESN GNFIAPEYAY KIVKKGDSAI VKSEVEYGNC NTKCQTPIGA
Consensus PNDAINFESN GNFIAPEYAY KIVKKGDSaIl mKSE1EYGNC NTKCQTPmGA
301 350

10 INSSMPFHNI HPLTIGECPK YVKSNRLVLA TGLRNSPQRE SRRKKRGLFG

56 INSSMPFHNI HPLTIGECPK YVKSNRLVLA TGLRNSPQRE RRRKKRGLFG

55 INSSMPFHNI HPLTIGECPK YVKSNKLVLA TGLRNSPLRE RRRK.RGLFG
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am no acid sequence, therefore, teaches the degenerate
nucl ei ¢ acid sequences that encode it. The present

w0 pooenodson, t herefore, provides for a nucl ei c BCT/GA2008/001281

sequence -50 WD 2009/ 009876 PCT/ CA2008/ 001281

encodi ng the herra lutinin of those influenza strains
af@nsysty p ISR g%WH%@?%“”"(%fb“W%W”“ TRRKKRGLFG
Cal edoni a/ iéy 99 (HL N1)A/I ndoneS| a/ 5/ 2006 (H5N1),

400
A chi cke ngf@/ Gwﬁyh s@M b ARERBZA /188vrnkyNs
( H2N8) , A@I’A@? Egg%\y ABPKHBTOKA IDGVTNKVNS
A duck/ shanghatftde0 é\(nf@zf tA@IE0GSGY AADKESTQKA IDGVTNKVNS
Pidahaéd g X/ D282 BHI20GcMDGWYGY HHSNEQGSGY AADKESTQKA IDGVTNKVNS
Al Tur key/ Ontari o/ 6118/ 68( HBN4) ,
Al shovel er/401tan/ G54/ 03, A/ chi cken/ Ger many/ N 1949(H | 450
ON7) , Aﬁ@ucwowqﬁ:@ ENNLE RBJENLNKKM EDGFLDVWTY NAELLVLMEN
A duck/ Aﬁbe?ItDémmF?G LE RR ENLNKKM EDGFLDVWTY NAELLVLMEN
A Qul | / W yi REYIERSE) :‘g‘zﬁ RRIENLNKKM EDGFLDVWTY NAELLVLMEN
ARBFPHS/ PPV D637 : UCKTALST AP SN g RErLVErEN
(H15N8), A/ ack headed gul I / Sweden/ 5/ 99( HL6N3) , 500
B/ Lee/ 4Q4 R&%BMH&SMM@@L At gk EoRNger S¥vafc HXECMESTRN
(HINL), s@/ BrrtsbamssinSOkaR0xviiHoMNAKAY SalcoraryHks | IIBEISESVRN
3/ 2006 (sB1NRrLOFHYSRr VEanevEIO QPRNAKERB NBY FEFYHKC DNECMESVRN
Alddhseonsi NERETOROGE VHENRKYRIBLMEINAYEILG /NEEDHSTYARO NECMES | RN
B/ Fl ori da/ 4/ 2006, A/ Si ngapor e/ 1/ 57 (H2N2),

Al Anhui {Jklgl 2%1@5 tnan%%ﬁﬁ/%é)o4 AHS@ng
A Teal / n

(H7N7) , S’IG’?&? Q‘ﬁ@%?ﬁ@%%ﬁ
dec%%'é tse éﬁql}S s@@t&aQﬁM%YSWA SSLALAIMVA

hemaggl uti ni ns. 00184 Further an am no acid
sequence engnded by a nuckeic aC|d may be easily

det er m ned, cias.whteNcc edgorIOr codonss for each am no
aci d ar eeknenawMEBNSY BBQAICIof a nucl ei ¢ aci d,
t her ef or3e, ¢lEAYMESNGALARIA® aci d sequence encoded by

i tConFhrsus] nGeM MG EHETEFbre, provides for amino acid
sequences of the hemaggl utinin of those 20 influenza

UL 5,a0d, Subtynes discl oned, et 8.0 LSS . hEb 8388 o a

Nl@eﬁﬁéd&@@ﬂeasde@i’ ét%@ BsitibNdwer A€ Ritreisanditaw a@idaci@&S&mmon to
Al'herring gul 7/ 88 (1-12N8), A/ Texas/ 32/2003,

A avdgasehalf, oA mﬂi@@y of Nmmqwr@mﬁgmfmbor 1s20g@ne of Lor V; the

Q/Sg’?}{l{gzg fﬁ{? ﬁ‘“fa‘)}f@é{gﬁséﬁﬁgﬂﬁ Po% is any one of F or Y; the symbol # is

A syonelog N, I, @/EB b 03X aﬁ@osmon 102 is any of T, V or A; X t position 110
A chi cken/ Ger mag%/ N 1949( HI ON7) ,

A idaax PERJD 2 V: Seatapsiion, 156 Ay sy SaKo E-a/ 60/ 76( H
12N5), A/ Gul |/ Mar yl and/ 704/ 77( HL3N6) ,

A TR UL Ao

B/ deqaénts ax@/nibnhammag Iamaugplﬁﬁof Yerfuesrin bfinegg] Gt amino acid

H N1), A/ Brisbane/59/2007 (HINL Spl.onon | sl
(3/5285 lce3- i ray 86 Upg V§88¥‘ﬁ(ee“%'39‘22‘66‘?‘5 eﬁéﬁzyvenﬂon orthe
A WodeQidal VA PsaR8D14BN2) . B/ Mal aysi a/ 2506/ 2004,

[00183] A nucleic acid encoding an amino acid sequence may be easily
determined, as the codons for each amino acid are known in the art. Provision of an
amino acid sequence, therefore, teaches the degenerate nucleic acid sequences that

encode it. The present invention, therefore, provides for a nucleic acid sequence
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B/ Fl ori da/ 4/ 2006, A/ Si ngapore/1/57 (H2N2),
A/ Anhui / 1/ 2005 (H5N1), A/ Vietnam 1194/2004 (H5N1),

wo\oheabysHongKong/ WB12/ 97 (HEN1), A/ Equi ne/ Pr aptECAS008/001281

(H7N7), A/ HongKong/ 1073/99 (HON2)). -51 WD 2009/ 009876
PCT/ CA2008/ 001281 [00185] In plants, influenza VLPs
blmcclidmgrtheﬂsnpgahlnalnnﬁﬁmsanleﬂ @é@StT@Sa#ﬂﬂl subtypeggdigclosed herein

PR RS o PR A BRSO A e

t hﬁor[an@es MA/he iR Hull IDE /GG M8 i(FIZNBIR memszmomnor e than
one type or subty of influenza, conplexed w.th plant
/3300 Rk

dehimadlard/Mpy ele{Bhanghpidki2Q(, AdnqrihgrpiptadlfE% /828 189/02,

p%el%&r}tgrﬁg@ &?r-f‘;é &Pé\’%ﬂﬁaﬂ@ﬂ?@f se induced.

ph@/&l@i&ﬂéﬂ/@)ﬁhﬁh@VNﬂ%Q(PﬁDmmdeD&l@E amd/sb(mmamol am ne

n‘?sl) and al so contain %/écosphl ngo 5} ds 6Som ns,
du@ﬁwm&%wnma WY RO TG NG @ al 0

f Owaliﬁwﬁ;hg%/z@%/@ ﬁ?ﬂ%@gﬁfﬁm 143534 ss5, f&/‘ﬂpai?!g'h%ded

are enric In s and ste

a g(ﬂlVSxeédenm‘@gKHlBNB) OBL&MID S/Bdlﬁnﬂﬂ%bmg/ﬁ&Aﬁhmnﬂ@Rmo/S/%
|nclud|n stigmast erol , sitosterol

isDanehPI 2N EHY lésl?‘/é‘)éﬂm?wh’@fl%ﬁ’/&o%? (BIND),
20% %&g%tﬁgﬁl pl(gnmg Rﬁvlsé&lsﬂ% 2005 (H3N2), B/Malaysia/2506/2004,

glycosp n bind to ecul
e xpviFaar idadt/P06rARSia g apmine/ I ASTh{(HENC & IA/Anhumﬂﬁ@Qﬁ (H5N1),

GBS R

| AR gldsd (101, AMGHKAABAOTSNOHONDY] ds Wl as the

cules are struc sim ar to maj or
hi @gematpaeqtmnbctsttyatcemmeehe (ilhn’{@)hemgghlutlm of class |
and their role is to present glycollpld antigens to

N l's tural Kil.ler . activatig
NepoTEh o ¢ RieRan SinSed shienEe enep P o Rt g may be
Cedasiy ﬁ&@nﬁﬁﬁ@&j rals theCcddBh lof cadds s @adCdrhiviaabid adéliRdivin Provision

i mune cells |ike the anti body-producing B cells and

T- ofad nugleio mlpoqusﬁ]re,/\eafshﬁs &t ymigp ashkﬁte@sqnée enepdedPy e The
f ollfllgg tiorﬁ glgpefgr o%gpf 3hino &H& seq%@ﬁ&es oﬁ fhe e dtggfgxﬁghl of those

pendi hg' on thé speti eSS TG ot

n Uﬁnﬂh@ﬂﬁa stl’ﬁﬁ@ Qbd Eﬁﬁypv’s dlib@tdﬁ@cgﬂéi‘eﬁltthbsa d1§dlbsl@ﬁ&eﬁl {ecav A/New
tors. i tosteral

ab@ﬁé‘éﬁﬁl 35196 600 Y W idopesab oM éHgmx es’é@féa?l%ﬂnéme YuH{1995,
| ,lo.g{;erd}gf %lﬂugrgé%ﬁﬁs%( bméﬂ‘é n%?/ﬁ)z(fb It ZEVIN{%/OO,

as an rane derived enve ope
maxx/duck/Shaieghhad i /2600, demhﬂrﬂg&malmmilwoz,onposi tion.

A Websanod BeS G S DR,
pl ﬁ%ﬁ?ck@ﬁ/@éhﬂﬂx?y/ﬂﬁ@4¢ﬁ-@lOb?ﬂVR}dﬁ9@Engﬁﬁdﬁ56dyﬂ &,

stronger inmune reaction than VLPs made ih ot hér
exN@skAAdhergt/@/%ﬁﬂmhfﬁd Ayl arylandl 784/ K10H1 36} nmrune

F AN RRA ARG A3, WS ustralia341/83 (H15NS), A/black-headed
gull/Sweden/5/99(H16N3), B/Lee/40, C/Johannesburg/66, A/PuertoRico/8/34

(H1IN1), A/Brisbane/59/2007 (HIN1), A/Solomon Islands 3/2006 (HIN1),
A/Brisbane 10/2007 (H3N2), A/Wisconsin/67/2005 (H3N2), B/Malaysia/2506/2004,
B/Florida/4/2006, A/Singapore/1/57 (H2N2), A/Anhui/1/2005 (H5N1),
A/Vietnam/1194/2004 (H5N1), A/Teal/HongKong/W312/97 (H6N1),

A/Equine/Prague/56 (H7N7), A/HongKong/1073/99 (H9N2)).
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30 attenuated whol e virus vaccines. -52 WD 2009/ 009876
PCT/ CA2008/ 001281 [00189] Therefore, in sone

wepdvomosent s, the invention provides for a VLPPCT/CA2008/001281

conpl exed wth a plant-derived lipid bilayer. In sone
enbodi nents the plant-derived |ipid bilayer may
c cﬁﬁ@lr85$ e t hdneiant, u]:fhxeota YhBs wdiromobqgka}mw memprane (see

duc ce an .
piEanois. dpndigind 1] GFicRte R FEp BRI GREBM aiisss e
alo'ii%np e VEPs fn‘bﬁué’ed\ﬂeE’oxﬁﬁ@% Itigd %ﬁsdﬂﬁmv@ﬁt‘t’dﬂ@nﬁﬂrﬁe 1HA of one or
specific N-glycans. [00191] Furthernore, nodification

ofmade ghapcme type cgﬂ sahtype ok inflvends, ceraplerest with planpervgd gipids.
6 t
o et eGP RDELES B bbb ing FSGOgone

CQARiced! PHinBmeRBtdnes dreqhadmﬁmlp&tsl ﬂibsFi@atﬁl@rldlehﬁb (F®rand
exanpl e with reduced fucosyl ated osyl at ed

bc;ﬂlhsphaudﬂgt,hamlemnm{é‘li) »apd @ksylcatl@ul glb(P‘@P?@ﬁﬂ]épl%yaM@mS and
HA DAY f
oSl AlIOGBRA AR SR ST embrancs

f UB&S \rhidtddemains k& chtd nsphiigolipidh and el daplamss a variety of
i ncreased gal atosyl ati on. Furthernore, nDduIatlon of

pabytostereln sTeioiNEP ORgi IFidinesHgmapsiolSUaneIoh,
i gﬁu BHOIQ&?IIOFUCO% es J)la(M&%?aaneil af Spalyy, 15 1 n a

C|ono ion and xylosylation of the
expressed HA when conpared to a mnld type pl ant
e{poEsdi ng HAC ahdPESR|wdlbas gyasphiegoligidcdani tindiwt CID b nimdecules

consi dered limting, the synthesis of HA havin
oI RBEIAR rBR £33 SHO A B8 PRSI INg Y (APC) like
n s ?A&Hﬁ@&ﬁls"bﬁd o éa%gés%ﬁ oftfer 'cEliseiha%Hm%lBDS‘tgi Mjhpldeytes in the

eot| de sequence encodi ng beta
1. thglahadehgdrl(TansMeeré) ((Galii)oleclutns am(simgngallybzumllnmo major

I ted t . GalT
f'rf{s“ﬂpcfﬂma‘s’@a Lourels (RICLpelewe Edastm MR A Esenm
dosTRédlipRf arfefebis (BVK®IERs QeathirdBR 1k T RNET &Uls&r@wat(dn &KT cells
t he cytpopl asmc tail, transnenbrane domain, stem

r exstivaty imfateNnzmene dells sedsasiVih gells andrdendritie eclis@nd aiso apigvate

CriSORE Sy 1 ik Moo SBERn R SRR i o

be co-expressed along with a nucl eoti de sequence

enootg7g N aﬁ%ﬁé@dﬂ?ﬁﬁaﬂkﬂﬂd inapde famdse alpldsma membrane — the
(GT-L1T), for exa e but not limted to mamal.i.an
Gropefific complegiegh rr@rvam depersime P fherspericy EHRYthsgpditiens, nutrient

b RE58 o B o B R g Y S s
mayiostlabondadt pisyosterdad [ 00193] Therefore the present
i nvention also includes VLP s conprising HA having

m)[%bﬁéﬁd N gJ1"1¥ecf)3hny%(')sterols present in an influenza VLP complexed with a lipid
bilayer, such as an plasma-membrane derived envelope may provide for an
advantageous vaccine composition. Without wishing to be bound by theory, plant-
made VLPs complexed with a lipid bilayer, such as a plasma-membrane derived
envelope, may induce a stronger immune reaction than VLPs made in other
expression systems, and may be similar to the immune reaction induced by live or

attenuated whole virus vaccines.
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-53 WO 2009/ 009876 PCT/ CA2008/ 001281 [00194] Wt hout
w shing to be bound by theory, the presence of plant

wOoRooghywsans on HA may stinulate the i mmune responéea2ivy/001281

pronoting the binding of HA Dby antigen presenting
cells. Stimulation of the imune response using_ pl ant
N[@ny%ahn haihelbé@n 1prsoxposmbobynesm the-ippnsioppparddastfons VLP

899 st Yo BRI GBry LBLARETH) e Bl A terved
alﬁ?l(ﬂﬂ RgBcRay Bénp @wmy&mekqfef&@ie VLPVLP when comol exed

h a pl ant derl ved lipid |ayer. [00195] By

“regul atory region" "regul atory el ement” éﬁ{ormter
i {0§190heant Tha Vidt prioducegfwithie pplast a@wand%.ae gompgiging plant-

D Qb R vcal0> ThABMRE s W R BG piR el for 4 98 Rlising HA

conpri se
Ohavifig bl e@ifﬁ:bl%lf&lbﬁs Wien a regul atory region is

active, anﬂ in operatlve associatlon or operatlvely
linked, wth a gene of |nterest |s ma res It

X918k on gﬂﬂhﬁ@‘ﬁ%ﬁ%"% 1cationef @}sg yean n Rants L m (see for
ele?ﬁﬁ y6d?§44:@91a b'{h?choifs i Rhtbd Herd e%?@xﬁef hfd X having
or " Con l I ng 'devel opnental” or ten‘p gene

a@ﬁod\tf&ﬁd Nrglyo%n§ nmgl]nleqi‘(o:duyed eﬁAmanprmuiglﬁ:iaedlﬁed gbtcesylatlon

el emen;fr% core

P PBDelor sEimRle By 0 ik FHP e RHOREsed 8 bty s opated and
ﬁrg(gl ?ﬁ%dt R- r%?cer Rl obBdihdbHUEA ﬁvﬁ%@dffﬁatglycosylanon

e pro aCtivity such as negative regul atory
elpenantrmyjre dbtaned: mihetdio thel preteiveladesifgcos ylaReg.n yaesytagion, or both,

n", .as.used ere al s cl udes_ el nts t hat
[ 80 by dtiron ayetorpafiet FistepHOR; pRoSRim fLacte
I eQHYIAE oY nRIETRNbLSs, FdiakaMPRUINREJHIOA Of RF i §aleao§e%by result
as translational and transcriptional enhancers,
t maa s¢dactiomaf fuansylatmrv@d rylosyletien obibe expriessed §tA when compared
tre n1act tin nces, and nMRNA |nstab|I|ty
d ?3 %ﬂ?gan %? ‘these latter el enents may be
| ocated proximal to the coding region. [00196] In the

cqoo®ry of tl:hiréxﬁh?lej Whidh s ndt hlebé esm¥idefedidithiaing the synthesis of

el enment™" or c? atory region" typ |caIIy referstoa

s difybavieg gmagified glyeeyyldiion @a&terﬂé@ayma&b@ve Dpse-cERfR§sing the
ne,

WP eSO AbREW R ABLREIA Sl dp LR AEN?. . o1

b)&.@atattoéylmgnﬁhmsa €Gai@nifor exandpbe, bRNAot pimhijedeo asenmalian GalT, or

and/ or r factors required for transcr tio 0 .
sthé‘Frtan %B}XFY‘?r (3 rogn gothossqipes may flso bRl e catalyic
ﬁf epéalfmﬁsy a&@s& B¢ FRLE tdﬁag@l“g QoARHERCEE cydogfaeﬁ&dtau

n i ntrons, sequence nmay al So
c anm:smbmbtant domlam stegmegio'nbuf Nfacety};ghwsammybtfrar&famm (BNT1), to

BT b P P o8 byfid FimegRasiee sarpressed
qumasmeqmﬁmsd bEAS EXprixsedilohg mﬁtaQ{@Iebﬁd@gﬁilﬂé&e

initiation at a partlcul ar site is af)
eleageding Nvsstylglbeesaminylaasnferasgld Hr (o B plos mr@ple but not limited

eltg 'ﬁ?a%rﬁalfa%%rﬁ i élfla‘Gpﬁ‘XHI &n gofgfﬁél)ﬁ (EhdfﬂlsISur%Es mg}9 Lllgo be

%r h
sequence conpri se adenosine
used. Addltlonally a GNT1-GnT-III hybrid enzyme, comprising the CTS of GNT1

fused to GnT-III may also be used .

[00193] Therefore the present invention also includes VLP’s comprising HA
having modified N-glycans.
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-54 WD 2009/ 009876 PCT/ CA2008/ 001281 nucl eoti de base
pairs usual ly situated approxi mately 25 base pairs

wapevoemns of a transcriptional start site. A PCDOARM®B/001281

el enent conprises a basal pronoter el enent,
resq%?nsr ble for the initiation of transcri ptr on,

A ot nheVitheytvishBigyo b bawnd &y theery, hesqres@n%mmgnt N-
f 7
B SRR B LT, OSHE F ppgor 1a
t hiay aretigen ptmemirrg:n‘eﬁsrt Stitnylatieq f dieethmine despobdetusitig plant N glycan
ul at ory re ion that is

debas %%ﬁgrq X §3{!rr13feelaup4§r &b #4003)-sFyhermore, the conformation
d' o (RE S0P Iﬁ%y B ?(I{qvi%ﬁl&gg&scfgr e ?)?é%@ntgpa?{)f tht Snti Sg%%nﬁcpénhance the

is activate ertaln organs or tissue
or ghuvaat effgne of VIL® whememmpdexeid mgtlt dplaniedeeived tipidtla .
that organ or tissue. However, sone regulatory regions

el tall | at o
or P70 o B oY vl PGl gsrmromper it s meant
t i $pat&6n 8f nidGe Ia&ldqyaeargl BRI taﬁrl/ay§t1ﬂﬁﬁ'§aT t&hg% piBiin coding

al so be active in a developnental’ly regu manner

orrealonavf I@g@m, whictemay he com'nensadrcg“amheldem QrsRl‘éA o icth PNA and
P‘I o eu!) rn;;lasoftssues

regu at orf‘?@& LY TegIPN ISACHNE-@nd 11, OPEIIIVE, a{smc@xon or operatively

I igikedf Witly alpek SMinterd€|thid aniyh@sdﬁﬁﬁ'eﬁpﬁ%ﬁ&?&?ﬂhe @Héjoft iRrest. A
cruci ferin pronoter 15 (Rask et al. lg

PHgsHlatory elsmentnay beoapablel of dragiating oagan spmﬁzuty, RIr anmroumg

orselbgmend o dribba) BohTA IR ot Rab sy BRSSH Hnus promoter

I belﬁhexﬁEQof@rN@o?&)elen&é‘ﬁtﬂexhﬂﬁuﬁg §bas\é'h% ©khotd activity, elements that
|ncorporated herei n by reference 0198] An

i e Eldyrible Bgeatpenss i ansgicspal |S§m<‘}hlé anna@ntrs ﬁla@: a}@éblrt’eprofnoter
0By YudasBReh N E ALY AhENELE AhAERRSR] bHan 0]

i rftRegelatory reditie’, abs&dderaiﬁ atso 1hﬂddb$&ilerﬁéiﬁs Hb¥are active following
enes will not be transcribed. Typically

¢ HESFTERE oD o SX0Bplet Tegwlakrk glsmepischatingadulaje genezxpression such as
' rt%@lagbﬁal ah& Hh&t gﬁ&le{l SHhANReds trAfaki lgﬁr& E@géc?]ﬁggﬁél on

may be present in an inactive form
direpresdoys, apstiaadi aativating eqnereet, add hﬂ{NAenaﬂiﬂmyeiefdﬁmﬁﬁdhys

t i nducer. Howevyer, 25t rotein factor may al so
b easegﬂft?lerﬂéttrrr%?mers ety Bé‘P tedpEosimal tode Aeding Fagions
a protein, netabolite, growth regul ator, herbicide or

pPHeoDIE]|C CONMAGKKELMREXt df tlﬁb&ﬁél@id?&'tﬁ@lenﬁt"F&%Faténg%?ﬁéi’xt" or
directly by heat, cold, salt, or toxic elenent

| n arwé%@uyyeglﬁn U@Ilﬁaillﬁ ecfarsttp erseqienee pEPNAg esuatly, blitseaslevays,
t cell .containi
u Cl ﬁb]:lj gb ?a&g?‘& BG P%en&n#a%%@f%%a% e’%}“?tbg%trr(’ls the
| rt:dpmsloii)y)f thBQo&mgeégialh by pasvididg ﬂﬂt bdRnitAUFBERNIACp 1 Pierase
cell ?nt such, as by sprayin wat ering, heating

orand{oROfHEF Tagineh Eaireq FRr ks lion et of @/p@n@#emxe rHarWever it

o 5 T L, B0 Ty JRTRT B o
sequence may also contribute to the regulation of expression of a codmg reglon of
interest. An example of a regulatory element that provides for the recognition for
RNA polymerase or other transcriptional factors to ensure initiation at a particular site
is a promoter element. Most, but not all, eukaryotic promoter elements contain a

TATA box, a conserved nucleic acid sequence comprised of adenosine and thymidine
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-55 WO 2009/ 009876 PCT/ CA2008/ 001281 352-358; which
is incorporated by reference). Exanples, of potenti al

WO pabaoddsre pronoters include, but not |imtedP€DCA2008/001281

tetracycline-induci ble pronoter (Gatz, C.,1997, Ann.
Rev. Plant Physiol. Plant Mol. Biol. 48, 89 108; which
i su¢lpotidegmsapaits tmyally sﬂ@t@irﬂpeyoxug@t@lyo%cbasg geics wpsiream of a
pr.onot e

5 3gr Rbiabd R < BBl Rl By p el Plogsgpectemen.

etr&gﬁﬁ’élblb skusé RligatiinasTatakcripbidh! frwell & dther regul&bry elements (as
Pl ant Journal 16, 127-132; Caddick, MX., et

allisted @BoveNishay modifisi gsne express®n. 177- 180, whi ch are
i ncorporated by reference) cytokinin inducible |IB6

ST 91 AR et 9 A oo vt v
198%clofmaémilderegdthtedd BidubiBle; orwbhsthutivee A l’ﬂgﬁltan@nyaégidn that is

reference) and 10 the aUX|n i nduci bl e el ement,

( @pn%gmentaﬂy regplaggd, or quperpls the diiteraial e@re%@@yf f@?&e under its
t?ol' & acﬁ&zﬁ&?%tﬁfnte&ng% Jré&@ro? ﬁy)es of 2 %%% ecific times

constitutrve regu I on rects t expressi on

ofduting emaievélbpmugmfuhattdn@mmmsm Hawdver,cbma rﬂglﬂatbr}aneglons
cont| nuous|y thr ugho ?t%(gl ant devel rrent | es.

oft %WVE@BETFP ¥ TR maatp&f?egﬁl%l a¢etive, 8‘1‘ certain organs
t.
GEERREft FRciiR YRR RN bl ey Y alg B bR P
aakevelofmédhliyrpgetatel maﬂrﬁﬂb,r aPh haﬂal estlli m oﬁler bﬂgﬁﬁs odGSpes within
actin 2 (An et_al
e Bl arelE Exdaivlor o (pectperdierrabBR SE BES i By see-
r %f)@&ﬁ@ﬁ ?égul@&@ rE%bﬁ Siﬁaheé %%ﬁl éﬁ@ﬁ@feﬁsa%d Ind é&{cféﬁm promoter

Pl ant Physi ol enes
mistk Qlkai qlags, h Rﬂargé’rhefSl(deﬁia e‘}% -¥9; Bulodqagg:g al 994t Plant Cell 14:

11270 57 gangsimplE of 3 vt pdcipt Do R i PR promorer
29FigRfe/ THEOSEQ QDCN(DQS? ;1109aq08,978 anisicits 6@ bolatidtHeadih B9
factor 4A gene (Mandel et al, 1995 Pl ant . Biol.
29efegmse) 004) . The term " constitutive" as used herein

does not necessarily indicate that a gene under

ST  OF BB PRl AR ey o

t hadirdchlg agiviging Sra@xqpipeiss efl ohdoramutedBN ASeq@dnges @fgened in response
types even though variation |r91]ét$bundance is often

oiQ @ yasycer dn Sarpgbsesice b g maduceicthe DN/ Rerenges or gengsapidl not be
t

; QBiscrlRal Tyblcalty Bl FRERHARGEF hal B SERAPafly B an inducible

i mtgulatoty egionao achnraee:lrhqscrlpmon mely beptekgnt tirparc mactyvenﬁorm, which
an i.ntended functio as nedi.ati.on or . no
ofis tha ﬁiére%tfbb?relg ety C?ﬂ&erfeﬁ%tg fheactyn fgm ytbe ale‘f
| 1Ak BfbIER UBRGRSy AT8Y be ARENtE XERhGucer S Hee IR 8k ¥uch as a
proteins that interact with the operatively |inke

s qgolieine e@tabpb@z ewviiriegudnier, berbiridecortphgnolineonmoshéot # de

se ue.n 0 res \Y/ r.essed in
VSRR $3F iRPSRE Qirett Vel o B, PRGN ot

n liﬁJil@eQili)rdlﬁough the action of a pathogen or disease agent such as a virus. A plant

n
owever,

cell containing an inducible regulatory region may be exposed to an inducer by
externally applying the inducer to the cell or plant such as by spraying, watering,
heating or similar methods. Inducible regulatory elements may be derived from either

plant or non-plant genes (e.g. Gatz, C. and Lenk, I.R.P., 1998, Trends Plant Sci. 3,
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-56 WD 2009/ 009876 PCT/ CA2008/ 001281 sequence, or
constructs, or vectors of the present invention.

wEx@aphess of suitable hosts include, but are POI/CA2008/001281

limted to, agricultural crops including alfalfa,

canol a, Brassica spp., nmize, N cotiana %p

2l B2 38; vﬁnclatsoncqpcprg@d@y reference)atExamipiss, 0 s;tﬂ}@éahmdumble
wheat, barle nfl.o ton;.and

{usmaRTRe e SR PO oy Rl PR eI b Biend Py 1997,
t %@'R%Seplhnﬂ PI4&1Y1.I FBant M@ln Bﬁdl“tﬂ'l @0-108"Which&s ﬁhcarporated by
untransl ated region. A 3' unt r ansl at ed region ref

t gefercace), pt@rctld inlugibleprgaeter 4 Hap#MSi T gné Cha &b'g,rlr%?ﬂ Plant 1.2,

t 2%{17[ @9 W L _15 Hgﬁ og%%gg%’ ;'e%ﬂ]gg&f) %Jé% ?ﬁhnolagwx p%xﬂ&@r (Salter,

Y TMC@S %t 5191998, Ml@ JoOBHAres $2D132; ﬂ’hﬁdml Malle BY/alAvB8 Nature
g%p b|s usual |y characterized by effecti the 10
tec

nl6ofl 7 rd BYaleigly prednerperated dywsterece takinigjdusible IB6
thﬁdrﬁéﬁi@ LES gﬁrﬁx‘i’s ePQ' %ﬁ%ﬁﬁé@ik%ﬁ ﬁgﬁdo %PI@ 1009-1019;

conmo SEogni zed' resénceé o t he

C KMo, Tf,a199% ESC1MEAM B2- %St thyfhrcv ﬂfcbqioranm;bﬁreéerence) and
not uncomon or more of th e c ri enetic

c dhe pyxia dadusible Héﬂlﬁ%?&?t (Ulmoeats Lot é‘ari98ﬁs‘gal?tr¢ﬁlh%el963-l971;
f transl ation or

t :J\gfrlfg@?sl IB &@ nrggér é&ggs may be required. These 15

enhancer reglons are well known to persons skilled in

t HO0899], an dAccanstimnt\feudgllaﬂoey refiNG directsitht expressimdad agede

adj acept sequences. initi t| on _codon, nust bhe.in
pHaEehou e Yt dags Hfga PRgAD &anﬁ@ue@&bwggf;@a Rl e

t ode%@ﬁ) pfent. " ap?éé SHknBlvnlcOfstRiVe BoulaRAHEBRRAts LMrommers

tlng ex | es of suitable 3™ redgions are the
3 assmcaatsémtbehb CzM\hEﬁS trmnsptaf@@llrfégl o8 5¢ atuag, 131 Ag81W-812),

Do R | AhrR RRE o et BB U ST R ean e at. 1996

SYPEaBﬂﬁ e1d: N@# 12¢N %} 19 d (0128142898M8FhiH ¢ indsrpbiieed herein by
soybean storage protein genes, the small subunit

of
thr@fqrelmqb @séiuoseplgosph@tpnﬁ@mﬁé (arabply I 4 Plant Physiol. 106: 459-
h e 10 I%lexgecs:ot-hgfxéalze ceﬁl‘“‘%q ege\qe é:]% elt 10%@9 ’é’?ﬂ?ﬂ’[ol Biol. 29: 637-

eren gen e pronD

r 6946) ahk ﬂgamu@yﬁvqumnﬂ 1ex0 6%&ﬁéﬂﬁloiﬂérﬂd?‘ﬁ@&9%ld’l£ﬂtwol Biol.
1993; which is incorporated_ herein by reference),

ex2H§Bé-64p). and Hiedebasey SinpHatinrehisitétiondagieth »g%%f‘o(deeéet al,
: Og%)g Aﬁ%ﬁsﬁigf; BEL. %92 3bﬁ GODRL THE RmP b Htute" a§ ﬁée%fn%ﬂéiﬁhoes not

SCri erel’n, pronoters conmp
enfesarilysiadicate ces avg'ehh undte romnsdl roﬁtl&nboaﬁtﬁmuvemgylatmy region is

| eaf expression, have en f oun effective in .30
{ 1 SYPETSHH atdhe samacieye 1 m iR biPe %mﬁweb&@@eﬁ%l%awaseﬁyn a wide
t hﬁﬁgé’ of Al FFAELA t}RJugH Rafi&tRATh ab&Hahad RofteR 'oﬁmds of

tosynthetic gene by attachnent to the nucl ear

matri x may -57
[00200] By "operatively linked" it is meant that the particular sequences, for

example a regulatory element and a coding region of interest, interact either directly
or indirectly to carry out an intended function, such as mediation or modulation of
gene expression. The interaction of operatively linked sequences may, for example,

be mediated by proteins that interact with the operatively linked sequences.

