WD 2009/ 076778PCT/ CA2009/ 000032 Reconbi nant i nfluenza nms-|like particles
(VLPs) produced in transgenic plants expressing hemagglutinin [1] This
appl i cat i W® 089/¢76T8nt i nuati on-in-Part of and clai ns pri AATIGAN0BNRCT
Appl i cation No. PCT/ CA2008/ 001281, filed July 11, 2008. This application
al so cl ai nsRepmibomi hijuefzy omy-IBa pratdicaVL Appddiedih irgrgeplan pHikGinBRacklndingéd January
21,2008; and United States Application No. 561/022,775 filed January 22,
2008. HoBLP ®hisl d¥piditionht a Cohtim€ioniePan bf hitV Elaimsytioriey &08SPCD Appication
production i i i ificall t he present

of virus-like particles. Mre specifi. y, t
i nvent i B¢ PGT/GA20080812%) . filrd Jubhobl209%nThis applicgtion alke clains pROEY ft9%hpr i si ng
infl i . | . i h
| cadi ng- Re0h Ata NG R A gt Tl 2D AR o Ul s ABRRGGI NG

synpst onl /027 160Blell daarary 2012008.hr oat , shortness of breath, and nuscle
soreness, anong others. During flu season, influenza viruses infect 10-20%
of the u i i de, |l eading to 250- 500, 000 deaths annually 15
[ 004] |ﬁ&ﬁu@ﬁ%m¥m& re envel oped viruses that bud fromthe plasm
menbr ane of infected mammalian and avian cells. They are classified into
types A00B Jhe presBRSRétnfibn kStedtéthe BRIAERINST viRg-1{k8 phititlddl Mtk @%@ﬂﬁw@ps
present. Influenza type A viruses may be further divided into subtypes
accor di thg presenthinvensinh isdirdcted to thepradusgion of mirws-likepartields eaoprasingrindaseza NA)
surfacqngﬂggoproteins presented. HA governs the ability of the virus to
bi nd t o ard 20 penetrate the host cell. NA renoves termnal sialic acid
resi dues fromglycan chains on host cell and viral surface proteins, which
pr eldent BAGKGROUNDQRIHE INNENEON i tates virus nobility. Currently, 16 HA
(H -H16) and 9 NA (N1-N9) subtypes are recogni zed. Each type A influenza
s.one type of. HA and qne { r ot ei.n. nerally,

virus p en e of gl yco

each sulbﬁ;be&@mnﬁ tsdhe leading sauss ©of death i E\mams usi%fﬁseﬁatam vipye.

subtyp i j g i 2 , H5,
117, 1%3“%%‘1’%{}%1% ttﬁ'zérrgﬁg& thodit Brtndss of Blcuh, A husPKARSs, binbng Geherd S

( Hor i noDori2)6 seaSom, likfluéd28 Sijruses mifeetd 9220% bf the popualatign weildgidelleadihg fo 5@+ HO
are congj e he nost highly pathogenic forns of influenza A viruses, and
are nosqu’d‘ﬁ%fe?ﬁ‘ﬁam&%@é’e future pandemcs. WD 2009/ 076778PCT/ CA2009/ 000032
[5] Influenza pandemi cs are usually caused by highly transmttable and

vi rigl enfoolf ivRRARa Viridds sﬁa,enaéld?é‘cﬁﬂrdseﬁﬂhai BudetrM bl adrBy Blembpinel dflinreeted and
death gl obally. The energence of new influenza A subtypes resulted in 4

maj or parMEwiae aphaviecedlst Fheyeare dlagsifithiatesypes AnBfon(;, besadsathoy an HI NI
bet weerRIpBATEiL AR w8 ploEafiEdhe Ve oBuep Aie & villaBIRR G Ml °°

subt y pedivided @ito sttty ésaasord g to thel onibiivaion of heragtliinid eHAN dedheuraminidisenl s,
is always present. O particular concern is a,hqu%g virul ent form of avian
i nf | uen@¥ Y eirfsee ghirorratemsinresented: HA gamemsahkabibity efithevirwdodilertndepor t ed

i N ~5ev r dd. .k . ‘

ol eSO HqFeelE 1A Nmb0S iRl sidiB oK GRS TRom bl Bl I ol

t he avia viral buréaee proteinsSwith pikyents virsitaggfeghtitendnd facititates vidams gndbdlitg. i n 1997,

to other Asian untries and Europe has heen postulated to be linked to the
m gr at oYt &6 RA 111 shes) THA (NTHP) s9biynss aredrtosizeo Fagh pe Aoalpeza

i nflue i HIBAS tire LA FRat } i y a
conbingfﬁg%ﬂ%% sevgﬁgﬁ stra?ﬂ%aé%éﬁggfggﬁggﬂggtEﬁ"x%ﬁggnﬁﬁgéggﬂﬁﬁg%t
st r ai nsexthahitstspeciesspecificity;| for exxsaypde; all HA eng Nedsubtypes ateknowmrtd infactddrdsy t he

WrJ.d Health Organi zat] n Y, . r qf ccine doses

or Getuc eanls iy s, 3. 13 PR Rt 10 38 NERE v S UBFRIRE S8¥ 0 i on.
For exaffdcehuh@izqlidriaitdo DOGS; Jniile 068 2 IRBudBh firses @@Mﬁﬂsiﬁ%@-ﬁl Hgsand ¢8egret O

i mmuni ze about one third of their popul ation, while onl 7% of the

popul atoppideredithempsttighinpatbagenic foams pEinfluenzanh viryses andj ase mpstlikaly toreause
currentﬁmﬁébgmkﬂﬁ yroduction of influenza vaccine would be insufficient in
the face of P2 Worfdw de flu pandem c. Even if the necessary annual 20
production coul d sonmehow be net in a given year, the dom nant strains
change fromyear to year, thus stockpiling at lowneed tines in the year is
not practical. Econom cal, |arge scale production of an effective influenza
vaccine is of significant interest to government and private industry
alike. [7] The viral stocks for usd “in vaccines are produced in fertilized
eggs. The virus particles 25are harvested, and for an inactivated viral
vacci ne, disrupted by detergent to inactivate. Live attenuated vaccines are
made of influenza viruses that were adapted for growth at |ow tenperature
whi ch neans that at normal body tenperature, the vaccine is attenuated.
Such a vaccine is licensed in USA for use in individuals from5 to 49 years




[8] In order to induce a cellular inmune response, vacci nes made of whole
viruses were devel oped. Due to the high pathogenicity of the influenza
strain (eW.2008Ne8)78 t hese vacci nes are produced in BL3+PCAKA200%000030r

hi ghly o] ic inflyenza strains suc S N1, so manuf acturers have
modi f i eﬁ’%_ﬂe RapfemiGs wﬁ@uglqui?éﬁﬁégoym@gar@m%gg@@géﬂm tipgluenza
pat hogeRingse Yan@lcat REd tOELUROT RVEL b@ilmemdt@amalmb 3}% @Hﬂeﬁg%}clf dwpre

easi |y produced in enbryonic eggs or manmmalian ce ture.” Gthers also
use reakdloenzand subtypasaesudted i 4magoripandsmichintthe 2¢/& pentury. Jbg Spauists flfLorausde

hemaggl W | ni nd._neur.ang N\ roteins are cloned in a high:vielding | ow
pat hogeﬁ?h5 %ﬁmpﬁuvé?ﬁ’dgc}gi%gbgﬁfegitﬁ t}te/ﬂeeﬁ%/s@? gyﬁrgj&ﬂ 192 @ogle %?d%gﬁ%{.we%ﬂi | e
these nmeatvodl 1929, Pre3ehtbe thesddkdf thodifidrigrice of B R¥wabyPE, d?loftedfandmsdioattbon
to the need for hjgh- 15 volune, |ow cost and fast production of vaccines
in the Bumms ofasublyne gndemiginanimals, iglabials piesent. | Of partigargongesnis a highlywoul d
al nost i | flci L. fdhe f m i this
Fever se et B 0B Syl ifchfl (b cafled Yird AFF BlorPUB ARV e bty tdpbAck
sequencia seferaheuhitkiep agduaid nhd world K br mbnyostses) kg bird Rarcamregblt yn patthligatics

i nfluenza strains, the production of ol e virus yaccines either requires
conf i nemw%mgcl&&% %h%r%t T ekhei spreag of the\ayean; ln}égenaa VHHS b figst mat ch

t heyengbhg i [ i ' [ MB

ot t o h AR Gl 15T, M| pitips o phiOfe AARAoRiRA 0 be
can r eclmkeidrie the migratoryi patternsof aviMibinds. f rom t he host, | eading to a new

i nfluenza virus. [0010] While this nethod nmaintains the antigenic epitope
and positransl ational ificati.ons.othere.,are a.nunber .of drawbacks to
i s retll s Bt iae PRESH S SRR ey BrinS i B e NacSRAME R oo o
Virus apdtcinglis adilalty MicomBatien 6N stivegl Stfaind theSars pfedidled fole-thRPddrilant #ie@lss Of
protection may result fromgenetic heterogeneity in the virus due to its

i nt r odufor itsreaning “Begeasont. Hae piedictiondneepsdnated by dhrW oslditasdth Xepizatianng f or
Obtﬁ ni nge?glgjs 'ﬂ?ecﬁﬂﬁ o?%&c do's& oﬁiﬁ!:%dte chggrkgip]s%lt ?uf‘ﬁ%f%ﬂt for{/ag&ﬁlétg 't}?eat I on,
and T ong production 11 nmes. S0, persons hypersensitive to egg protelns may
not be wbildisipopulationli Bartexamble; Caraiaiand g ThieedvSiares obtaindholgh ¥3ccines idbsestase
of a papdenic, split vaccine production is linted by the need to_adapt the
strai n TRPUZS AR PR ot dheit oslapion, ‘é(B‘Il%OIHYth‘tfitg%P?R tipa of the Eyrogcan

Al hougBinfohicin bESHAMAGY 1t WRQAPHAIAIAPGIAGARRIIARADT o ielaBclned | or
years for the production of seasonal vaccines, It can hardly respond Iin a

r eas onabbualdtheripfufficienttio tle faemoearivorldwidleiorpaddénie. fveuifabe nedesspreapmaml ty i s

limted. [,0012] To avoid the use of eqggs, .,influenza viruses have al so been
or ol ebropHctirronfd SATBaN BEquTiiep @ veR grats e AP, SEek e AR WAL | o or
the | k@ear ARG H66kpARTY RAGK-nkEd iR¥EMSBe Yol §NEItipeacticAlNEV Hostical! kR aldr ©
produced by cell transformation with viral genes. These nethods, however,
al so r eprodnasiontdfaneflectve infla¢nza wacairs iaof sighificans interssbiogosematenbargl prinate
specific .c It%ﬁg environments. [0013] Several reconbinant products have
been deggP B% & reconbi nant influenza vacci ne candi dates. These
approaches have focused on the expression, production, and purification of
10 i nfl [oeAra Theperahstdeksafod ubdinpraodifesde prodatedinifertitized egsi Dire vifustpastiades
praoteins using baculovirus infected insect cells (Crawford, et al, 1999;
Johehs s¥A %awg@g%maiff»%n ipactivated Virgh YaoeNis, a@ereﬁiw&%rgg%& nagiyale rﬁé‘? aL,
1997) . [R01dLd SR&%IdsiafSmalie S P H ST Ess Yhdi Word B{sR B ardbn ¥Bbly known.
Briefly , %ﬁédiﬁgggfiod?'%zc 3 ?i ?n???gted § ?&@ attq%%nent of the virion
sur f acetempepatwt evhich meznsshatlat porawal Hodytetperaturg, the Vaacingris afenvietsdt Such a

| t ei ns..and gl i.pi ds).. The NA protei dj ' f th
al T o i irersEeefin iy i e medeits FOR ats Sers ans RERA Wl 1"
HA- depevig@nfactigeLat oéndeRdl kAR sEPFRaMIRSLA withltheMecaR gt CandAhéy MRS beén

internalized endosones containing an influenza virion, the 11A protein
und¥r gopredecsdfin embryanitatees leamgaunaliaatcell ultire.o Al thessiyrss of veepineashgwoserme

menbr anes d virus uneqgating, and -nedi.at ed- rel.eas i rom
el cocanay gbaliifs AR BB MR RPE RIS o ferg M BNE Hrekig

t he cel themysed cliantudity thdubd BNSudhywakEisd. Sn gbndria osliteacdifestifduie@istlong pr event
virus infection by neutralizing virus infectivity, whereas antibodies to NA

proteins nediate their effect on th? early steps of viral replication.
[0015] Crawford et al. (1999) discl'dgse expression of influenza HA in

bacul ovirus infected insect cells. The expressed proteins are described as
bei ng capabl e of preventing |lethal influenza 25 di sease caused by avian H5
and H7 influenza subtypes. Johansson et al. (1999) teach that

bacul ovi rus-expressed i nfluenza HA and NA proteins induce i mune responses
in animals superior to those induced by a conventional vacci ne.




[ 0016] Since previous research has shown that the surface influenza
gl ycoproteins, HA and NA, are the primary targets for elicitation of
prot ect i VWOI29A/07613 agai nst i nfluenza virus and that M PETEA20¢4008032

conserved..target for cellular i ity to influenza, a new vacgine
candi daﬂlbﬂ@ﬁqsmfrsaa@“?wgs%n% méﬂ? ol ittol Hgusss g bith A %\Afaqdaf pRetsand
par ti cl @llufid $&3passeV EVetSthbhdtfa RS ﬁl%ib%d&\/«l;s%&% i6\8 cﬁ%&%hqgr IReASE sy VLPS

of fer the advantage of being nore imrunogéni ¢ than subunit or reconbl nant
ant i gerepregttesawish prsitestion inducedibya aadsine, theteis iedreasing evélenat that & Fraehe

he. . der. 2006) .. .h h i cl ith.th
i nenisoiap Rt AR AR SRR Be iR iRy pp BrBE RERS afbepon R e

neuts al ¢ldérhyg anti bodies to nmultiple strains of influenza viruses. 10[0017]
Production of a non-infectious influenza virus strain for vaccine purposes
IS one @@5 tE avoi d | aadver ent .infection. Alternati velty, virus-1like
par ti cl W98} ilperderto induceg qellules impune rrspense  \aeeines madsofialole pisuses were

i nvesti iAo H Ly i,

genone, Seket, DS (OGS pafbhift U o iniohsa hdifle E3EN 0, R vgBhls e

i nf ect i produded(d BL3Sdealinl For hiphbspdtlogenttantimsiza strains suchtas HSOdpbomant

i nfl uenza gteins self.- enble 15 .i.nto VLPs in.cell culture using

| A EE sk FdaE BE TemeedRinit erna Saveice I SetbEdRE R a5 ot al .

1999 W’i@%&ﬁicﬁ& ofithe infi3fa steath RAMAREKGR bRirfiant 268 Hore e&qgep%odﬂéea s et al.
(1999) discloses that efficient formation of influenza VLP depends on the

expr ess¢mbryprigeRgs eifmammalian celi ¢ufurey r@thetsiadso use rassortant inflluienza300m in

bl i ¥ i 7 dbased s: f or. i
Cof oot | SR i FRETE eGP irihg heats R SRE P oS ThloRdin i EloBe s
Lat ham kigh-yéadiag 2 HaB6doni¢ MwaeiRdohbestiatt (EPRBI3AQuaAH-8 enZ1a20075s Wiile

insect cells infected wth reconbi nant bacul ovirus co-expressi ng HA NA,
M, andhgse metheds may, poducy wrefd yaerinasnidey do agt pravide asplutien sathgineed for fighrei ns

may; sel - . f 1 i :

Coniss PRSI0, st QT RIS Bf kot HABAMR ARefilly @ et ol necd.

(HA), tine mommal wea? andvatudd sin{dM Jerafnly beinsufficieanitathy face ©f b pandes@nt i al f or
VLP buddi ng frominsect cells. However, Chen et al. (2007) teach that M

i ght ired for VLP f t] : dth fficient
e oasthe? W sk hsrper e robion: dte A RopReCinmupis PrBettiEct  vi ty
provi degqlyncbids thB:’;l@A%teinqay@a%etimi@ieﬁLi For;}ﬁdglgz F%oéé]ﬁ‘c iR staRisNdeat the

surface of the cells producing the VLPs, a easl ng the VLPs in the
medi um praduqteodwholevirust vag¢ingohither wquinessconfinement preedurss phhegesydtinged in a

ageithot visthe® 4F pEFsetly HRh oA KayEie f iR Rty LS fihe Yhsel P! 1Y
200910747AGRET H4RABRIIBGAIOAE & Hell M4} the 2R L VBE0HY € rBoOrBIAS WA

observed to bud fromthe plasnma nmenbrane, and were considered to be of the
cor r ect infnengaias forpihe hestyleadingito anew énflueszavisist ai ned in a mammal i an
system (MDCK cells). [0021] PCT Publications WO 2004/ 098530 and WD

() uor T ViR & FHPLERRARAEG o ARUEAR b o SRRSO BaRA MR |

i n cul tther.ar€onpmbet ofahswiearkptd thismgethdd ipdlading tel riskaficontamiretion dge axithe

ol ypeptides . elicit varyi, i ne responses in tahbi.ts and.chickens.
o5y Pk pErepi M s abritls S ARIERS P 1A S o S ldd: ng'  out
of the ﬁrﬂfe%?é@fﬁaﬁéﬁltﬁfﬂﬁn @Eﬁeﬁb 'hleflegt%ei}%fﬁh?ll?@vifrﬁﬁﬁe_ttbﬁs R tA5RUBt i GHETEY ﬁg}@;\/ ngg

fromthat of an internal organel 0 I nfluenza virus particles a
bud f r othendisgdvastzgeninalydenextertsivetplanning for ebthiningeggaraontanzination mbke dnoid r us

|l t f or, .exanpl i nfil b t : t
" 200 e A3 L RATCAop, A 10 BRARMER LI O SRR TR e ™ ©
exanpl eprotéiisifisndtibeteligiblo@mdidates €6r redeivinh &edwictineses) . OF the known pl ant

envel oped viruses, they are characterized by budding frominternal
menbranes of the host cell, and _not fromthe plasm 15 rrenbrdane. A%Ithhough a

smed0  nl9/DEK Inghe case 9fpipandamicy split vasgme paeduchion i aited by the aged toqdprt theyone
s f _ b .
orr artalEfor gty Eedy AR PEIBI ARG BA I, delif, BLEAIOHMR T holeg T

[ 0023] Current influenza VLP production technologies rely on the
co-expression of multiple viral prétéins, and this dependence represents a
drawback of these technol ogies since in case of a 20 pandem c and of yearly
epi dem cs, response tinme is crucial for vaccination. A sinpler VLP
production system for exanple, one that relies on the expression of only
one or a few viral proteins w thout requiring expression of non-structural
viral proteins is desirable to accelerate the devel opnment of vaccines.




regul atory region active in a plant. The antigen may be an influenza
hemaggl uti nin (HA). [0027] The HA may conprise a native, or a
non- nat i VWO0elb778ept i de; the non-native signal 5pepti ®ETHEAZPN0803Dr Ot ei n

di sul fide .i sonerase sigpal, peptide. [.0028] ,The.HA encoded by the.nucleic
i 0 P CRAaT AT (A BUCIO Pl SEaRo FPFtERel C r LYSRIBRE of ¢y pe
A i nfl uRRZhabReINEG ML foraQnHéRicHNA WOrkIWI mdhiihctliing Epacityl B 1ikifed. Ho, HB,

H7, H8, H9, HI O 1111, H12, H13, H14, H15, and H16. In sone aspects of the
i nvention, the HA encoded by the nucleic acid rragq be froma type A

i nf | uent®R12hJ@ ayeidtbe use of eggstinBuenza yisuses havmalsq Beergreducedn mpmmalign cely 17
and Ho. ;F&Fﬁ) } } i f uci ng

i nfl uenczlg&\gl)‘fz’%rse I eé %ar I (ﬁ glxs/ ig)E%eﬂ%’ﬁ"?é}%l aeh?ﬁg)(gﬁn%rg?@{aﬁ%:gre%&da)

i nt rSodugeneticsy imwhichivirusesi ade prodackdrity ceil teantfograatid with airaleened. Cfiede methesls, f or

exanpl e, an i nfl uenza he glutinin (HA), operatively linked to a regul atory
og! b BEHSIS 350 TPRGrcRsi G0l WHNEviTss RS clAbpT A AETOR: RMLEC cH D)

i ncubat ifigrobhhenfR! ant or a portion therefore under conditions that permt

t he expression of the nucleic acid, thereby producing the VLPs. [0030] The
met hod may further conprise the steps of harvesting the plant and purifying
or sepal08idBh@everel igcembihantnrodustshane been dayaloped as feogBbinamtinflvenzh yacairg
further i in.the. st of introducing (ste . a nucl ei ci

corpr o5 5Bt Ehess Aplra ety Breloctl S HHEHRest ShyProfieuioR ARl et or

pr ofei Ninflue®2) peTAH AR A Hgm&ng, hﬁmdﬂ[%e)@?@%h@lﬂﬁleﬂé iiRsusiybdealovauect ed
fromthe group conpri sing 0 and Hsp70. 0033] The present invention

p4 0 :
i ncl udeidfectd insrst ecllsd Crpyorthetabi 1999; hhamﬁé%tlé?fag)@mralmemma endhPNA vageines g) |
t he nuclei i e &4hher transiently expressed in the plant, or
stably ée@ﬁﬁlé@g«teglsggg&t%élg?éht. Furthernore, the VLPs may be purified using
si ze excl usion chromat ography. [0034] According to another aspect of the
pr esent [00hdESpdctiics of e irfluenzpvions idfedtion are twebidknofvnpBeidfly | thg infettioisryelevs r us

i ke particl VLPs) in a.plant conprisin tovidi.ng a.plant,.or WO
2000/ b /iiAkesERy BT 05 h1an DHEcs A PE 1 A Ac H BB DHE e o
COMDY | S (WP ALaREBYEIHHRE HANA Brlin Bl B rbE g b R UehIRARS

virus operatiVvely linked to a regulatory region active in a plant.,
i ncubat feagptot endg viawms pemetratoon intorthe tell depepdsion HAndpendenmt diceptonmediated per mi t

t he expression of the.nucleic aci ther.eb roduci ng.the .VLPs. 5[003 The
et hocl RO R e S eadles B iflrmth SRl BERE £t Aine o ahiShan iy 7o 1 ng
or sepapal progir ielehdRs conforhitiaPdhaniesithf e to [RGB VIR aid S ERMEmbest i on

i ncludes the above nmethod, wherein follow ng the step of providing, a

nucl ei canscYimsawapatingiang M2-medjatest releasesefdb proteiemominugleoeapsigraspasiaied han one

ch ro 10 hvelv . | . j i in a
i L G L et R L T
under cAntibddients HA ptotgias plevert e ife@iondly Heligalivingd Ging iafectvity, Meieaday
producing,the VLPs. [0037] The one @or nore than one_ chaperone proteins my
be sel editibgdies NARIOKINsUpedidaheirsiiest prihgsaly stepsifviral replicaftpss] The
present invention includes the above nmethod wherein, in the step of

i ntrodugions] @rﬁ»@ﬂ)pr)(l%é@z)l (1998 ﬂk&és@%ﬁpﬁ%ﬁ&e’n %%29%%9 }Ezg?n bRulovirds fffboted insect

expressed 1n the ant . Furthernore, y purified using size

excl usi eallsc Tho pepresped progeing d@3Ie}crithd apbeing napablevdipré wenting kethab indlriedes a
i | ik ti YL i S i nfl i t el d
or or c5esh ised by g s POLEY iR piehes EBERetR Sifl (RO BIERB RS he

VLP nmaybdeald¥irusekpessed inflfeh#EHAMNdN A YEgeiBs indute Rivaane REpdrSesindimalbt ype of
type A influenza selected fromthe group consisting of H, H2, H3, H4,

H5, 116Supgfior taghosadnduged by a convengional vaqeing. Impaunogenicity aed afficacy oty some

: . . N : |
EheC or onduid i RYERNHbmAadfihth dfbabfed FihenfPirds sl iR o oGt O
i ncl udeDNAwdchine Rardidate (OBeeBEdl9N9973. Goltexnipely] thestdatndgmiorsirag that adfiflect i ve

dose of _a 25 VLP, the VLP canpri sing i nfluenza virus HA protei one or
mord) t heaeres RS REPtSFion against inghenza vps%larcﬁeﬁlf—@a% Fanae ipduced apthaspembinant A or

NA proteins, using various experimental approaches and in different animal models.
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[ 0042] The present invention also contenplates fragnents or portions of HA
proteins that formVLPs in a plant. WD 2009/ 076778PCT1CA20091000032 [ 0043]
The preseWD 200@At78on al so pertains to a VLP conpri si ng PEA/GARDONW®NIBA Vi r us

HA bear | |l ant -specific N-qgl ycans, .or .nodifi ed . N-gl ycans. The tein
ot o (IDEST S oG teSsatriuat SRR, ik he Suttassdgiende L ERSareiny HA i R
subt ypear@fthd prifiary thigkls fondrithlforS 6 (R6cBiihel ihﬁmﬂiigeaggfn@uaﬂﬁ&&wvﬁhs aed fMat M,
H2, H3, H4, 115, "H6, 117, H8, 119, H10, H11, H12, H13, H14, H15, and H16. 5
| n sonePrayisies a sorferved dangeh fon e¢lhbar immaniga to mfluenzn, a nev yaceing egndidatemay

sel ecte s Or oNmr.i.si -115 . 0044
e vi PAcldR D Gic iR AT b e mddhomdib il pariché Such s wile Bipdblted 0044)
i ncliudi @GLBs)IAs VicindProdits, MEPs bifed the adviitagk 108 beihg dte ithmlihdgenktlthan H13,

H14, H15 or. H16 or fragnent or portjon thereof. anpl es of subtypes
conpr i s$URYNE QE FrepmbpIagt Aitigens #nd gk abli o g GaUTR a8l 9 celilr inune
(H1N1) j / 15 )A/ng[h' / N7 Bhhek

gul I / Lot 571/88S@t%g%sa%,ggg’/d%gg!s%g/2003;&{(%3@? o i i A" tgotis may
A/ duck/ display benfodm@ 8] epitopes thiteaticitinettailizinpdndiPedis9fodAyltiple strains of influenza
Al Tur kegljﬁl}mt ari o/ 6118/ 68( H8N4), A/ shovel eraran/ G4/ 03,

Al chi ck 8RS manyN 1949( HLON7), A/ duck/ Engl and/ 56( HL1NG) ,

Al duck/ Al berta/ 60/ 76( HL2N5), A/ Gul | / Maryl and/ 704/ 77( HL3NG) ,

A NH | afodi BUPodvétEdn 6 f@onlinfobfiohucilifldenzh hatis ﬁfa?ﬂfdr&%c&ih%?ﬂﬁbsesﬁ SMewky freaded
gul I / Sweden/ 5/ 99( HL6N3), B/ Lee/ 40, C/ Johannesbur g/ 66, Puert oRi co/ 8/ 34
(M NI ) , aveigiadyesieat Bdection7 Altemmatiyely ayisistikemarticdesd YdPs Basxpbstitpias far)the

AJBri sb . . " i 7/ . .

B Vel 2y S ErSRERIGys BeRfbesedea SPDR BIrRE et e 8Nt i) capri butlacka

A/ Anhui gehor{) and tHadNtinnotNepliedta anprbiidé/azhéis feraNbrondafylmédctibhngKong/ WB12/ 97
(H6N1), A/ Equi ne/ Prague/ 56 20 (H7N7), A/ HongKong/1073/99 (HON2)). [0045] In

the i i on, the HA protei h 111, . H2, 113, 115, H6,
o or PO0ARLStsEa SR S dpeirraied i rcomuaR (RSEE PP BT PR
A N CGakedeps f & Qtutd Hife marhihialigs E%%ﬁﬁn%fl%iﬁd‘%uloﬁr@l YRBHE @G&%%OW

(HIND, or A/ Sol onon |Islands 3/2006 (HINl) strain. The H3 protein may al so
be fronPudras At 8r,il199%NeubsinpE0o7l.,(2000N atham aad Galarzac 203 nGemezeRyBrtas-eind,)

he < RP GO Bhae BRBRGS c@inalipfol BEERRAI A o e GhBiehfRley@R o O
A Anhui §elkra00fal(Prbihk, Néunvarki st ami(30004 281 héd B MhinmAian Ak preekisreplasth - 2005

strain. In_an aspect of the invention, the 116 protein may be fromthe

2// Teal / Pasad RSN Vo generating factioys indluanzprdrusptike partisles eptiehhEomyclopedne
i 7 i : : ' ' 30 H9
o ot nEORA3T A el QiR LI S epbRecithe R on BF ittt VEPS Litsect 810 |

of the infacsstt with recom®irtdAt Pacaloiras smgxpressingdinaNAi, M1, apd X2 genesisThesg be a
type B virus, including WO 20091076778PCT1CA20091000032 ..

B/ Mal aysPdiesdepemstrated hat ipffiegza vision preips may sehiressmble URANTO-SPrEsiOB i ences
of the L fromHL, H2, H3, H5, H6, H7, H9 or B subtypes include
SEQ I D %ﬂoﬁ%%&%@ [ 0046] The influenza virus HA protein may be H5

| ndonesi a. [0047] The present invention al so provides nucleic acid

mol ecul ¥918bapmiezPugrtase ab{2066) SackrtbatdinraglditionHia ther kemwigglutimine(F\) thei roataizi d

" reod PR mIM LR BR in BRI Befial Tovil REMURL BhnnERL SR, HBRER (e
may CONPhéré& ad (360N eHeR iR 000 nicht bt bd reqirifed fo8 VLP1rmiton, lied obdefvediBat 119,

H10, H11, H12, H13, H14, H15 16, B or C. In_another aspect, of the
i nvent i fficientieleage of Mil aind VdRsgaquireg the presange pEHA and; siplidasecactivity meayidsd byn

Hl, H2,\h&S3, L g, py the
nucl ei cNééiT rmlls‘éc?:e %I‘Iéesltl?lg S]F@%%ag %g%%g@f%%o%!@l %%f/a gégf(tﬁlé ?ﬂ%ﬁg é)

A Puer t thRiVAdsSaritire(dadibig the YALPs ingthamedh®d. 2007 (HLN1), or A/ Sol onon | sl ands
3/2006 (HINI') strain. In an aspect of the invention, the H3 protein encoded

by e j.C aci ecyl e may fromthe, A/ Brisbang 10/2007 (H3N2 or
A C B3RS G eess PR bsheS i V1 vackime it Plnst BREICsGE AP DPBR
the H2 prQbed %?rﬂﬁ%&e%ﬂa)écﬁ{?@in%ﬁﬁiﬁl zfgsaﬁﬁt ShriOURERY SF iRfYenbS vikes (A/PRBI3AE
Al Si ngapore/1/57 (H2N2) strain. Thée protein encoded by the nucleic acid
nol ecul e may al so be fromthe A Anh;#i_/ 1/ 2005 (H5N1), AN etnatn/1194/2004
(H5N1), or Allndonesial/5/2005 strain. In an aspect of the invention, the H6
protein encoded by the nucleic acid nolecule my be fromthe

Al Teal / HongKong/ WB12/ 97 (H6N |I) strain. The H7 protein encoded by the

nucl eic acid nolecule nay al so be fromthe A/ Equi ne/ Prague/ 56 (H7N7)
strain. 20 Additionally, the 119 protein encoded by the nucleic acid

nol ecul e may be fromthe A/ HongKong/1073/99 (119N2) strain. The HA protein




an alfalfa plastocyanin regulatory region; the 5 UTR 3" UTR or term nator
sequences nmay al so be alfal fa sequences. [0050] A nethod of inducing
i mmuni ty WO 2800/476TBuenza virus infection in a subject, PETHIARBNMNMM2ded,

t he net i Sl agm.nistering the virus like particle conprising an
i nf | uen@ﬁ%ﬁ?—?ﬁ@e Vi siiepby QM@ ¥ re@&ﬁ@?%@fb%@% F@rﬂlaa_mapme{nbm, apd
phar maceel coaditiared eEBOSARL Borrétlt iz and MBFHRISYS sibditsP tPBbLe &Jt@né@aﬁ Pe

admini stered to a subject orally, intradermally, I|ntranasally,

i nt r amusemmaliag system ( Kedial |y, intravenously, or subcutaneously.
[ 0051] The present invention also pertains to a virus like particle (VLP)

conpri sy i [ a,virus .selected from
Che’or JURLEPET PubliBlignl NAD 80RO IR O 2N EB R AN pttSBR oF G P, anc
one jor Neweastlb®iseaseVirupHN cteAvisethffuenrm A/taksy/Wisdonkial68(®1INDS lin fadoreiddon
cell. ‘gﬂ@ H rcﬁebn, may be p24, gpl20 or .gp4l; the Ebol avirus protein may
be VP30N&F! g\%@@,co q9ells e ltvrey GompRsitinns cemarisag thseplay cekbpulturpexmeassdes vi r us
pr ot ei Bed 1 js - J B il ] itionally the present

i nvent %@eﬁa%iggtwlg ir}ﬁlgﬁ?ﬁ(egﬁ(giggstllngﬁlgé%@f )qgfgié&rr%ii sing an 15i nfl uenza

virus HA grot ein and one or nore than one host |ipid. For exanple if the
host i s[00A2kEnvelapedvimbes nray ohgainitheir bpid envdlepe Whdd) ‘bondding oo of the iafected cell

host - <% i ipr B o e o e it PERDWIRS: o1 Thbmpl Sganelff 1 1"
i nflguenafluvhzalsruksipaiticiis @hd VaIrd b grodd theplBnialiaémbrage YEM@S hosticRildin [ 0053] The

present invention also relates to conpositions conprising VLPs of two or
nor e 20m3mmaling opbacylnyingpeell sifstans; farexamplerindluengs byds fromethe plasyg aeenafrane

(i AR sbELARTECORK o iRy IBod] ARl AR B9insots Bl Qo 201 ©°
gul | / DEh6émBES ®f (HdZINpoyirdées and RhIdoHisks). ANtk kaoerh WhnB 8dvdloped viruses, they

Al duck/ Shanghai /,.1/ 2000, A/ ngrt hem pintail/MB28189/ 02,
A Tur kedFf a?tweélggg@@ ﬁ&am,anWmWﬁP thedwayqsl, and not from the plasma

o PR e A e o R EROU PR G Alipocdin plant hosts,

A/ Mal | anahe@mre deriddFt@R theAdl ahnsdihAmbtane) ramin@ahé §Res(ibh whbiher plasina acknbnawded
ul I/ den/ Hl .. Bl Leel C/ Johar neshur g/ 66, A/ PuertoRi co/ 8/ 34

DU Set VLR, (B TEB Aoz NP o B PRHUFES I 3/ 2006, ( NG,

Al Bri sbane 10/2007 (H3N2), A/ W sconsin/67/2005 (H3N2),

B/ Ml aymioas PE0@ért @FfuenBA Wi O predicfior @hnol 6%ict RUVER TR/ cbl & pressidhieF multiple

A Anhui 7 1/ 2005 (H5N1), 30 A/'Vi et namf 1194/ 2004 ( HSN1) , o
A Teal / HEH Graseigs.\apd this depandence represents adrawbagk af/thee teghnmlpgigs since in case of a

A g [1073/.9 N2). The o . O Strad fr YLPs may
o Shoorb et b e tnbsaeiRer bl bt BBt SeCILY T oo
al t er naprelictidneystemivr ex&hple\éheshitirylidonahe Stprédsivh ofaylbsnetdra fowjviral ty of
the strains or, subtypes represented. [0054] The present invention pertains
to a nmeRmbsinswithqut smauirng exprassipn pf pen-stratyralviral prateias isidesizable tp acgelsiptani mal
or tar i i.Ssing adm nistering an effective dose of a vaccine
5 conp??léid%&gﬁr}{elég}&%gﬁeﬂe han one VLP, the VLP produced using a

non-si al yati ng host, for exanple a plant host, an insect host, or a yeast
host . TI0624kincirder topyoteet tworkd popraibndrah linfluenze arslte rstank loff, futune pandgsugds, v,

i ntyamuscl arl .ht raper.j.t oneal in Venous or subcut anegusl y. The
tacger Gegarn RS Sultingef Blelrion RHFENET G Henpls SPAGRENERLR Biriat oo,
hor ses, TiR @frrenPiidetT ferti¥izeddgddd prodhi@MacciedisahlciBhtrafd invbivdsla, lesittby,

geese, poultry, chicken, canel, canine, 10dogs, feline, cats, tiger,

| eopar dPTO€4S§et , m nk, stone marten, ferrets, house pets, |ivestock, nice,
rats, seal, whales and the |ike. [0055] The present invention provides a
met hod f | i ng hemagglutinin (HA) fromdifferent

i nfl uenézgﬂlslﬁfl&ﬁ?q]g}%ﬂiwggg}l@ﬂost capabl e of producing a VLP, for
exanple, a plant, insect, or yeast. VLPs that are produced in plants

cont ai nfOD2P] M ss af olpécof therihgsintion Yo piovide impoed édluenzd visesdikeqattidesddhFs).se
lipids fromthe plasma nenbrane of insect cells (generally referred to as
"insect lipids"), and VLPs produced in yeast conprise lipids fromthe

pl asma nenbrane of yeast cells (gengral ly referred to as "yeast |ipids").

[ 0056] The present invention also pertains to a plant, plant tissue or
plant cell conprising a nucleic acid conprising a nucl eotide sequence
encodi ng an antigen froman envel oped virus 20 operatively linked to a
regul atory region active in a plant. The antigen may be an infl uenza
hemaggl utinin (HA). [0057] The plant may further conprise a nucleic acid
conprising a nucl eoti de sequence encodi ng one or nore than one chaperone




30 gl ycosphi ngolipids that are unique to plants and sone bacteria and
prot ozoa. Sphingolipids are unusual in that they are not esters of glycerol
| i ke PC OWORBYI677Bat her consist of a long chain - 12- P@DCA2009/000032

2009/ 07 1CA20091000032 am no cohol that forns an am de.linkage to a
Fatty al0BEARAARET Mo arronh GrEnondheie s RaPgehe nOHEk A1 PRRISINA | - ac

gl ycosphidiéide Beglensécéhcbiing ah Anfibéh fdth 86 bhRSoRRIRS DBekalive Y HARE dodn | Mmune
cells such as antigen-presenting cells (APCs) |ike dentritic cells and

nacr ophisgBlatosy segiethagtive én p plapk clghmn%emm ben inflysnechereagglyinim@ ARy nrus and
l'iver (Tsuji M. 2006). S5Furthernore, in addition to the potential adjuvant
eff ect Rf02t7rﬁh@f-lg§ﬁ Corfpridt] Ative) 'adon-aliGe 'S’i%hél't?te}ﬁti&)éc; i A ndvE lsygﬁgps to
facilitate e capture of glycoprotein antigefis by antigen presenting cells
( Saint - peptide Dvayd=,a FORH) disubfide bemethsasigaglgeptideof t he production of VLPs in
pl ants. [0059] Wthout wi shing to be bound by theory, it is anticipated

t hat pl gnt : LPs wi ]| induce. i ti han VLPs nad
ot helt ORBhPEEAFRSEAE e RSt B e P8 A THINHEES TR BATHRTeal by
these pj PRy pd-Knfidenza, R8lesled Grdgfthe Whstp oRPRIMGH L, M2, M3, HITHBEHBERG! | ON
i nduced by 1ive or attenuated whole virus vaccines. [G060] Contrar}l/_hqt‘o

e

vacci neB8ndaH ), HiHo Hd 2,1 31dEk4, Kt pendold bt iln somé aspgdis aifi thegavensionhiby

non- i nf ' t estricti o] i,C t ai [ t

o qni 1 issbe Ry (e diBielRd b i roBL £ LBF A iR A ERSled Forh s PuRis vi v us.
andl( s corhprishpuH 42 193, HS, $18)E17 d. HP! ant - made VLPs 15 provide a further
advant age again by allow ng the expression systemto be grown in a

gr eenho field, thus being significantly re ecqQnom cal d suitable
for scall@faﬁhq PSRy inxgRtien ﬂ?&gwoy}d%ﬁﬁm@ddg 7 uce&wﬁv%atvr{@s Eﬁamgfes

i nvol vedy1ipy) sy AbPRBEFhMiRd adding sialic acid residues to proteins. VLPs
may be produced 1 n the absence of neuram nidase (NA), and there is no need

to co-express NA, or to treat the producing cells or extract with sialidase
20 (neur am nidiatrejucinga anelaiceacid enqoding ant dnbigen fropi amervelqped o/us,Tioe exarpple

produced in accordance wth the sent ..i nvent i do not conprise.M.

Dt ot 61 whi ot PR erviselini® RS SaRiatl OV T, Aictos iR Wil in the
prepar ati on pl@ﬂt,hﬁoméf?ﬂ&it,r&%owﬁﬂﬂtheﬁbﬁiaﬂ&ng regul atory approval for the VLP
product . [0063] This summary of the invention does not necessarily
describe al | vy mahniing thd plafiCor p&ibh Herefére JRidbEEordkRnRiiat 'pehhiPthe épression
DRAW NGS [ 0064] Theseé and ot her” features of the invention will beconme nore
appar ent fr oof theeuéleiclacidi thgrabypredysirigghe VALPahi ch reference is nade to the
appended drawi ngs wherein: [0065] FIGURE | A shows a sequence of an alfalfa
pl ast ocp@B0 hThasethod npayefagtharcoagsise theasstaps ofl hirvestingeheplantesdiponifyihg bl f r om
strain A/ New Cal ia/20{/99 (HIN1) in accordance with an - 13 - WO

2009/ 07??9@?’@%@2‘2%&9@6{3%2138%8%mm of the present invention (SEQ ID
NO 8). Protein disulfide isonerase (PDlI) signal peptide is underlined.

Balid (R¥OAT(The ARthodashy(fisitridainprRelih it dt& ofShir6ducipq@te @Y, aGhRiOsidr €
shown in bold. Figure IB shows a schematic di agram of functional domains of
i nf | uengamprésing)a hugl¢atide sequenes ensodingage asfmosathantene cheaperomprofaizgment s

remai n bound together by a 5disul fide bridge. [0066] FI GURE 2A shows a

i I i 5 i : H1
from ot oel Sl B enits ARTOR R e b o RGN Mol OB
of pl asHspH0GMd HspFenbl ed for the expression of HA subtype H5 from strain
Al I ndonesi a/ 5/ 2005 (H5N1). 10 [0067] FIGURE 3 shows a size exclusion

o o (RSP BYopesd i EnBom Rt s ehiYa mEGPS BBl RDU I SeP St s Tt
andypr 05)?{H35rlueféiﬁ/d&|\)(|{‘e€vﬁ be Eit@ﬂ!%%n?&@rxtg,g&l(ﬁ%eléséﬂﬁﬂﬁﬁg fafC bl SBbl¢\eREleSdel iRt ;

anti H') of H ( | edoni a/ 20/ IN 1)) elution fractions follow ng
si ze explantsifamthetmaerezthe Yl &smyay(tgo0ifRd bsing size er¢l@simE cliomatagranhlie el uti on
profile of H5; Blue Dextran 15 2000 (triangles) and proteins (dianonds).

Fl GURE WS nodet ecti o rn . o I s

(A1 naoRtDa LR o TR BaRh o U B seil ifvgttion s f W vieg usthd ot o,

chr omat mﬂﬁ@ﬁ%idfﬁ@%@ﬂﬂ@%ﬁkkﬂ(@@@gi infal gRREomprising peovidiag 2 inere

encodi ng t he termnal fragnment of H (A/ New Cal edoni a/ 20/99 (HLN1)) (SEQ
ID NO 1). FIGURE 4B shows the sequence encoding the C 20 term nal fragment
of H1 (A/ New Cal edoni a/ 20/ 99 (HLN1)) (SEQ ID NG 2). [0069] FIGURE 5 shows

t he conpl ete sequence encodi ng HAO of H1 (A/ New Cal edoni a/ 20/ 99 (HIN1))
(SEQ I D NO 28). [0070] FIGURE 6 shows the sequence encoding H5

(A/ I ndonesi a/ 5/ 2005 (H5N1)) flanked by a Hindlll site inmediately upstream
of the initial ATG and a Sad site inmmediately downstream 25 of the stop
(TAA) codon (SEQ ID NO 3) [0071] FIGURE 7A shows the sequence of the priner



(A/ I ndonesi a/ 5/ 2005 (H5NL1)) peptide sequence (SEQ I D NO:10). Native signal
peptide is indicated in bold. 5 [0073] FIGURE 9 shows the nucl eotide
sequence ¥P 2PIR/GH7BNf | uenza A subtype H7 (SEQ | D No: 11PCT[@QVJ00FI3GURE 10A
shows the,.nuc)eotide sequence aof. | nfluenza. A HA, . sulhtype H2 (SEQ | D

G 12) POEiCE B R SHBREIERS THOEicdttd artCRibat eI B HaGeht ALSSTRL ot y pe
H3 ( SEQnki@en from A&ny3lopedt etflfve ﬁﬂfédrt@ﬁrégﬂl—‘ét tré%@n SQAREAEPIA., and

I nfluenza A HA subtype H4 (SEQ ID 10 NO 14). Fl GURE 10D shows the

nucl eotingibasiag therplantsf pprifoned theplantiyaden gonditions-that seE@it the expressign afghe

FI GURE . i uence of Influenza A HA subtype H6 (SEQ
ID NO 1 Fe@?%&@%gﬂ%@%%@{ﬂﬂegv%ﬁ% eoti de sequence of Influenza A HA
subtype H3 (SEQ ID NO 17). FIGURE 10G shows the nucl eoti de sequence of

| nf ISuen®83% Hie methoy peay fdAhdrSoRprike the stephlof A yesting GhdRiaritGihd patifiag bhe

nucl eoti de seqﬁ%r\?ﬁ%{){ I nfl uenza A HA subtype H10 (SEQ ID 15 NO 19). FI GURE
101 shotBaHRE Hisc M8 RGRIFRIHISEUS | nf | uenza A HA subtype H11l (SEQ ID

NO 20) . FI GURE 10J shows the nucl eotide sequence of Influenza A HA subtype
H12 ( SEQ0BE) e prédent veida ihEltdS WR¥absRaNn&HEd, Stk R FARRHAE AR siip dif | uenza A
HA subtype H13 (SEQ ID NGO 22). FI GURE 10L shows the nucl eotide sequence of

| nf | uerpravidingia sugeigmeidomrsE@ 4 mickotids jequEn@YRECding/bahonmortethamonrd eot i de

sequencg of Influenza A. ubt ype H1 SEQ 1 D 20 NO 24) . .Fl E 1ON shows
Che nucreBronEPietin BRe iy FAB R Ble SatoR 4 IR Tt o PR

FI GORE the 9laabevportibeofthe ipkdit indabaiediuaiee orifitidrzithatPasnit Bxprlssi oSy thOnR:i26) .

FI GURE 1013 shows the nucl eotide sequence of Influenza C HA (SEQ I D NO: 27) .
FI GURE et thasehisprodecing thedbiPsde sequence of prinmer Xmal -pPlas.c (SEQ I D NO
29). FIGURE | OR shows the nucl eoti de sequence of prinmer Sacl-ATG pPlas.r

(SEQ | ﬂ,ggg . tﬁq%:ie&t | B

Sacl - Pﬁgg‘%]r?@?rg@é ﬁ%%é’%&ﬂxl%f%%é&?ﬁ S Omée%ﬁge?lnuc g%f%T glflep g(ggﬂ%%%ge of
pri nmer HspRlanBHspTers (SEQ ID NO 32). [0075] FIGURE 11 shows a schematic
representation of several constructs as used herein. Construct 660

conpris nucl eoti de.sequence.to, enco he HA subtype 11 .

(A nio T3 L g Bt aftidr ARdEr oS Safaino Bed Mhetki it B SRRt itendbsiop (e
pr ot ef), {helnaslef) ackéhcdink hdTHAGS etrabl(yFétnge)ss'edQQ sl plate! FaARerai®)théVE.PE he
nucl eoti de_sequence to encode the HA su té{oe H1 (A/ New Cal edoni a/ 20/ 99

( HLN1) ) mpy, be pwiliedhiesingsivg exelusiongghrematagioply.ei n di sul fi de i somerase si gnal
peptide (SP PDi), and is operatively linked to a plastocyanin pronoter

Pl asto z ] nat '
Conet r o038l The g MeaRE R B e e R O L Tl g e
Cal edonviadsZA $PoteinlaNd Johe ot hwrethah end lipid dedved:from agplaadi ng H is conbi ned
with an alfalfa protein disulfide isonerase signal peptide (SP PDI) and an

GCNdpl I _l eucine zi pper (| ce of the trapsnenbrane dapmin and .

oyt opl sSNRI Th HAGRSRin St Vo aRal be ot ek BUTEB ALVES A B2 oh s

pr te LD onsdi 50f

ex E)qu:a)s s*fué’?ﬁc??’? Wec%g’?] r%ﬁ%ﬂg?o%aécrt%d:jﬁ%ﬁeugﬁg%eN PRI /Q) g}iﬁf gzégrgtbl;{?’gés’t%Qt he

t obac E:oHé,tH&, HI\%rHﬂiD, HIIEB/HtIE, méilgnﬂlgﬁdg’gdighyﬁmb akpedtswfithe ?M@;tmﬁiefe 35S

pr ono an s term or . shows

U1 naoHASR 0By 3 98 A 1R SIS rom e pigur cpBpiing HIntPnde s e g e; &
extractggfrom N. bent ham ana | eaves transfornmed wth construct 10 660 (| ane

3). Comrercial H5 frominfluenza ANi et narn/ 1203/ 2004 was used as positive
control_of detection (lane 1), and a protein extract froml eagves

t r ansf oiORBH Alsernclidedripthe resanbmveRKQs 15 3 SAMRSSIHRY SAMPIESIRGM FiTCHVE date ofja

[ 00)&7] ﬁ{ﬁg &lﬁa%] . L L ] I 0nj f: ize
ex%%usigiﬁ [ r(Yrrithograp % B?QP%@% ?laIAc 0%%%2%%%2?%%%%@%{;&& [a)’ro ua(S:i ng
H5 (A | pliomesiutica]ly2@0&ptdlide chitikil) ), HL ( A/ New Cal edoni a/ 20/ 99 (HLN1)),
soluble H1, or HL and ML were separated by gel filtration on S-500 HR
Commer cj al (A/ New. Cal edoni a/ 20/ 9 H1N1 in the for f rosett was

al so f r@@f‘%ﬂh&‘? RESOLInVEBUQ {ié‘) 9052‘?"@3?3%5 %é&%élﬁﬁ\%p%‘%ﬁ?? rpé%tﬂnghga‘%im yzed
for relqtpym Ppiahei n content (Relative Protein Level - a standard protein
elution profile of a biomass fractionation is show). Blue Dextran 2000 (2
MDa reference standard) elution peak is 20 indicated. FI GURE 13B shows
elution fractions analyzed for the §r esence of henmaggl utinin by

i tnmunobl otting with anti-H5 (Vietndm antibodies (for H5). FIGURE 13C
shows elution fractions analyzed for anti-influenza A antibodies for H .

FI GURE 13D shows el ution fractions analyzed for anti-influenza A anti bodies
for soluble H. FIGURE 13E shows elution fractions anal yzed for
anti-influenza A antibodies for Hl rosette. FI GURE 13F shows el ution
fractions 25 analyzed for anti-influenza A antibodies for H+M . [0078]



30 i nmunobl otting using anti-H5 (Vietnan) antibodies (upper panel), and for
their relative protein content and hemaggl uti nati on capacity (graph).
FI GLTRE 1WB28¢pi877Regat i ve stai ning WO 2009/ 076778PCT/ ESIARSIO000B2

t | ectr f | ed fract 18 and
1971y ol DS BTG ARSULAS] PR 6y Lo FamBiaing ShPLueAS BTN Aigro]
FI GURE glhntSspeyiic DLElychits bt Modifed N1EIvUARZ ThEH A/ bfSiein BrfﬁéREui%ﬁySbIa@m type

Coonassi e Blue stalned SDS-PAGE analysis of protein content in the
cl ari f i danflugnzatadype B inflygnza, ordy ysubtmeaftype A influsazoHAp pelectedifrom: thel group

extract bl t he
fetuin atn%i?ﬁ?% gf%lﬁ]fl?‘?.%%fteﬁﬂ}s%%%s ’Fg’n%@ ,l(ﬁoagf’z lah%ﬂ%ﬁ% ﬁ/iv? rougrl'u6 | ane
7, & ut Inson(el8pectoofthe invahtieh), theH AiRfroibtypd Avinfloagaf deleetesit feor ithegeroup
transm ssi on. el I QSC m nation of the purified H5 VLP sanple.
The barcqnélﬁffsé%geﬁf idégnrhﬁﬁ ?Lfﬁ 1% C shows isolated H5 VLP enlarged to
show details of the structure. FI GURE 15D shows the H5 VLP 10 product on a
Coomassj 0@451 %@WF Ry ebmgrisir ITAGFoteinT®né) ordhiste \ﬁ%t&k@u&&ﬁé ind1adigg B,

usi ng rabbi ycl onal antl body raised against HA fromstfain
A Vi et nd&y H&ﬂ% ZHﬁ)ZHf( HWNH)S, HOOH8Q) HHI, BUREH13, Bie ! Seoriid edtagient expastion

o MR A A T L B LIRRR R

[ O0®] (Iﬂmﬁﬁ/ﬂaaoxsdmwz@ommmqtA)@ﬁncﬁ@;mea%rMD%/Wh@ VIDE/%W/SRNA for
protein disulfide isonmerase. GenBank Accession .. 2114 aé\/ I D NO 34).
[0082] EI2BHEA[Fexas{3A2003, ﬁdmaﬂm/%é\o{é@kf%mghﬁml@@ﬁﬁ motiheriis

o P‘&?%ﬁ?@'@%%@@%%kgggﬁ?ﬂ%&ﬁ8@3@@?&%@‘3@@9@%@@?2|k. e o
e oyt Gy yREIb e (T Aldngk nglBnd DS NG ot T Pr D CT oseoRny.

o e ek Breereati ot ofy )Wﬁs@ﬂémlaeﬁ&%#mé”?bya VR SRR Y S
"I GFE AR SOUSNONAY O O A MR RO EoRRRATD l_éﬂl%ﬁ@)@/ﬁéé/ﬂi boost

in Bal b/c mce vaccl nat e | ant
( AV | ndo@dshanbsHg 66, (AnE’N&l)tc)Rloo/sm (H oA Banisbare 1 AE008 (HIN1), A/Solomon

{uni 2800 SAGR CRHE Pabishear TDRPRECT AN RNRESHEEROR TGN, T cponses
of m ceB!MﬁIuwlawsba/mmugmbﬁadyme@@lA/sﬁh l_‘%ﬂréltlfﬂt(mNZ) AARERY/2085 1?5
wer e rreasured a]gT&lAnst i nactivated whol e N1 viruses (A/lndonesial/5/05)

GMT: gebhéie fZQOﬂt(HﬁNl)JePVEe@HmKtong/V@Aﬁ/?hﬂiM) Adwuinedagueddtl- poi nt
titgrs S represent nean deviation. * 30 p< 0.05
corthr T Rk Rl oFARERHAREE" T o000 D006/ 056ra8Pe cA2000] 000032
[ 0085] FI GURE 21 shows hemaggl utination inhibition antibody response (HAI )

14 days[0@45En dnoapéctiof tlﬁah&ém:lom the Haapiotaia irag baiah H1p HROH3nHAH6 MY oeHfa HS
VLP ( A/l ndonesi a/ 5/ 2005 ( HS5SN1) hlor reconbi ngnt %gl uble 115

(A | ndoFb&yns/ 3n poewptharpsped)the Hil popteinomaxpe Y Newdpaledonia/ 2/ 9% (I IN1),

i nmuni z

respon s‘g‘?‘%ﬁf’%ﬁgzg/? ﬁmﬁ@éﬁ%ﬁ%‘gﬁ@??ﬁ n as g]%?ﬁ(n?%nr g%g%?émér(%ln}l} )body
r esponssgmimeTke HB psoteiadnaysalsigbd fremtthchf&uisbaiml (MZQGH&HBNB)roms es

d /5.0 titer.. Val . 1 f
e r oA GRS RO0R (HPD 3G I e aspes! o Aip ebiahs e df SR MRULR.
deVI ati ﬂ&n the R7Sif éf;‘ér@n@f(ﬁznz) Srddl TRES pRfeih IndySeOiidth fiRnA/ AtHui/p)20055 .
[0086] FI GURE 22 Shows the effect of adjuvant on |m*runo]%en| city of t he VLPs

i n Bal b{HSND, A{\Gigtnamy JIrE2094 (JAPNE, foees\t/lndonwa(ﬁﬂ%ﬁ swage Inamaspecsaf ther ough
d
e oo P, LIRS i enf L LTSS UL 5RO i, LM

usi ng i pragdin Hﬁ?'ébd frnothe ME?}HmWPM@@&&(HﬂNWﬂQﬁﬁﬁI BY 4 £3pgct ofE: ingeamion; the c
nmean titer. ues are the of recipraocal end-point titers of five
m X peHd grsein.is Bamsthe &g @%@{nﬂng&r’é&é@&éﬁ%@b siain Inpa fusthgsaspsehf theiny gntine

?ZéLﬁﬁE@@%‘S@ BT Fllmat R Db ety het FETERAR R S 230

Anti -1 ndonesi a/ 5/ 05 itnmunogl obulin isotype in mce inmuni zed t hr ough

i ntranmuscul ar adm ni stration, 30 days after boost. Values are the GVI

(1 og2) of reciprocal end-point titers of five mce per group. ELISA
performed using whole 20 inactivated H5NL (A/ I ndonesi a/ 5/ 2005) viruses as
the coating agent. Bars represent nean



deviation. * p< 0.05, ** pc 0.001 conpared to the correspondi ng reconbi nant
sol uble H5 (A/Indonesia/5/2005 (H5N1)). FIGURE 23(B) Antibody titers
agai nst VINOI2809/0(TACBi vat ed viruses (A/ I ndonesi a/ 5/ 2005 ( PCFNA20eH1§0032

(A Vi et 1194/ 04 N1 r s are statistically different to
hegat | vE VBt OosedPab oty dod. Bimiles dianind agd radncesas e

horol ogprdteind@bR HINRE HsaH8dHY! PSS of B"sh&?ﬁ&%&lﬁﬁééﬁg)m NdsdfRso weeks
after first dose (week 2, 14 days after boost (week 5) or 30 days after
boost (week 7?1 fromBalb/c_mce imunized with 115 VLP (A/ I ndonesi a/ 5/ 2005
( H5N1) ) [00&fTThe)imdlyenza; irusdhh prateia may\pg i lndapesia-ne GMT (1n) of reci procal

end-point titers of five mce per group. * p< 0.05 conpared to reconbi nant

sol ubl e : LA VAt = Yy serum
ant i bodl a7} FARPISaTS Rt Bl Mo povile el stk e AR Ele bt o5
(H5ML) ) er@0diigyas HA peateino ddie nu¢léie adid mbleciyles ity fiathe\@mprise one or more

2009/ 0767 78PCT/ CA2009/ 000032, | e.inactivated viruses. (B L
Fermgg) FERAEY RTAPGIRENEN TNk kuhs Sage Srapgibe &t Fibpu\sitraZhe puglely acid

vir Usesmo}é@{ﬂé@ﬁlagrc’én{pﬁge Mgubhd®enebding sh PIIOA2! HE N4 A9 He, H7 8IS HOf HiDY e

m ce per ars represent mean déviation. Al groups are statistically

roup.
di f f er eHd ?,tfdjljgé‘blét Hid, dohtH 16, B or (<dn anothet aspoetrafdhd imvertmng therld4 pootelinng

el e o ated Byt shcleRs acl ol Bt Sy RS 1 . 4 5 Bl B B AL L o1
ef filcacyhoH1 tphcteidl eabbdodeseh&audteit atid/mhél6Qike &ifedn® (200N B MNEdonia/t BP9 Sur vi val

rate of mce after challenge with 1000 LD50 &é)l 09x106 CCl D50) of the
i nf | uen@d Nbr AfRpepoRigod34 &W%NBMC@%?O A1 Nbi et/ Setomomislanded/200¢ e

after c I . I i f | Vi 1 Ge 10
ooo1) AR JRel{ESP! o hPRRERR, HEH: kAR kniacl Wl pRRICHEE o) .,
l'i pi d cowjrosletmayrbeofroraulié AfBaisband 10/2007a(H3N, orlA/Widconsin/6 742 008d H3IN2) strain.
R e fir
IS te RN bt C : b Rk

abgir%vi g?lﬁl(}ﬁs arlggzlzﬁs6 r?g{SyéyMQﬁéﬁ g"%‘%e?h%ﬁgi’@%‘?%g‘f‘%??g gﬁg l;%%? gf'l? né(l)lﬁc(l:lé??,
gl ucosymay elsaibe drom ha, A/dnbeiph200c(HBN); A/VieBampHO42684 (d§Nthot i ne; PE,

hosphat i.dyl et h m, ne; P ho tidyl gl ycerql: PI. .
P oen haniorerai P Ruag. thiahaSmer Bib infll SRS brdvipiensadod by tanudieis
Neut r al adidl RiotecaRi R bd 1o thE APPeal/ HoREK bid/ WA (UeRE) straiR] The W(T}ir@ieﬁ?d in
an equi val ent of 20 E;cga of proteins were extracted from VLP as descri bed,

separ a;[j enroped baPﬂrchr@c c?tcbmplﬁrcbla npay qlmbqﬁr%méhﬁ AfEquinedPregesy/ ¥ G17TNgyrain,
! £ . P PMA) i
20 2 1 FEafob s Y Bl S GtFR B LY Bl ST iR RO BRY) o oo

t obacc OAﬂ%dgEKdn%BYZ/PQ (BOBIR) Siedin. MHTPA padteindfonp BuBiype whdcled dadadmicicieach

| ane. [0092] FI QURE 28 shows the sequence spanni(g,r(l)gé romDralll to Sad sites
I3

of cl onecidmaybedipm thetB/Hloridad(R96 eordd/ Milasialpdf traio7Exammlay of ssgesnces NO
36 . T 1 i . t H . ,
sthrti nofTERAS AMLBERUERS Enbtig A Sh BlodpPhBRBFABEAD, EROHGTHT, MoWP® 20,

and a Sadbtypes énchidetSBOQ BD Nl 36H8F%ind i60t73on sites are underlined; ATGis in
bol d and underlined. [0093] FlI GURE 29 shows the sequence spanning from