[00201] The one or more than one nucleotide sequence of the present invention

may be expressed in any suitable plant host that is transformed by the nucleotide
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WO 2009/ 009876 PCT/ CA2008/ 001281 nedi ate strong
expression. For exanple up to -784 fromthe

wao ea@nsimré on start site of the pea plastocyanpCir/gan®s/001281

may be used nediate strong reporter gene expression.
[00205] To aid in identification of transfornmed plant

C SPQUENCE, 198 CORSHBICISyOR eCtrs oithe ProseridRYGnyAN ggaAnKes of suitable
fyrthe ' ihfted f3C i

ok e b -2 hG b &bt hoos HRERAE ARG, canola,

t IBussidasppd endigy, Niesiaat apys. calfabfac petatoc ginsersgyipén, ast, rieg) soybean,
anti biotic for_exanple, gentanycin, hygronycin,

k vk, drrey, sunfley e eqtippand thglikes  phosphi not hryci n,

gl yphosate, chlorosulfuron, and the like. Simlarly,

e pr i di . -t . . .
OISt e BRI oA RonAgABIAHE resent invention
( ah furthew compriseladedntranslated megien.c Aric entransidtedigegion refers to that
| uci ferase or GFP,, may used. #19 [ 00206] Als% lation sienal
c RIOSQREResRs compFising 2 DNAseampyhalconiais Aplyqdgnylation signa
ol . L - .

GRLR RISl SPRMEoF T PHINA D ERUAE}

r egpressian.i Mhe phlyhdenylation sighalosupladlytchamtieszed by effenting the

TG b 5B AT P AT BRPOR A
C Q‘Hl?ﬂd@n?llﬁﬁ&?ﬁgﬁélﬁ ard@BfHnfonty Fé&ogfgz&f‘lﬁ)i e ‘fﬁéllsgﬁce OMMBRMlogy to the

sel ectable markers are used to facilitate
i cranonitaldatm ShANT AAARX falthough ysiriatienscase net uncamenagia| Presor more

for shoot formatiqn ca e __encouraged by .enmpl i

t B R BRRE gpirt R eBNT e areft SRS cotvai it Rltner
K n@Wincefe eliRd Sraaflatidh6r 4Reiftidn eARSARYY, 86lmh§ be 8&fuiired. These
medi um for regeneration of plants. The plants may

t reshangst gegienstase wekl Xppwa ko paspansiskilled inytheertapndepn include the
el A’E&riniftira&gﬁ ?r&’c%%sanﬁ radti%%xﬁ g%?u\éaﬁgeest ﬁe‘é@ti@%&?@&ﬁh'x@%& be in phase

techniques. ransgeni can genera

Wi WHtiotHe redfing!fraimg of tesdodingukiuenes to ¢f30R0vansiAtiew of the entire
considered part of this invention are transgenic
plS&AYHEICCL r ees, yeast, bacteria, fungi, insect and
animal cells containing the chinmeric gene construct

. i ng el 6 . : o . _
CAPLER, 1, POHSh i, 8018 S, SR SRk i
I moartranshatedXdgjod 20B3inifigen podyadenylation spwatehtigrapiicteniem tumor

present jnvention may al.so be conbined w codi.n

P agpereT ARmaleetey tek BE sotig svne ANSa AR gR plant
hoghes QlcHa8 IR ybEAL stéthge %@%ﬁﬁg&&s}tﬁc i ShTRIf R ibulose-1,
or transient expression. Such “organisns include, but
arebisphosphate catpox assl @sRIBIKIDHUHd 62 628, whighds meorporated

s TPe 8 B B B Vel 8Bl Beorssion
sqpReafand 0ra 1993 &hicl i adofporited Bér@in ByorieBirénceli Afi@Rgmple of a
and Arabi dopsis. -58 WD 2009/ 009876 PCT/ CA2008/ 001281

[ aElggoqyapitipaeter &y deserltddn USihd 2 5P At wibeh isdngprporated herein by
r elg{eé?g{cgj ion of these organisns

[00204] As described herein, promoters comprising enhancer sequences with
demonstrated efficiency in leaf expression, have been found to be effective in
transient expression. Without wishing to be bound by theory, attachment of upstream

regulatory elements of a photosynthetic gene by attachment to the nuclear matrix may
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are established in the art and known to one of skil
in the art. The nethod of obtaining transforned and
wo egenessat ed pl ants is not critical to the preRenCA2008/001281
invention. [00210] By "transformation” it is neant
the stable interspecific transfer of 5 genetic
i rhegiatasirong ¢ipuessont iFoeexample Hp & -8R drom therigansipden &tart site of

SSRDUBY b, BHEREE. 8L e RE sl copppon.

chimeric construct to a host may be heritabl e and the

t rjeoxdxr of Teadtih identificdtivatof dransfomnad piemtexéllsttm)tcmstmcrts of this
the transfer may be transient and the transfer

gdnantion mayrksy #ﬂb?fdﬁamﬁmﬁ'ﬁfl to Hichide piant sclectaple mzlieﬂ Hyeful

t r&%le‘éﬁ [0 mBk8Rtn Hﬁ(‘l %irzyg]le& that ro%‘o%%r A0 alBd & dh%1cals such as
deri ve froma ant tter may conprise

€ Minl afnabwnarfbr, extairfpid) gcntamlybm hygromyyinf kamatoyoin, bhlmrb:mfdes such as

Further | apt matter ris cellula pl ant
Ci elvpbars ch r%u fon, e%dq%ls Rt SIMHarty, PREYGHes
t
FE}* ?ﬂg 7 lor ool RHATRMBSS CAul AFREONuch s GUS
cabkta; glmmmméasea or lugninescende;, auxth, as duciferase wb IGFR;, imay bt hised.
t hereof, fromplant |eaves, stens, fruit, roots or a

[ nation er eof. ant tte conpri se

B ' porEisonviased pathaf B iRuentiB are Gahetit plotsetant cell
t oor%@é’ds o%h&‘&ﬁﬁ%iﬂ%g:hﬁh@rﬂzs genelRYBMRIct of the 'p?es@ﬁt%ﬁ’ventlon Methods of
cont enpl at ed at the plant material may subj ect ed
t (Iegmwamllg whade pleaisitpns plapscadls aﬁ:ealsmbxcpwemdhﬁ aryr Imganeral,

or BefeR PR Sl ol e Rl o b gy Bntain

KN@yativé h3nts JubR aghitibittids Uithétd selbethble @harkdrfniealed @ facilitate
chr omat ogr aphy, el ect rophor esis and the like. [00212]

Byldcrnélqaéemrpf mrqufmedml@é eells. pcejcallpssfopmg shogfl farmation can be
matt er X

e nﬁgurgged)b)éer% %&gllgeth% ?pp% ea&% {an%c[r[‘drgl)g:é]ss ﬁ%g?«frﬁérﬁeywnh known
puintthbédaridahy siedots @ardfeivd té mmngtmedmmfgxeﬂagmrauon of plants. The

fractlon of plant honogenate or. the |like 25 (i,
m a%may thenoReeused & estaeh renetigye g@I}egzmomMnhgryfrom seeds or using

aﬁ@e g{%h%%zitﬁmqgé Ill1 ur& t ?ng (fj;#]lﬁty 951{ A% 9(1: ?é]'ferated without

ures reby cr conpos|
ccm@ﬁxrg msngcﬂﬁiredol e plant conponents, and insoluble
pl ant conmponents which may be separated for exanple,

bu limted to, cent ugation, filtrat.iop or
o@?@@t. on {\ﬁeweaslde & parg ff @lsrlgl&%m@n arg nseRRic plants, trees,

aSt Bkt IRk IH&C%J Af8hl d18toPRGR BE chiffic@ene construct
ot er tissues O could be readily obtained using

v acmprisorg ceudeic acidahcahng recoinbmantdd A ks Yd& prodiatiobein

extracted u ressure by passage through rollers or
grzf ﬁaﬁdﬁﬁceﬁy“ﬁﬁ&ﬁf’ﬁ?& P eeze or liberate the

protein free fromw thin the extracel |l ul ar space.

M j002®8] pr oC ahsiréihilatoy%1sMetOOOthe PRSI invention may also be
PCT/ CA2008/ 001281 coul d al so_involve pr egar ation of

cr¢prebinsd wih cedigg region, o igtepsshfasicxpressipm wathinseiapge of host

organisms that are amenable to transformation, or transient expression. Such
organisms include, but are not limited to plants, both monocots and dicots, for
example but not limited to corn, cereal plants, wheat, barley, oat, Nicotiana spp,

Brassica spp, soybean, bean, pea, alfalfa, potato, tomato, ginseng, and Arabidopsis.
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preparati ons woul d have negligi ble contam nation from
secondary plant products. Further, m nimal processing

woreop2i0ee80d ve aqueous extraction of sol ubl e proP@i/aAL08MM01281

| eaves, followed by precipitation with any suitable
salt. O her nethods naﬁ include 5 large scale .
nd0e20 i on Methpds fos sehlertepasiognation, andieagenesatind of thesejpgganisms

direc 0 . r

i 7% R i lﬁﬁﬁ%ﬂ&ftﬁ%%ﬁ?&(%@gr t°a+ e O%Jsgllnslgglge %‘a?ﬁ %ee&gglgﬁ of
deJptaifin trahfoAnéd i derefeneldi@l pladdts mAlctidtal Mdhelyresent 1nvent10n
adm ni stered as part of a dietary supplenent, along

with other foods, or encapsulated. Th pJ ant fter

{11020 may TR rinsiosmation cb i Msanh they B giesREC e transfer of

i BERERLOaRLR el e QhquBRRY el BaRRGjct gkliocbiealy,

aSphI‘eﬁ@ypllt:eldiy of KR TAe 1Ebem17pblﬁs tahsfer ofideneti¢ inforntasiog étom a
anismthat the VLPs of the pre nvention
%ga'?ﬁ?w%wgdo B §oF BN RRherele 76 granplerpt %@@%H*Oﬂnaﬂon

paergﬁf s{aBR 65the tiihétd mayﬁa ﬁ%nsfiék}}’é'{and meqwsf& ¥f géﬂeaé
geese, poultr hi cken, sw ne,
equfanmatldsmrssmx inhartable. cani ne, dogs, feline, cat S,
ti ger, | eopard civet, mnk, stone nmarten, ferrets,
et est ock,, rab S, .mce, rats i nea
PRE®! by HEIRRS orah R L 5% e 5P o
L 31 aat Pl%t&ﬁﬁ‘ﬂt&'?ﬁaﬁ&nﬁi&@ﬁﬁ'eﬁﬁﬂé plBaisEe B, of Qn}bﬁactlon thereof.
considered Iimti'ng to the applications and uses of
t Haurghen pbant mamemay @nmptlsromnrgc}ellmar iptant eeTnpenshist exiraceldular plant
| ant co rotegin of internest
x‘% gFIH Q}L héloeég%tg oﬁ%la{ltﬁ,eorparcolr%bl%atiop%?{?éf? gé.l{ther plant
MBjathes n@@ﬂﬁis@ pBhtd, Pladit cMbiiRGE, aQiquicédrict, OF §@binbiNation
in a variety of ways dependlng upon the need and the
si thergof, Giom Flgnt lé?(‘éﬂﬁfpfit@ns,tfﬂ)ét It @i capbingticarthereof. Plant matter
Obﬁlg rg rfl reoa%lgﬁ ﬁﬂ)tn tﬁg%otbﬁucﬁﬁ tb%gn BIH Qed tBrath
usey er-a cr artra IJ d

f O;Erm:eskihg tsh:ps Hb%ed:rnlt I1§al§<§)cdiﬁexﬁplaﬁeﬂ Itl%ﬂ the plat rnzttelﬁmynay be

be roduced in either _edible or non-edible plants. 25
Jesterdp aninimal precessing weRs 3 defined blow o Mprs rigopqys processing,

t Y

tﬁﬁfﬂﬁéﬁgﬁ*g}@? R R R o TR R, foRbnly

primowr withiaehk ag inclaling buamitimhitedey chnpssgraphye elettoophoresis

graze on, the plant wwth no prior harvest taking

pladdhe Jike.i s a1 so considered within the scope of this

invention for the harvested plant tissues to be

PrevefRd as By hROgrms URMIREEMNocHs B 1t idhiel®!p 15& %uei ffor

the pl ant tlssue is 30 being feed to an anlna Wi t

| i ¢exalpleya phastt of petties rthqmccefccemlnglg|atprot9nmfeﬁ@rqsewhmh as partially

b ousitBeas vt LSRR sBBathats G5l 8 SibhHofiogerile dine tike

Pogle: fnframany Fﬂicb@s@dd Rigt€ patifiesintgay EHEseBY idBot limited to
involved in limtin expression of transgenes in

pl diprugting plantesllulas ﬁ@%‘"é}l’@ﬁ thereby cEeanEa<OBIOpition cpBAESiAg soluble

plant components, and insoluble plant components which may be separated for

example, but not limited to, by centrifugation, filtration or a combination thereof. In
this regard, proteins secreted within the extracellular space of leaf or other tissues
could be readily obtained using vacuum or centrifugal extraction, or tissues could be
extracted under pressure by passage through rollers or grinding or the like to squeeze

or liberate the protein free from within the extracellular space. Minimal processing
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fromthe potato virus Y (HcPro) may be used to
counteract the specific degradation of transgene

WOrBRINO®0983r | gneti et al., 1998). Alternate suppPEFEAR®S/001281

of silencing are well 5 known in the art and may be
used as described herein (Chiba et al., 2006, Virol ogy
3l dzalsatinvelvie piepagation@d cpisie grsacth et wilyblp proteine swge these

for exanpl e not limted. t . - -
(PoRAERRR Tt b Pl EBdhnagor B g g produces
TRUFRe®, rhimshM prédadsihg Wiaky isvdlVEMepdsxtracigsoftbofibdd protein from

of Tomato crinkle virus (TCV -CP), 2b of Cucunber
nieaves cfollpwed by eragipiigiion §ith agy spigablg salty Qther ;ethods may include

e S S S S R

Vdxttass. (BScV -pl6), p23 of Citrus tristexa virus

(CTV-p23), p24 of Grapevine leafroll- associated

virus-2, (G.RaV-2 p24),. pl O of pevi ne, virus A,

(60A1H10), ‘Phuplant megerpiahe, for; of magsyial pr assue ppy bgrorally
l.at-ent wi.r o . i G

CEIREISTn ST The iy P B0 b pBnirCHc@ls pArFEE A Bietary

Ssuppleasengralaig with ether fogds, foo endapsidatadpThe plant maidr or tissue may

b S g S Bt ASE oo
¥ - ; - V-pl6 or
MR, nfloits oPBtbrmal MR A ciphenl B foauitd: P Dol

aci d sequence encoding the protein of interest to
f0O2her ensBxanplegbf 4 subgdot onfargep prganism thatotie MLiPsof the present

wthin a plant, 20.[00217], Eurt herno .VLPs,.may be .
bRy, B i e bbb fe TR fimicdis, oo, Guimaes,
FRikdsS AR fewl, Wi Batd¥a pir€ Rkl SRicRNR e, pbRltg, dhidienOfeinERheep,
fromthe subt¥§2ﬁ, lrmfﬁﬂl—j& IEM%IE—EIS pI—|6,I(§)I—|7, Hg, I—|191 P
Hiquinesthorse epmel i¢agine Hlogs, figline, cpipatiger deopard.gitsitamkosione

t hereof. Sel.ecti f th ' i,on..of . .
Bt b SRS Bl R Qb P r Gfer rodent,
Pécanavitt didane like Shdh tafpet orgXfisink Greexemplirfient afe @h to be

use in inoculating birds may conprise any conbi nation
ofonsjdlesaddimisiag to (i applicatiogs andsuses pf thePressBiciny etiong

humans may conpri se subtypes one or nore than one of

S s Hly . r .

SHRBYBES ot i Eomifiplalda AR Lom IR ulehrb i dfteret, or
oéxpréssinglthe VILP congeisirtgahe prtkin of MitdPest aaryphel aglinrigistered to a
conbi nati ons of HA subtypes, .the desired HA subtype
HPIe5b OL 81 SRIESgl o VHSTY 05ty S TeRiGE o themst nd the
EXAMRLE. RoPdARipl& Bhd protefil of it e2 P 8H1ARBS fOm the plant may be
PCT/ CAZ008/ 001281 [00218] Furthermore, VLPs produded
asxtrretedrpirive o hensw in eitberrrotrude pprtiallg purified, arpniiiedtorm. If the

A R .

TF_&{&I@é;r{@bﬁe, ift the pRot€if @brail P u@miriQereli thé PR (i93Gé HA§ Dedarvested
sul tabl e vector
and directly feed to the subject, or the harvested tissue may be dried prior to feeding,

or an animal may be permitted to graze on the plant with no prior harvest taking
place. It is also considered within the scope of this invention for the harvested plant
tissues to be provided as a food supplement within animal feed. If the plant tissue is
being feed to an animal with little or not further processing it is preferred that the

plant tissue being administered is edible.
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5 conprising the chimeric construct suitable for use
wWth either stable or transient expression systens.

wabh@ogesses i c i nformati on may be al so provi ded RET/ARN08/001281

one or nore than one construct. For exanple, a
nucl eoti de sequence encoding a protein of interes
ndQOBS1i nt r RhseEanscripdonal gwku@ng (%Héﬁ)améiéb%molved in limiting
nucl eqt.i 0 [
oSSy SRR T PREC U BoRL Rt o Ul e

l i thbqﬁiﬂatd Fir0g Yo HoPp®)mad yebecused tcr cminterﬂ'dn elsespecific degradation of
nucl eoti de_sequences, may then be co- expressed wthin

a tpngeRne ERINAY £BriZacticeliabt FHS)- AbApRIesARressoRt Rl sugneipg are well
S t t d
; ﬁ%’ldg'?lg eﬂfﬁﬂit ’BE%QQP%&*‘E f}:gfg&g Ea'rte?f Ch%pa?%?is 20'1% Virology
t IB6p-04; ezvlﬁch)fs ihcdrporated h&mjn by sefereace) sfed exdniple butsnol diswted to,
the nucl eot i de sequence woul d _conprise a fir
el Tohy ek v g drd. B W9 g efTopmato bushy
engaflhvids gfﬁs@ ﬁ)%f' gt% ﬂo[&&b??&m% RriAkleWstuX (’rCVk ED).1 % of
a pronote egul org region, nd a second
s duobntber MosIc vaus) gJMVSZh)opﬁﬁ asfthtan viras XdP¥eGp2Fcpl 1 of Potato

SP\%&%:I\& t R’{eﬂglo);g f)]?ghf}tgtgtvirﬂ'é glr(éggsp Ltlsrgp lglé%ﬁ Iel‘?lrtyls(c)(r)]rch virus,

S QRUEHCS %18? eg At devet {risﬂé&%%ﬁl@ '((glc; V eﬁ éﬁﬁ o Grapevme leafroll-

regul at ory” regi on.
measdcidtédhvirgsad, (GrMRaMaZ 924)1 ahO bf/\ﬁrapnvnnb ot Ae(G‘Qe plO) pl4 of

C HOSAPAR ik B G RO D Qe dugorm (HENTRAD. & p16 of

HOwaYie Comrfom 18veRd ﬁﬁfs'(@@L&f—ﬁ vONBret&ieda SiPfprddsor of silencing, for
expressed at exactly the Same tine. Rather, the two

orexampée, huchas dimited tgéd@ltncBEVaph(H@meBé(é\&pilh TBSV pl19, TCV-

e e Az L R PSRBTl RS PR 2 s

gl GBVSM@HIMRM GOEVRII6IRIGV Afp10NingY B to-@RrefiRd along with the
expressed either 25 before or during the period when

t heickioaad seqyen¢arnepdiag thespretept efsigiegest to fupther ensure high levels of
f osyl ation of the protein of
ﬂﬂg&esﬁ%gﬁﬁx%wmﬁggthﬁﬁe two or nore than two
nucleotlde sequences can be co-expressed using a
t r@o2iAnt expurdksmor, VEPS ey bewhedueed tiat tovapiise adntbination of
se uences are introduced within the plant at about the
subtyReu s eXamRlg: Vibh glawafnpblé% AReIgnRidRan eddA from the

exs%?ﬁé%ﬁ B 18 flﬁt Sehb{ J? @ilfo?H'ﬂPﬂ{f‘i‘wa H14, H15, H16,

conprising one o e nuc eotl sequences,
exmnpdomtnmmoa&hmeofc Seleeniondf thg combimation ef HAshady be determmed by

|f|es t.he C l.at i on fil rote
e puden e Gt ESR %?Fsl?rsmfg%? i LB e @pleft Gecine for
| Nyed nﬂrﬁk{lﬁtl Bit&d ma ﬁﬂ: Qiohib‘i}[h@ibn of BAWbtypes, while VLPs
2009/ 009876 / CA20 8 1281 qyence encodi nNg t he

presedil forgho¢ulatingduimang mawmomp@as tymae ose qumoctethan one of

enc h t hat Iatlo

SPHIRR ", RIS Reblapls TR FhSRpe AhHEORH ALl o8
vvl ﬁtﬁ?ﬁe@d@iﬁﬁdfn@dlpbh ﬂiﬁlﬁe ofl tHel V\IgP alrﬁ&ﬂbﬂt@(i)rﬁdu’él & 1Hs comprising
devel opment, or its ressi on. may be induced using

ancqrmmu%,tmp of HA)WWS t ddesingd %wﬁtmmay Beererressed within
the same cell, for example a plant cell.
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5 encoding the protein of interest may be expressed
under simlar conditions and in the sanme tissue, to

wep®anesthat t he nucl eoti de sequences are co- eRQT/E€A3WE/001281

[ 002211 The constructs of the present i nvention can be
introduced into plant cells usin pl asm ds, Ri
pl0Q2h81ds, meﬂtermprq,: YLPspresfused e @@mbq_t}l\b@rem do not comprise

transfor | m cro-i.nj ect el eGLy A

AT GIERE PRBYHEELG A BN e DrEShd FRRES g vigs

V%ﬂ@@ﬁgﬁéﬂﬁﬁg&d%@k%@m@g&mwthhods for Plant Mol ecul ar

Bi ol ogy, Acadeny Press, New York VIII, pp. 421-463
19883 Gei erson and Corey, Plant Ml ecul ar Biql 09

2EP0RHI] ( 198@31ereﬁm the Riesenh énviepiéon fupthaiardes? suigh CQERIOT

Tra n§ 1smﬂqe 'Fu n?i‘é} c COBB{{EE fsﬁgbtble %‘?B%bﬁf léqlffr%?abgad?r tFhsient

AghehreRdon\We stk s, ll“ﬁél geriie infofmaticandaybe @lpo phovided #éithin one or

(199 Clher met hods i nclude 15 direct DNA upt ake,

t ﬁ@rm%nén BRe FANSHYGNEET CXATRRIErLBISIaRlide fequeRee Qe a%ﬁg @ protein of
“ﬁﬁc\!l\}gst SnEzfﬁeQH cod ilTbitd &) &%Id%ec&ﬂd:ﬁl&i’é ?M@ clduefi&

vacuum | n tratl on. See,

exooding, a Iﬂb{e&n@at mbdﬁies gKyGes;éatilﬁij tiproRiDof ih@9ds} may be
Scheid et al G% et. 228: 104-112, 1991
GIRsogHeeddising a semaaqﬁong&l%n esguclegiide seguencgi iy then be co-

T
Bt T S o
akncofd By tmnlm ﬂleaﬁ&mnlcﬁﬁﬁt,erel%ﬂ)the plotein thag tncxdifies (eBriosylatéon

227:...12 1231, 1985 k t
pﬁ%ﬁlwﬁ‘gﬁ pEpfeinHh An“?r@%t m%pgé Wt Jiis ¢ Bleapcleotide
Ng’éqgeiﬂéea&o@ﬂ Qbﬁ?ﬁsé Mbisp %E&%p%i@%@hnuc?&@ acid sequence

emc Press thods 'in Pl an

l\/blh@duigahe Bra¢in g’f/ 1r(t@c$tujpenatlaciu linked torsspriomotat ©r regulatory region,
Academ c Press nonossof
VARG S§genh Seqi‘ﬁgc%%’é“%‘kfg’g 32%5’6%“‘% ““%’“éa“ é?q“eRﬁesenCE i the
4 pRAtein AR modif3Ghd cosg'ﬁﬁﬁoﬁ ?I&Qe 6Pthe prbtein dTahtefdst, the second
appl i cation Ser. filed Moy 10, 1995,
aRIUe ¢ Er At vely lfnkleé(qo SPIPMatey orTeUatoNyAeRiogf whi ch ar e
hereby incorporated by reference). [002221 Transi ent
e I on te b r
IRZBOEc T 85 CPraotRed 8 R Bar8) 3ol tfan twp. nucleotide
L ecuiencs atd exp2&0et] athbuiittht sarfie Mne otithin thielpldi, ddtwidds the same
105: 343-348; which is |ncorporated her ei n_ by
r Bpie b dheplanyy Hapyeyer. tha Ruclegtidg seqyemces gg@hnqtrbs §Epiepied at
e d HESS/, :

R Raffey, RGP oS @i eGheres g SRfressed n
natrﬂmﬂer suel thao diel.ajleode‘dprodlﬁiﬁs N@eﬁ@ﬁﬁﬂ@&@ @meract. For example the

limted t

PCT/ 008/ 00128 but are _not
mBfHgg t % gim?lg{rg At Be PIQIF'8 of iptetestmay laf:nexpressed either

hgueYess d&tdg&ne SRSV R theBEAAH Df IRYredtiS xREssbP §5lthas
not ed above. h either m%fo- i nocul ation or

Agfrqghfuqatlpn of taheu gbyposyiamlxo e pufteingf otierestdakea place The two or
" IR b R e loncl o e ol 580 it £ ppiont expression
| SMMEH, wh&E ithdd two or more sequences are introduced within the plant at about the
same time under conditions that both sequences are expressed. Alternatively, a
platform plant comprising one of the nucleotide sequences, for example the sequence
encoding the protein that modifies the glycosylation profile of the protein of interest,

may be transformed, either transiently or in a stable manner, with an additional
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5 portion of the plant (including stem |eaves and
flower), other portion of the plant (stem root,

wo baweeds7e or t he whole plant. After crossing tPEr/CA2008/001281

epiderms the Agrobacteriuminfect and transfer t-DNA
copies into the cells. The t-DNA is episonmally
transcri bed and the nRNA transl ated, |eading to the
Prsegutgice encdding the ﬁrdtélﬁbf imerest. |Im tias est, the séqubsatedoding the
celI's, however, assage of t-DNA inside_the
n @Pigtsthatimodigies rh&rgémmlatlmw@a ofjthe progeip gF Inicsest geay be
t t
q{éﬁ%?e% &{mlh% (%lgfr?ge&c ﬁ%ﬂg ﬁﬁ% 4 d@glfeﬁl%gﬁe ol?ﬂEvélﬂpmnerb,y or its

Udep@asﬁlbﬂ n@tﬁédddtafed ﬁlb@g fah ésdieiblé proatotérpmd theladditional sequence

toxicity may be reduced thr oughout t hg pl a{it by .. . )

seqnﬁeqlme éheypre%'m elogiergst 3% be gEpessed yadersigiaroadigens and in the

st age

afeliueild e Anitint bRp S e e E%@F?ﬂﬁ%?@d

per| od of expression resulting fromtransient

ex[po2zHi on e consuluateof the pefsémanvenhion cax bfdimiodgced into plant

t oxi c ,ro in t | ant Anlnduc:|ble ro er, a .

oS uBBR T Bl Bhpermids 1o Vil Feupscdifect DR fapsgfrmation,

MR 6 ng(?&ﬁi)nt e& é)%ﬁfdo‘ﬂeé% F]Qll FeQfelvs OF B @SR ERqURE s&hfe‘)r example

sequenc I nter he reconbi nant HA V
of Weissbgohand W elsshradnw«modsafnr Blanubetecidmr Biologn JAmdcmy) Rress,

velsey SR VIlop o PTG PR ab GRUBT B Mytdcufi ioton

t h?d edni 98t mt M aﬁ@fi eﬁuﬂﬂlﬁﬁ@ﬂﬁﬁrdf Gebe 14k iR®lants. In Plant
known to a person of In the art t he vaccl ne may

beMdmbebxne,cha@chuDi%tD@né, BH Fwpin, DIhbefebrve, PRilayaely é@ds)