Drajn t ites .of .glone 775 - nucl eot.i de sequen of . A/ Sql-onon | sl ands
3 Sh0e (AFRE T alsi fifaven may aioeds dic g ienzadius tiA Brordn B3 dRegest

pl astocyanin regulatory region, starting with a Drain restriction site at
30 the @049NRe@istoBYregiont Gt fAS ®B opardtivelpaitikéd fo& s@guénh@ eficod@fpthn IR&rétefit i on
sites are underlined; ATGis in bold _and underl|ined. W)

2009/ 076¢irdptioseiz o/ aqpettize i apbay catl, amsec geld ppageasheels epshaeglaipanni ng

from Drgj I - Nk | ré shane

107 2007 EREREY (Etfld EPeBoo it ead ey i SR SoS FUBREF RN T3>

pl ast ockigphasphatg varbdxylaselxggatase RuBisCOY chlokrdphyll ¥tebinding proteint(CaB)s5Te at

the 5' end and by a stop codon and a Sad ?ite at, the 3' %g. Restriction

sit arel de i J ed. I 31
AE oF 8L aRRlYHSRE deeulivesyi SO, 05 SPORASRNIRIARIFEIOR §ther segiHatony| TegiRps

shows t P J j | f VA

ol cot e dS TR, ST Bitelrhitob kel PSR bR SRR e FR 4 mahe,
codi ng sequence is flanked by a pl amocyani n regul atory region, starting
with a Dralll restriction site at the 5 end and by a stop codon and a Sad
site at the 3' end. Restriction sites are underlined; ATGis in bold 10and
underlined. [0096] FlIGURE 32 shows the sequence spanning fromDralll to Sad
sites of clone 778 - nucl eotide sequence of B/ Mal aysi a/ 2506/ 2004 (SEQ I D
NO 40) . The coding sequence is flanked by a plastocyanin regul atory
region, starting wwth a Dralll restriction site at the 5 end and by a stop




WO 2009/ 076778PCT/ CA2009/ 000032 [ 00100] FI GURE 36 shows the sequence
spanning fromDrain to Sad sites of clone 782 - nucl eoti de sequence of
Al Vi et nanWVOROYPOU4 (HS5N1) (SEQ ID NO 44) . The codi ng PSdqusaped0Des2f | anked

by a pl ast anin regul atory region i ith a Drain restriction site
at the %‘alga% pa\‘??&"c‘é@/‘%é‘r X’é’dﬂgiﬁné‘haggﬁgi?dggﬂ% op fermifatos segieRCesBaY pISet i on
sites apealmieedieness. ATG Sis in bold and underlined. [00101] FI GURE 37
shows the sequence spanning fromDrain to Sad sites of clone 783 -

nucl eoti de sequence of A/ Teal / HongKong/ WB12/97 (HE6NL) (SEQ ID NO 45) . The

codi ng (9880l drethed of indwcing immunipi tagndefjusmea virayinfestion yn a swijent, iselsar t i ng

wth a | j Gt S P ) by stop caodon _and _a Sad
o to aclmPpided, ERioficofibriSink Suiniteaing e S BRFpite® RrBRBRERTAIRE 20
under | i viag. HA @8dteia] énd@dirord dhahsnelind ¢éipRi anda pharfassitically fdceptable@atrier! 0 Sad
sites cl.one. 784 - nucl goti de,squence of A/ Equi ne/ Praque/56 (H/N7) (SEQ
| D NO virustike nagiglemay be administered £q 2 subiert prally, wﬂa@qr@@ﬁ&mﬁamégumat ory
regi on,; i : . j Gk, O béRafs e 5 end and by a stop
codon ;ﬁﬁf&%ﬁ&sdggﬂg?f‘%&etﬁgt@m?hgdl% fn@%gédo&ggt%%ﬁon sP%lg's are underlined; ATG
is in bold 15and underlined. [00103] FIl GURE 39 shows the sequence spanning
fr om Dr[R051] The 1Basens investiasf algd pertaingds a-vime ke partidie (YER) eoroprisiig one or more

Al Hong /107399 .(H9 SEQ I D,NO., 47 The codi.ng s nce i,s flanked
by o o1 BRPGROAI ot 5 Pt IR Fdb b, grolp Eeir e 2 THFREE Nt o 1 o
at fohe BbolgMarbifk, Aid HIV! &1 He®2 Md2é thad onetpRi degivad fohfa Son-SiAlYlatige Hokt Ction
sites are underlined; ATG 20is in bold and underlined. [00104]FlI GURE 40A

fshows lmrédlmon@eﬁcﬂw HBy Qé}ﬁ@ié maghe n2f gwh20.08 gpdk; thenebolavipysapeteinamay b?sl iat ed
i 7 . i .
[rom CL9P% (7 9pS S4B VURRE! BB AR b M s CBRnRRRR LS U BBy B L o

aci d segroreincer K-pa@ihD NO 49) of the pol ypeptide translated fromclone 775
(A/ Sol onon Islands 25 3/2006 (MNI)). The open reading frane of clone 775

i . i ndi in.Fi 29. .[0010 1 GU \ h
i no dbbE A dduneal Beere eyento) At R P be PRt (LEISPRPEARE B
cl one 7i¥1ﬁuﬁxﬁ/a%'iﬂu§ ?@Dﬁo@ﬂ g.ﬁ)cp%né $8308ek khandie HOBEbid SREY éﬁn{gﬂl@iﬁéﬂosﬂsﬁﬂ&c?,?G

starts wth the ATG Indicated in Figure 30. Figure 41B shows the am no acid
30 sequiber the(vpmolikDphiticles VILR) inayrempeisy pee pifludezat vieusH A pedeihrandooé onmoik7 7

AW in/ 67/ 2005 2),) . . Th di.ng .. . of ¢l 777 start
W th & HORPRS (PRI HRE B bt e SR thet TR VRR st s 0B e bRl B b2
[ 00106] {f1GHRE VA H PMEeih BRd B S1GnareitkhnsaRUeRksip{SEQ | D NO. 52) of the
pol ypeptide translated fromclone 778 (B/ Ml aysi a/ 2506/ 2004). The open

reading framne of clone 778 starts with the ATG indjcated in Figure 32.
Fi gur e 9Bk Hesresant inyantian alsq telaiesdo cpmposiBme qomprisingsh Pt thReOT BTG pept i de

traps! f : / FL oL T of
cl o Fufhs MRS RR ifften FhE b8 o3 A3 RS ey JEOE R G B o
shows tgdreuptomprisiag: A /Seaueiedonid3EE299 H N ) ASHhdondsid/ SIROGO(HIED] AddhidkeaMNadwat ed
fromclagne 780 (AJSi ngapore/ 1/57 (H2N2)). Th en reading_fr of cl one
780" st Y D/ 108 TR E iRy B (AR AR S AT easie S g e IsB MBI e ant no
acid se . ' H 781
0 o PRSI PP U PUBRRO S i T e T,
t he ATQ\ishovedertleah/GH/63 ,0AVckickEn/GEdthG8Y/FO4AREONZ A A8 thanktEngdlandAvhi(Hd 1X6).d
SeGHeNC, {5 R beralsn/761Eh 295), W ull/Maryland/704/77(i13N6), A/Mallard/Gurjev/263/82,
A/duck/Australia/341/83 (H15N8), A/black-headed gull/Sweden/5/99(H16N3), B/Lee/40,
C/Johannesburg/66, A/PuertoRico/8/34 (HIN1), 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),
30  A/Vietnam/1194/2004 (H5N1), A/Teal/HongKong/W312/97 (H6N1), A/Equine/Prague/56
(H7N7) or A/HongKong/1073/99 (H9N2)). The two or more subtypes or strains of VLPs may
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pol ypeptide translated fromclone 782 (A Vietnanl 1194/ 2004 (H5N1)). The
open reading franme of clone 782 starts with the ATG indicated in Figure 36.
Fi gure 44BO2WPW6TMe ami no aci d sequence (SEQ I D NO 57)PCatCA2Ne/(9003¢pept i de
translated fromcglone 783 15 (Al Teal /HongKong/ WB12/97 (HGNL)). The open
Fead ng™ PUETREY G} Sheih s valent QuA TS erAIL OPR o1 A L SO PEFn SR

[ 00109] 1 B oF HRGratior ATBYFesAEpEscng@uence (SEQ ID NO 58) of the

pol ypeptide translated from cl ohe 784 (A Equi ne/ Prague/ 56 (H7N7)). The open
readi ng_frane of clone 784 starts with the ATG jndicated in Figure 38.

Fi gur e H9BAEhbrRresend inyiention perfainsto adueihechtos indysing imnNaity 4o inflyenzawirus

R
| i : 7 . . _ ,
P eat no Goh AT hELof AL biEm e Cr BEANEIR Y A bR o R EinPer
[ 00151 0] ¢dniitinglénesdranere it one AEL B ¢hé YL P (prediiced nsibg ahdn-cialyating hogt, foract i ons
7-17 of | - d d VLPs, follow ' xCl usi h t hy.
The el UPYRBTIRARIET ROskPBICH IS OF 0Pt DS 1A VPSS IR B BB ERL O Dow,
Hemagg il daBdrhafly HnHBERalL intfmustiirly itrap&itGRA I A ngaRnBusty BiRubddeimREGdIYL | ni n

is detected in ?ractlons 7-14, cor?l’espo ing to tﬁe el ution of VLPs.

[ 00111] Fhe3arget aianisovman he seleateibfrbmtthagmuy sompnfing kpmaesss pumates, lorsasy pigs, of
hemaggl ut i ni n. fyom apnyal . epi dem ¢ strai.ng. Ten and twen m.croqrans of
ear e s tavian] PR BVE i Rnal AiifHES edR Pty SBRkdn Foel SArs

pl art s @ogRl Rtine,dtsthgdr! lféﬁgafa,fdi@ét,smlﬂkt Stogdmarté, farrdls, Houfpetllivdstadk, ntice,t Op
of the immunobl ot 55 .. WD 2009/ 076778PCT/ CA2009/ 000032 [ 00112] FI GURE 48A
shows affts, pealivalestandibg lks.s of expression of a series of 115

hemaggl utinins from potential pandem c strains. Ten and twenty m crograns

of protg . i . i 4813
Shone. af0BS e Btehe o B Hes B AR Tor dfiticife VPR BGMNE Remdsefddin (5

f r om se(lea) frdmidifferertninfuatzaairaias infesuiabld Hostoapyble ot prodgciage WiP, forodxample,
extracts were |oaded in es 1 and 2, respectively..[00113]Fl GUR shows
o | B A a8 TpisbrV LS MR Brodise i B oomalinidh SRt Oy YLPS 1 o
N cot | apRdhaRan %Ekét%l’l?féom?ﬂ{quﬁﬁd ﬁ&rﬁ@ﬁeeﬁlaéﬂlé Betgﬁ-a% ‘é@lfhusgc;'f‘g@%f{)g?ﬁéﬁllfzpl ant

1 and plant 2) were infiltrated and 10 and 20 pg of sol ein
ext r act eferfadomas Simkeqp ligids " wend:VLBaprducaed inanast camprist 1inidy fempdhe plasthg |

10[ 00114] FI GJRE .50 sho the in vitrpo cress-reactjvity of serum anti bodies.
onmgg! BETRATE Gh YRt ol (SApll et ds R eer 5. C14° Gave () i cer
Pt i mmuni zation and (B) after 2nd boost with plant-nade influenza 115 VLP

(A I ndofoesspThé pleeént (ivehtion alsdipértamiy to Aqiant f MsmeRGRSor\Wine célbesipesingisi ng t he
foll owi ng_inactivated whol e HS5N1 viruses: A/ turkey/ Turkey/ 1/ 05, .
A Vi et nBygleig agid gamprising guiuclspide seaHench nepsiiig By\igen fiog) #n enveloped virus

15 nd } L OB I . N o] } = ROI titers
of 10 veRh@ikdu o ket Ao ol i’ By ot BRIGR 25 ot )| )
checkedhemayglutinkegl i A)r key/ 1/ 05 (cl ade 2.2); white bar - AN etnanf 1194/ 04

(clade 1); black bar A/ Anhui/5/05. Responders are indicated. Bars represent

mean deviatjaon. [001151Fl GURE 51 shows.the, nuclei.c acid sequence (SEQ ID
NG 60 L0837 plapiyay Biibet posmpriss 0B IEl SohEITRINRE ARFPREeSFREREEy am n
pr onot eénc%ﬂﬁilg%'ne Wl Rord @R 98¢ Hﬁ%g@%déﬁg Rﬁgllﬂfg g?éf?&l‘i’s%’f&;ﬁn&fd tb‘ﬁ_réélgﬁbry rlggigﬁd

Al'l ndonesi a/ 5/ 2005 (Construct a pliastocyanin 3" UT
t er mi naaative $eg plant dhie[one 01 BioR: BaRBn&chapkronprothias maylbeiselegtell drosethgeiewp ( SEQ

ID.NO 61) of ssion cassette conprising alfalfa plastocyanin
pro% e?oml%gaﬂfﬁ@,m’ﬁngl utinin coding 25 sequence of Hl from A/ New

Cal edoni a/ 20/ 1999 (Construct # 540) , alfalfa plastocyanin 3' UTR and

t er m naf00s 8 EhiprodectidnT MIHshh Pldnts fréseatiaeserhlnelvantagssioverthe pradugtiemof ( SEQ

e sy SBT3 i T3 5 o B RS ™
A Bri Sb&{h%gé%éfi’xﬁéxgés RABbER Ghitéd “PranBhbRblaflePird HAAE¥RNpRAs 3 UTR and 30

term nat or sequen
phosphatidylcholine (PC) and phosphatidylethanolamine (PE), and also contain

30 glycosphingolipids that are unique to plants and some bacteria and protozoa. Sphingolipids are

unusual in that they are not esters of glycerol like PC or PE but rather consist of a long chain
-12-



WO 2009/ 076778PCT/ CA2009/ 000032 [ 00118] FI GURE 54 shows the nucleic acid
sequence (SEQ ID NO 63) of an HA expression cassette conprising alfalfa
pl ast ocy aWwPr0gvGat8er and 5° UTR, hemaggl utinin codi ng Q@GM@@M)OMHI from

Al Sol omon | s| a 3/2006 (HIN1). (construct #7{75). alfalfa an
OTR andihinp oRRp b Gt LA cdng G Lo 0 s Caih comaBing o ofro] Lobons.
sequenceEC aRERE lhDwWif as @@c@ip}ﬂﬁbﬁ_’lr‘lglcﬁ%% Bﬁﬁ't@ CrraaskEhIEs @:&ﬁ‘&*’sé&b@&aﬂhﬁﬁiaﬁa

pl ast ocyani n pronoter “and hemaggl uti ni n codi ng sequence of H2 from
Al Si ngaponeneigely sqqhmzytlgmmsenuog cellsA@FCs) like demritipeadistapd ynaciaph3gesdan® and

15 No B GfOHENRGRe B B Finphdy R sn T PR s B LRV E PO et oy ani n -
pr orsot eFurtheenbre, ididditivarrady pﬁtd:xﬂiahadg'@fhnﬂ effect @b eRGReshcd 8f flaMMipids, the ability

A/ Anhui / 1/ 2005 (H5N1) (Construct# 7 al falfa plastocyanin UT and
t er mi na@fgvlant dyelysensdo famlitate|the @mge@fg eRvsteientiggns by antigen greserfingeds ( SEQ

| D NO astocyani n

pr oot & it Jore s 2007 KA A RAGRRS bPrpaRRLICLEGE TLPTH ARy Tt 0o

AN et nam 1194/ 2004 (H5N1) (Construct # 782), alfalfa plastocyanin 3' UTR

and t er[0D5Q4t Witheetowishing o p& Bdiiid]] Byl thiedRl, ib & amtioi\pated hlmt phmt-made &diPd wilquence
QIDNO 6 of .an HA expressi assette co alfalfa

b1 ast odpaed SRpRE B deatop en Vo R o TR TR qyaaea 26d tasther om

A Tieal /iiRshelteRIoNEARICEd b HRIE plahRasd VEPE will B@@&on%* {vibh BordParbd &sthecyani n

3' UTR and term nator sequences. [00123] FI GURE 59 ows the nucleic acid

sequendmnge@eadtiondndugsd bylivenr stenuated aholeorirusagesingse conprising alfal fa
pl ast ocyanin pronoter and 5 UTR, hemaggl utinin codi ng sequence of H9 from

A/ Hon 07 #HY | i ' UTR
e 2, 10886Y GOy T VAEed s AEMENE WitV L pE bieRide IR OIS AL I cdre
sequenagntibitibhs, Ms rédictbfe bidloglaleoRtadfindn® ik A2S enghﬂicmrmns@e agitalduid ba

pl astocyanl n promoter and 5 UIR, hemaggl utinin COdI sequence of 113 from

A Bri sb¥erkingownlya wholey spgtious virys, nd i nes fesuired for produgiian o Rlant-made N2Psr
e didyids ARhd 300l Sl KAR MO M repgiT Sale Gt e 1 "¢

conpri sgragﬂmhsﬁeadrffaelql),lthlmbm;gmgmﬁpmmllynnm eamdmﬁcalldﬁ&?,suﬂtﬁﬂm@glswlé-upn codi ng
sequence of 113 from A/ Wsconsin/67/2005 (143N2), alfalfa plastocyanin 3

UTR an ] .0r _sequences. 00126] FI GURE.62. s the.nucl ejc,acid

sequoncl0f BEboReHR’ Hafts o vion orRpiase e sy atvs SOLNROE SUHIALE P SH4TEH 1

pl ast ocyAR pidPreimeSio vLJI"ﬂm&I %H?Etﬂlhb'éd iithe AREHhADITRAMENFdaR! N/ from

A Equi ne/ Prague/ 56 (1 7N7) al falfa plastocyanin 3' UTR and term nator

S equenoms‘i th¢re @simpﬂdwm-essresshﬁm ot fodreatithe pradusingdeHe ouexitaet WSES)alidasro  72)

of 10 expression ca ttec al fal fa plastocyanin pronoter
ﬁ%ﬁg@sfmm cﬂrﬁ‘alcggﬁﬁbﬁé‘én@of HA from B/ Mal aysi a/ 2506/ 2004,

aI fal fa pl astocyanl n 3 UTR and term nator sequences. [00128] Fl GURE 64

shows 10662 TheEVEPEfloduseiit @BERdAntE QithRhdbtesehi imvehtiam déifot compris¥ M Epitéin
cassette corrprl sing alfalfa plastocyanin prompter and 5  UTR, _henmaggl utinin

codi ng Which égknavaetodind- RNy JRNA/iFp 6prtamingnbefghe V&Hmppaaatmna'«mddwwﬁsne@ UTR

and ter Oows a consensus amno acid
sequenc‘gh‘%g@%&lflﬁﬁ%ggn%gﬁ?%Q&éﬁdrﬁﬁﬁg\?/@@ﬁ%gdom a/ 20/ 99 (HLN1) (encoded by
SEQ ID NO 33), A/Brisbane/59/2007 (H N1) (SEQ ID NG 48), A/ Sol onon

| sl ands&()9632]0Dlﬁs slhnda)y ¢RSRQinvEnti@ does notmedessShx{lyl dosddibe adl, featmre(smﬁshetihmnt'@t)l. is
Aor V; X2 (position 52) is Dor N, X3 (position 90) is Kor R X4

' orBRIEEDRSORIION dr ik bROVINER e ) os on 161) 15 Ror K X0
(p05|t|on 181) is Vor A Xl10 (position 203) is Dor N Xl1 (position 205)

i's R or[0664]XIkesé a@csbﬁhepfeaﬂ&&)oﬂt& ihveritiol; wi bacérae siokd @pa&‘&5fronﬁth8f(ﬁilovﬁng X14
(p05|t|on 268) .is Work; X115 (position 283).is T or X16 (position 290)

i s E ordegeriptiop ip yeuch rieéﬁﬁenpsz; made fo the ampenstq%dr@wsaswhﬁel%g) is Nor D. 25

[ 00130] FI GURE 66 shows anmi no acid sequence (SEQ ID NO 75) of HL New

Cal edo”[i0965] FIGURE 1A shows a sequence of an alfalfa plastocyanin-based expression cassette used
for the expression of H1 from strain A/New Caledonia/20/99 (HIN1) in accordance with an
-13 -




(AAP34324.1) encoded by SEQ ID NGO 33. [00131] FI GURE 67 shows the am no
acid sequence (SEQ ID NO 76) of H Puerto R co (NC 0409878.1) encoded by
SEQ | D NOv¥O2809/0/6578009/ 0767 78PCT/ CA2009/ 000032 [ 00132] FIPGURRA26®/09HB32s t he

nucleic_acid se ce of a porti ession cassette nunb 28 rom
pact - (uebedmBRCHIAG Frefin: /2R (IR BEBE o b FERRE o mEEE Lo Rlingl |
CPW HTpdptidd R ﬁﬁl@ﬂﬁi&aeB%mIoterGAnem) d SaclIGAGET ) kestridival sites Géddi fof tleflingi t €
(imedi ate]l y upstream of ATG of protein coding sequence to be express, in

this cadeskewninbgld,FigugniB shewsa schsmptigdiagiam of jrpctipmakdomains pkinduenza; ¢

aci d seglis : Iid ﬁgm , | Lo ot he
mul tiple cL ﬁftﬁlfén'gfggg ,cwag%e?ga}gnﬁ&@?{é Egﬁdp ast Oan%ﬁf%re%%@%o{dé??&%egl e&'gg ISI

(i mfedi disdlide bddgest r eam of the plastocyanin terminator). 115 (from

Al l ndonesi a/ 5/ 2005) codi ng sequence in fusion with PDI SP is underlined.

harber . [958, FIG PR 24 Rbis a tipiesepia ot pipwad SAE rshipolieler ths Fipesifit e
pl ast ocam‘va HT BB tain AN Qﬁikedéﬂim@ng;I;?N)I).@@@ﬁE PR EhGs 4 RPredbAaGGEYANI N

t er m nat .. 111 (from A/ Bri sbane/ 59/ 20 codi ng sequence in fusion with
PDI SP Plesmiddi6i0lassemableq fo tissgxprassing of HAsswbiypettheirometraincA dudanesia giRi¥8e of a
porti on}?iN onstruct nunber 790, fromH ndlIl (in the multiple cloning
site, u&)s ream of the plastocyanin pronoter) to EcoRl 15 (i mredi ately
downstream of the plastocyanin termnator). 143 (from A/ Bri sbane/ 10/ 2007)
codilng KOque FGURE Buhowna wizt bxdllioShromatogephly iofi prbteih @Ritadd froledves2 shows
t he nucl eic .acjd sequence of _a portion of construct nupper. 798, fro

H ndl | | Profipeing, erﬁ%ﬂéi'vtml%fﬂmmglépl?@, 3y phaw ngr?ﬂl&wntm‘étiﬁgwéﬁ%l;)%m%Oo

pr onot efy); el eky Eees SEAMON irhEn@leRR LG /Ml din bRfAAT OF)
HA frongrB Iﬁ?&?ﬁ%ﬁ)ﬁ%@g@ codﬁ% Iﬁ2i seque%g% %ln usclmc??\e%v{n&g PDI SPis

under | i Hépof H 0 0ANGv-Calioiinia/2098 ¢Hd Nil peelutionl fedctioncfotl owanp s zecexcbisiom porti on

of const,ruct nunber r ream of . the 3 of.er).to Ascl
(i rmed SrngrogBRRs (5 TR peadRl, FREERECTT SRR b6 plobef afofe BE Ao Rl mp by
(from A uﬁ%ﬁﬂ;ﬁé@pﬁi@ﬁra&firﬂsqaﬁ}ndnas)f JSGOREM I Bhd?d infudctletéBESH (Wd3tsn bide;

[ 00138] FI ¢ 4 shows the nucleic acid sequence of a portion of construct
nunber amgBHy) ¢ﬁléir(4déndon@s;p/§{20@éﬂ{é}¢ll)w@t@a%rqsh@mﬁo%@wng@lmmmqmmdi ately
downstrgam of th ] or). Coding sequence of 115 from
Nlndongrg?lg%?/g%@gg%@%ﬁ% riined. [00139] FI GURE 75 shows the nucleic acid
sequence of a portion of construct nunber 686, from Pad (upstream of the
355 pr ofto68) FIGURKS4A showsnbdisefuehye ehoodiag tieslnterinindl drayient O8BI1 (A/New
2009107 773PCT CA2009/ 000032 term nat orb. Codi ng sequence of , fro

A/ | ndon&8lraemx/36/38 (HANLRSSER 1 NR: PDFIGBREAR, shadys thy sequenesengeding 76

sh t i I SR i nunber 732,
f r?ﬁfpa%ﬁ?ﬁ‘légﬁ%g%ﬁﬁ iiItlhe 3%@‘%}%&%@%@% %ﬂArNslgf (mm?)él y downstream of
the NOS 5 term nator). Codi ng sequence of HL from A/ Bri sbane/ 59/ 2007 is
under | i ¥969] FIGURE ¥ slevrAhy completesseqimnce andoding BA0 of $d (ddNew Galedanja/9Dn

of cons ; fromPad (upstream of the 35S pronoter) to Ascl
(i m’redigﬂﬁb) %i@%@é}gbf the NOS term nator). Coding sequence of HL from
A/ Bri sbane/ 59/ 2007 in fusion with PDI SP is underlined. 10 [00142] FI GURE 78

shows t [0070UFiGURER6 bitbviasatiel sétiiend¥f endodifg HSQA/Rilofe3itg3/200S (HENMEflankéd by o r om
Pad (upstream of the 355 pronoter | (inmediately downstream of the

to As
NOS t er Al sitg immedintely w&e%m@éﬂgﬁrini?ial A&S‘wm soad s anmefiatedyy downstream
undgy | i ni&fle S&gg}ﬁ%hmliﬁﬁw) the nucleic acid sequence of a portion
e

of construct

[a

[0071] FIGURE 7A shows the sequence of the primer Plasto-443¢ (SEQ ID NO:4). FIGURE
7B shows the sequence of primer SpHA(Ind)-Plasto.r (SEQ ID NO:5). FIGURE 7C shows the
sequence of primer Plasto-SpHA(Ind).c (SEQ ID NO:6). FIGURE 7D shows the sequence of
primer HA(Ind)-Sac.r (SEQ ID NO:7).

-14.



736, from Pad (upstream of the 35S pronoter) to Ascl (inmediately
downstream of the NOS 15 term nator). Codi ng sequence of H3 from
A/ Bri sbhan®OR002@6778i n fusion with PDI SP is underlined [POOIZARDEN@BURE 80

shows t | ej i d _sequence of a portion_ of construct nunber 738, from
g (7 2h HIGURE Sacsene rinion e daaisare of ekt Gy Ney GRIBIVAYR of 1 he
NCS t erm : i I j k{4 ned.
% [ 0010 LN e Epppridaeh Riles BEEI0 NQ0). PIGURE I e B doferdtddt S
const r u@¥Indontsa/5/2089 (HSNb)pEptide sequsice (SHQ 6D NO:d 0B Sativecsigriab pdptide iAscl

(1 medi at,el %égggg tream of the NOS term nator). Coding sequence of HA from

B/ FI or i BdFA n fusion with PDI SP is underlined. [00146]Fl GURE 82
shows a nucl eic acid sequence encoding Msjl (SEQ ID NO 114). [00147] Fl GURE

83 SoWDOYBEFTGURE ¢ stafisthé AEHIERIR seduecdOf HAVT iffluehenAtsubpe MIN(SEQ BPRB50,
fromHndlll (in the nmultiple cloning site, upstreamof the pronoter) to
EcoRl (Nenkli ately downstream of the NOS term nator). HSP40 codi ng sequence
is underlined. WD 2009/076778PCT/ CA2009/ 000032 [00148] FI GURE 84 shows the

nucl ei c j 11on: af i |1
(it nol N FRCARITER Blok RERhHBNA sclRAR! bt GBI A ivp: LETSERND

(1 mmedi N0e12). BIGWRE 1 6Brshows tHeemublebtideesequerit of Infludhr/A HAdubtgpsHAYSBQAD s

under | iﬂaga)[ 00149] FI GURE 85 shows .t he nucl ei¢c acid sequence o grtion

f
of conshPEED: 19Crhws thermilepfisiareaence of Influcpa A ik sultyem HAGSEQID

t 1l | at t
ord nanorlot FRRETBh bt heriiGoribd HAREAR LT HORRATR S Ibhe HITSPETD 4 g
sequencNO:ES)uURHIRE 168 shéws thealuelebdiidieseqlericd 08 InfRBlenze & |HA sulsttgpse HOQIEQ4DS.
00150] FIL.GU hematj c, tagi f t t
o050 b R/ ShIUE o hemmbrud e Ebeas ST EASE m,
si gnal %o: PB]IPFKF{?RE 106 shbiva tethuR(etigd Seqtlbiddlof Titfucns L ABIASEbty pMBOL(BEQ ID

m crograns Of |eaf protein extract obtained from 3 separate”plants were
| oaded BNP:1$HeFISHRPACH sbrwe pite rugteotitiesdduer{ca/dfinfliCaze AdhA snRepOH 10 KERD)ID

virhe (NGRSt ThE R e SiisalidF seisnedtr TRnteio e bA wbBRe Fri CEEL R v
of nMockNOHG) FIGRE 10) v th@hu&é‘&fdﬁ?@@ldgﬂ?@&?f TafluéiAM A, e H12 (SEQID

Cal edoni a/ 20/ 99), b) expression of rom A/ Bri sbane/ 59/ 2007, g%
&HEQ ID

expr essNOR10f FIGRE d AKshews theamisleotido seguenag Jof dndhreaza AdhA saibtypsHil 8

o oo SOLFR FIHIRE Bl sBORE PR uBiatne apaieBRb s A s A R 1B
pept i deNOPS)PEIGURE floM shoRisithsmalevtide ga{;tﬂ@, of IRfn2h Al IGARabBPe HNIGWSED ID

conparison of HA expression strategie i munobl ot 20 analysis of |ea
pr

1 NORDABICIRERObsbops Sinnseieods sgupicsst dajarneinA 1oh schihe HISEREQID
pept 1 e PrsTh EITRE 10RO RE M I HE e lie s S MRAEE BEA SECQUDNOIAT, ¢, |

ext r act FIGUWRE |10R3R6wSthetnncleSife 24nct of InfefzidC HYe (SEQID 280:28x FRGURBI0Q he
H1 New Cal edonia for which five m c¢rograns of Eprot ei ns were | ocaded.  a)

Expr ess$ionysdhe pacleqtiggseguepee Qfd?@%ﬁﬁ&%z@lﬁ%@@, QD N2 s FKRHURE 10R PYWE; om
Al Bris 0, . ' I tabame

expr eas B auapbiisénie BY BEEE ST A0 e SR BN G A AR RE DS sl the

B/ R%or i nialebtid® 8équenteeofprimarsSachBlas Bére (SEE) IDMNON 8 bp FIGURE K pshwodisrtle t 0 HAG,

speci fic Agrqbacterium sirains i Si t he ific vectors used for HA
expr ess?%&é‘ﬁgs?%‘ﬁp%&@’%?r E?cﬁgj:?’ %ﬁ”grfr @%& {baH@spSSiOOlSB] FI GURE 89 shows an
i mmunobl ot of HA accunul ati on when co-expressed with 30 Hsp 40 and Hsp70.
111 NewW (005 EFRGURKE Pﬁhb’“%‘h%h@ﬁﬁio%greﬁ’éﬂtz&mrw s€V¥] Lok StRicts B ugeEXdrEiRS Sed

al one or co-expressed with AG1/R870. HA accunul ation |evel was eval uated

by - 28Constypgs pypovrleatidrogquave srencadethediasubisipg §Si s of protein

A New (Y ISR 3PS R L SR Dot Y5 RS HE bEGoliditFproRlotes (s LT
DESORI RetralNa{oB (Rterd)] ddistridctesdo Rbmipfivedrihé miicléridaisequehce foledcpdentiol E1A subtyfe H1

virus-like particles. Mre . L. ) L .
A/New Caledonia/20/99 (HIN1)) in combination with an alfalfa protein disulfide isomerase

signal peptide (SP PDI), and is operatively linked to a plastocyanin promoter (Plasto) and
-15-



5specifically, the present invention is directed to the production of
virus-like particles conprising influenza antigens. [00155] The fol |l ow ng
descri ptiW® 2089/¢178 preferred enbodi ment. [00156] The pr EANEA2000/@00320N

Che oerionRoRoR e el S ebStfto s SR BGRs b RBGSH L o
169884 /b0/85 YHhHT’bet‘ﬂe Bﬁcl@otfd%%@ﬁﬁ’én@é ¥ndoBflg 321 %%hl‘ﬁ?xhéd%ﬁ} M ARdifa

(HA),
[00157] Furt hernore € ’present I nvention provides a net produci ng
vi rus | preteimpdisuliide somexdsPsignalpeptigd @it PDIjlaed anGﬂT&pIhlcud:mezlplpm (nmplace n@ a

ncti ve R URanN nee doripig 2o S GPiaTRe Bf of Bvang PPy Ry (BRERE thEafystocy i "
i nclsbatpraﬂloteheplaétamndxenﬁm%f [Pter); £4d dohgrit 250 for 'i'lﬂ-;eéx ?&Eﬁ@hb‘f@/ﬂs cbaﬁag permi t
t he expression of 15 the nucleic aci d, t her eby prodUC|n t he VLPs.

[ 00158]veiPs framy inflepzaoMPRAS 3¢ ipeambined tertbetobagooetchidms(EEV) \7Llﬂ>“§and al so be
d | uding but not limted
o Macihect el R Bo L 35S G A &et s8R 'on T ncl udes VLPs. of

all types of influenza virus which may infect 20 humans, including for
exanpl 0006t FIGURE 19 sheds tiniunedatestion of H\sa(lAermﬂoﬂes(dfﬁ/Bﬂi)S @GN DY, asingeng-H5

Al New edonj a/ 99 (HIN1)), the A/lndonesial/5/ 05 sub-t EQ | D
NO  60)( ﬁaalphelt}zbeésesclarpﬁ%lneﬂryﬁé fromol. bep t@naéeayqsn?amﬁ%geeé wtg&%s

andoC t Qn;}% I

[ mglouenza s;{ng?’?p%s c@}g‘:ﬁ%ﬁﬁ@@%i uen glaa}ngh tygggt‘gdrse%gq S ncI ugﬁgo
t he pr edaletection dané bnand @proteineyirat frdmBeavds draesfoRDith aiéhipty %t(ﬁE@rd: D
NO 48), A/ Sol omon | sl an /3 2006 (HLN1; SEQ I D NGO 49), A Singapore/l/57
(H2N2 ‘useds peagive agntrok(Iane )./ 1/ 2005 (HSNL; SEQ I D NO. 55),

AN et nam 1194/ 2004 ( H5NL1; SEQ | D NO: 56), A/ Teal/Hong Kong/WB12/97 (H6N1,

SEQ 1 D oy A IG@REOIIQshK@@%&;QZ@ﬂ&%oﬁ'd%@na d:Psﬁ@ct&%% bKé{zBekaQﬁaﬁ/ 10/ 2007
(H3N2; SEQ'I D NO:50), A/Wsconsin/67/2005 1)

A EqU| el emaiggrapBs rmwext@m’m@sm@sblonmsmlmwcmmﬁmmegeﬁ(m@ | D

7 oS HIBY ot e el il ar ot A wrre sempeatedbhs 1o

i nf I uergemfvtrdtmeﬁl HOEHRI. %ﬁﬁﬁerahm[ (ﬂmewtale@émmemc‘emm)ﬁn theofor@Xednpl e
humans, pri mates horses }? ds, avian water fo mgratory birds,
o vpied

quai | r@ﬁfm@s V@éébe fragtionat FIGERRRI3A @b@wm@uh@bﬁgctmé pnalpzeddar s

tiger | te ck
i g, SR8 plbuci el Relfve PHARR LERE FDiyphd Blotein Ui Eﬁévf%bw%%?
ot her aﬂnzidngﬁatsont ifshowily Blee D¥ptias300 (B IMIph ederencedididany eﬁﬁron\peﬁk isi ruses
|nclude the Capsid protein of HV - p12 gp4l - envel ope proteins,

t hetlst rindicateds FHFURE] 138 shows eamn\ﬂasgon thf Bresgt i hemaggh by
i a bgy the H
prot ey B Fl B (VipiEn &%&b@?ﬁ!ﬁk AP URE T e o' "

[00162] ffd{tﬁlonmmmymd Horedmsieinfloenlzade antitodies fer IDFIGURE £3D slgws eiﬁﬂlmeﬁmalons
derived V Ps hat qQbt ai n i pid. e menbra of the
cel |l i qrﬁlé l\mé” ?‘e‘?-"ﬁ@’ g’F% B“‘gg’sé{j ﬂé}?ﬁégéﬁﬁ[’m WS FIPUP‘FH ag;f_qgsl s

expres from
01 S T, 10 10 L e N

r ef28r s anelyzed ﬁtrastjhuﬂlll@Z(ilAlm;bhdllesﬁ)r HieMir al | y- occurring nol ecul es. The
termis also used nore specifically to refer to fatty-acids and their

wol 1 2 OB TRPIGERKS bl areePlpsof RS HAE AU PR LA OLREAGY ™ ) =
Phos phaitiugtuilss kayr@cﬁ)segradienceénmaﬁ@aﬁiorodndadlécnbncnhle@sc@y examiationsf al ong with
gl ycolipids, sterols and rotelns Ies of phos hol i.pi ds_ i ncl ude

20phos gieaagaintisimennseataterbiragiions. &1@&%@ %éhqw aFelizAten of fractisas rem
phosphag .yl ?ﬁ%&?ﬁﬁ%ﬁ%ﬁﬁﬁqﬁb% a%ﬁ"ﬁ%!:ua{‘fé?é jzhﬁ?or tﬁé‘éf@&%rﬁé ths%ﬁr ol's

i ncl ude zoos este yt ost
exdop| emmurtobidtin®lgingardti-HSeVydtnaphLanibodies (l@pelrpaﬁen @dﬁoo&merrdhsvmm&alﬂneen

identifi ed [ n var| ous pl ant speci n bei n esterol,
st i gmastoBfesf andherpag twtloeﬁe@gs%ge?@%%%ﬁ FOQVS B Eyestane

del t a- 7-avenast erol, daunosterol, 25sitosterol, 24-nethylcholesterol,
chol esterol or beta-sitosterol. As one of skill in the art woul d




understand, the lipid conposition of the plasm nenbrane of a cell may vary
with the culture or growh conditions of the cell or organismfrom which
the cell WQ@@W%GW@d [ 00164] Cel | menbr anes general |y cagIvese04/600033

bi | ayers, as weII proteins for various unctions | i zed

concent FAASPHINONS e%%ﬂntmlemssqpx §miRation P B%OIF@)ﬁﬁ%qunﬁ 17nes ndtf%ggn S§FRese 30
ref e”ﬁ%a&i%n?c%ntﬁﬁlgétg) o fhd Earr M%&éh?é’fo hing to be bound by theory, lipid
rafts y have sig cant es I'n endo and exocytosis, entry or egress of
viruses or other infectious agent S, V\D 20091076778PCT1CA20091000032

i nt er - cOTIEFHaHRE Heshomsquirifinationafénfiesmizao H5W kBs. BIGEREskSA showsafoomassie

conmpone a suc eIluI extracel | ul ar
i 11 ot bty PAGEmRC leinepliah g bR e g pg Tl T crde

" hersaggétiactilahe 2QFH gHdjusted eardt; Nalesd, hedtafeatcd dkfad; mhanolqunﬁated%mm on
the outside of influenza viral partlcles HA is a onotri meri ¢ _nmenbrane

type | @ny%twr%tfﬁeithpurg%w@pasteps daieph ﬂ@dn@na%ﬂ@\mrowbpkand& el&‘ii\on-(dloxdonm n,

and an @?ﬁl [

C-term nus andg?dgnl: 1§{3@H?\gssﬁ1§@ %n? ure %)% ro Iﬁl?mgé equences
encodi nexahidnatfon ofthd &MﬁﬁdP&E@p&vahé thepresmwdm H[Ginm &5 A dhews

Bi oDef ence PubI i c_Health base (Influenza Virus; see URL: biohealt hbz%)se org)

or Nat i §pigreddihVEP enfreqs teehewﬁda&gg)f the stsuetate; BHOYREJ SDrghows the H5 V

10 : t

003661 Farhafatoimasselshifta ek SDS.FAGE BRE ) G WRLRRTHIY 044 B RIE.
i's for matibibpolyhlosel artibpdytaised apainsdih déom Sdim AlViewasti1 203/2004(HSNAund by
theory, HA protein is synthesized as nononeric precursor prot ein (HAO of

about 7 ssenbl e t he surdf into, an e ated trineric
pr ot ei nﬁog%%W%gloﬁsﬁ IBWFGB%W@“C’?‘?‘?JO%@@E%&V % WY s 15cl eaved at
a CO%GCM@G'O@&"ZOM@{HIN‘I)? héay, F%ﬂmﬁh 457\ gérﬁoccﬁﬁf)l@trercﬁﬁ‘ GénBask IAceERbnReR! | de)
into 2 polg epti de chai ns, conpnsmgthetransnenbrane

r egi on)AY] SIEQIEDHiQ;GB)l de bond. The HAl segnment may be 328 anino acids
in length, and the HA2 segrrent may be 221 am no acids in length. Al though

thig cl hﬁtbﬁ ']mgrt t RNR

ess@nt i @[M?ﬁ?ﬂ?ﬁe rl‘*nerl Z4ati oer(l) 10§ Setqhé&%r% erne An“l;s%%v?f’](i)n o&oﬂﬁ%\t/é?fhi n the
endopl a&l@ﬁlﬁd@&ohetdse.ut}uﬁBérERAcd&ﬁm WoeZ DF490BEQARINOeB4). signal peptide

cl eavage and protein glycosylation are co-translational events. Correct

r ef ol di q s glyc |ation of the protein and formation of 6
intra- cﬁ@ﬁff EfmUﬁ?ﬁ% @@M@uC%é de-peqpenceder Elyenas e Xirg; ¢HPHEThe cis- and
trans- [gge]r@ cdeREh r

trimeri ;ﬁg'to ?gc/?n g?glé gltn?’ﬁe cr y gtaér}ﬁct ur es%’k%ﬂg? gongﬁgg%béghF@EQ

pr ot ei nE) N@hi36h Iack t he transnmenbrane domai n, have 25 shown a highly
conserved structure anongst influenza strains It has al so been established

or cite ot BRI EFEPRETY diow fee Bl LR seairalaion By GRS Firine fansShssion
pol ypepéleéifonahridieo H@%bséﬂﬁubﬁ\nggﬁb?odﬂ&n@rtB&@ CWBE]1RPal P E:H%fc%ﬂaét' pf:

conprise HAl and domai ns or ‘may bé unprocessed (i.e. conprise the HAO
domai n)plagua meoberETHEPpYi epam@nt"ﬁ'l@rbapmprﬁﬁmtsl%nmhe use of an HA
protein conprising the transnmenbrane domai n and i ncl udes HAl and HA2

domai ns S%ﬁ’%/ hl AR D32 be
HAQ, or“%?ﬁ%@@gmm’ gh%sm“?ﬁ% Eﬁ%ﬂﬂﬂéﬂ%ﬁ I%%Bl4 (QE gllfrt] nagg)%é useg in
t he pr oditetvacginated mrﬁﬁmmdeﬁnﬂﬂeﬁza HSiVigP (A/Iﬂch)nésla/ﬁﬁom @SNty ok,

i 0 Th f th be ob d
From arpoSuBigBeo ikl HABtaeehE A (B 1er BURBHE S AR RS pspoRass of 1.
HS, 116mic@zmnﬁﬁi§zedjﬂ;li%u anlﬂ%éulaﬁﬁk&oﬂ"@@ﬁiﬂé@(ﬁ Ah‘ljt%od fekBorRes of mlce

i nfluenza type B. The ecorrbl nant he present 1nvention may al so
conpr i sinawnized thoougbiintraespl edmaisication. omtitiedy sespomses ewemwlyneasermimgmﬁt nin

k t h t P bl

R et N A e A N
Bi ot echgRtOQY) dftbEproRAl - I(o‘iﬁ%téﬂ@"efﬁ@@ﬁhce"ﬁe‘i”gfdu@ B¢ reprEsént AesBEatidre HA
may be based on the sequence of a henaggl utinin'that 10 is isolated from

ona3lor proP &5 eompatied go tacombiriapt sadeie HSi ed i nfl uenza viruses. [00169] The
present invention also includes VLPs that conprise HAs obtai ned from one or
more than one influenza subtype. Fol7exanple, VLPs nay conprise one or nore
than one HA fromthe subtype HlL (encoded by SEQ ID NGO 28), 112 (encoded by
SEQ ID NG 12), 113 (encoded by SEQ ID NO 13), H4 (encoded by SEQ | D NO
14), 115 (encoded by SEQ ID 15 NO 15), 116 (encoded by SEQ ID NG 16), 117
(encoded by SEQ ID NO 11), 118 (encoded by SEQ ID NO 17), H9 (encoded by
SEQ I D NGO 18), HlO (encoded by SEQ ID NO 19) H11 (encoded by SEQ I D



25 conprise any conbi nation of HA subtypes, while VLPs useful for
i nocul ati ng humans nmay conpri se subtypes one or nore than one of subtypes
111, 112, WO 200967677817, H9, 1110, Ni, N2, N3 and N7. HowAHVCA20041@0033A

hocul daDE OB RE, Bt BempegBRinnat b ioR AR RS PesrarslfAR 16 3% e
conpri Shgdst AFAINE miBE GadchiBtdIM et s iRINESa Hmvwgm&m@mnadsr ee,

four, five, six, or nore HA subtypes. WO 2009/076778PCT/ CA2009/ 000032
[ 00171] (FHN 1)) ersigpembinemsrsoluble H 66/ Ipdanesiaid$2008 (HANE) e FEGHREGR] (A Aaitibady

hemag_gl rlégaﬂorﬁg&sotlmhf% 1rL1?1rumz¥&' ﬁﬁo%elg}rgﬁiﬁgcﬁfa? ?rﬁeéti%n.p F‘f(ﬁﬁﬁE i]ﬁﬁiﬁhg&f}’m lary
nucl ei c Clds nmay conprise nuc 0 e sequences o emaggl-utl ni n rom

sel &ct e@dsponsé 6T9nioé irmmihized Arowdhdhirpesal ddainietaionl eflHAR antbddylrédpbnsaslwdry pe
such as A/ New 5 Cal edoni a/ 20/ 99 (HIN1) (SEQ.ID NO 33). the X

A/ | ndorf@sdsured/usingsnactivpied WhabnHSNI visupssi(A7Tndonesiasy 00 GME seeomgidy msaRo  60)

and t he. ( : 3 : 'ge(ﬁjm- i and C
type ((gtllz%F f%al&%%@e%%@n)fg%c,lﬁé%b g P a@%‘% g?fr-lle %eréﬁ]ygt Hér %Irslf | uenza
subt y perepreMéritsnean detingon.i hpk 0d5zad e hi<y(pescangarad ®aecombinaedoiublee B pr esent
i nvention, for exanple, A/ Brisbane/59/2007 (MN; SEQ ID NG 36), A/ Sol onbn

N: 42) (0B A PRI s on i ateck g R o S8 ey ORIV -1
SEQy! D 34 AGURETEA) HRRE JfQNSH WA b kiDL 1 R b R

Kong/ 1073/ 99 (HON2; 'SEQ I D NO: 47), A/ Brisbane/ 10/ 2007 (H3N2; SEQ I D NO 38),
A W s c dASTURIG 22@)Effect o S8hitosSEQn Inticd\DnrBaizedthFemgh st dpased admbstiatiph/HASEQ | D
NO: 46) , | aysi a/ 2506/ 2004 (.SEQ 1.D NO: 4 r | ori daj 4/ 2006. | D
R L A T o R N S
st abi | i GMigebetriemidaaitiler. NollnERtakdthe TYMTYid) bFRIcEHrodad enBpbinbtiREs IMfRe midd
function of the HA (ability to hemaggl utinate), "anong ot her characteristics
of i nf | Re8BEQUPhBarsgeprasenhimean dpusatiimg st 0.85 gewpated torde comesponfling mecoantigansne
or yor esofhﬁq]éﬁrss, including, but not limted to, the sequence of the 20
protei n, e Telative abundance of the protein, the degree of intracellular
crowdi ng, the availability of cofactors that may bind or be transiently
associ 0687 WFIGURELX shods dntilpaiytrespohye tobISAEIP 04/IndvnesidSR005 gHSNM)) t he
presence, of , one or_nopre chaperone proteins, or the |ike. [00174] Heat shock

pr ot ei rAdnppistayon, FIGURE &3 () Anti-Fdonesia/ /08 imuaogpbelpnisetybs i 9ISt ei ns,

whi ch | 6] | L OMEN: al ar My ' n
Syt neormiftied Gidigh Sytdin b OY e Blratied 30D ACERS BBt Vbl . e RN

pr event(leg) of repipodcal endappintetitatsiof five assepdrigyown EIdS dgesfontnbd usifig piholeei n

conpl exes, . pratein. foldjng,. raotei n dysaggregation. Exanples of such
chaer )éﬁectﬁ}ﬁ@?*ﬁiﬁl (4/&@49&8%121/3@503}\@%%% ay ﬁff?ag@gt%g,eﬁt ,epffrg@%ysearzas pu70,
Hsp90, , * 34Q, 5 ,

Fi Caps, T RS, 2 B0 ettt e Lom iRl recomtinant GElubIE HE

di sul f i @<Indepesia/32685 (18] )).fRIGURIAAT(By Ankibody titers aaihst wholCinattig@tedpirisey
Har bor rat or : 59-70...1995;  Parse A. Li ndqui st.,.. S,, Ann.
rov._ cameogea X BS aidN b (Aryistapy AN Ty o A Eirgup e SElisicalt o os
a partidipgbrht & et configper one proteins includes Hsp40 and Hsp70. - 33 -

WO 2009/ 076778PCT/ CA2009/ 000032 [ 00175] Exanpl es of Hsp70 include Hsp72 and
Hsc73 from mammal i an cells, DnaK from bacteria, particularly nycobacteria

sud? adORfENHEY RE 24shows eadbodwtitenagainst hamelogans mholoinpetivagddvimsesnbact eri um
bovi . Banid la- i n: ' ~qDnak
From eshRoARESHS] 15 e FEUSIALHEN| fose (BEX 2034 LB BEE o R Eag 00

eul car ydalye aftershoobt @ek 7\ froinBdlb@maicé irmugitzedivith 200V LP CalThd SiesasB2 @05d
Chapero 6 -208). A parti.cul gar. exanp] e p70 is A. thaljana
Hsp70 (@ﬁ?ﬂgbﬁyr ggemety Nepn Higb, e’akle‘sgetﬂlftﬁ&ﬁ 8&&?%.%@@&1@@@%%5@? &f of
speci T | &l ticepeRglolf. “7L088 iftphreity HEDAbAR: QABIPER! [ des and peptides,
thereby participating 1 n protern fO?dl ng and unfolding as well as in the

assenbl y and di sassenbly of protein conplexes. 10 [00176] Exanpl es of Hsp40
i n30udd 0OBAHIFKGURER Sothamws ot wigrosmess-raactiFity ob ssrumrantihgdiehfremdiallic aride HSJ 1,

HDJ1 and Hsp40, fro tes, .S I Frugi s et k999, Pl ant
Vol cc ol P i o [ Baderesi® 208 T b Batr windast (B apiipadifier
sativa MsJ1 (encoded by SEQ ID NGO 121, 123 or 114). Hsp40 plays a role as
a mol ecul ar chaperone in protein fol&ing, thernotol erance and DNA

replication, anong other cellular activities. 15 [00177] Anong Hsps, Hsp70
and its co-chaperone, Hsp40, are involved in the




stabilization of translating and newy synthesized pol ypepti des before the
synthesis is conplete. Wthout wishing to be bound by theory, Hsp40 bi nds
t o t he hyWOolpUHi6e8pat ches of unfol ded (nascent or new YPQI/GARSHEN0EL)

pol ypeptj des, t.hus . facilitating the interacti.on of Hsp70 ATP c lex with
Phe” boryhelp tiastivatad b iarar B\RrEegedlinaton e PR ifss FBPSOATPS OIER compl ex
20 bet wagdivalta Rk @%\Ideg Gre thiS BROT ARflo AL IprRaleddep iR fReRlof HYP #llee gér']fggroup.

associ ation of Hsp70- ADP conpl ex with the hydrophobic patches of
pol ypepBardeepsesenomean deviitioni dilbgraupy e statisticatly ddferént dio nedative comtealc Fegns

prevent he incorrect folding and.the far i op, of, aggr egat wi th ot her
b ot o 0 Pk SErp wnding Fecd iR gt B Plso A S SHEE R B il gt
Wi t out anrbitfaRgvdlge H€5 P06t 1RYanidnROEdhsidRFedHeRit®lel Production increases in
25 a reconbi nant protein expression system the effects of crowding on

r ecombi nant nl[‘grot ein_expression may result in a% re%?ti on and/or_ reduced
accumul WOPOHFITUREC26 showeifiasy Qi Biapt mads s VR (P riorrsiy 5adds GROND).

m sf ol : i : iV . F{ ej % a Llitate
corr ec?@o%%%erg% oﬁc%(glcga%%h%rggégl |0§alf(r§5° W@%@n?%f&g{;&%ﬁ%ﬁ%%é essi on
| evel s strain AdBekeyiS82/0(HINDEB) Bedy mejgh of imurisdd mickiaftgr latienge. Hilgds are

| evel s of expression.of 30 hemagglutinin in the agroinfiltrated | eaves may
| ead tot?‘Fﬁégagi’anrﬂ’F% B%S‘BYIVH’&{g‘g@I utinin pol ypeptides in the cytosol, and
co-expression of one or nore than one chaperone proteins such as Hsp70,
Hsp40 oot m@mmﬂwﬁﬁgﬁl SBladtMeF PAPRNREEAI VIR (AYPIIRSISY COMPbsifthn t he
cells - 34°- WO 2009/ 076773PCT/ CA2009/ 000032 expr essi ng the pol ypeptides
cel | s, ofipusifieddnfluenga Vh&s. Idpids cortaimed frodmiespii valent gfj#@ pa ofproteinmgesrait i ni n

ol ypept.i de and. i nAcreasing,the nunber, ol ypepti de cunul at e a
Db e e R R LR E R AR BF o T B e bRy W6 i hirtprdtite
char actefrligidd i@@l_afeﬂfﬁon@hiﬁﬁg pueificd e5BugE0 plasma triefibrar(PR). LRid#bréHatdns are
virus-like particles. 5 0}@179] Therefore resent invention also

th
or ovi deas fpBpwinghDORG DigaleetoatldiaagglyaeoliehkERAghcasH-ceranider PAyphasphatica

First ; i na : | 5. 0O . “second
e IR PR RABEAARING, B Bl iRRABm R i RE BIERRAS Wi dh BECDTC
be i nt ryishspledidyindsitel; PiSaphosphatidytse HATES G (Segryl-gliy caside. (B) Nevtrapdipiled to t he

pl ant sequentjally. The present invention also provides for a nethod, of

pr oduci $¥Rositionef purifjepintiugnza YilBs, Lipigheantaingdein py egrivalentfdd ngselproteinss i r st
nucl ei i i i1 i

00160, YEE iradBf abliCy EPEBLsAEL, Stfardied Oy 1P AUOIARLGHbIY LI ERIMEREn of
aci d enstodiery. @)dmnoumodeteetidnhafrthoplasmanembrane niverkerggotonh ipnmp ATPhsa (PMz)an c
aci d encodj one or, .mre than chaper opes. 81 cessin f an

Nt m%ﬁjleg% m&é&"ﬂwuvgp«j P@Qﬁ%ﬁe CHQ:R?W& @S&} é%‘i Eéf?% tobacsa aply

secreti (74 {5 r sed to have a role in

t he fo|%§2}3%ﬂéﬂé§@%@ ‘?@?ﬁfﬂ?fﬁa regg%dtelﬁglggao?e@%?s generally to a short

(about 5-30 ami no acids) sequence of amino acids, found generally at the
N-t er mi [90921FI GURERSgshiowsi the sequehgepsppniitg froma Draliltodiacksites of elose dé4t i on of

t he newl ystr.gnsl at ed ept | rtj eld.e, or aid in .
posi 1 oMelsgBF Sl A MERRI-EOHR PR} (50 B A HR0E 1R sefine Jeflente o
hemaggl fidnked B$ atphds@RYyarih @e%&tbﬁy&@@ibﬁ,@ﬁrﬁﬁg\wﬂh alIQIID Fetridtion isiié 6t th86' end
endopl asm c reticul um and have been proposed to aid in posjitioning of the
N- t28r i Ayt Bp pedongaeha Sack siteat ithesd' ead-aRestghionrsites prepwrertipedii Al Gis inhold
nascent qmg,lgﬂn?‘tli nin polypeptide to aid in cleavage and fol ding of the
mat ure hemaggl utinin. Renmoval of a signal peptide (for exanple, by a signal
pepti dase), may require precise cleavage and renoval of the signal peptide
t o pr ovi0ae3}t FEGUREL2%shossatg seruencespantihg fropr EraldketoNaehsiteg of 2lone@ys be
dependent, on any of seve factors,, i ' tiqn.ar all of the

si gnal %iﬁoflﬂ‘é,sgqé‘ﬁ?‘f?ooef&/ sgiog'é’dﬁélﬁ%% ¥ ?@fﬁ#ﬂé‘f]‘g lﬁ@@ﬁ@a@ggéﬂm flée, QN | engt h
of the ghediRrk iPRRKedBy aPlastocyATR rERAANY r8fioh@afing W A Ofal R kdstrickioh Qite afTRY
apply to any given seguence. "[ 00182] A Si ghal peptide may be native to the
herdéiggl the Shind andibyg stogpeasionadd aGacksite at ther3é estaigtionnsitesgeg wnderlined; ATG
conprisin signal peptide froma first influenza type, subtype or 30
strain W’?h&fiﬁﬂgﬂﬁﬁigﬁﬁgiof the hemaggl utinin froma second influenza type,
subtype or strain. For WD 2009/976778PCT/ CA2009/ 000032 exanpl e the native
SP of HA subtypes H, 112, H3, 1- 1519 H6, H7, HO or influenza type B may be
used to express the 11A in a plant system [00183]A signal peptide may al so
be non-native, for exanple, froma structural protein or hemagglutinin of a
virus other than influenza, or froma plant, aninml or bacterial

pol ypepti de. 5An exenplary signal peptide is that of alfalfa protein

di sul fide isonerase (PDLSP) (nucleotides 32-103 of Accession No. Z11499;




native, or a non-native signal peptide, and nucleic acids encodi ng such
hemaggl uti ni ns. 10[ 00185] I nfl uenza HA proteins exhibit a range of
sim | arit WEs208H6di8f f er ences with respect to nol ecul ar VRETHOA2009/80ed2ect ri c

bF the DOBFLEECY R Mo Searipenwanung fom ST ERtaREpERs 762 on ©°
bet weenniditideSeRieREESSLBrisBarie 10/2007.(H3N2§ (SEQ €D IN®I38) € alte coliig&eiuchiad isTay

be of particular use when nore than one HA'is co-expressed in a single
syst em flanksfby aplastocyarin regnfatpooegion cyiarhing it 1dsdl restrictipnesite abthe dednd n

Table 1 (OWASYA/ 4 Ch20 . A7 I

al so i n%l}dub eés/g?ﬂﬁg&%{) aFlgea Sgae%q%;éenceseogé%&ﬁ%%@@g %ﬁ@gggﬁﬁ@{{@?] %[lé%}éﬁﬁ)tbbl\lg]
11, Sencadi wigletitheflr om HL, 115 or H7, respectively. The present invention
al so includes a nucl eotide sequence that hybridi zes under stringent

ot esent PGS ERIGERE. Fievinc e eence srenage fain Shail Ot BRI zes
under Sl?\%l%wﬁgé%{h?é%éé N% &?vv is@?}hsﬁ?@ﬁ?édﬂml\fﬁ (SEQIBN O Pe A qhiAcé8:

SEQ ID | . These nucl eoti dé sequences that hybridize to SEQ
| D or aisdlankédbraplastocBaih teulatnry degien, saninggvith a Riralllrestrietion sikexit thevhiend

d, f LP h P i,nd oduct i i bod
o o SBi b0K Mo BB Shl e o RO UBELEH B Bl RN R s
sequencgdrrddetiihed. pl ant cell forns a VLP, and the VLP may be used 10 to

produce an anti body that is capable of binding HA including mature HA,
HAO, HAI one or nore influenza types or subt gﬁ.!The VLP, when
?