B L gt IS5 0E P Sop B
Sadngdct D@@hﬁt@ke thd 03 FMpeichds, elB@fdp@katloﬁl fo9 ¢ Rdmple Bsing

Chiron, Roc Medl mmune, d axoSm thKline, Novartis
Sapretaplastse igre-injsetian sicropreigcsilasios whiskets: ardayasupmdntilyation.

| I§ee (Ir eggégie Elar%%{ 5le§}enter1%0ViZP732ﬁ (algpg EE c?@ttatl (alvéol. Gen.

|nveh I on mXxed wth a st van

vvocle@btbnskmomn Q99m3 Gmferdhklet hl (HlaﬁtiSeleabé 52: 111 116, 1987),
Furt hernore, the VI i n_a _vacci

conpusues il S SpalCatet oot By SRS R ret BN 327: 70-73
f
1953*7‘)‘e 'I_;I%r (d Iré&eat '@a&%c% e20:@l g&gf P lj)?,elgér@&l?é@al 3§c1@ﬁée' W 1229-

er nore accor
pr ezsaanwssf)mamm etaly Phent Bbydiolngyl9 i 694- 'MlPi;989c)1 Mletheds for Plant

noMtkenfir bf@é&? (e R tbagh Ae Db S S RLadE N Press Inc., 1988),
PQUG40 %P%ﬁ%i‘ecufa@ﬁ?@@éy @éﬁﬁl‘éf‘ %@Zlehﬁkﬁ(l RS S RBAdemic Press

i nvention provides a method for inducing Imunity to
i niicud A3, Liu arsl Lomeressash(i NirahMeth, 185:343-3¢8,2962,), U.S. Pat. Nos.

or gani ring.an ef d
o P9 AR PRk P 260 878 5 ot SPmEie B e Ron Bifaam oo,
vaﬁreu MEayTRY, 1095 ashdioTiost erisdfiled Bep 25, 1997, adL6MRhicl are hereby
intranasally, intr amuscul ar | Y,
incorporated by reference).
[00222] Transient expression methods may be used to express the constructs of
the present invention (see Liu and Lomonossoff, 2002, Journal of Virological
Methods, 105:343-348; which is incorporated herein by reference). Alternatively, a

vacuum-based transient expression method, as described by Kapila et al. 1997

(incorporated herein by reference) may be used. These methods may include, for
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5 intraperitoneally, intravenously, or subcutaneously.
[ 00227] Adm nistration of VLPs produced according to

W b®opowsent invention is described in Exanpl BCBCA2008/001281

Adm nstration of plant-nmade H5 VLP resulted in a
significantly higher response when conpared to o
adwamiply battdro notdimisesd ok mend(of degrofmagylasion 1 Ageminfiltration,

21B). 10 [[00228]. As shown in.Figures 26 6 .
< et i Rt e Py L B o el e Wi either Agro-
PrifydulR ntr QS0 Mift@6én, Afnixeurd of AgtdbREEAa \bbinprising the desired

i nfluenza A/ Turkey/582/06 (HS5NL; "Turkey HS5NL"). )
Adnicleicaqidententhe finteicgblasspacesslg|tissue, farespmplerihe jeanepe acrial

di d_not }e I : '
Syt of 5 Blay it BT 1B PRRR T ot BENER i plan
Tygtenly rddeNlower) fur lthd whols iplint. fA fesk Rtoskidg $hel Epiddrmioitiy

mass, and several subject died. [00229] These data, .

t Hegrabesiteriun inferi ond sippsterab N eapiesriniadne eellsy Ehe LDWAPIs

cQ - | I :

RS TD ebel oRE TRAARNA Birlaled, Radleth B e AR of he
Styratefifof iarRekst binfectedusts,ilveeper theplassageraf/t- DA fnsidentlee nucleus
pl.ant _plasnma nmenbrane. 20 [00230] Therefore, the
prig&@ntieitnyent i on provi des a composition conprising an
ef fective dose of a VLP conprising an influenza virus

ein, e ..
Eﬁg?%%é Ut Clg F}Feyﬂig(l:égggfg g%c{ﬂl@ﬁ‘ce m&tefgs@é_}rﬁohés% I?jrod@& theis directly

e carrier. e 1 nfluenza
viarusdit¢atly poxat & the piant, ikerty wsmipihe sneahidsl GFOBG presers anvention, such

provided i§ a methaod of inducin [ ni to an :

P iPHiotn e, e phont T FLATE iy PEIGEV ol e e fig dhe nucleotide
CORXRhdrRE BYirtete A 8 UBSitedTistitEortt b Wesitddkseag @t lant 8evelopment.
conprising an influenza virus HA protein, one or nore

t hlaradditionptha himitedpedod ahexpresstoarasudtang fremitrapsient expression may

acceptaple..carrier. The virus |ike .partjcle,my,Db
SRR e Pt el peoieied Y SargAS) P blafl e autble promoter,
I g fidB@SpddifYs prokidkdradis&dlispkific ipRIThGBE Eﬂzﬁyﬂﬁﬂﬁkd 16 selectively

i ntravenously, or subcutaneously. [00231] Conpositions

actimctexgesiwnf thosequenesofinieiests of the invention may
30 conprise VLPs of two or nore influenza strains or

2295 . % B R AEAEA e PR B AIRH P e

ei @hjunctiom eith ERistihg Mftuensd vaRtings, a6 ssppdérgie she vilaeines, render them
strains_or _subtypes represented nmay be of a single
suBespsdfigacioys, aid toppdyre thsradministrpfitydosaggs neggpsys. As would be

c j [ : LAl

oA st YRR oGk A R BB e
hethen ond mflgenzd/ Vil Eahmgdles ofdiddbRSvabeifittlinclude, but are not limited to

NL1) A/ | ndonesj a/ 5/ 2. H5 A chic .New..Yqr k/ 1995,
A 4?8?‘3’ qmner@@ﬁyp@?%%&g@%ﬁ@@ﬁ&m ﬁ%@f‘%f@o&pal’ gmovac,
A Rk 2 RGN R aune, GlaxoSmithKline, Novartis, Sanofi- Aventis, Serono,

Shire Pharmaceuticals and the like.

[00225] If desired, the VLPs of the present invention may be admixed with a
suitable adjuvant as would be known to one of skill in the art. Furthermore, the VLP
may be used in a vaccine composition comprising an effective dose of the VLP for the
treatment of a target organism, as defined above. Furthermore, the VLP produced
according to the present invention may be combined with VLPs obtained using

different influenza proteins, for example, neuraminidase (NA).
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Al duck/ Shanghai /1 /2000, A/ northern
pintail/TX/ 828189/ 02, A/ Turkey/ Ontario/ 6118/ 68(H8N4),

wov@bowsier / | ran/ G4/ 03, A/ chi cken/ Ger many/ N PAR¢Atads/001281

ON7), A/ duck/England/56(H 11 N6), 10
A duck/ Al bert a/ 60/ 76(H 12N5),
A/[00226] Mar y | Bhegeforathe cpqggtNeyentlon provides a method for 1nducmg

T e

B/ aklﬁﬁ‘ﬁlé@rm effaiiivedos 6f HacciveRuiptisin ©aé 8f dvbre than one VLP.
(HIN1), i sbane/ 59/ 2007 (HLN1), A/ Solonon | sl ands

3/’12@0@cq1mm be adygpipterednsal g@ Wranasally, intramuscularly,

AL S Rl g 2 500 00 1

A/AnhU| / | /2005 (H5NL1), AV Vietnanf 1194/ 2004 (H5NL),

A [@emﬂ] Ho n g Kadgind\B#ibA 6f VPN pyoducd &quidiey forthe preb&f invention is
(H7N7), A/ HongKong/ 1073/ 99 (HON2)). [00232] The ChOI ce
ofdeé@ih?ﬁﬁ%ﬁxélﬁpl&ff’g sz%ﬁlra}rﬁga%mboféﬁmtwé@ Pﬁi L

t r&? 1ﬁ<§1%ﬂg/%?%#ef ﬁé(esﬂé’r{s%@vl%ﬁl cbﬂl‘f)al%ﬁl?df) Q&Bﬁnétfalﬁg*l ¥f E(ﬁuﬁ@ HA (see

proximty o ani mal speci es
td31g111’es1ﬂ1aAapd>QMB}1t| on to be immnized (e.g. species of
waterfow , agricultural aninmals such as sw ne, etc)

et 5 LATbEH o8 SRS ST e

d rAfIﬁddNethSVOSSH?Wﬂ%%r&Jld&i drddssrotefion manasgeqnﬁh fffluenza
these factors. Exanples of conbinations used in past

ye'h,ﬂ‘slrlmyéSZéﬁﬁa(iHﬁ{il ETakey HINI"). Administration of Indonesm HS5 VLPs

\M}gﬁl rgtc r / dl ?és:u flglle{g{] ﬁ)gé éﬁg{ yg{ﬁwée weggr n sul%ect not

e rﬁ?l‘nﬁﬁﬁ@récf‘HSVEP@ Qb tideh &USw BN PWkey SN 1N eRMiBREd significant loss
conbi nations, in 't he EA@OdUCtI on of a vacci ne

c o¥fihody mass anfl geerd|subisetediedhr t i cul arly, exenpl ary

conmbi nations may include VLPs from two or nore

S5, W SR ey P s v

A B Bapahs S5 dhAgEhdiihib) vital kotsth intkice 30 immune response specific
A Bri sbane/ 10/ 2007 gl—ISNZ an Al Brjsbane/ 10/ 2007
( Horpythpgapic ipflugaza strame; dnid; that vanus e pafticlgy may bud from a plant

B/ 06-1i ke virus. -66 WO 2009/ 009876
Pé%%%g@ﬁé%‘ 281 [00234] Anot her exenplary

conbi nation may include VLPs fromtwo or nore strains
or[OQﬁIﬁ]y peS ’Elmdrefotae thef present ingenframgroridepa canpgition comprising an

donea? 2\%8% an_ Al ndg{hﬁl& al 5/ 2 -like virus, h
sta FOMBRSIAG P BY NENGA1194) BIR!gipyQne o ore than
Vi c§rié5pla1ﬁ‘/hﬁm1 dhd 34 Q&Tna%&lt&/aﬂ? Qé’de/p{ab%ah‘lé?e T itffuenza virus HA
Al goose/ Gui yang/ 337/ 2006, A/ goose/ Gui yang/ 337/ 2006 -

| i heeteunt may be H%ﬂﬁd@ﬂ@l@/m i Al3¢ py@ledas a method of 1nduc1ng
A ehi cken/ Sha :’]/élt%!l %Q%Gmkécﬁgnv r u%‘]&c%mfﬁg’rrlethma Lo rising

exenp'Ilaryy &On fon hay 1 nc
administering the virus like particle comprlslng an influenza virus HA protein, one or

more than one plant lipid, and a pharmaceutically acceptable carrier. The virus like
particle may be administered to a subject orally, intradermally, intranasally,

intramusclarly, intraperitoneally, intravenously, or subcutaneously.

[00231] Compositions according to various embodiments of the invention may

comprise VLPs of two or more influenza strains or subtypes. “Two or more” refers to
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Al Chi cken/Italy/ 13474/ 99 (H7 type) or
A/ Chi cken/ British Colunbia/04 (H/N3) strains of

w0 njobressze. 10 [ 00236] Anot her exenpl ary combi P@EL/Can08/001281

may i nclude VLPs of A/ Chi cken/ HongKong/ G3/ 97 or

Al HongKong/ 1073/99. Anot her exenplary caonbination
nﬁw:%m ? , Ryepsixg sevan ot niine.| L9 of fRRlF Siraigder subkiesehe

SRTPLRE X STGAR TRV EORE T g i g
c CIIﬁN 1)s er MapPbe afcobiliation né subtypes ZExemplaugatibigpe and strains 1nclude,
exenpl ary_ 15 conbj natj on t he

B;IW& pEsyagt ipptsd 69.2beng dw@)@?@%w&gvn@;glz 33182% r%séle%oma/20f99
B
BN IAR R 8 0 RRRLNRES Y2395 e

PuullfDEM77/38 (BIQMS) pMIiekaséﬁﬂ/M(BsAﬁnhiMd}’WBBwOC onbi ned.

Al t er nat el y VLPs be. co d in the sane

ho‘%/ld“de&l E%O()a Aﬁ?‘gﬂ{e 1%§’§3ﬁ§§9/ combi ned or
ﬂgy@&ah@/mﬁs@ﬁm)r@kh&e 1dfifanfiSBS ¢ about

eqw val ent

rati os, or nmay be conbined 1n such a
naMchrcktrH@bnm/NﬂBﬂ?@ﬁ 0N7),s$/dacldEngia1mi/56(éﬁ 11NGe,

T Bt A eraled b on D AR BRE g AN, o

COWélﬁa'rJ}’g} gb&%mﬁ A}chrAum?zﬂﬁa/ﬁlm (251 5NB); SAA)Bia\éﬁ%aded
25 [00239] VLPs of envel oped viruses generally acquire

t i'gulVS\ec:dca!%ﬁ?ﬂﬁh‘lﬁkim t%ee/ﬁ@rﬁﬁdnen@hel;gﬂiﬁ,l d/PinaroRito/8/34

TRy AR SR ARET IR T, BrspiiEloFlt 5008 B BEY"

| NX@BsbaiRd B/2007S(H3P; SA)Wisbéﬁém/W/Q@US‘ (FEhe2) HB/NYAI s 105 (85/2004,

administered to animals in Sresence or absence of

arB/EblqruiaéMiOO%MSmB@OFﬁﬂ(l/S(/ NH%@ |Aft\inhai 1/8003 &Nt i on

P e A AN I T et s S

Wmemammmmmm07mﬁ$HQNmnst rate a
S I

ignificant HAlI, indicative of syst em c I mune
response to administration of the anti
FUPPEEImor e, Theehoigstaf sompination %&tr%msmm Xubiyes mepgepend on the

o1 ShoplzPhRLled b A5 AEGE ARGV S pPERREE A AARA ARk Rl o
[ mmmall spasieewollimanpapuddtion e be numnhizedi(e.g. sﬁecTa;hife;vaﬁerfowl
Se ence Eescr ption for sequence identjfiers.

]lﬁ‘érﬁ imals SpEh Y RN Fiiaad esiains theeargh ﬁﬁerFéPOE}qﬂ to or
f reg,g T{EEISI 15 be ¥k Sose@ i’ pfédﬁ&foﬂ% Bﬁzllntlj’é@m% IS B Rhin SLBYP& Ritrains, or

codi ng sequence Figure
combmatlons of these factors. Examples of combinations used in past years are

available (see URL: who.int/csr/dieease/influenza/vaccine recommendationsl/en) .
Some or all of these strains may be employed in the combinations shown, or in other

combinations, in the production of a vaccine composition.

[00233] More particularly, exemplary combinations may include VLPs from
two or more strains or subtypes selected from the group comprising:
A/Brisbane/59/2007 (H1N1), an A/Brisbane/59/2007 (H1N1)-like virus,
A/Brisbane/10/2007 (H3N2), an A/Brisbane/10/2007 (H3N2)-like virus,
B/Florida/4/2006 or an B/Florida/4/2006-like virus.
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4 primer Plato-443c Figure 7a 5 prinmer
SpHA(I nd) - Pl asto.r Figure 7b 6 priner

we@snesEpHA(I nd) . ¢ Figure 7c 7 primer HA(I ndbeBas2008/001281

Figure 7d 8 Sequence of the alfalfa
pl ast ocyani n-based Figure 1 expression cassette used
fi90234le expAssbenexenfplady combimatipe piay decledegVibRs FronAwRe more

Fi 8 Cal i.a/20/.99) 10 HAS.pepti se

N S R e o o SR s S R
SNAhdGRsiE5/2005LING HRE{URNEBtnaILINE/ 2004 ACANGKRRMNEY4/2004-like
York/ 1995) 12 Influenza A Subtype H2 codi ng sequence

Figuss &/Aahui/1(08, e A Anbhigi03-Hiloey s AdgoseiSiuiyang/53 7/2006,

I pf 1 uenza. A codin eque Fi 10b
(NepdSG T Brg a0, ks PN ACHOLERT Gl 00, 5P
S arer/Shhimin®0b8dike(vivugal | ar d/ MV 33/ 00 15

IWuenzg A Subt ype I?l(5 codi ng sequence Fi)gure 10d

(A/ duck/ Shanhai / 1/ 2000) 16 | nfluenza A Subtype H6
cl§23Y sequlnebersigmplary gambmatipp map dpglude VLPs of

g P B T AR R bR TS
18rdimd dfusfizenze Subt ype H9 codi ng sequence Figure | Oy

(A shovel er/Iran/ G4/ 03) 19 Influenza A Subtype H10
codi.ng sequence Figure 10h

(RPER?lc ken/ GaptherG¥erRpPiay sompBAtion may serlyd YLBRoR A

A BB T P B AIRT 0 A ¥ g

segplEngtenRngy canfiije VILRY ausiSokiner iskhé03/26064 Arfiier exemplary
combination may comprise VLPs of A/Brisbane/10/2007. Another exemplary
combination may comprise VLPs of A/Wisconsin/67/2005. Another exemplary
combination may comprise VLPs of the B/Malaysia/2506/2004, B/Florida/4/2006 or
B/Brisbane/3/2007 strains or subtypes.

[00237] The two or more VLPs may be expressed individually, and the purified
or semi-purified VLPs subsequently combined. Alternately, the VLPs may be co-
expressed in the same host, for example a plant. The VLPs may be combined or
produced in a desired ratio, for example about equivalent ratios, or may be combined
in such a manner that one subtype or strain comprises the majority of the VLPs in the

composition.

[00238] Therefore, the invention provides for compositions comprising VLPs

of two or more strains or subtypes.

[00239] VLPs of enveloped viruses generally acquire their envelope from the
membrane they bud through. Plant plasma membranes have a phytosterol
complement that may have immunostimulatory effects. To investigate this
possibility, plant-made H5 VLPs were administered to animals in the presence or
absence of an adjuvant, and the HAI (hemagglutination inhibition antibody response)

determined (Figures 22A, 22B). In the absence of an added adjuvant plant-made H5
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Sequence Description In Disclosure 22 Influenza A
wEhpas7d¢Hl3 codi ng sequence Figure |0k PCT/CA2008/001281

(AN @l l/Maryl and/ 704/ 77( HL3N6) 23 Influenza A Subtype

H14 codi ng sequence Figure 101 .
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(BB TS whfith RO Ut Kb prfhcct v
Figduiigistefd in ¢HY %k&%ﬁk oNgReR® of uljul aneeesintilab Biglire @83)) )

26 I nfluenza B codi ng sequence Figure 100

(Bl Lee/ 40) 27 Influenza C HA codi ng_ sequence Figure

1 Gksble Thsts peavsaess preyidsh inyariegynginkadimepisof thedayfnbinte
Figure 5¢ 29 Primer Xmal- Plas.c Figure 10g 30

gg%ﬁé?i@%ureﬁggggggt@gogg? %%E#‘ﬁ?grl&%%%gl mFe):r asTer.r

Figure 10t 33 A/ New Cal edonia/20/99 (H1 N 1) Figure
16—GenBank—Accession—No—AY2809020 34-M—Sativg
d LD Ne 5[, Bequence Dﬁ?ﬁﬂm Figure 17 (‘-an;ﬂblsc‘osure
Adcessi on NoN termingdH BGagmemyer t oRi co/ 8/ 34 | Figra $a
Higure 18 (EnBamhkalAicfsgnemt No. NC 002016. Figse b one
7174 DNA frpoRSodinklsequen&ac! Figure 28  conpiguse 69
Alastocyan Nyfi@eHPRIC443c €91 on  operati vel y pigp&esl to
Jequence _ent %uESS' n dﬁ BtbgPane’ 5972007 FIh 7y 37
Corre—775: T T X t-Fgure—29 -
6.1 orori ol REmer PlastorSpHAMND) ¢ P00 = < | Figure Tc
dplerativel y| PAREEHA(RAESAGEnce ° | Figure7d
'8 “| Sequence of the alfalfa plastocyanin-based | Figure 1
expression cassette used for the expression
of H1
9 HAl peptide sequence (A/New | Figure 8a
Caledonia/20/99)
10 HAS peptide sequence | Figure 8b
(A/Indonesia/5/2006)
11 Influenza A Subtype H7 coding sequence | Figure 9
(A/chicken/New York/1995)
12 Influenza A Subtype H2 coding sequence | Figure 10a
(A/herring gull/DE/677/88 (H2N8))
13 Influenza A Subtype H3 coding sequence | Figure 10b
(A/Texas/32/2003)
14 Influenza A Subtype H4 coding sequence | Figure 10c
(A/mallard/MN/33/00)
15 Influenza A Subtype HS coding sequence | Figure 10d
(A/duck/Shanghai/1/2000)
16 Influenza A Subtype H6 coding sequence | Figure 10e
(A/northern pintail/TX/828189/02)
17 Influenza A Subtype H8 coding sequence | Figure 10f
(A/Turkey/Ontario/6118/68(H8N4))
18 Influenza A Subtype H9 coding sequence | Figure 10g
(A/shoveler/Iran/G54/03)
19 Influenza A Subtype H10 coding sequence | Figure 10h
(A/chicken/Germany/N/1949 (H10N
7))
20 Influenza A Subtype H11 coding sequence | Figure 10i
(A/duck/England/56(H11N6))
21 Influenza A Subtype H12 coding sequence | Figure 10j
(A/duck/Alberta/60/76(H12N5))
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encodi ng HA of A/ Sol onon |slands 3/2006 (HLN1) 38
Clone 776: DNA fromDralll to Figure 30

w@amboesps | si ng pl astocyani n regul atory regi onPCT/CA2008/001281
operatively |linked to sequence encodi ng HA of

A/ Brisbane 10/2007 (H3N2) 39 Claone 777: DNA from

PSEQ ID No HiSequen@Deseriptionnpr i si ng pl ast oclneRiselosure

egul at ory |rMeflueaza o Subtype )3 todike eduencedEigmed Ok
encodi ng HA (@ cAL W sreeR3iana6 702005 (uiBaMs3) | 40 C one
/78: DNA friomDralll to Figure 32 Sacl conpri sing

PHAST OCYan!|Nnfig&isa A %g’p@‘ﬂmc&ﬁﬁg §éd5\éﬁéey igﬁl‘éel@lt 0

cquence dngogiq b ey 3Enbs 5i9) 25051200 69 vo
T UUUOIL u % |4 e%lj ucll_[ %m

o] A e

83ul at ory |r18§ R §equsnese el On

encodi ng HA (69blegkrheadedia/ 4/ 2006 42 Clone 7B0: DNA from
Dral Il to Higpll/Swv&ken/SB¢HI6NB))i si ng pl ast ocyani n

ggul at ory |rMagu@zaop® atixel yodingk ededuenseobignrel 0o
encodi ng HA @fL&/4)n a ore/ 1/57 (H2N2) 43 [ one 781:

rrom DNaffiled2 FCIUTRASS codfde! C9 f“"y PSP o

D a5 ocyam Mcif /20 taNed s rhr S AT BV
1 MO 0 T Y TR AP 1T
A2 conpr PﬂHn‘?ﬂ)S@\a PRIa$€ n requlat or y reg Figure 10q
hper at i vel y| Brimeectiacl-6 T epRlonee Figure 10r
31 Primer Sacl-PlasTer.c Figure 10s
32 Primer EcoRI-PlasTer.r Figure 10t
33 A/New Caledonia/20/99 (HIN1) Figure 16
GenBank Accession No. AY289929
34 M. Sativa protein disulfide isomerase Figure 17
GenBank Accession No. Z11499
35 A/.PuertoRico/8/34 (HIN1) Figure 18
GenBank Accession No. NC_002016.1
36 Clone 774: DNA from Dralll to Sacl | Figure 28

comprising plastocyanin regulatory region
operatively linked to sequence encoding HA
of A/Brisbane/59/2007 (HIN1)

37 Clone 775: DNA from Dralll to | Figure 29
Saclcomprising plastocyanin regulatory
region operatively linked to sequence
encoding HA of A/Solomon Islands 3/2006
(HIN1)

38 Clone 776: DNA from Dralll to | Figure 30
Saclcomprising plastocyanin regulatory
region operatively linked to sequence
encoding HA of A/Brisbane 10/2007
(H3N2)

39 Clone 777: DNA from Dralll to | Figure 31
Saclcomprising plastocyanin regulatory
region operatively linked to sequence
encoding HA of A/Wisconsin/67/2005
(H3N2)

40 Clone 778: DNA from Dralll to | Figure 32
Saclcomprising plastocyanin regulatory
region operatively linked to sequence
encoding HA of B/Malaysia/2506/2004
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encoding HA of A/V ietnam 1194/2004 (H5N1) 45 C one

783. DNA fromDralll to Figure 37 Sacl conpri sing
w@k@svaesyani n regul atory region operatively |iPKEGAR®S/001281

sequence encoding HA of A/ Teal/Hon Kon 312/97 (116M

46 Clone 784: DNA fromDralll to Figure 38

$8HQ BNe s| SequenesPesoyiption r equl at ory r eg| BnDisclosure

E)p,er ativel y| Clonked71% sBijrencieomenbeadllng td{AFigure 33
A Equi ne/ Pr iagne t&fpridiy NplastoCysdinneregdatorNA from
Dralll to H Quisd 3SherapelyCORaNedSitdg sBhaab®tyani n
regul atory ré b&iﬁl PR LEBIMELda/sR0lEd L O sequence

A2 o 22-%’1 is (e PRA TR, gi:gﬁx D hREHLETE 07
HIN') 49 g &?B“i%a %6:%5?‘3 Srééggm’é Fi gure 40B

\ Sol onon | sTegifds W%’O’Gé %76 HA ami no
ici d_sequencencpiggr#A of A/Singanore/addHIN2Y007 (HIND) 51

N48ne 777 HACHmeno78ki dDMNAyuefies FDgallle 4d BFigure 35

N W sconsi nf $ad126@pri{ihi3 NplastctyaihioneregaldtoriA| ani no aci d
equence Fi gfé@ﬁ)ﬂ%erﬁ{vw aligked/ 2606GeqiHde 53 C one 779
1A am no ac glcgggl%qm&%fﬁ/gﬂﬁ@/ﬁg’ﬁ% (B5N19r i da/ 4/ 2006 54

MO AT (0I5 ™ QA

Henu7%:| d "mm 46 NFi r?B@ a
__rie/ 1/ 57 (:j gg; i Dﬁﬁt ul%i:or§j sequence
fi gure 43B regé@ﬂﬂggig%v% ) ?%,%ﬂﬁo sequence

encoding HA of A/Vietnam/1194/2004
(H5N1)

45 Clone 783: DNA from Dralll to | Figure 37
Saclcomprising plastocyanin regulatory
region operatively linked to sequence

encoding HA of
A/Teal/HongKong/W312/97 (H6N1)
46 Clone 784: DNA from Dralll to | Figure 38

Saclcomprising plastocyanin regulatory
region operatively linked to sequence
encoding HA of A/Equine/Prague/56
(H7N7)

47 Clone 785: DNA from Dralll to | Figure 39
Saclcomprising plastocyanin regulatory
region operatively linked to sequence
encoding HA of A/HongKong/1073/99

(HON2)

48 Clone 774 HA amino acid sequence | Figure 40A
A/Brisbane/59/2007 (H1N1)

49 Clone 775 HA amino acid sequence | Figure 40B
A/Solomon Islands 3/2006 (HIN1)

50 Clone 776 HA amino acid sequence | Figure 41A
A/Brisbane 10/2007 (H3N2)

51 Clone 777 HA amino acid sequence | Figure 41B
A/Wisconsin/67/2005 (H3N2)

52 Clone 778 HA amino acid sequence | Figure 42A
B/Malaysia/2506/2004

53 Clone 779 HA amino acid sequence | Figure 42B
B/Florida/4/2006

54 Clone 780 HA amino acid sequence | Figure 43A
A/Singapore/1/57 (H2N2)

55 Clone 781 HA amino acid sequence | Figure 43B
A/Anhui/1/2005 (H5N1)
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pS8st ocyani [Clonend$2r HAnfngno (g ﬁ%‘iﬁ?ﬁﬁqd [ FigureASB
¢odi ng_sequiehfongKonp/107HAY AARNY Cal edoni af 20/ 1999

Gonst ruct HHASEDressionl Eabdtz pdmpisony alfalfa BFiguRFd land
erm nat or sgigitedraam 6prddfotexpandsison CaRsett e

onpri sing |hdnidglpfutinirtddindsequphceTf Y fridin) | pr onot er
ind 5' UTR Ahﬁaaﬂ&wyzow @olishaceefugpme| of H from
v Bri sbane/ ?%83%&8‘3’ ST #OOTR b rerihiedf | 2

i
d
8
A
pl ast ocyanin term nator sequen,es 63 HA
!
Q

6dst ocyani h Hér WF%fonaﬁﬁs@te ?ﬂrﬁms‘%ﬁggéa JF f%‘ffensz
odi ng sequePla¥oefany PrIRRteny &ad o hds/ 3/ 2006
HINi )  ( copbemagglutipiy eqding pequpmneg |f£%fr@52/ anin 3 UTR
and t er m naf A/Neeq(ealedenia/20/1999 (Construct

540) , alfalfa plastocyanin 3° UTR and
terminator sequences

62 HA expression cassette comprising alfalfa | Figure 53
plastocyanin promoter and 5 UTR,
hemagglutinin coding sequence of H1 from
A/Brisbane/59/2007 (construct #774),
alfalfa plastocyanin 3° UTR and terminator
sequences

63 HA expression cassette comprising alfalfa | Figure 54
plastocyanin promoter and 5’ UTR,
hemagglutinin coding sequence of H1 from
A/Solomon Islands/3/2006 (HIN1)
(construct #775), alfalfa plastocyanin 3’
UTR and terminator sequences

64 HA expression cassette comprising alfalfa | Figure 55
plastocyanin promoter and 5° UTR,
hemagglutinin coding sequence of H2 from
A/Singapore/1/57 (H2N2) (construct #
780), alfalfa plastocyanin 3° UTR and
terminator sequences

65 HA expression cassette comprising alfalfa | Figure 56
plastocyanin promoter and 5° UTR,
hemagglutinin coding sequence of HS from
A/Anhui/1/2005 (H5N1) (Construct#
781), alfalfa plastocyanin 3° UTR and
terminator sequences
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(construct # 780), alfalfa plastocyanin 3' UTR and
term nator sequences 65 HA expression cassette
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2009/ 009876 A d&smcgquuence
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and 5 UTR %]% 13?%9 h%&n 3 qu of HO from
i s e .
alfalfa plap#7sg%31 sequences
, alfalfa plastocyanin 3’ UTR and terminator
sequences
69 HA expression cassette comprising alfalfa | Figure 60
plastocyanin promoter and 5’ UTR,
hemagglutinin coding sequence of H3 from
A/Brisbane/10/2007 (H3N2), alfalfa
plastocyanin 3° UTR and terminator
sequences
70 HA expression cassette comprising alfalfa | Figure 61
plastocyanin promoter and 5 UTR,
hemagglutinin coding sequence of H3 from
A/Wisconsin/67/2005 (H3N2), alfalfa
plastocyanin 3° UTR and terminator
sequences
71 HA expression cassette comprising alfalfa | Figure 62
plastocyanin promoter and 5’ UTR,
hemagglutinin coding sequence of H7 from
A/Equine/Prague/56 (H7NT7), alfalfa
plastocyanin 3° UTR and terminator
sequences
72 HA expression cassette comprising alfalfa | prophetic Figure 63

plastocyanin promoter and 5° UTR,
hemagglutinin coding sequence of HA

from  B/Malaysia/2506/2004,  alfalfa
plastocyanin 3° UTR and terminator
sequences
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70 HA expression cassette conprising alfal

sequences
fa Figure 61
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onpri si ng
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bescri ption

RathdA21I08¢uedetB8af HAIEQueitd Nice

NC [34808 78 Uy enchdediD Fesmy gBSNOR
5ana Figure 64 plastocyanin

SEiguen6s
cassette
pr onot er

ol | 1L
(21N 1® e UTR,

B/ Fl ori da/ 4/ 2006,

hremaggtut T T T CoUT g SEUENTE
alfalfa plastocyanin 3

of HAfTOMm
UTR and

term nator sequences 74 Consensus of SEQ ID NO 49,
48003®]and 9The givestidibwill now be described in detail by way of reference

only to the following non-limiting examples.