HA2 of
adni ni sEOQP@ﬁIr“I‘BUBFg%fws, the seqnease snannipgfes Lualibiestacl si opad 7Present

i nventi S0 ) {4 DNOY 12. 13,
SEQ | D RBFE stlBhHETRA RSB IBISEOT NE 0D M8 it AR o 1
15 SEQ flinkedby hlasticPanii régulatdn), regiof) statidwithls, DAHDrdsRidion site at the® édd NO:
23, SEQ 1D NO 24, SEQ D NO, 25, SEQ ID NO 26, SEQ ID NO 27, SEQ | .
33, SE%qu’mtoBS‘,’d%dla@qggm%,ﬂ’%E q.CRagiyction sifgsgre pndgejingsl: AJEDS) 1@%@?39,
SEQ49 D M dHderiRE® | D NO 41, SEQ ID NO 42, SEQ ID NO 43, SEQ ID NO 44, SEQ

I D NO 45, SEQ ID NGO 46 or SEQ I D NO 47. The present invention also includes
a nucl eoti de sequence that hybridizes under 20 stringent hybridisation

condi t i 99971 BIGERE 33 shows2thgEeyuencaxipannigg fioEQDralINO Sachsitesef)ciope N7 - 15, SEQ

ID NO 16 | D.NO | Q,JD N0 19. SEQ | D.NQ .2Q,. SEQ
ID NO %1603585?%% O%I@W@%E@P @é@“ib & C%i’}g FAFIH I%kfg,bySEQ
I D NO  2flastdbaniiedilai eéﬁﬁ , biartig widiBa DPAQ rebiriblidn e at HeQ' khd A by & stopEQ
| D NO 37,§1aSSEQ | D ﬁ%?g&?yrs QID Ng%g, %_EQ | D NO 40n, SEa 1D NQO 41, %ESQO?D
NO: 42, Smonpapd a5aploitet thepOendd Resirigtion siteg arpuderlirsd; AEQ is in heddgsdor SEQ | D
NO. 47 . rlﬂ{egsent i nvention also includes a nucl eoti de sequence that
hybr'l di zes ‘under stringent hybridisation conditions to a conplinment of SEQ
ID NO 12 SEQID NO 13, SEQID NGO 14, SEQID NO 15, SEQID NO 16, SEQID
NO 17
NO 22

NO

, [082€] FIGUNRE 385hoS8EQhk Eedquencel anBSrPfioR NERIIPH, SaSEStes Bf bione 780 - SEQ | D
, SEQ ID NO 23,.SEQ ID NQ_24 | . 25 SEQ ID.NO 30 26, SEQ
ID ZWCIF@EQF pegugEse of3) Sﬁ@?ggr(ﬁ (}@%&QEIBOM@ ?23)6, E&?Qdﬂf[s earenee ISEq | p
NO 38, - . . NO

1052 SRR RGeS I PR RIR e 565 48
nucl eot andebysesfop naden andat Sael/ kit afithee3' £od. SRQtHGidNQI e asEQdedinsd) A TG is BRI D

NO! 514,2@5‘% rl)ngg 15, SEQ ID NO 16, -38- WD 2009/ 076778PCT/ CA20091000032
SEd” D FEUHTNERG I1D NO 18, SEQ ID NO 19, SEQ ID NO 20, SEQ ID NO 21,

SEQ ID NO 22, SEQID NO 23, SEQID NO 24, SEQID NO 25, SEQ ID NO 26,

SEQ | D [N092[7FICERHE 33 Mows e séftehddiphhing SromSERAIIDoNAC dfes o5EnE PENO. 37,

SEQ ID NO 38, SEQ ID NGO 39, SEO I D NO 40, SEQ ID NQ 41, SEQ I D NO 42, SEQ
| D NO 4auclegtide F‘tﬂ“ﬂﬂf%ﬁA/éE@%l/gﬁi)ﬁ\@iﬂ%l,) (gﬁglgm&d% ‘bhe eqding $5qRERE TS a

conpl e ) L . 15,
SEQ | D”ﬁ%kquy %@'@kﬁﬁmﬁ&ré@,E@é@?@%@%ﬁ?&@fwﬁ%?ﬁgﬁ@f g%\[rg 20,
SEQ | D &ad byl stopEsdonanti@ Sa2PsiteSHEEhe IDetdD R ctibi€itdsardahde2dnedSBRQQ 19 iflBold25,
SEgID%Ig@%G,_S QID NG 27, SEQID NO 33, SEQID NO 35, SEQ ID NG 36,
SEQY D & upderl I D NO 38, SEQ ID NO: 39, SEQ I D NO 40, SEQ ID NO 41, 10
SEQ I D NO 42, SEQ ID NO 43, SEQ ID NO 44, SEQ ID NO 45, SEQ ID NO 46 or SEQ
| D NO 47 encode a hemagglutinin protein that, when expressed fornms a VLP,
and the VLP induces production of aft anti body when adm nistered to a

subj ect. For exanple, expression of the nucl eotide sequence within a plant
cell forns a VLP, and the VLP may be used to produce an antibody that is
capabl e of binding HA, including mature HA, HAO, HAlI, or HA2 of one or 15
nore influenza types or subtypes. The VLP, when admi nistered to a subject,
i nduces an i mmune response. [00188] 1 n sone enbodi nents, the present




NO 39, SEQ ID NO 40, SEQ ID NO 41, SEQ ID NO 42, SEQ ID NO. 43, SEQ ID
NG 44, SEQ 20 1D NO 45, SEQ ID NO 46 or SEQ ID NO 47, encoding HA fromHl,
H2, H3, H¥O24M/¢i67189 subtypes of influenza A or HA froldypeo®/iméilzuenza.

e I R S e (e T
SEQ | D Ncledfide eﬁd}zms/gézméé@l bﬂzmsﬁ?%hlng@zb%"ﬁb?%) SR ¢ddidg>. 40, SEQ

| D NO 41, SEQ I D NO 42, ID NO 43, I'D'NC 44, SEQ’I'D NO 45,” SEQ 25 1D
NO 46 deq@mee ifflanked by aplastqsyania megulaiorymegion, starting withlaUralll restrintionsite de

conpt 1 g0 i By o 4R Bl tnerd B RSB ER MR elipn o
SEQ5! D ibi@ BAd ahE@hddAling. 39, SEQ | D NO 40, SEQ I D NO 41, SEQ ID NO 42, SEQ
ID NO 43, SEQ ID NO 44, SEQ ID NO 45, SEQ ID NO 46 or SEQ I D NO 47. These

| eot t hybridi to SEQ I.D NO 33, SEQ |ID.NO _35, SE
D NG @ﬁfﬂ@é%”?%%&ﬁ%@éw& Bﬂ%qéfeqalsr,?cege%mng fioms Yrallre Sae] msaﬁ,clomz%g? D o
NO 41, , , 0 NO. 46
or SEQ 1SRG S o tence Sty I MiRong AR THAASH GER IPNQ0 5 TREBTH,
36, SEGeBrOislanksdty hplai@cganin SigDldt@yMepisn), sta@tny widh MMMU] reSEQtioD siidati 1,
SEQ ID A2, SEQ - 39 - WD 20Q9/.076778PCT/ 009/ 000032 I D NO.43,. | D
NoC4s, BES) 14 AREDY 2 S10c9do B SRR ST S AL PRSI At e AT
pr atoei ris ihBédld anbhend&ekéessed forms a VLP, and the VLP induces production of

an anti body when adm nistered to a subject. For exanple, expression of the
nucl eoti de sequence within a plant cell forns a VLP, and the VLP nma

. . y be
used t dOBI¥duce HNGHREG S shows the peguengsaaprrniag &pmp Diafilig Saal sitep of clane 84
mat ur e r { tyRe r t The
Vb el sidlendpriA g in BRER/S6TRIR ) SEQBTK 65 i coi Uiee
[ 00189]ibiflankedi taed plastocyasiar regtilatong fsgion) yartindiveidt a Dralfiavsttit tiomnsitel 6 thenend i n
the art (see for exanple Current Protocqls jn M)l ecular Biolo Ausubel et
al ., ed®d bygostonsedon asd patrehsits: at e sﬁé‘e&m&?n sitgsiare pndselined; %écblﬁi"h olda
Laklar atﬁlaylmmﬁﬂ@&), Col d Spring Harbor Laboratory, 101982; Sanbrook and
Russell, in Mlecular doning: A Laboratory Manual, 314 edition 2001; each

of which is incorporated herein by reference). An exanple of one such
stri ngdf0103Jbr i di PHFURE Yoshdivsi tha sequencearpaniing froms Dealllhoyacl sitel off diona{/8dn

in 4 X SSC, at. .65C,  foll j i t B85 or an hour, or
" washeaniahas Senen? of A Rlenek ot T S ASEQTR N 4 TS ol s an
exenpl ajelfudiict iPfiked by arﬂlﬁd@miﬁmemé%trbgen,@%i YR QBN eddtricton (s a0
hours) in 50% formam de, 4 X SSC at 42C, followed by washing in 0.1 X SSC
at 65C the$' end and by 2 stop codangnd e Sael site bt theS5endh Resticiemeitesfaeg uplprlinedz4 TG

m Yt es., . V. i . 6- 20 hours), or hybridization in Church aqueous
phorys‘,bpha1 égé‘&??g{iﬂf‘%gl . 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, d00204jashesFEGUREAIANstdWS thiSainind. atid siterice (SRQ IDINQO48)iaftiiees each.

20[ 00190] Addi tional ly, .the present inventjiopn incl cl eoti de sequences
that arRolBKarde TeRslatbliram qibas 174 (adetitbane/5/7807 @éﬁgﬁi Theopaprrea 18 Iigge 93
24, 95 offone 4. sk wiith thl A6 Haick T ézﬁ.*ﬁ%ﬁia%h%ﬁews%ﬁ%&ﬁﬁ%ciudem' ty,
or sequence simlarity, wth the nucleotide sequence encoding HA from Hl

( SEQ | Beh@m28 ) SE@IDMSBQIN DM@ Blymeptide tradi@ed PomeldrE)775uiéSdomon dands
nucj.eotj encodes hena tinj roteip th when expressed
Fortte. =/ a0RBIeSGri Sienirading BmnaL e ¢ PR BB AT OB BB For
exanpl e9. expressi on of the nucl eotide sequence within a plant cell forns a
VLP, and the VLP nay be used to produce an anti body that is capabl e of

bi ndi ng HA, including mature HA, HAO, HAlI, or HA2. The VLP en
admi ni SO8H0S] 1o oFIG RE41A FW&E%N&WW@W@@@%%@&DWO&@VI\%}A%i tionally,

S0char g ep e A 8 Rl SR UBENRAG ) BRI OEIN} Fhe Bhysading fgmegs

96, 97, 0ffoned6 slRRWidr thanyT G irdlicated indigire BOeRipure s Buhnwe thedemino byid or
RO Sl SR EDllE RS SeeF SRR e PO RS TS0

2009/ 07, $ I : 19,
SEQ | D @@ i%,#é%%ﬂ%é%%?go é%"g‘gg%h{%%%szw%@é‘?ﬁ ‘.hé%%‘,i ﬁg%“}g NO 24,
SEQ ID NO 25, SEQID NGO 26, SEQ14 NO 27, SEQ ID NO 33, SEQ ID NGO 35,
SEQ ID NO 36, SEQ ID NG 37, SEQ ID NG 38, SEQ ID NG 39, SEQ ID NGO 40, SEQ
ID NO 41, SEQ ID NO 42, SEQID NGO 43, SEQID NO 44, SEQ5 ID NO 45, SEQ ID
NO 46 or SEQ ID NO 47, wherein the nucl eoti de sequence encodes a

hemaggl utinin protein that when expressed forns a VLP, and that the VLP

i nduces the production of an antibody. For exanple, expression of the



[00193]Simlarly, the present invention includes HAs associated with the
foll ow ng subtypes HL (encoded by SEQ ID NG 28), H2 (encoded by SEQ ID
NG 12), HEO(8M&del8 by SEQ | D NO 13), H4 (encoded by SE@ATEAMIMNI32HS

CreoS = A okl B g (LB 3 G5,
H10 (e n%ﬁ%tiﬂ& trafDitb @O c1d: 77 @@Mﬁ?@iﬁ@@d&bmzﬁ!f@hh Gpd¥Feding frikwe dfencoded

by SEQ 21), H13 (encoded by SEQ D NO 27), H14 (encoded by SEQ ID
NO: 23) , clppes’ T8estartrawiih Hie AEQ indicatey pufjigureBe. Figntsotidtisheys depminoncibssuense

i nfluen i 1 i 4%% o] and
30 nuclé‘cﬁq g[zﬁs(gqsﬁﬁﬁglg%tg Rg)%éptgtfe Sr %:“rgé‘{r\égcff‘ﬁ’?%%gezg@%“ﬁ%/ ror??'agfé‘g?g % to
100% or readipg dramendf cldrer7gb atare evith 186 AT ihdRtedrin Ripur@dhunt t here bet ween,

90- 100% or any anount therebetween, or 95-100% or any anount therebetween,

2000/ 8%@9@@%&% g@%@ﬁ@%& é‘%%l t%ﬁ?&%@é&%@fﬁ&@)ﬂ?s S4pftheseq | p
NO 14), %d‘r%e(pﬁEQtrhﬁ%lH@ Hom cléﬂ@f(ﬁg\%ih 5%%/1@7’(Héﬁi))( SI%@O?Q) MRk franld 8f ( SEQ
ID NO 17), H9 (SEQ 1D NO 18), 1110 (SEQ 1D NO'19), "HL1 (SEQ I D RO 20), 1112

( SEQ | Dl 280 starks Rithh SRATO in%ipmc} in EilmegSEFjgu@  steyws thel EmingRCId ©qNENCR4) |
H16 (S ' : '
oegor VGG Sao ORI RGH BUSbERULT FRRRLLCSUERSR IR Y T

i nduc esopdnaeqdingfiaint 0f clohe 81 aakts WaHYhe KTG indidaed & Figurrysssi on of the
nucl eoti de sequence within a plant cell fornms a VLP, and the VLP may be

used to_produce an anti body that is capable of bindi ng{}g& i.ncl udi ng mature
e

HACOOLPR] or  HRBGURKAAA shovwiyfbs aming acicseapenseSEQ IDNOLSD) ofithiiuces. an

i mrune {4 4 \ QI?BW | A o

res pons% gé%ltﬁ ﬁgtra%sg%tg ?\%gll (]r@ut;13 n’legzsgst %ﬂ@ﬁ?ﬁ%ﬁt ve l?imr%h r?e@fsegg?agﬁﬁ% flame
gener al ¢ficlomen82 sets withtheoX BG indisgpahiad’igura d6 aFigadel 44Bedhoas ¢l aminpanisle. The
hunoral respo [ e.aspect qf i nity that is nedjated by secreted
ant i bod?egg‘?lpcﬁpgggc@d&bnsmtﬁ%?‘ﬁ@?ﬂ%ﬂé“%“?@ﬁﬁﬂ’dﬁ%ejg% neage (B cell).
Secret ewqeélnlp&@mghwﬁzm(m%emﬁe nt B&IiREIFrhRAE OF cRhe 78Y 8i8 Githithe obes
(such as viruses or bacteria), ich flags them 15 for destruction. Hunoral
i muni t 4 TGsindisatgd deRighed 3% to refer to antibody production and the
processes that acconpany it, as well as the effector functions of

ant i body i ncl ugh I i i nd. c } oductdon, nenory
cel l gerr@?g%]i on, gip(ggﬁzsﬁg gtk%wsﬁg%a%lfrf Opar%gdg%gg?ngg(gi?bggtlﬁgge Otef:tfi?ér:‘i nation
and t hepdlypeptidd fandlstedrbronglong 2846(A/BiuindyPelighé/56 CH7NDY). The opérk@ad@f dfanied an
i ncrease. Qr decrease in azdg_lgrti cul ar, response or paraneter, as, determ ned

by any @fclens Batartssuish the Aol @ andicated ip igisad8 diigwedaB show thsraminp @piday e

ex i §J ' 0 f,%}gé: - L &b Btk j a(r‘g,jlgy%;@& e
thg%ﬂjdogeégﬁ%bc{a?lgﬁggpvrgaé%%?%o |§$slg'%é£ﬁq% at erwcl??{\%]lr@/gnsé ﬁ?e activat %ﬁﬁg
macr oph@ifde2)).nEhaio@dn rkadihgframe ok sloadNRSS starts itk thesAEGi ihdicated irFigurec39.
T-1ynmphocytes, and the rel ease of various cytokines in response to an

ti | - medj i ity i d [ ]y .t t [
Seti vat 1000 . "o RS ERE fRitosis a3 SuRBLRE a6 of Sl Hop ReR8 117 ot
medi at eglantopradided V1§Ps9fouw1ﬁ%' G Sfclisio eS8 giaphy. ESROA i Gpdak (Fraétadn 10)
infections. [00196] For exanple, the induction of antigen specific CD8
posi t i vef BlupDexirasds indicated byibe mawUHemagslumnanbtmqséb%ﬂ?as}&aﬁi Hoiard HY i on

o 5 BEShhL ToARIRE FaaRty ERRC A P R 50 i

i sotypes of antigen-specific or cross reactive antibodies may al so be
nmeasur e@0usilng anFIGURS 4pshoswstantimeiumebloearalysisndfiexptegston bfié\serlegfor 1 gM .

. Met hods and. techpi ques for. perform ng such assays are wel.l-known in the
At ARSI SRR SPISTIS S0 G0 DB SH SRS L PRI Pl
i nhi bi t{,60 164ded imankkgi %n@g,s@y RVel | f6PpIBkts 'é_ﬁﬁﬂéséiﬁg danpaatvaabs ihlGehf | cacy

of anti bodi es 1 nduce ccl ne,” or vaccl he conposition can inhibit the
aggl ut i steinsqimdidatedeat the top obf thel inenyniBIOts)by r econbi nant HA. Henmaggl uti nati on
inhibitory antibody titers of serum sanples nmay be evaluated by microtiter
HAI (Aymard et al 1973). 5 Erythrocytes fromany of several species may be
used - e.g. horse, turkey, chicken or the like. This assay gives indirect

i nformati on on assenbly of the HA t%iper on the surface of VLP, confirmng
the proper presentation of antigenit sites on HAs. [00198] Cross-reactivity
HAI titres may al so be used to denonstrate the efficacy of an i mune
response to other strains of virus related to the vacci ne subtype. For
exanpl e, serum 10 from a subject inmunized with a vaccine conposition of a
first strain (e.g. VLPs of A/lndonesia 5/05) may be used in an HAl assay

with a second strain of whole virus or virus particles (e.g.




15 using by ELISA (e.g. BD Biosciences OptEl A kits). Peripheral blood
nononucl ear cells (PBMC) or splenocytes obtained froma subject may be
cul t ur ed, WaRQ0%/47678uper nat ant anal yzed. T | ynphocyt es nmRECTAIA0095®0032

antifi fl nge- acti vat.ed ce ortin FACS) , in er
doont 110871207 Lo Ol ORELBA Ty Ry blot S i swmression aLS sotes T bt5500] A
M Cr onelémapbluidins FronR pSRMtidPAndInSe shAns AR WA eWertP nfEREAGISITIpF e b xkABR NEe

20 response in a subject, see for exanple the metﬁods of Rowe et al., 1973.
Vi rus rieere deaded in lapes 1 M@E,gemtl\tﬁéy-oﬁﬁﬂlﬁééSB@hew&an inampunobileicinglyisis@f 1)

enumer at. . i I e fol oW Na.CEVS vi .0l

ixart npRsih of ¥, FrBhA HifenldBuRitih B33 ket SBbh AR I 18l ot Yl ¢ |
cul tur emiciggriznb SPpin seMRty Wi db1de® i laeIEARED, iréspestiveN? Vi rus protein
(correlate with virus infection of host cells) 25[00201] Sequence identity

corpari 0Bh B ogr ¢ URERLONs 45 BISPABLOGHE o SRIEAASTSF ABEABI B
usi ng, ; i 5 glon h oM h AAP of top
d agonaifg&éﬁf&*é&ﬂ%%@%ﬁg% el s B ‘Zﬁﬁ%“bﬁi ndow
si ze 5)(pladbd planb? heere nfilirottd and 16hnd)ROppiof sdlukle poasinextracted frompeachson
are vvelléénown |g(i}2)tel art. for exan&le the algorithnms of Smth & 30 Wat er man
(1981, PR} WRpadeqitianesyt o83 FPRedttlivan & Winsch (J. Mol . Biol . 48: 443,
1970), Pearson & Lipnman (1988, Proc. Nat'l. Acad. Sci. USA 85:2444), and by
comput e[ot)m? VO PIRDORE BV ShERSTRGAZNPS LRI Vit faeRin adtibodisof t hese

e.g

al gorithns . GAR, BESTFI T, FASTA, and BLAST), or_ by manual alignnent
and vi sidemagalatinasiondirhibition S titers in Earmet seiandglaysitAhatier d o immymizationand (B) o

pepti d Lsing. g fher i . damai
(ol t er rafe A bod i it ARTANY (SlndonsdiSoB3 Lk A alitbody
t he HAlfespumSes-déte icagured sing THeefoltpwingrinateivated whbke 8Neratdeg: subdi vided in 2
The. st eh USRI HERES 0% APV e R b A GPbYy SRR DOBRICERR G  he vi rus.
Vi g st he : i hange d : | 83 WK H The
R e N O S o S s s

t he f usgrowp.Didgodalrstripe -0A/Ipdmicistd/Q@(chadd 1 20lpB)y bhackdd- f/uekayilTwkewhiOh dcladé ds

) oA BT AN ) R Ml BB psiton e
conf or nRHicaR8) Batsheplescd pdBARERAGHOMRI N or sub-domain (TnD) (involved in

the affinity of the HA for lipid rafts), and the cytoplasmc tail
(cytoplasmic tail sub-domain) (Ctail) (involved in secretion of HA). The

gl obul dO0hEHd i s BIGUBES] shows dhemisiaig aid sequenRESEQUEDNE): A0 heican HA

vesfy gi ter d in aThe E. | i Aal. re.fully
parCed RS B Eu Crnh et i ehE Byi BRR R B YU S ARl Rl i
ant i bodieggericaio$ 813 faga iATRIdoAid!5/0003 CdnbeudtB 650Rdtfalh plastoOd@B} TUERtaddm
"virus like particle"” (VLP), or "virus-like particles" or "VLPs" refers to
st r uct UFBRINAIQE feqeNgeS asserbl e and conpri se structural proteins such as

i nfluenza HA protein. VLPs are generally norphologically and antigenically

sim | arrobP14fi i ONBrRY ol ﬁéh&@éi@é&&lké Bncdl$EQ ﬁ?h(ﬂ%‘i‘%ﬁ&l fifAf or mati on

sufficient to replicate and thus are non-intectious. In sone exanples, VLPs
may CongXpreseion cassetlt eomprising alfalfagdastxyawin premetet dnginS’ dAER preotagghitiopeending

oo 3 orRe R LS R AP LRl 7 S00L e BR iRTS BT™
di ff er eind teldRAtBEseqibids, subfamily or famly of virus (as designated by

the I CTV nonenclature). In other exanples, one or nore of the 25 protein
species conprising a VLP may be nodified fromthe naturally occurring

sequend801Mlps I GERE Hirhowss thanuclpie apd sequsnce CEQ D Nt(ﬂlé I%BP#@‘ Hfant and
ot at | i enen Qom0 Bt RN dcbhih b AP LR HonB\ BT boding

puri f i esdqasnck 0f Bldtfraah (AUBtistage/59[2002 (ebhdthect ¥R, @fadfhpiestbdyanim3i Rf TRIemd a
derived proteins, in accordance with the 30 present invention do not

corr i SEITINALGF SRAEACESThe ML protein is known to bind RNA (Wakefiel d and
Brownl ee, 1989) which is a contam nant of the VLP preparation. The presence
WO 2009/ 076778PCT/ CA20091000032 of i s undesired when obt ai ni ng

regul atory approval for the VLP product, therefore a VLP preparation

| acki ng RNA may be advant ageous. [00205] The VLPs of the present invention
may be produced in a host cell that is characterized by lacking the ability
to sialylate proteins, for exanple a plant cell, an insect cell, 5fungi,
and ot her organi snms including sponge, coel enterara, annelida, arthoropoda,
nol | usca, nemat hel m nt hea, trochel m ntes, plathel mnthes, chaetognatha,



36: D368- D371; published online Cctober 11, 2007 doi: 10. 1093/ NAR/ gl cnB833).
The VLPs produced as described herein do not typically conprise
neur am nd¥OL00PRp778However, NA nmay be co-expressed wi t h PEA/GARO/ @008 Ps

conpri sj and ire 00206].A VLP pr C i ant. .accordi ng
to sorreioggbgét s OFN?HB‘E ﬁ‘€ t“fsghe {‘l‘é@elﬁﬁ liée%ﬁ%i @%ﬁﬁﬁg\l‘lﬁl 63? gt?nn%‘érl ved

l'i pi ds. expiesidhRasseite EsfPYidigealfaiidatodylhinProrhb¥ér ARSI UER, Hehtageldinin tR¥ing ed
i pids may be in the formof a lipid bilayer, and may further conprise an
envel op¥adence of ki figm A Solgmpn Istprdsi)/ 2006 (bﬁNlbéaonsltrpp TinplfaBaplasosyanini d
conponest f Iﬂé?m‘?n% ane of the plant where the VLP is produced,

i ncl ud?jnbg[?T l?'?anot %gﬁﬁgg phosphati dyl chol i ne (PC),

phosphat i dyl et hanol am ne (PE), gl ycosphi ngoli pids, phytosterols or a
20cdnbi [08119n t heFHeUREASSodhomts-tikenucleicl adid peqhenee/(S&IQ ) N&:: é4)oflaa Hef erred to

as a 'plant lipid ., Exanpl.es af phytosterols are k in the art, a

5t udcos oAt SO aP R R s BB panap e 3 et H ioEe By

chol est@u@énce o 8. fréR'A/SHRERIrEN /SYRERNSY e obtr@lt #7881 Cifal fa PRARLY MRS WADR De
assessed for structure and size by, for exanple, henaggl utinafion assay,

el ect r oandrtermiogtovpsguennesby si ze excl usi on chronmat ography. 25[ 00208] For si ze
excl usi on chromat ogr aphy, total soluble proteins nmay be extracted from

pl ant tj by i Zd Pol . le o s CL | ant

et or i o0 Elext - 2l SRES s e A ko8 SPRfesor L 5 RS S5 1P R

centor i fexpadssion cafdere torhprisingalfaMatplasfticganiyprérhster sl ITUDRteimdgglufingh seldingd! e
protein is quantified, and the extract ‘Eassed throg&h a Sephacryl TM col um.

Bl ue DeSearensePdbIS frerp AJAnhwit2Q05 GISAH) (Genstruety 78 haliaka plasigeyanim AgUTR

chr omat gor@ ions 30 may be further anal yzed by i mrunoblot to

det ermér?{gltﬁﬁlg}%t?g%%%%ﬁ%gnpl enent of the fraction. WO

2009/ 076778PCT/ CA2009/ 000032 [ 00209] Wt hout w shing to be bound by theory,
the capi@012l] of HEIGURE $itishowsmBdaleicacd séquener (SELQ HANO:i66) af anvBA by t he
affinity of HA for sialic.aci a or .a2, 3 and t ence of. thes

2 al o Soesion seitre cippial o adesodRarmitioids, CHE BRI e
Vi r18s e sseqiétcd loff Pt feorf AV ViRl £54/DO0ATHEIN 1) $€vestatt P80 Afalfal pastdtyhmia 3°
turkeys, chickens, ducks, guinea pigs, 5 humans, sheep, horses and cows;
wher easUhRraad t¢gminatps sequeneds t o eryt hrocytes of turkey, chickens, ducks,
gui na pigs, humans and sheep (see also Ito T. et al, 1997, Virol ogy, vol
227, p 9; an i : . 7485) .
Exanpl e %?ﬁt he sple((aﬁgg f?ée)%lgﬁs\%% @Lc(l)?lglgéés%éaeé% @(e%pelnq&:on% ?ﬁ%%znaﬂs rains is
shown i eéxpfesbioasasibttaoshmpriding aldify pldstocSpsiaipeemeter R3S MITR chemyagblsinif coding

sel ected seasongl j[nfluenza strains. Seasonal Strain . 1.n _Horse Turkey
H1 A/Br?egB%ﬂ?SPg%‘? Allg onzﬁoqa(,\‘(éiﬂﬁiﬂmk) SRR s%%@bgg?2006 ( HLNL)

20  plastocyanin 3’ UTR and terminator sequences.

[00123] FIGURE 59 shows the nucleic acid sequence (SEQ ID NO: 68) of an HA
expression cassette comprising alfalfa plastocyanin promoter and 5° UTR, hemagglutinin coding
sequence of H9 from A/Hong Kong/1073/99 (HIN2) (Construct # 785), alfalfa plastocyanin 3’

UTR and terminator sequences.

25  [00124] FIGURE 60 shows the nucleic acid sequence (SEQ ID NO: 69) of an HA
expression cassette comprising alfalfa plastocyanin promoter and 5° UTR, hemagglutinin coding
sequence of H3 from A/Brisbane/10/2007 (H3N2), alfalfa plastocyanin 3° UTR and terminator

sequences.

-24 -



775 Human ++ 113 A/ Brisbane/ 10/ 2007 (H3N2) 776 Human +

Al W sconsi n/ 67/ 2005 (H3N2) 777 Human + ++ B B/ Mal aysi a/ 2506/ 2004 778 Human
B/ FWOx200974772006 779 Human + ++ 10 Tabl e 2B: SpeciP€9/@f20/B0003aund by

+ ++

HAs of ﬁ)%llfg]t ed pﬁﬁgﬁﬂ]@%f folwléeiﬂe nuc etlé gél Sseqﬁ)l%gge @E%) ﬁs f\l% %be an HA

10

15

20

25

expression cassette comprising alfalfa plastocyanin promoter and 5° UTR, hemagglutinin coding
sequence of H3 from A/Wisconsin/67/2005 (H3N2), alfalfa plastocyanin 3 UTR and terminator

sequences.

[00126] FIGURE 62 shows the nucleic acid sequence (SEQ ID NO: 71) of an HA
expression cassette comprising alfalfa plastocyanin promoter and 5’ UTR, hemagglutinin coding
sequence of H7 from A/Equine/Prague/56 (H7N7), alfalfa plastocyanin 3° UTR and terminator

sequences.

[00127] FIGURE 63 shows the nucleic acid sequence (SEQ ID NO: 72) 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.

[00128] FIGURE 64 shows the nucleic acid sequence (SEQ ID NO: 73) of an HA
expression cassette comprising alfalfa plastocyanin promoter and 5° UTR, hemagglutinin coding

sequence of HA from B/Florida/4/2006, alfalfa plastocyanin 3’ UTR and terminator sequences.

[00129] FIGURE 65 shows a consensus amino acid sequence (SEQ ID NO: 74) 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) 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.

[00130] FIGURE 66 shows amino acid sequence (SEQ ID NO: 75) of H1 New Caledonia
(AAP34324.1) encoded by SEQ ID NO: 33.

[00131] FIGURE 67 shows the amino acid sequence (SEQ ID NO: 76) of H1 Puerto Rico
(NC_0409878.1) encoded by SEQ ID NO: 35

=25 .-



OH. 'n Horse Turkey H2 A/ Singapore/1/57 (H2N2) 780 Human + ++ 115
A/ Anhui / 1/ 2005 (115N1) 781 Hu-Av ++ + A/ Vietnam 1194/2004 (H5N1) 782 Hu- Av
++ + H6 AVOS409HOT§Kong/ WB12/ 97 (HEN1) 783 Avi an ++ + HPCA/@EpéM@dBRague/ 56

117N7 Equi T+ . . .
( )[03 ?3A2] qul nﬁGURE 68 shows the nucleic acid sequence of a portion of expression cassette

10

15

20

25

number 828, from Pacl (upstream promoter) to Ascl (immediately downstream NOS terminator).
CPMV HT 5’UTR sequence underlined with mutated ATG. Apal restriction site (immediately

upstream of ATG of protein coding sequence to be express, in this case C5-1 kappa light chain.)

[00133] FIGURE 69 shows the nucleic acid sequence of a portion of construct number
663, from HindIII (in the multiple cloning site, upstream of the plastocyanin promoter) to EcoRI
(immediately downstream of the plastocyanin terminator). HS (from A/Indonesia/5/2005) coding

sequence in fusion with PDI SP is underlined.

[00134] FIGURE 70 shows the nucleic acid sequence of a portion of construct number
787, from HindIII (in the multiple cloning site, upstream of the plastocyanin promoter) to EcoRI
(immediately downstream of the plastocyanin terminator). H1 (from A/Brisbane/59/2007)

coding sequence in fusion with PDI SP is underlined.

[00135] FIGURE 71 shows the nucleic acid sequence of a portion of construct number
790, from HindIII (in the multiple cloning site, upstream of the plastocyanin promoter) to EcoRI
(immediately downstream of the plastocyanin terminator). H3 (from A/Brisbane/10/2007)

coding sequence in fusion with PDI SP is underlined.

[00136] FIGURE 72 shows the nucleic acid sequence of a portion of construct number
798, from HindIII (in the multiple cloning site, upstream of the plastocyanin promoter) to EcoRI
(immediately downstream of the plastocyanin terminator). HA from B/Florida/4/2006 coding

sequence in fusion with PDI SP is underlined.

[00137] FIGURE 73 shows the nucleic acid sequence of a portion of construct number
580, from Pacl (upstream of the 35S promoter) to Ascl (immediately downstream of the NOS
terminator). Coding sequence of H1 (from A/New Caledonia/20/1999) in fusion with PDI SP is

underlined.

[00138] FIGURE 74 shows the nucleic acid sequence of a portion of construct number
685, from Pacl (upstream of the 35S promoter) to Ascl (immediately downstream of the NOS
terminator). Coding sequence of H5 from A/Indonesia/5/2005 is underlined.

[00139] FIGURE 75 shows the nucleic acid sequence of a portion of construct number
686, from Pacl (upstream of the 35S promoter) to Ascl (immediately downstream of the NOS
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++ H9 A/ Hong Kong/ 1073/99 (HON2) 785 Human ++ + [00210] A fragnent or
portion of a protein, fusion protein or polypeptide includes a peptide or
pol ypept i WO 28045678 ng a subset of the amino acid conpl ®CENTA2009/00032

e B, S RO S S BRI S BT T 2

r egi on, yrileflide@ss- r esponse- inducr ng region, or a region conprising a
functional domain of the protein or pol ypepti de. The fragnent may al so
conprise a region _or donmain conmon to proteins of the sane general famly,

or the PifHent nBIGURE Thihowistthe nycdsie acidiseyened of apajtienhe qnétnsqseembret: ally

2000) 0767 SRR CABBEA B8 RSP plebicly Bk ftam Hthe NOS, 1

congr i serrhinator plilodingGe§tdnoe abHU tfrohd A?Brisband/be20@h@tundedinéde frill | ength of
the protein, or any anount therebetween provi ded that the fragnment can

f F b 0% t 0. about 100% f
about a7®bfrtt"aboutfé§§i§ﬁ SHof A6 eoTel il g Bt OLEOFAIOR PP SRl PGS { o
about  5i)%oni PRAN(FREYAM 2P el T3 sa}m%teil)qe %scp{ menldteA? dbWn@teahhsr the Nlds

| ength of the protein, or an%/ anount therebe ter r]ateIIy, a fragnent
or por tienningty). Sedingsequsoeot H Grono AdBrisbenes5%/2607 infusion sith RDI $his anount
therebetv@ﬁ o dependi ng upon the HA, and provided that the fragnent can
forma Wb vt}tgn expressed. For exanple, a fragnent may be from 150 to about
500 am no acids, or any anount therebetween, from about 200 to about 500
ami 1o a[@'om] or aFIGUREAT8hokwvstthemedeit ueid sequchesviabsutior 60constrad @uinbs) 0

am no any anount. t herebetween, from about 300 to about_ 500 or any
anount a’f ?reﬂbtmérpstrr%ﬁf thsa\nS premotep) taidtsat (mmsdiatsly dowpsteeam ofithe NOS nount

t her ebef.uRHG: R er ebet ween, from
about 450 tooriout @%8%epégggﬁgmunmlﬁ5%re ie(t)/\%/ea%ni§ géci?allr}%&ng upon the HA,

and provided that the fragment can forma VLP when expressed. For exanple,
about 5[00143] 20, BUGURE U} shewrsibe mudleioacidisetpiencs ofaayortiomaficonstrest ebatbgeen

may be ve fromthe C.teryo,nus r ,both the a

term nu dpqsli\? g of ﬁ?.l’d@&"{eﬂé? 'Xsﬁlgé at?é'ﬁt’ dg‘gﬂafemgh?/ﬁ&%en
expres seﬂmnbw t%hﬁtgrtb@trdna@opm HOnD A/Byedbee/| 0V2007 indudiBA wiBGUSIBIeisar e
relative to the particular sequence, however one of skill can readily

det er ni wdetlingd' equi val ency' of a particular anino 20 acid in a sequence
based on structure and/ or sequence. For exanple, if 6 Nterm nal am no

aci ds Jenov . [

vou d oRORAEEThe “IRE SPURHEIREARSiE bl 3ol o ptifh LPRUBRN mubite®

rel ati visg, érothBacl @hpstrean of thed5Stgtemptee)ttoiAsy] (dntttedm]y downétreahi efithé NOS
relative position of the ampg acid in t cture 0213] Conpari sons of
a sequelfEBingiors &9 G@ﬁé@%ﬂ%@of&é/’d&r@ BU/E]PHgafé ﬂl?(L’gt hm 25 (Al tschul et
al ., 1990. J. Ml Biol 215:403-410). A BLAST search allows for conparison

of A qu[i‘)t)Y4§]eque”FR:tGthslash%R%%é h&lé@%&@&ﬁwﬁée ATOPORO oFERAYRRG BBmbeF W T h
a larger library or database (e.g. GenBank or GenPept) of sequences, and

: dent i fz%h @tono}’mt (msqaan@éﬁlemétpremmeb)r to AsoDGminwdiately gpwmlteaat afghe NEXe wi t h
conpar GTHERIRD- Soingasauantspf HifFork sPfinba B0k o RRarvnt SO SF FouiRiiigta,

or nore sequences may be determ ned by aligning the sequences together and

det er m [00i4p]t he FIGERE 8%/shosls\waridleid wid squeneecodthg NRHI(SEQUHY Nak 1d4).ri ed
out using the BLAST Al gorithm (for exanple as available through GenBank;

2009/ 07®9’7&3 &ﬁgﬁ% ﬂiA?Sr%{lf‘ég g‘lﬂ %%L%#W%M&Wf%%wbﬁt;

Expect g850, fﬁloht Biind1d ¢inaHe tnunﬁhe 2 %tsne Hffisfré‘!rﬁ 6f BnioteHNE EcGrICOdesS:!
St andard(l) or BLAST2 through EMB - hei del ber g. de/ Servi ces/

i ndex. r(tlminedataig dolehstirgam qfahaNélSetcsmnamr)r H)SPMGGIMQQquEndetlennd@hmghI t,
echofilter: on, Expect:10, cutoff: default; Strand: both; Descriptions: 50,
Al ignments: 50; or FASTA, using 5 default pararreters), or by manual ly
conmparing the sequences and calculating the %identity. [00214] The present
i nvention describes, but is not limted to, the cloning of a nucleic acid
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encoding HA into a plant expression vector, and the production of influenza
VLPs fromthe plant, suitable for vaccine production. Exanples of such
nucl ei ¢ aWioP809/¢v6778de, for exanple, but are not limted PC(I{CA@nOSi/QOﬂOQenza

A/ New ni a/ Vi I us (e. : SEQIDNO 61 10 an HA from
Al ndorc@bf‘%w os%ﬁwi]ﬂﬂwml}e yeleic %@%quepm aghgytiongionsiu armden 007
H1N1 ND . g.
(SEQ | E%wﬁOﬁHdﬂlg{Q thg’ﬁ‘““ﬁgaﬁ‘é?“élﬁé? 2N2§%§BM§‘E‘%Q€E ﬂg 42( "5,

64), A Mdﬁﬂﬂd@@nmqu thieNOS t@ﬁﬁnatm)l\HSPZQBcocﬁﬁg se§Bgnce is underlined.
Al Vi et nanf 1194/ 2004 (H5N1) (e.g. SEQ ID NO 44, 56, 66), A/ Teal/Hong

CORSEYTHAI (oo et ot R ity e RO DB RRCES |

NO 538,R$MW, f68) Hlnﬁll\l\(ﬁl(lﬁélﬁllum;ﬁg élBHﬁi@ s(t Zt)eahﬁoﬂthe pEhdtEH NOEcaH Si, 70),
Al Equi ne/ Pr al%ltjyg' 56 (H7N7) SEQ | ) 46

B/ Mal aydmged donymastreamepf @elm@latm HEB40 mmg syq}nmﬁellammdzdmd(l@hg

SEQ I D omikﬂ ”5661? for
t hese sdt}l?al Sﬂ-?()l %ﬁmtgow%eegg "ﬁ‘@%{)ﬁ%&l gﬁoglfigéﬂlggl% qﬁgfﬁggéescorr?gg%ndl ng
to SEQ I D NGs: 20 36-47 conprise a plastocyanin upstream and operatively
l'i nked [081i0He codFHGURERGshows afschdmmtidhepresenemioh oftoristract B45#2s or subt ypes,
as illustrated in Figures 28-39. Nucleic acid sequences correspondl ng to

SEQ | 0- HA expr essi assette co alfalf
pl ast oc@@ﬁ? lj pr om@ﬁ%’ mﬁ’é’ﬂé@ﬁ yﬁfsrf’ef(%meﬁsdo Elgoaf Slﬁ?ﬁ
al fial f g eEhé@fr@ﬁﬁ/ aiflfh sroteifl Jﬁs@lﬁde 'is%hf&d%étmelﬁ?ﬁﬁ&’ﬁgﬁﬁxs oFdeaf b}dléihre%{rﬁ@{ in
Fi gures 1-64. 25 [00215] The VLPs may al so be use produce reagents

conpr i sttpingd fr@@&mpwatqplmm Wamimdesltwm SP&rP ACEtearens fqrﬁh@ HddANewsenbl e
to f |
R e R e e e S

t r ansf anaailatedstiss QWIIV$ of lﬁ@ﬁoleg@rsm:eanaﬁtspﬁce& B fiod of theast miwdgrsms of
[ 00216] Therefore, the Invention provides for VLPs, and a netho

pr oduciRecksinfiliratedplantssa)i Fxpsespion of Fd e &dNew Csaj@pew{20/?9anb)tq¥@r6é%9n &Kilon
t \/

o dFuc i AUBRAERBNS 0%, & Rpreiiich SHIS AIBY ARSI b HADEET, Ml ERorp Qlon GeTES

i m t edfrem ,A/Iwklasd:saﬂSQEﬁﬁleapstﬁmr(g‘ HA ficbntHBXElorid#?4/2006Dhe arrows indicate the

2009/ 076778PCT/ 009/ 00003 f. f t
For  ex JMSERT FtesPoNRERLS HAORT A 1mrtss geal gepidso P P 3 G kg o

Vi rus, I%ngge | i ke), Paranyxoviridae (e.g. Measles virus, Minps virus,
Respiratory syncytial virus, pneunoviruses, or the like), Retroviri dae
(e.g. Human | mmunodeficiency Virus-1, Human | nmmunodeficiency Virus-2, Human
T Cel | 0815 a \FYGKRESS shows alcempatison, of H A ekpriessiatesrafegies. byvigmeurigblas

28 sy Rt PR el ehtrs M e e ratd eyl SREEMY Bl 1"
cor onavdaksesies. PORESPMV-HT\8hd W& typeAittlalpdifidk apdvhelsipriahpside frogkalfdifa n t he

art, nmay al so be used. Non limting exa Fes of antigens that rrgﬁ be
expr essidal werepl s&mm%ﬁarﬁ@tymrqgé@nwﬁm@m ¢mpm@re loaded en g IDPHAGEN of

VP30 oroUBe e ARG e SRARLIENeITHedsll B hitD ety Ehdbfardof 07 10 "7

pr ot ei rprofeirtsivecrdbmded: 21) Baprssicwvf HusronFANex GajeteniaR0A 989, tileXpsession of HhBank

e T et ot i AL BB £
9629{?&5)A/11918nés?@590@5 R4 %2 ﬁiepr@s%negf@ ﬂb%@?foﬁhﬁM%O@ biRd fesvdindicate the

transl ation and cl eavage of protein (e.g. GenBank reference
: 96298B®)nobasd mn@wlmg/toelﬁzelompeclﬁe Algmbwrerwm sgmmrmmpmm thé spebidicavi r us

(GenPept ef er i: 55770813 bt ai ned by transl ation of
the vp36° Eéﬁﬁsgﬁggre%g ECSEBBF‘?\/‘M‘%& gtn (gfltB BhBank Ref erence
gi : 55770807) ; VP35 of Ebol avirus (GenPept Reference gi:55770809) is the

pr ot ei r[oob%l ned PRGUREBY shbivdAn dhmubEbls Pt Aaeiendetied whéitcd=bgiressed wsth
genone. Gp/ SGP of Marburg virus GenPe t Reference gi-296965) is the

o G0oi HssEAGANEASIT. E Aoy GeledoniofAGhE540) fscdBrigeshe A CLICHAMSEH g vi r us
Ge B Ref ¢
96269517 PSS aﬁmbe?%?crg?%%%é%dh@ﬁ%%%@e P ARhE b ETEET by HEIGREDEE O

(GenBank Reference gi: 9626945) otein (GenPept reference gi: 9626950)
is the protein of the F sequence of the Measles virus genone.

[ 00218] However, other envel ope proteins may be used within the nethods of
the present 25invention as would be know to one of skill in the art.

[ 00219] The invention, therefore, provides for a nucleic acid nol ecule
conprising a sequence encodi ng H V-p24, H V-gpl20, H V-gp4l,



S5transformed insect cells. [00221] The nucleic acid encoding the HA of
i nfl uenza subtypes, for exanple but not limted to, A/ New Cal edoni a/ 20/ 99
(HLN1), AWDrR4®e178/ 5/ 05 sub-type (H5N1), A/ Brisbane/ 59/P2007A20091NM)3,2

A/ Sol onpn | sl.ands/3/.20 H1INL Sin 11/ 57 N2 hw / 05
Crenn IR A8 91 Brsubim Pribiets BRIty S e el Pk Wl

A Hong &os@inl AR W @ aletONZ/2 0/99 BBrisBaikel 01200700te (58ANL)contbI¥Y scons| n/ 67/ 2005
(H3N2), A Equi ne/ Prague/ 56 (H7N7) B/ Mal aysi a/ 2506/ 2004, B/ Fl oti da/ 4/ 2006

may be ex%ressed for exaBp usi ng a Bacul ovirus Expression Systemin an
appr oprpgft é\IwDDESQHI’fTJ Nexanpl e, Spodoptera frugi perda cells (e.g. Sf-9

cel
15[0022|r2mT?1 nucl el c aég% encﬂgl{rﬁld?%ﬁgh?-ﬁﬁhg%tfogﬁ?e&r}ﬁ%%lg%9&1@3 egg)(riieessed in

a pliantspeeificallyithe presenp irventionTiselinacted & the acidiceorcaliving-1tha particlésecomprising
synt heimﬁed by rever se transcription and pol ynerase chain reaction (PCR

usi ng i exanpl e, the RNA may be isol ated from human influenza
A New Cal edoni a/ 20/ 99 (HIN1) virus or human influenza Mdonesia/5/05 (H5N1)
virus, @oigsjher iThd ﬂﬂl@ﬁ’n%\f‘ddséﬁ}ﬁﬁmqs of a prelsrtcalRaiRidpfént007 (HINL), 20

A/ Sol onon | sl ands/ 3/ 2006 (HLN1), A/ Singapore/1/57 (H2N2), A/ Anhui/1/2005
(H5N1), A/ Vietnanl 1194/2004 (HS5N1), A Teal/ Hon% Kong/ WB12/ 97 (H6NI), A/ Hong
Kong/ 10(0818@ ( HoNBhe prAmt ilefsam niovigena nuelginayid camVis g AsIus egtifdo sRIBENIEIND) |

Al Equi n / ; gg e fu(l)qgh from
cells |%§ @ggﬂaﬁﬁﬁé an |n nz e%ell‘lml"ugas%§g)§ g\%?ggt%n%ﬁagﬁ I'on g—?%)
ol |]gbnuo:pemlmel}ehmedn@asemwregoﬁactl\IdAnEmhntfor exanpl e 25 but not [im ted
to, hurran i nfl uenza AJNew Cal edonl a/ 20/ 99 (HLN1) virus HA sequences or

human_i E nza I\gd nesi a/ H5N1%y virus .HAO seﬂﬁ g ar HA sgguences
fromin za su é@oss» REnEeHtionPOYidesetiad 8hPoRBFng ¥R L9 3/ 2006
(HIN1),p ﬂl@b@?ﬂ%% & phht. (ﬂ?é\{%éﬂlod\ér%wék nkfodaCiag GHablbic actd éﬂceaﬂg%laﬁﬁééﬁom
(H5N1) , A/ Teal / Hong Kong/ WB12/97 (H6N1), A/ Hong Kong/1073/99

Al Bri sb@m@atn_\@bzmm 30a fegRiNtyTy ragion aefivesin rthea?lmzom@ (hmm or portlon of the plant,

oo BTN o LA DRt B g
synltilesihéeldcluﬁ;laagi R omlmthEPQom to one of skill in the art. WO
2009/ 076778PCT/ CA2009/ 000032 [00223] The resulting cDNA copi es of these

genes EOmbe cloned in a suitable_expression vector as_require by t he host

expr essifh&ly st enV LBs Biny beprefuced frmgnflugnza xirgs. dowewst. YELS g1ay alsorbep| ant s
d f
2; Srrp Ie Zﬁrr i Fgegtfgﬁﬁ ﬁmﬂ' ﬁb&rﬁ? g}fgégﬂt%fﬁleydengﬁd: %#l?SvﬁlElﬂaEngg%ﬁln 'fEthchI sles! OF

n), resulting inp base asrﬁ ds,
usi ng kBbola, Metbargand 8. 5 | nf or mati on provi ded by the manufacturer's

i nstructions nay be used. [00224]The present invention is further d|rected

t t d di d
bbove BRASSE ol Ths eBiprrpt e PR s Wi BEY (et o
pl ay . AR RRluding BEEkaMMNE, %u@h&ﬂ'ﬁﬂﬂtéﬂ t@@ﬁé@éry}ﬂfévhfénﬁARHf}Ntl)ﬁﬂH aegt hat

n'ay be used |n accordance with present i nvention include but are not

| i mi t edA{NevaCgledenia @& (Hlmb)em Mmem@l(ﬁrsubweﬂmﬁ) ¢¥EQ INOn6Q)and

S b RIS AR Bhe i SR sE LD RACHASE ) UL B SR S22
i ncor poFlgtuedlofmr@dno blSAsr(ﬁﬁzﬁﬁ&hﬁ&h otledh irefluepfyy $ubtyed. WiLRE oNothpr flaénya( CAB

Leutwi |l er etal; 1986; which is incorporated herei n&/% refere ce%1 ﬁ;ll'
( assom %&be@ewwlwclas%@ﬁh%mﬁw iy eBboR tenexamplss &Y Beshaperv2003 4

desgy e%% NORY gloﬁoﬂklaﬁl&)ﬁ/mé@ NIREEP XO: E@)OAPQﬁg&peﬁe/iL@gﬁgmn by

astocyanhin regufatory région I's a sequence
conpri s$kEQ IBlN(DéGD |Mé81htlm/860i)ﬂ{$BI;)S|ED NIDNCBSS), ArVietneind] 194/200 §HON10SE@ny

ennancall NakEDaty bl ong keneME8H B iy HEEID ML keng TP CTY)

l'inked q1gNTB SREFITENO: ), ATBNGRAE 10RHOEAEINE SEPITND: BOPA/micwﬁ%m@os
Mot her exanpl e of a regulatory region I's that derived fromthe untranslated

r egl ons(FBNZ; ISEQID N&xpba ANBganePidgue/§6 (HPNR)SEQAD NO:A8)y Bialaysid/2606/2004

71 oo R D ek i) B firiondge s GRABTNIFE S it cystem - soe, for

exarrpl e, Sainsbury et al, 2008, Plant Physiology 148: 1212-1218. [00225] | f
the construct is expressed in an inSect cell, exanples of regulatory
el ements operative in an insect cell include but are not limted to the

pol yhedrin pronoter (Possee and 25 Howard 1987. Nucl eic Acids Research
15:10233-10248), the gp64 pronoter (Kogan et al, 1995. J Virol ogy

69: 1452-1461) and the |like. [00226] Therefore, an aspect of the invention
provides for a nucleic acid conprising a regulatory region and a sequence



-51 - WO 2009/ 076778PCT/ CA2009/ 000032 A/ Teal / Hong Kong/ WB12/97 (H6NL1),
Al Hong Kong/1073/99 (HON2), A/ Brisbane/10/2007 (H3N2), A/ W sconsin/ 67/ 2005
(H3N2), AWBQRIWHEsPBague/ 56 (117N7), B/ Mal aysi a/ 2506/ 2002 CTB AR0e/00des24/ 2006.

Nucl ei ¢ aC|d sequences conprising a plastocyanin regul a ory nt and an
i nfluen®PQI6N ar e Thepispsnt inygntien %F%PW@E@“F@%@%V“‘E?GS {@etzfggfrlt is

known t et e8thodPahiRgl gsﬁ)g Ul ﬂhlfngﬁg ﬁ’% rgégepl § %gtgg Gividd watBf fowanza

hemaggl utinin amno aci 5 sequ ces nucl el ¢ ‘encodi ng t hem
when i nimigratoryabivds; geail, ducky Igbcseepbulmy, g:ken eameb raihe, aogs, delire, cqts. tiger, MDCK

| lated f t ed t .. Nan-| t I f
Cuch: ti BRI RIS Hone TBREE Ao PO O Gty PESea T €46 s AR oo .
as one pe.skill in the art would realize, additional variation may be

observed within 10 influenza hemaggl uti ni ns obtained fromnew strains as
additional nutations continue to occur. Due to the known sequence
var i abi [004§1bet weNan tintitieg examplestaf wthez antigens gt may e gxpressed implasmat

or ovi deterhae e TedY et Oflmite BapdR pluciF ol B P B b e 2T P e
hemaggl proteing ﬂfermuatuieéu Brotéi9 V28D 264 VRS SGHSGPN RN cHsFlaed GResenaebaaguences

may be determ ned using any of 15 several software packages known |n t he

art foPTO&t@rﬁleeIOMD&SPALfPI\p’(@lPICWEW Maybigg, outhe H preteds apg & protesy 9b) |

-1 al i gned rranually and simlarities and
d| fier eﬁ%%g%%‘?ltv\%%ﬁ he Sglemegggs determ ned. [00229] The structure of
hemaggl utinins is mell-studled and the structures are known to be highly
conser vgﬁm162/}he n hEhapgentionndlso iatludes, butds natr limBedel infinesaderized ViRs teagr ee  of

structural. nservatjon s observe r <2 ctural

conser veht ?IB ipé %@&W&J@%@&Plﬁ%ﬁmgﬁgegﬁ&ﬁ&e@ wleb &@ DRSNS AFS, i n
sone po ri

69: 531- %! és?/%}f: clgorﬁggg?f) gl ;i)f; I ons oqlﬂ%gg?/du%ﬁ%ﬁﬁstﬁg%‘ @gﬁ?gb%ﬁlec{n

wel | - cohlséreuedppdﬁome]mpdpsma meﬁtblra.ncto.ﬁrtlwl cetlomai ns: The HAO pol yprotein is
cl eaved to provide mature HA HA is a 25 honotrinmer wth each nononer

" TIORGR 1y Bkl U @l pRrEe R > ooNBIeTT RO RSN BRERY BuRE e

HA2 su bmalebulafayneltaeq Realdoalsed ﬁﬁ)ﬂe §péc1iiii%alll)ht% refr ftdlﬁalttS)IAciii@ ARd e det@AGRRCE. A
"tail' (:,fl on (internal to the nmenbrane envel ope) 1s also present. Each

hemagg| @n wding tremém @@gnmoeb@ené@ a@d@h@whebnldsh gs wehhds ¢ -solubliestezolor

o oot i mE metkoitarlr SRANS! MERRAlinRE R majoh Sofipdrent 008 Bldomical 11 on of

intra- meﬁhbraﬁeeraidﬂghequgl@éol;bl@s; ketddeardd progas. Eiampweﬂphdsph@mﬁdsﬂmaluaeon on
the am no acid sequence of the “é,stel nes that participate in disulfide

bri‘fye Phosmatidylethanelasine ohosnhatidylehndingyphosphatidylinositols phesphatidylssgne,
illustr i ledi i.de bridges
and 5. onspREL R A6 IRl I of M LR RLERULR e shhilel
descr i beiblésterol) and p}masnérels (farerbinplegtitostercl DA (&l-ghicesid) DH3901842) .
Exenpl ary structures and sequences include 1RVZ, 1RVX, 1RVI,. 1RVO, 1RUY,
1R157, RpAeyeipisdaye B?ﬁntlﬁ@tlﬁeét"e VW@étPéﬁnBéﬁﬂ@e(SBéP oSt eammgen being sampgsierph
St r uct Uiy dlefid1 0¥ ostol $assi gﬂterof St 9158 as%(rtopﬂleﬁé ma eﬁzféielrol déd?n%st@ﬁllor Ity
of hemag utlnlns conprise 3 cysteines at consérved 10positi ons.
nord of sitokiesd, 24ysiediytubelesteyol pehopaterolion peatsitdstam].aAp 0s¢ of skalh & 'dnelattnmuld

Ani no. aC| vari ation LS tol.erated in he

dif tj 30 f
"o ey odeilings B T f it ¢t e e Sts Bembrase S BGAL Fiay Vi FHE ARG 8 ©

cont i nugblvyh EsHRINdNS o€ the dellfoR SFdanishy frOMtwWIRENthe eIl ReYbtsihédi NS may vary.
However, formation of hemagglutinin trinmers, which subsequently form VLPs

15i s maintaj ned. The present invention, therefore provides far a

hemagg! 901641n ami £6llarsrabraecs senerally gmpriseJinié biaysss. as Wl @aprateins for various
hemaggl r i ncl udes
cmownstint i, FBLAfred Ebt R FA TR palldoy TRy tETolh 7 B BI bIBNE | 2”6

i | 130st refeesedan ae dipidtaftsaf Withott wishing to Bé badrniddby. thddy slipid gaftsamayhbave a
consensys .am no acjd sequence (SEQ ID NO 74) for HA of th follomnng 1 1N1
st r ai nsSISHBMMEleTIN eadp and e is¢ eptRI 9T qgeqséeﬁeauaw le? sagents,

Al Bri sbane/ 59/ 2007 (HLN1) (SEQ I D NO 48), AJSol onon Islands/3/2006 (HLN1)
(SEQ ID NGO 49) and SEQ ID N&#09. X1 (position 3) is Aor V, X2
(position 52) is Dor N, X3 (position 90) is Kor R X4 (position 99) is K
or T; X5 (position 111) is Y or H X6 (position 145) is V or T; X7
25(position 154) is E or K; X8 (position 161) is Ror K, X9 (position 181)
is Vor A X0 (position 203) is Dor N X11 (position 205) is Ror K X12
(position 210) |s T or K X13 (p05|t|on 225) |s Ror K X4 (p05|t|on 268)




W)2009/ 076778PCT/ CA/ 00900032 [ 00232] As anot her exanpl e of such variation, a
sequence alignnent and consensus sequence for HA of A/ New Cal edoni a/ 20/ 99
(HLIN1) (eWebHeto16y78SEQ | D NO. 33), A/ Brisbane/ 59/ 2007 ( HINIAYSBE@00D NO

48), A/.Sol onpn, | sl ands/ 3/ 2006 (HLNL), (SEQ | D NO, 49 Puert oRi co/ 8/ 34
(HINL) 8ifgc ggp% tFQé}g&é’nPg 1B{CEREHOB @%@\ﬁaﬁgsﬂ‘ﬁ}ﬂéﬂ %‘.’méénﬁ%l O:i %?:‘: c_egle(ﬂ'ue nce

al i gnrm&%mﬁﬁﬂ, SRR AE RS RAAURACR A ulfnAlricee! ected HINL strains SEQ ID
NO. Sequence 10 1 75 MKAKLLVLLC 9 MKAKLLVLLC 48 MKVKLLVLLC 49 MKVKLLVLLC

TFTATYADTI TFTATYADTI TFTATYADTI TFTATYADTI o ,
50 Cl GMPANET DTVWithreferenoatorindvenza voushtens T hemageivtinrRen/ HAHsynged

ConsendICHHSHTY FED Prols et oo S KOOk bt U PSR B 75 4o
49 66 Quiseriaiésic nien L&lyc 1 Netidel an HAG APLQLG

ENSriyisifgla
LKG APLQLG LKG APLQLG LKG APLQLG NCSVAGW LG NCSVAGW LG NCSVAGW LG
NCSVAGWan@inNng apHAZgompipcpmprisig qrpepbranssspanpmgpnchagite at the C-terminpggnd

ESVEY VJES-EEMFWLSYEI%IF%IY[E Yﬁl)gpN'c:ﬁ%Yde\@EEences encoding HA are well known and

are available — see, for example, the BioDefence Public Health base (Influenza Virus; see URL:
biohealthbase.org) or National Center for Biotechnology Information (see URL:

10 ncbi.nlm.nih.gov), both of which are incorporated herein by reference.