Methods and Materials

1. Assembly of expression cassettes

[00241] All manipulations were done using the general molecular biology
protocols of Sambrook and Russell (2001; which is incorporated herein by reference).
The first cloning step consisted in assembling a receptor plasmid containing upstream
and downstream regulatory elements of the alfalfa plastocyanin gene. The
plastocyanin promoter and 5’UTR sequences were amplified from alfalfa genomic
DNA using oligonucleotide primers Xmal-pPlas.c (SEQ ID NO: 29; Figure 10Q)
and Sacl-ATG-pPlas.r (SEQ ID NO: 30; Figure 10R). The resulting amplification
product was digested with Xmal and Sacl and ligated into pPCAMBIA2300 (Cambia,
Canberra, Australia), previously digested with the same enzymes, to create
pCAMBIApromo Plasto. Similarly, the 3’UTR sequences and terminator of the
plastocyanin gene was amplified from alfalfa genomic DNA using the following
primers: Sacl-PlasTer.c (SEQ ID NO: 31; Figure 10S) and EcoRI-PlasTer.r (SEQ
ID NO: 32; Figure 10T), and the product was digested with Sacl and EcoRI before

being inserted into the same sites of pPCAMBIApromoPlasto to create

pCAMBIAPIasto.
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75 Am no acid sequence of Hl New Cal edoni a Figure 67
(AAP34324.1) encoded by SEQ ID NO 33 76 Am no acid

wa egpueomses of HL Puerto Rico Figure 68 (NC_040B878A1008/001281

encoded by SEQ ID NO 35 [00240] The i nvention wll

now be descri bed in detail reference only
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e Bl AR 23t 6 e -0 20097 0 LQROATRINEE Pldscyanin
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synthesized fragment (SEQ ID NO: 2; Figure 5B) previously digested with Kpnl and

Sacl, into the H1 expression plasmid. The resulting plasmid, named 540, is presented

in Figure 11 (also see Figure 2A).

2. Assembly of HS expression cassette

[00244] A fragment encoding hemagglutinin from influenza strain
A/Indonesia/5/05 (HS5N1; Acc. No. LANL ISDN125873) was synthesized by Epoch
Biolabs (Sugar Land, TX, USA). The fragment produced, containing the complete H5
coding region including the native signal peptide flanked by a HindIII site
immediately upstream of the initial ATG, and a Sacl site immediately downstream of

the stop (TAA) codon, is presented in SEQ ID NO: 3 (Figure 6). The HS coding
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the fragnent, to yield SEQID NO 1 (Figure 5A). A
second fragnent encoding the C 10 term nal end of the
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Rl et DHRBET Rl 13805 BRRLT B Repplicicaion
V & Qbtal REAVE] 5‘1?1@&5 PlatS-AMASEQID N wFagsleﬁmdspu&(md)

pronot er and UTR fused to the signal peptide of
a|Pﬂaastd a(SEQIRNO:8i Eigiufe 14 and@ﬁae&MB ermnoPlage as template. In

des 32-103: . A 9
PGt S e R imeR IR RS- e .

dQYROUDERD: 61 Fi gtﬂ& m)%HM@ﬂH)[BachQSEQIMNO EReg®avp) with HS
The sequence of the pl astocyani n-based cassette
c endiaghiagmenhas tpplats. Jhalamphifigatiapeobtaingst ambotyrepgtions were

FIJ%{‘ ‘?W@S&Tﬁﬁgﬁ%tgg IS ﬁ%ﬁ Sreé'vel%oa:ﬁérﬂéltag k}ﬁrc'd‘?[g%ﬁtlon (asseinbhng

Pepictids) Plakexd (SqunmNt)o ayBigure mmid&mwd) Sac.r (SEQ ID
el enent s. e addition of the Cterm nal end codin

r é\{ﬁ)oh lilglrre 3B ag primers. The rsuiting fagmenbivas disested WHb%amHI (in

SO R85 Lcfin} MokorotPin AR AHE Peyd BRAE Halfhelf) nd cloned into

p rpﬁNAMBiAPladﬂoqﬁs\tledsly\ﬂigbst&D Wlithalm:isarrﬁm:tﬂzymlemﬂmetrbmlthhfg plasmid,
expression plasmd, The resulting_pl asm d, named 540,
|§aﬂ}eé§éﬂt1§@f352@eﬁﬁlﬁ$‘§9|2§ (ahpo peq léugee]el Figure 2A). 2.
Assenbly of H5 expression cassette [00244] A fragment

e r[?@ﬂisﬁ g he ngﬁ%ééé%étﬂi' é?lcf)&lﬁglﬂergo.hdb‘?@ﬁﬁm%f 'R Ras %res)ar\clz\dla gy

ndonesi a/ H5N1; Ac LANL | SDN125873
syaplbeing recrepipnepding foBhe tratsndntrgee démaid and Ye dyBplasmic tail in

T e fra nt rod Ced ontal ni . et
e e tog e ARy G Rty FrBuy et al, 1993,
f |§E'i@?1%g lb§3 26 IWUIL 18403’? Uhis frgREH R lsynHBsiddamm ﬂﬁnl&ﬁprnI

initial ATG and site T mredi ately downstream
t rwdﬁaobSI(eIWaCdm@to gloning. ﬁhesbnmehrewitl%@omhmeplacement was

peRPe Epress R canevs s il nReaRa.

pl ast ocyani n- based expreSS|on cassette by the

PGBobesied | Agaiowbetveéned tha@scate dlmm(myse mTKEind&he open
(1995). Briefly, a first PCR anplification

0 ms@dln& framsiof fiep influspza SRR %/344@1: BESEHOCF I N6.0 092016) was

p
78] A8 BRI e 8o d R By e
paﬁaﬁnheﬁ‘it was dipested Wl&rﬁli/alf(irﬁhé fFEfV SR R)emﬂ ®ack dn&\clbhed into a
pr| ners Pl asto SpHA( ] nd)

F
) ag‘aiceﬁpre(sgeegcmemnﬁ %ﬁa{ﬁ'\'lg b}@}ry\zall%gsﬁ{lﬁsT he'resulting
gﬁhﬁﬁ’idgf ?&l’ﬁ% 15%1:%'1&4 hder 1€ cBARI Jla®HKISSPTEV promoter and
rom bot tions were

al ne m xed t oget her "and
t h® UfiRcandr the NOS edmamtar deqpistree 750y figure Qil).d reacti on
(assenbl i ng

[00247] An HcPro construct (35HcPro) was prepared as described in Hamilton

et al. (2002). All clones were sequenced to confirm the integrity of the constructs.
The plasmids were used to transform Agrobacteium tumefaciens (AGL1; ATCC,
Manassas, VA 20108, USA) by electroporation (Mattanovich et al., 1989). The

integrity of all A. tumefaciens strains were confirmed by restriction mapping.
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reaction) using Plato-443c (SEQ ID NO 4; Figure 7A)
and HA(Ind)-Sac.r (SEQ ID 10 NO 7; Figure 7D) as

w@erioawess76 The resul ting fragnent was di gest ed BET/0A2008/001281

BanH (in the plastocyanin pronoter) and Sac! (at the

3 end of the fragrrent) and cI oned i nto pCAMBI APl asto
aration dof § ] plums Filtratigng andrharvesting

resul t| ng pl asm d narred 660 is presented in figure

2 0 see

SO TR I

t i qedom Lasfined fvﬁlh atdfbﬁuﬁd’ralﬁBpmﬂbfoamﬁlbd@ﬂm Theaplantt vere
cytoplasmc tail in 540 a fragnment encodi ng t he
e

| @U@Wp@tozgrpkyéfl ﬂw&erﬁmpsq,gﬂeaml&@.@pmmeyo%@n p fempgsagure regime

Syn? ﬁi‘;%ﬁgﬁ l%%ﬁ T’F&ré% ng%@ﬁf SJ@E’%@ Efd‘?\ﬁ :pla\fﬁéts were picked

f a0t, kiahgilanted Brpoigandileg 1@ previndhe grehlidusg f(frl"thmfe tiﬂkillaonal weeks
repl acenent was named 544 and_the expreSS| on casset

i $inlen the sarag enyijopmenid eenditionsoRyierio sagiformatiog; apical an axillary
b t

oBUAE B i APASAROR) et i EPYb MR e e s
( Aefn thé PNt Idhemieadly tewindhsipkatl Wi th a f 1 anki ng

Sac! site added downstream of the stop codon. The

f t di gest ed wit the TEV 5! d
sAR95hng " o deadarrie tr%sfﬁ%@ﬁ%%%%&@ 20 i@?ﬁ”

P e e N A e Bt VL AP 2T 07
a Iﬂd@ﬂ@in@hﬁfe@mﬁdxﬁé add (MES), LfDRerhdetbhﬁldm t5Org/mbk&famycin
(construct 750; figure 112 [00247] HcPro construct
( %@@ﬁm@mh@fscaﬂmpfalﬂ@@% u@&éh%bréadxeﬁ ap&Rdoq biweest 0.6 and 1.6.
2
Al i pr e A S

t Qnﬁlltn’aﬁ&fl fietdivAg (100aM Bighh dndief v BIES ;_(H\Glél Syrifge-infiliration
Manassas, VA 20108, USA). by electr op&
( MeastesrovRechasdesgribed bydgyjand Hrgonpssp g?‘i)(t‘?y Yeymgh o Vigological

e e

Pr&ﬂ@if@gddomswﬁpepdimh the mifiitsaionimeaiiurh ang stored overnight at 4°C. On
ar0|nf|Itrat|on and harvesting,[00248] _Ni coti
S]GMS and allowed

bahe faneiipkltetion; aufurebasches ard diysedin S Gulfure ¥
f&g Waﬁfﬁ%%?or ﬂsé '\@ﬁae glaln N mbwmam mwwac%@krermg&d

strate. l'antsS were to grow in the
g n@smlla «iuwa in ﬂtbehactermBﬂqu:ﬂsumap @an mueh@n stapldse ﬂqeelrtanluumer a

i me [.20C Thr.ee weeks .
i Ot B APl B 2 nis P Bt S ot R Gt yttration, plants
t rv@é}é Pdt@He8 b iHR %&%ﬁo@déq’o} £415 da9 iREBWibRpdritR until harvest.
greenhouse for three additional "weeks under t he sanme
enV| ronnment aI condl ti ons Prl or to transformation,
gaf samplingiand gotel profgHKCXMALWON enpved at vari ous
tines as i nd| cat ed bel ow, elther by pi nching the buds

friemsdie Pl apbiowingBcubBEsH, ¥ deYial p2A5f f18nt Was RASBted, frozen at

-80°C, crushed into pieces. Total soluble proteins were extracted by homogenizing

(Polytron) each sample of frozen-crushed plant material in 3 volumes of cold 50 mM
Tris pH 7.4, 0.15 M NaCl, and 1 mM phenylmethanesulfonyl fluoride. After
homogenization, the slurries were centrifuged at 20,000 g for 20 min at 4°C and these

clarified crude extracts (supernatant) kept for analyses. The total protein content of
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10 [00249] Agrobacteria transfected with constructs
660, 540, 544, 750 or 35SHcPro were grown in a YEB

wore@pmssauppl enented with 10 nM 2-[ N PCT/CA2008/001281

nor phol i no] et hanesul foni ¢ acid (MES), 20 pM

acetosyringone, 50 pg/m kananycin and 25 pg/m of

c aldrdiedairide axtiaets vais lqlntenmmedu by theeBrad fid aspapiB®@oRad, Hercules,

be en 0.6.and 1.6 riumsu nsi ons were
e inferesia Hpueif] a5 DR aE RO 15

|nf|Itrat|on medi um (10 m\/l I\/gCIZ and 10 nmM I\/ES pH

5-5§Bize$kﬁl'uﬂﬂ>ﬁ'chﬂfrhdt6%r_?ﬁﬂyoif'Fr@@ﬁl g@htor mred as descri bed

by Liu an oNDNOSSO 2002, Journal of Virol ogi cal

Met hods, 105:343-348). For vacuuminfiltration

t URB2Hdi ens Sizesaeiusion shipaatogranhiyt(SEC) gelymns € 33 Hé#&e‘eﬁcfylm
f t

o> SPpel ol R R AR G ebiBitafty BBy et Car No

di 1740613- 10) weré padkiell duhé eqidilibrard vatlﬂe(pillhbmﬁ@h/élﬁudimbw&rr(ﬁo mM
before use. Whole plants of N. bentham ana

or
t abyiscRittel S8 mMaEe)- pssande hpbimillifire ﬂ%crsg%t)r@f% pxtract was
S under
2 BT R S lyBlclichicd Bl af SR SRD SFHESS AT 111 0C
Orequélibwation/dhfitidrt hil.fffdr OThe ghitiort was cudleeted é fractioas b6 1 5hBL relative
greenhouse for a 4-5 day i ncubation, per.i od

aIFO@!;‘t congent BE%‘Pte@afFPﬁFIPFFgW%‘aOF‘&TE‘il by mixing r}ﬁéﬁt ofbe frgetion
2%}998<ggt Eahh&wm&m el ’rea{gg @% IRal, n 11e9fCA The

| an arvest ed ozen crush into
p| @hann wﬁomhheslat/mlblz eolormot mlmmesvﬁr(thﬁ NaOHt fakbwed by 10 column

e M TS ol 8t SpCE P afinnly E5H ebimbor was
7 f%llleea- By McNahiiobihd cohRNGHRYY hm:étlﬁéﬁl%ﬁullot)@ {GE Healthcare Bio-

luoride.” After honogenization, the slurries were
c eSutierick ipepl, Bisc2@w a0 g USey). Emtlml pr@tlesm;f, Binel Dekieare2®19 and host

Clnﬁ,ﬂ'il fied crude extract at an

lipgeegrotemsewg&cgplpﬁeg.t Fvﬁe oeﬁf ion Gf‘(g%n% uniformity of the
20091 8053 1ifes Bethndeh 2RO QAL E:kd. C arl fied crude
extracts was determ ned by the Bradford assay
(Bi o- Rad, Hercules, CA) using bovine serum al bum n as
t He Breteiny Apalysis anthiamanobiotting 7e excl usi on

chrormt ography of protein extract [00251] Si ze

on ch .
SRRSO PR SRR S SabiTRe B AR g s
GE(PIrlﬁ'ad: mahélmcalslpnsdtmrt IB\)VEIHelrelns@@dre sdparated by SDSPAGE under

wer e packed_and equilibrated wt

eqr@ﬂv%g senddtions) a3 Skﬁmqs‘uvlflb@?%%rﬁ\#lufrr Peinsdgelsege ygnoed and
Nagdnkitor Bty %ﬂfliy dé%‘hfrm@l Illhlhgllﬁlﬁ JCS‘oftWaﬁ"éjﬁ\I JOt ein

extract was onto t urm foll by an
elution step with 45 nL of eqU|I|brat|on/eI ution

b uEODé53] The Biowtinsfromeadutionl frastipe fromSEE acré¢ presipiated vEth

oSO e shel Rforg e AP b lfin GR35y fon

ﬁlfeblﬁ‘fér 4he Geﬁlrzﬁed?aﬁ SPSORAGE uaher re@@d@ntor(dRidirs Bad electrotransferred
rcul es,
onto polyvmylene difluoride (PVDF) membranes (Roche Diagnostics Corporation,

Indianapolis, IN) for immunodetection. Prior to immunoblotting, the membranes were
blocked with 5% skim milk and 0.1% Tween-20 in Tris-buffered saline (TBS-T) for
16-18h at 4°C.
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col um was washed with 2 col umm vol unes of 0.2N NaCH

foll owed by 10 colum volunes of 50 MM Tris pH3, 150
workioda@s7e 20% et hanol . Each separation was f oP¢DasehoBy01281

a calibration of the columm with Bl ue Dextran 2000 (GE

Heal t hcare Bi o 15 Sci ence Corp., Piscataway, l)

EI (0025 pr of ImmynelflotEng svappgrfpEredinoocEhaEon e\gth a smtab e antibody

U150 2 5 SR S R2 09, SERGRH. oot

t hRed AreHBSIlSAksceice REOERINWABaS itilicatedrifl Table 4, diluted as
| mmunobl ot ti ng [00252] Protein concentrations were

déndicated 2 Foykim milkan T&S:I@fpw 239dfe. hpmuppreagtive complexes were
B:j%%eﬁ%gé)c u(}hlag\;lﬁ%ﬁrz% IlCﬁ Iu%l)ﬂ% l%ﬁ%?)g%sgﬁg s?rtatséefﬁ%éﬁé ﬁﬁaﬁﬂgstlcs

tién)BHéseradishi Ml%h&ﬂ\@?xﬁl@ cefjapatith dmdman IgG antibody
densitonetry anal ysis_perforneg using_ |nmageJ Software
( Nvas)carriegions By usingitlg Eg -Lipkp Rug @tcmsﬁeql Pﬁf@f‘ldéPF ¢qngigatiprrkit
t with acetone (Bollag et al., 1996),
resuspé%&elgf&&@?S volume in equilibration/elution 25
buf fer and separated by SDS- PAGE under reducing
C CTablé 6oRkechiophetesistcontitionsf artibwdiespmid dilotigns foy | ene
di fl uoride (PVDF) nenbyanes, %Roche Di agnosti cs
CdFBB\“&‘?I?IBW“g of sxpressgioprateing.n) for i rmunodet ect i on.
Prior to imunoblotting, the menbranes were bl ocked

fRrehzA St ! K fBfecttopt® éé’i@errl’lﬁﬁ 'l S Bifutis! FSecondary | Dilutic
sal A S "’?}Z Ql9/u009821ﬁib0dyy
Cl7 CA2008/ 001281 |f i BP3EY  ng
tymnv formed by i neybati-on—wi-th cuii t ahl A Innnlu

HI( T4 W@B‘l ane/Sq/290¢, R i o T I ey e anti | 1100
0. 19818¢kondary an{i bodi es wuseld for chenil |MgfBkcpROEse

defection were as indicated in [Table 4, dildted as|(JIR 115-
ingicated in 2% skimmlk in TBS- Tween 20 0./1% 035-146)

H1l mnAaSsleamhi ve conplRedednger e 5 NEBSCORAOY | 1:2000 | Rabbit 1:100

chemhnipImEooeence using lumnol| as the substirate | anti-sheep
(RoehgN) agnostics| Corporati ong. Hor ser adi sh (JIR 313-

per oxi dase- enzyrre ¢onj ugatl on of human | gG anti bodyo35_045)

ETPALS] et —ott rg—the—FA nk—PHus—Agtivatert -

HlPer (%Ego e Qg)zcﬁ ugat F%ﬂ ‘ﬁ (Pi emgp'l%ckforé, If_) Goat anti- | 1:100
nigf ophoresi s conditfons, anti bodiHg&M! 5 fouse

di || GH1AS for 10 i munobl ot t i ng of expressed JIR - 115-

proteins. HA Influénza strain H ectrophoresils PrinaP35-146)

HDi || w/SmgSpwoidr y DNantteducisgib- | NHBET 00640 antli 960y | Rabbit 1:100
ant i(HeNg) type HL A/ Bri sbane/ 59y 2007 Reduci ng FI| | anti-sheep

104150 4 Goat anti{ 1:10 O JIR 313-
035-045)
HS A/Indonesia/5/2005 | Reducing ITC 1:4000 | Goat anti- | 1:100
(H5N1) IT-003-005V rabbit (JIR
111-035-
144)
HS | A/Anhui/1/2005 Reducing NIBSC 07/338 | 1:750 | Rabbit 1:100
(H5N1) anti-sheep
(JIR 313-
035-045)
HS | A/Vietnam/1194/200 | Non-reducing ITC IT-003-005 | 1:2000 | Goat anti- | 1:100
4 (H5N1) rabbit (JIR
111-035-
144)
H6 | A/Teal/Hong Non-reducing BEI NR 663 1:500 | Rabbit 1:100
Kong/W312/97 anti-sheep
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(HIN1) gg/m nouse (JIR 115- 035-146)
Reduci ng NI BSC 07/104 1:2000 Rabbit 1:10 O

wo gdoanes/a3/ 2006
H1 A/ New Reduci

anti - sheep
ng FIl

Cal edoni a/20/99 pg/m_nouse

(HIN1) (JIR 313-
10- 150 4 Goat anti -

(H1KH\ (R
7o

H1 A/ Sol onpbn

1:10 O
115- 035.1486)

OBGF/0A2008/001281

(HENA) Si ngapor e/
Rabbit 1:10 0

H2N2) anti -

1/ 57 Non- reducing NI BSC
sheep

(JIR 313- 035

0/ 440 16MWoF13-
0359415

H9

NIESA 02086 Gdat008n|

1:10 000

MHongonesi a/ 5/ 2@duétaguci ng
Kbnef1d5B0p | T- 003- 005V r abbi |

(A5

Rabliit 10
(JIR 111-035- 144antHsheep
Reduci ng NI BSC 07/338 1: 150 Rabb{jr1:340Q-
-sheep (JI R 313 035 045) H5 035-045)

ui / 1/ 2005
( N 1) antl

10

15

20

25

M S
aﬁsﬁmg%é’ 3

JIR3 Jagksqn Inp@h@:;

03=00 17 ZUUU
11- 035- 144)
500 Rabbi t

'8 WD 2009/ 009876

—a

qfly

BEPNR: Bigdebaysoend smergingsipdioctipny meseaach 1gSBUeRs 3§POSHOYA/ Hong
ITCRddmmmgremmmbm&tmmw@dﬂé@M GSAD 000

[00255]
Nayak. and Reichl (2004). Briefly, serial double dilutions of the test samples (100 uL)

Hemagglutination assay for HS was based on a method described by

were made in V-bottomed 96-well microtiter plates containing 100 pL PBS, leaving
100 pL of diluted sample per well. One hundred microliters of a 0.25% turkey red
blood cells suspension (Bio Link Inc., Syracuse, NY) were added to each well, and
plates were incubated for 2h at room temperature. The reciprocal of the highest
dilution showing complete hemagglutination was recorded as HA activity. In parallel,
a recombinant HA standard (A/Vietnam/1203/2004 H5N1) (Protein Science

Corporation, Meriden, CT) was diluted in PBS and run as a control on each plate.

7. Sucrose gradient ultracentrifugation

[00256] One milliliter of fractions 9, 10 and 11 eluted from the gel filtration
chromatography on H5-containing biomass were pooled, loaded onto a 20-60% (w/v)
discontinuous sucrose density gradient, and centrifuged 17,5 h at 125 000 g (4°C).
The gradient was fractionated in 19 3-mL fractions starting from the top, and dialyzed

to remove sucrose prior to immunological analysis and hemagglutination assays.

8. Electron microscopy

[00257] Elution fractions from SEC to be observed by electron microscopy
(EM) were first concentrated using 30 MWCO ultrafiltration units (Millipore,
Billerica, MA, USA). The concentrated fractions were fixed in PBS pH 7.4 containing
2% glutaraldehyde for 24 h at 4°C. Once fixed the samples were adsorbed onto
Formvar-coated 200-mesh nickel grids (Canemco, Lakefield, Canada) for 2 min, and

the grids were washed twice with deionized water before being stained in 1%
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Kong/ 1073/ 99 anti-sheep (HON2) (JIR 313 035-045) 1 ]
FIl: Fitzgerald Industries International, Concord, MNA,

wWQBA9/008EBI C. National Institute for Biol ogi caPCT/CA2008/001281

St andards and Control; JIR Jackson | nmunoResearch,
West Gove, PA, USA; BEI NR Bi odefense and energing
i rp‘lmsphoungsne scdr@bserasion mae perferparsi undexs/transgigsiu@ electron

hnol o
Eome%g%fgféﬁ&é’@anﬁqw el 1307 95250k B fages n
matipods dRSmAI4Rgd by Nayak. and Reichl (2004).

Briefly, serial double dilutions of the test sanples
(100 L) were nmade in V-bottoned 96-well mcrotiter

pl [802%8]cont adli¢rnatelyn ongphurss] micsehiterspf 1y spowplgsito e examined

LT ARIPLF A Mo A AL i o o

| NCA, USW).& g5ig wadplacee hetha Begemtod teaabe Whldh, wanhen centrlfuged 5
pl ates were incubated for 2h at room tenperature.

r ermrpat d2an0ge. Thegnd g’ﬁé gamovgly gantly ﬁir%&eréaC@éﬁma@m of 3%
ggﬁ%qlfuﬁglgﬁé a&ﬁ a f&a&%& %ﬁlél%cf% Liahihéd od B Hitachi 7100

reconol nan

( Ataviseli ReoH el&idh 2010rbstEPNITEMDY (GdrdimagScindigeesl B4B, 15B and 15C).
Cor poration, Meriden, CT) was di luted in PBS and run

as a control_on each pl ate. gi,l gr adi eni
OB ¢ Eevagaron Fiooess L Blogks pi anbrayimaiely 1 mm’ were
PBs% n%ainﬂE%BS% gﬁﬁéﬁllﬁgh deQh Wish&Eh PBY &frﬂ?ef %19@ 3%

chr omagogr ap ntar ni bl omass were
| cadade bafore ap@@—fﬁz@%n@ wiep Jn 1 dB%amnnumuamldm E[mdesamples were

den ient,. a ent.ri fuged 1 0

(48 oo g iztingnt “fEdn e B dd ona Hrg- Samples wire
}?]c%iti\% stsihed Widl$% LRmyi Jk%taiéjzﬁld (ﬁm lgdcﬁllbf&t@ @efotr@observatlon

re ucrose prior to imrmunological analysis and

heGedgvatel examimad assHitachi 810 rasmissiomélectmnanigyoscope (TEM).

[00257] Elution fractions from SEC to be observed by

elfcglr on m cr!oscciﬁél { I\/Sb were first concentrated

us a5ga LYY i on units (MI1lipore, 25

Billerica, MA, USA). The concentrated fractions were

fi PO@%(D]H PBSPRkind nfenih@aties i(PM) vere28bt@intd frol 1dbdued ¢edves and
24 at 4C. Once fixed the sanpl es were adsorbed onto

F&Waﬁd- B¥3celds aftry cpkb ﬁﬁcmﬁr@r@n agﬁords;gg tadMeasagd et al.by partitioning

L ) )
v Pyl it P pply By Rk SR cHPY Bivderygan T
I NS00A6-698 eM)Z&QQ(c@Q%ﬁ@dPﬁ%E‘d\RO@&.OOlZSl

phosphotungstic acid. Cbservation was perforned under

transni.ssi on e ctron 0SCO t. ma cati ons
LRBERHTT 1 onk R OuR cs I ShASOBRER drom P QUSSR frattions

according to Bligh and Dyer. Polar and neutral lipids were separated by

monodimensional HP-TLC using the solvent systems described in Lefebvre et al..
Lipids of PM fractions were detected after staining with copper acetate as described
by Macala et al. Lipids were identified by comparison of their migration time with
those of standards (all standards were obtained from Sigma-Aldrich, St-Louis, MO,
USA, except for SG which was obtained from Matreya, Pleasant Gap, PA, USA).

10. HS5 VLP purification
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Fi gures 4A and 4B). [00258] Alternately, one hundred
mcroliters of the sanples to be examned 5 were

w@b@emasier an Airfuge ultracentrifugati on tuber¢Beakowamno1281

Instrunents, Palo Alto, CA, USA). A grid was placed
at the bottom of the tube which was then centrifuged 5
m{00262] 120 Fezey 660 afikmated loayss ofeNoWdzangem Wyredmnmemzed n

o Trfoide of My Pver PReL g Nec AR AR o8 fadlfih il pftinee

t h@lﬂ@@c%ﬁin‘i’é}cﬁl BleAde? NTHY I‘é&Qﬁﬁg’@ﬁra(cfr WM supp wmdnfamﬁh il faM
Figures 14B, 15B and 15C). 10 [00259£]| For i mages

FIPQAISFea@@dJE%@d tolpkb 6 keithof Magsistio aeidde rqqumtvdaatéwc for 5

RS AL AP SN e

S%Sﬂahﬁhalats%’t%lﬁﬁﬁb&lﬁy HRipIPMifiand htatefbatishp| £8 (Neslerry was
i mhedded in Spurr resin and ultrathin [ ayers were |aid

offiligragrthrpuglsa rﬁdh@tglamaeer filss. .The\refru}tnsg elpmfierl ertrast was
g%gli}i{l\f/%g[eﬁeﬁ% @g@ 0 tgr GRS SR & %m%% P@ual E, p/aff)%i through

S were exam ne on a

t 102876 21158 IARFopatie 20 Filtersing eied pato(alfetin- age&osdﬁdfﬁﬁwcolumn
menbr ane | i EI d anal 1@@ u 00260] Pl asma nmenbr anes
a

wéPigmsbA irieb oSt @3S, ) Eollpsang, s washesien iy 409 I\I\I/glCI 25

c [

el if', Bl bRk RPLR ABEES U TR SO RERER L 6.