[00166] The term “homotrimer” or “homotrimeric” indicates that an oligomer is formed
by three HA protein molecules. Without wishing to be bound by theory, HA protein is
synthesized as monomeric precursor protein (HAO) of about 75 kDa, which assembles at the
surface into an elongated trimeric protein. Before trimerization occurs, the precursor protein is

15 cleaved at a conserved activation cleavage site (also referred to as fusion peptide) into 2
polypeptide chains, HA1 and HA2 (comprising the transmembrane region), linked by a disulfide
bond. The HA1 segment may be 328 amino acids in length, and the HA2 segment may be 221
amino acids in length. Although this cleavage may be important for virus infectivity, it may not
be essential for the trimerization of the protein. Insertion of HA within the endoplasmic

20 reticulum (ER) membrane of the host cell, signal peptide cleavage and protein glycosylation are
co-translational events. Correct refolding of HA requires glycosylation of the protein and
formation of 6 intra-chain disulfide bonds. The HA trimer assembles within the cis- and trans-
Golgi complex, the transmembrane domain playing a role in the trimerization process. The
crystal structures of bromelain-treated HA proteins, which lack the transmembrane domain, have

25  shown a highly conserved structure amongst influenza strains. It has also been established that
HA undergoes major conformational changes during the infection process, which requires the
precursor 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
HAO domain).

30 [00167] 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

-31-



101 75 NPENGTCYPG 259 NPENGTCYPG 48 NPENGICYPG 49 NPENGICYPG
76 Consensus npengtcypg 30 151 75 SCSHNGKSSF 9 SCSHNGKSSF 48 SCSHNGESSF
3549 SCSHNOERS&H76778 76 Consensus scshngxssf PCT/CA2009/000032

FED FPRESINABNPHATSESSRSH 1S ROVIBEITAS 1 GRYCHASR! RN AR S AP A

HFADYERLBEu e dY Sotntemon loF WLl 2sing RNWIALE, [dp\pRtht $E1R Q¥ prRddion Sifstem SST er
fei f pkessw pnht xt gvsa 200

YRNLLW.TGK NGLYPNLSKS YVNNKEKEVL VLWGVHHPPN YRNLLW.TGK NGLYPNLSKS
YVNNKEKIBOL68] WevHAhP A/ pRthe\nresert inggnyiprmey e

oL TS AR SRR S o >

5 HI14, H1S5, H16 or of influenza type B. The recombinant HA of the present invention may also
comprise an amino acid sequence based on the sequence any hemagglutinin known in the art—
see, for example, the BioDefence Public Health base (Influenza Virus; see URL:
biohealthbase.org) or National Center for Biotechnology Information (see URL:
ncbi.nlm.nih.gov). Furthermore, the HA may be based on the sequence of a hemagglutinin that

10 isisolated from one or more emerging or newly-identified influenza viruses.

[00169] The present invention 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), HS (encoded by SEQ ID

15  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 influenza type B (encoded by SEQ ID NO: 26), or a combination thereof.

20  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

25  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, HS, H7, H9, H10, N1, N2, N3
and N7. However, other HA subtype combinations may be prepared depending upon the use of

the inoculum.

[00170] Therefore, the present invention is directed to a VLP comprising one or more than

30 one HA subtype, for example two, three, four, five, six, or more HA subtypes.
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Consensus 201 | GNQRALYHT | GNQRALYHT | GDQKALYHT | CDQRALYHK i gxgxal yhx 251
EPCGDTI | FEA EPGDTI | EEA EPGDTI | FEA EPGDTI | FEA NTDLEVLMEW #pgdt !i f Ea

ENAYVSWS@’(ENWSWSS ENAYVSWSS ENAYVSWSS MSLLT enay\Pi\IYKSzSZON!ZNMSAPVWA

NGNLI A NGNLI RYA NGNLI APRYA LKTRP L ngnlLi a HYSRRFTP

HYSRRF f” Aﬁmrefi%mﬁ*m alye\ prqyidessior njicleic,ae spcqﬂ éﬁ@ﬂé@@tmm

FAL SRGRESGo E@@@@g@*@g SREEFSGNRPLTKG LGF falsrGgsg - 54 -  AKRPKVRDQE
AKRPKVRDCQE AKRPKVRDCQE AKRPKVA PSGPLKAEI A akr Pkvr #ge | | TSNAPNMDE

| | TSNAPMDE | | NSNAPMDK | | NSNAPMDE VFTLTVPSER !i t snaPmx 50
GRI NYVWIPOL728R1 Ny YEsemplaminwieiarcidsamyneomarise noreetlgragrenges W;ﬁmagglutlnm

20001 07ETTSHETFOBONR HORUT STV AP Ch AL NANd Yb e 0 76
5  Caledonia/20/99 (HIN1) (SEQ ID NO: 33), the A/Indonesia/5/05 sub-type (H5SN1) (comprising
construct #660; SEQ ID NO: 60) and the less common B type (for example SEQ ID NO:26,

Figure 100), and C type (SEQ ID NO:27, Figure 10P), and to HAs obtained from other influenza
subtypes. VLPs of other influenza subtypes are also included in the present invention, for
example, A/Brisbane/59/2007 (Hi1N1; SEQ ID NO:36), A/Solomon Islands/3/2006 (HIN1; SEQ

10  ID NO:37), A/Singapore/1/57 (H2N2; SEQ ID NO:42), A/Anhui/1/2005 (H5N1; SEQ ID
NO:43), A/Vietnam/1194/2004 (HSN1; SEQ ID NO:44), A/Teal/Hong Kong/W312/97 (H6N1;
SEQ ID NO:45), A/Hong Kong/1073/99 (HIN2; SEQ ID NO:47), A/Brisbane/10/2007 (H3N2;
SEQ ID NO:38), A/Wisconsin/67/2005 (H3N2; SEQ ID NO:39), A/Equine/Prague/56 (H7N7,
SEQ ID NO:46), B/Malaysia/2506/2004 (SEQ ID NO:40), or B/Florida/4/2006 (SEQ ID

15 NO:41).

[00173] Correct folding of the hemagglutinins may be important for stability of the
protein, formation of multimers, formation of VLPs and function of the HA (ability to
hemagglutinate), among other characteristics of influenza hemagglutinins. Folding of a protein
may be influenced by one or more factors, including, but not limited to, the sequence of the

20  protein, the relative abundance of the protein, the degree of intracellular crowding, the
availability of cofactors that may bind or be transiently associated with the folded, partially

folded or unfolded protein, the presence of one or more chaperone proteins, or the like.

[00174] .Heat shock proteins (Hsp) or stress proteins are examples of chaperone proteins,
which may participate in various cellular processes including protein synthesis, intracellular

25  trafficking, prevention of misfolding, prevention of protein aggregation, assembly and
disassembly of protein complexes, protein folding, and protein disaggregation. Examples of
such chaperone proteins include, but are not limited to, Hsp60, Hsp65, Hsp 70, Hsp90, Hsp100,
Hsp20-30, Hsp10, Hsp100-200, Hsp100, Hsp90, Lon, TF55, FKBPs, cyclophilins, ClpP, GrpE,
ubiquitin, calnexin, and protein disulfide isomerases. See, for example, Macario, A.J.L., Cold

30  Spring Harbor Laboratory Res. 25:59-70. 1995; Parsell, D.A. & Lindquist, S. Ann. Rev. Genet.
27:437-496 (1993); U.S. Patent No. 5,232,833. In some examples, a particular group of

chaperone proteins includes Hsp40 and Hsp70.
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Consensus 301 Al NSSLPFQN Al NSSLPFON Al NSSLPFQN Al NSSLPFQN ALNG Ai Nssl pf gN

351 AGFI EGOWMG AGFI EGCGWMG AGHI EGGWG AGFI EGOMG MELT YNRM G aG | eggwt G
VHPVTI GECFOZ4MO6E8CP VHPVTI GECP VHPVTI GECP GDPNNVDKAV  \ACH(E A 29695090032

MVDGAY! DGWYGYHH .MV HH Y HH TEVAFGL nV 0
KrVRSAQORM TR ITRI RS0 P WA PR R R RS Ry YRSk Hpa from
WE@S%&WHWX% HEYRr i oBDEGERM Y dBerculosis,
VT. GLANI PS VT. GLANI PS VT. GLANI PS VT. GLANI PS TFHC;%E%M%I? vt XGLr #| ps
gSQg SIr dMé I I\bFG.AI I IBaIc:GAI I RGEIEQQH mlgIaq IHﬂ)?IIf). Dr'laK
, | QSI g
400 G THRNSOPer G ARG A OREO PRI SR FRBT fne yfeislnficn os
9 48 49 . /Makbnrs@nsersal. 2009 (€¢8l1 $Hekan@Uhaperonts 6:201-208). A particular example of an
Hsp70 is A. thaliana Hsp70 (encoded by SEQ ID NO: 122, or SEQ ID NO: 123). Hsp70 is
capable of specifically binding ATP as well as unfolded polypeptides and peptides, thereby
participating in protein folding and unfolding as well as in the assembly and disassembly of

protein complexes.

10 [00176] Examples of Hsp40 include DnalJ from prokaryotes such as E. coli and
mycobacteria and HSJ1, HDJI and Hsp40 from eukaryotes, such as alfalfa (Frugis et al., 1999.
Plant Molecular Biology 40:397-408). A particular example of an Hsp40 is M. sativa MsJ1
(encoded by SEQ ID NO: 121, 123 or 114). Hsp40 plays a role as a molecular chaperone in

protein folding, thermotolerance and DNA replication, among other cellular activities.

15 [00177] Among Hsps, Hsp70 and its co-chaperone, Hsp40, are involved in the
stabilization of translating and newly synthesized polypeptides before the synthesis is complete.
Without wishing to be bound by theory, Hsp40 binds to the hydrophobic patches of unfolded
(nascent or newly transferred) polypeptides, thus facilitating the interaction of Hsp70-ATP
complex with the polypeptide. ATP hydrolysis leads to the formation of a stable complex

20  between the polypeptide, Hsp70 and ADP, and release of Hsp40. The association of Hsp70-ADP
complex with the hydrophobic patches of the polypeptide prevents their interaction with other
hydrophobic patches, preventing the incorrect folding and the formation of aggregates with other
proteins (reviewed in Hartl, FU. 1996. Nature 381:571-579).

[00178] Again, without wishing to be bound by theory, as protein production increases in

25  arecombinant protein expression system, the effects of crowding on recombinant protein
expression may result in aggregation and/or reduced accumulation of the recombinant protein
resulting from degradation of misfolded polypeptide. Native chaperone proteins may be able to
facilitate correct folding of low levels of recombinant protein, but as the expression levels
increase, native chaperones may become a limiting factor. High levels of expression of

30  hemagglutinin in the agroinfiltrated leaves may lead to the accumulation of hemagglutinin
polypeptides in the cytosol, and co-expression of one or more than one chaperone proteins such

as Hsp70, Hsp40 or both Hsp70 and Hsp40 may increase stability in the cytosol of the cells
-34 -

75



401 EKWMNTQFTAV EKWNTQFTAV EKMNTQFTAV EKMNTQFTAV NRWLASTTA #kMht gf Tav 451
TLDFHDSNVK TLDFHDSNVK TLDFHDSNVK TLDFHDSNVK TI GTHPSSSA Tl df | i dSnvk
CKEFNKL ERROGREFAIEIBRR GKEFNKLERR GKEFNKLERR . KAVEQVAGS d¢Ka1¢Azde/000032

NLYEKVKSQL NLYEKVKSQL NLYEKYKSQL NLYEKVKS NDLLENL nLy#kvks#L
VENL N BRI PP PUERE SlRo 5 RENERE o0y B RETRS of dERTs sl
KNNAKEI ftdca oS hiNA IRAKSE (NG Ki'}igbﬁ@l@}i% & KRNI ERdstabl
GFLDI WIYNA LDF%’%%:I DEWEYNA GET DI V\Z’YNArEP\b/ g?x i Wt yna CFEFYHKCAN
CFEFYHK@xn gghtnvLi<hibitDE vt aml (pRezkary cstaiciusilaharacteristics that allgggfor
ELLVLLENER E\LVLLENER ELLVLLENER ELLVALLEN ROWQAMR #11v$1#neR
500 E ‘“é@%%é‘%“&%ﬁﬁé@m&%%&ﬂﬁg‘a? GT ecnesvkngt 501550 75
YDYPKYSEES KLNREKI DGV KLESMGVYQ LAl YSTVASS LVLLVSLGAI 9 YDYPKYSEES
KL NREKI [DBY79|L ESMGTNRfokeAthET AR SInk MhtionSlL§eAroides Y BIEHIR o fHor MR DGV

KLESMGVY! LAILYSTVASS LVLLVSLGAI (49 YDYPKYSEES KLNREKI DGV KLESMGVYQ
LAl YSTViaggenzn YRR ing plans, whereinsfitsh aueleis ggidiapseding pn milueneigd As earyRrgeed

| ai ystv [ : :

SPESNER St Rl RA AP R AP e e o RN B e 11
upper catredicettte the it o thecans stprommnay be altlodseedue tegiamtsequedtialiyg nBiteed
position; lower case letters_indicat m no .acj ds co fo at least half,
or a nePTEPant JAvERIen, S%B’&HE{?EE%T 2 °‘§9€1H8 uqing g‘%&ﬁ’%"w o allﬁ%‘}t’ WﬁefF ©
syl HahtScoriprise e Hrst nulleicMcid, BRd ﬁﬁé@t@éﬂnd%%lb&i@wd RREbRhudntY intYoducREe
synbol # is any one of N, D, Q E, B or Z the synbol "." 1s no amno acid
(e.g. a deletion); X at position 3 is any one of Aor V; X at position 52
is any B918%e of FEhepresgnt avantigoalsa promidedfars plans compridnga npdlsictdcih 99 is T
or K; Xe atodir})aositeié)n 111 is any.one - 55 - t.\/\D 2809/ Q76778PCT/ / 009/ 000032
of Y or“PURES" p&éﬁ‘?ﬂei‘%f“‘l" Ul hsaeglptinn gnd ¢ nuglelg acih e epiling OpEr ¢
or E; X mbrehah bhedthapérdnéss 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 or K;

[00181] Processing of an N-terminal signal peptide (SP) sequence during expression

15  and/or secretion of influenza hemagglutinins has been proposed to have a role in the folding
process. The term “signal peptide” refers generally to a short (about 5-30 amino acids) sequence
of amino acids, found generally at the N-terminus of a hemagglutinin polypeptide that may direct
translocation of the newly-translated polypeptide to a particular organelle, or aid in positioning
of specific domains of the polypeptide. The signal peptide of hemagglutinins target the

20 translocation of the protein into the endoplasmic reticulum and have been proposed to aid in
positioning of the N-terminus proximal domain relative to a membrane-anchor domain of the
nascent hemagglutinin polypeptide to aid in cleavage and folding of the mature hemagglutinin.
Removal of a signal peptide (for example, by a signal peptidase), may require precise cleavage
and removal of the signal peptide to provide the mature hemagglutinin — this precise cleavage

25  may be dependent on any of several factors, including a portion or all of the signal peptide,
amino acid sequence flanking the cleavage site, the length of the signal peptide, or a combination

of these, and not all factors may apply to any given sequence.

[00182] A signal peptide may be native to the hemagglutinin being expressed, or a
recombinant hemagglutinin comprising a signal peptide from a first influenza type, subtype or

30  strain with the balance of the hemagglutinin from a second influenza type, subtype or strain. For
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X at position 210 is T or K, X at position 225 is Kor Y; X at position 333
is Hor a deletion; X at position 433 is | or L; X at position 49) is N or
D. 5 [002%%) N89/816dt8her exanpl e of such variation, a sequraiteAmby/gooent and

consensus s encef of . A/ Anhui /. 1/ ) 6SEQ A D NO 5

W/ ot TERADLOE 390t TEekAA A RRatt 47 HAb b phekyteato PR R 1) | s
shown bﬁh@\{&é,{brg's\g%ee%m'gqmrﬁsﬁtelﬁequence al i gnnent and consensus sequence
for HA of selécted HIN1 strains SEQ I D NO. Sequence 1 MEKIVLLLAI MEKI VLLFAI

MEKI VLLLAI NMEKI VLLI Al 51 KTHNGKLCDL KTHNGKLCDL KTHNGKLCDL KTHNGKLCDL 101
PTNDL CPEE HVNDL c¥rEnalpmbd exrzalsermomyrtive, forexemplazfogrr sinppaakegtsin or

50 ovoromaey A et e ek e SR A kR R S e

QVDBI VEXiNexenvPlAdikaEpeptide is that of alfalfa protein di®8lfidd/Asoiretdst/FPIBMBY (ickediides
PMCDEFI g\é %%AI VEKAN _PMCDEFI NVP_EWRY! VEKAN PMCDEFI NVP Yl VEKAN
150 Q| ¢qessienyachl (490 pREQUABIN QK Fignte A7 gmipR 3SseAYSRESSGYSSA

Q | PKSSWaEATEEY, QLE& FAEE 200 NNTNQEDLLV LWGE HHPNDA
NNTNQEDLLV LWG FEERERR BT PEG HHsNDA NNTNGEDLL!  LWiG HHpNDA

250 TRSKVNGQSG RVEFFWII LK TRSKVNGQSG RVEFFWI| LK TRSKVNGQSG RVDFFWI| LK
TRSKVNGOSE M FF\ithd peesent meﬁtsoxﬁas@nnsidnsﬁg an luchnTiadmipg BRInENCN PIRESNA

PNDAI NFESN PNDAI NFESN GNEI AP FI. APEYAY GNEL APEYAY GNFI APEYAY
LTI GEBRC PR ABEEPRe FEDY ISR g PURLREARIAT CRaOGHIEBEHomp |
KI VKKGDSal

10 [00185] 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 allow for differentiation
between the HAs expressed in a plant, insect cell or yeast system, and may be of particular use
when more than one HA is co-expressed in a single system. Examples of such physico-

15  chemical properties are provided in Table 1.
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56 55 Consensus 10 56 55 Consensus 401 || DKIWNTQFE | | DKMNTQFE | | DKMNTQFE
| | DKMNTQFE 451 ERTLDFHDSN ERTLDFHDSN ERTLDFHDSN ERTLDFHDSN 501 GTYNYPQYSE
GTYDYPQYSWOGMIWPTISSE GTY#YPQYSE 551 GLSLWMCSNG GLSLWWCSNG/(AZ8L9/0DSIRIG

G.SL AVGREENNLE AVGREFNNLE AV FNNLE AVGREFNNLE Y,

VKNL%&&@KNLY rew&wma%m@%m%ﬁeﬁms@fgs éﬁ@ﬁ&@@% SEQ

EARLKREH §0:3: SE&Q?I@}:%Q)& QARG @L@%Qﬁﬁ@&h% R KMention
| ENLNK DNAKEL G é_R KELG

RRI ENLNKKM RR KM RRI ENLNKKM QLRDNAKELG QLRI OLRE G
QL RDNAKHsaGncvidesnesteotideikeehc thaGythridizecidetstingsitdtybridamism @uditions to

NacrERT D NO28) SE Th0 PR Nt DR TR DU RO A EvipleRride
500 SDNEselyicRth DA RN BRI INaEME S RINionEhe a@omplARHE0SSEENce

i ndicates in u&oer case letters anmino acids conmon to all sequences at a

|
35desi gNQE%Sd SEESIR NOx3; SEWHP NQid eThese nugleotidg speueneesthathybrdizgdo 8ERBhoR at

| east P : % leed | or
Ve 't he DypleRbn b SBOEID ticoll » hiiaSARERRESIcty WA, S G pressd S1ofiY Y1 By,

t he synheVI#P inducsypratuetiaf of\in ditibQly Whéh admidistefedito paadbject. oFork@ampke, any of

T, Vor A Xt sitipn 110 is any. of S, D N, X_at positi 156 i s apy
of S, léxaresqwnazgtof[emﬁap SaugsE NN a plansedbformea AL ARt ke grdrdAtusehngd
co n R s (A Nalo't ' Sy ih ni n
i o, A PR S8 BB 1 capa Rl b D adfle ALK ATACHAD, PATRaPk

i nvent i afront or ntoneinfluenizacty pesrorshbtyhdds The VLR Ivehen.administered to a subject, induces

an immune response.

[00187] The present invention also includes nucleotide sequences SEQ ID NO:12 SEQ ID
NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18,
15 SEQIDNO: 19, SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID
NO: 24, SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO:27, SEQ ID NO: 33, SEQ ID NO: 35,
SEQ ID NO: 36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:40, SEQ ID
NO:41, SEQ ID NO:42, SEQ ID NO:43, SEQ ID NO:44, SEQ ID NO:45, SEQ ID NO:46 or
SEQ ID NO:47. The present invention also includes a nucleotide sequence that hybridizes under
20  stringent hybridisation conditions to SEQ ID NO:12 SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID
NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20,
SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID
NO: 26, SEQ ID NO:27, SEQ ID NO: 33, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID NO:37,
SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:40, SEQ ID NO:41, SEQ ID NO:42, SEQ ID
25 NO:43, SEQ ID NO:44, SEQ ID NO:45, SEQ ID NO:46 or SEQ ID NO:47. The present
invention also includes a nucleotide sequence that hybridizes under stringent hybridisation
conditions to a compliment of SEQ ID NO:12 SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO:
15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20, SEQ
ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO:
30 26,SEQIDNO:27, SEQ ID NO: 33, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID NO:37, SEQ ID
NO:38, SEQ ID NO:39, SEQ ID NO:40, SEQ ID NO:41, SEQ ID NO:42, SEQ ID NO:43, SEQ
ID NO:44, SEQ ID NO:45, SEQ ID NO:46 or SEQ ID NO:47. These nucleotide sequences that
hybridize to SEQ ID NO:12 SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16,

-38 -



[ 00235] A nucleic acid encoding an am no aci d sequence nmay be easily
determ ned, as the codons for each amno acid are known in the art.
Provi si onW&X20840747i8no aci d sequence, 45 therefore, teacP€I/CAr0d@®gEner at e

ot ovi xR 0P WO RERE M 180SEA Tpaven I SeRb L KO- aunsEdriVe: ALEQ M.

i nfl uenge: 33 rSE@EDAG: BuUL No: 94 mg@nfmeim sEe m N&- bevsE@pdenizg/ 20/ 99
(HLN1) A/ I ndonesi a/ 5/ 2006 2009/ 0767 78PCT/ CA2009/ 000032 &st 1),

Al chi ckEERIBW 03k SESDH) NO:38r SEQJDNO! 3 HIEEEYID O3 AR ID NO3&82Q 22003,

oi ntai |7 PRebSBra) YOG R SRR SO e B, SeREI0 043, sEQ D NOw4, sEQ

Al sisov elDENIY:48)/SBEHIY BO:46 6hSEREDY NB14T8NY EddhpIRARATHSE() ID NO:12 SEQ ID NO:
Al duck/ Engl and/ 56(1111N6). 5 uck/ Al bertal/ 60/ 76( HL2N5

Al d )
A Gu11/ MaSHQHINED 4A7FEQIDING) 15, SERID NQy/16,SFQVPNGy 84 SEQ ID NO: 18, SEQ

B Loc) PN 18, sBOdBNG 4 SeQiENO: M1 SEGHDISG L st D RIE S sboBOIENs Y
W Sebm o e DOnE (Latoy B Mol evs) 51 SL08 ! 2004 B Bl ari dalal 2008
N 8 no NG 3685 Tp S s G 8B B AT PENG; . SEOARRNI4LE SEOTRh N sl

( HoMgl) , SE‘QTBGM)HQ“S%%I%; %t)@h%/égﬁdﬂﬁ%m, AEEA KE-4Y, 8BULITPRO:46 N8B Q ID

Al HongKong/ 10737 99 s well as the degerenate sequences that encode
t he aboW©:4Veermgde ahemagglutinfio pRBEH Fhat.t wiken, expressedi foonse VALPs and tha M. Reindocksd by

a nucleic.acid b Sil et.erm ned, t. he, codon .or codans r each
am no a%rf)ﬁuc o8 "Eﬁ%\ﬂﬂ&b@&’/}f 'agH’_I te '&ﬁa&sﬁﬁgctaiﬂoa?xafg)lg,ﬁépgsgpléPI". aches an
ani no  afictkotife S&tefccoRiid ahlant ckll ford3Q VINM &t it VL P hedyeeQised tddprodiétegn f or
am no acid sequences of the hemagglutinin of those influenza strains and

subt ypeaptippdy: thet skaparle phbinding 414 inelnding enatere &l A HAOJIA N qudhA2 of one or

i 3 7 gt s bERRABRE ThE 1 22 08 R ere YT LRIER I3 fiphtne
A duck/Bksongbiai / 1/ 2000, A/ northem pintail/TX/ 828189/02, 20
Al Tur key/ Ont ari o/ 6118/ 68( H8BN4) , A/ shovel er/1ran/ G54/ 03,

Al chi cken/ Ger manyN 1949( HLQN7) , duck/ Engl and/ 36( HL1NG6) , )

Al duck/ @BB%%L a/ 60MASMA ,lmstvt%a% pr%ﬁny}naﬁ@}%ai?wmeﬂe;\wleotlde sequences

A/ Mal | a N @Y .chac | 4@/ . . aded
qul 11 Soer ) So by N Caer 40 P ot et ior s os S IR ok S 195

( HIN1) , N@/ 38, SERRENSHA R GER 1, SH(EHD dith42,285Q HD Nt43,FEQ 0B NG#KISEQ

: [DHINKES 1, SAY
B 1l 2y B S0 aRR0m Nele o SbaPRO5pen AL Sombltly H3. HI )7 or HO
A Anhui éu%)ég%f {nffabHza, A ANTEA FrdfHypd BAnARGEa ( ThbleserithRation D88 NaleY8 12/ 97

(H6N1) , ui ne/ Prague/ 56 (117N7), A/ HongKorygi/bal 073/ 99 (HON2)). 1500237 In
pl ant s, nuckgotide sequeiterbatchydritlizesrnder sipingentdhyhudisatomecopdision. dDNOahd 30

or gt . SHRIDIRS ke HIN G Becs ERTE NG Vh e g% N MBS SEIE. 1 o
one or NOM4), SEQIPNO:4 Y, SEQ@ID N4y, SEQ@ID NU:43|SBERID N4, eSEQ IDING:4P) 8PQ
derived lipids. Plant |lipids can stinulate specific imune cells W

2009/ 0 77 FOREroSEQ AD/NOWE 3 Phesprgsanty iysriéon 3o inglndeea pecdentids sequeack ®dt  pl ant

oo paBbr s AGE s indehhybipisRGP Al 6 2 00hBfnpf of SREFID NOx: 33, SEQ ID
s?poni NSO: 3K S HH YD 08D:360 SEQ MO_’:?»'D SEQ Iy)_ N0:3ﬁ,t$E|Qaﬂ]_r NOaBQ:_SﬂQ;ID _NQM?L_ SE%
Pna"se IERG TR 0RD-42, G52 b RS R IR af 0 P Ma5 s I ieaias o1
i ncl udi @O IHINORT! ghate mildoBiat ?éq%lemceg‘ﬂhat E%Am&&ﬁa@m 1) 'I\f('): RIYEQND Kek 850!

(Mongrand et al., 2004). [00238]PC and PE, as well|l as gl ycosphingoli pids
cardObi NSEQADQND: 3 ISECUIT N Qa3 PrrSarsd Hoi N6Y: 3 S B ID ANO:B9rE2 [0 NO:40s5H@ 1Bs

anti gencpres i e A ! ges_and
other  auPre PR FENEE S SECEITT NG I SR RS 1! S I N S IO R B e )
M. 10 @@@D-N@Q%f@b&ﬁ?'ﬂe&%n%fﬁsm IHKOIRL EEQIDWOAB 5 ISEQHD NO: 36, SEQ ID

hi st oconpatibility cong) ex BNHC? nol ecules of class | and their role is to
presentﬁgt%ﬂcSEQpﬁDjN@ﬁ , GERSID BIOKKO SEA) 113 NONgQ, FEQ IIXNQ:4F, SEQ 8D NO:42 el
activation, NKT cells activate innate i r;rmne cells such as NK cells and
dendritic cells and al so activate adaﬁt3i ve immune cells like the

anti body-producing B cells and T-cells. [00239] A variety of phytosterols
may be found in a plasma nenbrane - the specific 15 conpl enent may vary
dependi ng on the species, growh conditions, nutrient resources or pathogen
state, to nane a few factors. Cenerally, beta-sitosterol is the nost
abundant phytosterol. [00240] The phytosterols present in an influenza VLP



conprise the envel ope of the VLP. [00242] The VLP produced within a plant
may i nclude an HA conprising plant-specific N-glycans. Therefore, this
i nvent i onW& 209/%68%8i des for a VLP conprising HA havi ng PCArEA2pE@06a2c

rodi 11 NG S B BB SEG NI SRR 28 SER DL SR Hroge =
60/ 944, ReéfageMlirfitproteih FHRQMth kB Teints DYLP I RO VEP iadskekiprddaviisigof an

nodi fi ed N-gl ycans may be produced. HA conprising. a nodified gl ycosylation
pat t er nantibgdy @&lawpqh@mmt@rﬁd fQe srehIeFt f Ee % §xpressianssfi the ayrlesidejsequence

fucosyl 10&Fan Vi
nodi fi %ﬁﬂﬁy@%&f&é{l?@ﬁé{s?a?gl&%ﬁ%§ t al neg?@é\ﬁe{r}el nt t‘é’g‘éyrH@tag?‘nd P acEs
fucdsyl @ﬁblmdlngkm Oﬁqlhdihg amfure HA M AQ, HaAIU, ot ¢iA of@re drmeore aisthidnza types or

gal at osyl ati on nodul at i on, of st-transl ati onal

modi f i cékbfxmg Th, hﬂv@fﬁn T A POICh G dUpS A ETEA BERVSE may resul
in a reduction of fucosyl ation and xyl osyl ation of the expressed HA when

conpar e@oy g9 W |HyBHdl%atRJn%Heleﬁfﬁﬁg‘e%hﬁgnd‘ﬁnoﬁ%ﬁlﬁﬁéﬁ’d 15%0\%%{71%% (‘xMHi%F' i's
not to be considered limting, synt hesi s of havi ng a nodif

gl ycos y¢mpé¢1cpaemtd%mtondy nbModﬁachlaeBe(dog»y Assulest gt ds sidnd 9o encbslmp&ﬂnnﬁrxﬁ,
bot - 1 WisBieR Pl i MRIGHE TR HBSAGR BRGRI-214 Soring Harhor L pboretosy

maneal i B%ZGSbﬂibrdék ahd Rassefiain MBROEMEC] o] Af L4borAGGINIBiuaS B dlitsor 20012l SO be
used. The catal )iltlc domain of Gal T may aI so be fused to a CTS domain (i.e

the cytesha§whichiis incarnorated hersinemiyefarenceb e example of prayiush ptripgent

N- acety,

S AR ol Al 1 08 (O30 Mhorgh RIS R AT IGLAA,

be co- eb;)pwaﬁﬁ@gima) DIXUSIC bh6 CTUCAERSUr A 25 ashes e, EIXCSRIT B65°C each for 20 or
Nacetyl gl ucosam nyItrasnferase [ 1] (GnT H ), for exanple but not limted to

manmal i %hm@wesr 1AL tfmaatwehaﬁn exemplany strgeni hybridizgtione tlcymu&abe avgmighto be

oe + (8P R 5o (bl s K ISR MO BRE KT Ran BRI 01X S EALCSTS O
i nvent i fon anhsar, bNZ hades iYOR' % SSOm 53T Bg:hHEr Dot Itnmrmﬁést ble@beﬂnglm(qam)

[ 00246] Wt hout. wi shing to _be bound by theoré t he presence of plant
N- gl ycahrirononhybrigizaton infhureh eqieonsniphasahate bpderd@ YD Br G Mt NaRO« bitffesiphbii ng

of HA d i f lof)

using plani0 KA EDRUESERY GRS bihee aitra W h ) R SSCo B EBDR et 23BE5
Fur t hermixtutes eablg of A shespdtios?C af 2 KISSC/0R %S ofer 20030 ﬁﬂﬁiﬁe&afcbr t he
presentation of the antigen, and enhance the adjuvant effect of VLP when

co | ex ith a nt rlved | i |d | ayer 0247 regul atory region”,
g@h ﬁ)gﬂ %a enegfigitIBPﬂ pr‘%?rﬁSF%P inyentjog IPﬁJHﬁgﬁs nézclﬁMq sANESeSMaTE| of ¢ aci d
typi cal énarackuﬁzeagg hﬁ}n?%bf%ut v@%r 86785087, 19089 P! 9%94 %db@gﬁ 99'9@“ 196%%r9ene

whi ch may be conprise her DNA’or’ 'RNA,’ "of “bot’h 'DNA and RNA. Vhen a
r egul at aryyamanit therébstwasn) mﬁaioemﬁlﬁ&PGﬂ' s@mgﬁrﬁnmﬂgzwab thwrm,cleatlde in

mhy rostEeIER o pnte Aot EQ N8 B s EthD M8 AR SR RN 1y

be capagh&eni théBElIEItHRGeqUendeRPAE 4 héthdpplutiin p@&ﬁﬁ Hat (vish eepredseP o al or
tenporal gene activation. A "regulatory Tegion" includes pronoter elenents,

cor® prY¥kB:and thatdhe NLE leduqebﬂmmgd@tlbagﬁan mtrh@dy eFora@zqampnlq, gxprssiemesithe t hat

are in t at e

or oot ekl seeBGRARRR o Bt PPty LE bty She e Tty I BbofiEs 2
enhanc eqrsibod Ré@tisatapabie beandrmg HAa,anuaeldg neitee HA,HA0, Ii{m:,l otdeA2 eThaWilPs t hat
are active follown transcrlp for exanple, reqgulatory el enents that
modul at b léﬁfﬁr‘“ég@laow G A e%%lﬁgmgtqrswseand transcri ptional
enhancers, translational and transcriptional repressors, upstream

acti vat roomp]equengeamoﬁm i ;ﬂ‘e‘ﬂélﬁt lhoaitf'ah'lhélwes%&l%am gﬁéxce%‘é%@ of

these latter elenments may be 'l ocated proximal to the co regi on
[ 0324 8] ¢haractezized as bavtingdbouh 76, 7di SO;I&SS&T @0 9h@2t%39r4 %e@@;lﬁat B8 W%ﬂ@@%m" or

| at | | f but t
al vy, i A BB el B et B R o6 HBmEE oAy Wik B SR i o
cont r 0l @qhéiRe @FBEESH RO): PJSEQQDW@' %) SEEPIIP NN 4.1SPOID NON S, [IFRENie, i on

for RNA poI yrnerase and/ or other factor4% required for transcription to




start at a particular site. However, it is to be understood that other
nucl eoti de sequences, located within introns, or 3" of the sequence may
al so cont MO0 EO16678 he regul ati on of expression of a codidTYCAaY@0032f

intere | I ) i r

recoon BN RSB Rk 388 TG, R SEQIRG: Pih DAl 2t QR o
i ni ti atNOMAISEY BNO:Q3|, SEQSIDY KO: 34,8 IID NONRSeSEQ IR0t 26, MEQ IDINO: 20t
all, eukaryotic pronpoter elenents contain a TATA box, a conserved nucleic
aci d seHfRARNQoH SELD NO: 3aeHeQiIRNQNS, SHEQMRINGS3H FEQH NQ3$RQ B r s
usual | i LA - . i pErgnal
atart NP SBEADARBLRSEE D Kotk SERAID RO, SR IIFRD.83, St IDNGHAPSEQ

r esponsitbN®:45)ISEGhED NiGi:46 at $1BQ IDINO 4dnwhercipt thonuclegtideskduease eidodes a

regul atory e|lenents (as |isted abov t ha di n ressi pn.

25[ OOZWL‘E‘I‘H}' %“’?i‘%/é?hwﬁ?%?@éesé?f %"é@ﬁ p§’tlg’g9m$ éﬁ?gﬁg’ﬁ%( PEfi tﬁ% t hose
that ar oxl i tol i : atory
Fogi on e R At FEPHRNAS e pREHH Bf e ALOICONE!haingl finih & piad

expr essietirfonhs a ViPnandthd SILR msy bonseddb pradsiceian antitiod that ishapalgle of hindingr gans

or tis s. of .,an organ.at ecific 1i dyr.i t he .devel o nt of that
organ (S#gt jrsdiee %@E&é‘g P@@nﬁﬁleahf’éggﬁi?ewe[ﬁﬁwn flomi tﬂﬁiﬁ@é?@ﬁﬁem ally
reqol atigdud®8Yin dBRMuAE edseseal | y be active within certain organs or tissues
at specific devel opnental stages, they may al so be active in a

devel opnent al |y regu_l_at ed manner, or at a basal level in other organs or
ti ssued0@i i n” t hadditianallyathe\psesent imyeniondacledes mpeleotidesssaegnceethabayal at ory
regi ons . - 009/R7 PGIT/ /{0 i §
equl arellerRE AP RR o 1073 R BT L 0 A R PR 0GB e

(Rask ednyaimouni hefebetiveek] seqhiericB ydentity, od Sequerd3irhiddity BvitlotheamckRbtide , 1994,
Pl ant Cell 14: 125- 130%). An exarrg\lle of a | eaf-specific pronoter includes
the pl a$ABAFSAf RERIENID:B3(FHEQ P NG5 SEQED NB: Ry T4 ID D37 15EQRANORS;
i S qisnNc thNed-ecey r@f .Al A j . y
agron Y RQTBIROIS0PSEQIDN O, SERIEANC:41; SBEAPIN.42 48E) 1) RO £ 5

t r anscriNPt440 SEQF IDDNO 41y, SEOY B NI 6 erfSiEQ EBIN©0A 7 gehasini the nedeutidesequenan

i nducer. I n the absence of an_inducer the se ces or . W Il not

bt arfSEPHE e RRB AN JolbEt She AR biPTaRA Y 1 AL Cah R Tz inbses B an
i nduci Bir8duRdH R bR AMtikoAY! FOr LN, X pleSsidr 8BE hhEIbRIE s@&ﬂen@@xx@t‘hﬁﬁ@ﬁfani n an
inactive form which is"then directly or indirectly converted to the active

10 f or reetlyforrpea Vh&Puanst the Ndviemey be tised tp poadeiceran antibody tisay isdapabloef bindingt .  The

i ndyicer,can .a chem cal e suc S ei,n tabol i.te r.owmt h

r egjg)l at%g,’ 0 gcrflﬁlgreolﬁgpﬁ%%)oﬁ‘\c}’% urﬁ‘eg\{ﬁa "H}?{}?H%?IB&IF?QI‘[O Etsﬁ@gé{i nposed
di rect | idirges Af ahmuéOtddporssa! t, or toxic el ements or indirectly through the
action of a pathogen or disease agent such as a virus. A plant cell

cont ai ni n i nduci bl e regul atory region may be exposed to an inducer by

an . ) .
ext er naﬂOP$9%lpp| yi Hignilary, the gresent inventigh Hicludss HAsraspciated with thedellpyingor ayi ng,

wat er i i i 1M ; 3 i I y be
dor | ved P BE B Mphlued bEEINTIROEA D (A S HENO A2y, 1P} R ReE o

| . R P. ,SEQ¥B NOr18yd#H fhesded $§iSEQID BER 185815 (edidoded bg SEQCIEY NO: BX)eH6 by
reference). anpl e of .potential |ndycihble pro rs includ t not

i rtPt ed SR ,de&y %ﬁ? Nﬁglg)niﬁéw&ﬂ()ée%gbgﬁﬁgp I(Jéaltlgm I&&‘?nfg‘éeﬂ, byAﬁ%Q? ev. Pl ant
Physi olnoH i : ' j i Byt j@d e),
0Lt er Oy e D N AR ehcag! By SECPIPRCH GOLTY (RSt
397- 40SEQMD NO128), Hilcdependad byl SEQ HeNEX:2hcH) 3 fendodadianSEQIIPANQI2F).d1 1 onot er
(Salter, MG )98, nt _Journ YA . Caddi,ck, , et
al, 1998(,e nﬁ\(faqu P X%@QWQ%GH%%CQMW\%Qﬁﬁﬂé%l‘l??ﬁfsp@f]%(%g%g)s%mr ence)
cyt oki M{O@:25)BGhidhepzd @?e Bi@Enédted HYSERS 1) RGD8Y;iseé FRiures! 1.0A24001 06),2ar |
J.J.,1998, Plant Cell 10, 1009-1019; Kakinoto, T., 1996, Science 274,

98 2098 5ucigetide sequences ithat srerbaractsazed as havingelrera pbei J Ortp d 00%b,ar any awounty| e

el ement o) t _al | an d, 9, -1971; j is
ncor popsieaeeeh. BERE Yowk sy afh oo R Seviseopaibie o st Adididhirsflefl,
expr essir®3- W0Yao0aiyean din® tighshetwdeh Eseadrice idenfiy with ©f1 (SEQ INCEZR), H2 (SEQ
conti nuously throughout plant devel opnent. Exanples of known constitutive
regul atory el enments include pronoters g sociated with the CaMv 35S
transcript. (COdell et al., 30 1985, Nat'ure, 313: 810-812), the rice actin 1
(Zhang et al, 1991, Plant Cell, 3: 1155-1165), actin 2 (An et al., 1996,
Plant J.,10: 107-121), or tns 2 (U S. 5,428,147, which is incorporated
herein by reference), and triosephosphate isonerase 1 (Xu et. al., 1994,

Pl ant Physiol. 106: 459-467) WD 20091076778PCT/ CA2009/ 000032 genes, the

mai ze ubiquitin 1 gene (Cornejo etal, 1993, Plant M. Biol. 29: 637-646),



[ 00252] By "operatively linked" it is nmeant that the particul ar sequences,
for exanple a 1l5reqgul atory el enment and a codi ng region of interest,
i nteract WiO28407G7Bect|ly or indirectly to carry out an mdre(rmw/ﬁoumu on,

operat | WRE P RaSEQTRENDAS) My CrdBRHEAR E SR NOAH By TR N ¢ et

i nt er acKiovig)HY k@(gmarmlmlm (SEQ(HﬂWQTLDGF@QSEQ[IWR&I]SWHI@(SE(MD”DF e than

one nucl eoti de seguence of pr esent i nvention m 20 exp ressed in any

St t abl NOPISAT 1 hGUO TRRIOR9).HaH(SFo IR HES (D JORQ2TS SHILAER, Tor
ot ude g 1S BRI TP NG 2 H GEEND AYAD. pRleinSHE MR sodlibl Sy GRSt ©

candl a, a Bsraggletiiss potein et Béien bkprestsediﬂmmraWLP ainfl ahdt the YDP aiducegtheseng,

pea, oat, rice, soybean, wheat, barley, sunflower, cotton and the |jke.

[ 00254] BrREUGIE of an gptkodyhkiee Fwnlg@rﬁémeéw% abthe puelsotide seawence ¥dwbin 2 PNt i on
can 1 ur {dieorr s YT k@R VE P 1Y b2 ISdb Godue0 b intitdd thit W £epble A B! O
refers to that porfion of a gehe conprising a DNA segnent at contains a
pol yadeH\, acluwimgsingtuad HAn H Al ¥ Adtt, oe H A2e Jillledt Ik, ywisngudadisistesd 4b hsubject,
effecti.nﬁ t NRNA B{ocesm ng or gene expression. The pol yadenyl ati on signal

i s usualPYCeS AR EIBF TSBASSy ef fecting the addition of pol yadenylic acid
tracks to the 3' end of the nRNA precursor. Polyadenylation signals are
conrgonl! o1 e4jogni z&H “Bmufieresp&BENEdhellyIofehoomnl @%)n&@oﬁth@a&a}iﬂoﬂ ifafluné or m 5'
AATAAA-3' al t hough varijations are not uncommon. e or nore of the chineric
genet i cSYSWALt Flifcadaptye imypuns systent gangially cpmarisesd laimosalirasnonsk apdipceldly WO
2009/ 07 0 ' ' g i.pyion
enhancen e gl Yl Ankiey TRURRGEk e BbcIST bRy bl Bhyiadbd B RRELES

pers Onsamibbﬂiee,Cbrbducbdilm Ehefcells%ﬁihﬁ Brlymphéaythahﬁdage @ cell)nbédreted annhzﬂobs rbirchd

adj acent sequence E e | nitiation, codon st be in hase W é,lﬁe readl ng
frame o 30HENSH; thy Sw i@vading micTPbeSFuhe TTHERY 0 PastRRReMy CP

5[ 03255¢,Ng [ cri bed
non-transl gs#eddmrntegllqgﬁgi‘%g@ @?ﬁﬂ\sg&ga %g‘%ﬁha Fig?tlogdr}lﬁlglaag)e gﬁtoaﬁ?tﬁ)&g%]ggg%t erium
t unor i processesghétrcyompanynit, dasgeelbas, the afftntasfunumnﬂ op attibediesyinthuding "J(I&(m*llgene)
and plan ene soybean st nr ot ei n.genes, . th

Subuh co AT ik EEerodtosiony Bemomrietl EeaPi il PRESeon S abfisgosi.
4,962, Oga%hogéﬁ'eﬁﬁnﬁa'iloh@ﬁ@ RO THe RenSHRoAYalc® bEHROGANIGLRR thd INQ R IPhET
used in regulating 10 pl astocyanin expression (Pwee and Gray 1993; which is
i ncor poingreast draiceteasenin ar;aﬁméaﬁcespons&mrmmﬂt@, asf degerplinestbycaparef seyardmssays | s

de bed S 7.125, 978 (wh ncor ed herein by reference
%]%&e@égéﬁoﬁ’gd’fﬁéﬁ F‘H"‘ Bt‘d’ﬁ’\?b%féexg enhalncerysequences 3Nlth

dem)nstrat ed efficiency in |eaf expression, have been found to be effective

in trangioe9s] 15 eApeHanddited Wbpdinuis an 1&’(1111&@ response thaududs byt inheloe yntibodies

attachnment of upstreamregul atqry el errent s of a photosynthetic geng by

at t achn'@frather lpn@vmfbp astivalign of magphages, nafwaldilen gl leQ%Kb%P%ﬁ? Snﬁerﬁcexarrm e

up to N ne nmay
e e o et Ll

[ dent [ fmednated imefunity dswssed gendtalpy wefec 6 some Thheelbantivatior; (Ts coll attivationauédti on

fu.th r nmani ed to j.nclude nt .sel ectabl e nmarkers ef ul
se|7\rn}pal Ff‘épf”hs@? {-}gﬁ VF%’Q‘“PWHE“%?B@P ‘ﬁ%fr‘mrpeétﬁ%“tedﬂé?ép%d‘% ical s

such aSVI?d]iIﬁgéﬁ(msptl c for exanple, gentanycin, hygromycin, kananycin, or
her bi ci des such as phosphi not hrycin, glyphosate chlorosulfuron, and the

like. Simlarly, enzymes providing for production of a cogpound
i dent i fi08BYE by cErrorampleathgdnductinn ofantigen spreific gP§pgsitineg d d¥mphogytes may

I um ne
consi deraieyrheih ERISEOR 4R $malyich G CORbo TEmob AR B2
seeds dnaztsareall wihgt hroliferation 3sqye Aatidnfisdnzy ﬁﬁtlbmfclyttlltles prag be Iqhamtrﬁﬁelnisurgran

Met hods of regenerating whole plants fromplant cells are al go known in the

ar 39 | nESAeassny; 1%9‘%9%106%%3?%?8?150 eef10ss Esagtive anfibedies Ay also bp prasiedt e
di
Sosel et it SBpe AT L ! YO IR B SLERNACMRHOUD RN LfnialBTBE

pl ant c@rfosmn@mlehawayy&efvml]nhmvﬁﬁnahe grar mati on can be encouraged by

enpl oyi ng the appropriate plant hornones in WO

2009/ 076778PCT/ CA2009/ 000032 accordance“wi th known nethods and the shoots
transferred to rooting nmediumfor regeneration of plants. The plants may
then be used to establish repetitive generations, either from seeds or

usi ng vegetative propagation techni ques. Transgenic plants can al so be
generated wi thout using tissue cultures. 5[00259] Al so consi dered part of
this invention are transgenic plants, trees, yeast, bacteria, fungi, insect




encodi ng reconbi nant HAO for VLP production, in accordance with the present
invention. [00260] The regul atory el ements of the present invention may also
be conbi n¥@® 2PY¥6¢1di ng regi on of |nterest for expressi ACTWAZIM00@0IRange of

host or th ar e .anenabl, for mati on, .or_ transi ent
expr esd! @Eé?ﬁ Such ‘gﬁ"ﬁ%‘ﬁg%l%narnﬁell émog QJPSSPY a%easq be piedi®s, both
noNOC Ot denfindtratt ‘ﬁiéte‘fﬁczic?rof A0 & 1H&ﬁceﬂ' Bﬂf |v‘a5@1ﬁ@ &r b&c%&mﬁb@ftﬁﬂlcaﬂl iARibH:

wheat, barley, oat, N Cotiana sp rassi ca spp, soybean, bean, pea,
al f al f ahe pgglum@tlon@r&mdbloqi eells NBEC:) by reoathintmp ils . Pﬂ@mlqtmtlhmuénmm

ast ab AHERS AT Sem SRPETRRREE B fiey PSR BRI AR hoa of

obt 3i niBgthirdeyies fesiiiady aNstversReicany Helued S eigSharee, taikee, hilkeh Or tHediker esent
invention. [00262] By "transformation” it is neant the stable interspecific

t r ansf eFhipassge gves Bldifﬁ‘Fthf?ﬁmﬁféﬁﬂ emasserablyiofhesd g emedn thegurfpee ofe¥ib-Pest ed
genoty rspecific transfer of

geneti (Fyolﬁﬁpjg t?@@%%r@%&g{%%P%#céeggnsgggﬂ%ﬁ eso a host may be heritable 20
and the transfer of genetic information considered stable, or the transfer
may be [D0HI8¥i ent Gmods-tdactitityadAl etresomagelse‘be osddrtb denmhsteate the efificacy of an

i nherit.able. [00263 the fer matter",. it Jis nt a mat eri al
dor v TR RsTOfe o ot Sieingal Vigh fRedIn s Yacking SubaRed  EohskARPlE WreLyo,
cellps, fém %@Mb’%&ﬁﬁﬁﬁ&ﬁzédhﬁﬁl?@fvaccﬁiéréoﬁﬁfosmgh 3Pk fﬁ@fﬁﬁ'ﬁh (EBYVEPSBf Aﬁﬁdonesm

intracel | ular ‘plant co nents, extracellular pla onponents, liquid o
sol i d 288Xtmascbeusst imha A assay withcosdsondistraim of Wheleoirus Privirtsepartiglesete. matter

Conti ndb) RreRLT2R00P, 3R e el el il T oot or 4

conbi nation thereof. Plant matter nmay conprise a plant or portion thereof

whi ch Hae19gjt bee@ytshllnp pedseriteto? [Rr)s haslasbe pansitied For Sxqnpleiadnhelpercedl ant
may conprise plant matter. However, it is also contenplated that the pI ant

mat er i desneage G 16TH) et be chesagierizeddly the easuement of BPN-vand Ibdesecrsiagisellow,

ourr 1 ey B AlE 8D st Bl TE BB o bndh iAo BleaPbT N
known wiPBMO) éispleabtytes\etaigled omiidub t mhy b E:&ldlré@ aal I‘tl&f‘@ip@@h&ﬂhmalyzed
el ectrophoresis and the |ike. 00264 y the term " m ni nal E)rocesm ng" it is

meant pl AAePhegyies maypiso t@wﬁw ta/fﬂﬂomceraﬁe aﬁmt%ﬁeli sting tFAGMbusiaEng a
prot ei | d a plant extract,
5honogglr}§{kg}, gbﬁ"?@%ﬁ“&’ﬁ&%ﬁ 1% téhnéégéeér%a? gf éogdo ?tlliéer?(l . mninmally
processed). Parti al purlflcatlon may conpri se, but i s not Ilmted to

di srupt[i0A20Q]] ant Aahicronewtradizatict assasmajnelseby candnateidrig charadenimesint inomune

rathe TEERER AP PR %5 FERRAT B e e i POV B ) Bond ih DGR gRon
Filtrathen iy B SEREDVERD wale nﬁ@&dlﬁg 1 Qh&n&ﬁﬂ@r{ 8 LyBis 9&%&5@@% qbsag)

within the extracel l'ul ar space of or 10ot her trissues coul d be read| |y
obt ai ne‘@llawmggprmduumbﬁxatmicplomml OfGﬂlﬂS‘, ad)tnigrpscapic ohssrvation obcglblypis in

o squeadurs 5 PELFREH SheetolBrant petiAaNg viiSPoki Gorp ey R |
space. 1Md@hﬁﬁlbfﬂfg@§@§§l ng could al so involve preparation of crude extracts

of sol uble proteins, since these preparations would have negligi bl e
contam nation from secondary plant products. Further, mninal processing

may2315i 8030 e aq L SRSHENBOTSRY Ph3aBeice ST By beidstermigied lusing @nuckegfifig, e d
b re I I e
s%:/ape Cnég %%Iigtg :cgﬁ %ﬁ%ﬂlw%%&g%@%ﬁ oﬁkfvndeo g{rm tme\f ‘{)gelr@%ﬂ{m’txﬁﬂgﬂgf Eﬂ@%’ tﬁgg of
t he extrrcﬂdntnﬁe[i(]ﬁ),ﬁﬁﬁfo‘l‘lwnmg paramatetst GAP pemalty 8, #afitop dlbgqmaﬂlﬁrﬁ fn@dé}Aﬁpermity

ti del . Th t .
adm i sk kpisd: Bapdnecgara Ugrel wiroBisits %m%iﬁwevarea PRt ol Gidtdent 86as. o
encaps Wegh&fles o @ombaon e WeNl-kAbwh S BidGrt Y edif tr%argmggg bESAth @

i nprove or increase palatability, or provided al on her material s,
i nG0edi Watesman( 198h aAdwcinpli Math. 2:482) Nerdlsman& %npmlr(ddMOI @iok 4P A4 A783 of

aani i reeren 4 biitien Q88 Ut Na'E Ao o Sads A BrERL SompIERRL b r s,
water fow, 25migratory birds, quail, ck, geese, poultry, chicken, sw ne,

sheep, equine, horse, canel, canine, d&é feline, cats, tiger, Ieopard,
civet, mnk, stone marten, ferrets, house pets, livestock, rabbits,




mce, rats, guinea pigs or other rodents, seal, whale and the |ike. Such
target organisns are exenplary, and are not to be considered limting to
t he appllﬁ@lﬂﬁﬁgmaﬁd uses of the present invention. 30[ GEABTA2009/008032

contenpl ated that a_plant conprisin h [ i nt or. expressing
t he VLPTHOHRFIREMNS Ofﬁ??s?)'f‘]&?’éﬂlﬁlsdﬁgi %ﬁi’r §§5‘fﬁb§ﬁé§°@% q%sl[@pdoﬂayglag 1 ect
or tar affonffedPadS¥ual thspectidf) 2009/ 076778PCT/ CA2009/ 000032 vari ety of ways
dependi ng upon the need and the situation. For exanple, the protein of
interest obtained fromthe plant may be extracted prior to its use in
ei ther 402802de, phha tean “hempagglutiniadompindefersite d pepftde confprising qsth@tfép HAG to
be puri t edi pl ant s.
ddrfidln, &Qﬁ{‘ﬁ‘m A RS aBh oY gﬁﬁ%n{ak‘e HeLa {925 ?Lf]h I{IRQ iy

Furt hernore, rotern rs or n| S ant | SSU ' may be

5 har vedpneds apd:cdtsbﬁﬁ[thb’ H/cleghd 19AD Iﬁagmubusetrhe HN mbh@mbﬁhu)esé géhekdlgsue nay
be dried prlor ta feedi or an_aninmal may be pernmitted to graze on the

pl ant wiubHIvigeddn ﬂ@nﬂm@ 3ing the sismedamain and the glohylas bgad, g head damainn t he
Food sy Sed oA in el i3 rifhoBufily 0 AE YRS 1 REcREGHHAGRSe 0
ani mal chiahpe it mayl undergonwienfexpbdedeo agidiopdk sThegstérh domajir mayebe belﬁrrther t he

pl ant tisgue ng, a nlster i s edible. 00268] Post -t r anscr i pfi.qnal
gene si %@a 191%%»% ﬂmmser ﬁ%?%dtherfufrlpwh g@“@LBF eeetﬁs? Bydrpgg?@&enes
in R an;tetcm%ﬁﬁo 8XR¢ fn%lve&' i1PfusRnSHEPHE Bef m&hbrahd fNké Rbdiciym t he potato

virus Y (HcPro) may be used to counteract the specific degradation of
trans geqwfmgna(l Itatq)n’élmstem subl—dqmaliﬁ 982y actomenodateshe tippoemerr wnffrmetivbes)ci ng

k th i b
a1 . "2006 S an e Sarbel of 10 Titkei Tl Pt it s e B Ty o i
f £t Ry fpls t h
Pttt S (“ﬁbplh?ﬁ‘%ﬁgi‘é""%%‘?@ B rss ( Toay pad).

capsi d IrJAétHlergI@bulardwad & @Vﬁdmi in2 gyhdemajs e ubdgmamfaxmmmeglahegaﬁa@e
(o o SR R bR bl PPt B BBl

(BScV -th&globuz Bead, tustsoms ahtibsdiezaisvd agiinsg GAVbipd 39 the B sefdofaairpevi ne
| eafrol | -associated 20 virus-2, (G.RaV-2 p24), pl 0 of C}apevine virus A,

Vit (WR010) " ghe e tuelke pariclsn Pl af oo Rt or (RS Tefes o

Ther ef 0,
HePr o Osrtﬁlc &eﬁ?ﬂ%{e%ﬁ%ﬁmﬂé aédz&ﬁﬂqfl%%trg@ltgfal ?B’tﬁéiﬂé ﬁxch'%k”inf[)lféhzd HA 52@1&PVM ol

PVS- pl | YLBSaI‘d -gepdrélly Gbyphwdapicallyraad-aftigdical GBI 49 virous pioducedinvnp16 or
GVA; 25exnr ssed al W th he nucl.ei c_aci d.

encShi ipeETin i fak geattc RoBPaen T EHtn IEHe e U gre RSB SR 4f Sy
pr oduct &@mpldst ViLPs ﬁlaﬂlcﬁﬂl;pnsé QQi%gl%]ﬂ: e \PEETRY, Br mékd thafiBie BOtdIA 9ptiesRd fdiat
conprise a combi nation of HA su or éxanple, VLPs may conprise one
or nor eVLRAscormprsikg\moretiran bee Bnqtﬁuy g@cm,lthe pvteiniSpecies mayshe fram the7sameg, H,

Sl ot | Bisciet Of i or v somieest Projein HB5 ainBlerfikPiR L. Siheith SE Y o o

of the ofaGhisiE duspaied by thol0 TV Gotbitlatin®). BXARE exampledCoiiet? md¥e ofRe i N
i nocul ating birds may conprise ang conblnatlon of HA subtypes, while VLPs
e

usePul Breteln sReeigs sempGsing padd may YezuooersanaEechhbs i se
subtyp

Fovevor o0 p R shitale 0 ol F‘ﬁﬁ%‘@%ﬁan'ﬁ%%d et Fe bl Mlllowife etictibn o
use of firéva thad ldst bell mdiqrontlsnlmmnhmdefm\ﬂhd?s)unﬁmmnmndgr suitable rahditioss, MLALA

subt ypes, he desjred HA subtype may be co-expressed within the sane cell,
for exdfpy egpr S1 @?ﬁ““@u¥%5270]FurthernDre, VLPs produced as descri bed
herein do not conprise neuram ni dase (NA). However, NA may be co-expressed
w th HAosbes! d V0iFse vEPPpiodued fi¥in #ifthehish &4ivée @tdteiels ih Q& fddntbigfthe e, the
present invention further includes a suitable vector conprising the

chi3fer i pressohinventian damat gbmgrisoM lupsetein. t Thedll peoteistinknawvoto hind, Ae nt

one or Dok REAT g Afes BT PRIGHTs o B Riant LAt PR, M Sl i g

a protein of interest may be introduced in one construct, and a second

nucl eoti de sequence encoding a protein that nodifies glycosylation of the
protein of interest nmay be introduced'dﬁrng a separate construct. These
nucl eoti de sequences may then be co-expressed within a plant. However, a
construct conprising a nucl eotide sequence encodi ng 15both the protein of
interest and the protein that nodifies glycosylation profile of the protein
of interest may al so be used. In this case the nucl eotide sequence woul d
conprise a first sequence conprising a first nucleic acid sequence encodi ng




are expressed at about the same tine within the plant, and wthin the sane
ti ssue of the plant. However, the nucl eotide sequences need not be
expr essew@RowNaesy the sane tine. Rather, the two or ROFEARWEI0RWBT de

sequence re expressed in a, nanner. such that .th ode rodugct s 25a
chance ?0™ ﬁ‘t‘ér“&@ S.“e‘;&'?‘e‘éf?gﬁﬁ\“ég, reghiatogy W%P@f?fa’ge iWP&@Qﬁgwg’éﬁ at ngn of
t he prOﬁl%bﬁ'aﬁéniaEHﬁg?@ﬁAW&%demﬁiﬁﬁﬁd ei ther before or during the period

when the protein of 'interest is expressed so that nodification of the
gl ycosyl ati on of theyggot ein of interest takes place., The two or nore than

two nucl0980%lde sedfheMELs of the mseseriginusibioa sraydbenspdused in ¢ hosticaththagispr essi on

system . . . i it L at
about |t SPGB RO RO SEUNER DL e, BECORMICT s dbff iGeclt A0,
Al t ¥ nafungg layid othepbighhiomeindhading Sponpe,icoelegterins, aahelidagarthoedmdn) slellswquences,
for exanple the sequence encoding. the prqotein that nodifies the,

gl ycos yp%?tbﬁnb@‘g% reckglminies, plathedmintiyss, ¢hagtegnatha, t%%ﬂkéeaﬁikma med,

el t her " {3064 60 bl B6siii0c BacterlPoranc R AA0HALAAIBECT BP0/ Q00RZ2, Shirdl e
manner, W th an®additional sequence encoding the protein of interest.” I'n

t hi s ca6tycofdremy®Rie gheoforemdir iy sdidreefword fevolutibdE S+AQBH. hted) ¢érf@upta et al.,

02502 L BB b P B AL, A N MRS L °
may|(Pe 30Hu8eHIss! %Rﬂ-glﬁgﬁh&hﬁs.ﬁ{a%gﬁz{m cf41d 26%83. flid AefRIReSEAUENCE

encodi ng 5the protein of 1nterest expressed under simlar conditions
and i n 3BD36&M38 7t puhished anlmenteber hht200A eon @1 @93/ NAR/seoRES).c elheaVePs

co- expressed. 027 e construct.s of the present jinv [ can

ot oaueBaaTeas dgresitbd Dottt i b o hacrap sk R ot Na
Vect or Spe gH-E:g5rbssbiNGith 1A SAQT AW PR RomPHSih Y HAWRCNAKE deSir&Et r Opor at i on,
infiltration, and the |like. For reviews of such techniques see for exanple

10 Weissbach and Wi ssbach, Methods for Plant Ml ecul ar Biology, Acadeny
Press, M8406brk VAIVLP produgatinsqdant no@sying Gesameaspeets @f therimyentiph sy be

Tr ot efome Bl ol Rl HBRE) T8 Ve ot oABbricf A AT OF B Refliac ™1
Lef ebr vEhe plant-dutel liplds aisay, beAAd dhesfoim \dE allipid bilayeL) Ahd falytfarthdr @O MPrise 0D

561-579 (1997). O her nethods include direct DNA uptake, the use of
| i poson@yelops speundingthaMldh, Thegplantdsripedelipids mgy sempogs lipid somponents of the

Seo. _t opeS histhordHe it O Sl et 118 BiSRloBe AORGHET B Riielid’ (2",
(Mol . GphiosphatidgichoRRS8(PCYOphobpiatidyReaholafdins PIB), glycosphingélipidy, phgtostemds &2d
111-116, 1987), Neuhause et al. (Theor. Appl GCenet, 75 30-36, 1987), Klein
et 4 ., combinationghereot; oA plant-derived: lipighinay pltematgly berefaried ¢ avpplant Jipyd™. 1930) |

Hor sch i , - : I

Physt of 5ognR5? TEFRERIOR biedohA it A ety B m A, Sherfiey el
(Wi ssb2d-methylchébdstesdlant cheldsterol Asey] don exampkes Mongrand el 8182004 Met hods i n

Pl ant Mol ecul ar Bi ol ogy (Schul er and Zielinski, eds., Academ c Press Inc.,

1989), Li nd Lo ossoff (J. Virol Meth, 1Q05:343- 348, 2Q02,),, U. S. Pat.
Nos. 4,@9?»9‘350; e e T 9@3@?&@5@9@@% ch
ar e her gy, ieReRHR RIiSb§DpY Yor 1 #reikeRikion ShtdMdgthpiiyansi ent expressi on

nmet hods may be used to eXxpress the constructs of the present invention (see

Li u_and Lonobnossoff, 2002, Journal of Virological Methods, 105:343-348;
whiZh i 90208]or por Bercirerrxechisionishromeategraphye jotal solublaproteinsimay ke gxiEanied Hawed

transi i i i 1997 .

(i neor PR BPhaof R o ftedly SERUIERE 6RYerf AR ol Batertf B exraction o
f or exabffes, andihsclulde paterial ranicvad b cemtrifiggationl Pdecipitationi with PE& may also b8 0f
Agro-infil [ h , oth i ent th b

ot od ApEEL I ITE HOI Al D il Mo PXRCUARS FHPTER § SERORY o SR o

of Agr OBREISdxkian 99@%’{@? bBYsd adc‘aaﬁbfalﬁgn QRARHC Féi‘k?»@'ing Rhfomdt al%lﬂl, atifddsul ar
spaces of a tissue, for exanple the |l eaves, aerial portion o he WO
20091 0 797y BeOTtEeA20:092d dasnymohlot to deterinink thg psiteimcomplensst afithefftaotien.) ,

ot her portion of the plant (stem root, flower), or the whole plant. After
crossing the epiderm s the Agrobacteriuminfect and transfer t-DNA copies
into the cells. The t-DNA is episomally transcribed and the m R NA

transl ated, |eading to the production-d®-the protein of interest in
infected cells, however, the passage of t-DNA inside the 5nucleus is
transient. [00275]1f the nucl eotide sequence of interest encodes a product
that is directly or indirectly toxic to the plant, then by using the nethod
of the present invention, such toxicity may be reduced t hroughout the plant
by sel ectively expressing the nucl eoti de sequence of interest wwthin a



wi th existing influenza vaccines, to supplenent the vaccines, render them
nore efficacious, and 15 to reduce the adm ni strati on dosages necessary. As
woul d be REL¥MMINE7B person of skill in the art, the vacaa@camyo/tmozti rect ed

S v 88" b B L bUREES e AR el F e s
Sanof i P&?fgllf‘e%f anihlglsﬁk's) A% E}altlge M?hfﬁf HR! iﬂpéﬁélgce adidN &P9 or ngll;fld e HleBaRe o f

d axoSm t I ne, varti anof | - Aventi s, rono, Shire arnaceutical s
and t hethbsekstalic2@ids @Dl jurfacd eERBEU, Equire avidyianfHA fimnpimélmemta virnsent i on may

be adm xed with a suitahle juvant as woul d. be known, t o on f skill .in
he- ar tACERUIEIS BT RO AISSHEGH BeEctrs e PHInG TEAEES Fac Kot Guske: GHjien PiEs
congy | Slhﬁﬂarﬁ,nslﬁ%ﬁ,%gde!’ EndO5\Gs; WhetdaS hithin HA's willdind RakrBRIcyRE ofnirRéyget

organi sm as defined above. Furthernore, the VLP produced according to the
pr esent chickeastducks, guipa pigschurbansedd wheep (sderRdsodiba Bi etadl 1997 nirelogy.aokA27,

i nfluenza.pIQt i f.or ex eur am,gj d . [,00278] Ther ef or e,
the pr e%@ fé{ggn%({:ﬁegﬂr??rlgﬁa%g%&&’ﬁg‘f’ﬁ)&j’ YO(TFQP R%@éy’%aﬂﬁﬁﬁ (fzf)fﬁ% PN uenza
virus ifeh@plityQ®T HAS G0tiffreBinflfénzh 3tr8ias ishe@ s MabledPAiafd DB, adni ni stering an
effective dose of a vaccine conprising one or nore than one VLP. The

vacci ne_may be administered orally, intradermally, .intranasally,

i nt r anukRIe 2A;: Ppecigs pERBE hawndhy ﬁ,As iof selestedhsrasonal influedza spaiRsaneousl y. WO
20091076778PCT/ CA20091000032 [00279] Adninistration of VIPs produced

accor di ngeagpnghe |p¥tedient i nvention is desd¥a hOedigim | Hewaplerkey | Admi nstrati on
of plant|-hilade H5 |\A/BristeemalSOQ007 (HEN$) gni f 7¢&nHwnahi gher | r ésponse when
conpared to adm niagSsletdoan of $9indal3@ 008 | (see Figufes 21A and| 21B).

[00280] As shown ijpgiiNgyr es 26A and 26 B a735bgfdan@dm ni stigr ed

A/l ndonegks/ 5705 ABrsHAaEA ﬁ)o{?r(lqg'ugl d—T 555 | Pftf T ! o tg A phallenge with
n I7L7 \i: +

i nfl uen_zzj é{:T?,.”é KRR oRanie7iths (RO K Y [ 777 gt ation of
| ndonesi gsH—\A-Ps—hefbre—< rye—drd—no H-t

e | est A—ahy—oessi of body nmass.
However ;E-. subj e B [%1}’51@-;25 612004 oy 15 v P28 apph (M pHgdﬁ' with Tur{ey
H5NL, exhibited SiBfROAd¥/4R0060ss of body | 742 sHumed | sevet afttsubj ect di ed.
[00281] These data, therefore, denonstrate that plant-made influenza VLPs
conprising 10 the H5 hemagglutinin viral protein induce an inmune response
speci fif_fonnpat hagend ¢ inf | uenz trains nd that .virus-1jke particles
oy budt $1184P3 SRPaf oL RBC heund RS of elepsodpandetile slenn strafasl Sl

i nvention provides a conposition conprising an effective dose of a VLP
conpri Si MPandémicnf|l Siefiga virus HA protein, N €0giginTPH6rst Miirkey e pl ant 1i pid,

and a phgyyaceut1]ogRingREEABAPDR2Gar 'l el 73 N ugnza virup HA protein
may be mdo 0 - "LL "_7@50"5 Dt T sl ands

3/ 2006 ri sba o200 A SCORSIA-6£E20 Mat-aystar2506/ 2005
B/ Fl or | da/ 4/ 2006 AAY a1 19402404 GONT) o L 787 THANE] " i ot hany 1194/ 2004,
Al Teal / HongKong/ v@ﬁswé&,ong/ Eq&?ilﬁ"%%é@g 56 or Al HongKong/ 1073/ 99. Al so
provi ded Hfg a_met|KBENG} i nduci ng i mmuni ty78% | ANianng | tknza Yirus infection
in a subjiEtt. Thg AfBqiioePegopbsHAY7hdni ni784 ¢Equiget hetvirds || ke particle
conpri siHP 20 an |iAHong Koaghl 073/99 HAONROt €785 | Homaaf #®r ¢ t-han| one pl ant
lipid, and a pharmaceutically acceptable carrier. The virus Tike particle
may be adm nistered to a subject orally, intradermally, intranasally,
intranusclarly, intraperitoneally, intravenously, or subcutaneously.

[00283]1884 s ti o/hiraawamﬁmgt}%owrpm fesieroproraim PEPAIyPaptide inelilss Ron may
conpri . : o e r e"
of or s TRBHEG o Bypalfa8 pollphcing BLUMENGine okt bon T o ped U prdtBh

st rladi nsorqolypeptidy) peovidddehasttithatfragment can firipe ¥ LP eyl ptesstdndihe fiagafentmay,ngl e
subtype. (e.g. ,all HINL, or_al|l H5N1), or may be .a, conbi nati on of _subtypes.
Exenpl JP§6@3&19§€%6 4R ABfgeRIG IREIORfRStresgfespenseripducingfegion. b2 regigh e

di sclo I : t ; [ ;
(1o PRI DR chal o B e pl T i g TRy by ot
A Texas? 32i02a9 dpmaimerinhmon f\pto sl the/sathecdehSiabfaghily, 61 th2 GegmeBOmay irwludee m

pintail/ .828189/ 02, A/ Turkey/ Onf.ari a/,6118/.6 N4 ] ey e
A's hoveﬁ“gﬁgd?‘ﬁ AFIBY (4 sequepeq tewa?ﬁlﬁ%aﬂfﬁaﬂwftv %ﬁéﬁﬁa@wmm from which it is
A/ (Q@Ck/d@ﬁ%@_nd/ 56(HL 1N6), WD 20091076778PCT1CA20091000032

Al duck/ Al berta/ 60/ 76( HL2N5), A/ Gul | / Maryl and/ 704/ 77( HL3NG) ,
A/ Mal | ard/ Gutj ev/ 263/ 82, - 46 -




Al duck/ Australial/341/83 (H 5N8), A/ black-headed gull/Sweden/5/99( HL6N3),
B/ Lee/ 40, C/ Johannesburg/ 66, A/ PuertoRi co/8/34 (HLNl), A/Brisbane/59/2007
(HLN1), AWSHI08%B1¢718s| ands 3/ 2006 (HLN1), A/ Brisbane 10/ ZAO7CA348MRN032

AW Ln{.67/ 2005 (113N2),. 5B/ Mal L a/ 2506/ 2004,. B/ Fl ori da/ 4/ 2006,
A Si ﬁSS@@?Eﬁh/ 57 ?%ﬁ%%?‘?l\%ﬁﬁﬁﬁ??ﬁ?r%%@(%kﬁﬂ@mﬁ\ﬁ% bt Ifﬁ%’éf’z"gﬁ‘ﬁt (HBNL),
Af T eal / Higog Kamgd MBRIR/o? thel fifl wﬁ(%li 3{4 tjﬁ;el_#di&ﬁf) $r2aY ameRnt thdréBétween, provided that

Al HongKong/ 1073/ 99~ ( HON2) ) . e choi ce” of conbination of strains and
subt ypethe aixandoon atVid whewexnpénsedal Fagresample, from abaw @96 to ahape1§0%o0 be

o be i TSl PRE Gaodll B AL in A RB0PElg BBECL R, b By SOTP.SBR "o

SW e, B009), fedifl abt\d 9504 @i dbBuf 10996, ofiktic)lengddh of g [Folt Gshgthoofahe proteih,jdt@ahy to be
exposed to, predictions of antigenic drift within subtypes or strains

or
conbi nadmewns therehetwesn. rAdtaraately, Eiragreni or pertion mayrherfrasn 8ber g0 tmabaas 500 e ar

are avaj le. {S : i i i nf | al i

ecommeiHES Sids; ey Aroutif Blitbe R, U AERAT bt HPAC NEBEMBG ot the,
conbi nafragment tas fortina VOP when@kpessed0For exaimpdél 2, fragmenbmap be ko 1 $0toafboat
vacci ne_conposi tjon. [00285] Ngre particul arly, exenpl ar%/ conbi nat i ons may

i ncl ude>8% gminp agids; quany amegpitherchelvgen, drony ahstul, Q& toshoat» Uhaming #eids.e Of AP

CPTRL! Sdhfnt RAHRARS s AR 0T Hbdu: B0 B LARSPERROABHI eriibecd (O
B/ Fl or i filath4baat0¥)0dp about B0Floo anylahdvir? fise beitkeeny fromsabof03 J000 2861it/A06t aneno

exenpl ary, combi nati on .may i ncl ude VL.Ps from iwo nore strains .or subtypes
el ebt RIS, BRSO i ehsheT s I SBPY ARG B abaHr DD 908y aount therebeween, P
A | ndon@siabet2¥03o labég 500 ob any AndhR HRAERIFEA aélﬁﬁdingﬁﬁon the HA, and provided

A/ Vi et natn/ 1194/ 2004-11i ke viruds, A/ Anhui/1/05, an A/ ui/ 1/ 05-1i Ke virus,
A goos ethai thy flagmeatyapdosn a NlFoabear Gprassedy/ 38 gkanple, about &d Oy 20,05, 40 or 50

A chi cken/ Shanxi [/ 2/ 2006, 0 chi cken/ Shanxi / 2/ 2006-1 i ke virus. .

Fo00De ) FREPAES A ns ARy COREPAer b oS ARG BTyl fmits. e Nrminus

A Chi ckerolth el Asd!C44B8nts 6F dnVHPR pratsin/probided et Biel fhdgstenCodnUiahh 3/ 0P GHERS)
strains of influenza. [00288] Anot her exenpl ary conbi nati on may i ncl ude VLPs
of A @preskedh/ HongKong/ G9/ 97 or A/ HongKong/ 1073/ 99. Anot her exenpl ary

conbi nati on may conprise VLPs of A/ Sol onon | sl ands/3/2006. Anot her

exenpl nmbi nafyi R sq. 30 0, L,sha . t her
exenpl 21:092 b n??’.‘“%ﬁ“@“ﬁ%ﬁ%? agids @L@?ﬁ?‘m {‘R@)“Agﬂ%%u 76 /%B{éi‘? %%\% 000032
A W s c oseguetice /HRader omneitskill canreadilyadeyermiriethe &dquivaletiey’ fapaitictar\dni?ao of t he
B/ Mal aysi,(?[ 2506/ 2004, B/ Floridal/4/ 2006 or B/Brisbane/3/ 2007 strains or

subAt pedsid Ippsegusnes dassiPoTrug i e and/ prsegusnce d of gpaBRIs o8 61 Brmingl, amime acidsq
the puryfi 1 - i fd YRTc j y, the
VLps e e g8l il eciictins More o BYREREAY ofORBLAGHandS GELRIRC Y, b
may be mondricabdentity f deblameitio iacidde.gerelatiod to thieifal] length efthaploeeimp butt would not

equi val ent ratjas, or..may.be conbipned jn such a manner that one subtype or
strai n dlshelalive pesitien %ﬂ‘g?moatcﬁgln\?b@%tr‘fcﬁ‘m?'he conposi tion.
[ 00290] Therefore, the invention provides for conpositions conprising VLPs

of two Pom]r e stCampsridhs sEPsdGRece &@e({]&gee%lﬁ;i%%%&k u@iﬁg%l BIDAST Midorisias
general ly ac]gw re their envel ope fromthe nenbrane they bud through. Pl ant

pl 2ma (fdisphuligbal. .HA8. Ja M Riolsa 18:493-HOpAdHehS T seraeh allopvsfay eomparison of a

i rNmUNost | : t ' i gate thi 0ss):hi 1 J -made H5
VLps. etusrEReke L b S e g BE bR o s 3 Nl e 1R

adj uvandatabassl(eld) GeBink beGeeREputdfRequeaces] ad ideitif motorly begliencsd thatrrhibit
determ ned (Figures 22A 22B). In the absence 15 of an added adjuvant

pl ant - k96 fdsntityphut pdsechaserwitle lesses degrees ofddantitiat Nucleds acid pramiie agidsy st eni ¢

i mmune ] at i . i t . i body
S0t ypegrarry nab B QMR ERE L Il AST G Ahenbhie e IERI beiRol vant
ar 80si norlmore sEqupnces @3 Ye défernliredby aligningsthe sequences pogethed and detemnaininguthe %

enbodi nents of the invention., Table 5: Sequence descr,i ptJ fqQr sequence
dont 1 (EHay Detean ha SangRos iEBeTHERY B saNEN o i e ak/AST Algorithh fior
example as available through GenBank; URL: ncbi.nlm.nih.gov/cgi-bin/BLAST/ using default
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1 Ntermnal HL fragnent Figure 4a 2 Ctermnal Hl fragnent Figure 4b 3 H5
codi ng sequence Figure 6 4 prinmer Plato-443c Figure 7a 5 priner
SpHA( hnd) W9 208988718 gure 7b 6 prinmer Pl asto- SpHA(I nd) . ¢ FTYCA097@0T32pr | mer

HA(I nd) - Sac.r Figure 7d 8 Segyence the alfalfa.p]asiocyanin-base
expr es HARLEESS %sbi%fm;i?a%éée}@% Xpegt 105 figpr: mfaﬁtgéb@%e@- pairwise; Query
HAl pept g&@ﬁ@;&ﬂ;&? Slafada) 3k Bg%m/tﬁl%g@)awfmg UIRe . @bl BeidbBegd/SigsRayence
(A/ I ndonesi a/ 5/ 2006) Figure 8
index.html using default parameters: Matrix BLOSUM62; Filter: default, echofilter: on,
Expect:10, cutoff: default; Strand: both; Descriptions: 50, Alignments: 50; or FASTA, using

5  default parameters), or by manually comparing the sequences and calculating the % identity.

[00214] The present invention describes, but is not limited to, the cloning of a nucleic acid
encoding HA into a plant expression vector, and the production of influenza VLPs from the
plant, suitable for vaccine production. Examples of such nucleic acids include, for example, but
are not limited to, an influenza A/New Caledonia/20/99 (HIN1) virus HA (e.g. SEQ ID NO: 61),

10 an HA from A/Indonesia/5/05 sub-type (H5N1) (e.g. SEQ ID NO: 60), A/Brisbane/59/2007
(HIN1) (e.g. SEQ ID NO: 36, 48,62), A/Solomon Islands/3/2006 (HIN1) (e.g. SEQ ID NO: 37,
49, 63), A/Singapore/1/57 (H2N2) (e.g. SEQ ID NO: 42, 54, 64), A/Anhui/1/2005 (H5N1) (e.g.
SEQ ID NO: 43, 55, 65), A/Vietnam/1194/2004 (H5N1) (e.g. SEQ ID NO: 44, 56, 66),
A/Teal/Hong Kong/W312/97 (H6N1) (e.g. SEQ ID NO: 45, 57, 67), A/Hong Kong/1073/99

15 (H9N2) (e.g. SEQ ID NO: 47, 59, 68), A/Brisbane/10/2007 (H3N2) (e.g. SEQ ID NO: 38, 50,
69), A/Wisconsin/67/2005 (H3N2) (e.g. SEQ ID NO: 39, 51, 70), A/Equine/Prague/56 (H7N7)
(e.g. SEQ ID NO: 46, 58, 71), B/Malaysia/2506/2004 (e.g. SEQ ID NO: 40, 52, 72),
B/Florida/4/2006 (e.g. SEQ ID NO: 41, 53, 73). The corresponding clone or construct numbers
for these strains is provided in Table 1. Nucleic acid sequences corresponding to SEQ ID NOs:

20  36-47 comprise a plastocyanin upstream and operatively linked to the coding sequence of the
HA for each of the types or subtypes, as illustrated in Figures 28-39. Nucleic 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.

25  [00215] The VLPs may also be used to produce reagents comprised of recombinant
influenza structural proteins that self-assemble into functional and immunogenic homotypic
macromolecular protein structures, including subviral influenza particles and influenza VLP, in

transformed hosts cells, for example plant cells or insect cells.

[00216] Therefore, the invention provides for VLPs, and a method for producing viral
30  VLPs in a plant expression system, from the expression of a single envelope protein. The VLPs
may be influenza VLPs, or VLPs produced from other plasma membrane-derived virus

including, but not limited to, Measles, Ebola, Marburg, and HIV.
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WO 2009/ 076778PCT/ CA2009/ 000032 SEQ I D No Sequence Description In
Di sclosure 11 Influenza A Subtype 117 codi ng sequence (A/ chicken/ New
Yor k/ 1995\VOR08U%78 12 I nfluenza A Subtype 112 codi ng seqIaera0oRbéser ri ng

11/ 7/.88 N8 ' 10a,13 1 nf | A t H3 cadi
O Texd0PBB12005) Fpteiin o er Amelamed e aloemuiryple ohirt g 6 JhuRidiec e
(A nal I(@fgﬂﬁ%ﬂa&%ﬁl@){m‘ﬁ iﬁls,l&cméﬁkémwﬁ-piaviﬁdﬁl@tg{ REcadlbs vEQS IMEmMpE dives) ce
( AV duck/ Shanghai / 1/ 2000)" Fi gure 10d 16 | nfluenza A Subtype 116 codl ng
sequendiespiateny symeytial yims.inenmyyigmses. 89 ted ke Ramoxiridge (a.8- Hwmhaienza A

S0, PGS ST BT T 5 15
19 I5nf | yeng lkeRUavpridht (. € OMes iR atdeptaditis Deigue kiznd, BrpatitiyyC Mri§ 42116 %1 ON
o)A f%%revir%l(s),hor the like), Bunyaviridae (e.g. Hantavirus or the like), Coronaviridae (e.g.
coronavirus, SARS, or the like), as would be known to those of skill in the art, may also be used.
Non limiting examples of antigens that may be expressed in plasma membrane derived viruses
include, the capsid protein of HIV - p24; HIV glycoproteins gp120 or gp41, Filovirus proteins
10 including VP30 or VP35 of Ebolavirus or Gp/SGP of Marburg virus or the H protein or F
protein of the Measles paramyxovirus. For example, P24 of HIV (e.g. GenBank reference
gi:19172948) is the protein obtained by translation and cleavage of the gag sequence of the HIV
virus genome (e.g. GenBank reference gi:9629357); gp 120 and gp41 of HIV are glycoproteins
obtained by translation and cleavage of the gp160 protein (e.g. GenBank reference gi:9629363),
15  encoded by env of the HIV virus genome. VP30 of Ebolavirus (GenPept Reference gi:
55770813) is the protein obtained by translation of the vp30 sequence of the Ebolavirus genome
(e.g. GenBank Reference gi:55770807) ; VP35 of Ebolavirus (GenPept Reference gi: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
20  (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: 9626945); F protein (GenPept reference gi: 9626950) is the protein of

the F sequence of the Measles virus genome.

[00218] However, other envelope proteins may be used within the methods of the present

25 invention as would be know to one of skill in the art.

[00219] The invention, therefore, provides for a nucleic acid molecule comprising a
sequence encoding HIV-p24, HIV-gp120, HIV-gp41, Ebolavirus-VP30, Ebolavirus-VP35,
Marburg virus Gp/SGP, Measles virus-H protein or —F protein. The nucleic acid molecule may
be operatively linked to a regulatory region active in an insect, yeast or plant cell, or ina

30 particular plant tissue.

[00220] The present invention further provides the cloning of a nucleic acid encoding an

HA, for example but not limited to, human influenza A/Indonesia/5/05 virus HA (H5N1) into a
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20 Influenza A Subtype H11l codi ng sequence (A/ duck/Engl and/56(111 1N6))
Figure 10i 21 Influenza A Subtype 1112 codi ng sequence

(A duck/ AWM%(W@@?S?G( H12N5)) Figure 10j 22 Influenza APSUNEA2089/00 codi ng
sequenc Al Gul | I and/ 704/ 77 3N6 | nf | uenz

St y p TRt SR PSR AEIo e AT P st o e nid e g ot Byfienza

| nf | uenzacife ShtRfidEs orkdmeRRLoRPriSQDGITBEM NN iekieAbs Sththiral ptétkirdIndtiHelfSNS) )
Figure 10m 25 Influenza A Subtype 1116 codi ng sequence (A bl ack-headed

gul | / Svasersmbls irgo fpmosingylang imgmuaogenic angtypic measrermpleeier HglsEvgivigtuzes,
B/ Lee/: / 66
P SR PRGOSl f o0

transformed insect cells.

[00221] The nucleic acid encoding the HA of influenza subtypes, for example but not
limited to, A/New Caledonia/20/99 (HIN1), A/Indonesia/5/05 sub-type (H5N1),
A/Brisbane/59/2007 (HIN1), A/Solomon Islands/3/2006 (HIN1), A/Singapore/1/57 (H2N2),
A/Anhui/1/2005 (H5N1), A/Vietnam/1194/2004 (H5N1), A/Teal/Hong Kong/W312/97 (H6N1),
10  A/Hong Kong/1073/99 (H9N2), A/Brisbane/10/2007 (H3N2), A/Wisconsin/67/2005 (H3N2),
A/Equine/Prague/56 (H7N7), B/Malaysia/2506/2004, B/Florida/4/2006 may be expressed, for
example, 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.

15 [00222] 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, the RNA may be isolated
from human influenza A/New Caledonia/20/99 (HIN1) virus or human influenza
A/Indonesia/5/05 (H5N1) virus, or other influenza viruses e.g. A/Brisbane/59/2007 (HIN1),

20  A/Solomon Islands/3/2006 (HIN1), A/Singapore/1/57 (H2N2), A/Anhui/1/2005 (H5N1),
A/Vietnam/1194/2004 (H5N1), A/Teal/Hong Kong/W312/97 (H6N1), A/Hong Kong/1073/99
(H9N?2), A/Brisbane/10/2007 (H3N2), A/Wisconsin/67/2005 (H3N2), A/Equine/Prague/56
(H7N7), B/Malaysia/2506/2004, B/Florida/4/2006, or from cells infected with an influenza virus.
For reverse transcription and PCR, oligonucleotide primers specific for HA RNA, for example

25  but not limited to, human influenza A/New Caledonia/20/99 (HIN1) virus HA sequences or
human influenza A/Indonesia/5/05 (H5N1) virus HAO sequences, or HA sequences from
influenza subtypes A/Brisbane/59/2007 (HIN1), A/Solomon Islands/3/2006 (HIN1),
A/Singapore/1/57 (H2N2), A/Anhui/1/2005 (H5SN1), A/Vietnam/1194/2004 (H5N1),
A/Teal/Hong Kong/W312/97 (H6N1), A/Hong Kong/1073/99 (HIN2), A/Brisbane/10/2007

30 (H3N2), A/Wisconsin/67/2005 (H3N2), A/Equine/Prague/56 (H7N7), B/Malaysia/2506/2004,
B/Florida/4/2006 may be used. Additionally, a nucleic acid encoding HA may be chemically

synthesized using methods as would known to one of skill in the art.
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29 Prinmer Xmal -pPlas ¢ Figure 10q 30 Priner Sacl-ATGpPlas.r Figure |O 31
Primer Sacl-PlasTer.c Figure |1 0s 32 Priner EcoRI-PlasTer.r Figure 10t 33
A/ New Cal W@WPHIB07899 (HIN1) GenBank Accession No. AY28FIAACAA00Ue000326 34 M

35 A TUBPERR Lol o e PR Baies SRR 8 bRobBup et S dar 'y
2009/ 0" ¢i? Bgéﬁ@@ B9 HROKIIBe prEsQloh By $uem SERRPIee oPesiopritiié Oxpréddion wetops ur e

36 Clone 774: fromDralll to Sac 1 conprising plastocyanin regul atory
r egi on fepplaatsiajedsscribeddesiow.alisemptizely cbashloyirpnexnmssion vactF. fepeyarld/ 2007 (H

11) Fi 775: DNAF i L
Saci ¢ O%ﬁﬁaﬁb@ﬁ%&%@@aﬁﬁéﬁ% dlﬁ g@@é& $9sed plasmids, using known methods, and
5 information provided by the manufacturer’s instructions nay be used.

[00224] 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

10 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 al; 1986;
which is incorporated herein by reference), ST-LS1 (associated with the oxygen-evolving
complex of photosystem II and described by Stockhaus et al. 1987, 1989; which is incorporated

15  herein by reference). An example of a plastocyanin regulatory region is a sequence comprising
nucleotides 10-85 of SEQ ID NO: 36, or a similar region of any one of SEQ ID NOS: 37-47. A
regulatory element or regulatory region may enhance translation of a nucleotide sequence to
which is it operatively linked — the nucleotide sequence may encode a protein or polypeptide.
Another example of a regulatory region is that derived from the untranslated regions of the

20  Cowpea Mosaic Virus (CPMV), which may be used to preferentially translate the nucleotide
sequence to which it is operatively linked. This CPMV regulatory region comprises a CMPV-
HT system - see, for example, Sainsbury et al, 2008, Plant Physiology 148: 1212-1218.

[00225] If the construct is expressed in an insect cell, examples of regulatory elements
operative in an insect cell include but are not limited to the polyhedrin promoter (Possee and

25 Howard 1987. Nucleic Acids Research 15:10233-10248), the gp64 promoter (Kogan et al, 1995.
J Virology 69:1452-1461) and the like.

[00226] Therefore, an aspect of the invention provides for a nucleic acid comprising a
regulatory region and a sequence encoding an influenza HA. The regulatory region may be a
plastocyanin regulatory element, and the influenza HA may be selected from a group of

30 influenza strains or subtypes, comprising A/New Caledonia/20/99 (H1N1), A/Indonesia/5/05
sub-type (H5N1), A/Brisbane/59/2007 (HIN1), A/Solomon Islands/3/2006 (HIN1),

A/Singapore/1/57 (H2N2), A/Anhui/1/2005 (H5N1), A/Vietnam/1194/2004 (H5N1),
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region operatively linked to sequence encodi ng HA of A/ Sol onon | sl ands
3/2006 (Il 1 N1) Figure 29 38 Clone776: DNAfronDralllto
Saci conpr W€ 248407a%18ocyani nregul at ory regi onoper ati vel yl iPRack208%@oece

di Bri-sh 1 ki e f [
oo Rl R 2 T S e R o o
encodi NEHAAAW sseoms/67/800 20N ) HANRuire/ Ryagee/ S6L(HINT)] BAMAIZ SiaMB06/200; ai nt 0

Saci conpri si,qn??é{)l astocyani nregul atory regi onoperativel ylinkedt osequence
encodi E@F )06 Mpeler/asrbisavenses eamppisengsdplastoeyapiregdlatoariement and an o

Saci conpi,si ' q%:‘pg BN gfpativel yl'i nkedt osequence
encodi nlgh%?%?%%%ﬁgﬁ% g%giél i g%%ﬁgg@%%g one780: DNAfronDral I Ito

Saci conpri si ngpl ast ocyani nregul atory regi onoperati vel yli nkedt osequence
encddi ni@0BRYJof A/ Biimkrepor thatith&g njdsxequence 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
10  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.

[00228] Sequence alignments and consensus sequences may be determined using any of
15 several software packages known in the art, for example MULTALIN (F. CORPET, 1988, Nucl.
Acids Res., 16 (22), 10881-10890), or sequences may be aligned manually and similarities and

differences between the sequences determined.

[00229] The structure of hemagglutinins is well-studied and the structures are known to be
highly conserved. When hemagglutinin structures are superimposed, a high degree of structural

20  conservation is observed (rmsd <2A). This structural conservation is observed even though the
amino acid sequence may vary in some positions (see, for example, Skehel and Wiley, 2000 Ann
Rev Biochem 69:531-69; Vaccaro et al 2005). Regions of hemagglutinins are also well-

conserved, for example:

o Structural domains: The HAOQ polyprotein is cleaved to provide mature HA. HA is a

25 homotrimer with each monomer comprising a receptor binding domain (HA1) and a
membrane-anchoring domain (HA2) linked by a single disulphide bond; the N-terminal

20 residues of the HA2 subunit may also be referred to as the HA fusion domain or

sequence. A ‘tail’ region (internal to the membrane envelope) is also present. Each
hemagglutinin comprises these regions or domains. Individual regions or domains are

30 typically conserved in length.
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Figure 34 43 Clone781: DNAfronDral I lto Saci conpri si ngpl ast ocyani nregul atory
regi onoper ati vel yl i nkedt osequence encodi ng HA of A/ Anhui/ 1/ 2005 (H5NL1)
Fi gure 33va2003106676F82: DNAfronDral I 1t o Saci conpri si ngpl aBEBENIMINPVFUI at or y

regi onoperat i yel.yli ' . 1 4.6

Figure. 36~ ash fishabBiRERRRGAUETEE FRE Htel Al oot BF Hheso s REAmICOlA!

r egi onoper atdingfiyd bridgd; Thequanieeachpuitiongdhe aAliie atid seq@kon gf k8 kIs@ihes HEN

1) Figure 37. WD 2009/ Q76778PCT/ CA2009/ 000032 SEQ | D No Sequenc

Descri ption that PArEeiPeis dn _éh%‘gflf@ gw.t\m_gflﬁ o?ﬂBP%FI"FﬁH gpong e HRS. Examples of

Saci conpri si gaphas! ArXEHY B8 WhatRlcishiE HiRl ARG AtckKSlolihn URATTAIE HHHRRS @nd

encodi ngHAof A/ Equi ne/ Prague/ 56 (H/N/7) Figure 38

S 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 IRVZ, IRVX, IRVT, IRVO0, 1RUY, 1RU7, available from the Protein Data

Bank (Berman et al. 2003. Nature Structural Biology 10:980; URL: rcsb.org)

e Cytoplasmic tail — the majority of hemagglutinins comprise 3 cysteines at conserved
10 positions. One or more of these cysteines may be palmitoylated as a post-translational

modification.

[00230] Amino acid variation is tolerated in hemagglutinins of influenza viruses. This
variation provides for new strains that are continually identified. Infectivity between the new
strains may vary. However, formation of hemagglutinin trimers, which subsequently form VLPs
15  is maintained. The present invention, therefore, provides for a hemagglutinin amino acid
sequence, or a nucleic acid encoding a hemagglutinin amino acid sequence, that forms VLPs in a

plant, and includes known sequences and variant sequences that may develop.

[00231] Figure 65 illustrates an example of such known variation. This figure shows a

consensus amino acid sequence (SEQ ID NO: 74) for HA of the following HINI1 strains:
20 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) 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
25 (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.
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47 Clone785: DNAfronDraft'to Saci conpri si ngpl ast ocyani nregul atory
regi onoper ati vel yl i nkedt osequence encodi ngHAof A/ HongKong/ 1073/ 99 ( HON2)
Fi gure 3wagomgoaei@s 774 HA ami no aci dsequence A/BrisbanePGDK@@@Wm@HlNl)

Fi gure
(HLN1)

[

9 C ope
e 40

i ds.e uence

Spyiofericxadiie N s 8G REHITAGE

qidng? aiReds 346

006
2007

FRfRery

(113 N2)selﬁ1<91dé fordlA oimwmle?d?)ﬁlaﬂ@/mmm mercb@eewsﬁ SEQAD\/NG)C ®Bl5i nJ67/ 2005

(H3N2)
Fi gure

Lgure 41B 52 Cl one778HAam noaci dsequence
ARSIt B0 N (SHRAD N1 A6y RIRTBOTER

gy aaap

si a/ 2506/ 2004
(BiEb SEQHR 428

54 C ongo/88), Rr AMbRRA54 BEAYB SR SEQ ID NO: 9 is shown below in Table 3.

10

15

20

25

30

35

10

15

Table 3: Sequence alignment and consensus sequence for HA of selected HIN1 strains

SEQ ID NO.

75

9

48

49

76
Consensus

75

9

48

49

76
Consensus

75

9

48

49

76
Consensus

75

9

48

49

76
Consensus

75

9

48

49

76
Consensus

75

9

48

49

76
Consensus

1

MKAKLLVLLC
MKAKLLVLLC
MKVKLLVLLC
MKVKLLVLLC

mkxkllvilc

51

EDSHNGKLCL
EDSHNGKLCL
ENSHNGKLCL
EDSHNGKLCL

exshngklcl

101

NPENGTCYPG
NPENGTCYPG
NPENGTCYPG
NPENGTCYPG

npengtcypg

151

SCSHNGKSSF
SCSHNGKSSF
SCSHNGESSF
SCSHNGESSF

scshngxssf

201

IGNQRALYHT
IGNQRALYHT
IGDQKALYHT
IGDQRALYHK

igxgxalyhx

251

EPGDTIIFEA
EPGDTIIFEA
EPGDTIIFEA
EPGDTIIFEA
NTDLEVLMEW
#pgdt!ifEa

Sequence

TFTATYADTI
TFTATYADTI
TEFTATYADTI
TFTATYADTI

tftatyadti

LKGIAPLQLG
LKGIAPLQLG
LKGIAPLQLG
LKGIAPLQLG

lkgiaplglg

YFADYEELRE
YFADYEELRE
HFADYEELRE
HEADYEELRE

xfadyeelre

YRNLLWLTGK
YRNLLWLTGK
YRNLLWLTGK
YKNLLWLTGK

yxnllwltgk

ENAYVSVVSS
ENAYVSVVSS
ENAYVSVVSS
ENAYVSVVSS

enayvsvvss

NGNLIAPWYA
NGNLIAPWYA
NGNLIAPRYA
NGNLIAPRYA

.LKTRPIL
ngnLiapxya

CIGYHANNST
CIGYHANNST
CIGYHANNST
CIGYHANNST

..........

cigyhannst

NCSVAGWILG
NCSVAGWILG
NCSVAGWILG
NCSVAGWILG

ncsvagwilg

QLSSVSSFER
QLSSVSSFER
QLSSVSSFER
QLSSVSSFER

..........

glssvssfer

NGLYPNLSKS
NGLYPNLSKS
NGLYPNLSKS
NGLYPNLSKS

nglypnlsks

HYSRRFTPEI
HYSRRFTPET
HYSRKFTPEI
HYSRKFTPEI
EVETYVLSII
hysrxftpel

FALSRGFGSG
FALSRGFGSG
FALSRGFGSG
FALSRGFGSG
SPLTKGILGF
falsrGfgsg
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DTVDTVLEKN
DTVDTVLEKN
DTVDTVLEKN
DTVDTVLEKN

dtvdtvlekn

NPECELLISK
NPECELLISK
NPECELLISK
NPECELLISR

npecellis.

FEIFPKESSW
FEIFPKESSW
FEIFPKESSW
FEIFPKESSW

feifpkessw

YVNNKEKEVL
YVNNKEKEVL
YANNKEKEVL
YANNKEKEVL

yxnnkekevl

AKRPKVRDQE
AKRPKVRDQE
AKRPKVRDQE
AKRPKVRDQE
PSGPLKAEIA
akrPkvrige

IITSNAPMDE
IITSNAPMDE
IINSNAPMDK
JINSNAPMDE
VFTLTVPSER
!itsnaPm#x

50
VTVTHSVNLL
VTVTHSVNLL
VTVTHSVNLL
VTVTHSVNLL

vtvthsvnll

100
ESWSYIVETP
ESWSYIVETP
ESWSYIVEKP
ESWSYIVEKP

eswsyive.p

150
PNHTVTGVSA
PNHTVTGVSA
PNHTVTGVSA
PNHTTTGVSA

pnhtxtgvsa

200
VLWGVHHPPN
VLWGVHHPPN
VLWGVHHPPN
VLWGVHHPPN

vlwgvhhppn

250
GRINYYWTLL
GRINYYWTLL
GRINYYWTLL
GRINYYWTLL
QRLEDVFAGK
gRi#yywtll

300
CDAKCQTPQG
CDAKCQTPQG
CDRKCQTPQG
CDAKCQTPQG
GLQRRRFVQN
cdakcagtpQg



A/ Si ngapore/ 1/57 (H2N2) Figure 43A 55 Cl one 781HA am no aci dsequence

Al Anhui / 1/ 2005 (H5N1) Clone 782 HA ami no acid sequence AN etnatn/1194/2004
(115N1) PMORORI/MBESFI gure 44A 56 57 Clone 783 HA anmi n@CauCAboejeesize

Al Teal / HongKong/ WB12/ 97 (H6N1) Figure 44B 58 Clone 784 HA am no

aci dsequence A/ Eguii ne/ Prague/ 56 (H7N7) Figure 45A 59 C one 3¢5 HA am no

aci dsequence A/ Hongkepenl OB/ edHaNA sk au e . &R 168 ighrEndenessi on cassette
conpri si ng al feal AmnspLeEINOEYRUTIOE(H GRURRKLRNGTSELANTRS doeregwihot i ni N codi ng
seqdence of HB fADBSAPTIONIUHRBSITAEG ROUEAKORMN ITE CIRNIHS GRORGLESAf al f a

pl ast ocyani n 4 RXJNRSARLN ERPHIAGECGH K¥ h@éé’TF‘Fé@gﬁés FPSRALHGAIexpr essi on
cassette conpfd s?‘ﬁ'ﬁ?-a} f-a] FRPMHMBEA O & SHILERDPY FHOEAEEIShFYSRCAPRE henmmggl utinin
Sodi ng CEGEERSe BT P TPORY A KEN OV BUGHE & 26F 199857 CHESTIEL # 540) |

al figl fa plastocyanin 3' UTR and term nator sequences Figurgq,g2 WO

20091076778PGEL CAzR8dRRONVE:wRERH Dbl seeAl 80RErdRa S IdIRkWidvEn Di scl osure

62 9 AGFIEGGWTG MVDGWYGYHH QNEQGSGYAA DQKSTQNAIN GITNKVNSVI
48 AGFIEGGWTG MVDGWYGYHH QONEQGSGYAA DQKSTQONAIN GITNKVNSVI

49 AGFIEGGWTG MVDGWYGYHH QNEQGSGYAA DQKSTQNAIN GITNKVNSVI

15 76 MGLIYNRM.G AVTTEVAFGL VCATCEQIAD SQHRSHRQMV TTTNPLIRHE
Consensus aGfIeggwtG mVdgwyg®hh gneqgsgyBa dQkstgnain giTNkvnsvi

401 450

75 EKMNTQFTAV GKEFNKLERR MENLNKKVDD GFLDIWTYNA ELLVLLENER

20 9 EKMNTQFTAV GKEFNKLERR MENLNKKVDD GFLDIWTYNA ELLVLLENER
48 EKMNTQFTAV GKEFNKLERR MENLNKKVDD GFIDIWTYNA ELLVLLENER

49 EKMNTQFTAV GKEFNKLERR MENLNKKVDD GFIDIWTYNA ELLVLLENER

76 NRMVLASTTA .KAMEQMAGS SEQAAEAMEV A........ S QARQMVQAMR
55 Consensus #kMntqfTav gKef#kSerr mE#lnkkv#d gfxdiwtyna #1lvS$Sl#neR
451 500
75 TLDFHDSNVK NLYEKVKSQL KNNAKEIGNG CFEFYHKCNN ECMESVKNGT
9 TLDFHDSNVK NLYEKVKSQL KNNAKEIGNG CFEFYHKCNN ECMESVKNGT
48 TLDFHDSNVK NLYEKVKSQL KNNAKEIGNG CFEFYHKCND ECMESVKNGT
30 49 TLDFHDSNVK NLYEKVKSQL KNNAKEIGNG CFEFYHKCND ECMESVKNGT
76 TIGTHPSSSA GLKNDLLENL QAYQKRMGVQ MQORFK..... «ececeeen.s
Consensus T1ldfHdSnvk nLy#kvks#L knnaKeiGng cfeFyhkcnx ecmesvkngt
501 550
35 75 YDYPKYSEES KLNREKIDGV KLESMGVYQI LAIYSTVASS LVLLVSLGAI
9 YDYPKYSEES KLNREKIDGV KLESMGVYQI LAIYSTVASS LVLLVSLGAI
48 YDYPKYSEES KLNREKIDGV KLESMGVYQI LAIYSTVASS LVLLVSLGAI
49 YDYPKYSEES KLNREKIDGV KLESMGVYQI LAIYSTVASS LVLLVSLGAI
D i i i i e ittt et seaessiete aesee e
40 Consensus ydypkysees klnrekidgv klesmgvygi laiystvass lvllvslgai
551 566
75 SFWMCSNGSL QCRICI
9 SFWMCSNGSL QCRICI
45 48 SFWMCSNGSL QCRICI
49 SFWMCSNGSL QCRICI
TE&  tiiiiviiee e
Consensus sfwmecsngsl gerici

50  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

55  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
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HA expressi on cassette conprising alfalfa plastocyanin pronoter and 5'
hemaggl uti ni n codi ng sequence of Hl from A/ Bri sbane/ 59/ 2007 (construct
#774), al W& F08IBI6A8t ocyanin 3' UTR and termn nator sequerREE%CAA002600083 63 HA

i tte . i Si | fal f t ocyani d.5 UIR
hohmgg T A B KAPRY B RS ofc ph Vit dhe it asriRg. o7 B BRRER ABBt By
(const riy@ OM;L%}V[ pe¥itic 182 i vast ACY ahpdiitibn 20BRs Angt 1H.6X & Hisditiin 20505 RNGrES,

Figure 54 64 HA expression cassette conprising alfalfa plastocyanin

pr onot eX atpepition 2PRs Thardegg tpasition %’édgﬁg)rs)@ airrasitioh 333 is Homa deletion; X at

A Si ng A 2 onst r ust 780),alfalfa plastocyanin 3' UTR and
terningggﬁﬁééggéﬁgggﬁkgaﬁﬁgmﬁgpgﬁl1ﬁf5$gression cassette conprising alfalfa
pl ast ocyanin pronoter and 5 UTR, hemaggl utinin codi ng sequence of H5 from
A Aishui [002323]05 ( HadEnothérerampleaifuctBiariatibi,al sequgrcaaligmyaniand Sonséuand

term nat or sequences, Figure 56 66 HA expression _cassette c risin fal fa
pl ast ocipansnee perdid ol Augl/ 28)‘??%81%95@%% N&hS%le%"&{E%z&% ) rom
AN et n I 34H 2084 m t 169 shodh balohAinPrdRi£cyanin 3" UTR
and te?ﬁ@hator se3§§%@§%ﬁ§$g£ e gségﬁk&?éﬁb?gésggn gaé@ette conpri sing

al falfa plastocyanin pronoter and 5 UTR, hemaggl uti nin codi ng sequence of
86 fr onTabledabéqiemge Kignyhvdtlshdconsensablioqueton furrlistof seleded HINK strains

pl astocyanin 3' UTR and term nator sequences Figure 58 68 HA expression
cassett hsing alfalfa plasgocyanin pronoter and 5 UTR, hemaggl utinin
codi ng %@QE@?@Q'of Ho fron1A/Ho£?qgﬁﬁﬂlo73/99 (HON2) (Construct # 785),

al falfa plastocyanin 3' UTR and term nator sequences Figure 59 69 HA
expilessi on cassette conprising alfalfa plastocyanin pronotesdand 5
hemaggl ut i ni ntOc oWEHIYLERHUEREEKSEPIHICT OIS BVPEDEHEY 1/TRBDZALE| | 3N2) ,

al fal fa pl ast¥cydINBLUERIFMES P A6 BN B @B BRMEEN Y (Va8 HEPILHD
2009/ 07C6778Pé15/ %%%@%gg@g @gg@gﬁ% SN OEIMEEY r“%zéﬁﬁ\%“

UTR,

UTR,

onsensus QVDTIMEKNV TVTHAQDILE
15
51 100
10 KTHNGKLCDL DGVKPLILRD CSVAGWLLGN PMCDEFINVP EWSYIVEKAN
56 KTHNGKLCDL DGVKPLILRD CSVAGWLLGN PMCDEFINVP EWSYIVEKAN
55 KTHNGKLCDL DGVKPLILRD CSVAGWLLGN PMCDEFINVP EWSYIVEKAN
20 Consensus KTHNGKLCDL DGVKPLILRD CSVAGWLLGN PMCDEFINVP EWSYIVEKAN
101 150
10 PTNDLCYPGS FNDYEELKHL LSRINHFEKI QIIPKSSWSD HEASSGVSSA
56 PVNDLCYPGD FNDYEELKHL LSRINHFEKI QIIPKSSWSS HEASLGVSSA
25 55 PANDLCYPGN FNDYEELKHL LSRINHFEKI QIIPKSSWSD HEASSGVSSA
Consensus PxNDLCYPGx FNDYEELKHIL LSRINHFEKI QIIPKSSWSd HEASsGVSSA
151 200
10 CPYLGSPSFF RNVVWLIKKN STYPTIKKSY NNTNQEDLLV LWGIHHPNDA
30 56 CPYQGKSSFF RNVVWLIKKN STYPTIKRSY NNTNQEDLLV LWGIHHPNDA
55 CPYQGTPSFF RNVVWLIKKN NTYPTIKRSY NNTNQEDLLI LWGIHHSNDA
Consensus CPYQGxpSFF RNVVWLIKKN sTYPTIKrSY NNTNQEDLL! LWGIHHpNDA
201 250
35 10 AEQTRLYQNP TTYISIGTST LNQRLVPKIA TRSKVNGQSG RMEFFWTILK
56 AEQTKLYQNP TTYISVGTST LNQRLVPRIA TRSKVNGQSG RMEFFWTILK
55 AEQTKLYQNP TTYISVGTST LNQRLVPKIA TRSKVNGQSG RMDFFWTILK
Consensus AEQTKLYQONP TTYIS!GTST LNQRLVPkIA TRSKVNGQSG RM#FFWTILK
40 251 300
10 PNDAINFESN GNFIAPEYAY KIVKKGDSAI MKSELEYGNC NTKCQTPMGA
56 PNDAINFESN GNFIAPEYAY KIVKKGDSTI MKSELEYGNC NTKCQTPMGA
55 PNDAINFESN GNFIAPEYAY KIVKKGDSAI VKSEVEYGNC NTKCQTPIGA
45 Consensus PNDAINFESN GNFIAPEYAY KIVKKGDSal mKSE1EYGNC NTKCQTPmGA
301 350
10 INSSMPFHNI HPLTIGECPK YVKSNRLVLA TGLRNSPQRE SRRKKRGLFG
56 INSSMPFHNI HPLTIGECPK YVKSNRLVLA TGLRNSPQRE RRRKKRGLFG
55 INSSMPFHNI HPLTIGECPK YVKSNKLVLA TGLRNSPLRE RRRK.RGLEG
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In Disclosure 70 HA expression cassette conprising alfalfa plastocyanin
pronmoter and 5 UTR, hemaggl utinin coding sequence of H3 from

A Wi scon®iooe7970185 (H3N2), alfalfa plastocyani n3' UTRarfiTECAR0NEA00032
sequencessEhA CrflbhaiuSPIEen! WGaSEl Ll kAIMEL Sidialikal f 2

pl ast ocyani n pronoter and UTR, hemaggl utinin codi ng sequence of H7 from
Al Equi ne/ Prague/ 561 ( H/N7) , aI fal fa plastocyani n3' UTRandt er niopat or sequences
Figure 62 72 HA BX@EFEBEIWNCICAETEtY EHENEYOEES INAQKEHTREA fIGpTMsMNecyani n
profoter and B VIEARFIREGaGENRCGIHGH HIBNHOGHCS CGDRRIOKR f I DEFATN VA
B/Nhlay5|a/25ﬁ%/2@ﬁﬂTE%PW§F¥%? Y a5 HEeNFAP A AOPRERTERR rCH BN NS sequences

Fi gure €35?3545A RIYTFEESTORCEDELETt SHEHPT S iPAGREITRER I RCVTNKVNS

pl ast ocyani npron'g and5' UTR, henaggl utini n codi ngsequenceqf, ,HA
/ i)f]@

fromB/ Fl ori daj NP R ERRNASE RRYARNRRY FPRANGAASY rBA'%%ﬂ!MEﬁequences
Figure 64 74 {onseiemsomThiCkedfhtE REEHENRRAY Fhcritnh P NN den48, 33 and 9
Figure 65 75 #Am nopeRirgres aoceneeL o ke ik vkew soakadany angAiH34824. 1) encoded
by SEQ ¢dnshfrus331Hixymrers avatErRNLEARR IENIARKY EDepumemce oELEiivERuerto Rico

(N%30409878.1) encoded by SEQ ID NGO 35

451 500
10 ERTLDFHDSN VKNLYDKVRL QLRDNAKELG NGCFEFYHKC DNECMESIRN
56 ERTLDFHDSN VKNLYDKVRL QLRDNAKELG NGCFEFYHKC DNECMESVRN
55 ERTLDFHDSN VKNLYDKVRL QLRDNAKELG NGCFEFYHKC DNECMESVRN
20 Consensus ERTLDFHDSN VKNLYDKVRL QLRDNAKELG NGCFEFYHKC DNECMES!RN
501 550
10 GTYNYPQYSE EARLKREEIS GVKLESIGTY QILSIYSTVA SSLALAIMMA
56 GTYDYPQYSE EARLKREEIS GVKLESIGIY QILSIYSTVA SSLALAIMVA
55 GTYDYPQYSE EARLKREEIS GVKLESIGTY QILSIYSTVA SSLALAIMVA
25 Consensus GTY#YPQYSE EARLKREEIS GVKLESIGtY QILSIYSTVA SSLALAIMvVA
551 568
10 GLSLWMCSNG SLQCRICI
56 GLSLWMCSNG SLQCRICI
30 55 GLSLWMCSNG SLQCRICI
Consensus GLSLWMCSNG SLQCRICI

The consensus sequence indicates in upper case letters amino acids common to all sequences at a

35 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; X at position
102 is any of T, V or A; X t position 110 is any of S, D or N; X at position 156 is any of S, K or
T.

40  [00234] The above-illustrated and described alignments and consensus sequences are non-
limiting examples of variants in hemagglutinin amino acid sequences that may be used in various

embodiments of the invention for the production of VLPs in a plant.

[00235]

codons for each amino acid are known in the art. Provision of an amino acid sequence,

A nucleic acid encoding an amino acid sequence may be easily determined, as the

45  therefore, teaches the degenerate nucleic acid sequences that encode it. The present invention,
therefore, provides for a nucleic acid sequence encoding the hemagglutinin of those influenza
strains and subtypes disclosed herein (e.g. A/New Caledonia/20/99 (H1N1)A/Indonesia/5/2006
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pl 3i nPl us. 2613c Fi gure 67 AGGAAGGGAAGAAA GCGAAAGGAG 78 Mut - ATGL1S5. r
GI'GCCGAAGCACGAT CTGACAACGTITGAAG ATCGCTCACGCAAGA  AAGACAAGARA 79
Mut - ATGLEWC20EVITETBAGATCGTGC TTCGGCACCAGTACA  ACG 1 11 PIGTAAXMIN®32 AAGCGA

528, 1l B bR R  GRdvk P BT SR e Sh) AR cs™

term nMa)llarﬁMWB9/06SNMQ/QHQ%WW(Y@P@Iﬁ&ﬂéﬁDﬁh&QWﬁESQ/@@ No Sequence
Description In Disclosu 82

A/Turkey/Ontario/61 18/68(H8N4) A/shoveler/Iran/G54/03,

A/chicken/Germany/N/1949(H10N7), A/duck/England/56(H11N6),

5  A/duck/Alberta/60/76(H12N5), A/Gull/Maryland/704/77(H13N6), A/Mallard/Gurjev/263/82,
A/duck/Australia/341/83 (H15N8), A/black-headed gull/Sweden/5/99(H16N3), B/Lee/40,
C/Johannesburg/66, A/PuertoRico/8/34 (HIN1), 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),

10 A/Vietnam/1194/2004 (H5N1), A/Teal/HongKong/W312/97 (H6N1), A/Equine/Prague/56
(H7N7), A/HongKong/1073/99 (H9N2)), as well as the degerenate sequences that encode the

above hemagglutinins.

[00236] Further, an amino acid sequence encoded by a nucleic acid may be easily
determined, as the codon or codons for each amino acid are known. Provision of a nucleic acid,

15  therefore, teaches an amino acid sequence encoded by it. The invention, therefore, provides for
amino acid sequences of the hemagglutinin of those influenza strains and subtypes disclosed
herein those disclosed herein (e.g. A/New Caledonia/20/99 (HIN1)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,

20  A/Turkey/Ontario/6118/68(H8N4), A/shoveler/Iran/G54/03,
A/chicken/Germany/N/1949(H10N7), A/duck/England/56(H11N6),
A/duck/Alberta/60/76(H12N5), A/Gull/Maryland/704/77(H13N6), A/Mallard/Gurjev/263/82,
A/duck/Australia/341/83 (H15N8), A/black-headed gull/Sweden/5/99(H16N3), B/Lee/40,
C/Johannesburg/66, A/PuertoRico/8/34 (HIN1), A/Brisbane/59/2007 (HIN1), A/Solomon

25  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 (HSN1),
A/Vietnam/1194/2004 (H5N1), A/Teal/HongKong/W312/97 (H6N1), A/Equine/Prague/56
(H7N7), A/HongKong/1073/99 (HIN2)).