S Bltted VPt hene@hmﬂéimyhtem evighl We:dn KB/ fﬁ&l(t:diraﬁnﬂ"at% dF@MD005%

(6.6% each). Al steps were ﬁsrforrred at. 4 C L002611 ,

L|(}5/Vé+sVIv% W@reeeanp%fa&ﬂ othd LUK MY QG Amieanamemprage ¢entrifuged
o8l ar

nah 0 0f0R e BESO LR 4 Ch e AlHniXEh P LAY £ B 001

HAwWde@-30sdnd @ .0 18 tisialeveal. Sygpéreled VA Psovdrd fitter-stertiléded hefore use.

et al.. Lipids of PMfractions were detected after

staining with copper acetate as described 25 by Mcal a

etl—mﬂ%@aﬂ@—%\ere i dentified by comparison of their

mgration time wwth those of standards (all standards

weygeobt ai ned from Sigma- Al drich, St-Louis, MO,  USA

except for SG which was obtained from Matreya,

Pl easant Gap, PA, USA). 10. H5 VLP purification _80

WG9/ 0098%6dRsPAdho DUBPTTESINSE [inisczafflgy administration were

660 nfl [

nonEgEtd B e BBY 3 Hhis B AP R ARR ARy Lapgrggories

158}v8ﬂ(5' afiide VefAimdsntlywivided itdidhiteén g@upsisf finge @himals. Eight

commer ci al bl ender. The resul ti n% extract was

s la@wn?ms gepd for mtramypeul pyEMUiZAton jand S EIPWPSIeTe ugGdi ty test
ei t

i 1%&3%1 r&ﬁtgg)g g(lijrgﬁlfé%f R 6%%1&@% W& Z?rémfflégteﬁ g{ a Bveddose

heaaginiehe aﬁelﬁbcst(immaﬁlzitﬁ)n&d:ﬁtgdbnk Beweake fidlbowing thieSirst

pr.eci pi,tated by the pH shift and heat treatnent, and
t HE 3005

[00264] For intramuscular administration in hind legs, unanaesthetized mice
were immunized with either the plant-made VLP HS vaccine (0.1, 1, 5 or 12 pg), or a
control hemagglutinin (HA) antigen. The control HA comprised recombinant soluble
hemagglutinin produced based on strain A/Indonesia/5/05 H5N1 and purified from
293 cell culture (Immune Technology Corp., New York, USA) (used at 5 pg per
injection unless otherwise indicated). Buffer control was PBS. This antigen consists
of amino acids 18-530 of the HA protein, and has a His-tag and a modified cleavage
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filtered through a What man paper filter. The resulting
clarified extract was centrifuged at 10,000 x g for

waoosemsres at RT to renove residual DE, passeRCT/A2098M001281

0.8/0.2 pm Acropack 20 filters and | oaded onto a

fetui n-agarose affinity colum 10 (Sigma-Aldrich,

Stsiteo FlestroMdpictdSeopy deofitmed thgt @S\/V@ghn@‘tslebpmduet@@mfﬂm the form
Ct:IV 1;5 nmM Tris pH 6, bound proteins were el uted
WY M Nac, 50 mm MES pH 6. Eluted VLP were

suppl enment ed W|th Tween-80 to a final concentration of

086510  (V/70 meMure RIeEfebiodTGfiivan, 660 Sidu 69&111‘&51@ were
Amcon menbrane, centrifuged at 10,000 x

BOHmlleéi‘sW&h 5 a@ plant-masie MR Haaacsine pifgsopwcrlume\mhmdrogel 2%

0 00 TSR SR ARS8 s s i e

M &@om&ﬁ%ﬁﬁha@ghﬁihﬁﬁ)@ﬂleﬂ f@ni 2IBIEE] FRBROHIES 1 6lume alum.
i nfluenza VLP adm nistration were perfornmed with 6-8

welsventydnice wererapdemtycdivided intefenrees graupg pf five animals. Eight
La 8ﬁ x%lj %@d fog Qntg?ﬁ/&?ﬁl%{r i'f?nﬁ&m%‘ﬁfq% andt E&OQ%PPMpsd\!vé@e ASEh to test
our een I've ani nal S. | groups

V\Bxhﬁamtﬁslcfoﬁtérof Iaﬂmﬁrﬁmml all groupyweretimaiunaded aséotding to a prime-
groups were used to test intranasal_ route of . .
adhaost egiman, g bospy imgpyizasionpedormsd hwvseks fplowing the first
\I\m_mql%ﬁ iop€9i ment, the boost inmunization being done
{%o [ owi ng the first inmunization. 25 [ 00264]
For intranmuscul ar adm nistration in hind | egs,
un®026St het | Ecﬁdnmr:'tmesculm adminimaﬁbn étdhhwﬂﬂd:gselimdneassthduieed mice

P ORETE ST HGIREA g1l 16 At arie B YHBHO s Bl SFRE control

C ' h I
o e R PN PATHRE (S BE Bt P AT leth bR RhACH R ixed

f reith Allggiregdl Il%:@ﬂum;@ccmam@han@b&rﬁﬁm@fw@nporanm\)W estbury,
ORI TN  RE  —
an&df]lg\ﬁiﬂt GW0 ghﬁip‘é of Qﬁmﬁa‘[@ @&e@ﬁhﬁlzl‘:g wiikither § 1@ ptiht-made VLP

profein has a Hi s- and a nodified cl eavage
- gH5 mczm)@r/\w%n@ qﬁ@w snagen2githous pnyadjeyaset r on
m croscopy confirmed that this comercial product is

2? [;082 E) P eaglg(gr 1ntr€t{asi\1{l’ad§mmgt98§)§l5}n eowé}g %‘?1%% aﬁg]esthetlzed by

i mmhﬁ@ﬁoﬂm&ﬂmén@@l ﬁﬂiutﬁiﬁdled \:ﬁdﬁchﬁn vtaeHen. el“liﬂyliﬁer@ fikn
vol ume Al hydro el 2% aI um Accurate Chem cal
ScimgRRizgdd Te9 |th1 %@9%} yith the plegymagde VP Ha‘S?“b‘-‘g(O lorl

ORI LRI o G s v

r amikexdwithdehiiodadglutaneatd D%r(PMangumnamx/fFMé? BioPoigher,

B I%Q}way) prior to immunizations. The mice then breathed in the solutions. To verify
the effect of adjuvant with the intranasal route of administration, two groups of
animals were immunized with 1 pg plant-made VLP HS vaccine or with 1 ug control

HA antigen.
Ferrets

[00268] Ten groups of 5 ferrets (male, 18-24 weeks old, mass of approx 1 kg)

were used. Treatment for each group is as described in Table 7. The adjuvant used
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groups were used for intramuscul ar i mmunization and
Si X groups were used to test intranasal route of

w@ewpnisre ati on. Al groups were i muni zed accP€CAZ0B/001281

a prinme 10 boost regi nen, the boost imrunization
perforned 3 weeks followi ng the first inmunization.
[ #8288]ydFagel (alumhhvpedbaBioaehivon Denmatk) 3 (fimalvlfe). Veggine

unanaest hetized mce were i i zed Mt

oPRR T BE g a3 e e VR B8 oIS (isNIT Ve spreguced a
hgsRaBé It THY ﬁcéiﬁékoﬁ?&lgﬁ@ﬂi\(&oﬂirog fwasBSull P\elycadilldteE hembrane-
preparations were m xed 15 with Al hydroge % (al um

Abeundaeeontbiamitdhi framdodenesiatsireinq@ipgised upiog adenyirgsin293 cell
NY.,. US) in a 1:1 volu raf | i to i muni zations .
T%ulﬂ’égéﬁ ?‘8“%“8% Téﬂngiqg@ﬁ?orpérgjﬁalggr@. two groups of
animals were immuni zed with either 5 pg pl ant-nade VLP
HF abRCEK Mreatdiendighdbups pg of control HA antigen without
any adj uvant. [50267] For intranasal adm nistration,
m[ce wer e[ brielTy pragediiptded @ DY 2@QRdubdet atijon of
i JofdrQ¥RNE &si g an aulpamsed | ndUctaiammisthamaer|. Tifdyvant
e Enen TMTymTZed by addi tion g 4 Pdy @ Op7 JOStTi|
wilth the pl ant | naBBS negatipgeentiod (0.1 or 1 ), [or with
cqntrel HA antigen(1. o with |[PBS. Al antijgen
prieparatipns itlosan gl utanatie 19
(Arotesan} ISovanat KdinefWatBi @Pol ymer, Rorway) prigQim

L (| a )
t Uttt gat b Ulllo . e 1o U1t Ul catllcu LILL! tIIC

sdl ut #ons| TPo Veri Vgccd®-tldne Safg ect| of adffuvant |with -
t He 1 trana§a| FOUTE Of admniStrgtion, jjpwo gr qups of
animaPs were | nVaecinegRlang &g gl ant - nade VI P Hs Alum

vgccige of wth 1 - I anti geni.mFerr et|s

[ ﬂ’)Rg'l Tvnvygr upg@ig?lﬁ%bl%fe&?zgp'g (I'alg 19 _24 \n“_alic- -
ol[d, fass| of5 appr oRactink@lant, 3Qpupver € used ™ r eat ment for
eqrirgroup T35 ¢S described 11 Tapte 7. jHE adj gvart
uded 382 02009/ ovwsirepRaritrzo0d 001281 was Alum
Allhydgoge| (sl Ui Super f o | osect or, Danmark)| 2%
flinal =10 5?/9{ rr]? n&paccrng' ?ﬂi?&ygm vias )

( .

mgbr Bne- pssocil at eghcAhd-B@0ES W@/ 5/(05 (HSML) VLRs .
produceth— tescribed—The—vaccine controt—(positive
cont rl'o‘hF‘) m\?\%%nug‘:@%rl |y glycosyl ated nenbrane- bound
reconbi nant H5 from | ndonesia strain produced using
adenovirus in 293 cell 5 culture by Imune Technol ogy

PRUBRAE | o Ebier iege ARt Gt oA ERID af ApBratce (58ay weight,
ApBAD i FhPRAUR) pdstre PRP, thORARnk Y&tz bFAlhing, eRtrement) regularly

during the study. Animals were immunized by intramuscular injection (0.5-1.0 total

o007 —C5 =S =Tr v TS

volume) in quadriceps at day 0, 14 and 28; for protocols incorporating adjuvant, the
vaccine composition was combined with Alhydrogel immediately prior to
immunization in a 1:1 volume ratio). Serum samples were obtained on day O before
immunizing, and on day 21 and 35. Animals were sacrificed (exsanguination/cardiac

puncture) on days 40-45, and , spleens were collected and necropsy performed .

[00270] Anti-influenza antibody titres may be quantified in ELISA assays

using homologous or heterologous inactivated HSN1 viruses.
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2 5 Vaccine-plant, 1 gi.m 3 5 Vaccine-plant, 1 g
i.m Alum 4 5 Vaccine-plant, 5gi.m 55

W(_)/ameﬁoomsml ant, 5 gi.m Alum 6 5 Vacci ne- pl antT/CX2®8/g01281

m 7 5 Vaccine-plant, 15 g i.m 8 5 Vaccine-plant,
82 m Al um 95VaCC|nepIant 30 gi.m 10 5
Va{@ Ha- contH@nagg@ltgmarlomnhlmtormntlhosiy titarsieEegrep samples (pre-

R s T

PQ$ LI 3).f BFiefl B¢ RNREE phatcaed Wath REgRéNda3toyiak en@men hpat-
regularly during the study. Animals were immunized by

| rngcaivated and mikesd with p suspensign snf aythsecites (washedagd b]ﬁod cells-
| ABC Lcﬁ&%e @Jaskge?klgc rql(fq ?ﬁgm mpitd ar® f2b Qﬁr?én?ed and con51der1ng

oratrng a CI ne conposli

Canktithesksiy foa Ahfyydbpegﬁh bfmliedbls’&te bﬁltthRB?(E (Hodse- dependant)
i nmuni zati on |n . Vol une rat|0 Serum Sal’rpl

WY e RBCS S A0 aasses)hay@fbs%testfé tq> pelertiths mest sl vsrbatch.

( X é%%atgl& ?ﬂ?egnlfga%yzq:ev‘@sgﬁ n%?lﬁg)&g}} t?t@fj as expi%ssg:lqsas the 1 df:Clprocal

S pjfeleemgm dilaidn whick domplitade nﬂﬂpsmepmgghxmmcbn
[00270] Anti-influenza antibody titres may be

P8 Bl ogouCronsiearin B41 Miske AT HIEERO! S ymunized with
2%%19? 5t the Rﬁﬂi%ﬁﬁ% %12 1 [\Qqu fdehsured usm% inactivated H5N1

Hemaggl utination in ant’i body titers of serum
S anﬁhma Spaias frommanoger shai;clzﬁll: oakkide sych3fs)therelnde 1 Vietnam strains

gttgj?rgll lgr)?’glpﬁr Ot(ié?\élem{%ﬁ}t&%gr | gfyd@{ﬁ"%ﬂzo% (subclade

r %?ﬁgr%e ﬂﬁﬁﬂ&?)’[’u‘ﬁ%yﬁ)@y (E%bclgé’@i 2).1 RAGhAI y%s%r@[i&formed on

m xed wth a suspension of erythrocytes (washed
bliodididue] $asnesRBC) . Hor se washed RBC (10% from
Lanpire are recomrended and considering that the

a end of the.,sou f.\the RBC

PTG et RS S, Sihucal b R (AN Yy vl i grmed on an
baﬁth foestaBHsH 1@ dﬁ’@ér@tfdes bleved® Sfoups Bl stdtisBcIBisidhificant.

Al ternately, turkey RBC may be used. Antibody titer

was expressed as the remFrocaI of the highest

di Fxperigsnighfesigncionmparbalaiglienga(myce)s hemaggl utinati on.

10 [00272] Cross-reactive HAl titers: titers of

L1850 g s

i nexotpsvaftegght bibiNials, ioné gromp beingtunamnminfzed muhmittdhellenged (negative

subcl ade (H d ade such as the d ade 1 Vi (eit nam strains
control). All groups were immunized via intramuscular administration in a two-dose

regimen, the second immunization being done 2 weeks following the first

immunization.

[00275] For intramuscular administration in hind legs, unanaesthetized mice
were immunized with the plant-made H5 VLP (1, 5 or 15 pg), or 15 pg of control
HA antigen or PBS. All antigen preparations were mixed with one volume of
Alhydrogel 1% prior to immunizations (alum, Accurate Chemical & Scientific

Corporation, Westbury, NY, US).

[00276] During the immunization period, mice were weighted once a week and

observation and monitored for local reactions at the injection site.
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A Vi et nam 1203/ 2004 and A/ Vi et nanl 1194/ 2004 or the
A/ Anhui / 01/ 2005 (subclade 2.3) or the

W\G0a0busyd Tur key/ 1/ 05 (subcl ade 2.2). Al anal BEESAN®R/E01281

performed on 15 individual sanples. [00273] Data
anal%fls Statistical analysis (ANOVA) will be
pdP9Bied onlwgnty twedaystiellexingithe spgond ingmprigatione aresthetized

ST Pt e e S oo B P Bin R bupbarigmy e Jean
OMeMRdINSERMEDSIUn FrgHek) Witk @.096f FO°rsausiedtl sul@ie/infiRblve dose

i nto sixteen roups of eight animals, one group

bdCRIDA) @ﬁmﬂuep@a Ae{’ﬁwrkﬁm582;/ﬂémréﬁ@@@rﬂy mcgfadqd\)w r. Bruno Lina,
r r | r I

a}rﬁo r%lve Lt% Ioﬁugrsé{lg\kﬁ ggfsl’gmﬂ:é cﬁgﬁjen 6}{1 cgt\xéegéggl?] %{"veﬁ for ill

| el ftal nh6mb amm JeibhBe dailyyeeksa fo@hlemayq)ehlaa Mitsivith severe

i muni zati on. 0027% For intranmuscul ar

adniestion symmptoms and weight lasgef >2i7anveees eutbanizedpfier aracsthesia.

were imunized with the plant-mde H5 VLP (1 5 or 15

g) f anti gen

prBelg%? %Ji?ecc)ﬁos&vl\%réé&ur‘r{ ’)Szdes 8}%‘1&% g%gﬂp\;%{ uﬁe%?% AI hydr ogel

1% prior to imunizations (alum Accurate Chem cal &

Sc{()@m&]f i ¢ IGoerpbsapherming viiadidnd golledfion wis) per{oﬁ@ﬁdﬁt}uneen days

Dur.i n e .l mmuni zatil on_perio m.ce wer
orfdter ﬂlﬁﬁgétwnawanzaé@n&aé é&%?ﬂl AYSASIET Aesp b‘P@b‘g% on on

| Qmghads@RaEddORImat Jeliein ik e6ldedH ée‘ﬁtrlfugglﬁ%ooo for 10 min.
2009/ 009876 PCT/ CA2008/ 001281 [ 0027 ty t\NO days

fol l owi ng the second i nmuni zati on, a_mest‘hetl zed mce
wdPe2tial | erffpad wenk& fteasedong iimunisptiom moice witedanaesthetized with

alnne t. Ia tor P4- Jean ri eux- 1 NSER 0
uste it S R BT ol P teg 36 Sotect
dagsod. (CCl D50) of | an uenza A/ Turkey/ 582/ 06 virus
(kindly provided by Dr. Bruno Lina, 5 Lyon University,
Lyon Franc&If Fol | ow ng chal | enge, m ce were observed
FP0I8) ol t%raflnaébmdlaa;ea eathteist agtieserigdintg thegvasheatowards

| SHL AR g oSS R0 B S vy o

arlae Syﬂ‘n@ dtachdd t@@lﬁie &ﬂhdtﬁ%d@lﬁ]ecthdl fiffo erdun@al theaSieg®ved for
and spl een col|ection [00278] Lateral saphenous vein

blagalysis olhis #aply Arogedurg sias gerteraneddwertivess. dag dungiwashes were
t R@ndriftisdd b HOV LR dég}gs A DB &F LallN S %&ﬁ&ér wiGiRed
e mal . er um was

I muni zatl on on unanae t1zed ani
c abwewlt db ingalceed anidf Qi @f dte FER)}Pragease inhiitaricacktail solution was

[00279] . Four weeks after second i nmuni sation, mce
m@u@f‘aﬂm ISH PR Wa&a@sa&% andfhenrcalestsy. pasa
tb ﬁgdgg&a&e&r&enmﬁg@dqs rBHOV AHIG1aVBSoriS ¥PldeR BALdRGWas performed

on mice immunized intramuscularly with 5 ug of adjuvanted plant-made vaccine or 5

ug adjuvanted recombinant HS antigen as well as on mice immunized intranasaly
with 1 pg of adjuvanted plant-made vaccine or 1 pg adjuvanted recombinant H5
antigen. Collected spleens were placed in RPMI supplemented with gentamycin and
mashed in a 50 ml conical tube with plunger from a 10 ml syringe. Mashed spleens
were rinsed 2 times and centrifuged at 2000 rpm for 5 min and resuspended in ACK
lysing buffer for 5 min at room temperature. The splenocytes were washed in PBS-
gentamycin, resuspended in 5% RPMI and counted. Splenocytes were used for

proliferation assay.
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15 [00280] After final bleeding, a catheter was
inserted into the trachea towards the |ungs and one

wWorko0ofowsod d PBS- prot ease i nhi bitor cocktail soPCE/Camos/001281

was put into a Ilcc syringe attached to the catheter
and injected into the lungs and then renoved for
anddnieids titefhi s wash procedure was perfornmed two tines.
The 1 ung washes were centrifuged to renove cellul ar

d LS., For pasal.washe at heter was inserte

CONBPR ¢ e AREInURELETiney BRAS! e 1RE nARSHar £ dys ater
| NdRE Birdt Minft@eAation hs ®ell 48 14 And'\2S dayR S thelsBédGMniuhgation. The
catheter into the nasal passages and then coll ected.

THéehwergl detegmiied dyqazpme-dinked myguepsptenearsde(EFdPAYynsipg the

?ﬁﬁ%‘}ﬂs"?&e R,:n?il? ?‘Arﬁr@l l{:l‘feﬁ%ﬁ);ag a&'ﬂ}s’ehc%g{irggo%r%q?g%g] 3’55 rﬁ%lcg-goint titers were

Pl exprest@IS tH@eetiptbcad valbe ofthrdiigheatdiRiioh ek iichéin OB value of
antigen as well as on mce inmunized intranasaly 25

wi atheast ¢ 1 dighes tha shat of npgasine conted sgplebne or 1 g

adj uvant ed reconbi nant H5 antigen. Collected spl eens

aced 4 I ' g i
nelGRREPITES e fibba 1B REERAEROML G IDRRATIEGIR 3% 1eb,
m the Yitdrs19ere dvakiaed tSiHIEISAsas previeusly desetibed.t i mes and
centrifuged at 2000 rpmfor 5 mn and resuspended in

A lysing buffer. for mn at roomtenperature. The
s%@ﬁ%%h"é@tﬂ%r”g”g\lé’é’ﬁégztﬁe'ﬁBS 30 gentanycin,

resuspended in 5% RPM and counted. Splenocytes were
ug@@%igr Pr Qbinh £5186Gh 100 3376iYion THD Qs 49034 ARPEHBasured at 14
PCT/ 008/ 00128 Anti body titers [00281]

Anand-28ndays efterzthe sedobd dpmunisetien asfpredpasiydeseribehSWHE2002;

t,, 14 ter. the first in | zat | [ 1. 4
sl 9" LpeBlivareq i e PR E k0 A panesiafyy or
VEA A/ ig@haY 108 2D0N Yy ef1E360R0 tdsthBBsel SEFA ORAPIBE I HISRAYity. Sera
(ELI SA) usi ng the 5 inactivated virus A/l ndonesial/5/05

aswel@reaated yitire¢apeor-devineying enzysierl (RPEdDyDgekaSeiken Co.,

e essed t he ci procal , val u f.t i st

o TR reR e el RO R Bt KEpan ]l H vy were

hi gHtermbd antht15% torfke P eaiPBlbyEcelBNHIAntiBIYHiteS wek d8etdrel as the
For antibody class determ nation iﬁ:ﬁg@ . lgQRa, |gQ&2b,

| gesipracghgf the highestidilation gpisingeprplssg Bdthtoreef apgluination.
previ ously described. 10 Hemaggl utination inhibition
U’*ﬁaﬂlbfe rs [00283] Hermaggl utination inhibition (H)
itersTof sera were neasured at 14 and 28 days after
the second i mmuni sation as previously described (WHO
2002ampkdnTpansiand 2xpression bf irdluedzy virus Aglndlonesia/SOSYHSN1)

fromstrajns A/l ndpngsial/ 5.0 r _AVietnam 1203/ 2004
neiemagelifiniy hyagrofiiication Esu&p&&mylapﬁs activity.
Sera 15 were pre-treated with receptor-destroying

enppp®4]l | ( RBE dHiity(dPeik@ansRink &tpréRion system to produce influenza
hemagglutinin was determined through the expression of the H5 subtype from strain
A/Indonesia/5/05 (H5N1). As presented in Figure 11, the hemagglutinin gene coding
sequence (Acc. #EF541394), with its native signal peptide and transmembrane
domain, was first assembled in the plastocyanin expression cassette — promoter,
5’UTR, 3°UTR and transcription termination sequences from the alfalfa plastocyanin

gene — and the assembled cassette (660) was inserted into to a pPCAMBIA binary
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Tokyo, Japan) prepared from Vibrio chol erae (Kendal
1982). H assays were perfornmed with 0.5% turkey red

whbkwmodowsed | s. H antibody titres were defined BST/CA2008/001281

reci procal of the highest dilution causing conplete

i nhibition of agglutination. Exanples 20 Exanpl e )
1:plasaridi Bris plesprdeway han ansfediedistordgrobacterium (AGL1), creating the
Al I ndgnesi a/ 5/ 0 .hemaggl uti njn b .

o graTa: Spingsot-HER i WA e oDl peasssign. the
ability of the transient expression systemto produce

i nob2ssnza herREHaiam plave svetteiniltiitdtewtith ANGILGH6T, Afd the leaves

expression of the H5 subtype fromstrain
Awere bavested aftgm sixgan incubgionmetiedt Eqideternpne whethen HS

e ERR i e laPo ARRAGICI, prbiaiP GG xAG8d from infiltrated
t redfsiRBuBdnd iRaleedby Wesksn blottiig \Rafpeimbl S (Vitiaa® polyclonal

pl ast ocyani n expressi on cassette wr onoter, 5 UTR, i
3 antihodiey A wrigeeband:af gpprox mgtelyt/2ddaswen datected incgtragtp (Figure

al fHal ' i .
A RS BB ey AN 6 SRR emggguinin

- Bkhe\WOMB1aDHS Biséd R(Pl's (TAR @OBIrAlQ A28 ik tnapl/d308/20047 Bidtein Science
plasm d was then transfected into Agrobacterium

(

d
Adrpy Megidens § hdUB Ak was delesied Auio Bandsphanreeximgishy 48 and 28
barh SSEpkgls Lohe B oI MR EES] A HATERRERS. respecively.

t HEhi$ dauesstratvdtieat leapressidreof HS ireinfiltraedkledens resultslathieon
period. To d égrm’ ne ether H5 5 accunul ated in the
adqiceypnlation of g upelgaved tragslatien Brogiste first extract ed
frominfiltrated |leaf tissue and anal yzed by Wstern
bliapidd)9 UsiTig BRhitidiofa¥ifd AAMHnRe! Wad @&Adnstrated by the capacity
anti bodi es. A uni que band of approximately 72 kDa"was
detfentdedprominesxtmaets fonf AiGJuV&0-tt@sformed leypodiggiptinate turkey red

si.ze to.t uncl eaved HAO form of influenza
heﬁﬁ%‘gﬁ‘éi}eﬁ‘?%@t S?‘ﬂ@’n omercial H5 used as positive
control (A/Vietnam 1203/ 2004; Protein Science 10

CaEfamplv2: ChaPactérizatién’of hédsagdhitifih ROnBiiningStriRAftes i plant
approximately 48 and 28 kDa, corresponding to the

noixEeAgtssingsigh exclysiomehromategeaphy agnent s,
respectively. This denonstrated that expression of H5

robd] : . i.on -of ..
OB Lo LSS o B AR LR 86 i
f anofetulanweightestiucti@esHtast dsbesBedsb g filtearions Chadegilotein dxiracts
C%E(%;:li t 15 of crude protein extracts from

A

Veolrinfiirated plagind 9 mb) Weks fractipnated by pige gxglegion
bl . I : :
0 0 58in| C50, PYaltin s SRy don (GF el B
stSaigyice Cosp.j Pisgdtamdy, NIxUSAQt Elutien fractiing eveex adsagiddior their total

chLOTR! oot api, LO0BTL The aaserbl v oL LS oRA SIS EA
antibodies (Figure 13A).As shown in Figure 13A, Blue Dextran (2 MDa) elution

peaked early in fraction 10 while the bulk of host proteins was retained in the column
and eluted between fractions 14 and 22. When proteins from 200 uL of each SEC
elution fraction were concentrated (5-fold) by acetone-precipitation and analyzed by
Western blotting (Figure 15A, HS), hemagglutinin (H5) was primarily found in
fractions 9 to 14 (Figure 13B). Without wishing to be bound by theory, this suggests

-87-



10

15

20

25

30

20 nol ecul ar wei ght structures was assessed by gel
filtration. Crude protein extracts from

W0 @Bs i nfiltrated plants (1.5 L) were frapCT/OAA108/d01281

by size exclusion chromatography (SEC) on Sephacryl TM
S-500 HR colums (GE Heal thcare Bi o- Science Corp.,

Pitlsat aheaMA)proﬂ!shh hddSither &sserhbled irito addrge sgpereruetuas sathetit has
for th protein content and for HA abundance
uSftAg ﬁ?&é‘éﬁ%‘@?‘l‘l%‘”%@hﬁ%ﬁre HA 25 anti bodi es

(Fi gure 13A). As shown in Figure 13A, Blue Dextran (2

ng%? uti ory sRBAK @ﬁjpr@ﬁ'idrycak&ttyv@a@tah&ﬁlbl& \"O'ﬁl'l b HiDRucleic acid

host proteins was retained in the colum and
elsaqle:dcebﬁbmawm @albdmms/m/@%HdiNl)Z(SEQ\Bh NO:33e¢ Frgurd t@m

¢ Sl A5 ioBE SAOR) oo i AR 114
V‘%ﬁfrﬁér ngg:'ne%ﬁd%cﬁ %hga&%@ée@ ad B profRERAG bl inferichim of H1

found i n fractlons 9 to 14 (Figure
13B)vh1cwmh elgnalmephdmglgmatb@ friooumplabtyproteeodiyylfidtissmerase gene,

-87. WD 2009/ 00 6 PCT/ 08/ 001281
¢ A0 ER Gansingmintims foma o HLL S fa<saa pa s BT ey of e Gona
S YRRNRL Zipiselr W Sepfide SH&Wn td seﬁaa%serﬂElE ARDeGmER (Hafbugyet al., 1993)

mol ecul ar weight structure. [00288] A second
eXpﬁse@m ¥4, Gawedil). e\lvlmlgh@@kmgltb@trammmhmmmmm thissoluble

e YR LA MR AT (20

AY289929) to produce construct 540 (Figure 11). A

ChOOZE8Y] C gerRoeiiéXifab® tfroi fladl@ Shgif@ttdSeitia A GLA/JA0R NIGL1/544
a soluble trimeric formof HL in which the sign

al
peyse fractanmatsdbat S prdiheprseaca of gl belated fesctons wepeexamined by
| %Q&érﬁ%?otﬂgg%h aﬁﬂqnfl‘*lﬂe%za Eqaﬁﬁ{%g& f’rﬂgzgg%@' P&ird%A USA).

was replace vari an eéuciné

Zilp LM}'LIIMOJBﬂIlﬂraied sdawm Hlacs@hiitatd sedthlyas iarvefzy high ReY1&cular
(Har bur éuet al 1993 ‘%"%Sgi?gassette 544 gure 11).
AIW%&‘G@ FlaEac i thepe wed ieard, é‘ﬁﬁﬂf‘ﬁ sizppirgctures (H1; Figure