[00237] In plants, influenza VLPs bud from the plasma membrane (see Example 5, and
30  Figure 19) therefore the lipid composition of the VLPs reflects their origin. The VLPs produced
according to the present invention comprise HA of one or more than one type or subtype of

influenza, complexed with plant derived lipids. Plant lipids can stimulate specific immune cells
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SpPDI - HA(I nd) . ¢ GTTCCTTCTCAGATCT TCGCTGATCAGATTT GCATTGGITACCATG CA 83
Construct nunber 663, fromH ndlll (in the nultiplecloningsite,upstream
Pl ast ocyaWOp¥®iediser ) t oEcoRl (i nmedi at el ydownst r eanPl a#ICIEGAR0ME000032
termnator). Figure 69 84 SpPDl -H1B.c TTCTCAGATCTTCG CTGACACAATATGT

ATAGCECTA JGC C 85 Sacl:HIB. r AGA CITAG AT, ATTCTACA
Cr o AR ERIR e TG BT (oS BN PP S RIS 1P n ¢ he
mul ti plgekshtidgihélthe (PEY hed@ phdIphaiditetiamoaih® (FR)eind A&kcetain
(i medi at ellﬁ;hd.omnst_r earrgl)ast occ?/ni ne termnator) Figure 70 87 H3B-SpPDI . r
glycosphingolipids, saponins, and phytosterols. Additionally, lipid rafts are also found in plant
plasma membranes - these microdomains are enriched in sphingolipids and sterols. In plants, a
5  variety of phytosterols are known to occur, including stigmasterol, sitosterol, 24-

methylcholesterol and cholesterol (Mongrand et al., 2004).

[00238] PC and PE, as well as glycosphingolipids can bind to CD1 molecules expressed
by mammalian immune cells such as antigen-presenting cells (APCs) like dendritic cells and
macrophages and other cells including B and T lymphocytes in the thymus and liver (Tsuji M,.
10 2006). CD1 molecules are structurally similar to major histocompatibility complex (MHC)
molecules of class I and their role is to present glycolipid antigens to NKT cells (Natural Killer T
cells). Upon activation, NKT cells activate innate immune cells such as NK cells and dendritic

cells and also activate adaptive immune cells like the antibody-producing B cells and T-cells.

[00239] A variety of phytosterols may be found in a plasma membrane — the specific
15 complement may vary depending on the species, growth conditions, nutrient resources or
pathogen state, to name a few factors. Generally, beta-sitosterol is the most abundant

phytosterol.

[00240] The phytosterols present in an influenza VLP complexed with a lipid bilayer, such
as an plasma-membrane derived envelope may provide for an advantageous vaccine

20  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.

[00241] Therefore, in some embodiments, the invention provides for a VLP complexed
25  with a plant-derived lipid bilayer. In some embodiments the plant-derived lipid bilayer may

comprise the envelope of the VLP.

[00242] The VLP produced within a plant may include an HA comprising plant-specific
N-glycans. Therefore, this invention also provides for a VLP comprising HA having plant

specific N-glycans.
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TGTCATTTCCGEGA  AGT 1 1 1 1GAGCGAA  GATCTGAGAAGGA  ACCA 88 SpPDI - H3B. c
TCTCAGATCTTCG CTCAAAAACTTCCC GGAAATGACAACA GCACG 89 H3 (A-Bri).o982r
TTGCTTAAON‘Q&PQ?/QWACAGG 90 Construct nunber 790, from HGTdCA2009/6mm0x2he

(i et 0B ioun ok R MGt Grae ST BTaE b1 panssfesn oo foperaragle S
GCTTATT@eMéal 34 %EB%E@% herein by reference) and HA having modified N-glycans may
be produced. HA comprising a modified glycosylation pattern, for example with reduced
fucosylated, xylosylated, or both, fucosylated and xylosylated, N-glycans may be obtained, or
5 HA having a modified glycosylation pattern may be obtained, wherein the protein lacks
fucosylation, xylosylation, or both, and comprises increased galatosylation. Furthermore,
modulation of post-translational modifications, for example, the addition of terminal galactose
may result in a reduction of fucosylation and xylosylation of the expressed HA when compared

to a wild-type plant expressing HA.

10 [00244] For example, which is not to be considered limiting, the synthesis of HA having a
modified glycosylation pattern may be achieved by co-expressing the protein of interest along
with a nucleotide sequence encoding beta-1.4galactosyltransferase (GalT), for example, but not
limited to mammalian GalT, or human GalT however GalT from another sources may also be
used. The catalytic domain of GalT may also be fused to a CTS domain (i.e. the cytoplasmic

15  tail, transmembrane domain, stem region) of N-acetylglucosaminyl transferase (GNT1), to
produce a GNT1-GalT hybrid enzyme, and the hybrid enzyme may be co-expressed with HA.
The HA may also be co-expressed along with a nucleotide sequence encoding N-
acetylglucosaminyltrasnferase I1I (GnT-III), for example but not limited to mammalian GnT-III
or human GnT-III, GnT-III from other sources may also be used. Additionally, a GNT1-GnT-III

20  hybrid enzyme, comprising the CTS of GNT1 fused to GnT-III may also be used .

[00245] Therefore the present invention also includes VLP’s comprising HA having
modified N-glycans.

[00246] Without wishing to be bound by theory, the presence of plant N-glycans on HA
may stimulate the immune response by promoting the binding of HA by antigen presenting cells.
25  Stimulation of the immune response using plant N glycan has been proposed by Saint-Jore-
Dupas et al. (2007). Furthermore, the conformation of the VLP may be advantageous for the
presentation of the antigen, and enhance the adjuvant effect of VLP when complexed with a

plant derived lipid layer.

2% 46

[00247] By “regulatory region”, “regulatory element” or “promoter” it is meant a portion
30 of nucleic acid typically, but not always, upstream of the protein coding region of a gene, which

may be comprised of either DNA or RNA, or both DNA and RNA. When a regulatory region is
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AGATCTGAGAAGG  AACCAACAC 92 SpPDI - HBF. ¢ CAGATCTTCGCTGA  TCGAATCTGCACTG
GAATAACATCTTCA AACTCACC 93 Pl aster 8O CAAATAGTATTTCA TAACAACAACGATT WO
2009/ 076 WWOREWAZ809/ 000032 SEQ I D No Sequence Descri pPCHCA2A0MI8E2 oS Ur €

94 Construct nuynber 798, from Hi ndll| n.th rmltlpl on|n site, upstream
Pl ast oc%Féll’{F’r?é'ngB ABEratYq epgnion; thté’telﬂ th 8 grs %tjs‘fl@&%? ithig miay result

ter m najQhhresEbHYE %%%ngéf #Radst. Sﬂp%ulgtogf-r@;m capattEoReaRGEE b gan

GCGATTTT T ATT
specificity, or controlling developmental or temporal gene activation. A “regulatory region”

includes promoter elements, core promoter elements exhibiting a basal promoter activity,

5 elements that are inducible in response to an external stimulus, elements that mediate promoter
activity such as negative regulatory elements or transcriptional enhancers. “Regulatory region”,
as used herein, also includes elements that are active following transcription, for example,
regulatory elements that modulate gene expression such as translational and transcriptional
enhancers, translational and transcriptional repressors, upstream activating sequences, and

10 mRNA instability determinants. Several of these latter elements may be located proximal to the

coding region.

[00248] In the context of this disclosure, the term "regulatory element” or “regulatory
region” typically refers to a sequence of DNA, usually, but not always, upstream (5°) to the
coding sequence of a structural gene, which controls the expression of the coding region by

15  providing the recognition for RNA polymerase and/or other factors required for transcription to
start at a particular site. However, it is to be understood that other nucleotide sequences, located
within introns, or 3' of the sequence may also contribute to the regulation of expression of a
coding region 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

20  promoter element. Most, but not all, eukaryotic promoter elements contain a TATA box, a
conserved nucleic acid sequence comprised of adenosine and thymidine nucleotide base pairs
usually situated approximately 25 base pairs upstream of a transcriptional start site. A promoter
element comprises a basal promoter element, responsible for the initiation of transcription, as

well as other regulatory elements (as listed above) that modify gene expression.

25  [00249] There are several types of regulatory regions, including those that are
developmentally regulated, inducible or constitutive. A regulatory region that is
developmentally regulated, or controls the differential expression of a gene under its control, is
activated within certain organs or tissues of an organ at specific times during the development of
that organ or tissue. However, some regulatory regions that are developmentally regulated may

30 preferentially be active within certain organs or tissues at specific developmental stages, they
may also be active in a developmentally regulated manner, or at a basal level in other organs or

tissues within the plant as well. Examples of tissue-specific regulatory regions, for example see-
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Stul - HL(A-NC).r AAAATAGGCCTTT  AGATGCATATTCTA CACTGCAAAGACCC A 97
Construct nunmber 580, from Pad (upstream 35S pronoter) to Ascl (imrediately
downst r eaWONRE@B/47€T7/1 nat or). Figure 73 98 Apal - H5 (A- | ndBCTAA2TGNCBE3ECCCATG
GAGAAAATAGTICGCT TCTTCTTGCAAT 99 H5 (A-Indo)-Stul. 1707r AAATAGGCCTTTA
AATGCAASPPFIEF@TegulziornIeeion, nshidedhesrapin Profigigseandghe cruciferin promoter (Bask el 355

pr oot e{Jog. 9. P IPrLBITASh Al Yoo BNBSL AR, NGB L B @@}g PENo5 T8B! Ko Earifit y

Construct nunber , from (upstream 35S ptonot er (T me

downst r ebanlehf$ecHicrombter jncRidgs the plastdo@2niApadmetdR FiguF STEGESEQUINIE0:23);
AAAGTAAﬁéQTﬁ%E% 1C %%%gr%t%;ei%%% reference).

5 [00250] An inducible regulatory region is one that is capable of directly or indirectly
activating transcription of one or more DNA sequences or genes in response to an inducer. In
the absence of an inducer the DNA sequences or genes will not be transcribed. Typically the
protein factor that binds specifically to an inducible regulatory region to activate transcription
may be present in an inactive form, which is then directly or indirectly converted to the active

10  form by the inducer. However, the protein factor may also be absent. The inducer can be a
chemical agent such as a protein, metabolite, growth regulator, herbicide or phenolic compound
or a physiological stress imposed directly by heat, cold, salt, or toxic elements or indirectly
through the action of a pathogen or disease agent such as a virus. A plant cell containing an
inducible regulatory region may be exposed to an inducer by externally applying the inducer to

15  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, L.R.P.,
1998, Trends Plant Sci. 3, 352-358; which is incorporated by reference). Examples, of potential
inducible promoters include, but not limited to, tetracycline-inducible promoter (Gatz, C.,1997,
Ann. Rev. Plant Physiol. Plant Mol. Biol. 48, 89-108; which is incorporated by reference),

20  steroid inducible promoter (Aoyama, T. and Chua, N.H.,1997, Plant J. 2, 397-404; which is
incorporated by reference) and ethanol-inducible promoter (Salter, M.G., et al, 1998, Plant
Journal 16, 127-132; Caddick, M.X., et al, 1998, Nature Biotech. 16, 177-180, which are
incorporated by reference) cytokinin inducible IB6 and CKI1 genes (Brandstatter, I. and Kieber,
J.J.,1998, Plant Cell 10, 1009-1019; Kakimoto, T., 1996, Science 274, 982-985; which are

25  incorporated by reference) and the auxin inducible element, DR5 (Ulmasov, T., et al., 1997,

Plant Cell 9, 1963-1971; which is incorporated by reference).

A constitutive regulatory region directs the expression of a gene throughout the various parts of a
plant and continuously throughout plant development. Examples of known constitutive
regulatory elements include promoters associated with the CaMV 35S transcript. (Odell et al.,

30 1985, Nature, 313: 810-812), the rice actin 1 (Zhang et al, 1991, Plant Cell, 3: 1155-1165), actin
2 (Anetal., 1996, Plant J., 10: 107-121), or tms 2 (U.S. 5,428,147, which is incorporated herein
by reference), and triosephosphate isomerase 1 (Xu et. al., 1994, Plant Physiol. 106: 459-467)
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Stul - H2B. r AAATAGGCCTTTA  GATGCATATTCTAC ACTGTAAAGACCCA TTGGA 104
Construct 732, from Pad (upstream 35S pronoter) to Ascl (inmmediately
downst r eaWOREB/A76T7/ nat or). Figure 76 105 Construct nunB€M/CAZ809/09@n Pad
(upstream 35S prono er) to Ascl_ (i nmedi ately dovvnstre m term nator).

Fi gur e §eRes.dbe mgkze in rgenrdCemsrrstel, | W&%ATT
Sélﬂ?ﬁ?%%?gﬁb%ﬁﬁ%ﬁﬁg SRR ﬁ’?&"r@f&/ﬁ@#‘e BT |1
108 Contbaccottranslatienal ﬁﬁﬁatldnrfactm%ﬂ g(enq:)@tlarehhetaﬂi,s 996 Grbemt M()l Bol. ,QQC p9s5-
(70! FELRRLLEMLALE LSh Ralo' s ELOULE o L8 COfel LUl dutber
t er 1§ nagdtnbl of the constitutive regulatory region is expressed at the same level in all cell types, but
that the gene is expressed in a wide range of cell types even though variation in abundance is
often observed. Constitutive regulatory elements may be coupled with other sequences to further
enhance the transcription and/or translation of the nucleotide sequence to which they are
operatively linked. For example, the CMPV-HT system (Sainsbury et al, 2008, Plant
10  Physiology 148: 1212-1218) is derived from the untranslated regions of the Cowpea mosaic

virus (COMYV) and demonstrates enhanced translation of the associated coding sequence.

[00251] By “native” it is meant that the nucleic acid or amino acid sequence is naturally

occurring, or “wild type”.

[00252] By "operatively linked" it is meant that the particular sequences, for example a

15  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.

[00253] The one or more than one nucleotide sequence of the present invention may be

20  expressed in any suitable plant host that is transformed by the nucleotide sequence, or constructs,
or vectors of the present invention. Examples of suitable hosts include, but are not limited to,
agricultural crops including alfalfa, canola, Brassica spp., maize, Nicotiana spp., alfalfa, potato,

ginseng, pea, oat, rice, soybean, wheat, barley, sunflower, cotton and the like.

[00254] The one or more chimeric genetic constructs of the present invention can further
25  comprise a 3’ untranslated region. A 3’ untranslated region refers to that portion of a gene
comprising a DNA segment that contains a polyadenylation signal and any other regulatory
signals capable of effecting mRNA processing or gene expression. The polyadenylation signal is
usually characterized by effecting the addition of polyadenylic acid tracks to the 3’ end of the
mRNA precursor. Polyadenylation signals are commonly recognized by the presence of
30 homology to the canonical form 5° AATAAA-3’ although variations are not uncommon. One or

more of the chimeric genetic constructs of the present invention can also include further
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Figure 79 110 Apl-HBF.c TTGICGGGCCCAT  GAAGGCAATAATTG TACTACTCATGGTA GTAAC
111 Stul -HBF.r AAAATAGGCCTTT  ATAGACAGATGGA GCATGAAACGTITGT CTCTGG 112
Const r uctWewRaM76788, from Pad (upstream 35S pronoter) PETAS0Y(0nGBRdI at el y

downstream NOS ternminatqr). Figure, 80 113 Construct nupber_ 739, from Pad
(upstre S’ﬁitg?&ﬂaé‘? tipR, omESCrIpt 'é@céfﬁya%i%g’f‘ FEHF FECHHEEDr ) .

Figure t%éiokéﬁré\(’vaﬁfcﬁd% ¥dersanO Skifldd REHE §ACHdICa A HcPudednd AT pRiABh \¢8dorl €
ATGT" TT ACCAAC 116 Hsp4OLuz-Sacl.1272r AGCT GA GCTCCTAC
TGT TGAGREGHTaEeniGaquentds. HElpidltiatioPbodingBusGhe GEIIESCOBHAR: rRadifs fRMEITe

coding sequence to ensure translation of the entire sequence.

5 [00255] Non-limiting examples of suitable 3’ regions are the 3’ transcribed non-translated
regions containing a polyadenylation signal of Agrobacterium tumor inducing (Ti) plasmid
genes, such as the nopaline synthase (Nos gene) and plant genes such as the soybean storage
protein genes, the small subunit of the ribulose-1, 5-bisphosphate carboxylase (ssRUBISCO; US
4,962,028; which is incorporated herein by reference) gene, the promoter used in regulating

10  plastocyanin expression (Pwee and Gray 1993; which is incorporated herein by reference). An
example of a plastocyanin promoter is described in US 7,125,978 (which is incorporated herein

by reference)

[00256] As described herein, promoters comprising enhancer sequences with
demonstrated efficiency in leaf expression, have been found to be effective in transient

15  expression. Without wishing to be bound by theory, attachment of upstream regulatory elements
of a photosynthetic gene by attachment to the nuclear matrix may mediate strong expression.
For example up to -784 from the translation start site of the pea plastocyanin gene may be used

mediate strong reporter gene expression.

[00257] To aid in identification of transformed plant cells, the constructs of this invention
20  may be further manipulated to include plant selectable markers. Useful selectable markers
include enzymes that provide for resistance to chemicals such as an antibiotic for example,
gentamycin, hygromycin, kanamycin, or herbicides such as phosphinothrycin, glyphosate,
chlorosulfuron, and the like. Similarly, enzymes providing for production of a compound
identifiable by colour change such as GUS (beta-glucuronidase), or luminescence, such as

25  luciferase or GFP, may be used.

[00258] Also considered part of this invention are transgenic plants, plant cells or seeds
containing the chimeric gene construct of the present invention. Methods of regenerating whole
plants from plant cells are also known in the art. In general, transformed plant cells are cultured
in an appropriate medium, which may contain selective agents such as antibiotics, where

30  selectable markers are used to facilitate identification of transformed plant cells. Once callus

forms, shoot formation can be encouraged by employing the appropriate plant hormones in
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AAGATGAT 118 Hsp70Ara. 1 c ATGICGGGTAAAGG AGAAGGA 119 Hsp70Ar a- Sacl . 1956r
AGCT GA GCTCFTAG TCGACCTCCTCGAT CTTAG 120 Hsp70Ara-Pl asto.r TCCTTCTCCTTTACC
CGACATTTTEOCYR/OT6RBGATGAT 121 Construct nunber R850, fr @GTHIAAINA00(32N

t hemul ti Iecl oni ngsite, upstrea ropot er)t QqecoRl (i nmedi at.el y downst r eam NOS
e m neA<GPYanGe il Knoysi Miosoa0) Br Gt SEH00 OO DB DeER TR i ence
Descri pif fhtd. 2y ﬁlﬁht@ %Hﬂhér?@e $RA%S EstsYlish &'éﬂéﬁﬁv ratfoh®), r@ithﬂeﬂ‘l‘i'&&'seédsfbr

t henul ti pl ecl oni ngsi te, Upstream pronot er)t oEcoRl (1 mredi ately downst ream NOS

t er m nawsing vagetptive pﬂxpagﬁB)nGquuest Transdenic Ra%o pan‘ alsmbd-gendratéd without using

t henul t |léaslug&lﬂ9ur}ésn95| te, upstream

5 [00259] Also considered part of this invention are transgenic plants, trees, yeast, bacteria,
fungi, insect and animal cells containing the chimeric gene construct comprising a nucleic acid

encoding recombinant HAQ for VLP production, in accordance with the present invention.

[00260] The regulatory elements of the present invention may also be combined with
coding region of interest for expression within a range of host organisms that are amenable to
10  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.

[00261] Methods for stable transformation, and regeneration of these organisms are
15  established in the art and known to one of skill in the art. The method of obtaining transformed

and regenerated plants is not critical to the present invention.

[00262] By “transformation” it is meant the stable interspecific transfer of genetic

information (nucleotide sequence) that is manifested genotypically, phenotypically or both. The

interspecific transfer of genetic information from a chimeric construct to a host may be heritable
20  and the transfer of genetic information considered stable, or the transfer may be transient and the

transfer of genetic information is not inheritable.

[00263] By the term "plant matter", it is meant any material derived from a plant. Plant
matter may comprise an entire plant, tissue, cells, or any fraction thereof. Further, plant matter
may comprise intracellular plant components, extracellular plant components, liquid or solid

25  extracts of plants, or a combination thereof. Further, plant matter may comprise plants, plant
cells, tissue, a liquid extract, or a combination thereof, from plant leaves, stems, fruit, roots or a
combination thereof. Plant matter may comprise a plant or portion thereof which has not been
subjected to any processing steps. A portion of a plant may comprise plant matter. However, it
is also contemplated that the plant material may be subjected to minimal processing steps as

30  defined below, or more rigorous processing, including partial or substantial protein purification
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pronot er)t oEcoRI (i nmedi atel y downstream NOS term nator). Figure 85 124
supP19- pl ast o.r CCTTGTATAGCTCG TTCCATTTTCTCTCA AGATG 125 supPl19-1c
ATGGAACGABORAIP/RECABGCG 126 SupPl9- Sacl.r AGICGAGCTCTTAC PCECRRIG@MITBICG AAG

[ 00292] The invention w |l pow b??"htg ribed.i ail by, y of reference
only t 0"t PRterRMAReH commRay Ilfé%‘KP ‘P&E’H Beet libitedih cBromatagraphy;
Assenbl ye bASLsAnY f Krbased expreSS| on cassettes for native HA

5[ 00293] Aﬁoﬂr%aff?pu a’i&?eons were done using the general nolecul ar biology

protocol s of Sanbrook and Russell (2001; which is incorporated herein by
refer enEQQ)Z64]The f By she tetmo fininjmat processingl' #tismheant plang evater, fier @sametﬂe ptp&amt or

| d !
D) ot PSR et B ERE A Brdlei i UBRA SR b aiorgRa SEPBlee Rlagt ieest
wer e ammégeadtef fradtioal Jf%'lafn@h&ﬂﬂﬁkiﬂaﬁe d?h& husd (8. Biriseny ploesdstdle m&iamer S

Xmal -pPlas,.c (SEQ ID NO 10 29; Figure 10Q .and Sacl - ATG pPI as. réég
NO.  30: PYrififatien m@Rcomprige, bk is|nof hgnta@tﬂ disnupting planipedulas strygiuresitheeabye d V\A t h

or ovi ouetyth QA eSS A Torbb RIS nq SRRy BURBLAIE,

Simlar thchtdirfy & ddpRatdqueaaaplg bat ﬁ(ﬂllllilmfbﬂttorbyﬁfentrffﬁgaﬂoﬂ$ﬁmylam ohagene was
anplified fromalfalfa genom c DNA using the follow ng primner

Sacl - Pl gmRipatonthereat-dn iy Keardprotaingisersteforifhin the extigre] lﬂ#réeqfér%f leafior) | D
NO 1032; otk OilsGesidlid b gdly]@otﬁhé)@ﬂs% %@%ﬁﬁ@u brac@ifn, a&‘ilsgfeg Rbulaef or e
being inserte |ntot me sites astoto create

pCAMBI ARt adtaoted [ﬁﬂa%bﬁudeMge ehnoo@ mglei'se]r@ggdmglom ithe likeansgudfelzelenz a

strain A/ 1 ndonesi a/5/05 125873
synt hesféf‘é B iR REptsdniTes 89%@@3&5%@ élhﬂarwacez upgl Pregessip aﬁﬁ{w
pr oducegyoRR g;fr%iafﬁti%ﬁ off BRide RERA &Y &f édﬁlb@@ﬁ'oﬂﬁlnsf ﬁﬂb@iﬁeéﬂ?&%hﬁ%st&tﬁﬂd‘ Rhveve -
82 - WD 2009/ 076778PCT/ CA2009/ 000032 signal peptid |'anked by a H ndl |1
si t e i nmegliigitle tontapiatiem fromf secdralaryplantgirodiEe, FartberamBachabprocessmgentiyat el y
do trea of the sto TAA don resent 3 .(,Figure
eIV ahetis B ERigin b o EPls RRbretnrdh SR iy preciuiAon by et o
casset t QuifapletAR. B@%?%&&H’ods'rﬁ@hh@lﬂd@ﬁ&é%awxﬁ&%f&l@ﬂ ahd juiey BQALtIEH infdrder to
(1995). Briefly, a first PCRanplification was 5 obtal ned using priners
Pl at o- 4n@m1(t35¢rc®mfﬂneenrwre 7A) and SpHA(Ind)-Plasto.r (SEQ I D NQO 5;
Fi gure 7B) and pCAMBI A pronoPl asto as tenplate. In parallel, a second

Lifi . ¢ . .
o GRPBSE " e AL el R WAL EIGL B 85 e &

f r agmena sutgedt e Tht plagt mather magpbd ddnginisteded Dipad ofadlié¢tagnsupplements alohg @ﬂﬂl wer e
m xed together and the m xture served as tenplate for a third reactlon 10

( as&knbPifgiords of easapsilatedq The Rlest matter o SesyemayNgdso be comeepiifatedAmimprRye or
HA( I nd 7 t
s d éest asf pgtetApof P ded sl B GheAta BT B R I TS

end of &tupitmtagreduirednd cl oned into pCAMBI APl asto previously digested with
t he sanme enzynes. The resulting plasmd, named 660, is presented in figure

2B (al Fi 00295 | ut tt
nunber PA66L 705 ERERdesetEmBhoL eI PRATm SeyR VRES PE e RAgRa e Slen

synt hesmafﬂe ﬁ%ﬁﬁét@ﬂeﬂgo H@ﬁld@oﬁmlaf‘etrﬁ)t GRS, Hub{ting, p;ﬂﬂlat&gbﬁ@g%&&efom rom ATG
to stop) tlanked by altalfa plastocyanln gene sequences correspondlng

to 2he lﬂmg’rgtorﬁhlrdﬂaqu@btdudeseeq@smtémObickcm@“pmcash@@ymnﬁ, haee.oathebeaning,
\é\': E 2 ia rglhé%%éa ff é eﬂéelxrtg,te %ﬁéligrgl rs"‘[togee ;[nl en rfglgeq? ']-;[ lslsearl)eﬁs lﬁgsqgck ?Eﬁ)%ltg Sad
mice, rats, guinea pigs or other rodents, seal, whale and the like. Such target organisms are

exemplary, and are not to be considered limiting to the applications and uses of the present

invention.

30 [00267] It is contemplated that a plant comprising the protein of interest, or expressing the

VLP comprising the protein of interest may be administered to a subject or target organism, in a
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20 [00296] Synt heti c hemaggl utinin fragnents were synthesized by Top Gene
Technol ogies (Montreal, QC, Canada) and Epoch Bi ol abs (Sugar Land, TX,
USA) . ThewPragignt’8synt hesi zed are presented in figuresP28/GA20@D08032
correspond, to. SEQ ] D NO 36 t0o,SEQ 1D NO 47. .For.the enbl ft

conp! ot e LR Sl Pefibe Fhdine hiad a0l fiesOf T Eor BB IR oin i Bisrsat .
Drall | ghisin&heonintle plaaniedy botaratedBloMtd as i inefkéralalde, pharHY @drified,brt he
sanme enzynes. Table 6 25 presents the cassettes produced with_the

cor r es pRHiaddorm 1 the pyetely is te be puiifieds then itHay beRpgoducegdn either edible or

2009/ 07677 / Tahl ; i N '
cassett rgcgn-%gé%r?b ed %%%%1 #%@e—lg@ﬁ toﬁael@i aéi Eﬁ?%%%é&h %HS? .ryl%égég{eﬁg@ngﬂber
Cor rSes phardesteg] dnd dienfiy fded o fheagbjeot oGhahhntsed issteniay be dried prier Byfeediag) c
fragnment SEQ.ID NO Figure Fjnal cassette SEQ ID NO 774 HA of .

A B 1 SO ABPBLI oo PR O RS P piest b BY PRPEIA ST RKINE BliEs 15is s
(HIN 1 dondRiertl withifi the’st8pe 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.

10 [00268] Post-transcriptional gene silencing (PTGS) may be involved in limiting
expression of transgenes in plants, and co-expression of a suppressor of silencing from the potato
virus Y (HcPro) may be used to counteract the specific degradation of transgene mRNAs
(Brigneti et al., 1998). Alternate suppressors of silencing are well known in the art and may be
used as described herein (Chiba et al., 2006, Virology 346:7-14; which is incorporated herein by

15 reference), for example but not limited to, TEV-p1/HC-Pro (Tobacco etch virus-p1/HC-Pro),
BYV -p21, p19 of Tomato bushy stunt virus (TBSV p19), capsid protein of Tomato crinkle virus
(TCV -CP), 2b of Cucumber mosaic virus; CMV-2b), p25 of Potato virus X (PVX-p25), p11 of
Potato virus M (PVM-pl1), pl1 of Potato virus S (PVS-p11), p16 of Blueberry scorch virus,
(BScV —p16), p23 of Citrus tristeza virus (CTV-p23), p24 of Grapevine leafroll-associated

20  virus-2, (GLRaV-2 p24), p10 of Grapevine virus A, (GVA-pl10), p14 of Grapevine virus B
(GVB-p14), p10 of Heracleum latent virus (HLV-p10), or p16 of Garlic common latent virus
(GCLV-p16). Therefore, a suppressor of silencing, for example, but not limited to, HcPro, TEV
-pl/HC-Pro, BYV-p21, TBSV p19, TCV-CP, CMV-2b, PVX-p25, PVM-pl1, PVS-pl1, BScV-
pl6, CTV-p23, GLRaV-2 p24, GBV-p14, HLV-p10, GCLV-p16 or GVA-p10, may be co-

25  expressed along with the nucleic acid sequence encoding the protein of interest to further ensure

high levels of protein production within a plant.

[00269] Furthermore, VLPs may be produced that comprise a combination of HA
subtypes. For example, VLPs may comprise one or more than one HA from the subtype H1, H2,
H3, H4, HS, H6, H7, H8, H9, H10, H11, H12, H13, H14, H15, H16, type B, or a combination

30 thereof. 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
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HA of A/ Brisbane 10/2007 (H3N2) 30 38 60 69 777 HA of A/ W sconsin/67/2005
(H3N2) 31 39 61 70 778 HA of B/ Mal aysi a/ 2506/ 2004 32 40 63 72 779 HA of

B/ Fl ori daw®/220066B8 41 64 73 780 HA of A/ Si ngapore/ 1/ 57 PCHAMZY0AW0MB2 55 64
781 HA of Al Anl%{i / 1/ 2005

comprise subtypes one or réo'#gh]l]é}l o%g o# gubtypes H1, H2, H3, H5, H6, H7, HY or B.
However, other HA subtype combinations may be prepared depending upon the use of the VLP.
In order to produce VLPs comprising combinations of HA subtypes, the desired HA subtype

may be co-expressed within the same cell, for example a plant cell.

5 [00270] Furthermore, VLPs produced as described herein do not comprise neuraminidase
(NA). However, NA may be co-expressed with HA should VLPs comprising HA and NA be
desired.

[00271] Therefore, the present invention further includes a suitable vector comprising the

chimeric construct suitable for use with either stable or transient expression systems. The

10 genetic information may be also provided within one or more than one construct. For example, a
nucleotide sequence encoding a protein of interest may be introduced in one construct, and a
second nucleotide sequence encoding a protein that modifies glycosylation of the protein of
interest may be introduced using a separate construct. These nucleotide sequences may then be
co-expressed within a plant. However, a construct comprising a nucleotide sequence encoding

15  both the protein of interest and the protein that modifies glycosylation profile of the protein of
interest may also be used. In this case the nucleotide sequence would comprise a first sequence
comprising a first nucleic acid sequence encoding the protein of interest operatively linked to a
promoter or regulatory region, and a second sequence comprising a second nucleic acid sequence
encoding the protein that modifies the glycosylation profile of the protein of interest, the second

20  sequence operatively linked to a promoter or regulatory region.

[00272] By “co-expressed” it is meant that two, or more than two, nucleotide sequences
are expressed at about the same time within the plant, and within the same tissue of the plant.
However, the nucleotide sequences need not be expressed at exactly the same time. Rather, the
two or more nucleotide sequences are expressed in a manner such that the encoded products have
25  achance to interact. For example, the protein that modifies glycosylation of the protein of
interest may be expressed either before or during the period when the protein of interest is
expressed so that modification of the glycosylation of the protein of interest takes place. The
two or more than two nucleotide sequences can be co-expressed using a transient expression
system, where the two or more sequences are introduced within the plant at about the same time
30  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
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56 65 782 HA of A/ VieMani 1194/ 2004 (H5N1) 36 44 57 66 783 HA of
Al Teal / HongKong/ WB12/ 97 (H6N1) 37 45 58 67 784 HA of A/ Equi ne/ Prague/ 56
(117N7) 380280%P67/8 785 HA of A/ HongKong/ 1073/99 (HON2) P8I/ CAROBAIGES2

nbl y_.qf pl in- d / HA-f usi '
YRR A AR LT e A L T
fromt h&qhﬁno@%ﬂ&)@ﬁ% tha fpreteinzRatShodifies the MsossedtRAGI6file 9D HHRDrofeiiNY) intbbesst

synt hesi zed in two fragnents &gl ant Bjotechnol ogy Institute, 10, Nati onal
Resear cHAChe Aepressedyathin veesiredsipaigaduring ¥ desyed stagepfedevelopmepte et B d

corresp Ll d- : [ ‘E&H'Ef‘r” 289929;
SEQ ID %%ﬁiésgfgﬁ | gue\rr%h‘%g? @@@%ﬁ‘g‘ﬂgh@gﬁ?’gna ’ %gipt%l%g(ﬁgo | %gﬁlg 3%%nr$§g%§t t he
5' erfd athd prdteintof antemrtirhayabeexpoesaedumied sintlas eepditiors aad i the saine hidsueAtoBgl | |
restriction t{sli ttggmé ag]cd;led at the 5 end of the codi ng sequence and a dual
Sacl / St THSUS UCIRIS SPIHFBERS AR P OHRIEHTES r eam of the stop codon at the 3

term nal end
[00273] The constructs of the present invention can be introduced into plant cells using Ti

plasmids, Ri plasmids, plant virus vectors, direct DNA transformation, micro-injection,
electroporation, infiltration, and the like. For reviews of such techniques see for example

10 Weissbach and Weissbach, Methods for Plant Molecular Biology, Academy Press, New York
VIII, pp. 421-463 (1988); Geierson and Corey, Plant Molecular Biology, 2d Ed. (1988); and
Miki and Iyer, Fundamentals of Gene Transfer in Plants. In Plant Metabolism, 2d Ed. DT.
Dennis, DH Turpin, DD Lefebrve, DB Layzell (eds), Addison-Wesley, Langmans Ltd. London,
pp. 561-579 (1997). Other methods include direct DNA uptake, the use of liposomes,

15  electroporation, for example using protoplasts, micro-injection, microprojectiles or whiskers, and
vacuum infiltration. See, for example, Bilang, et al. (Gene 100: 247-250 (1991), Scheid et al.
(Mol. Gen. Genet. 228: 104-112, 1991), Guerche et al. (Plant Science 52: 111-116, 1987),
Neuhause et al. (Theor. Appl Genet. 75: 30-36, 1987), Klein et al., Nature 327: 70-73 (1987);
Howell et al. (Science 208: 1265, 1980), Horsch et al. (Science 227: 1229-1231, 1985), DeBlock

20  etal., Plant Physiology 91: 694-701, 1989), Methods for Plant Molecular Biology (Weissbach
and Weissbach, eds., Academic Press Inc., 1988), Methods in Plant Molecular Biology (Schuler
and Zielinski, eds., Academic Press Inc., 1989), Liu and Lomonossoff (J. Virol Meth, 105:343-
348,2002,), U.S. Pat. Nos. 4,945,050; 5,036,006; 5,100,792; 6,403,865; 5,625,136, (all of

which are hereby incorporated by reference).

25  [00274] 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 example, but are not limited to, a method of Agro-inoculation or

30  Agro-infiltration, however, other transient methods may also be used as noted above. With
either Agro-inoculation or Agro-infiltration, a mixture of Agrobacteria comprising the desired

nucleic acid enter the intercellular spaces of a tissue, for example the leaves, aerial portion of the
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15 of the fragnent, to yield SEQID NO 1 (Figure 5A). A second fragnent
encoding the Ctermnal end of the HlL protein (conprising a transnenbrane
domai n an¥OPePPE8M c tail) fromthe Kpnl site to the PCIECA0GN003ANd

fl anked i ' by Sad and Stul, westriction.si INZ SEQ
Do DRl i Ryl S5k, vEpRtab bEBr bR BT BRSO P AL e 5,
f r agme nivhata it Yefdretossing ihd3ediddrmidithe Jpeb iiotbr ahoinedt and @arisfee tANR copiess of

a binary vector eAMBI APl ast o) contaipning the plast ocyani(£1 pr.onot er and

5' UTR fintethecells. Hbe &IVAis ¢rismally tenscribed apd themRNAtrafislateds lcadineda ths ase
(PDI) | o A [ 1 . B 3. i gur e
17) 1 oot Rt B L REER Rl Ameer G bospBe R DN it i D
regdl atmucleuwsliemasient. The sequence of the pl astocyani n-based cassette
containing the PDI signal peptide is presented in Figure 1 (SEQ ID NO 8).

The resyl ti I 1d contained Il coding region fus o t.he .PDl signal
popt | dcltiREsY) b elahdyichiole Selinsa Bt Lorsparsc banilhe ot frEHY i on o
the C tipairedR togiddo aRAilng, thed b bsihg Meaféthad bMBe piasstTBVERtiBRSueP toXidityansy t he
cytoplasmc tail) was obtained by Inserting the synthesi zed 10 f ragnent

( SEQ | Draneduced thioygheut 8im) plamtdyi sslestivelvipxpressing the neclegiise saquensef infasesh t he

i gur oy s Ealue or SO RERHSEASSE RSl donm BT Sy ttio, B ERES bled "
663)0 15¢fpRB}ioh eesaltﬁlgg’forﬂ Gahdiélt eRpresidrambrrddues tierffdtiswhdn [educig® foxie

(PDI SP) (nucl eaqtides . 103; Accession No. Z11499; SEQ ID NO 34; Figure
17) wasProfwitdn thelame Ansnsucible pepraeiefa tiswiedpedifis proregteraor agelhanscilcs/ 2005 as

fol | ows ' A | [ PDI - HA(I nd). c

(SeQ 1 RS, af B¢k UGN AR Bt ot ot def ek BP0 o vt
nunber 660 (SEQ ID NGO 60; Figure 51) as tenplate. The resulting fragnment 20
consi st @82761 t he Th&recamdbimgntsiédErRsoffthapresoht invention camybetused inaminjunction

| eot | di PDI SP (i ncl udj Bgl | I. tricti it d, in 3,
by & Salih ExERTE e vaEcing b 1opRlsHbal e daccindoinber e magefiicaditts.anf anc
cl ormed iotb@uce INSAdhiglstraHOIP86sagéshecShly! AN be kh&kh € 2Bdrstd Sk the

digested with the sane restriction enzynes. The final cassette, naned
const r uart, thaivasemeeddy festicted agang3)ne or mope teaene ihfluenf yjmuse xempispf 1

Al 13ri shane/ 59/ 2007. nst ruct 7 0301] The_si I tide of al.falfa
A e,
P Al al, M&EHHL i V@Eirorl, RoCke, (GResmighKHA¢ence o
H1 from A/ Bri sbane/ 59/ 2007 as 1f olalcows.r The HL codi n& sequence was anplified
|3

30 wi t hNpyarfie Sanglopyvepti® SerqneEBhirgPaomagaicals andhg likeB. r ( SEQ | D NO: 85)
usi ng construct 774 (SEQ ID NO 62; Figure 53) as tenplate. The resulting

fr n Si steg 4 h i : i i : | ast
nuci eot Iitoggzﬂencodﬁr%giﬁgf @5%%8&[}@?%%@11?@3%&1&# %g?rﬁgggr%kﬁﬁglﬁgis%{% l,e in 3,
by a Saatljuemt as wouldbekinben td bee 61 skijhviznthe was Fditiyesioes] thd VhP BglylHe wadlinrsad and
cloned into constryct nunmber 540 (SEQ.ID NOQ 61: Figure 52) previously
di gest e¥ACRINE FOMRESIUGHEOMPIENNG an ¢ffschite dp T PR oo Gornsabata St { ot i on
enzymes f i@dn t ! is
or sont SR nEE 36, Ty AR 16T T ordiil d B el
[ 00302] Mg bs combinesd wyithi \dePsodbtaihéduiding diffetent mfhieszal frowms] fooreamsle, ( PDI SP)
(ng&l eot i des. 3&@8@ Accession No. Z11499; SEQ ID NGO 34; Figure 17) was
i fRed THTEHR! ing sequence of H3 from A/ Brisbane/ 10/ 2007 as fol | ows.
PDI SP was linked to the H3 codi ng sequence by the PCR-based |igation nethod

present[@9278] Dar vEkdtefote, e préddat ih@eiftionprokEdés miethod Fordfducing xd&itdlo) . 1 n a
first round of PCR _a segnent, of the plastocyani ne promter fused tIo,PDI SP
£

was anpPflpenzg virgs ifessiona ag apimad optanges erganisy sommpysingadnpipisteriag aneffeetive g
H3B- SpP)cr . A TrERci ol G| 52) as
t enpl at(gJ.Se Pﬁ%%r%‘#‘%‘#@%@&%ﬁ??@g%ﬁ? %%c\)ﬁ“tzigi ni ngcng%glrQ iq%r?do Ig'tgklﬁgedcodi ng
sequencerally, idtt&leAnhilly, Sieanasally/, di@mhucdularty, dntchparitbhedlly, ittv&peislyt @st ri ct i on
sitg? was anmplified with priners SpPDI-H3B.c (SEQ I D NO 88) and

H3 -Brﬂi“;’.c%%ouﬁlgEQ I D NO 89) using construct 776 (SEQ ID NO 69; Figure 60)
as tenplate Anplification products were then m xed and used as tenpl ate
15for a second round of anplification (assenbling reaction) with priners

Pl ast 0-443c (SEQ ID NO 4; Figure 7A) aﬁd H3(A-Bri).982r (SEQ ID NO 89).
The resulting fragnment was digested wi'th BanH (in the plastocyanin
pronoter) and Spel (in the H3 coding sequence) and cloned into construct
nunber 776 (SEQ I D NO 69; Figure 60), previously digested with the sane
restriction enzynmes to give construct nunber 790 (SEQ I D NO 90). The
construct is presented in 20Figure 71. HA B/ Fl orida/4/2006 (construct
nunber 798)




[ 00303] The signal peptide of alfalfa protein disulfide isonmerase (PDI SP)
(nucl eotides 32- 103; Accession No. Z11499; SEQ ID NO 34; Figure 17) was
| i nked t oWOR80IARXY80odi ng sequence of HA from HA B/ Fl ori ®&J4/A2200800082t he

PCR- bas gatl on .net.hod. ted SDarveau et a ods jn .

Neur oo BREI% 6! CRemantaisBcf Vit Ploded seeptiftodhe afbsint inieaipo s deerhsel i on
of the p é/enAanﬂﬁs%ﬁbﬁafﬁmﬁﬂada{S e PRighued e 8 s%&ﬂﬂdaﬁﬂ %(_g)ﬁé‘ﬂ 1R8pdifsé ITer S
Pl ast 0443c (SEQ I D NGO 4; gure 7A) and HBF- SpPDI s W th
constr uwhem@nmecﬁw(}id(@@ratim\«ﬁsembldﬁgdm Bgyresidl AengplEBR. | n par allel,

anot her fragnent containing a portion of the coding sequence of HB B/Flo

fused t pl as I .erm

sppdi - HEP2E0Y S0 PETHERL B ERES PFASpe 28R AT pil sy RIBhSiarilos Hs..
nuniser VEPs (syreyvided N@ssllamtdangm tca Eibllenge Withritifhiefiza RAQRriysB2A06(HEN K t hen

m xed and used as tenplate for WO 2009/ 076778PCT/ CA2009/ 000032 3 second
round of Tutke HANE 2 iAdministration of lngonesiaddy YhPshetore challsagedigngtresuls imany( SEQ
| D NO )

was i ot S e R o e s e, B LS M e
B/ Fl or i HaN4/ @Mlﬁtedmngnlr@canehpssabm)dyamts cﬂndrsev:hralrmbjecbdled ruct nunmber 779 (SEQ
I D NO 73; Figure 64), previously digested with the 5 sanme restriction

t t 798 E D, NO. 9 Th [ ti . .
oxpr oot B8 Bao cer ke daf wtHlRiE defmpneij it piai-adt indop it ¥ ERA keising
eXPrees Sthe M FinsRlghftfid ¥igal QrdtERYNGUE aﬁ’hﬂfrﬁﬁék QPorR$p&lifiefor pathopbic fifuenza

pronoter to control the expression of conpri sing a coding
sequenc¥raits, and hatwirustlikepaeticles ma:sbudogromcpleumlm merghrané.r om t he Cowpea
nosaic virus (CPW) RNA2 with mutated ATG at positions 115 and 161 and |n

OrR) T of0ZREG by TrteEs BERrehS Fypifon BrtMaETE G PRI At 6y,
2008; Pldasstof BiVItFecdinsyisigy/an)dfluerdda virus 8 ﬁﬂ)téiﬂd)n@@f nfdedthad @hé prany¥ipid, and a

2007/ 135480), was used for the assenmbly of _CPW-HT-hased 15 hemaggl utinin
expr es sPhmageysiel beaccenttplele sarrigr.i bhe influpzeyins Hebprotsinmaybs Bihd 161 of the

et al %%{%ods rn’ g%%@ﬁ&&%&@tﬂ@@ﬁt%ﬁ%{ib‘é% separ afo/tgbdgsarveau

per f or rrAﬂNmsomn/ﬁBDOOﬁ -B/MaEl63ial 250612008 B/Floeidpii 2006 sAfSigapbe/ /57,5t

NG 78) AAHBIBASrA qgﬁnﬁﬂﬁ%&@@% e aisenen o AT Rt BB 0
I'D NO Zn‘ai{ogﬁg %1@57919 1&-@6 1PaNth0%3§m&u3 gtﬁ’i@mﬁﬁ’lgqb AR thilJeRgBivgsS are

then m xed as tenp ate or a thi fIC n using
pBi NPl usf@io8in ¢ SEfedt DThOmettiod c@nﬂ)nbﬁgeﬁmlmstmﬁ)g the SiQs like NB@ticBEXpngsising

pri rs. Resultin nt i s digested with Pad an al and.cl.oned into
i TR HA PP Gihes e Srartin biihenc Pt Qo RAPARSEaIB! essi on
casset t@cc@ﬁt@@l"e%ﬁﬁﬂzr TRIRRuSIAS particld §%@ta&ﬁhd1£tex%ﬂg&ﬁ§u &t ORfHY, It miR) -
25 Assenbly of SpPDI-Hl A/ New Cal edoni a/ 20/ 99 in expression
casset t mtranasally rincamusehesky; lm99r1t0{1mOﬁ}rAV@@qdemr@ummnﬁyaI fal fa PDI
si gnal peptide fused to HAO from HL A/ New Cal edoni a/ 20/ 99 was cl oned i nt o
CPMWV- | Resi.riction.sites al (i ream of |n
ATG anORN (1 niemPae ey AR R AR sl Ot PeimaBR P eRpeby
hermaggl VLPg bﬂt\m@h Mred afluRs etriis MEsubhpes. el veo aﬁﬁoméfefsl t6 avo ahiree] folar,

prijers_Apal -SpPDI..c (SEQ ID NO 95) and Stul - l(‘tA- NC) (SEQ I D NO @f?)
usidg cBYR 8% 84veR fighty nisgol G pape Sirajos en subbngsr & eatyanassortsehwpet wpresgded ti ng

2009/ 07837 pey ERBl558y b PRI PRl PR b i 65 citbination of subiypes- g

( SEQ | CEx¢mplary)sutitype st straing include, st are roh hipnited to, Hessaldischiged bersiat(e.g. AdSew

w1 naor caers 3088 TN PR ndapey sRabE 4R, LTRFER ek YorkILeosn Mbserges)
[ 00306] FhFDEATHTG GENBNAA RhySE6GL M MANGIMSHAIGAZARR SHaseifi 9ol Nt O

CPMWV- 5 as follows estriction sites Apal (imediately upstreamA’TG) and
St A0 (i Mmuhammadﬁ\msz&ks&ms AdurkexOnlariné ¢ 8/48¢HEN4)o Alshevelentlagry GG#408 n
codi ng len P i th prinmers Anal -US
(A-1ndo E‘@E@‘\Q?‘%(?NG%%?R)&% @@a@ 'ﬁ‘a‘@?&éﬁﬂt‘%‘im?r (SEQ I D NO 99)
usi ng construct nunber 660 (SEQ ID NGO 60; Figure 51) as tenplate. Resulting
fragment was di gested with Apal and Stilll- restriction enzymes and cl oned
into 10 construct nunber 828 (SEQ ID NO 81) digested with the sane
enzynes. Resulting cassette was nanmed construct nunber 685 (SEQ I D NO 100).
Assenbly of SpPDI-H5 A/l ndonesial/5/2005 in CPW-HT expression cassette

(construct nunber 686). [00307] A sequence encoding alfalfa PD signal
peptide fused to HAO from 115 15 A/l ndonesi a/ 5/ 2005 was cloned into CPW-HT




20 cloned into construct nunber 828 (SEQ ID NO 81) digested with the sane
enzynes. Resulting cassette was nanmed construct nunber 686 (SEQ I D NO
101) . AssWOOW/@GH7BIL A/ Bri sbane/ 59/ 2007 in CPW- HT expr @€31@00049882t e

 Br s o R e AP RE PGB aR o TR ch R 263/82) 1 o

Apal (i Ardeek/ahliraid/pelysran SNEE) A Mk Hebded2ul S werRHIS2IRHY 6N S)VBILELEN St Op
codon) were added to the herr_ag/%l utinin co |n8 sequence bKHS)erform ng a PCR

arrp:\liof i €dphanmestiurg(66.rA/MuesoRipe/B3AB 1N 1),Bris /2097 (HANd).A/§plomaay  ( SEQ
I D NO i : D o i
t el o Be SEPPOUEATES, WiShotaHE R 007 i o A WisEhTR ST I, 75 e on

enz\se sBavialagdiaD$06/20040 BAIOEda/4/2006) Wibdgaribaél 1 (SSEERND),MOAnfidi) 1/d0@e@{ B )W t h

TgeNséarre 4§tzny S'%%é%lt;llé}r;}g)gc sse&te \&%3 30 I%egéed cor;str qct gglier/aéBZ ( SEQ
j : aﬂ%; F‘%ﬁ’ gy Gt y 4

Al Bri sb(qpm 9 i | ression cassette (construct nunber 733).

[ 00309] A se@héﬁ%g?ggr@ i %@glbf{gﬁ?g PDI signal peptide fused to HAO from Hi

A/ Bri sbhane/ 59/ 2007 vvas.cl oned i nt o CPW- HT as follows. Restriction sites
Apal (il9028]at el yThe chpiterafzomhit@fionnfiststing andi suhtygesimey deptodosttheeam st op

d dded he h l.utini dj . f i .a PCR
oot 11 EDRRR ek B it epaeAS SR By S bt byt e TR PR ((Sro
| D NO tbQHunbiii prpuleios td e immunBed (/B épdcits Of Watddwl S£bricaRulabaiiinalsesuch as

Resul ting fr%grrent was di gested with Apal and Stul restriction enzynes and
cl oned $Wine rﬂ@firthﬂ:strammg@r cDg areSEppsed tyor arg Jikekyi tg bs exppsad ta pradictipaset

| £ian0-.C . I D NO
To8) T aanulBER O ERTIBVDE O hehRS, BRI RRRRL ke BIDSL ERPleRER, |
( const r comhbinatione fusedin)past] yea3 kod dVaélable dice dJREGWIEN B cafdi¢dAsd/Infhredzdvaccine

A/ Bri sbane/ 10/ 2007 s ¢l oned into CPW-HT as_ foll ows. . Rest rﬁing;i on sites
Apal (i feRvamsn tgpnaﬁg@)roeg&memr@ﬂ of Heesesiaing mayBe employgd bihe SemBHIIeRY

co ) IO i : 15 performng a
e Al B ot oD A0S UGG Of S RBBET B 206 st Ll - 1ts
(SEQ I D NO 107) using construct nunber 776 (SEQ ID NGO 69) as tenpl ate.
Resul t i 9928%]lagmenMonaparticgady, edemplaty dpabhinativas Staylincledd VLEs from éwe yne®rand

| oned int truct 28 (SEQ | D. NO . di ith.th
oy eSS P 46 erdime g albhnmngc0 bz kit A8 R
108) . 2R/Fissband?592007 @PIRA-1HR vivuBr A SRB &/ 2009 (H3N 2§ RMVA BEisBary BBZ0 090

cassette (construct number 736). [00311] A sequence encoding alfalfa PD
si gnal Ddikervime dBiFborigad/2006rar b B/RloBdp/d28067/1tke vB087 was cl oned into
CPM/-HT as follows. Restriction sites Apal (imredi ately upstream ATG and
St (i fately in.n 25
codihg LBaRence PotaReblenHy L BRERNA tha RARHRTERS hin B LR, =2
E SEQ | Dsu¥@peb yeledted ﬁibmll théighup cbﬁF@sih@A}l?(ﬁdoﬂ&?a)’S/e@s;gnWHﬁibgMS/ﬁomlke 798
SEQ ID NG 90), as te ate. Resultin ragment was di gested with Apal an
Seul” 1 oy &V isiaen LT Cen &1 ieisamy HOS DB ke virbs fABBH HOD A1SEQ | D NO
81) dig Md<hy; a j E ruct
N e S S e S e
expr essAGhickes/Shara/2(2006 st AichickentBleanxi728P06-1ivirus.
2009/ 076778PCT/ CA2009/ 000032 [00312] The codi ng sequence of HA from

B/ FHori 2006 s,.cloned.into -HT as fo]l . r.icti i al
oo EBRR 0 0oo: RBRmer bl cSmfinap o had ot Sey s ot R Ry A 3 Fg ¥
wer e ad@ertybe) érhe/ChaskesBritish Tolurftsigion gHING VRGeS dDinfd&nkor m ng a PCR
apmification with prinmers Apal-HBF.c (SEQ ID NO 110) and Stul-HBF.r (SEQ

| D NO é)%% 5 using construct nunber 779 (SE?A D NO 73; Figure 64) as
t enpl at WO288ks ul t | ABothergrerplarysempingtion By dludepbls ofnd Stul restriction

enzynes AW ci&hAn i af!’%ﬁq ' wth
t he sane en°zynes&%@gﬁ?\%8%%@2‘%‘1%@3’%?7%%3‘%@%5%% nu %@§WSEQ | D
NG 1129omprise VIABssHSylonfonIpiahils/3A200Y. Alnothiet exeft A @ombiraHMyntdy coxpprisesi on
cassett [of0) uct 10739). [0Q313] A sequence encodi al fal fa PDI
ST ol ﬁ%%f b8 a0 oot B om0 S OBITBE Y PA . P, HT
as follows. Restriction sites Apal (imedi ately upstream ATG and Stul

(i medi atel y downstream stop codon) werg added to the hemaggl utinin coding
sequence by performng a PCR anplificati®on with primers Anal-SpPDl.c (SEQ
ID NO 15 95) and Stul-HBF.r (SEQ ID NGO 111) using construct nunber 798
(SEQ ID NO 94) as tenplate. Resulting fragnent was digested with Apal and
Stul restriction enzymes and cloned into construct nunber 828 (SEQ I D NO

81) digested with the same enzynes. Resulting cassette was nanmed construct
nunber 739 (SEQ ID NGO 113).




Assenbl y of chaperone expression cassettes 20[ 00314.] Two heat shock protein
(Hsp) expression cassettes were assenbled. In a first cassette, expression
of the ArWBI2dY6E8t hal i ana (ecot ype Col unbi a) cyt osol i ®CHSRA200%00432p70- 1
in Lin al . | Stress and erones 6: 201- is controlled
by & chimEReanBRE0LT AoiBi TP DR e mEREI Ry Somare i3 910 duct ace
(N r) aBMahys¥d/2 0672008 BYFRAIE4P006re/Brisbine/3P2 08T ts@thins Or mggwé cassette
conprising the coding region of the alfalfa cytosolic 25HSP40 (MsJ1; Frugis
et al. @1999) Pl ant Mol ecul ar._Bi ol ogy 40: 397-408) under, the ¢ontrol of the
chi mer i OORE)/ P asThe Praprdnee Viks masbe expsessed ’@é!‘”‘%‘@ﬁﬁal@]d,&he Bt grselasnmi d
cont ai nj ok LA d p. tr 1 . er
gene. artl R T soBzoeiey borhiind e MEBREL R mipbe do-clptEestd P AERERL T
pNi r53KSHost, forexampdd  pldets CFhiedéPs majJBe Bahbined dioproGuctdln 5 483iredastialifgest ed

wi th Hi ndl Ill nd, 30 .EcoRI . . The resbjlti fragnent was choned igto .
pCAMBI ASEP'q PQHIVAIEI 5atiqsaOr TRAK Pe cimbipeqyinuch a nagper that Qng sUbYRE OF ST oy
enzyne {dntisuetR ANB6 JNithtBRs i th® Qomposdr2009/ 076778PCT/ CA2009/ 000032

[ 00316] Codi ng sequéncés for Hsp70 and p40 were cloned separately in the
acceptor plasm d pCAMBI ANLr 3K51 by the PCR-based |igation nethod presented

i n Dar vi®229@t al . Thevefors the invertionmoeddesrfercanapopitions compagng VLPsof twp por
Hsp40, il i ence (SEQ ID NO 114) was anplified by RT-PCR 5 from
alfalfa }&%%&pe&%ébﬁg%%ander) | eaf total RNA using priners Hsp4OLuz. 1 c
(SEQ I D NO 115) and Hsp4OLuz-Sacl. 1272r (SEQ ID NO 116). A second

anploi f i [©8291n wasVpes boenvetbpad viruges igemsrallyPdcgaire tb3ImvElope oM thOmetbrenegur e

7A) and Hsp40lLuz-Plastos (SEQ ID NO 117) with construct 660 (SEQ I D NO
60; Fi g@ﬂégg‘%hf%ht g”mt&éaémammwmdw% 2 phytestexal fomplemisntihat BaR lves

t enpl at j I T,GAald t | A | mers

P ast o TA3or BT eFER Th el OSOTIRIRG GRRRTS VIS B (520 10
NO 1163dmifiseredetoanimalg irf tha gpresencevasibstinge of adadjnvant, ldpd the(HHAI t he

| ast ocyani n .pr.onot er).. and cl.oned i nt o pCAVBI ANi r.3K51 reyioysl i gest ed
i oh PRSP bR n b rrpoask) Aetehiren (iguies 2aRs Z1RRAR s Sheifcrs o
t 0 1Benesfintadabd AdjuPail plant-hABE F15OPLRY BchndRate aSHnPRRARHHAY! inGRAIRCIfa
orientation and sequenced for sequence integrity. The resulting plasmd,

named RBSEMI¢ Inpmuneasperse tmadiigistretiggofithe agion| Burikrmiozd,)the Fuidodp diotype

[ fth - . | ifi b - f bi.d '
ey ng. pPAlen T REES B R0 SR i or gt Sl PRI e S |

NO 119). A second anplification was performed with priners Plato-443c (SEQ
| D NO Habl&b Gists@eqidbhcétovided Vasiolt @absdimentSb®tHelnMNatioa20) Wit h construct
660 (SEQ ID NO 60; Figure 51) as tenplate. PCR products were then m xed
and used as tenplate for_a third 20 anp]if,ication (assenbling reaction)

with priakles: SF&%%'UM&?@R‘@E@WEqucw,dem'&ﬁ% 7A) and Hsp70ARA- Sacl . 1956r
(SE8 ID NO 119). The resulting fragment was digested with Hpal (in the

pl astocyanin pronoter) and cloned into pCAMBI AN r3K51 digested with Hpal

(i n theSBRIDoNonmpSequentedesadptiond fil ed w th T4 | DhBigdésprer ase t o| generate
bl unt lends. C onedN eihmbEY fiwemensCcr eened for cORgee 49ri entation|and

sequenced Tor SeqdeRaRinhIIEHabi¥nt 1Ne ' esul TiNg| 2R, pLagm d, naned| RB60, is
pr ese!’lfd T Fi g @ﬁlrfgﬁ e NC! : I8 A JdE fSP expressi on

pl asm O WaS—assemied P] Il_gz}s ows—R8660—was—digest ﬁ.lrvvzgtlh BsrBt—(dpwnst r eam
the NOS—termnratols f“, 3 £ Srit-h—T4—DINA pof ym:"p’“ 12 genrerate—a bl unt
end, am_di gﬂstedp(.?!i‘nt’a’;\‘511];1“q nd);Blasto j j ot er).

The resulting fragfer PlastiorSRHAANRIG / Pl ast o pr ofbig¥e 2&P70 cading
sequenck- Nos t er mprimeo HA(mR-Sat.oned 30 into R85() FigwseVdusly di gested with
Sbf 1 amdl Smal ( boShquencaiio€dhé alfilfe plastotyamirebased niFigpreilt e upstream chineric
Ni r/ Pljast o pr ono{ expressidiecdsesitel tised Fopthasexipebssioamed R870, is presented in
Fi gure 85 (SEQ | DoN@1 123). WD 2009/ 076778PCT/ CA2009/ 000032 Assenbly of
ot her pression ettt ES 30l Ub EXPT, q te [00319] The
cassett?ge( encodi n;%%&%oﬁﬁ;ﬂqgg fo%ﬁugl#ceHl v(/agsz)r 3£§§§§%y repl aci ng the
r egi on—gpthng—Fot_—tAe transtrenbrane—dorain—and—the——cytoptasme—tail in 540
by a frg)grrent 5en ng the PERIECne zi ppetd ;Eigi“%/gﬁl ant (Harbury et al,
1993, [Science 1006A/IndonesiaidP006)407)  This fragment was synthesized with
fl anki ng Kpnl and Sad sites to facilitate cloning. The plasm d resulting
fromthis replacenent was nanmed 544 and-t'he expression cassette is
illustrated in Figure 11.




ML A/ Puerto Rico/ 8/ 34 expression cassette 10 [00320] A fusion between the
tobacco etch virus (TEV) 5" UTR and the open reading frame of the influenza

A PR/ 8/ 34WKIR00R4H67T8ACC .
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Reducing FI110- 1SO 4 itg/nl Goatanti- nouse (JIR115- 035-146) 1:10 000 H1i
A/ Sol onmon | sl ands/ 3/ 2006 (HLN1) Reduci ng NI BSC 07/ 104 1:2000 Rabbit

anti - sheepVP3HPRH1G78035- 045) 1:10 000 HL A/ New Cal edoni abP@®ica98ofobiidi)
Reduci hgFIl110- SO 4. pg/ml Goatanti- nouse (JIR115- 035-146) 110 000 H2
A Si ngz23EQdD1Np 57 Sequence Desgriptioniici ng In Disclosure

46 Clone 784: DNA from Dralll to | Figure 38
Saclcomprising plastocyanin regulatory
region operatively linked to sequence
encoding HA of A/Equine/Prague/56
(H7NT)

47 Clone 785: DNA from Dralll to | Figure 39
Saclcomprising plastocyanin regulatory
region operatively linked to sequence
encoding HA of A/HongKong/1073/99
(HIN2)

48 Clone 774 HA amino acid sequence | Figure 40A
A/Brisbane/59/2007 (HIN1)

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 (HSN1)

56 Clone 782 HA amino acid sequence | Figure 44A
A/Vietnam/1194/2004 (HSN1)

57 Clone 783 HA amino acid sequence | Figure 44B
A/Teal/HongKong/W312/97 (H6N1)

58 Clone 784 HA amino acid sequence | Figure 45A
A/Equine/Prague/56 (H7TN7)

59 Clone 785 HA amino acid sequence | Figure 45B
A/HongKong/1073/99 (HIN2)

60 HA expression cassette comprising alfalfa | Figure 51
plastocyanin promoter and 5° UTR,
hemagglutinin coding sequence of HS from
A/Indonesia/5/2005 (Construct # 660),
alfalfa plastocyanin 3° UTR and terminator
sequences

61 HA expression cassette comprising alfalfa | Figure 52
plastocyanin promoter and 5° UTR,
hemagglutinin coding sequence of H1 from
A/New Caledonia/20/1999 (Construct #

540) , alfalfa plastocyanin 3° UTR and
terminator sequences

-76 -



NI BSC 00/ 440 1: 1000 Rabbit anti-sheep (JI R313- 035-045) 1:10 000 H3
Al Bri sbane/ 10 /2007 (H3N2) Non- Reduci ng TGA A5393 1:4000 Rabbit anti-sheep

(JI R313- WA30@43§778: 10 000 H3 A/ Bri sbane/ 10 /2007 ( H3N2PCREA2RWOEBAG NI BS
C 08/ 136-1:-3000 Rabbit anti-sheep (J-R313-035-045) 1-10 000 WO

T T DTITC T

2009/ omﬁEQdﬂNﬂmxﬁmmMﬁmmnw W.sconsin/l6 7 }nﬁhsqlmm\ Non- Reduci ng

NI BSC [0 236 1: 10\ RABIshsiom sassetih sepprisingzifalfa | 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 (HSN1) (Construct#
781), alfalfa plastocyanin 3° UTR and
terminator sequences

66 HA expression cassette comprising alfalfa | Figure 57
plastocyanin promoter and 5° UTR,
hemagglutinin coding sequence of HS from
A/Vietnam/1194/2004 (HS5N1) (Construct
# 782), alfalfa plastocyanin 3° UTR and
terminator sequences

67 HA expression cassette comprising alfalfa | Figure 58
plastocyanin promoter and 5° UTR,
hemagglutinin coding sequence of H6 from
A/Teal/Hong Kong/W312/97 (H6N1)
(Construct # 783), alfalfa plastocyanin 3’
UTR and terminator sequences

68 HA expression cassette comprising alfalfa | Figure 59
plastocyanin promoter and 5’ UTR,
hemagglutinin coding sequence of H9 from
A/Hong Kong/1073/99 (HIN2) (Construct
# 785), 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
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70

HA expression cassette comprising alfalfa
plastocyanin promoter and 5° UTR,
hemagglutinin coding sequence of H3 from
A/Wisconsin/67/2005  (H3N2), alfalfa
plastocyanin 3° UTR and terminator
sequences

Figure 61

71

HA expression cassette comprising alfalfa
plastocyanin promoter and 5 UTR,
hemagglutinin coding sequence of H7 from
A/Equine/Prague/56 (H7N7), alfalfa
plastocyanin 3> UTR and terminator
sequences

Figure 62

72

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

Figure 63

73

HA expression cassette comprising alfalfa
plastocyanin promoter and 5° UTR,
hemagglutinin coding sequence of HA
from B/Florida/4/2006, alfalfa
plastocyanin 3> UTR and terminator
sequences

Figure 64

74

Consensus amino acid sequence of SEQ ID
NO: 49, 48,33 and 9

Figure 65

75

Amino acid sequence of H1 New Caledonia
(AAP34324.1) encoded by SEQ ID NO: 33

Figure 66

76

77

Amino acid sequence of H1 Puerto Rico
(NC_0409878.1) encoded by SEQ ID NO:
35

pBinPlus.2613c

Figure 67

AGGAAGGGAAGAAA
GCGAAAGGAG

78

Mut-ATG115.r

GTGCCGAAGCACGAT
CTGACAACGTTGAAG
ATCGCTCACGCAAGA
AAGACAAGAGA

79

Mut-ATG161.c

GTTGTCAGATCGTGC
TTCGGCACCAGTACA
ACGTTTTCTTTCACTG
AAGCGA

80

LC-C5-1.110r

TCTCCTGGAGTCACA
GACAGGGTGG

81

Expression cassette number 828, from Pacl
(upstream promoter) to Ascl (immediately
downstream NOS terminator).

Figure 68
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1:10 000 116 A/ Teal / Hong Kong/WB12/9 7(116N1) Non-reduci ng BEI

NR 663 1:500

Rabbit anti-sheep (JI R313- 035-045) 1:10 000 H7 A/ Equi ne/ Prag ue/ 56 (117N7)
Non- r educWVO20M/EB8T802/ 294 1: 1000 Rabbit anti-sheep (ER3PET/QS900eh6)321: 10

000 119-A/Hong Kong/ 107399 (HON2) Reducing NLBSC 07/146 1:1000 R
anti - &EQ IDﬂﬁm Sequence Desoription’ 000 B B/ Ml ays In Disclosgre 004 _non!
NI BSC (%2 184 SpPDI-HA(Ind).c GTTCCTTCTCAGATCT
TCGCTGATCAGATTT
GCATTGGTTACCATG
CA
83 Construct number 663, from HindllI (in the | Figure 69
multiple cloning site, upstream
Plastocyanine = promoter) to  EcoRI
(immediately downstream Plastocynine
terminator).
84 SpPDI-H1B.c TTCTCAGATCTTCG
CTGACACAATATGT
ATAGGCTACCATGC
TAACAAC
85 Sacl-H1B.r CTTAGAGCTCTTAG
ATGCATATTCTACA
CTGTAAAGACCCAT
TGGAA
86 Construct number 787, from HindIII (in the | Figure 70
multiple cloning site, upstream
Plastocyanine  promoter) to  EcoRI
(immediately downstream Plastocynine
terminator)
87 H3B-SpPDLr TGTCATTTCCGGGA
AGTTTTTGAGCGAA
GATCTGAGAAGGA
ACCA
88 SpPDI-H3B.c TCTCAGATCTTCG
CTCAAAAACTTCCC
GGAAATGACAACA
GCACG
89 H3(A-Bri).982r TTGCTTAACATATC
TGGGACAGG
90 Construct number 790, from HindlIII (in the | Figure 7
multiple cloning site, upstream
Plastocyanine  promoter) to  EcoRI
(immediately downstream Plastocynine
terminator).
91 HBF-SpPDLr GTTATTCCAGTGCA
GATTCGATCAGCGA
AGATCTGAGAAGG
AACCAACAC
92 SpPDI-HBF.c CAGATCTTCGCTGA
TCGAATCTGCACTG
GAATAACATCTTCA
AACTCACC
93 Plaster80r CAAATAGTATTTCA
TAACAACAACGATT

-79 .-
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101

Construct number 686, from Pacl (upstream
35S promoter) to Ascl (immediately
downstream NOS terminator)

Figure 75

102

Apal-H1B.c

TGTCGGGCCCATG
AAAGTAAAACTACT
GGTCCTGTTATGCA

CATT

103

Stul-H2B.r

AAATAGGCCTTTA
GATGCATATTCTAC
ACTGTAAAGACCCA
TTGGA

104

Construct 732, from Pacl (upstream 35S
promoter) to Ascl (immediately
downstream NOS terminator).

Figure 76

105

Construct number 733, from Pacl (upstream
35S promoter) to Ascl (immediately
downstream NOS terminator).

Figure 77

106

Apal-H3B.c

TTGTCGGGCCCAT
GAAGACTATCATTG
CTTTGAGCTACATT
CTATGTC
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10

15

20

Methods and

1. Assembly of plastocyanin-based expression cassettes for native HA

lpigi.m -

Materials

3 5 Vacci ne-pl ant,

[00293]

1 pigi.m

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 SacI-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

pCAMBIApromoPlasto to create pPCAMBIAPIlasto.

[00294]

A fragment encoding hemagglutinin from influenza strain A/Indonesia/5/05

(H5NT1; Acc. No. LANL ISDN125873) was synthesized by Epoch Biolabs (Sugar Land, TX,

USA). The fragment produced, containing the complete HS coding region including the native

-82-



Alum 4 5 Vaccine-plant, 5 pigi.m - 55 Vaccine-plant, 5 pig Lm Alum®6 5
Vaccine-plant, 7.5 pigi.m - 7 5 Vaccine-plant, 15 rigLm - 85
Vacci ne- pW@R009/0/8718i g Lm Alum 9 5 Vacci ne-pl ant, 30 pi ¢AIMGA20091@®0632

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 region was cloned into a plastocyanin-based expression cassette by the PCR-
based ligation method presented in Darveau et al. (1995). Briefly, a first PCR amplification was
5  obtained using primers Plato-443c (SEQ ID NO: 4; Figure 7A) and SpHA(Ind)-Plasto.r (SEQ ID
NO:5; Figure 7B) and pPCAMBIA promoPlasto as template. In parallel, a second amplification
was performed with primers Plasto-SpHA(Ind).c (SEQ ID NO: 6; Figure 7C) and HA(Ind)-Sac.r
(SEQ ID NO:7; Figure 7D) with HS coding fragment as template. The amplification obtained
from both reactions were mixed together and the mixture served as template for a third reaction
10  (assembling reaction) using Plato-443¢ (SEQ ID NO: 4; Figure 7A) and HA(Ind)-Sac.r (SEQ ID
NO: 7; Figure 7D) as primers. The resulting fragment was digested with BamHI (in the
plastocyanin promoter) and Sacl (at the 3’end of the fragment) and cloned into pPCAMBIAPIasto
previously digested with the same enzymes. The resulting plasmid, named 660, is presented in

figure 2B (also see Figure 11).

15 [00295] Hemagglutinin expression cassettes number 774 to 785 were assembled as
follows. A synthetic fragment was synthesized comprising the complete hemagglutinin coding
sequence (from ATG to stop) flanked in 3’ by alfalfa plastocyanin gene sequences corresponding
to the first 84 nucleotides upstream of the plastocyanin ATG and ending with a Dralll restriction

site. The synthetic fragments also comprised a Sacl site immediately after the stop codon.

20 [00296] Synthetic hemagglutinin fragments were synthesized by Top Gene Technologies
(Montreal, QC, Canada) and Epoch Biolabs (Sugar Land, TX, USA). The fragment synthesized
are presented in figures 28 to 39 and correspond to SEQ ID NO:36 to SEQ ID NO:47. For the
assembly of the complete expression cassettes, the synthetic fragments were digested with Dralll
and Sacl and cloned into pPCAMBIAPIasto previously digested with the same enzymes. Table 6

25  presents the cassettes produced with the corresponding HA and other references in the text.
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Lanpire|are 5 Hamnmld&dmasmdowfonmzderl ngl that [the,assay gy Vary ,gependi ng
of the source-of the RBC (horse-dependant i washed BCs! from 110 hnr ses-Jhave
been t est/& t o HACERMaPRAZ% ensiti ve batzh.| Al ter nat el6§, turké9 RBG may
be used.[7ANTT DPEX of BFRFid#ABOEXPT €SSed as ng reci prpcal| of The ni ghest
dilutionwhich conpletely inhibits hemagg ? atio [0032%1 Ctoss-reactj ve
HAl titer8 HATHAf ASingappreflsy BN i nmuni zpd 3mi tlh aswacc) nesfof theal0
Al ndonesi 1 measuretust g nactivated—5Nt—Tnftuenza
strains|from ang?(ﬁg'?ﬂgﬁlgg?dogeﬁ%i Vel ade suph3as |t he*tl ade P9Vi bt nafSstrali ns
ANi et nam78203/ ZHBMMY@UMXHMZQMMBM 2004 g¢ tlhe A Anhui /591/ 2005 ggsubc| ade

2.3) or *5‘36 At F %""" 1,"9? 5 belade 22 —AH—analyseswere
per f or med®on i h |\(/’| e HgIEKaRe W 12[& PN Dat &7 anal yéfs: ISt 4Bistical’anallysis
(ANOVA) |vier e peHAef ABGuiesPrabd/sedENe)t 0 15ebt gpliish ,f dif fgpentes Between

gr oups ckp%—s%-a. i . 3% ital design forflethal |
chal | engé®{ ni celArbtsa t nidte wer&9rapndoniég di vji ded
into sixteen groups of €i ght ani mals, one group bei ng uni muni Zzed and not
chal | enged (negative control). Al groups were inmunized via intranmuscul ar
admnistration in a two-dose regi nen, the second 20 i mmuni zati on bei ng done
2 weeksAssembdywwhplastoeyfnindas¢dPDISE/EA-Gusiof &Ga-¢Sidioeassettesanuscul ar

admdni stration in hind | egs, unanaesthetized mce were i munized with the

pl ant - nidtle\/New\GaRdohia/Z0/99 (cdhstiig) nuber 530% of control HA antigen or PBS.
Al'l antigen preparations were mxed wth one volunme of Al hydrogel 1% prior
to i mmyppzeq Ionsf@é éﬁﬁ%ﬁ&xﬁ FORIIE 211 fKnSoF RiffubhlaCsnGR RN 1 o,

Vst bury, , 25 [ 0035 Dur?ng th eﬁl nézgn?zatl ona eriod, mce were

vei ght e@algdmm/aO/ﬁ&éHHﬁh)jwaﬂmfathzamd)m tsvodragomentso(Plagit B(medhnob)gy lestitute.ons at

RS RS0 T AR Pl S P S Forpt o

B4 con@ﬁa M1 bies qRence((BénBAA aYEND EAX28993BRYEQUPANO: B3 ahgae 16 th 4. 09
x 106 50% ceI | "cultufe infective dose (CClD50) of influenza
lacking the signal peptide coding sequence at the 5’end and the transmembrane domain coding

~

sequence at the 3’end. A BglII restriction site was added at the 5° end of the coding sequence and
a dual Sacl/Stul site was added immediately downstream of the stop codon at the 3’ terminal end

15  of the fragment, to yield SEQ ID NO: 1 (Figure 5A). A second fragment encoding the C-terminal
end of the H1 protein (comprising a transmembrane domain and cytoplasmic tail) from the Kpnl
site to the stop codon, and flanked in 3’ by Sacl and Stul restriction sites was also synthesized
(SEQ ID NO. 2; Figure 5B).
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WD 20091076778PCT1CA20091000032 A/ Tur key/ 582/ 06 virus (kindly provided by
Dr. Bruno Lina, Lyon University, Lyon, France). Follow ng challenge, mce
wer e obseMEWBI7T8 | clinical synptons and wei ghed dai IRGT/oampy/evobzzur t een

d ' M i t i nfecti i ght .| f, >25%
wor o oURZ e artie e Hck e 7 4Pige B R OFRART SAS sl R g e
washes gifad o RbRAR ¢RtdrgpCAMBIATIK| dofafiing the RR|IRPAHEN YRINTotE! 45 TAR ect i on
was performed fourteen days after the first imunization and fourteen days

af ter skseshie thesigmlpeptidaoinifalfa arieisdifalfidedsoragrpsed(PDIsgang nyeeotidss ﬁ%ﬂpédyby
trif i: t . . Rk s . f d

fﬁgu:]: slg [ %%?H%%bgﬁggréégg Caig)srt#ﬁé?]i‘ ;Féﬁlgr\%q? E%Hééﬁ??gf—gﬂd&ﬁ&mﬁggg%el y upon

t er 15i nadovaistrear fodl itlecpl Mtouyaninaegulstoriseteintts.cCOhd equerie@b the pladdydhiFthased f i nal

bl eedi ng, a cat heter inserted.into the trachea_t I ungs .and
one i @Pseéfswanﬁawqaﬁhsmﬁ’iﬁssw Pijie i Pressaledan Fizses 1(ST I&é‘ééggﬁherfgwlang cc

syring ] : - > r [RToN j : lARESH ;
renovegpl?%{lﬂgég yrgelﬁé-i pﬁ‘h“?‘?‘l\%gfs"ﬁ‘ %?éggce) url?l\t/\g d;l)g{?@ %)d%%g t wo t%g.tb iahequng
washes meulatoryalenmiehtsgEhk additienefithe Cetbimihalrendebding redion (emasdihg ienashes, a
catheter was inserjed.to ds the nasal, areg and, 0.5 nl. of the PBS-protease
i bi t GSREEIRFe o BEhe SHCPRERIIAIN Wiy Y DstHos e PRISSERL nasal
pasgrgega@hicht (SEO IDQlId)?@,tfqgmeEm pWslyWﬁé&?e’ﬂ Wi KpﬁFa_EHdrSa{cF,g%_ th@Hnenove
cellular debris. Spleen coll ection was "perfornmed on mce immunized

i nt r amexpgsaonplasimidy Bheugsubtingpl pamidmaseedpi4én is-pressoted ar Eiguee bir (absousge Figure

adj uvan%jgg reconbi nant H5 antigen as well as on mce i mmnized intranasaly
with 1 Tt4g of adjuvanted 20 plant-nmade vaccine or 1 ug adjuvanted

reconmbi nant H5 antigen. Coll ected spleens were placed in RPM suppl enent ed
W t h geHb auTelonesidlisl2008 (votstihutt AuhBerd63goni cal tube with plunger froma 10
m syringe. Mashed spleens were rinsed 2 tines and centrifuged at 2000 rpm

for15 njop3eayd_r esupPEpSe PepiicAP NS bioteiR HishBide i meaddi(PDMPY (RO otides 32- |
tenperature.” The spl enocytes were washed i n PBS-gentamycin, resuspended in

5% RPM 103ndhceessionan. Z3#eh GHQ B3 Nk 3d; Figore F7wazSiked foftbe BiAGwodings ay .

Anti body tit 0035 ti-i ti bhqd it f . d

2t 14 g eLHsRm Ay Febhes R Tolous TS g s GheR SR SR ey t he
econd < i . ) i - . . . 47 i

;Srmunosor be n?ﬁgs}sssp;yl(%%?g%é SS;:TQHVSD?J gg?)ﬁgﬂ?{}g{l gyd&% %ggg()lv}/klgga’ol;\lggea/ 5/ 05

as t he dohusingcanstrigiambeneoEaEQH? NO:60;thigure ik} @5 templats Jbd resyltingdragment

o 1001 e W i Sl Mo kA 00 ST SR OB KES PRodiFp By

negat i vV@éndladihg @ IBgla Ag3trgion [sHO3A] B, B4 S& d%tﬁét@%&i@.ﬂlﬁﬂ&gﬁ@éﬂt s digesled
lg&a, 1g&b, 1gG3, 1gM, the titers were evaluated by ELI SA as S)reviously
descri bwih Bellilandgeal and sloned ite ponstnetingmberH40 (SEQH3 NO:61; Figure 52

[ 00357] 2 ' ' tohibi L . ' at 14
and 26 Heypady gcBE bR TR teuRibbbryies iR el SR BRI BRSO
2002; Kamisdr 663 8FFQ IDNO183Y,ds pksentedin Higepapati ons from strains

A/l ndonesi a/ 5/ 05 or A/ Vi etnam 1203/ 2004 were used to test nouse serum

sanpl e rHl, acli ib LSera pre-treated with receptor-destroying
enzZyne I > n Co., Tokyo, Japan) prepared from Vibrio
chol er ae gKendaI 1982). H assays were performed with 0.5% turkey red_bl ood

cel I's. OP3@&Ht i bodlha sigrad pentidecot aHplfnpigtern dispdide dsomsrase APDEIP)(neclentides 32-
diluti C ' q,w A B : [t i nadt | ﬁm :
Exanpl gfbf.’ %?génsg[ggnt 'e}g{‘%gsﬁ%gmﬁ%m)‘?ﬁ%‘éﬁ%ﬁ@ﬁ%@%@ﬁﬁ%| a‘/%gl)“@s ( H5N1)
hemagg, deqtience of H3 flom AgBrsbanelS02807 anfollowdl Theckl bedihg baqupha@was amplified

30  with primers SpPDI-H1B.c (SEQ ID NO: 84) and SacI-H1B.r (SEQ ID NO:85) using construct

774 (SEQ ID NO:62; Figure 53) as template. The resulting fragment consisted in the H1 coding

sequence flanked, in 5°, by the last nucleotides encoding PDISP (including a BglII restriction
site) and, in 3°, by a Sacl restriction site. The fragment was digested with BglII and Sacl and

cloned into construct number 540 (SEQ ID NO:61; Figure 52) previously digested with the same
-85 -



[ 00358] The ability of the transient expression systemto produce influenza
hemaggl uti nin was determ ned through the expression of the H5 subtype from
strain AWadoe®sé7as 5/ 05 (H5N1). As presented in Fi gure RET/CARY9/000032

hemaggl uti.ni. n gene cadi equence nBank ,Accessi 41394), with
its natrFVE"%‘?rU%’EV"’ﬁ%gﬂﬁegﬂmg?‘?gset aﬂ%‘%&‘tﬂ”ﬁﬁ%"t&m@%{]&n\@& {[F&%‘%ésg)nbl ed in
the 20 pbRateaqy #Pufe PXPression cassette - pronoter, 5'UTR 3" UTR and
transcription term nation sequences fromthe alfalfa plastocyanin gene -
and the assenhbl ed cassette (660) was inserted into to a pCAMBI A binary

pl asni 13 fBeshane/d 942007 feonstruch numbersi%t ed i nt o Agrobacteri um (AGL1),
creating the reconbinant strain AG.1/ 660, which was used for transient

expr essi [ 003 : i et e intd ] ok . and
tho | eatePere nir bt S AUBEERORUNGEAMEH AR AL EPDINE) tnicelidesD

det &r mi ¥03; Waedskion Ndb 74 ¢490MSEQ RN 38hEigargr 107) mias linket tedh¢ HAWemding ot ei n

bl ot t1 iGauRIER gt E e BistanvARROBL A5 B PARE kel Pttt eedfaging of |
appr oxiggRE&IcY by theheR Waseddflafi6h BittHI Re&dehE i DaFedtbeal 1@Nethédinespondi ng in

size to the uncleaved HAO form of influenza hemaggl utinin. The commerci al
H5 usedNewogsirnice 20781 P2T)). Ine fzgoonslze PRaEegmeo0d thoplagecyanine

b o BOMBET oA S PRIST Se Sk R R R IS E RPN s [l 7P o

noliecul ad HEB-SAPDA (SEQ IBNNOHAS witha@ARAlce 540 ST U N@®bY; Figlve 52y asaglatat ed
that expression of H5 in infiltrated | eaves results in the accunul ati on of

t he undneatadigl. rpethet Gagraent gersdining a porfionabhp vading seqven¢eorf B3 active HA

trinmer by, t ' f .Cr ot el . rom
aaL 1 o R RRRETRY R0 BE Rtiohd 5 BRERel oo Rierh kB8 BB AL 2 ot
shown) . SEPRIFHBB.ASEQH NC):88) anhd tHIFA -Bifi). J820¢SIH) UDI ND 1893 Qsih @ trisb@ ctSTTOUSEQ es
in plant_extracts using size exclusjion chronatograﬁhy 10[.00361] The assenbly

of pl an NP Eagnre AP) asdemplatie Ampifigation profugty Wetedhehmied and us¢basfamplate

st riuct L i . 3 i m
AGT 68 LA PR SheRic e el e A B P RESEA IS o
chr onatNQr 4pifigure SAG)and tH3GA B X982 TSEQIBN0 18R). dthe wesudtingGita grisanlt tvas digested

Bi o- Sci enc p. .., Piscataway, NJ, US | utjop. fractions re .assayed for
Che r r ot BamElis e pBROIARLpravIole) B ST RaHe B3 soRing Shenti g det  on
W th anhis i L i .. J 1 : xtran
(2 D) ] T N e e e e B ot o ms
was r etrastrietion enzyes togivemonstriciaiumted 79@ (%R D IN@:90). dhs corstmmatiis DReseitad in

pr ei}s fro7§1 200 RL of each SEC elution fraction were concentrated

(5-Tol d) W tetone-precipitation and anal yzed by Western blotting (Figure
15A, H5), hemagglutinin (H5) was primarily found in fractions 9 to 14

( Fi gur eHA3BFloridd/A008qednshstutbel P98)e bound by theory, this suggests that
the HA protein had either assenbled into a | arge superstructure or that it
has attached to a _high nol ecul ar wei ght structure. [00362] A second

expr esd0B830asset Fhe signal pepfidetof alalfy proteimdisplfid isomerase 4RDIS) danddentides 3 dm
Al Ne - o y PV ; . _
O A e g G b R

const r wetuenas of HA fyorad] A B/BElorida/412006 be thcRCR-basdduigation methedi predeatethinf HL i n
which the signa tide originated f t protein djisulflide
o gSer daavipal (Ridiort  Nsrdhatnse 2ac T oRbS i al erount ot B Bfore o

var i antpapfior SethSphK: l«.?%m.' ' 8 tIREPISBews MRl el 13 RlfprsE e Phk®-1 nt o
tri rrersp I—Olarbur et 0a ) ?g)gy?f)t&?ggeggegte 51452?‘”fi gurta 11). ¢ t hough | acki ng

':1 he tr I aepERd Qoﬁrﬁiguret%ggné SIRILERPDL; (F1Q BD N6»:A Jwiigh @tmsafctelmnﬁer 540
[ | . 1,30 63 ' .
PO S P50 L TG T SRR e oA 8

presen Q@dﬁi‘gpdg_&#@ka bEHB BAIS iEd 10188 pRXBEYdhatltcRitind@s Wek Aniplified With prinddid- WO

2009/ 07677 CA2009/ 000032 with anti-influenza A antibodies (Fitzgerald,
Cort8or SpRA HBE&)(SEQIDR1923 20d Plesterilr 43%Q IDHNQES) using sonstrmel] nueher &g? nly as

St | o CEP RO Tl ® Pl e bl B RGupthas whi AE Rt ipa ORI RUR

the soluble formof Hl accumul ated as isolated triners as denonstrated by
the elution pattern from 5gel filtrati-8A-which paral l el s the host protein
elution profile (soluble H; Figure 13D). In conparison, Hl rosettes
(Protein Science Corp., Meriden, CT, USA), consisting in mcelles of 5- 6
trimers of hemagglutinin eluted at fractions 12 to 16 (Figure 13E), earlier
than the soluble formof HL (Figure 13D) and later than the native Hl
(Figure 13C). [00364] To eval uate the inpact of 1s/11 co-expression on




20 [00365] The observation of hemaggl utinin structure under el ectron
m croscopy (EM required a higher concentration and purity |l evel than that
obt ai ned WMORNWBEE N crude | eaf protein extracts. To al |PeW/E&oadeeedzat i on

PG or ctiegPRiquat of sfeltbsonAomPuRkR: Bt Sehanareon Flaor s (SERIFLE0.
ext r actFigiireond)f 428 PlSRESGQRES D ROASE) PRt I%Edlﬁﬁgﬁﬁ%xﬁénlﬂg%% dﬁgeafletliivaﬂﬁﬁﬁﬁ}m

S-500 HR agl filtration 25and el ution fractions 9, , and
( cor r esppiginhastacyanin grenaptarhaoi vl Gn thend AR Flomdp/ 42906 cpdiok sequence)fandt her

i sol ate i Mo if O - 60% suchase
dons: t SRR BRbRY BhEbS A SHOLAREN L Figfebh O B bal e RO ST IR, 1
t op Sandkatriearedtrietidn @izgme tecgité sdnsaact rmftbet P8 ESEQ HD &0 :04). Thd eé3ulidsl
centrifugal filter unit prigor to analysis. As shown on the Western blots
and henRESHOP SatSFismEessnied iEfigUree’214A) , 1- 15 accunul ated mainly 30 in
fractions 16 to 19 which contained .---60% sucrose, whereas nost of the

host pr&is%hib‘iy@ff@k’wvﬂ‘fdﬁb éxgpesli% calRfdd ons 17, 18, and 19 were pool ed,
an d und

negatively stained, observ nder EM Exam nation of the sanple

200010 805BRCT) CABE) AR BEES AR Gy SRC Y BB To Sh! % eaghilgsof ™
matlohe dant MRNADEHprisey £ sbding) sdqaetirof shterest finked)fih SebE Auctedtiles F-IPr Rorh 4R .

Exanpl e 4: Purification of 1nfluenza H5 VLPs from_pl ant biqnass &,003,66] In
addi t i drOVeFadRosak YIS PO RNA2g¥ith mutatadeA POt posidonspl13and 164 andiant 3°abY s

cont ai : 1 4t h G 13 ¢i { il gs. The
rude CURICHRARTL0-TASK (bl % CPON RNAZOM BandIHE | FUHE S5BITIG BKbed B 1R,
filtratiNOS tenmidatat. oPtasreid pB A5t ., Saindthire el ) 2008¢/Plant Biotkchaalbip fouraal &
detaile scription . of the clarifi ion method). Fi el | anes 1-4
pr esent@'%%&h@i&“@llﬁtﬁér{gpﬁoﬁé@%@ C‘H%Sp‘ésFiiE‘ﬁté‘? W%%Efydgrﬁsﬁ\“&'éz %aFFéi :
varjisou kol LRL. i f el t o

o e heiaRRuiln Gipiésion caleoiy, The GAERGH o ATCRTal BOALEH ¥ £ARE RO of e PRIV, |
capaci tBNaR wasaloot asing aP4IR-based ligptsont methed prsentédingDavedu giabt(Methadsm ent

d t ' t ani i sible.at 50 | i | eaf
oxt r act Seuratrerss 36 (1165 LR80T RE SHHAE PERS vieee pirfitived vpiag g Tk Cisc i & ©°
repres et@ﬁ‘nitpl'%. e pPimdpdfop the! RsedmplERation &teea'sﬁ}g-lus[z@@z%qg]acm NEO?7Zq) dnovidLPs

were purified fromthese clarified extracts by affinity chromatographg/ on

a f et ui ATGMSHISEQUID N A8) Iba poimerhior thegcandamplidisation yeredMuttATG L6 (

Wt 1 . r (Fi i . t ut VL.Ps (.Ei

1520 1 JREN0; THEATHOY 0% BTG S0 e BRQiATpRIPR AR e rbBHEMT o1
i nf | uenzad Ebte¥ighste ifor Athid anplificationaBingdBidis.26] RA3ES] NP TIT) dndlat0sn
procedure resulted in over 75% purity in H5, ~as determ ned by densitonetry

on t he GCHOFEIEQ EDBIWYB3A) @8 primgrssResulinasragment is ¢jaestediwith Pag]qed Apal and o ger

to asse j | £ hfied 115
was corad BRI sl Bel i the ke s e RoReEbe i RoRtbh

cent r i faagseite fgehdreted Untiniede828, Bxpa¢semed inFigare GB\ISEQY BY Ne§d).i ve st ai ni ng.
Figure 15B shows a representative sector show ng the presence of profuse
VLRs. A, closer i i c irne e n of spi kes on the VLPs

Ut 25ur eneseply oL AR ek el adome gt in ML epire S e B
approx.m@@&Boy.ty from clarified leaf extract by affinity chromatography

on a fetuin col'um, based on the density of the 25 Coonassi e Bl ue stained
H5 hemal%gl utinin and on total protein content determ nation by the BCA

met hod.[0P3I70] Tha sedusaes engodipg @lfalfnPDL signalpspidmfusediiod 1) fromeHl A/Beuc ty

20007 07l SRBIAA0N 558 5560 b EENET R ALy Rl Hes Al (mmediatcly
of t he ypstredm eflinda PATIZ) uad Sad dinyedidtslyeiorvnstredn stop cadeh)iwaneiaddddtte tiei on wit h

an anti-H5 polyclonal serum (A/ Vietnam 1203/ 2004) .. A uni que band_aqf
apéﬁoxﬂmagg{}ﬂw G088 seqpRice OF SaTfarmpng 8 yaﬂlafégqﬁﬁnw rBers ARk PP RLSed

HAO f or ' . o\ ' : g of
the vacor o Ch IE AR SETAO MR Sr TG Sy eiRReum i Ol SHO t5EQTP

[ 00372]NORH ; Riguee 52yrasuérapled. Resultingnfiagnzent was digested eithtApal iahd Stul mestri¢tionugh a
0.22 tan filter; endotoxin content was neasured using the endotoxin LAL

(Li mul us Anebocyte Lysate) detection ki8é (Lonza, Wal kserville, Ms, USA).
The filtered vaccine contained 105.811.°6% EU m (endotoxin units/m).



10 Exanpl e 5: Localization of influenza VLPs in plants [00373]To | ocali ze
the VLPs and confirmtheir plasma nenbrane origin, thin | eaf sections of

H5- pr oducVeop)/&ai® were fi xed and exam ned under TEM afPC8YCAR069/G00a32
staining. Cbservation of |eaf cells jndigcat h .esence, of VLPs in

ext r acel FUP& a‘@a@?‘f‘ide‘gmfwmt val)ﬂeéz:ﬁ%gé mbbﬁlﬁ‘ilg?sltf‘éi Wit esaPEnbr ane

( Fi gur enPmes. ResulsingeasseitwROsdnidddnstiuck AEmMEMB0IBEE VERO: 7). denpnst rat ed
that despite the apposition of their plasna nmenbranes on the cell wall,

pl ant cells have the plasti ci%éa/ I (egﬂ)ui red to produce influenza VLPs derived
from t HessemblyefkS Adndengsia/ YH05H8 (VI H E exprespiancasseite ennsirachnugmbsp 68D
Exanpl e 6: Plasna Menbrane Lipid analysis [00374] Further confirnmation of
the conpgsid;i on (ol I [ S \Regdrf rom
anal ysg? of ]t he ?p&é&{dcr%'ngtégﬁéﬁc& E?E‘? S me%%%%%%%ﬂgp‘??%%%r P%t% VLPs and
t heiSr csifpldews. Restrictien sitaspgrad introediatelly upbtrdang ATE) pnd Stiléonmediatelyo pl asma
menbr angs by hi gh per,f qrmance, t.hin l.ayer chronmat.ograph P-TLC) .. Th

T gr at | DREEatR e BomORar adid ' heleeef PR Rk e bRt B BOTORRIGR Do e
menbr a%ll‘ﬂ%‘éﬁoﬁbvﬁ&'p@i&nerfﬁghf-}EQA_Vlﬂ%). I$N0:8) AR 15 (ROASHLSAIN 707
(phosphati dyl chol i né and pnhosphat i dyl et hanol am ne) and sphingoliprds 25

(gl ucody Nf: 98) usingieehsimctinimbet 66t B H) NeheO;(Higupa5¢) asrteinplagd bot h

containgd free sterols as the sole neutgal |jpi.ds (Figure 27B)..However,

" munodS B PRI EE A AR uRf ARl S} SRLrorRUPR b AR SR TR T e
VLR (Oextdoasthgct ahabed8I8 SEQ IMENV: B1) dipededwlth RS safiR@azyinés. RefllghglcaB&teokad he
maj or proteins associated wth plant plasma nenbranes, suggesting that host
prot ei ﬁ@nﬁéfonawta@@here%mﬁ&@d%bl@mwhe menbr anes during the process of
VLPs budding from 30the plant cells (Figure 27C). WD

oi foct P PRI S DAy oy Dot RN A (T 1P SRS et Mgt

US VLP$686Y. i ntranuscul ar injection, or intranasal (inhalation). 0.1 to 12
ug of VLPs were injected intranmuscularly into mce, with alumas an

dj dipg to the d i bed. nethods. E i £
o v B0 fir Ot oA Britats SnehiRe el R ERT siefal enta Godl o Rl 3be 1o that
of 13 UGANRFRRELBAD0S willcied ift6 TPV LT 1 fbll&x%)R&Fﬁ&Mﬁ%ﬁ@@ﬁijaI (ifPddaledy 1 to

1 ug plant-made US VLPs were administered intranasally with a chitosan

adj uvaripspean AJ&d) dndrStelr(immedistelly dowrsisavstar eodor) werh addedatthohemagglutinin

bot b adaC e Ruhes By pePring 3 TR Ga b S priacr? ADRK ShEbre PEQIBNOT!
Ser ocomA3agd oI5 (Wakdepsailvierd7: (SEQ ID NfO:t%ﬁuﬂh% i@oﬁsﬁ&éﬁﬁmﬂ%@ﬁ@mmm N®:

sol ubl e antigen conferred | ow (<1/40) or neg ible i1<11 10 for the
non- adj % antemeplate Resyltingfragasnt was digestedswi ang Stul restriction enzymes and

8: Hanma i-pation-inhibiti j . ki . P”%&g7 ' e 21
A, 'j@ [ %qéﬂsjcltdrla edg A g?ﬁg%ﬂg%t(sgg@ﬁbf %ﬁ@é?#%%%aé%tel 0 e;g %ﬂr]gg%onse
14 day scafseite ewsis igmad chipstaitt numbien 686 (SEQ MRANOHDIYLP, or reconbi nant sol ubl e
H5. The | owest dose of antigen (0.1 ug) when adm nistered intranuscularly

o e ac RS Sl S 3 TBBR e b Bl b bt
increase in HAI over the | owest dose. [00379] HAI response foll ow ng

i ntrangsesoggdm ni Pid @dirfyselidhce b AIA frsdMH1 X/Brisbafased00wadclBh&Einto
adm ni stere H%l ant-made 115 VLPs (1.0 or 0.1 ug) conpared to those

adni ni SERMYIHT agdollaswsn Mestrighen sitss pak(immegliatelyiupsireaasASGiand Stulo t he

(F 23 fmfigalel oo hstecly Sor SIOR) &€ alied BGEMRAGHARInih BAL IlcRle 0P, TL7S
cont r ol perforraitgi ;0BOR (aftiplificstionlith pfigerst AyalsliNB.cdSEQ IDFNO: §02)\dh@StulkHiBad HAT

titers 20 tines higher than the correspondi ng. dose of the control H5
ant i ger(SEQUILNG): 4% sing rasectamiber T AUNEQ LANGHRE Figere o7 &5 empliltn ¢ he

control 1 ! I Lgure
210y o alinl REC e GHE AT LRLG IR AR anll SnBA OT E

m ce i mounstinge dumber 828a(SEQ ID NDa8 1) digesiedwith themaneetzymes. Residting easkette Wad P
induced a nean HAl titer_of 210 when mnistered i.m while the sane dose
i n%t(}cecpas‘;i1 Rstpyef npm %‘r733f(5§b %N&‘lil@ ered i.n.. WD

20091076778PCT/ CA2009/ 000032 [ 00380] V\hgg adm ni stered intramuscularly, all
doses of VLPs induced high | evel of ant®bodi es capabl e of binding

honol ogous whol e i nactivated viruses (Figures 20a and 24). No significant
di fference was found between the plant-nmade VLP vaccine and the control H5
antigen (except the 12 ug VLP group 14 days after boost), as both antigen
preparations induce



5 high binding antibody titers agai nst the honol ogous strain. However, when
adm ni stered intranasally, VLPs induced hi gher binding antibody titers in
than di d W2004%67 8 HS antigen (Figure 20b). Wen ni xedGWCAO@donaRan,

i muni zation W m crogram.V.P indyce eci procal nean Ab tjter of 5
500, 6. BSETRBLO TR | ARSHRRe R P BT A B M of ¢ he
controlpifbephB3gen (reciprocal mean Ab titer of 920). 10[00381] The

i mrunogeni city ‘of the plant-derived influenza VLPs was then investigated
t hrough a dose-ranging study in mce. Goups of five BALB/c mce were

i mmuni 288399t r amA sedugnesencpfling aéfﬂlf@Pméilgnglmegﬁdeaﬁ@ethﬁA@ frompH12 jig of

VLP L . o/ 5 . ¢ .
i um ¢ VPR A R e B oV R AR Rl Rt gt hBp e tp
wholSe iupstreany A TGE) andrlssl (fiediately ddwintieaasta don) wele Ndded towke Rerdpgimtisnr ed
on sera collected 14 dra%ys after _the second inmuni zation | mmuni zation with

doses dfodipgrseguence Ry pertprming p PCRgmplificatinn withquiseers ARakSpERL £ (3ERdD Nidat
i bi t . : . . . . Fi

21hy - o) Sl SHECHIE RSB MO T ol oD b R (D e i ed
cont r ol tetdplater iRegdting &lagmeritrvoan digdstedovids A palmand Suli mstricioragnziyines erspconad t hat

was 2-3 Jogs | ower th t chieved with the | owest VLP dgse.. .

20[ 00388 1RERSER R et SE 5 NOF$) digestefhwith ghersame eapgRes Resiing gppsette
quaRt i ty@Shantdagohfifudi BERBASE 3 (SEQUPENDRT04)n i ce adni ni stered VLPs. Exanple
9: Effect of adjuvant on i munogenicity of H5 VLPs [00383] Pl ant - nade H5
VLPs have a plasma nenbrane origin (Figure 19, Exanple 5). Wthout w shing

to be bbssaablyofilhedr/Brishane/d0/8pelinPMYeHT@xpiebien ofsseteednstradt mimbesd35R5
generally acquire their envel ope fromthe nmenbrane they bud through. Pl ant

pl asma anes ve h S t.th ] [e i ever

f ound i[ﬁﬁgﬁ{]mﬂl c@? cso,d ?r}ggsgﬁéeg\?éggﬁ%ﬁgﬁgﬁqs&%&?@/gg@fﬁ e‘J'éléne elrr%to0 nstrated
t o exhi OPMV-HUTHY ToltdweTRleakiotion Sifek @Gfab (imnAed«l}; dpstrdanmATE) bad StuPs wer e

adm ni stered, i ntramuscul arly (Figure 22A) or Intranasally (Figure 22B) to

ni ce i rfimmedigtedy dowpstigamatensadenbvergadded tovhehemageintininciqipg spguence by

(h g . . L b bt | . : . i he

br aendorifis SPCR MARTLLAR A pARK ARINTISCSPOIPNT00DS st Sttt |
exanpl dSEQ I NIC: 167) wwsg enmsioict admbear Fi6r (SEQID NOIOD as terkjflate. Resulting

2009/ 076778PCT/ CA2009/ 000032 dempnstrated a significantly greater HAI
henagg| e a1 ESFiEd S e SO BTHAOn SPATHFRATES oney SHO CAIHI BHSRSTc

of an @jﬂD @y’ i R [ d3BdR

dennnstagryaéﬁgEa Si g??%&g%?m?—ﬁvﬂ in ia{(::hlagte?1 e of Rgmsl?g%cem C i*ngmngggraecggsb%uscte to
adni ni stunsher G35 (SEQ BB N1 10$an. 5 [ 00385] Al um enhanced t he nean | evel of HAT
titers by a factor of 5 for intranmuscular adm nistration of VLP (Figure

22 and b f 7 .for 0 anti gen. adm nj st ered
P2 ghsspiol PRIzt e artshaif bAoAy, 7 R BlessiET resteti st

corr esppingiengigpse of control H5 antigen. Chitosan did not boost the nean
HAT | evel of the control H5 antigen (Figure 22b) while it increased the

mean HAI | evel of mce inmmunised with 1 ggﬁ VLP 10administered i.n. by a

fact or [803Bf ol d.AssquepeaencodingaifplipBDI pigaalpspiidq eabie| HAR &ogtBni st er ed

Pl ant - R b 750w CARTRART IO HP W€ bl R SR ETAGa imARAEAGS O
al um as an added adj uvant denbnsirate a variety of I munoglobulin 1sotypes
( Fi gur eipfeégm ATEF)MHAFHL (iminediafelede@mestrearh seop cvdde)dwerd jaddeito, the emagpiuthony
isQtype profiles of VLPs and recopbi nant _HS5 are sim| | gGl
bgﬁﬁg (G SHAERRE Ly BERgmRIng ek wﬂéﬁ@mﬁ} @ﬁ@rﬁﬂfﬁ‘%ﬁéﬂﬂgsaﬁélﬁmailbt ered
Wt hOUtN(@ES?QﬂkPMQH}B’.?gSE? IORO! RHYAKAEL chistiubAHmSEe 79@&8]3@ MBING:90N8s

dom nant isotyp€ response to VLPs, with"IgM Ig&a, Ig&B and 1gG3

mai nt aitemnplptes Resulting fragmens was digestedevifly Apdrand Stdl restriettieenzsmies grachelonedy Gl

adm ni SneraaSiE RupbeL7 1S ot R STk ENRE b SARE P EGRTe RN Burrde
t her ef Qg nadtRARBEthRE ButBat738l (8RGO MENE: \ofs do not require an added
adjuvant to elicit a anti body response in a host.

30  Assembly of HA B/Florida/4/2006 in CPMV-HT expression cassette (construct number 738).
-89-



[ 00389] Anti body titers against whole inactivated influenza virus strains 25
(A/ I ndonesi a/ 5/ 05; AN etnam 1203/04)1 in m ce adm ni stered pl ant-mde VLPs
or sol ubl WOr28e4#e718ant HA i nt rarruscul arly in the presend’@TdTAZQw/(md@ed

s ery 08 21t ne abRe Gading aesis of HA FomaS/FIoRAALIODE s clankd ith CRNR-HT as
adm ni sfAne4 Re H‘%ti%h Sﬁeyﬂgg éIINI'l‘lgélaﬁe ly u;bshlgarﬂfAml 48 ul'\#fnmeMQtely downstream

2009/ 076778PCT CA2009/ 000 Cross-react | serum
ant i boditepscadodywert aniyledllneth&hsrnvggl’uumncodlag[sﬁ@néﬁ@]liymﬁmmmPQRty of serum

ti bodi d.b LP i\nst lLe i
i 1 o iRHeE S Pty Lpak VI CRHRIIT NG AP Pina SAT s B 100 1
as el lusify QnBGu@nufiet 778 AYNCIEY Hig\de 68 fastemplali. RAsNEn@Rthihestyvds t ers
against a clade 1 strain 5(A/ Vi et nanm’1194/04), the honol ogous strain

A/ | ndondigestedowith Apal aidestel eestrictiam enzymss ané cloned into eﬁnstrwttnumbeyﬁz&(%@l@/ 05
F 5 t de VLP duced, HAI
(71901 28 SRR e, RSB R G Rl APHESRLA B

A/Indor(csggg DNIB mey.e high for VLPs. 10 Exanple 12: Cross-protection
conferred by inmunization with plant-made 115 VLP [00392] M ce t hat
previously had been adm nistered a two-dose reginmen of A/lndonesia/5/ 05 H5
VLPs asA#feBdhly ofetpPieda Byﬁhg@a/dé?fwwn ERMY dHgeepression £awsEe (Gpnsiruck npmbeluenza
A Tigr keyg82/ 06 (HSNL) (" Turkey HSNL1") infectious virus, and observed. The
dose adm™ni stered, per animal, was 10 LD50 (4.09 X 105 cal D50). 15[ 00393] By
7 days post-challenge, only 37.5% of the mce adm ni stered the PBS vaccine
cont rol [OB&tB]surwAeelqr&np@erwbdmgmlfﬂfa PEY sighiNIpeptidgfused G0 fibfiD% of ani mal s

dm ed 5 15 H5 VLP
Curvi vadr il o s Ton oo VAL 2 il ﬁ%sfte%gf i Apel GERARIR ot o,
[ 00394] @Qéxamﬁndtﬂiﬁl difeety é&»%ﬁ’stfé%' s ?Wé@%d&&ﬁto%@ﬁéﬂl@ﬁumﬁnd

the 20 average ness of the surviving mce p otte ure .
adm ni stodingksequende by peFonging fa RGReamplification amhb'pri\me?s A_m_é‘orpBDth eﬁSEQd@eNGr d

par'ti ouroaam SEPHRRRERIPER0s L BheichBsGRbR gk (RGBT E sy ™" "

signi fiem Platmmuhgﬁagm&ﬁ w&%géated%qe AoandStiE¥stHoibn &hemes BaEloféd not
appreci ably gain or |ose body nass. Positive control mce (not adm nistered

VLPs, bito esmatrucs rmgmbenm&r(SE&} I&N@@l}@msteéwﬁh thet sathesingyrmneés. Rgaulting eassefte
body mass. during the COUE en and three of these mce

d| ed. Asasoloa(ﬁgled é‘é“‘fcén&‘ﬁ‘ %gaéégboeﬁgﬁ e in the cohort, renoval of the
"sickest' mce (the 3 that died) nmay |l ead to an apparent overaII i ncrease

I N nassAssenibByefl chapérénd Exiredsion cawettége body nass of the positive control
cohort is still significantly bel ow that of the negative or the VLP-treated
%rts WO 2009/ 076778PCT/ CA2009/ 000032 [00395LThese dat her ore
nstl093 ]t hat praheatisherk pratein dispa expressiongapseites weretaﬁ@ $tut i ni n

I
Ul LA AR e ORI SO rmgwrrsgﬁrﬁg S
menbr ankin LiA@B&IG[200¢ s Ecldl Strass ankiﬂhapﬂ-omes &1@01)4298) ’tcoentrdlbed byl ahimeric e capabl e

of producing inf uenz 5vir riicles, hefrrst time,
that viRrg@e qr&%mbmg Smagts ol e gffﬁgﬁmtare&vatﬁfe @P naed ahellbplagey
[ 00397] frbibfs (NiPlR@) 1A %e&)ﬂﬂ c8REtd EHAHSHY thE L HAIRS Bdgéh SARE Hﬂélﬁgéyto%hle rst

antigen | ot was produced only 16 days after the sequence of the tar?et HA

wagSo théSPng(Min dErugisies ab (199 Playlt Modeeutan Biolegy A RS9 7H08) undea theesoatrol of

dose of ec of | Itrated | eaf may 10 produce
-20,00(}h cg%ﬁ§$§8§§' ﬁpg%ﬁxma 08%%55 tion of platformsinplicity,
surge capacity and powerful |nnunogen|C|ty provi des for, anong ot her

enbodi BO3ES] a neMh aedeptod pliasmdbosraihing tieal tadfatNitrite oéduatapapadanier. (NB),anhpl e
13: Characterizati on of hemaggl uti nin- contarnrng (HL, 112 16 and
H9) st rﬂiﬂz@ JeRaster geng andiN@R deriipator ja plapt binagy \e,eﬁaqrd%qsgﬁrst@ﬁffem% %

15] 0032&% l[a@?@\%)ds}'y s RbATh TN PAURIEh. 62087 Fab GITRAE With rHlHdﬁ’f and

differ
30 EcoRI The resulting fragment was cloned into pPCAMBIA2300 (Cambia, Canbetra, Australia)

digested by the same restriction enzyme to give pPCAMBIA-Nir3K51.
-90-



into high nol ecul ar weight structures was assessed by gel filtration. Crude
or concentrated protein extracts from AG.1/660-, AG.1/540-, AG.1/783-,
AGL1/ 780-WORODNI7$BS- and AGL1/ 790-infiltrated pl ants (1 PETHA200%06032

fracti by sjize exclusio on Se acr | TM S- 500 HR
col urme O0eEeli e ¢ HedipE Stess i Miang Mo Yot ey SORETAEORRIIE B8 oo
in Fi gulgsni@d pCﬂlMBIDﬂXIBK@III ér%é\fﬁ@k -HRkad ligifioR BRIIRS Redehtediin ﬁaE@@hlepﬂ 10.

When proteins from?2 each SEC elution fraction were concentrated
(5- f ol dMashodsd @M@Bﬁé@ﬁ%ﬁ?%ﬁ&?%m anal yzed by Western blotting (Figure

46), hemagglutinins were primarily found in fractions 7 to 14, indicating

e, nSRUBETAC Orr it KA ABER G ONEHING Bt Y RORY.
supér st fromtalfalfa (ecotypd Rtahgttlander}iaaf tatat RISII?ME‘liimﬂig(;plfl:ml.f:llsgh;pn;Ozill,mfj%de(esil;lg\ﬂll)_| ?lﬂf .

st o 19 apd el Gictoeh 26 (558 1B NOYES P S5copd ampliResticPts Rerioomod s
pr oducegliHek Phsfl4 R QRS Hm@t hdpy A@'hdglu N&p8a5sLP1ES r (SBO 1DESO! 1 §7) with

obt ai ned 1 ndi cate that replacenent of na ive signal peptide by that of
al f al f acomBliruct 668 (SR IEfN@uEO thhgurabi) asyemplaldAPCR redentdhwereitherompredtand lused

WO 2009/ Q76778P, 09/ 000032 Exanple 14:. Tra i
Seasonals IPRPIITLLT: A T AaP bR (e Ny gecigR bRAR PRt PBHOTA R ISEQ ID
bentohamvena, n@a@tm)%urmspw@u#sm 12 YR]SBOCIERD!: 4 €6)S TR RRIGKInE $RAZHShtIWES

ability of the transient expression systemto produce seasonal 'influenza

henaggl digestedwithdipabidn drerplesteryeninguemoteriand cloned énto pCHMBHEINIAKS Libt ype from

strains 59/ I N a/ 20/ 1999
(HINL) R'§ Yﬁé%‘?@%%%@&% %&‘% tFéLﬂa#rf’&P%?aﬂéﬁﬁaﬁﬁééd{%??ﬁsm d #775),
of the Iioljamsmbé wrg%nézracerblﬁﬁtre@dmSl&ﬁ@rdb@mlabére/sa@&%d(mi @srectlotiehfgtjoncand

Al W sconsin/ 67/2005 (plasmd #777) and of the B type fromstrains,

B/ Mal ay$duenesd §orso0quence/integsity- ghqra%%p pynidspameed: R85, issesepted)ip Figiae 83 2006
( Yaeag t > BN equences
ner 1 m R e e o R A TR o e R B o ot o
5' UTR, Ardbildapam deaf RANTS usmg)pnmerst Iéspﬁ)Am 1 oS ECRHu &I dd 8 mnm{sﬁ@Aaah Satlf 956r

cael Ak BT 12) econEamaEiaas was peiveead Wi bpaped o Hion (EQ 1D °
237 Ohackey: AT Dandlt dyﬁmaﬁe&g%@tlﬁwmm Wimnﬁ%%ga‘(‘sE@@bNé‘m

AGL1/ 775, [ 776 AGLl 777, AGALL/ and AG.1 9, respectivel
15[ 004061] Niguye Al hasrtemphatey PR prodmtgwbmfthm mated@ndnusdd AEempaRsor Am_lmi! 540,

hars: Btpiatipd (bt recchionb it afises Pauo-trse (QIING st TR
accurml BEARNA ShEI. 13)369(SEQ 10} 'N@ ed 9). %\é@ésultﬁfgq@g&nms Higested e\»;ﬂlrfﬁfau@ﬂ from

infiltrated | eaf tissue and ana West er | otting using anti -

ant | bocthe glasineganta proander) and Cloaedints be b@dN@P@htBI%iirmgﬁtQﬁwth:H@al Gothatie
det ect band
of Sﬁp'r Hmiler ERE A S0 BRI PA DN bolkhErdst'd B bR R croflec fHiEq Bon

i n si zewére stRensdor earyad oriéxtatici md&%qmdmtédlﬁmgaqdaﬁm&lgﬁty The resttting
denpnstrated that expression of different annual @DI dem c strains of

herfeggl RIesmidnnamed R§6Q. is preseateddn Fegure 84 ($EQ IDNQWE2xccunul ati on of the
uncl eaved translation product. Using these expression and inmunodetection

strat egiop318 Jt he eX mﬁ%&& éssfoﬂ&h n&a«awss bfea%ﬂfmv%um@eva@al by pe was
not detected in the cru ot el tracts (Figure 47). Exanple Ib:
Tr ansi ewith BS;BIe(dewnstream tho N teamqatm)jmwd nthl TAeRNA mlymsrah@‘ma@gbmq ain by

2 SquenclunBHo T digedis with SOATuRREaP A U meic BRI bromd e ffie ce
pot ent Iﬁégméﬁt k@lﬂﬁ@cbﬂﬁ?%ﬁdﬂrbﬂbﬁ?—mo%&ﬁg @bc[iiéﬂcd—i%@t&ﬂmﬁalf&) a4peleasd on of

the 115 subtype fromstrains 30 A/ Anhui/1/2005 (H5NLl) (plasmd #781),
A 139d oniat %8%3) prevsuglyEigested pithsThitiandoboy! ot lpgaledein wltm dloppEEHE N )

N SRe A e I i e R

A/TeaUI—lq?grelﬁs NSEMBIZNDR9Z3) HENL1) (plasm d # 783), the H/ for strain

Al Equi pe/ Prague/ 1956 (H/N7) (plasm d #784) and finally 149 fromstrain

Al Hong Kong/ 1073/ 1999 (HON2) (plasm d §%85) The henmaggl utinin gene codi ng
sequences were first assenbled in the "pl'dast ocyani n expressi on cassette -
pronoter, 5 UTR, 3'UTR and 5 transcription term nation sequences fromthe
al fal fa plastocyanin gene - and the assenbl ed cassettes were inserted into
to a pCAMBI A binary plasmd. The plasmds were then transfected into

Agr obacterium (AG.1), produci ng Agrobacterium strains AG.1/781, AGL.1l/660,
AGL I /782, AGLl/ 780 AGLl/ 783 AGLl/ 784 and AGLl/ 785 [00402] N bent ham ana




20( Fi gure 48b). Exanple 16: Transient expression of 115 by agroinfiltration
in N tabacum plants [00403] The ability of the transient expression system
t o producWO 299@/ér8a hemaggl utinin in | eaves of N coti aPLTEARACUIINIRS
anal yseg thr Oug he expreSS| on of the H5 subtype fromstrain
A/ | ndon@SSEHI05Y OReT GADKeSS BaE¥RSd #660) . The hemaggl utinin gene coding
sequences 25 were first assenbled in the plastocyanin expression cassette -
pr onot egeluble WiRexpressibR cafidud r anscri ption term nation sequences fromthe

al falfa plastocyanin gene - and the assenbl ed cassettes were inserted into
to a pCANBIA bin pl asm d. The plasm ds was then transfected into Agro
bact er i WP tHG 1), Té@%ﬁﬁﬁerﬁgcgdm&m satoble fop of Fdoswareparedic teplasingrithe wer e

| ncubat | B war L GneRebO Sk ARAER JEL IR HHEA Ry Ghadhna - day

agr d nf erdcodmigethe leaamezl,ppaerCNMqﬂI vertaat (Harbiry exal 8893% Sciencen1 993¢ 262:ria0ed

| eaves al yzed by West of, ysing WD 2009/ 076778PCT[ CA20091000032
anti - ?‘Qﬁ)aﬂ% Bgmeny Wasisy Haxﬂw&%p%m ch et CopcHEe SATSRR. e 1
extract ﬁlaﬁrﬁidg’éﬁﬁtl\kqﬁomoﬂirs &%ﬂﬂt‘npgzaé ﬁ'atﬁédéﬁmt dithee Qsﬁffl‘@ﬁ?seﬁﬁg 1i19§tf9tél{

i nfluenza hemaggl utinin s denonstrate hat exp ession of hemagglutinin

i n infiintkigered IN. t abacum | eaves results in the accunul ati on of the

uncl eaved HAO precursor 5 Exanple 17: I mmunogenicity of plant-nade H5NL
VLP vac nesial5/ 05 (115N1) in ferrets [00405] A dose

escal at]iegr'fg/gflu@?/ /gggf’éﬂg S48 or med to eval uate the inu-riunogenicity
of plant derived VLPs. In vitro cross-reacti vity of serum anti body i nduced
by tthe [9320]P vacaifasiofbetvedd #RIokdbco otchRétud FTEN) 5 VAR asbhs 9péh fevding
hemaggl uti nation_ i nhibition of three other 10HS5Nl strains -

Al t ur kelfang ok the/ nflyenzaA/RRE8/34 M1 gemeAee. iaNE 10@H1 uwassyathesized with a

Al Anhui i i :

af tor t Ao S S AR dobARECa BLAC el THE MRByRRLMR HENRA M SRhR G
(Fi gur ethe@®)V SHOFR pdrld Shel ané clmaatﬁm aaXBSSE,E\Cba:ssd: exprassionviaksette sn abser ved
Exanpl e si s of t nogeni cj ty r ccordin o CHWP
criteriBS g&l@%’@ﬁ%ﬁ%@l Iotreid oot (el Eodiag Msiosiides teconghan
User § CHyE: /I%M RISAd I ﬁ:g'%/ MP. ht ml )
sets out Qt%jr(zseg/’glrgf/t erlg appgﬂgm%‘lf%?\f%{ lie}ﬁli(gc‘(L’)&‘%ﬂgose) vlg?jm ne
efficac 1 - Nunber of ser oconversion or significant increase in H titers

(4-fold cmerezsmnmﬁtegeonem c increase of at least 2.5; 3 - proportion
of subjects achieving an Hi tlter of 1/40 should be at |east 70% Analysis

ndi oot (A2 roetPAlPs Ok BRSO el RrsPf Bs bPartB Etdibn gt at ' ©

Cr 0Ss- i (REORP ORI blblnés}/waxl&%bi\ﬁn%d m» doﬁﬁﬁh lthHlnte@n@HWh@éddsﬁ'ﬁd:t& Tl&rpldlsinﬁES\%fee is

shown in Table 12. [00407] Animal s were assessed daily faor bod

t enper a¥s§ddo HaesiormeAgrabagigiven amstaciens (AGRY; ATGE > ManassarnéA 204 fort

t hi
horah; CActfipobiichtBralifo Rl by, ROUSY T ek S phifef rﬁﬁ eyt he
ani mal sconﬁrnhad)byremrmoalmapjsﬁrig.g <11.''''.g 000

P19 expression cassette

[00322] The coding sequence of p19 protein of tomato bushy stunt virus (TBSV) was
linked to the alfalfa plastocyanin expression cassette by the PCR-based ligation method

25  presented in Darveau et al. (Methods in Neuroscience 26: 77-85(1995)). In a first round of PCR,
a segment of the plastocyanin promoter was amplified using primers Plasto-443c (SEQ ID NO:
4; Figure 7A) and supP19-plasto.r (SEQ ID NO:124) with construct 660 (SEQ ID NO:60; Figure
51) as template. In parallel, another fragment containing the coding sequence of p19 was
amplified with primers supP19-1c (SEQ ID NO:125) and SupP19-SacL.r (SEQ ID NO: 126)

-92.



g.,":::ecl"Z" 000 il O el ,:31'. e 000 e ,:31'. e 000 15 jig
adj uvanted 95- %S * ZIT %S LIz * A001 r "1 /0017 arl si ci 't
(..." . OWVO 280%070TS gd it encr:' 0o PCT/CA2009/000032
using construct 35S:p19 as described in Voinnet et al. (The Plant Journal 33: 949-956 (2003)) as
template. Amplification products were then mixed and used as template for a second round of
amplification (assembling reaction) with primers Plasto-443¢ (SEQ ID NO: 4; Figure 7A) and
SupP19-SacL.r (SEQ ID NO: 126). The resulting fragment was digested with BamHI (in the
5 plastocyanin promoter) and Sacl (at the end of the p19 coding sequence) and cloned into

construct number 660 (SEQ ID NO:60; Figure 51), previously digested with the same restriction
enzymes to give construct number R472. Plasmid R472 is presented in Figure 86.