I A
AR R B oA OO ROl o
| mflmletsratdedlomttdnedﬁ@tﬂeMﬁlonrpaﬁﬂnlftcﬁﬂgel filengon Wthh parallels the
fractionated.by S nd th resen of H el uted
f ML RrEieH iH O%Rraﬁqu 1“B£F ﬁb&é@@?ﬂgﬁp dhepmgatijony H1 rosettes

a f d r
gf’ﬁo'télﬂ s'cfég&/i%ﬁ . gg%ﬂulik%f F?Spgtﬁg d gg@}égm fRBGQ §F5-8Bimers of

atemmpglatiein alwted htyfrasioas V2to/1hiFjgured BER Lahlzluler thasittgghdoluble form

Siot B Doalond R g RERa s Flhighe Tach T 1 €

AGL1/544-infiltrated | eaves, the soluble formof H1L

agoonye at ed Tsevafitedthe dmpidt bmlscoa&(p#@smsﬁlr&hﬁggmﬁmn
the elution pattern fromagel filtration which

passembly ite paucturgsa Mo expegspion (casseighwpy afsembled gising theanucleic

HL: . dHd
(PP Eohilis AR Tl B or M APRBOT Y i gpo
| rNGn ?'&Il:hgﬁe 08; GerﬁBatnklAﬁeéﬁ;ldif No. hemwbm@j The celsttuetwas named
ns 12 to 16 (Figure 13E), earlier than the

SJ| ﬁ ngf Resgnted in Figure T1. For the Co-expression of M1 and H1, suspensions
of AGL1/540 and AGL1/750 were mixed in equal volume before infiltration. Co-
infiltration of multiple Agrobacterium suspensions permits co-expression of multiple
transgenes. The Western blot analysis of SEC elution fractions shows that the co-

expression of M1 did not modify the elution profile of the H1 structures, but resulted

in a decrease in H1 accumulation in the agroinfiltrated leaves (see Figure 13F).
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of HI (Figure 13D) and |l ater than the native Hl
(Figure 13C). [00290] To evaluate the inpact of M

W@ os0enmsessi on on hermaggl utinin  assenbly i nt oPCT/CA2008/001281

structure, a ML expression cassette was assenbl ed
using the nucleic 25 acid corresponding to the coding
s dipammple 3o1soldtion GRS St B dtufes1bil sentilifygaEQn|ibD shirosBgradient and
F| ure %lp \H% k Accessi on No. NC_002016). The
¢V tgonygerogmpl s presented in Figure
For the co-expression of ML and Hl, suspensions

Of O@@-l:}/ 540 ’ﬁfécbbﬁgvl{ﬂé@f Ma%gfﬂtlﬁﬁﬁstﬂu@tlﬁ&ﬁﬁder Véfélk&'&?mlcroscopy

beforelnflltratlon - infiTtration of nultiple
AgEbBacqwqdmhlghmwen@mgorp andpurgy bftyelabhpn g potaingd from SEC on

| tipl 30 t t b I f
g”rf&“tﬁqa%ef. el SRREEES NN EN BBl iioR of ety s flugp teat
Mpréteth dx@tact W4l finét ddiReladdd WPEGqfrédlﬁta%nt(m IHEG) followed by

structures but resulted in a decrease in
agemspensiangn 1719 tHemegeigixtraitian bufted. Tlamp@gem@é@ IFPgUY extract

St grieBRodlfd P SSIoP IR GRLAToR iHv eign Pl afa 1

S L(@(‘S@é?s@oﬁkhﬁ tciht velivol@Be ef th@tcbmihﬂ) ReERE pSdled hlidPfurther isolated
m croscop 0029é$ The observati on of henmaggl utinin

tfrqxnbg$t@r<emmlé by silteasentsifugation 68 @39y00% eroseeiyusltsegraélent The
BB ARG G b P ol Shelog ot g yere iy

Tde lcbasenbiea baer MBtNPIWD cetbifigial fiRéUn@tSpriod t€ ndlsid. @afshown
protein extract was first concentrated by PEG

p r@cth% Wq&tqr@ Rloto @ud berapealyinabinr geslfs(Fieast L EiSgcpmulated
1 480 i ﬁox?sf 16et)6t1r9q§f;l§1019 ﬁ&'ﬁ%f L 6%‘; Q@crég(g %&éeag%n %it of the host

pro r act tP'onated

f lﬂrbtéﬁis lpeﬁkeﬁl’h‘ﬂ frabtidn D3 Fractiohs oMsl 89and199 wa;req)oblled negatively
(corresponding to the void volume of the colum) were

potiiead, aptiobsgriedamderigMaEsamingtion ohthp samplscirady mignwstrated the
0;
ST R T 05 LSS g s

Stradtthedghé hiphdiezitfRhaactetifiis fof ﬁfﬂdeﬁﬂﬁVMBi cFlghrallyBye.d
and concentrated on a 100 NMAL centrifugal filter unit
prlor to anal SIS wn _on the Western blots and

divampladi Bur aﬂ%ﬁW@GWgWeV&H&srpwaa&emsat ed

ITB.I nIy in fractions 16 to 19 which contained -60%
SYBHRRY, WNeLeaditBRS aR hbddAEn\@pient of s%ﬁlmlggfa%eiﬂs%grﬁmeaf
re pool ed,

at fraction 13. Fractions 17, 18, and 19
nesgeracty ednytainsk GompEek maxtdreatﬁsehlbbdsugard,emcm acids and lipids. The

Exam ' foth I ] ly d t
or Btk €y e SRHTEp R Pl Heat EEPPEpL PGS Figation on
f rd@atoddedoRts 5keh (W8 Wirérl dBseMesl SeBfor Rk RIaSlaNEd §&kcription of the

characteristics of influenza VLPs (Figure 14B).
Bcdargicatign mpthod).iFigure d AAdanen 1 140 eresent+s 0¢IQFP@S§1¢ Bine stained gel

g IoC n F‘é’ ﬁlﬁ hggﬁ) E%Pug?%gtpr 0 Je‘llarrlg)uglgltg (t’foﬁq%nfoca% g@?ﬁanson of

C qnt)taiﬂbomdho ipthexrudiexktii@ (Rhe Sphrltblhahéblgﬁﬁéd exitiet @iute 4) reveals
Lg gap%&?y L% tli)lle %lsarlfl-gat(leon steps to reduce the global protein content and remove
most of the major contaminant visible at 50 kDa in crude leaf extracts. The 50 kDa
band corresponds to the RuBisCO large subunit, representing up to 30% of total leaf

proteins.
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crude extract was clarified by a pH shift and heat
treatnment followed by filtration on diatonaceous

w@2000k0983ee Material and net hod section for a Pet/anbmmso01281

description of the clarification nethod). Figure 15A

(lanes 1-4) presents a Coonassie Blue stained gel 25
ci99893J ng phdtuenza d6MLdistwese putied memdbese stasificd gktracts by

L R R P e T R
({(FARGe4bAl RYE3) WithitheflowreidhyFefurd 1SA Abid 6) indahé elited VLPs

steps to reduce the global protein content and renove
nd¥igued 1 Imdanam] Jatemapstrains We speaificiiymidhefeto affmity gplumn for
crude | racts. ,The Kk band corresponds to

t uﬁﬁ@ﬁ@%ﬁﬁ#ﬁf%gﬁghﬁﬁ%ﬁ?fgggéﬁesenting up to 30% of
total leaf 30 proteins. -89 WD 2009/ 009876

POD294Y 008/ TR périficdtion Ptk direfrésutivd én der VERSputiey & HS, as
purified fromthese clarified extracts affinity

lcmt@m@bbgéﬂyi@w%y pathn GoepassierPlupstal ¢ SDSsBACE: gel Hdgure
(oS Reng Bt B4 Prycedfaaliy it ihed poghsy e

( pilirifisd ©5 Wad conantatéd ofl @m0 NMIV e tnonkifalsnsledlarowéiyhtdfmit)

the fetuin affinity colum for_ 5 influenza H5 VLPs in
prafugplfilteriugy apd exgpined pnder M aftprnegative steigingohigure 158

gge}?)%%egggﬁéﬁiweesgcf‘op siisihg ﬁl%(y;%rﬁéeém&%%f '#@éggu:s_g Vé?’g .eA closer

ermn densitonetry-on
stxaanneatidonHAGE gelpré¢sengusfespikes An theaViEPY (figutenl ST )der
to assess the structural quality of the purified

NS hom ndp shiveau it ts FLES Bereyriene Apgas9%
‘;{)lﬁﬁt?rfrdﬁ@ Eféiriﬁ@&j 18K axttdeety HIgRy BNndib&hpiesd Fe@in column,

ai hi ng. gure 15B shows a’representat’ive sector
shased ng thendenpity obthe € commapsio BlussstaihdsHS Aemhggletinin and on total

exam.nati o nfirnmed,the sence.of spi kes on the
VEORER PiyER e eyt b1 g BO&TBAE0 | B gure 15D, ke
VLPs were purified to approx. 89% purity from

cfoaepé] ed | €Bé bRMEAGT of YA MR ds)cof RFAEES PoER RBYacRY t&
fetuin colum, 15 based on the density of the

Cegshetamitetugiayaed blood sallHBlatiaioa gagwidi ni n and on tot al

protein content determ nation by the BCA nethod.

[ Theghj L Vi V . onf.i c T

| RRA35L o rRESSs Yb kol ERNT ORI Bt
( BpaWesteah bRl gnd ihNdidddtebtigiwith 20 Bt HSpolyldrial s&umhe
identity of the purified VLP visualjzed _20 by Western

b Afdis A AR83/200n Actitipee 18 obppmosaisly 72 RBa'is detected and

gz;ary&gm!inme l‘ﬂ{/’lh_? (] 5%%@2 FaBb2aad za/hemagglggrﬁiggﬁ&ure

appr oxi mat e I's detected an corr
i hScsstoevsttie VRE stmctiusacfable HiCirfeorith tie heniapglatigia spikes covering
hﬁmatag:l utinin. Figure 15c¢c shows the VLP structure of
t FRSW&¥Fne with the hemaggl utinin spikes covering

[00298] VLPs were formulated for immunization of mice by filtering through a
0.22 pm filter; endotoxin content was measured using the endotoxin LAL (Limulus
Amebocyte Lysate) detection kit (Lonza, Walkserville, MS, USA). The filtered

vaccine contained 105,8 +11,6% EU/ml (endotoxin units/ml).

Example 5: Localization of influenza VLPs in plants
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its structure. 25 [00298] VLPs were formul ated for
i muni zation of mce by filtering through a 0.22 m

w0 pdovme9s7endot oxi n content was neasured usi ng PEECA2008/001281

endot oxi n LAL (Linulus Anebocyte Lysate) detection
kit (Lonza, \Valkserville, M5, USA). The filtered
v d6029% contRo lvealizkGbe §1LP3 and/cdtifirm théie phismamambrane origin, thin

B

ng%ﬁl% st-E‘;hlh% ‘"(%sbﬁ»%u&'i‘ Sf l\!kﬁ%ll@ i CRL d ﬂhE BrdsBielof ISR

mbrane or | sections of H5-produci ng
pl ean'aseIM@amlxseﬂ)rmndi by ﬂmmmginmmd theENhsia membrane (Figure 19).

pﬁ@‘l L‘:h %@gp%ftﬂ‘%ﬂﬁg‘isﬁii‘g&‘ﬁ%g@ |thﬁ%§§tfagg‘L d' C&ﬁ@aposmon
byofttlli\ﬁr f_)l_lﬁéiﬁg hR#Hbr s 8h thd @IV AR ?)ﬂmmrlﬁ'i}@ t}{cﬁil&ﬁERy required to

he shape and position of the VLPs observed
d q:mhmlemﬂhmza N&Ps degpid feomiacinplpsrsa membransfand he¢umulate them in
pHE ma_menbranes on the cell wall, plant cells have
€ BROPLASHIESPFSr equired to  produce influenza VLPs
derived fromtheir plasma nmenbrane and accunul ate them

| IExdnile ¥ PRisafd Menfiiafé Lipidamalygisé: Pl asma Menbrane
Li pi d anal ysis 10 [00300] Further confirmation of the

corr805| tion and origin of the plant  influenza VLPs
80HK ai nedFurthsrreiEmpayes obthe cpmppsifipriarderigip of the plant

cL:IOIRn%Q&I Wﬁ—’s%&s o%%u“?gi fré l&%ﬁs toffo dlfgp\{& ntgl'ﬁdL&P '\f/ere extracted

i'on “was conp y puri

t @t parifit@VioRs ﬁﬁdﬁﬂfemmmymbn Qas pemb%dmﬂm bﬁhlghly purified
| ayer chromatography (HP- TLC). The m gr ation patterns
oftolmﬂca plaspg m@EnRIaRgs Yy fagla Rerforaanea thin layer apmatggraphy (HP-

b T e

t he j or osp I ne an
phﬂmmlnﬁmenhbf@ehwam mnlale}"uﬁfwkl !ml?s n@ﬂhmpd e nigotglespholipids

R S PR eI S oo
' '&k&ﬁdéﬁo‘&ﬂ& th &€ BlasmaMEN Biane ¢ B9dRY &nlibBth cQ{n a"i‘ne free

pl asma  ‘menbr ane gr ot ei n marker %ATPase I'n purl
Viskerebstas 8iet wlsimwatilipida(Figire 2VBR I-I@Névepumnbmbd«ytemqmmfa plasma

o IFROBNA DRASI ks ATE A S pELT LR rEFSTE P g ik vLP
NEYpidp Bﬂﬁye? @88 0% ebMelRbric/PMAd Ki§jor PRIGALASSCiSEE Wil iR plasma
process of VLPs buddi ng fromthe plant cells (Figure

27r®mbraEasa g gesting thanhasbprotdies mygy b:ﬁvetl:haen lelsclutll_emfrqn the
ff t f t 25 [,00
nepenbfer S Pl e e v brlEfrs 70

i nj ectlon ~or intranasal (inhalation). 0.1 to 12 ug of
ViBanipled : Ingigid@nicity of the H5 VLPs and effect of route of

administration

[00301] Mice were administered plant-made HS VLPs by intramuscular
injection, or intranasal (inhalation). 0.1 to 12 ug of VLPs were injected
intramuscularly into mice, with alum as an adjuvant, according to the described
methods. Peak antibody titers were observed with the lowest antigen quantity, in a
similar magnitude to that of 5 ug recombinant, soluble hemagglutinin (HA) (Figure
20A).
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intramuscularly into mce, with alumas an adjuvant,
according to the described nethods. Peak anti body

W paoeneIser e observed with the | owest anti gen PUEOARGF/001281

ina simlar magnitude to that of 5 ug reconbi nant,
sol ubl e hemaggl utinin (HA) (Figure 30 20A). -91 WO
200030309876 0PCHY Iag plagr-madeHSD VIERSO&@Q]admAImstcmd inteepasally with a

t d int | | i th
o e adiy T b T p Skt b bomie HRvFEdap et bhice
9 r€dn®indn SGlublRHA Wfitht fealu QARVRMTEHurs 208! € HA with
an al um adj uvant (Fi gure 20B). [003 3] For both

admi ni stration routes, and over a range of antige
queR03 i es, Fos bethradatipisEatiingauisa.andisyer yesage af muge@ﬂuantltles

E:g% gzr)r‘rfv:e i r%vg% <tlsF§v§?nP A0 ap elegllcgfegfé | ili? antbﬁrgappmesoluble
nantigsh wnedﬁeadowr(emobbmrghgiﬂ@ (1&dH/10i fof @2 - noﬁ)ﬁdmhﬁed
8: Hemaggl utination-inhi bition antibody titer

virgeonfyeao 1i5) Hlgies 21 A, B illustrates the
hemaggl uti nation inhibition (HAI) 10 anti body

EOBHIAE & e itk on SBhay hir HRA H VEST,

antigen (0.1 ug) when adm nistered intranuscularly
prloeBdd¢d a FHigee oA, BAlllustestesothe hemagguﬂ.tﬁh{fonhmngmeﬁi(HAI)

d [ nbj | ubl e
" el ba! hipangs k4 S Hillo Wine oy DO0T B e e MY HbPestse
If Qedﬂﬁlblﬁ’éﬁ? SolhbR H./Q‘N?ﬁ& IHRREdost Bf LthQ&ng l’ﬂ@g ?ﬁ Q@r‘ﬁ stered

| owi ng i ntranasal adm nistration I cant
[ rmiraemseullarlm pmdueedaai sUpRrist HrAddeqpbasute mﬂ@efolﬁgfdhx@sadrﬂmmratlon

or 0.1 are t hose ad ni st

G Bibe e EaRT bk SFaREcr oS Y pifeided a modes
NQ@Réds¥ ¢ }mla)tvéloﬂhe I(N«l,st gdgee i muni zed by intranuscul ar
injection of H5 VLPs (from 0.1 to 12 g) had hi gher

HAl titers than mce inmmunised with the control HA
am@@3Psh ( Fi giﬁbremmafollqmng m1rA§1asaFaﬁmmtwas'mads:igeifioantly

> e e VRS BB v BB

alilss3e laBhiESered i Meﬁérﬁ&ﬁhﬁt&éombm Whlchtvdsifiliri8nthé Regative
control HA antigen when delivered through the

i §oRtEela el m@uﬂ@mqglhyemzqmyscuh@ injectignoé MSd\vSIs,Bs dforpi8.1 to 12

o BRSSP e e

i A rarwsZlA arfor the'Zé'imile @s®/bPs uAVLP¢irdusiBHAHAerd 20 €fes higher
of 210 when adm nistered i.m while the sane dose

H&ﬂ&l&% crrerpgrdipgdose; of dhe esmiroh HApntiger ¥LE alsoinduced

SR DB L TSR b 1L v
b nhujlmngndsalnohmgﬁlglr@\mb)e Fonagivien dbeb\H 5 USJPS:hc{ Elvgllg o€ BIAL titers

were lower in mice immunised intranasally than for mice immunised intramuscularly;

1 ug VLP induced a mean HAI titer of 210 when administered i.m. while the same

dose induced a mean HALI titer of 34 administered i.n..

[00306] When administered intramuscularly, all doses of VLPs induced high
level of antibodies capable of binding homologous whole inactivated viruses (Figures
20b and 24). No significant difference was found between the plant-made VLP
vaccine and the control HA antigen (except the 12 ug VLP group 14 days after boost),
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20b and 24). No significant difference was found
bet ween the pl ant-nade VLP 30 vaccine and the control

woi2o0oan09sgen (except the 12 g VLP group 14 daysP@Ef/Caro0s/001281

boost), -92 WD 2009/009876 PCT/ CA2008/001281 as both
antigen preparations induce high binding antibody

t ias doth angigem prepatationhiodwtedy gy bindingaantibodjotiersaagainghibn

adm ni.st ered .i ntyanasal | LPs .i nduced hi.gh . .
DTSR Sp o HPEE wht adpiriter] HiFda g §Lps jnguced higher

andihdifR antiiody ftiers §Pthan Wiehe Bbaes) HM’hlﬁth'geg(ngilﬁ@IOb). When mixed
i mmuni zation with one mcrogram VLP induced a
r eitlpEbitesan msapunigat®ntwittepneonicsomao, VI sdutedesrenipgeral mean Ab

B bRk P B YRS i ool 1 ot
9288 corltRf) BV hntidRf (1dTHGQY RizhE i&b}titéﬁof@l@hp' ant - deri ved

i nfluenza VLPs was then investigated through a

dose-ranging _study in nmce. Goups of five BALB/c m ce
wd PE307] nmruni Bedmpunogeaisity) phthe planirlerdvesiinfuegga Y LPs was then

SRR M B BT VARG S BE L BB e wer

alitfiminizell infrathii@hlarljewe@gk Otvwébktihten alsnkiti 0111 @ot1Rter & VLPs
(HI),'u_siglg whol e i nactivated virus antitgen )
( Aonkérsng BiAafremosflyemayIndopgsiads/Aa 4 giNdHfogmulagadsn alum (1:1

cql J.ec S a : . i j . .
L EE b Bl AP gk R4 304 i ancign

I NAUBEdndsiveS/pF CHONT ))pwerefmeiileb odised colledted thidyjstag@r the second
viruses from agglutinating erythrocytes at hi

| gh 15
di imppyrazasiop Sy Zation) withpdesgs PV LP @lew 2aPildig 18duged she
PGB AU iy e HRB S B B8R i
t hAlutioas(Figite Rb43 Ravalkel irhinanizhtiat ofanice ewithdd wy df moh HELP alum-
| owest VLP do 00308], For both, adm pistration
r gfyante ﬁam&?@ﬁ éﬂt}ggﬁéi%goahfg}.l@@ﬂea _ FR%S fpquge an ] gesponse
H%atr@a%ppmésnéw&%ﬁ% {3f adnievel SEthAHE dWest 91 PUOM.PS - Héo

Exanpl e 9: fect of adjuvant on I nmunogenicity of
VLPs [00309] Pl ant-nade H5 VLPs have a pl asna nenbrane
or[0g308] ( Fi gurae bogh adniinistrplien Hutes\indyvet a winghiof gntigenismantities,

boun y theory, envel oped viruses .ar. VLPs of
o Fratenofoe K suseiot af BV, Mgierd VIS 1 envel ope
fromthe nmenbrane they bud through. Plant plasna

NMERinapIe Y: IRfeet of Rijuv AR iMmERGENRHEIf HH¥LPsS

rarely, if 25 ever found in animal cells, and several
of these sterols have been denonstrated to exhibit

i ROt i nul Rewrpadg Ha s haygamdgsma membisag erigm (isnse 19,

i St X r .
BT L MBS B A E B gy virsor
abswelopedvirases geljenal jndcquiaa thefrieavelbd fromahe ggmbrineahéyobud
i nhi bifi ant i body response eterm ped. VLPs, in the
3dnm"gf§-e§[%€t glfo%géﬁe)ém%ﬁ 3¢ %glwéast%raFiﬂ%wﬁme%i| thehipparely, if
ChivkPfd ifgnihidl LIRS 68l SiSthedeRterols have been demonstrated to

exhibit immunostimulatory effects.

[00310] Plant-made H5 VLPs were administered intramuscularly (Figure 22A)
or intranasally (Figure 22B) to mice in the presence or absence of an adjuvant, and the
HAI (hemagglutination inhibition antibody response) determined. VLPs, in the

presence or absence of an added adjuvant (alum or chitosan, as in these examples) in
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-93 WO 2009/ 009876 PCT/ CA2008/ 001281 either system of
adm ni stration denonstrated a significantly greater

woi2doo/obmsmaggl uti ni n i nhibition than reconbi naneCEHOADBE01281

HA. Even in the absence of an added adjuvant (i.e
alumor chitosan), plant-made HS VLPs denonstrate a
s ieghelfsiystam of adadinisiratghincdemionetrated a signiicantly gieaten HAL

t f 03111
P ER AP b ek S POt fia? Een i g ipacieg of an
Ofadaed &tguvdnﬂtlrea AMBEOH éﬁto?@i;" plasiimale 195 Ve iPs MbiRohdtia8ds Significant
22a) a factor of 3 for the control HA

arHAg éndicapyye of admtﬁnwtlemmelremonseamgnmustsatiqmd)ﬁ dlegandigen.
mean HAI titer t| mas h| gher than the correspondi ng

dﬁé&ﬂin"ﬁ&f“lavg'f@ e et AL BrSe RER) 2 for

2 3hranttNchRr admimmaﬁ @ﬂVL@’ (thfhrdfTEZH) ahu\by Iaefwbr 6ff3. TEciehe
i mmuni sed with 1Wg VLP administered i.n %@afactor

ofcoBtreldiA antigerpVlen admisigtersd iy Sig Yh&s indvged 2 mepn FEAT titer 12
Hzﬁrﬁ&' h%%lﬁe ﬁgan%éa%rr gr?dl d(ygep? c?ﬁtnflm %Rhge%m Jggaeﬂp(lhﬁ not
e pr esence apsence O um as e

adjovstand madampiadtiewd of ﬁle\baﬁdr@ltHAQﬁtlééél (Figié) 228)obhild ibincreased

i sotypes_(Fi gure 23A). [00313]. In the presence of an
adbrmearHaldewel of micedmmurzed Witho! yaeVEP adminisiersd i.nmpypa factor
arbql the HA are simlar, with g3 being the don nant
|sotype' When VLPs or HA are administered without an
added adjuvant, 1gd response is reduced, but renmains

t Hexanhople 10NAntibody {setypesponse to VLPs, with |1 gM

IgGZa lg&B and 1g&G 20 maintaining simlar titers as

| 3@%&] Iptr 2? e {pérggtg%ﬁ)p?gg 3’8&9&%&88 gwepgmgmant so?u%?e HA in

ac{Hé PlesdrRE 8 aweh&%ft al@h a34f a&idedaa@wmem&ﬁgﬁé %]vaif b@%ﬁ

data, therefore, denonstrate that” plant-nade VI

notnmun@glmbubn mtmugdgmdj2GAant to elicit a ant| body

response in a host. 25 [00315] Antibody titers against
influenza St.r |ns

(A Tidines: i B iesee SERE e sty Bl R ungdydsotype profits of

ad\m’u gidahe HAPAre ratmlrmdwmlgm Béing @) dodhifarit§ | MHen VLPs or
HA i ntramuscul arly in the presence of an adde ant i gen

arféA arq aqminjsterediwithoutiagddeomipivan g6 mspp@sans reduced, but
i hréxglg{nlg ﬂfﬁeclljdél’zlngrﬁﬁgtg[? dregﬂbﬁlts%% V?‘ﬂf’é Q&&ly I g{géi Ig%i% rang IgG3

ce adm ni

Ugn4iftaidimssifiilabtiteds 4fin 3k Sroscnbé 6f zhl“adde@édj\ﬁ&nt IgG1, IgG2a, and
2009/ 009876 PCT/ CA2008/ 001281
IgG2b titers are markedly reduced when HA is administered without an added

adjuvant.

[00314] These data, therefore, demonstrate that plant-made VLPs do not

require an added adjuvant to elicit a antibody response in a host.

[00315] Antibody titers against whole inactivated influenza virus strains
(A/Indonesia/5/05; A/Vietnam/1203/04)I in mice administered plant-made VLPs or
soluble recombinant HA intramuscularly in the presence of an added antigen are
illustrated in Figure 23B. No significant difference is observed in the antibody titers
for these influenza strains in mice administered 1 ug or 5 ug of VLPs or 5 ug of
soluble HA.
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Exanpl e 11: Cross-reactivity of serum anti bodies
i nduced by the H5 VLP vaccine [00316]

w@e@gmegseact i vity of serum anti bodi es i nduced pgT/EA208R/B01281

was assessed against whol e inactivated influenza

viruses of different strains. Al VLP doses (from 0.1

t dixample 11 56rasereactizithofgrion andhodies indncedby edlS VLP vaccine
i nduced high binding antibody 5 titers agai nst a d ade

1 hn (A et 94/ thad D
ADOTR LRI 4.08hs kLS TRLBIPHE f s
Alapaihsteytiolel fgeyvaté DmflpenQuitisesZST Al fferbMGechifls. HIMELRdoses (from
only the plant-made VLP induced HAI titer against the

AL ﬁw@;w@ﬁ Rl as S0 e goatral M) antigen idyyed high bindingrantibody

f AL s . ' e

pier ify n RN AU ARyl 19510, B eoldgdiS s, o,
WA/mdohesid/508dE cHae 21, Bhd HORASD.2Mam AhadkewTarke9l$0y (Figure
had been adm ni stered a two-dose regi nen of

A2PAdonesi a/ 5/ 05 H5 VLPs as described, were

subsequently chall enged intranasally 15 with

[ za A / "pl; y :
T o e ARALE Plint e YU PTaA HRT el pgainy he

p &Y/tuatke yikilirke W5 srain@Fipugel 2 519). X AQGeSTohe A/IHdonGia3/05 were
By . a ost-chal l enge, only 37.5% of the mce

a 'ogi@rpgd the PBS vaccine control had survived
exposure to Turkey H5N1 (Figure 26A). 100% of animals
adﬂﬂaﬁic}ﬂé ¢220rds85Hrofetion lcoﬁfeﬁeaqg ini#Nini2htidn withOflad@miade H5
of I ndonesia H5 VLPs 20 survived up to 17 days

podtP chal | enge, when the experiment was term nated.

[ 00320] Body nmass of the m ce was al so nonitored

dyg t he i ren a t.h er age s of the.
DO g e Bt ey o0 BUF AR Riorhee. rmen of
1,A/mndofésid/5/08HIVLPRas deapas ward fubvedientdeéiiienged intranasally
chal | enge did not | ose a?%hﬁ%r eci able mass during

t mathcigfinenzady Turke ySRpbbi( dwakayHMEDilrfgetigus yige, and
| O _ : . t .
2 ?’%ﬁ‘?‘% gﬁfeddrmc’%% g&nﬁéﬁét%?\}g? g’%)(l rlr% ?’o‘?ﬁm c eDiO ggagu s k(gf/é EfSo.

H5N1 chal | enge) did not appreciably gain or |ose body
n§8@319Posi t iBye7 daystpost-chrllerge, onlyt3 7a¥bon ihetmeice ddidloRsered the

b hal | d wth Turk H5N1 i bited signifi t

D St e S B LS8 80 D58 o0 o
©XRRA 1O EdHhinisAEd Eﬂerc%ﬁuelfanki%&%mm &e]h,@ &5 ugfof R@hesia H5 VLPs
mass i s an average of all ce in the cohort, renoval
ofsurtviineed upi tol@siays post-eh{licnge,3vizd thdrex pedired) wantermiractdt o

an apparent overall increase in mass, however note

t -95 WD 2009/,009876 PCT/ CA2008/,00128 .
1200 oo QUSSP IR St o TGHO R B e expgrimen, and
Stild dvesdgemhdss 6B Hel sMrideih8 Witdyabtted (Hif\Ge 26BYaMideCadMintsheed 1, 5

VLP-treated cohorts.
or 15 ug of the Indonesia H5 VLPs before challenge did not lose any appreciable

mass during the course of the experiment, and in particular mice administered 5 ug of
the VLPs appear to have gained significant mass. Negative control mice (no Turkey
HS5NI1 challenge) did not appreciably gain or lose body mass. Positive control mice
(not administered VLPs, but challenged with Turkey H5N1) exhibited significant loss
of body mass during the course of the experiment, and three of these mice died. As
body mass is an average of all mice in the cohort, removal of the ‘sickest’ mice (the 3

that died) may lead to an apparent overall increase in mass, however note that the
-95.-
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[00321] These data, therefore, denonstrate that
pl ant - made i nfluenza VLPs conprising the H5

wheowagadsad i nin viral protein induce an i nfmune PEFOANBE001281

specific 5 for pathogenic influenza strains, and that

virus-like particles may bud froma plant plasm
meavsragabody nagpofAhy pavievecantrohcohorids el signifivantbnbelpwitiat of the
t at'?Yle tfe & &P&o‘fﬁoﬁg. producing influenza

virdas-I1Ke particles, and also for the first tine,

that virus-like particles can bud froma plant plasm
mgob32ile. 10THd30daA3] therefdrbatemansiratg thidd plagtiad@influenza VLPs

transi ent ex%essi on technol ogy, a first_  antigen |ot .
wefOm isHghe Horhepnagglugaipsvisy pedtein prduse an sppang fespepse specific
t : [ . r,.t he j I
0P SRR AR RAEE IR Yk SLE BRA RS by BudTrdih plan:
syllpsnet membednekg of infiltrated | eaf may produce
- 20, 000 vacci ne doses. This unique conbination of

I m sinplicity, surge capacity and powerf ul )
P eni o Tese dah bR dexdepmsira 417 PR capable of producing
enRAZRVids-1iR A IoTBP IR T st - i
pandem c. Eién%?glwfgg zﬂclﬁgdr Aact e?llgza%titgrﬁé’gl?dtgﬁm B¢ piitictes can
heémddgimaiplint ptaomip amembrgnest ruct ures in plant extracts
usi ng si ze excl usi on chromat ography [00324] The

APPERUY: " Aol DiRdny Rl o ey & s

StangnIoR wa¥Pfodas&reH § de My ostter fitid sIeR%é_ﬂlc/@ gg 8&‘&5&%& HA"was

concentrated protein extracts from
A@btgiserh U ndp@%g cugent yieldgdor HAGWLPs add at an exemplary dose of 5 pg per

A - g Ldr | ant 1.5 re foractionated .
oy oble£8 Baiid oA AL A IS b0, Gl R i niaue
S-coi{bildRof @ff plasfrro Chmpieadyt i6a¢ &qpaal't__)oarﬁpﬂ)cﬁﬁ&ﬁll GRfRnogenicity

Pi scat away, NJ, USA). As shown in Figure 46, Bl ue

Da¥PYides fop, apmpngrosherembodimense aloew Iéquq/ rgsporise e thegontext of a
10, niYg proteins from 200 L of each SEC elution

fraction were concentrated (5-fold) by
acetone-precipitation and anal yzed by Wstern

bl Examplg 13FCharacterfationafd@giagelutinis-costatning stracidrys in plant
found in fractions 7 to 14,and are indicative of the
i FEOASH USRS HHZG exalpsion chromateeraphy hout wi shing to be

bound by theory, this suggests that the HA protein had

eijphergiasse ' 3 ) .
S0 35T o e SR AR B ot it

atsubkypesiintawhigh maj¢culas veaight atructereg iwtas sssesset] byezel filtration. Crude

' i vely of t bt le 14
SRR b Bl ML BRI S8 R
hex@Dgl7804 4dnABY.1/788 iRfilRhiedtplaitd Q5 i) MerdRM VAR size

plants 5 [00325] The ability of the transient
e 5 Fusion sArosaleE APR YO SFCO e phacaxlot 8500 HR columns (GE Healthcare

Bio-Science Corp., Piscataway, NJ, USA). As shown in Figure 46, Blue Dextran (2
MDa) elution peaked early in fraction 10. When proteins from 200 uL of each SEC
elution fraction were concentrated (5-fold) by acetone-precipitation and analyzed by
Western blotting (Figure 46), hemagglutinins were primarily found in fractions 7 to
14,and are indicative of the incorporation of HA into VLPs. Without wishing to be
bound by theory, this suggests that the HA protein had either assembled into a large
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i nfl uenza hemaggl uti nins was determ ned through the
expression of the HL subtype fromstrains

wo@piedsane/ 59/ 2007 (HINL) (plasm d #774), A Ne@I/CA2008/001281

Cal edoni a/ 20/ 1999 (HIN1) (plasm d #540) and A/ Sol onpbn
I sl ands/ 3/ 2006 (HLN1) (El asmd #775). The
heévpeggrusturaionthgeidas attiched eigh cedeantar evefight structure,

assenbl ed, i | ast acyani n 10 expression cassette -
oot LS BB, Foncer i bt et

% ranscription termnation
sequences fromthe alfalfa plastocyanin gene - and the

agxafiple 14 ChRAricne sxprRidon bfseakéril infli¢hzh m:ausm@ﬂiﬂg Kitinin b
bi nary plasm d. The plasm ds were then transfecte : y

i @EEoinfilfraincingy. Plant$duci ng Agrobact eri um
strains AG.1/ 774, AGL1l/540 and AG.1/ 775,

PR ot e e ch A e i AT R R PYE Sasopal

t Inﬁ]degaa/haanughmdw wasdeednaﬁddethr@gh ithe: dl@yeshlgnu)b el I@n subtype
| O To ern n H1 accunul at e inth
g siiains Agiragena sy 2o GHITD plasmid 7). A New Crladnial20/1999
f | eaf
b:’(fgtﬁfymgﬂs&r{lé%@o) £afA/KbRIS 1 3&3%7%062@{111\?% (%\%&gﬁf :P775) The

usin nt1-HL anti bo
appmegglntnielggnd odiipseqaenaee et it asserabtedamths pldstapyasin

F GRRFFON ST B ORI Fﬁjﬁz 3 IR ap cncrairg s fermengtion
t @@(}ueﬁé‘é%rfﬁ%% ﬂi%"hlf&ifagﬂldcsf& @I‘IE"U d fe 'ags%ﬁlb‘l"eidséagﬁtt%ﬁ/ere

hemaggl utinin i |nf ted eaves results in
a(msmterl &t pﬁAMMMbmh@eleMI Thengsl hamide wepr theluransf&%ed into

le 15: Tr i ent, expressi on of potentj.al n '
ARt (AL, BRI B R el O AP A oA CR/540 and
NAdENy Msiespeaivi@nt s [00327] The ability of the
transient expression systemto produce potential

| an uenza hemaggl uti nins was determ ned thr ough t he

$328%i on & bembaming angpwererininatedrveittn4GL1/774, AGL1/540 and

Aﬁ%ﬁé@fé&%ﬂé&g %‘?\ﬁ%g@@ a( p#ég}n %ay#lggl&atlgﬂ Berlod To

Aldsfieerhine whi4 HA0Rduratdatell)in (1Y asoint1ttaf@Eaves NaoteBy wi@ first
2009/ 009876 PCT/ CA2008/ 001281 henmggl uti ni n gene

c savw%%amé%%tqﬁéﬁ?é tpspyesandpnalypes] Ry Westermbloiting using anti-H1
TR Lﬂu §oF oﬁﬁf)ﬁ%ﬁeﬁgtﬁ kDaRy R Wleted 111‘13 F)l(gz;%‘ts (Figure

3 and tra scripti ermn sequences

t H@), abfredpoadink &s siae wathe nngened- HMWﬁortﬂ‘kGf iafie&@zh heslagglutinin.
@éﬁ#tes wer inserted intg to a pCAMBI A binary
pl e&lon?%te% that prryessigeyof daffierantangpal repideic straips ofg

PSSR AL . TR o A g

AGads1atgh praduttt he | eaves were harvested after a

si x-day i ncubation period. To determ ne whether H5
accurmul ated in the agroinfiltrated | eaves, protein
were first

Example 15: Transient expression of potential pandemic influenza virus

hemagglutinin by agroinfiltration in N. benthamiana plants

[00327] The ability of the transient expression system to produce potential
influenza hemagglutinins was determined through the expression of the H5 subtype
from strains A/Anhui/1/2005 (H5N1) (plasmid #781), A/Indonesia/5/2005 (H5SN1)
(plasmid #660) and A/Vietnam/1194/2004 (H5N1) (plasmid #782). The

-97 -



10

15

20

25

30

extracted frominfiltrated | eaf tissue and anal yzed by
Western blotting using anti-H5 10 anti bodi es. A uni que

whamd/oafs7appr oxi mately 72 kDa was detected i n BXI/Cazios/001281

(Figure 48), corresponding in size to the uncl eaved
HAO form of influenza hemaggl utinin. This
ddrongpluahacgdnb aodieg se@eacaswat fidit hfsembidd ipohepinstadyanin

pandem.c strains of he , nininfilfrated .
 EAPBSNPB S ELS T HOTHUST SO AR it oty eion
t rs@?@én@&é R6mRROs s pl&s@oc@%ﬁ‘iﬂl@teﬁe 18nd fcR$BBE cassettes were

expression of H5 by agroinfiltration in N tabacum
plinserted ifto 632 P AMB LAbinary plasgrhidt ke plasmidsovere then transfected into

expression s to produce influenza hemagglutinin
i 3’8%é§’”6?¥‘§#}gg}°i ana tabacum was anal ysed t hrough
the expression of the H5 subtype fromstrain

Abosimnesi al fp/ rABrRinkidiRd\Piints Wepsiit#&BMth AEI@lt/i@l, AGL1/660 and

henalgi_&l utinin gene codi ng sequences were firs

astEehbl7€3, and thdlpayssamero bgryastad alispr ixday mcobatinstpesiod. To

pr ter, b 3' UTR, and. transcription term nat.ion

P Rt By el REn (& BB B | bR S frs
asexeatibe trofivinsifttdi@bledPtistue Amtb&faly2dd b Westdin BlRGAMBRiAY anti-H5
bi nary plasm d. The plasm ds were then transfected

i rngbodigy. dhueiges bang qf approximately[73dd B0y andetecigshiapairacts (Figure

pl gnt i nf.p i t he l,eaves, .. .
AP S Bl ) el A 058 B i B0
deTigs dérmensvarthigdt ekbressionioidifferdt potentidl @andemic strains of
aq{?oi nfiltrated | eaves, protein were first extracted

fr

magglutinin igrafytatedleaves eagaltsindhe ageamydasioniof theauncleayed

bl i [ anti-H5 anti bodi es. A unique band of
aﬁ%trn%lflﬂgrr% éjid)[/lg%Z kDa was detected in extracts (Figure

49), corresponding in size to 30 the uncleaved HAO
formof influenza hemaggl utinin. This denonstrated

that -98 2009/ 009876 PCT/ 008/ 001281 , expressi on
oiﬁmégg}%%mwtﬁxwﬂsw of wgrpaéﬁtrawem@m@ plants
results in the accumnul ation of the uncleaved

t rpOsdAt | on THOMUNRY of E%ﬁ%lsﬁnﬂg)éprés%@?g@rﬁit& gfdﬂueé influenza
pl ant - made H5N1 VLP vaccine from A/ Indonesial/5/05

( BBNERgiutiningndenves 6f NPOEF tapadws was swadysatl ittunuglt thdexpression of
f fore | ' I LCl

ot iz Er Pl MRS oAy B G0 WRTEHEGb b

S HetiRggltinPOre codidly s@fheRdesttge Hibst MésBmbRAGH AR Fhstécyanin

doses (1, 5 and 15 ug) was assessed by o
h EFREESI0R FaraeticonPiomiites §1OFR.6Y UTRrand tesnberiptigB Nrmination

st rai - Tur key/ 1/ 0 (clade 2.2

SRR SR THE AR S AT e soprs wr

Whndegted iinta.ed b paAMIB 1A bitlafishsmidSTREpBShidvieak #n dnsfected into

days after the first dose of vaccine (Figure 50A), and

1 Afygrobactermm (AGL1).
[00330] N. tabacum plants were infiltrated with AGL1/660 and the leaves were
harvested after a six-day incubation period. To determine whether H5 accumulated in
the agroinfiltrated leaves, protein were first extracted from infiltrated leaf tissue and
analyzed by Western blotting using anti-H5 antibodies. A unique band of

approximately 72 kDa was detected in extracts (Figure 49), corresponding in size to

the uncleaved HAO form of influenza hemagglutinin. This demonstrated that
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days after the 2nd dose (Figure 50 B). For all 3 dose
concentrations, cross-reactivity is observed Exanple
wazeovsemre/si s of the i munogenicity results ackOr/dAnys/001281

to CHW criteria. 15 [00332] The EMEA's Comm ttee for
Medi ci nal Products for Human Use (CHWP)
(http://ww. enea. eur opa. eu/ ht ns/ gener al / cont act s/ CHWP/
CrdxPrelstion pf B@h@gh&lﬁm irinéifirated Nembacupraleptdsedsulltolin thei ng
the second d for vaccine efficacy: 1 - Nunber of
S ECEUBHEEORP eapclg?‘geﬂ.tﬁnelaﬂ?n Pio@idase in H titers
(4 fold) >40% 2 - Mean geonetric increase of at

HI
17 amite 17 FnmyogRAti) BfpRhe HiR IS ST SR Foimy
t oIndanesiady/05 (H5N1 hia femretset nodel is shown in Tables
8-11. (*) is indicative of neeting or exceeding the

Cﬁ%ﬁﬁ Ist 8 dph SRR RS o8 PP B e
S hﬁl‘fﬁhnogéhlaﬁbbtepl&?t deh@@cﬁeﬂ’s ARivied &oﬁ‘@fe%c@ﬁ%ﬁ‘&%gﬂlm antibody

daily for body weight, tenperature and overal
c andiiced b theNd5 dildhvastingiat k deses (br5 atidstowg)owas messed by

f N T e ———

Tr(elaa@z 2), VieBamAabe/0anélade! et A nki/4/08 § Iwﬂme 1nact1vated
ani mal s. -99 WD 2009/ 009876 PCT/ CA2008/ 001

Q;Virms), uging S¢runualcerth4 dgysadigr thg disst desepf mcme I(\Flgut? SQA); and 14

iC rgla?fs.saii\i)):ft e 2“‘&5% (51 r@?@ 9') VF% eﬁr ilgo% Qn entratlf)nsocas?) rea(c)tmty is

vobeedd~ OOV) O Cd 00 00 mcdtoto

Example 17: Analysis of the immunogenicity results according to CHMP

criteria.

[00332] The EMEA’s Committee for Medicinal Products for Human Use
(CHMP) (http://www.emea.europa.ewhtms/general/contacts/CHMP/CHMP.html) sets
out three criteria (applied following the second dose) for vaccine efficacy: 1 -
Number of seroconversion or significant increase in HI titers (4-fold) >40%; 2 - Mean
geometric increase of at least 2.5; 3 - proportion of subjects achieving an HI titer of
1/40 should be at least 70%. Analysis of these criteria in the ferret model is shown in
Tables 8-11. (*) is indicative of meeting or exceeding the CHMP criteria. A summary

of cross-immunogenicity analysis in relation to CHMP criteria for licensure is shown
in Table 12.

[00333] Animals were assessed daily for body weight, temperature and overall
condition. No sign of sickness or discomfort was recorded during the study. Body
weight and temperature was within normal ranges during the study. The vaccine was

safe and tolerated by the study animals.
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(gl a ric incre % of
HI| t 0% * 20% pction
of ot i de seq
nucl of the HA vers m an
i nf | .
o, 24 oo
g 95
20 %y <
> >
: i
P 7 I
X &
ks

S5pg

-3 =
L ]
o g oy S
38 3 g
- = - 3
=] T~ 3]
< un <
o
= o0
= 3
E —
e’
Bl
B B 5 B B
'::‘»8 ':33 = ‘58 =2
T3 |T S 2 T3 |2
) 5 o = - e =
£ |s8glsg¢g : T [E2F[52%
2 (8o 8 . ) s 125726~
St oot S | D oo St p— fa Qoo S | O o= N
S |BE8|EE® g S |EE3[EE®
13 HO St ) O = O
EESEES g 2EZEES
-o8:-c8: = - 3 °le 8=
S S0EE B ' gwigma
“T‘Eu-‘“fgq-‘ S "'T"gq.q"T‘gu_.
RIS 5 R I RRER
HA ~— (LX) — R ol
173 172) n
. Q= Of};;\ : > Q= 8"3
s &E | &8 ° 3 &5 | &8
A A
R + 2 | »ng = _ <% | »wn 8
— o =] — m"D
i

101 -



sequence dat abase (see URL: flu.lanl.gov), or the NCBI
i nfl uenza virus resource (see URL:

waoewp/oesne hi h. gov/ genonmes/ FLU/ FLU. ht Ml ). For sP@ECAR008/001281
the HA nucleic acid sequences, nultiple entries are
listed in the databases (Table 13). Sone variation is
10 associated primarily with the culture system
(Origin - MDCK, egg, unknown, viral RNA/clinical

0 e RS R sk i ey

alesigétia PMiditehsre. B | nfl uenza virus is expressed in
allantoic fluid of eggs (see also Chen et al., 2008).

Fpr—sone sequences —donmins may  he lacking (e g
i hconpl ete clones|, sequencing artifpcts, et Stqdygm)gp
emaggl Straimi n 15 |sequen€riterig di vi ded ipgo % dg ns: 15 ug

i
h

S gnal peptide (S§P), HA I, HAZ, trﬁggw di ted
b comoined ‘@s TR PP, ’Eg-”“ i
sﬁlﬁgﬁﬁgﬁky d WSgnal peptide of 861?}”lrst i(w‘%l*n 80% *
s be ch%ﬂnr@Q
h
P
2

bquené mgfricinengasepn| 406" off 208 * 7.7 %

emaggl uti ni n codi%of H ttmen ¢&0f r om 098t &ng $00%i*n |t Ad00% *
Fovi de a conpl et|@ cpfblddngesdeinCHI | 20 - 102 WO
DAJARMAA TGS Riabe M1&408/ 001281  Tabl e 1hea, War i dgapn i|n 6o *
nf | uenzasysubt ypesLor eﬁﬁleﬁ[ctlﬁgrem pg@gk sequﬁn‘izgs 3%

Spquence Strain d la E re E‘(ﬁ4(énce On%% ”% 80% *

DN2.31

(MOCK)  HL [sl r%ié?@ﬁ@ inepeasg mcHihe MDCK Y Y vy
T[ PdY)etnam/d 194404 ) 006 rec.) R(Egd0%55(: 80% KOQK) 60%
( Eg¢ladé/130l ong M@ geBmetricGner22R: | K QIMDCK] M1 * 1.78
DN238 T(Egg) ., 24P of QI (idPeK)/40! S| andshd 2 19QoBge Y Y 209
YY RCEQQ), 5o0. L (NVOCR) R 006 (Eguy—ASofonmo—189—R
ou G 220: K (MDCK) n EU10072 ? Y Y Y Y T(Egg), 249:
Q (MDCK) Islands/3/2 4 R(Egg), 550: L (MDCK) R 006
( Exginpl¢ B8t Selectid@dof lRagglufiniR Aiclestidd\dogiPnces

[00334] The nucleotide sequences of the HA were retrieved from an influenza
sequence database (see URL: flu.lanl.gov), or the NCBI influenza virus resource (see
URL: ncbi.n.m.hih.gov/genomes/FLU/FLU.html). For several of the HA nucleic acid
sequences, multiple entries are listed in the databases (Table 13). Some variation is
associated primarily with the culture system (Origin — MDCK, egg, unknown, viral
RNA/clinical isolate); for example, the glycosylation site at position 194 (mature
protein numbering) of the HA is absent when type B influenza virus is expressed in
allantoic fluid of eggs (see also Chen et al., 2008). For some sequences, domains may
be lacking (e.g. incomplete clones, sequencing artifacts, etc.). The hemagglutinin
sequence may divided into 5 domains: signal peptide (SP), HA1, HA2,
transmembrane (DTm) and cytoplasmic tail. Domains of a first sequence may be
combined with a domain from a second existing sequence e.g. the signal peptide of a
first strain sequence may be combined with the balance of the hemagglutinin coding

sequence from a second strain to provide a complete coding sequence.
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n | SDN220 MOCK Y Y T(Egg),
951 N N R(Egg),
was®woRsou G 220 K (MDCK)

249:

Q (MXCK)

| sl ands/ 3/ 2

550: L (MOCK) R 006 (Egg) A Sol ono
n | sl ands/ 3/ 2 | SOBGI/DARDE/001281

Egg Y Y N N T(Egg), 249: Q (MDCK) R(Egg), 550: L
(MDCK) R 006 (E%g Al Sol onp 189: R ou G 220: K
( MWy 13nVariatian evizy subtiupey foy ghlected HA Codin@GEquences
Islands/ 3/2 7 R( Egg) 550: L (I\/DCK) R 006 (Egg)
AF-Sotomo—18f - Rou 16— 226: (v mEY12413—MOCK—Y
T(Bgg), 2494 LK) | sl ands/ 3/2 Y N|N R( Egg)
550 Stitain( MDC fe ne a6 (Egg) /ﬁ? onp |189: |R ou 220:
q - l ,
RV Ne:! AT kit Fp VF 2 Had P’ r%&vwmé F99)
L5 \ IVIJ\/}} é& H) y JIVU. | - \ VIAOIN T IO
A ErA/ Hans, 1'SBN2 Y Y|Y 2p3: Y UN DlggstR b€ GRS K (MDCK)
/é9/1§m2/3é7§5§b9nd° N';D@Ib PZ | e? Hly A Bpi gly S@)@SSQ (MDCK)
Egdode Y N Neeinely|[ /N D|est le| plug e/t E §)75§d)1L (MDCK) R
abdndant cher20~) es Hl A/ Brisban| | SDN285 E:
203" AM6INoY est Teplus [e/ld97Z2p07 {77 ang g]quu @nggo K (MDCK)
legnHL A Brispiasg || SDN282 Egg Y| Y Y|Y 2031de| / N4 egf  MDCK)
| e |iats/32/ P962007 |E8F abdndlaht | chez 1%s R ) ]550 L (MDCK) R
A Bigbgbane | SDN274 |Egg Y| Y Y Y 1202 VI G|
219 ARBlontaB[ 7 1072007 893/ AT |, 227§ T 11487k o€, 220. K (MDCK)
2009/ 009876| fis1hoA4008/ 001281  Sequence $i, (F?ggy 249: Q (MDCK)
datiahagespeflerence |HA | Y | Y 1 Y 1 Y IpEoey ss0. L (MDCK) R
006 (Egg)
A/Solomo 189: R ou G, 220: K (MDCK)
n ISDN220 T(Egg), 249: Q (MDCK)
Islands/3/2 |951 MDCR)\ Y 1 Y | N N IR Egg), 550: L (MDCK) R
006 (Egg)
A/Solomo 189: R ou G, 220: K (MDCK)
n ISDN220 T(Egg), 249: Q (MDCK)
Islands/3/2 | 953 Egg | Y| Y | N N IpEgg) 550: L (MDCK) R
006 (Egg)
A/Solomo 189: R ou G, 220: K (MDCK)
n EU12413 T(Egg), 249: Q (MDCK)
Islands/3/2 |7 Fgg | Y| Y| NI N pEg) 55 L (MDCK) R
006 (Egg)
A/Solomo 189: R ou G, 220: K (MDCK)
n EU12413 T(Egg), 249: Q (MDCK)
Islands/3/2 |5 MDCK\ Y 1 Y 1 N N IR (Egg), 550: L (MDCK) R
006 (Egg)
A/Solomo 189: R ou G, 220: K (MDCK)
n EU12417 T(Egg), 249: Q (MDCK)
Islands/3/2 |7 MDCK} Y | Y Y Y R(Egg), 550. L (MDCK) R
006 (Egg)
A/Brisbane | ISDN282 203: D/UN D est le plus
H1 MDCK|Y | Y Y p
59/2007 | 676 ¢ abondant chez les H1
A/Brisban |ISDN285 203: D/UN D est le plus
e/so2007 101 |FEE | Y Y | N p N dant chez les HI
A/Brisban | ISDN285 203: D//N D est le plus
€/59/2007 | 777 Fee Ypy|y Y abondant chez les H1 P
A/Brisban | ISDN282 203: D//N D est le plus
e/59/2007 | 677 Feg vy Y abondant chez les H1 P
A/Brisbane | ISDN274 202: V/G, 210:L/P, 215: del
13110007 |893 Beg (YT Y| Y Y Ao sn
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No. Origin SP 1 HA2 DTm Di vergence ABrisban | SDN257

MODCK NY Yy 202: VG 210:L/P, 215: del

W@2898b®m76 242: S/ 1 A/ Brisban | SDN256 Egg y y yPGT/2A2008/001281

VI G 210:L/P, 215: del

e/ 10/ 2007

e/ 10/ 2007 751 Al a, 242: S/

AlBrishban |SDN?73 Fgg v y y y 202 VG 2101R,__215:
del| e/ 10/ 2Sequepse | Al a, D42 " s/|l A/ Brisban | SDN273 E y
202 Stry{na 2dgtabage | 215: del | e/|10/2p07 759 gg y Yy Y
Al 4, qreferemes <>ban EULOPHA [Egg v 2020 VIG
21 L/P 21|No. de| A8 AIA2 | DEm | Bjvergamee sban
EU]99B6stag g I§Dy257 31;1;52%5 W Gy 210y L| Py 21B02: dé/G, 210:L/P, 215: del
e/ 10/100007 6648 a, 24 ABri sban SBINZESZXlaEZ;@:SIIy y VY
202:A/Bti€han 2JISDN2 98, : d?l f/ 10%2)0@ 042020 WG, 2A8:1/P, 215: del
S/ || e/ABROGHATSEUL992 g%VDCK NY Yy VI Sa, 2A40si/ P,
215 A/8akban 1gONZA0T_0 A B, PA2: S/I ABH $E@N v/BDN63/P, 215: del
EgdeMoYodd N7292: VIESE 210YLI P [215: | dél gialéuzz.%? 357
Alq A/éﬁéoandlsbﬁ\%' $ban TISUNCOU '=9 Y Y I[d02¢ 215: del
210, A(),E@Oﬁl%gde Egg10/ p¥oy %30 ‘gd h, Y242 Al,asizr 47
J.JE A 4b(UIIbI 647156 Dt % O.L/P, 215. del
- 1 §Bge G/ VN BOC)| TO6|” WY %
xY\‘,@a@;&%ﬂ S o ko) 10" Y g 0L
el 89‘3%Hgg 138y WS | AW sqon<2(EF4‘7§422404*/3<| 215: del
v .‘/%vv_ IQ/n inle7/ 2005 has: |l g vl 196 2:8%. A/ g
A/Brisban |ISDN257 E Nl Yy v Y 202 V/G 210:1L/P, 215: del
e/10/2007 |043 &8 Ala, 242: S/T
A/Brisban | EU19925 202: V/G, 210:L/P, 215: del
e/10/2007 |0 MDCK| N | Y 1 Y Y e 242: 91
A/Brisban | ISDN275 202: V/G, 210:L/P, 215: del
e/10/2007 |357 Egg NG Y PN N e 242: S
A/Brisban | ISDN260 202: V/G, 210:L/P, 215: del
e/10/2007 | 430 Egg NILY | Y Y 1Al 242: §71
ISDN131 138: A/S
A/Wisconsi | 464 156: H/Q
H3 | /672005 | (vaccine |’ NI Y L Y N | seav
rec.) 196: H/Y
138: A/S
A/Wiscons | DQ86594 | , N| Y parti N 156: H/Q
in/67/2005 |7 ; el 186: G/V
196: H/'Y
138: A/S
A/Wiscons 156: H/Q
in/67/2005 | EF4734241? NI Y| Y ! N e av
196: H/'Y
138: A/S
A/Wiscons | ISDN138 156: H/Q
in/67/2005 |723 Egg NIY | Y Y g6 v
196: H/Y
138: A/S
A/Wiscons 156: H/Q
in/67/2005 |EF473435 |Ege (N | Y | Y | Y | el
196: H/'Y
138: A/S
A/Wiscons | ISDN138 156: H/Q
in/67/2005 | 724 ? NIY LY | Y g6y
196: H/'Y
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Al Wscons ISDN138 Egg Ny Y y 156: HQ

in/ 67/ 2005 723

186: GV 196: HY 138: AS A/ Wscons EF473455 Egg N

WO2009909856: H Q

Al Wscons | SDN138 156: H Q

in/67/2005 186: GV 196: H Y PABBA20b88B01281

in/67/2005 724 NY Y Y

186 G N 196: HY - 104 WD 2009/00Q9876
PCT/ CA2008/ p¥gnence |Sequence [Strai n dat abdse reference
HA INQraif | 9| d0temse |HA2 DIm Di vefgende | SDN 126 B
B/ Mal aysi a preferensg |Y Y NI N [HA506/ 2904 (\accine 120
KIN rec ) PNe T/A|O=igim| S0l a/HARGDT0N
Y Y N N 120[18PN12¢ |210 T/A |B/ Mal aygi | SHN231
a?zwmabma 63 Egg )gg Y| ¥ 120 0%4 10 T/ A
B/ NEPWGE004 Kmaeie 4/ 2506/ 200 557 MDOK Y Y130K/N20 K/ N
4 210 T/A PBewhal aydi a/ 2506/ 200| EF566394 |RICKAY Y N N
120 BMdlaydi P10T/ A |B/ Mal aysi| EUL2427
a/2506/200 | EF566433 | Egg Y| Y| N N |120K/N
4 210 T/A
B/Malaysi
22506200 (2N Egg | Y | Y | Y | Y [1200N
4 210 T/A
B/Malaysi
212506200 | SOV IMDCK| Y | Y | Y | Y |120KN
4 210 T/A
B/Malaysi
a/2506/200 |EF566394 [MDCK | Y | Y | N N |120K/N
4 : 210 T/A
B/Malaysi
a/2506/200 fUlz‘m Eeg |Y| Y| Y| Y |120)N
4 210 T/A
B/Malaysi
a/2506/200 155U12427 MDCK|Y | Y | Y Y |120K/N
4 210 T/A
B/Malaysi
212506/200 [ OOV \Mpek | Y | Y | N | N [120k0
4 210 T/A
. lacking glycosylation site at
B g’gggr‘d“/“ Iggmm Egg | Y| Y| Y | N |position211; 10 amino acids of
DTm/cytoplasmic tail
B/Florida/ | EU10060
42006 p MDCK|N| Y | N N
B/Florida/ | ISDN218
42006 061 MDCK| N | Y | N N
B/Florida/ |ISDN285
42006  |778 Egg | Y1 Y| Y| Y lincludes cytoplasmic tail
B/Brisbane | ISDN256 lacking glycosylation site at
B l3no07 628 Bgg [N Y | N | N | sition21]
B/Brisban |ISDN263 lacking glycosylation site at
e/3/2007 | 782 Eeg Y| ypy Y position 211
B/Brisban |ISDN263
¢/3/2007 | 783 MDCK| Y | Y | Y | Y
AlVier | SPNIS6
HS | Nam/1194/ (Vacei ? Y| Y| Y Y
2004 accine
rec.)
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a/ 2506/ 200 4 Eggy Y Y Y 120 K/N 4 210 T/A B/ Mal aysi
EU12427 a/ 2506/200 5 MDCK Y Y Y Y 120 K/N 4 210 T/ A

w®tdvioesssé | SDN124 a/ 2506/ 200 776 MDCK Y Y N NedR0AX0BI001281
4 210 T/A B/Florida/4 1 SDN261 | acki ng gl ycosyl ati on

site at B /2006 649 Fgg y Y N position 211; 10
amilno aci ds|¥Huer®¥ i c to|l asmc|taill B/ Fllori da/
EULIRQEEh VDCIdatabase\ IN 4/ 2006 4 B/ Fl gri da/| | SDN218 MDCK
N Y NN 4/ pofserse] B/ Fl ori ¢HA | SDN285 4/ 2006 | F 778
Fgg Y Y Y Y|Neic| ude©rigin ofR atni cHARj| DT rgenge e
| SON2BBeELtEgg| Nogs 1B N I acking|gl yposyllation site at
/ 3/|1200711828| posi t1qA 211| B/ Br¥spa¥ I|SDN263 Egg y Y Y Y
| aclkP®h gl ycosyl atilon site at e/ 3/ 2007 %82 position
211 SMti sbpn | SDN263 MDCK Y Y [V Y e/ 3/ 2007 783
A \fiNai/ 1 ISHNBBB4HBZNAN 11947 | (V8P Hcgimé Y Y Y Y 2004
regq.2p04 105 WO 20Q9/ 009876 | PCT! CA2008/ 001281
Sequence Strain database reference HA No. Origin SP 1
I_IIM;zAI?LrPhu%/VSDQm. & ?A/\ﬁ atY /\Y$513$ Y
1/2005 (vaccine ]
rec.)
A/Anhuil/ [ ISDN131
12005 |465 Bgg | Y| Y Y | Y
A/Chicken/
H7 | Italy/13474 | AJ91720 ARN Y| Y Y Y
/1999 gen
AB29827 152 (R/G)
A/Equine/P |7 (Lab 0 169 (T/T)
H7 rague/56 reassortan | Y|y Y Y 208 (N/D) (glycosylation site
t) abolished)
A/Equine/
Prague/56 X62552 ? Y| Y Y Y
A/Hong
H9 [ Kong/1073 | AJ404626 | ? Y| Y Y Y
/1999
A/Hong
Kong/1073 2B08022 ? NI|Y N N
/1999
A/Singapor | AB29607
H2\einos7 |4 ? Y Lypy |y
A/Singapo
re/1/1957 L20410 RNA Y| Y Y Y
A/Singapo
re/1/1957 L11142 ? Y| Y Y Y
A/Japan/30
H2 5/1957 L20406 ? Y| Y Y Y
A/Japan/3
05/1957 L.20407 ? YI! Y Y Y
Aflapan/3 |CY01497
05/1957 |6 ? Y Y| yly
Allapan/3 | AY20995
05/1957 |3 ? Y Y| N} N
A/Japan/3
05/1957 J02127 ? Y| Y Y Y
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Nami 1194/ 3 Y Y Y Y 2004 Al Viet

Nam 1194/ EF541402

?YYYY 2004 Al Anhui I/ DQ@B7928 H5 1/2005 (vaccine ?

WO2009/809876 rec. ) A/ Anhui |/

465 A Chi cken/

| SDN131 Egg Y Y Y Y PAT/2A01H8/001281

H7 1taly/ 13474 AJ91720 g

eny YYY

/1999 AB29827 152 (RIG H7 AlFquine/P 7 (labh y Y Y Y
169 (T/1) r|Hgeesnss |reassprtan 208 (N D) (gl ycosyl ation
Si t|Qiraly abdfabmeed) A/ Egui pe/ [X62552 ? Y Y Y Y
Prague/ 56 |aefiepange |HO Kong/ [MA3 AJ404626|? Y Y Y Y
/1999 A/ HondNeAB080 29 righm 3 (A2 \DYm\ | Rivergpago Hp
A SiAirppd? | ARIOEYY g/ | / 19‘;?7_4YY ¥ Y| Yy AlSi ngapo
L20AT/OSRNA Y Y Y Y| re/ 1) 1957 A/ Singapo 111142 ? Y Y Y
Y |rAfdpad/95AYE2308 Japan/ 3% ‘2Y0406Y? YNY Y Y 5/1957
Al Japaes73 L0407 ?|Y Y Y

A/Japan/3 | AB28933

05/1957 |7 ’ Y|jvpypy

Allapan/3 | AY64308

05/1957 |5 ? Y|y|y |y

Drug
AlJapan/3 | AY64308 .
05/1957 7 resista | Y| Y Y N
nt

A/Teal/Ho

ng
H6 | Kong/W31 ‘;F 25047 Egg Y|Y | Y Y

2/1997

(H6N1)

Y, N - Yes, No, respectively

SP — presence of signal peptide sequence Y/N
HA1 - complete HA1 domain Y/N
HA?2 — complete HA2 domain Y/N

DTm - complete transmembrane domain Y/N

Strain: HI from A/Solomon Islands/3/2006

[00335] Eight amino acid sequences were compared, and variations identified.

(Table 14). Position 171 exhibited a variation of glycine (G) or arginine (R) in some

sequences.

Table 14: A/Solomon Islands/3/2006 amino acid variation

212 K T
241 Q R
542 L R

Numbering from the starting M
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05/ 1957 A/ Japan/3 CY01497 y y y Y 05/1957 6 A/ Japan/3
AY20995 Y Y N N 05/1957 3 A/Japan/3 J02127 ? YY Y Y

w@ 200988876 106 WO 2009/ 009876 PCT/ CA2008/ 001281PCT/CA2008/001281
Sequence Strain database reference HA No. Oigin SP 1
HA2 DTm Di vergence A/ Japan/3 DQB0884 Y Y Y Y 05/1957
1 Wrampdhfre 4@@@6?59(2&)07\( N 05/1957 6 A/ Japan/3
AB28933 Y Y Y Y 05/1957 7 A/ Japan/3 AY64308 Y Y Y Y

0
OO 2 A SR B P e
Y asp4ra@iad ()6N 1) Y, N - Yes, No, respectively SP -
presence of signal peptide sequenceI Y{ N H;2|A :jO;THI N
I 1d Y/ N HA? - ete
S Nwie 73 drugn &/RriehanelitiMr ane domai n VI N

5 [00337] Sequence variations were observed at 5 positions (Table 15). In

position 215, a deletion is observed in two sampled sequences.

Table 15: H3 from A/Brisbane/10/2007 amino acid variation

Origin 202, 210, 215, 235 242*

ISDN274893 | Egg v L - Y I
ISDN273759 | Egg G P A s I
EU199248 | Egg G P A 8 I
EU199366 | Egg G P A S I
ISDN273757 | Egg Vv L - S S
ISDN257043 | Egg G P A s I

EU199250 MDCK G L A S I

ISDN375357 | Egg G P A s I
ISDN260430 | Egg G P A 8§ I
ISDN256751 | Egg G P A s I

ISDN257648 | MDCK G L A S I

*Numbering from the starting M

10
Strain: H3 from A/Wisconsin/67/2005

[00338] Sequence variations in this strain were observed at 4 positions (Table
16).
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10

15

Strain: H from A/ Sol onon | sl ands/ 3/ 2006 [ 00335] Ei ght
am no aci d sequences were conpared, and vari ations

w0 d@pnidsred. (Table 14). Position 171 exhi bi t BCI/@A2008/001281

variation of glycine (G or arginine (R) in some 10
sequences. Table 14: A/ Sol onon I sl ands/ 3/ 2006 am no
athble Joy Bt from AMBermsiadi 72005 MDURC Feyd vadationrkK T 241 Q
R 542 L R Nurrberlngfromthe startlng M- 107 WO

2009/ 009876 PETCAZ008Y, %H—H}—?"Om—

Al Bri sbane?Sgrébai;ér )?é%ﬁféggkl ﬁ on ’21&9 exhi bited a
vari ati on eftaspat ¢k

aspar agi nejéw%&?%l Wnkpewn "L A8y i sBanef10/ 2047 5

[00337] Sdguence—\Var t ons—were nhcar\larl at 5

posi ti ons |(FQB6P45) | Unknowns| 8i onH215Y a deletidn is

(¢
observed ilph_two sanp ed seguehces Table 15: H3 flrom
A Bri sbane/BI#738%% afUsknewnd| dariHti of OHigin 202,
210, 215, |235 242* SDN274898 Egg V L - Y |

| SDN273759 ISBNIG8M| Bgg  EULPE248QEggVG PYA S |

EU199366 Bgg G P A S|1 I SDN2)y3757 Egg VL - S S
| SDN25704 3 ISHPNIG1#6A| Bnknovia1 PA250HMDCE G H A S |
| SDN375357 Egqg G P AlS | |1 SDN260430 Egg G P A S|l

| SDN256751 Hy3®& > A Bgg | SDNRS57688 MBCK & L A $ |
*Nunbering fromthe starting M 10 Strain: H3 from
Al W sconsi Nu%ngme mature protein

Strain: B from B/Malaysia/2506/2004

[00339] Variation at two positions is observed (Table 17). Position 120 is not a
glycosylation site; position 210 is involved in glycosylation, this glycosylation is

abolished following culture in eggs.

Table 17: Hemagglutinin from B/Malaysia/2506/2004 amino acid variation

* Numbering from the middle of SP

Strain: hemagglutinin from B/Florida/4/2006; ISDN261649

[00340] Obseved variations include amino acid sequence variation at position
211, depending on the culture system. Asparatine (N) is found in sequences isolated
from MDCK cells, while glutamic acid (D) is found in sequence isolated from eggs.

Position 211 is a glycosylation site, and is abolished following culture in eggs.

Strain: H2 from A/Singapore/1/1957
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5

10

15

[ 00338] Sequence variations in this strain were
observed at 4 positions (Table 16). - 108 WO

wWQO®0B2876 PCT/ CA2008/ 001281 Table 16: H3 fPOMCA2008/001281

Al W sconsin/ 67/ 2005 ami no acid variation Oigin 138,
156, 186, 196 |1SDN138724 Unknown A H G H D@B65947
Uik S H SéqvendeRATi3d@t wirk obsanved ikl 6@adsitionSOHNARIS 133

Egg SQV Y nLSDN131464 Unknown A H G H EF473455 Egg
S
AT R SRS AR BB B Sttt Sofufion o

positions is observed (Table 17). Position 120 is not

a 5 glycpsylation site] gy

gl ycosyl a
fol |l owi ng
from B/ Ma

Lion; this glyd

culture in eggs.
ayS|a/2506/2004 am no

osyl at i ol
Tabl e

h 1 ON Agdifo aSidINWY/ Ol ved 1 n

nis abolished

166 1'6%”&%'296@3‘8“358
acid variation Amn

acid #

m ddl e of
B/ Fl ori da
variation
position
Aspar ati ng
MDCK cel
sequence
gl ycosyl a

120 KN
10 Strain:

Varal RNAY| K
henagg ut

T NgTbed g frog t n(@,
[ n| n from

ftil’zlwi —1SDIN2+

5 |1 NC

211

tf’rffc58¢vﬁu 0

ude am no aci

Se(

3407 \Gubt:\kcu I

quence varlatlon at

e \A"'\I
-

RS oo UiRaRlel

Ia nlnfnr;

fal ornrl

ILUICO

es |solg ¢ frghl v

|c- 'annrl [ila

QBP%P%‘H’ from é
F AR 35/ 1% d

2ggs. 15
is abolis

IKBS| GonT1R/iks § V

shed followi ng culture

in eggs. Btrain: H2 from A/ Singapore/1/1957 - 109 WO
2009/ 009876 NRPETHDAR BOBLEHIAB1 [ 00341] Sequence

vari ations were observed in 6 position s (Table 18).
Tabl e 18: H2 from A/ Si ngapore/ 1/ 1957 am no aci d
variation Oigin Amno acid No.

Strains: H5 from A/Vietnam/1194/2004 and H5 from A/Anhui/1/2005

[00342]

aligning the primary sequences of either of these HS strains.

There were no variations observed in the amino acid sequence upon

Strain: H6 from A/Teal/Hong Kong/W312/1997

[00343] Only one entry was available for strain (AF250179).

Strain: H7 from A/Equine/Prague/56

[00344] A total of 2 sequence entries were found in the databases. The entry

AB298877 was excluded as it is a laboratory reassortant.
Strain: H9 from A/Hong Kong/1073/1999; AJ404626

[00345] A total of 2 sequence entries were found in the databases. Only one

was complete.

[00346]

[00347]

embodiments. However, it will be apparent to persons skilled in the art that a number

All citations are hereby incorporated by reference.

The present invention has been described with regard to one or more
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166 168 199\ 236 238 358 L20410 Viral RNRAKETL SV
L11142 Unknown E GK L S| AB296074 Unknown K G T QG

w0200000m82sus K G T Q L GV A/ Japan/ 305/ 1957PCT/CA2008/001281

Nurmbering fromthe mature protein 5 Strains: H5 from
A/ Vi et nanf 1194/ 2004 and H5 from A/ Anhui/ 1/ 2005 [ 00342]
ThEvaianensambmudificationsren b swude exdthont departingifroon gheisdope of the

sequence upan .aligning the primry sequences of
eﬂq'ﬁgtt““b?s ‘{)Q%‘Qﬁ%l’}@gdaﬂlg?'ns. Strain: H6 from

Al Teal / Hong Kong/ WB12/ 1997 [00343] Only one entry was
aRafdrah¢eg: for strain (AF250179). 10 Strain: H7 from
ATEQUT nel Prague/ 56 [00344] A total of 2 sequence

eAlyhia$ MVVIE M.OKIThléMar, Ve, Rabewalsew. GThaveNG! . Schild, and R. G.
AB298877 was excluded as it is a | aboratory

r Séebsior.11278. InBuengaryirusgenaminidasedngibitondest praedgey; Bull.

26,.[188345] A total of 2 sequence entries were
AR 96341

foun dt abases. Only one 15 was conpl ete.
[00346] Al citations are hereby incorporated by

r BbHagMEM., ROHBKET M DheandrEeBedin, 1 € 19960 Prévas: Hekods (2™
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Hedie ek Wiley-Liss. | Neye YophdF¥ht to persons skilled in the
art that a nunber - 110 WD 2009/009876

PETLEAZRO%, BRR2RY 1. Pl RUIAK 5% HLITDGiSdspat i ons can

e W thout departing e scope of "the
invention as defined in the clains. References:
AChrem,d.J.H eder, G.Rl, Morit@dfE ¢ anchl_arih RRA. Q001 leflustvza @irus
Laver, .G. .C. Schild, .and R. G, 5 Wbster.. 1973..
i ini apd Betreinidhoh Wi o6t e ot P s Tediired for
PRRERBI &1 buddlng. of pW¥siti@dedvedbARsAfke pRRIdIAYS. VardY! 81, 7111-7123.
Rozycki, M D., and Edelstein, S.J. (1996) Protein

met hods (2nd edition). WIey-Liss, New York, USA

BChehZ, AsglundAplisH. 2008 Stapiizingjthe glygosygion @itern of influenza B
gﬁéhgé%utﬁr;tgﬂg&lgvﬂ%g F%)Sz%onﬁﬂ %F%vgth?rz g%gsr\%clzc)iﬂe VI\AP hé tpa};’61-371
hemaggl uti ni n and neur am ni dase, but not the matrix
pCedvefiord, Jay Wilkaguon,rBd VWoshesensky, A. , Smith, G. , Garcia, M. , Stone, H. ,

and Perdue, M. L. (1999). Baculovirus-derived hemagglutinin vaccines protect
against lethal influenza infections by avian HS and H7 subtypes. Vaccine 17,2265-
2274.

Darveau, A., Pelletier, A. & Perreault, J. PCR-mediated synthesis of chimeric
molecules. Methods Neurosc. 26, 77-85 (1995).

Grgacic EVL, Anderson DA. Virus-like particles: passport to immune recognition.
Methods 2006; 40: 60-65.

Gillim-Ross, L., and Subbarao, K. (2006) Emerging respiratory viruses: chanllenges

and vaccine strategies. Clin. Microbiol. Rev. 19, 614-636.

Gomez-Puertas, P., Mena, I, Castillo, M., Vivo, A., Perez-Pastrana, E. and Portela,
A. (1999) Efficient formation of influenza virus-like particles: dependence on the
expression level of viral proteins. J. Gen. Virol. 80, 1635-1645.

- 111 -



10

15

20

25

assenbly and buddi ng of plasm d-derived virus-Iike
particles. J. Virol. 81, 7111-7123. Chen Z, Aspel und

w@\2009/0098 2008 Stabilizing the glycosyl ati on PaEr/Carqs/001281

of influenza B hemagglutinin follow ng adaptation to

growm h in eggs. Vaccine vol 26 p 361-371 15 Crawford,

J. , WIlkinson, B. , Vosnesensky, A , Smth, G |,

GaCE@rinaz PMrta,s,d Bt Aﬂimd G;;J Perez- le;daﬁ%e BElUMeivo ., hnd Pa&I8)A. (2000)

Bacul ovi rus-derive emaggl utini_n vacci r ot

agla Kz RSO i ShE-BAOT ARWRE (R lrbvr%%jqugﬁ TS
ggq%ﬁ/acm ne 17, 2265- 2274. Darveau, A,

Pe Ietl er, A & Perreault, J. PCR-nedi at ed synt hesi s

of chinmeric 20 nolecules. Methods Neurosc. 26, 77-85
( 19&biltonGA g MmimneE\D., CAappetlsbn& BaulegmbesDl Twe classes of short

g%t@l el'Z!gg Réﬁgssﬁﬁé ﬁlfepwg@%qfaggwﬁgé?@hods

(2006) Emerging respiratory viruses: chanllenges and

VagsfgBe Ko l& FViBalieer, LCBtdiage'\Af% Ripereht ceﬁ‘l@\for ABrobfickérieni 6.
25 Gomez Puert as, P., Mena, Castil | , Vivo,

A tranpforeationm NuckaiaAcii Reankd, 9&?’& dogs). A. (1999)

Efficient formation of influenza virus-Ilike particles:

3 REBAS X, Aok J0 i R0 (TR St isfes o8 Tufite-, and

PGb(£24241d8d 06iledSchils B0 GENAdatih@sippét. mutAhte OSciénce; 262: 1401-1407)
Perez-Pastrana, E., Vivo, A, and Portela, A (2000)

Influenza Virus protein is the major driving force in
viHeamptieghy KgwaokaY Yrategios flo daeskiping Kagpines ARy §ﬁN1 influenza

avx}-{%'eg‘ qn Mc@“l@ﬁﬁféédrofse 2%% %%ikﬁpnbe D. Two

| 'asses o ort 57n n RNA sil enci ng.
EI\/BO J. 21, 4671-4679 (2002). Hofgen R & WIlImtzer,
L. Heingr AddkinfG,ddalpeteBi, Behher NMnmndHa&“hmaivm]mY Mason HS.
transformati.on. Nucl.ei c

il B pparti S xprens S ety i plapts: Penghes Band arwpl

be‘tﬁq%gp VabBine. 2005 Mar 7;85d5): {918 St randed coiled coils
| euci ne zi pper nutants. Science; 262:

1401 1407) 10 Horimoto T., Kawaoka Y. Strategies for
delpbrespmd3. \Faélﬁﬂ?éslrra@taumlonmmmﬂmm@eﬁn mus hemagglytiaen and

£ e glP broalfedhin SR fibitint o Bsties b laod ana

Y, brivhdeed bfmund/tdspsnsk iskierioad bdtlventional essinenvaddne 17, 2073-
assenbly in plants: hepatitis B and Norwal k viruses.

Va¥¥¥0ne. 2005 Mar 7;23(15):1851-8. 15 Johansson, B. E.
(1999) | mruni zation with influenza A virus

Upl %@ GAliza, T mo@t%%atﬁ’&f)mi?g #gg gncall ﬁl&imeric

reco I'narit baculovirus restlts I'n
inﬂuenza virus-like particles following simultaneous expression of only four

structural proteins. J. Virol. 75,6154- 6165.

Lefebvre, B. et al. Plant Physiol. 144, 402-418 (2007).
Leutwiler LS et al 1986. Nucleic Acid Sresearch 14910):4051-64

Liu, L & Lomonossoff, G.P. Agroinfection as a rapid method for propagating Cowpea
mosaic virus-based constructs. J. Virol. Methods 105, 343-348 (2002).

Macala, LJ., Yo, R.K. & Ando, S. J Lipid Res. 24, 1243-1250 (1983)

-112 -



10

15

20

25

br oadened i nmune response superior to conventiona
vacci ne. Vaccine 17, 2073- 2080. Latham T. , and

w@00a0a®76 J. M (2001). Formation of w | d-typePErdA2008/001281

chimeric 20 influenza virus-like particles foll ow ng

si mul t aneous expression of only four structural
prMateannsthD Wi gn, F. 115 Q«ﬁlma Maelslo, Aeflaiipee M.BRegrer.d .,

SR AN b o o

Ag?ﬂb&t@&ﬁﬁﬁﬁ PP. &/géleoﬁ@p@taﬂf)ﬁqwc@m&Reﬁ 17a@74¥. met hod

for propagating wpea nosaic virus-based constructs.
J. Virol. Methods 105, 343-348 (2002 Macala, L.J.,
YMem, k. VivondadPere, Ezjand PartelasA. G596)Besguq obyynthetig3)

D%%%@g&e%@%{l 99:3321&%3%%%6%%@0 %ﬁgrgza tstli?(g %ﬁtﬁﬂfs obtained
Regpig Fecombinanbpimlds| J. Wrol. 19, S0H6-50d4r G . and
Katinger, H (1989) Efficient transfor mation of

?_‘ ’robac Ly %ICJJFLarE%/}}eSIL) e}g(re?o %r atl or}g H Wl anrém gqaj Lipid
rafts'lfh gh B a&lﬁf TRY Mok P‘} Exzaféﬁﬂ?rhgﬂ( Q@M 279(35): 36277-

acetylt se RNA Into in aviru
pa&¥62B6. es obt ai ned from reconbi nant pl asm ds. J.
V| rol. 70, 5016-5024. Mongrand S, Morel J, Laroche J

i, O REbs £s and kava06h Yal o7 By as%% Pifn fofthicfon of

Cfﬁfﬁsatk@pa%m 1. AT8413M), 5438377- 36286. 10 Neumann, G,
Wat anabe, T., and Kawaoka, Y. (2000) Pl asm d- drlven

formation of wvirus-like particles. J. Virol. 74,

54Na3@5PP rﬂemhk UDEQO% Nehraminidpseowty itNasspysfon meaijering MDCK
act a |t o ture
der géﬁie ?1 nza srllzrauvslmst Y/lr}rglollwe)%td h g%i(lig'g é 1):9-15.

Osen C W, MGegor, M W , Dybdahl-Si ssoko, N.

Somrsamc WdFMcGrdEef SMJ’IW KDybdzﬁll-lShssokd,lN]nSclﬁam, BARK]| NBl.son K.
, and Swain

é ... )Mmunogeni city and
eer ks, &, Ma%lﬂm@M rl?;san §W@@s§\écf ARP7 %NAH%)@amcny and
QU OR, 'o?fblaélﬁ&% liﬁqgssiqglgﬁiﬁﬂw&%g%qﬁ% fizd rus

m ce. Vaccl ne Quan uang Conpans
RWeniégghntisiv védcmas;rﬂ mice. Yaucineclse 1 V4= t156 | nduces
protective immunity against honol ogous and

2? %}rnr g—&u;ms gg%rgla s o;(V&i’ géaﬂl uge% }/I‘{l ! parﬁz*gle‘é/lgg%pe induces
19928tecPrd @shinAty é@‘an@f‘ﬁérﬁ&@ﬁodsoanﬁ\h'eéf’olbg’t;ds WERHS oinfluenza virus.

(h5N1) wvirus in
Journal of Virology 2007; 81(7): 3514-3524.

Rowe, T. et al. 1999. Detection of antibody to avian influenza a (hSN1) virus in
human serum by using a cmbiation of serologic assays. J. Clin Microbiol 37(4):937-
43

Saint-Jore-Dupas C et al. 2007. From planta to pharma with glycosylation in the
toolbox. Trends in Biotechnology 25(7) :317-23

Sambrook J, and Russell DW. Molecular cloning: a laboratory manual. Cold Spring

Harbor, N.Y. Cold Spring Harbor Laboratory Press, 2001.

-113 -



10

15

20

human serum by using a cnbi ati on of serol ogi c assays.
J. din Mcrobiol 37(4):937- 43 Saint-Jore-Dupas C et

wW@bkew9a®B7¢ From pl anta to pharma with gl ycosyl B€T/0A2G08/001281

the 25 tool box. Trends in Biotechnol ogy 25(7) 317- 23
Sanbrook J, and Russell DW Mol ecul ar cl oni ng:

| ZShﬂﬂ(halmrJyetmth&] Ang@hylsis osistavtjve Megubnges inyolveddn Ithﬁ leaf-specific
Spri n Labor at or Pre

S U T R T S
A@éﬂa&&h§ oPSc@h@esQPS'SVM@QQWWE@W nvol ved in the

| eaf - specific expression of a potato gene in

transgenic plants. Proceedi ngs of the National Acadeny

ofSteskhawscket all 8% Idetifipatjona £3hamayclements b thgd1pstream gﬂglon of
1989. f , h
P05 s Phblob bR SREH PRl CefTRBI S04 10 e

ST-LS 1. Plant Cell. 1(8):805-13. Suzukl , Y. (2005)
Sisalzol ¥l @DP5pSialodidlognatanflidze Mokiculae mieeliinisim of hdsosinge
range  variation of infl uenza viruses. Biol. Pharm
Buianatien of3nBuerga virpsesj Bioly Phagssy Bull 83991408 sci ., 63
(2006); 1889-1898 Wakefi el d L, GG Brownlee Nuc Acid
8 AP, Pereira M5,

e[SSHJeM b%@oglﬁéé&qg%%ﬁdéﬁ?zggégdrléggq?% Iabor at ory- based

i nfl uenza surveillance. Atlanta: CDC, 1982. p.B 17-B35

WAakdfiehdibl, GoG. Briwrdée Nuné Agilikes. 47 69P863%i8568:8480.

surveill ance. Departnent of comuni cabl e di sease

survei] | e an Wor | .d aIthOr tion
agrint, W PEsRAMS SBERET cofp® abEBigk <130 abRipt61-based
Wih@¥er2é si¥vBillRgee. RitaaRanmeOpsko B—lajBﬁﬁ Vaccaro L et

al 2005. Biophysical J. 88:25-3 Ganblin, S J.

Haire, L.F., Russell RJ., St evens D.J., X ao B.

HAVHE. Megudl onanima, influenas diagnesis and surveilignge.eDepartment of

El |

S B ot o 4Bl s g i
|r1f1ﬂu|@ﬁaa>rdsgeamggbm| nin. 20 SCI ence 303: 1838-1842

- 114 V\D 2009/ 009876 PCT/ CA2008/ 001281 WHAT | S CLAI MED

A nucleic_acid co i de seqguence
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5 the group consisting of Hl, H2, H3, H4, H5, 116,
117, H8, 119, H10, H11, H12, H13, H14, H15, and H16.

w@20000m8v610d of produci ng i nfluenza virus | i kePCT/CA2008/001281

particles (VLPs) in a plant conprising: a)

introducing the nucleic acid of claim1l into the

p| WHAT &% ME® Hiereof, and b) incubating the

pl ant under conditions that permt the expression of

t he 0 ei 6. G| t:her eb Ci e .

T A0 ML g £ R LAGAE cfg n nen
| rHehagpliting (A )agpetativelyiimkad ol £teguincirg redisn hetivedn epldny.
expressed in the plant. 5. The nethod of claim 3,

wherein, in the step of introducj (step a), .the
el Bhehuclele acidotelaim | wessia g@%@ﬂ%ﬁn@ﬁgnﬁﬁgﬁﬁmmﬁ sglected from

T 6 8i i 3 i g t
T Bl 0 ks e, BT, s s gk g s

| MBSt ared H16.VLP) conprising an influenza virus HA
protein and one or nore than one lipid derived froma
plant. 8 The virus |like particle (VL l.aim 7
e methookhupsiRe, i s FKE pirtilsd (She iRl miatt gomprising:
9. A conposition conprising an effective dose of the

VLP of glimkdBuéingibe Aucléib a&idRsE el4irh dahlojthe pragofpbion thereof, and
carrier. 10. A method of inducing immunity to an

| nf | uengainkiidifiel AE Gt AhdeP cBndiHBhLHat peffiRAé SkP@ssion of the
adm ni st'eri ng tﬁe virtus 1 ke particle oip claim7.” 25

11. Thenuckihadd,cherebyprodiding WeeYEPn t he virus |ike

particle is adm nistered to a subject orally,

I 4. r'Blgtemethbd wf claith Bawas@id i, the step afisoldacihy (step a), the nucleic acid
intraperitoneally, jntravenously, or subcutaneously.

- 1§ {ransieRY yRFOUSeRIO8 Hee Pent CA2008/ 001281  12. A virus

like Rarti cle (VLP) conprising an influenza virus HA

behr The msitkedt of elgisr i3 wherin| ipdhestep f ineducingd(step a), the nucleic

N-gl yca 13. A j.tjon conprising an effective
doa%é&/%fspat%}'yee’%fﬁs%(f&gﬁgﬁfr%‘{l2 and a pharmaceutically

ac t abl arrier, 5 14. A nmethod of . nducing

i eﬁ?"t?"‘?‘fﬁ&ﬁdﬁﬂ?p&m cOMPHSINE AR fon in a subject,
conprising adm nistering the conpaqsition of claim13.

15. Thec)lli’é{VI?étépgﬂle@P%Fiaﬁgi’ﬂlfmﬂ’éiwl?she conposition is

adm nistered to a subject orally, intradernally,

i nt-r Anvitus! like, partiele éﬁﬁi’t cempsising an izfhwenra sivesHAyprotein and one or

| HhERMERCHR Vpid Qerived PSGH R RERUS! V-

8. The virus like particle (VLP) of claim 7, wherein the influenza HA protein is H5

Indonesia.

9. A composition comprising an effective dose of the VLP of claim 7 and a

pharmaceutically acceptable carrier.

10. A method of inducing immunity to an influenza virus infection in a subject,

comprising administering the virus like particle of claim 7.

11. The method of claim 10, wherein the virus like particle is administered to a
subject orally, intradermally, intranasally, intramusclarly, intraperitoneally,
intravenously, or subcutaneously.
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12. A virus like particle (VLP) comprising an influenza virus HA bearing plant-

specific N-glycans, or modified N-glycans.

13. A composition comprising an effective dose of the VLP of claim 12 and a

pharmaceutically acceptable carrier.

14. A method of inducing immunity to an influenza virus infection in a subject,

comprising administering the composition of claim 13.

15. The method of claim 11, wherein the composition is administered to a subject
orally, intradermally, intranasally, intramusclarly, intraperitoneally, intravenously, or

subcutaneously.
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