3. Preparation of plant biomass, inoculum, agroinfiltration, and harvesting

[00323] Nicotiana benthamiana or Nicotiana tabacum plants were grown from seeds in
10  flats filled with a commercial peat moss substrate. The plants were allowed to grow in the
greenhouse under a 16/8 photoperiod and a temperature regime of 25°C day/20°C night. Three
weeks after seeding, individual plantlets were picked out, transplanted in pots and left to grow in
the greenhouse for three additional weeks under the same environmental conditions. Prior to
transformation, apical and axillary buds were removed at various times as indicated below, either

15 by pinching the buds from the plant, or by chemically treating the plant

[00324] Agrobacteria transfected with each construct were grown in a YEB medium
supplemented with 10 mM 2-[N-morpholino]ethanesulfonic acid (MES), 20 pM acetosyringone,
50 pg/ml kanamycin and 25 pg/ml of carbenicillin pHS5.6 until they reached an ODggp between
0.6 and 1.6. Agrobacterium suspensions were centrifuged before use and resuspended in

20 infiltration medium (10 mM MgCl, and 10 mM MES pH 5.6). Syringe-infiltration was
performed as described by Liu and Lomonossoff (2002, Journal of Virological Methods,
105:343-348). For vacuum-infiltration, 4. tumefaciens suspensions were centrifuged,
resuspended in the infiltration medium and stored overnight at 4°C. On the day of infiltration,
culture batches were diluted in 2.5 culture volumes and allowed to warm before use. Whole

25  plants of N. benthamiana or N. tabacumwere placed upside down in the bacterial suspension in
an air-tight stainless steel tank under a vacuum of 20-40 Torr for 2-min. Following syringe or
vacuum infiltration, plants were returned to the greenhouse for a 4-5 day incubation period until
harvest. Unless otherwise specified, all infiltrations were performed as co-infiltration with
AGL1/35S-HcPro in a 1:1 ratio, except for CPMV-HT cassette-bearing strains which were co-

30 infiltrated with strain AGL1/R472 in a 1:1 ratio.
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4. Leaf sampling and total protein extraction

[00325] Following incubation, the aerial part of plants was harvested, 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 clarified crude extracts was determined by the Bradford assay (Bio-

Rad, Hercules, CA) using bovine serum albumin as the reference standard.

5. Size exclusion chromatography of protein extract

[00326] Size exclusion chromatography (SEC) columns of 32 ml Sephacryl™ S-500 high
resolution beads (S-500 HR : GE Healthcare, Uppsala, Sweden, Cat. No. 17-0613-10) were
packed and equilibrated with equilibration/elution buffer (50 mM Tris pHS8, 150 mM NaCl). One
and a half millilitre of crude protein extract was loaded onto the column followed by an elution
step with 45 mL of equilibration/elution buffer. The elution was collected in fractions of 1.5 mL
relative protein content of eluted fractions was monitored by mixing 10 uL of the fraction with
200 pL of diluted Bio-Rad protein dye reagent (Bio-Rad, Hercules, CA The column was washed
with 2 column volumes of 0.2N NaOH followed by 10 column volumes of 50 mM Tris pH8, 150
mM NaCl, 20% ethanol. Each separation was followed by a calibration of the column with Blue
Dextran 2000 (GE Healthcare Bio-Science Corp., Piscataway, NJ, USA). Elution profiles of
Blue Dextran 2000 and host soluble proteins were compared between each separation to ensure

uniformity of the elution profiles between the columns used.

6. Protein Analysis and Immunoblotting

[00327] Protein concentrations were determined by the BCA protein assay (Pierce
Biochemicals, Rockport IL). Proteins were separated by SDS-PAGE under reducing conditions
and stained with Coomassie Blue. Stained gels were scanned and densitometry analysis

performed using ImageJ Software (NIH).

[00328] Proteins from elution fraction from SEC were precipitated with acetone (Bollag et
al., 1996), resuspended in 1/5 volume in equilibration/elution buffer and separated by SDS-
PAGE under reducing conditions and electrotransferred onto polyvinylene difluoride (PVDF)

membranes (Roche Diagnostics Corporation, Indianapolis, IN) for immunodetection. Prior to
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[00329]
in 2 pg/ml in 2% skim milk in TBS-Tween 20 0.1%. Secondary antibodies used for

Immunoblotting was performed by incubation with a suitable antibody (Table 6),

5 chemiluminescence detection were as indicated in Table 4, diluted as indicated in 2% skim milk
in TBS-Tween 20 0.1%.

using luminol as the substrate (Roche Diagnostics Corporation). Horseradish peroxidase—enzyme

Immunoreactive complexes were detected by chemiluminescence

10

conjugation of human IgG antibody was carried out by using the EZ-Link Plus® Activated

Peroxidase conjugation kit (Pierce, Rockford, IL). Whole, inactivated virus (WIV), used as

controls of detection for H1, H3 and B subtypes, were purchased from National Institute for
Biological Standards and Control (NIBSC).

Table 6: Electrophoresis conditions, antibodies, and dilutions for immunoblotting of

expressed proteins.

HA sub- | Influenza Electrophoresis | Primary | Dilution | Secondary | Dilution
type strain condition antibody antibody
H1 A/Brisbane/59 | Reducing FII 10- |4 uyg/ml | Goat anti- | 1:10 000
/2007 (HIN1) 150 mouse
JIR 115-
035-146)
H1 A/Solomon Reducing NIBSC | 1:2000 | Rabbit 1:10 000
Islands/3/2006 07/104 anti-sheep
(HIN1) (JIR 313-
035-045)
H1 A/New Reducing FII 10- [ 4 ug/ml | Goat anti- | 1:10 000
Caledonia/20/ 150 mouse
99 (HIN1) (JIR 115-
035-146)
H2 A/Singapore/l | Non-reducing | NIBSC | 1:1000 | Rabbit 1:10 000
/57 (H2N2) 00/440 anti-sheep
(JIR 313-
035-045)
H3 A/Brisbane/10 | Non-Reducing | TGA 1:4000 | Rabbit 1:10 000
/2007 (H3N2) AS393 anti-sheep
(JIR 313-
035-045)
H3 A/Brisbane/10 | Non-Reducing | NIBSC | 1:1000 | Rabbit 1:10 000
/2007 (H3N2) 08/136 anti-sheep
(JIR 313-
035-045)
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H3 A/Wisconsin/6 | Non-Reducing | NIBSC | 1:1000 | Rabbit 1:10 000
7/2005 057236 anti-sheep
(H3N2) (JIR 313-
035-045)
H5 A/Indonesia/5/ | Reducing ITC 1:4000 | Goat anti- | 1:10 000
2005 (H5N1) IT-003- rabbit (JIR
00sv 111-035-
144)
H5 A/Anhui/1/200 | Reducing NIBSC | 1:750 Rabbit 1:10 000
5 (H5N1) 07/338 anti-sheep
(JIR 313-
035-045)
H5 A/Vietnam/11 | Non-reducing ITC IT-|1:2000 | Goat anti- | 1:10 000
94/2004 003-005 rabbit (JIR
(HSN1) 111-035-
144)
Hé6 A/Teal/Hong | Non-reducing BEI NR | 1:500 Rabbit 1:10 000
Kong/W312/9 663 anti-sheep
7 (H6N1) (JIR 313-
035-045)
H7 A/Equine/Prag | Non-reducing | NIBSC | 1:1000 | Rabbit 1:10 000
ue/56 (H7N7) 02/294 anti-sheep
(JIR 313-
035-045)
H9 A/Hong Reducing NIBSC | 1:1000 | Rabbit 1:10 000
Kong/1073/99 07/146 anti-sheep
(HO9N2) (JIR 313-
035-045)
B B/Malaysia/25 | Non-Reducing | NIBSC | 1:2000 | Rabbit 1:10 000
06/2004 07/184 anti-sheep
(JIR 313-
035-045)
B B/Florida/4/20 | Non-Reducing | NIBSC | 1:2000 | Rabbit 1:10 000
06 07/356 anti-sheep
(JIR 313-
035-045)

FII: Fitzgerald Industries International, Concord, MA, USA;

NIBSC: National Institute for Biological Standards and Control;
JIR: Jackson ImmunoResearch, West Grove, PA, USA;
BEI NR: Biodefense and emerging infections research resources repository;
ITC: Immune Technology Corporation, Woodside, NY, USA;
TGA: Therapeutic Goods Administration, Australia.

[00330]

Hemagglutination assay for H5 was based on a method described by Nayak and
Reichl (2004). Briefly, serial double dilutions of the test samples (100 pL) were made in V-

bottomed 96-well microtiter plates containing 100 uL. PBS, leaving 100 uL of diluted sample per

well. One hundred microliters of a 0.25% turkey red blood cells suspension (Bio Link Inc.,
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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.

5 7. Sucrose gradient ultracentrifugation

[00331] 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

10  to immunological analysis and hemagglutination assays.

8. Electron microscopy

[00332] One hundred microliters of the samples to be examined were placed in an Airfuge
ultracentrifugation tube (Beckman Instruments, Palo Alto, CA, USA). A grid was placed at the
bottom of the tube which was then centrifuged 5 min at 120 000 g. The grid was removed, gently
15  dried, and placed on a drop of 3% phosphotungstic acid at pH 6 for staining. Grids were
examined on a Hitachi 7100 transmission electron microscope (TEM) (for images in Figures

14B, 15B and 15C).

[00333] For images in Figure 19, Leaf blocks of approximately 1 mm? were fixed in PBS
containing 2.5% glutaraldehyde and washed in PBS containing 3% sucrose before a post-fixation

20  step in 1.33% osmium tetroxide. Fixed samples were imbedded in Spurr resin and ultrathin
layers were laid on a grid. Samples were positively stained with 5% uranyl acetate and 0,2% lead
citrate before observation. Grids were examined on a Hitachi 7100 transmission electron

microscope (TEM).

9. Plasma membrane lipid analysis

25 [00334] Plasma membranes (PM) were obtained from tobacco leaves and cultured BY2
cells after cell fractionation according to Mongrand et al.by partitioning in an aqueous polymer
two-phase system with polyethylene glycol 3350/dextran T-500 (6.6% each). All steps were
performed at 4 °C.
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pH 6 with 1 M acetic acid before being heated at 42°C for 5 min. Diatomaceous earth (DE) was

added to the heat-treated extract to adsorb the contaminants precipitated by the pH shift and heat
treatment, and the slurry was filtered through a Whatman paper filter. The resulting clarified
extract was centrifuged at 10,000 x g for 10 minutes at RT to remove residual DE, passed

15  through 0.8/0.2 um Acropack 20 filters and loaded onto a fetuin-agarose affinity column (Sigma-
Aldrich, St-Louis, MO, USA). Following a wash step in 400 mM NaCl, 25 mM Tris pH 6, bound
proteins were eluted with 1.5 M NaCl, 50 mM MES pH 6. Eluted VLP were supplemented with
Tween-80 to a final concentration of 0.0005% (v/v). VLP were concentrated on a 100 kDa
MWCO Amicon membrane, centrifuged at 10,000 x g for 30 minutes at 4°C and resuspended in

20  PBS pH 7.4 with 0.01% Tween-80 and 0.01% thimerosal. Suspended VLPs were filter-sterilized

before use.

11. Animal studies

Mice

[00337] Studies on the immune response to influenza VLP administration were performed
25  with 6-8 week old female BALB/c mice (Charles River Laboratories). Seventy mice were
randomly divided into fourteen groups of five animals. Eight groups were used for
intramuscular immunization and six groups were used to test intranasal route of administration.
All groups were immunized in a two-dose regiment, the boost immunization being done 3 weeks

following the first immunization.
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or 12 ug), or a control hemagglutinin (HS) antigen. The control H5 comprised recombinant
soluble hemagglutinin produced based on strain A/Indonesia/5/05 H5N1 and purified from 293
5  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 site. Electron microscopy confirmed

that this commercial product is not in the form of VLPs.

[00339] To measure the effect of adjuvant, two groups of animals were immunized with 5
10 pg plant-made VLP HS vaccine plus one volume Alhydrogel 2% (alum, Accurate Chemical &

Scientific Corporation, Westbury, NY, US) or with 5 ug recombinant hemagglutinin purified

from 293 cell culture plus 1 volume alum. Seventy mice were randomly divided into fourteen

groups of five animals. Eight groups were used for intramuscular immunization and six groups

were used to test intranasal route of administration. All groups were immunized according to a
15  prime-boost regimen, the boost immunization performed 3 weeks following the first

immunization.

[00340] For intramuscular administration in hind legs, unanaesthetized mice were
immunized with the plant-made H5 VLP (0.1, 1, 5 or 12 pg), or the control hemagglutinin (HA)
antigen (5 pg) or PBS. All antigen preparations were mixed with Alhydrogel 1% (alum,

20 Accurate Chemical & Scientific Corporation, Westbury, NY, US) in a 1:1 volume ratio prior to
immunizations . To measure the effect of adjuvant, two groups of animals were immunized with
either 5 pg plant-made VLP HS5 vaccine or with 5 pg of control HA antigen without any

adjuvant.

[00341] For intranasal administration, mice were briefly anaesthetized by inhalation of
25  isoflurane using an automated induction chamber. They were then immunized by addition of 4 pl
drop/nostril with the plant-made VLP vaccine (0.1 or 1 pg), or with control HA antigen (1 pug) or
with PBS. All antigen preparations were mixed with chitosan glutamate 1% (Protosan,
Novamatrix/ FMC BioPolymer, Norway) prior to immunizations. The mice then breathed in the
solutions. To verify the effect of adjuvant with the intranasal route of administration, two groups
30  of animals were immunized with 1 pg plant-made VLP HS vaccine or with 1 pg control HA

antigen.
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Treatment for each group is as described in Table 7. The adjuvant used was Alhydrogel (alum)
(Superfos Biosector, Denmark) 2% (final=1%). Vaccine composition was membrane-associated

5  A/Indonesia/5/05 (H5N1) VLPs produced as described. The vaccine control (positive control)
was a fully glycosylated membrane-bound recombinant H5 from Indonesia strain produced using

adenovirus in 293 cell culture by Immune Technology Corporation (ITC).

Table 7. Treatment groups

Group | m e administration | Aditvant
1 5 PBS (negative control) im.* -
2 5 Vaccine-plant, 1 ug i.m. -
3 5 Vaccine-plant, 1 ug i.m. Alum
4 5 Vaccine-plant, 5 pg i.m. -
5 5 Vaccine-plant, 5 pg i.m. Alum
6 5 Vaccine-plant, 7.5 ug i.m. -
7 5 Vaccine-plant, 15 pg im. -
8 5 Vaccine-plant, 15 pg i.m. Alum
9 5 Vaccine-plant, 30 pg i.m. -
10 5 Vaccine-control, 5 ug L.m. -
*i.m.: intramuscular
10 [00343] Ferrets were assessed for overall health and appearance (body weight, rectal

temperature, posture, fur, movement patterns, breathing, excrement) regularly during the study.
Animals were immunized by intramuscular injection (0.5-1.0 total 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

15  obtained on day 0 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 .

[00344] Anti-influenza antibody titres may be quantified in ELISA assays using

homologous or heterologous inactivated HSN1 viruses.
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Hemagglutination inhibitory antibody titers of serum samples (pre-immune, day
21 and day 35) were evaluated by microtiter HAI as described (Aymard et al 1973). Briefly, sera
were pretreated with receptor-destroying enzyme, heat-inactivated and mixed with a suspension
of erythrocytes (washed red blood cells-RBC). Horse washed RBC (10%) from Lampire are
recommended and considering that the assay may vary depending of the source of the RBC
(horse-dependant), washed RBCs from 10 horses have been tested to select the most sensitive
batch. Alternately, turkey RBC may be used. Antibody titer was expressed as the reciprocal of
the highest dilution which completely inhibits hemagglutination.

[00346] Cross-reactive HAI titers: HALI titers of ferrets immunized with a vaccine for the
A/Indonesia/5/05 (clade 2.1) were measured using inactivated HSN1 influenza strains from
another subclade or clade such as the clade 1 Vietnam strains A/Vietnam/1203/2004 and
A/Vietnam/1194/2004 or the A/Anhui/01/2005 (subclade 2.3) or the A/turkey/Turkey/1/05

(subclade 2.2). All analyses were performed on individual samples.

[00347] Data analysis: Statistical analysis (ANOVA) were performed on all data to

establish if differences between groups are statistically significant.
Experimental design for lethal challenge(mice)

[00348] One hundred twenty eight mice were randomly divided into sixteen groups of
eight animals, one group being unimmunized and not challenged (negative control). All groups
were immunized via intramuscular administration in a two-dose regimen, the second

immunization being done 2 weeks following the first immunization.

[00349] 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).

[00350] During the immunization period, mice were weighted once a week and

observation and monitored for local reactions at the injection site.

[00351] Twenty two days following the second immunization, anesthetized mice were
challenged intranasally (i.n.) into a BL4 containment laboratory (P4-Jean Mérieux-INSERM,
Lyon, France) with 4.09 x 10° 50% cell culture infective dose (CCID50) of influenza
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Following challenge, mice were observed for ill clinical symptoms and weighed daily, over a
fourteen day period. Mice with severe infection symptoms and weight loss of >25% were

euthanized after anaesthesia.
5 Blood collection, lung and nasal washes and spleen collection

[00352] Lateral saphenous vein blood collection was performed fourteen days after the
first immunization and fourteen days after second immunization on unanaesthetized animal.

Serum was collected by centrifugation at 8000 g for 10 min.

[00353] Four weeks after second immunisation, mice were anaesthetized with CO, gas

10  and immediately upon termination, cardiac puncture was used to collect blood.

[00354] After final bleeding, a catheter was inserted into the trachea towards the lungs and
one ml of cold PBS-protease inhibitor cocktail solution was put into a 1cc syringe attached to the
catheter and injected into the lungs and then removed for analysis. This wash procedure was
performed two times. The lung washes were centrifuged to remove cellular debris. For nasal

15  washes, a catheter was inserted towards the nasal area and 0.5 ml of the PBS-protease inhibitor
cocktail solution was pushed through the catheter into the nasal passages and then collected. The
nasal washes were centrifuged to remove cellular debris. Spleen collection was performed on
mice immunized intramuscularly with 5 pg of adjuvanted plant-made vaccine or 5 pg adjuvanted
recombinant H5 antigen as well as on mice immunized intranasaly with 1 pg of adjuvanted

20 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

25  proliferation assay.
Antibody titers

[00355] Anti-influenza antibody titers of sera were measured at 14 days after the first
immunization as well as 14 and 28 days after the second immunisation. The titer were
determined by enzyme-linked immunosorbent assay (ELISA) using the inactivated virus

30  A/Indonesia/5/05 as the coating antigen. The end-point titers were expressed as the reciprocal
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control samples.

[00356] For antibody class determination (IgG1, IgG2a, IgG2b, IgG3, IgM), the titers
were evaluated by ELISA as previously described.

Hemagglutination inhibition (HI) titers

[00357] Hemagglutination inhibition (HI) titers of sera were measured at 14 and 28 days
after the second immunisation as previously described (WHO 2002; Kendal 1982). Inactivated
virus preparations from strains A/Indonesia/5/05 or A/Vietnam/1203/2004 were used to test
mouse serum samples for HI activity. Sera were pre-treated with receptor-destroying enzyme II
(RDE 1II) (Denka Seiken Co., Tokyo, Japan) prepared from Vibrio cholerae (Kendal 1982). HI
assays were performed with 0.5% turkey red blood cells. HI antibody titres were defined as the

reciprocal of the highest dilution causing complete inhibition of agglutination.
Examples

Example 1:Transient expression of influenza virus A/Indonesia/5/05 (HSN1) hemagglutinin

by agroinfiltration in N. benthamiana plants

[00358] The ability of the transient expression system to produce influenza hemagglutinin
was determined through the expression of the HS subtype from strain A/Indonesia/5/05 (H5N1).
As presented in Figure 11, the hemagglutinin gene coding sequence (GenBank Accession No.
EF541394), with its native signal peptide and transmembrane domain, was first assembled in the
plastocyanin expression cassette — promoter, S’UTR, 3°UTR and transcription termination
sequences from the alfalfa plastocyanin gene — and the assembled cassette (660) was inserted
into to a pPCAMBIA binary plasmid. This plasmid was then transfected into Agrobacterium

(AGLY1), creating the recombinant strain AGL1/660, which was used for transient expression.

[00359] N. benthamiana 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 (Vietnam) polyclonal antibodies. A unique band of
approximately 72 kDa was detected in extracts (Figure 12), corresponding in size to the

uncleaved HAO form of influenza hemagglutinin. The commercial HS used as positive control
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of approximately 48 and 28 kDa, corresponding to the molecular weight of HA1 and HA2
fragments, respectively. This demonstrated that expression of HS in infiltrated leaves results in

the accumulation of the uncleaved translation product.

[00360] The formation of active HA trimers was demonstrated by the capacity of crude
protein extracts from AGL1/660-transformed leaves to agglutinate turkey red blood cells (data

not shown).

Example 2: Characterization of hemagglutinin-containing structures in plant extracts

using size exclusion chromatography

[00361] The assembly of plant-produced influenza hemagglutinin into high molecular
weight structures was assessed by gel filtration. Crude protein extracts from AGL1/660-
infiltrated plants (1.5 mL) were fractionated by size exclusion chromatography (SEC) on
Sephacryl™ S-500 HR columns (GE Healthcare Bio-Science Corp., Piscataway, NJ, USA).
Elution fractions were assayed for their total protein content and for HA abundance using
immunodetection with anti-HA 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 pL of each SEC elution
fraction were concentrated (5-fold) by acetone-precipitation and analyzed by Western blotting
(Figure 15A, H5), hemagglutinin (H5) was primarily found in fractions 9 to 14 (Figure 13B).
Without wishing to be bound by theory, this suggests that the HA protein had either assembled

into a large superstructure or that it has attached to a high molecular weight structure.

[00362] A second expression cassette was assembled with the H1 nucleic acid sequence
from A/New Caledonia/20/99 (HIN1) (SEQ ID NO: 33; Figure 16, GenBank Accession No.
AY289929) to produce construct 540 (Figure 11). A chimeric gene construct was designed so as
to produce a soluble trimeric form of H1 in which the signal peptide originated from a plant
protein disulfide isomerase gene, and the transmembrane domain of H1 was replaced by the pll
variant of the GCN4 leucine zipper, a peptide shown to self-assemble into trimers (Harbury et
al., 1993) (cassette 544, figure 11). Although lacking the transmembrane domain, this soluble

trimeric form was capable of hemagglutination (data not shown).

[00363] Protein extracts from plants infiltrated with AGL1/540 or AGL1/544 were

fractionated by SEC and the presence of H1 eluted fractions was examined by Western blotting
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leaves, H1 accumulated mainly as a very high molecular weight structure, with the peak was
skewed toward smaller size structures (H1; Figure 13C). In AGL1/544-infiltrated leaves, the
soluble form of H1 accumulated as isolated trimers as demonstrated by the elution pattern from
5 gel filtration which parallels the host protein elution profile (soluble H1; Figure 13D). In
comparison, H1 rosettes (Protein Science Corp., Meriden, CT, USA), consisting in micelles of 5-
6 trimers of hemagglutinin eluted at fractions 12 to 16 (Figure 13E), earlier than the soluble form

of H1 (Figure 13D) and later than the native H1 (Figure 13C).

[00364] To evaluate the impact of M1 co-expression on hemagglutinin assembly into

10  structure, a M1 expression cassette was assembled using the nucleic acid corresponding to the
coding sequence of the A/PR/8/34 (HIN1) M1 (SEQ ID NO: 35; Figure 18; GenBank Accession
No. NC_002016). The construct was named 750 and is presented in Figure 11. 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 4grobacterium suspensions permits co-

15  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).

Example 3: Isolation of HS structures by centrifugation in sucrose gradient and

observation under electron microscopy

20 [00365] The observation of hemagglutinin structure under electron microscopy (EM)
required a higher concentration and purity level than that obtained from SEC on crude leaf
protein extracts. To allow EM observation of HS structures, a crude leaf protein extract was first
concentrated by PEG precipitation (20% PEG) followed by resuspension in 1/10 volumes of
extraction buffer. The concentrated protein extract was fractionated by S-500 HR gel filtration

25  and elution fractions 9, 10, and 11 (corresponding to the void volume of the column) were
pooled and further isolated from host proteins by ultracentrifugation on a 20-60% sucrose
density gradient. The sucrose gradient was fractionated starting from the top and the fractions
were dialysed and concentrated on a 100 NMWL centrifugal filter unit prior to analysis. As
shown on the Western blots and hemagglutination results(Figure 14A), HS accumulated mainly

30 in fractions 16 to 19 which contained ~60% sucrose, whereas most of the host proteins peaked at
fraction 13. Fractions 17, 18, and 19 were pooled, negatively stained, and observed under EM.

Examination of the sample clearly demonstrated the presence of spiked spheric structures
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VLPs (Figure 14B).
Example 4: Purification of influenza HS VLPs from plant biomass

[00366] In addition to an abundant content of soluble proteins, plant leaf extracts contain a
5  complex mixture of soluble sugars, nucleic acids and lipids. The crude extract was clarified by a

pH shift and heat treatment followed by filtration on diatomaceous earth (see Material and
method section for a detailed description of the clarification method). Figure 15A (lanes 1-4)
presents a Coomassie Blue stained gel comparing protein content at the various steps of
clarification. A comparison of protein content in the crude extract (lane 1) and in the clarified

10 extract (lane 4) reveals the capacity of the clarification 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.

[00367] Influenza H5 VLPs were purified from these clarified extracts by affinity

chromatography on a fetuin column. A comparison of the load fraction (Figure 15A, lane 5) with
15  the flowthrough (Figure 15A, lane 6) and the eluted VLPs (Figure 15A, lane 7) demonstrates the

specificity of the fetuin affinity column for influenza HS VLPs in plant clarified extract.

[00368] The purification procedure resulted in over 75% purity in HS, as determined by
densitometry on the Coomassie Blue stained SDS-PAGE gel (Figure 15A, lane 7). In order to
assess the structural quality of the purified product, the purified H5 was concentrated on a 100
20 NMWL (nominal molecular weight limit) centrifugal filter unit and examined under EM after
negative staining. Figure 15B shows a representative sector showing the presence of profuse

VLPs. A closer examination confirmed the presence of spikes on the VLPs (figure 15C).

[00369] As shown in Figure 15D, HS VLPs were purified to approx. 89% purity from
clarified leaf extract by affinity chromatography on a fetuin column, based on the density of the

25  Coomassie Blue stained H5 hemagglutinin and on total protein content determination by the
BCA method.

[00370] The bioactivity of HA VLPs was confirmed by their capacity to agglutinate
turkey red blood cells (data not shown).
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blotting and immunodetection with an anti-H5 polyclonal serum (A/Vietnam/1203/2004). A
unique band of approximately 72 kDa is detected and corresponds in size to the uncleaved HAQ
form of influenza hemagglutinin. Figure 15¢ shows the VLP structure of the vaccine with the

5 hemagglutinin spikes covering its structure.

[00372] VLPs were formulated for immunization of mice by filtering through a 0.22 um
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).

10  Example 5: Localization of influenza VLPs in plants

[00373] To localize the VLPs and confirm their plasma membrane origin, thin leaf
sections of H5-producing plants were fixed and examined under TEM after positive staining.
Observation of leaf cells indicated the presence of VLPs in extracellular cavities formed by the
invagination of the plasma membrane (Figure 19). The shape and position of the VLPs observed
15  demonstrated that despite the apposition of their plasma membranes on the cell wall, plant cells
have the plasticity required to produce influenza VLPs derived from their plasma membrane and

accumulate them in the apoplastic space.
Example 6: Plasma Membrane Lipid analysis

[00374] Further confirmation of the composition and origin of the plant influenza VLPs

20  was obtained from analyses of the lipid content. Lipids were extracted from purified VLPs and
their composition was compared to that of highly purified tobacco plasma membranes by high
performance thin layer chromatography (HP-TLC). The migration patterns of polar and neutral
lipids from VLPs and control plasma membranes were similar. Purified VLPs contained the
major phospholipids (phosphatidylcholine and phosphatidylethanolamine) and sphingolipids

25  (glucosyl-ceramide) found in the plasma membrane (Figure 27A), and both contained free sterols
as the sole neutral lipids (Figure 27B). However, immunodetection of a plasma membrane
protein marker (ATPase) in purified VLP extracts showed that the VLP lipid bilayer does not
contain one of the major proteins associated with plant plasma membranes, suggesting that host
proteins may have been excluded from the membranes during the process of VLPs budding from

30 the plant cells (Figure 27C).
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Example 7: Inmunogenicity of the HS VLPs and effect of route of administration

[00375] Mice were administered plant-made H5 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

5  lowest antigen quantity, in a similar magnitude to that of 5 ug recombinant, soluble
hemagglutinin (HS) (Figure 20A).

[00376] 0.1 to 1 ug plant-made HS VLPs were administered intranasally with a chitosan
adjuvant provided for an antibody response greater than that of the recombinant soluble H5 with

an alum adjuvant (Figure 20B).

10 [00377] For both administration routes, and over a range of antigen quantities,
seroconversion was observed in all of the mice tested. Recombinant HS soluble antigen

conferred low (<1/40) or negligible (1<1/10 for the non-adjuvanted recombinant HS) HI titres.
Example 8:Hemagglutination-inhibition antibody titer (HAI) HS VLP

[00378] Figure 21 A, B illustrates the hemagglutination inhibition (HAI) antibody

15  response 14 days following a “boost” with plant-made HS VLP, or recombinant soluble H5. The
lowest dose of antigen (0.1 ug) when administered intramuscularly produced a superior HAI
response to a 10-fold greater administration (5 ug) of recombinant soluble HS. Increasing doses

of H5 VLP provided a modest increase in HAI over the lowest dose.

[00379] HAI response following intranasal administration was significantly increased in

20  mice administered plant-made H5 VLPs (1.0 or 0.1 ug) compared to those administered 1 ug
recombinant soluble H5, which was similar to the negative control. All mice immunized by
intramuscular injection of H5 VLPs (from 0.1 to 12 pg) had higher HAI titers than mice
immunised with the control H5 antigen (Figure 21A). For the same dose of 5 pg, VLPs induced
HALI titers 20 times higher than the corresponding dose of the control HS antigen. VLPs also

25  induced significantly higher HAI titers than the control HA antigen when delivered through the
intranasal route (Figure 21b). For a given dose of H5 VLP the levels of HAI titers were lower in
mice immunised intranasally than for mice immunised intramuscularly; 1 pg VLP induced a
mean HAI titer of 210 when administered i.m. while the same dose induced a mean HAI titer of

34 administered i.n..
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[00380] When administered intramuscularly, all doses of VLPs induced high level of
antibodies capable of binding homologous whole inactivated viruses (Figures 20a and 24). No
significant difference was found between the plant-made VLP vaccine and the control H5
antigen (except the 12 ug VLP group 14 days after boost), as both antigen preparations induce
high binding antibody titers against the homologous strain. However, when administered
intranasally, VLPs induced higher binding antibody titers in than did the control H5 antigen
(Figure 20b). When mixed with Chitosan, immunization with one microgram VLP induced a
reciprocal mean Ab titer of 5 500, 8.6 times higher than the level found in mice immunized with

1 pg of the control HA antigen (reciprocal mean Ab titer of 920).

[00381] The immunogenicity of the plant-derived influenza VLPs was then investigated
through a dose-ranging study in mice. Groups of five BALB/c mice were immunized
intramuscularly twice at 3-week intervals with 0.1 pg to 12 pg of VLPs containing HA from
influenza A/Indonesia/5/05 (H5N1) formulated in alum (1:1 ratio). Hemagglutination-inhibition
titers (HI or HAI), using whole inactivated virus antigen (A/Indonesia/5/05 (H5N1)), were
measured on sera collected 14 days after the second immunization. Immunization with doses of
VLP as low as 0.1 pg induced the production of antibodies that inhibited viruses from
agglutinating erythrocytes at high dilutions (Figure 21A). Parallel immunization of mice with
5ug of non-VLP alum-adjuvanted control H5 antigen (also from A/Indonesia/5/05) induce an HI

response that was 2-3 logs lower than that achieved with the lowest VLP dose.

[00382] For both administration routes, and over a range of antigen quantities, the HAI

response is superior in mice administered VLPs.
Example 9: Effect of adjuvant on immunogenicity of HS VLPs

[00383] Plant-made H5 VLPs have a plasma membrane origin (Figure 19, Example 5).
Without wishing to be bound by theory, enveloped viruses or VLPs of enveloped viruses
generally acquire their envelope from the membrane they bud through. Plant plasma membranes
have a phytosterol complement that is rarely, if ever found in animal cells, and several of these

sterols have been demonstrated to exhibit immunostimulatory effects.

[00384] 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 either system of administration
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Even in the absence of an added adjuvant (i.e. alum or chitosan), plant-made HS VLPs

w

demonstrate a significant HAI, indicative of a systemic immune response to administration of the

antigen.

5 [00385] Alum enhanced the mean level of HALI titers by a factor of 5 for intramuscular
administration of VLP (Figure 22a) and by a factor of 3.7 for the control HS antigen. When
administered i.m., 5 pg VLPs induced a mean HALI titer 12 times higher than the corresponding
dose of control H5 antigen. Chitosan did not boost the mean HAI level of the control HS antigen
(Figure 22b) while it increased the mean HAI level of mice immunised with 1 pg VLP

10  administered i.n. by a factor of 5-fold.

Example 10: Antibody isotypes

[00386] Mice administered plant-made HS VLPs or recombinant soluble HS in the
presence or absence of alum as an added adjuvant demonstrate a variety of immunoglobulin

isotypes (Figure 23A).

15 [00387] In the presence of an added adjuvant, the antibody isotype profiles of VLPs and
the recombinant HS are similar, with IgG1 being the dominant isotype. When VLPs or
recombinant HS are administered without an added adjuvant, IgG1 response is reduced, but
remains the dominant isotype response to VLPs, with IgM, IgG2a, IgG2B and IgG3 maintaining
similar titers as in the presence of an added adjuvant. IgG1, IgG2a, and IgG2b titers are

20  markedly reduced when recombinant HS is administered without an added adjuvant (Figure
23A).

[00388] These data, therefore, demonstrate that plant-made VLPs do not require an added

adjuvant to elicit a antibody response in a host.

[00389] Antibody titers against whole inactivated influenza virus strains

25  (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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3/ 2007 Example 11: Cross-reactivity of serum antibodies induced by the HS VLP vaccine

[00390] Cross-reactivity of serum antibodies induced by H5 VLP was assessed against
whole inactivated influenza viruses of different strains. All VLP doses (from 0.1 to 12 pg) as
well as 5 pg of control HA antigen induced high binding antibody titers against a clade 1 strain

5 (A/Vietnam/1194/04), the homologous strain A/Indonesia/5/05 of clade 2.1, and a clade 2.2
strain A/turkey/Turkey/1/05 (Figure 25A).

[00391] However, only the plant-made VLP induced HALI titer against the
Alturkey/Turkey/1/05 strain (Figure 25b). HAI titers for the A/Indonesia/5/05 were high for
VLPs.

10 Example 12: Cross-protection conferred by immunization with plant-made HS VLP

[00392] Mice that previously had been administered a two-dose regimen of
A/Indonesia/5/05 H5 VLPs as described, were subsequently challenged intranasally with
influenza A/Turkey/582/06 (H5N1) (“Turkey H5SN1”) infectious virus, and observed. The dose
administered, per animal, was 10 LDsq (4.09 X 10° CCIDs).

15 [00393] By 7 days post-challenge, only 37.5% of the mice administered the PBS vaccine
control had survived exposure to Turkey H5N1 (Figure 26A). 100% of animals administered
the control antigen (HA) or 1, 5 or 15 ug of Indonesia H5S VLPs survived up to 17 days post-

challenge, when the experiment was terminated.

[00394] Body mass of the mice was also monitored during the experiment, and the

20  average mass of the surviving mice plotted (Figure 26B). Mice administered 1, 5 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 H5N1 challenge) did not appreciably gain or
lose body mass. Positive control mice (not administered VLPs, but challenged with Turkey

25  HS5NI1) 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
average body mass of the positive control cohort is still significantly below that of the negative

or the VLP-treated cohorts.
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[00395] These data, therefore, demonstrate that plant-made influenza VLPs comprising
the H5 hemagglutinin viral protein induce an immune response specific for pathogenic influenza

strains, and that virus-like particles may bud from a plant plasma membrane.

[00396] These data, therefore, demonstrate that plants are capable of producing influenza
virus-like particles, and also for the first time, that virus-like particles can bud from a plant

plasma membrane.

[00397] Further, using the current transient expression technology, a first antigen lot was
produced only 16 days after the sequence of the target HA was obtained. Under the current
yields for H5 VLPs, and at an exemplary dose of 5 pug per subject, each kg of infiltrated leaf may
produce ~20,000 vaccine doses. This unique combination of platform simplicity, surge capacity
and powerful immunogenicity provides for, among other embodiments, a new method response

in the context of a pandemic.

Example 13: Characterization of hemagglutinin-containing (H1, H2, H3, HS, H6 and H9)

structures in plant extracts using size exclusion chromatography

[00398] The assembly of plant-produced influenza hemagglutinin of different subtypes
into high molecular weight structures was assessed by gel filtration. Crude or concentrated
protein extracts from AGL1/660-, AGL1/540-, AGL1/783-, AGL1/780-, AGL1/785- and
AGL1/790-infiltrated plants (1.5 mL) were fractionated by size exclusion chromatography (SEC)
on Sephacryl™ S-500 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 pL 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, indicating 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 superstructure or
that it has attached to a high molecular weight structure, irrespectively of the subtype produced.
In Figure 46, H1 from strain A/New Caledonia/20/1999 and H3 from strain A/Brisbane/10/2007
were produced using PDI signal peptide-containing cassettes. The results obtained indicate that
replacement of the native signal peptide by that of alfalfa PDI does not affect the abiity of HA to

assemble into particles.
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Example 14: Transient expression of seasonal influenza virus hemagglutinin by

agroinfiltration in N, benthamiana plants using the wild-type nucleotide sequence

[00399] The ability of the transient expression system to produce seasonal influenza
hemagglutinins was determined through the expression of the H1 subtype from strains
A/Brisbane/59/2007 (HIN1) (plasmid #774), A/New Caledonia/20/1999 (HIN1) (plasmid #540)
and A/Solomon Islands/3/2006 (HIN1) (plasmid #775), of the H3 subtype from strains
A/Brisbane/10/2007 (plasmid #776) and A/Wisconsin/67/2005 (plasmid #777) and of the B type
from strains B/Malaysia/2506/2004 (Victoria lineage) (plasmid #778) and B/Florida/4/2006
(Yamagata lineage) (plasmid #779). The hemagglutinin gene coding sequences were first
assembled in the plastocyanin expression cassette — promoter, S’UTR, 3°UTR and transcription
termination sequences from the alfalfa plastocyanin gene — and the assembled cassettes were
inserted into to a pCAMBIA binary plasmid. The plasmids were then transfected into
Agrobacterium (AGL1), producing Agrobacterium strains AGL1/774, AGL1/540, AGL1/775,
AGL1/776, AGL1/777, AGL1/778 and AGL1/779, respectively.

[00400] N. benthamiana plants were infiltrated with AGL1/774, AGL1/540, AGL1/775,
AGL1/776, AGL1/777, AGL1/778 and AGL1/779 and the leaves were harvested after a six-day
incubation period. To determine whether H1 accumulated in the agroinfiltrated leaves, protein
was first extracted from infiltrated leaf tissue and analyzed by Western blotting using anti-HA
antibodies (see Table 6 for the antibodies and conditions used for the detection of each HA
subtype). For the HA from H1 strains, a unique band of approximately 72 kDa was detected in
extracts (Figure 47), corresponding in size to the uncleaved HAO form of influenza
hemagglutinin. This demonstrated that expression of different annual epidemic strains of
hemagglutinin in infiltrated leaves results in the accumulation of the uncleaved translation
product. Using these expression and immunodetection strategies, the expression of influenza HA

from H3 subtype or B type was not detected in the crude protein extracts (Figure 47).

Example 15: Transient expression of potential pandemic influenza virus hemagglutinin by

agroinfiltration in N. benthamiana plants using the wild-type nucleotide sequence

[00401] The ability of the transient expression system to produce potential influenza
hemagglutinins was determined through the expression of the HS subtype from strains
A/Anhui/1/2005 (H5N1) (plasmid #781), A/Indonesia/5/2005 (H5N1) (plasmid #660) and
A/Vietnam/1194/2004 (H5N1) (plasmid #782), the H2 subtype from strain A/Singapore/1/1957
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(H2N2) (plasmid #780), the H6 from strain A/Teal/Hong Kong/W312/1997 (H6N1) (plasmid #
783), the H7 for strain A/Equipe/Prague/1956 (H7N7) (plasmid #784) and finally H9 from strain
A/Hong Kong/1073/1999 (HIN2) (plasmid # 785). The hemagglutinin gene coding sequences
were first assembled in the plastocyanin expression cassette — promoter, 5S’UTR, 3°’UTR and

5  transcription termination sequences from the alfalfa plastocyanin gene — and the assembled
cassettes were inserted into to a pPCAMBIA binary plasmid. The plasmids were then transfected
into Agrobacterium (AGL1), producing Agrobacterium strains AGL1/781, AGL1/660,
AGL1/782, AGL1/780, AGL1/783, AGL1/784 and AGL1/785.

[00402] N. benthamiana plants were infiltrated with AGL1/781, AGL1/660, AGL1/782,

10 AGL1/780, AGL1/784 and AGL1/785, and the leaves were harvested after a six-day incubation
period. To determine whether HS accumulated in the agroinfiltrated leaves, protein was first
extracted from infiltrated leaf tissue and analyzed by Western blotting using appropriate anti-HA
antibodies (see Table 6 for the antibodies and conditions used for the detection of each HA
subtype). A unique band of approximately 72 kDa was detected in extracts of plants transformed

15  with H5 and H2 expression constructs (Figure 48a and b), corresponding in size to the uncleaved
HAO form of influenza hemagglutinin. This demonstrated that expression of different potential
pandemic strains of hemagglutinin in infiltrated leaves results in the accumulation of the
uncleaved translation product. Using these expression and immunodetection strategies, the
expression of influenza HA from H7 and H9 was not detected in the crude protein extracts

20  (Figure 48b).

Example 16: Transient expression of HS by agroinfiltration in N, tabacum plants

[00403] The ability of the transient expression system to produce influenza hemagglutinin
in leaves of Nicotiana tabacum was analysed through the expression of the HS5 subtype from
strain A/Indonesia/5/2005 (H5N1) (plasmid #660). The hemagglutinin gene coding sequences

25  were first assembled in the plastocyanin expression cassette — promoter, 5’UTR, 3°UTR and
transcription termination sequences from the alfalfa plastocyanin gene — and the assembled
cassettes were inserted into to a pPCAMBIA binary plasmid. The plasmids was then transfected
into Agrobacterium (AGL1), producing strain AGL1/660.

[00404] N. tabacum plants were infiltrated with AGL1/660 and the leaves were harvested
30 after a six-day incubation period. To determine whether H5 accumulated in the agroinfiltrated

leaves, proteins were first extracted from infiltrated leaves and analyzed by Western blot using
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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 expression of hemagglutinin in infiltrated N. tabacum leaves results in the accumulation of

the uncleaved HAO precursor.

Example 17: Inmunogenicity of plant-made HSN1 VLP vaccine from A/Indonesia/5/05
(H5N1) in ferrets

[00405] A dose escalation study in ferrets was performed to evaluate the immunogenicity
of plant derived VLPs. In vitro cross-reactivity of serum antibody induced by the H5 VLP
vaccine at 3 doses (1, 5 and 15 ug) was assessed by hemagglutination inhibition of three other
H5N1 strains — A/turkey/Turkey/1/05 (clade 2.2), A/Vietnam/1194/04 (clade 1) and
A/Anhui/5/05 (all whole, inactivated virus), using serum taken 14 days after the first dose of
vaccine (Figure S0A), and 14 days after the 2" dose (Figure 50 B). For all 3 dose

concentrations, cross-reactivity is observed
Example 18: Analysis of the immunogenicity results according to CHMP criteria.

[00406] 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.

[00407] 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 animals.
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Al Si ngapore /1/1957 L11142 ? y y Y Y

Y AjjaPan1305 /1957 L20407 ? 'y Y Y
WO 2009/076778

Hftjj"1111/305/ 1957 L20406 ? y y Y
Ai | aPanj 305 /1957
PCT/CA2009/000032

Table 12: Summary of cross-immuneogenicity analysis in relation to CHMP criteria for

licensure.
Study group
Strain Criteria 1pg 5 ng 15 nug
adjuvanted | adjuvanted | adjuvanted
% 4-fold increase in HI
A/turkey/Turkey/1/05 | titer 80% * 100% * 80% *
(clade 2.2 Mean geometric increase | 10.6 * 20.8 * 7.7 *
% of HI titer of 1/40 100% * | 100% * | 100% *
% 4-fold increase in HI
A/Anhui/1/05 (clade | titer 100% * | 100% * 60% *
2.3) Mean geometric increase 11.8 * 14.4 * 3=
% of HI titer of 1/40 100% * 80% * 80% *
% 4-fold increase in HI
A/Vietnam/1194/04 | titer 60% 80% * 60%
(clade 1) Mean geometric increase 2.3 71 * 1.78
% of HI titer of 1/40 0% 80% * 20%

Example 19: Selection of hemagglutinin nucleotide sequences

5 [00408]
database (see URL: flu.lanl.gov), or the NCBI influenza virus resource (Bao et al., 2008. J.
Virology 82(2): 596-601; see URL: ncbi.nlm.nih.gov/genomes/FLU/FLU.html). For several of

The nucleotide sequences of the HA were retrieved from an influenza sequence

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

10  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.). Domains and sub-domains of influenza hemagglutinin are
discussed generally in the Descrition. Domains or subdomains of a first sequence may be

15  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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CY014976 ? YY Y Y Ai l aPal [ /305 /1957 AY209953 ? YY N N Allapan/ 305
/1957 J02127 ? Y Y Y A/ Japan/ 305 /1957 DQp08841 ? Y Y Y
WO 2009/076778 PCT/CA2009/000032

Table 13: Variation in Influenza subtypes for selected HA coding sequences

Sequence
. database
Strain
reference
No. Origin |SP |HA1 |HA2 IDTm | Divergence
A/Solomon gDN2315 189: R ou G, 220: K (MDCK)
HI |Islands/3/20 | . MDCK | Y | Y | Y vy |T(Egg), 249: Q (MDCK)
06 (Vaccine R(Egg), 550: L (MDCK) R
rec.) (Egg)
189: R ou G, 220: K (MDCK)
A/Solomon s
ISDN2381 T(Egg), 249: Q (MDCK)
Islands/3/20 90 Egg Y| Y Y Y R(Egg), 550: L (MDCK) R
06
(Egg)
AlSolomon 189: R ou G, 220: K (MDCK)
T(Egg), 249: Q (MDCK)
17
Islands/3/20 |EU100724 |9 Y| Y Y Y R(Egg), 550: L (MDCK) R
06
(Egg)
A/Solomon 189: R ou G, 220: K (MDCK)
ISDN2209 T(Egg), 249: Q (MDCK)
Islands/3/20 51 MDCK| Y| Y N N R(Egg), 550: L (MDCK) R
06
(Egg)
A/Solomon 189: R ou G, 220: K (MDCK)
ISDN2209 T(Egg), 249: Q (MDCK)
{)s6lands/3/20 53 Egg Y| Y N N R(Egg), 550: L (MDCK) R
(Egg)
A/Solomon 189: R ou G, 220: K (MDCK)
T(Egg), 249: Q (MDCK)
{)s6lands/3/20 EU124137 |Egg Y| Y N N R(Egg), 550: L (MDCK) R
(Egg)
A/Solomon 189: R ou G, 220: K (MDCK)
T(Egg), 249: Q (MDCK)
{)s6lands/3/20 EU124135 [MDCK | Y | Y | N N |R(Ege), 550 L (MDCK) R
(Egg)
A/Solomon 189: R ou G, 220: K (MDCK)
T(Egg), 249: Q (MDCK)
Islands/3/20 |EU124177 |MDCK | Y Y Y Y R(Egg), 550: L (MDCK) R
06
(Egg)
A/Brisbane/5 | ISDN2826 203: D/I/N D est le plus
Hi
9/2007 76 MDCK | Y Y Y abondant chez les H1
A/Brisbane/ | ISDN2851 203: D/I/N D est le plus
59/2007 01 Egg Y|y N N abondant chez les H1
A/Brisbane/ | ISDN2857 203: D/I/N D est le plus
Y Y Y Y
592007 |77 Egg abondant chez les HI
A/Brisbane/ | ISDN2826 203: DA/N D est le plus
59/2007 77 Ege Y| Y Y Y abondant chez les H1
A/Brisbane/1 | ISDN2748 202: V/G, 210:L/P, 215: del
H3 1 0/2007 93 Egg Y| Y Y Y A 04080
A/Brisbane/ | ISDN2576 202: V/G, 210:L/P, 215: del
102007 |48 MDCK | N Y | Y | Y | aja 242: 801
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A/ Japan/ 305 /1957 AY643086 ? y y Y N A/ Japan/ 305 /1957 AB289337 7 YY Y

Y  A/Japan/305 /1957 AY643085 7 Y Y Y AdjaPalil305 /1957 AY643087 Drug
resi stan WO 2009/076778 PCT/CA2009/000032
Sequence
. database
Strain
reference
No. Origin |SP |HAl1 |HA2 DTm | Divergence
A/Brisbane/ | ISDN2567 E vy v v 202: V/G, 210:L/P, 215: del
10/2007 51 g8 Ala, 242: S/T
A/Brisbane/ | ISDN2737 202: V/G, 210:L/P, 215 del
102007 |57 Egg | Y| Y | Y| Y Al 2421
A/Brisbane/ | ISDN2737 202: V/G, 210:L/P, 215: del
102007 |59 Egg | Y | Y Y Y a2 81
A/Brisbane/ 202: V/G, 210:L/P, 215: del
102007  |EUI199248 1Egg | N\ Y 1Y | Y o s
A/Brisbane/ 202: V/G, 210:L/P, 215: del
12007  |EUI99366 [Egg | Y | Y 1Y 1Y s
A/Brisbane/ | ISDN2570 202: V/G, 210:L/P, 215: del
102007 |43 Bgg | N Y | Y I Y i 242:81
A/Brisbane/ 202: V/G, 210:L/P, 215: del
102007  |EUI199250 IMDCK | N | Y | Y | Y s
A/Brisbane/ | ISDN2753 202: V/G, 210-L/P, 215: del
102007 |57 Egg | N| Y | N N 24251
A/Brisbane/ | ISDN2604 202: V/G, 210:L/P, 215: del
102007 |30 Egg [N Y | Y Y 2451
| 138: A/S
.. |isDN1314
A/Wisconsin . 156: H/Q
H3 /67/2005 f:c gvaccme ? N Y Y N 186: G/V
: 196: H/Y
138: A/S
A/Wisconsi parti 156: H/Q
/672005 | PQB63947 1?2 NPY g | N 6w
196: H/Y
138: A/S
A/Wisconsi 156: H/Q
/672005 | EF473424 12 NG Y LY LN ey
196: H/Y
138: A/S
A/Wisconsi | ISDN1387 156: H/Q
/672005 |23 Egg [N\ Y I Y | Y Jiseov
196: H'Y
138: A/S
A/Wisconsi 156: H/Q
/672005 |EF473455 |Egg N Y ¥ ¥ e
196: H/Y
138: A/S
A/Wisconsi | ISDN1387 156: H/Q
n/67/2005 |24 ? NI Y [ Y Y igeov
196: H'Y
— [ISDN1266
B ?5/13463]2*3’;;*‘/ 72 (vaccine|Egg | Y| Y | N | N [I120KN
rec.) 210 T/A
B/Malaysia/ 120 K/N
2506/2004 |ET°06433 |Egg | Y | Y | N | N g0,
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YY Y N
( HBNL)

Al Teal / Hong 116 Kong/WB12/ AF250479 Egg YY Y Y 1997
WO 2009/076778 PCT/CA2009/000032
Sequence
. database
Strain
reference
No. Origin |SP |HAl1 HA2 DTm | Divergence
B/Malaysia/ | ISDN2312 120 K/N
2506/2004 | 65 Egg | Y Y| Y] Y Dora
B/Malaysia/ | ISDN2315 120 K/N
2506/2004 |57 MDEK | Y 1 Y | Y | Y Dioma
B/Malaysia/ 120 K/N
2506/2004 EF566394 MDCK | Y | Y N N 210 T/A
B/Malaysia/ 120 K/N
2506/2004 |PU124274 |Egg | Y | Y | Y | Y hiowa
B/Malaysia/ 120 K/N
2506/2004 EU124275 MDCK | Y | Y Y Y 210 T/A
B/Malaysia/ | ISDN1247 120 K/N
2506/2004 | 76 MDEK Y Y [N N Diowa
. lacking glycosylation site at
B ]23(45160r1da/4/ zsgDN2616 Egg Y| Y Y N position 211; 10 amino acids
of DTm/cytoplasmic tail
2%/5 6l°r ida/4/ | E100604 |[MDCK [N | Y | N | N
2l?)/(§56lor1da/4/ I6$1DN2180 MDCK | N | Y N N
B/Florida/4/ |ISDN2857
2006 78 Ege Y| Y Y Y Includes cytoplasmic tail
B g/(])%r;sbaneB IZ%DN2566 Egg N | Y N N :,?skii?ogn gi)icosylatlon site at
31%]3{)17sbane/ :;SzDN2637 Egg vy v v L?;:?ogn 2gi)icosylat10n site at
B/Brisbane/ | ISDN2637
3/2007 83 MDCK | Y| Y Y Y
A/Viet ISDN3868
H5 | Nam/1194/2 |6 (Vaccine|? Y| Y Y Y
004 rec.)
AlViet
Nam/1194/2 | AY651333 |? Y| Y Y Y
004
A/Viet
Nam/1194/2 |EF541402 |? Y| Y Y Y
004
. DQ37928
HS %gsnh“‘” V| (vaccine |2 Y| Y| Y Y
rec.)
A/Anhuil/1/ | ISDN1314
2005 65 Bgg (Y| Y| Y] Y
A/Chicken/It ARN
H7 | aly/13474/19 | AJ91720 Y| Y Y Y
99 gen
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Y, N - Yes, No, respectively SP - presence of signal peptide sequence Y/N -
122 - WD 20091076778PCT/ CA2009/ 000032 HAI - conplete HAI domain YIN HA2
conpl et e MA20MHATH® YI N DTm - conpl ete transnmenbrane dom&ilfCAZO/BOBLr ai n:
H  fr omrALSel-eren—t-slandst342006[004091 BE-ght —amne—actd-seguences—were
conparefd, and vari af EnSCdant i fi ed (TabI e 14). Position 171 exhibited| a
. . . t as . .
variati pn Strgghyci n¢ ®r |arginiine |[(R) in sbme sequences. Table 14:
A/ Sol onpn | sl ands/ 3 824 ni|no. aci g?‘viiAa [ O nbe'ﬁng from the starti
10 St r alalH+—from-APBrishandiath, wﬂ. FOCHYDIPYT ¢ 2. Hbi
vari at i pp—pf—asparti-c—acid—{B)—i uci-ne—{l)—orasparagine{(N)y—St+ai
H3 from A/B sba L}QBZ@Q%JS[OOMH] Sequence yari at ] é re observed a
posi ti ohg7 BE% (Labn poghtion |25, ya |deteliopn i 51694 T in two
sanpl ed| seffi# MEQs309/|076778PCT/ CA2009/ PO0032 DY Gycogylatiop, it
Al Bri shanel-10/ 20“.7 j d_ua,r_traf Hon 1Origin 202 abolighed)p 15 235 240+
| SDN274B93| BHHUPEPT [ x6r550 |9 Y|y | v
ague/56
A/Hong
H9 | Kong/1073/1 | AJ404626 |? Y| Y Y Y
999
A/Hong
Kong/1073/1 | AB080226 |? N|Y N N
999
A/Singapore/
H2 1/1957 AB296074 |? Y| Y Y Y
A/Singapore
11/1957 L20410 RNA Y| Y Y Y
A/Singapore
/1/1957 L11142 ? Y| Y Y Y
H2 | AJapan/305/ 11 50406 |9 Y|Y | Y Y
1957
A/Japan/305
/1957 L20407 ? Y | Y Y Y
A/Japan/305 0
/1957 CY014976 |? Y| Y Y Y
A/Japan/305
/1957 AY209953 |? Y| Y N N
A/Japan/305
/1957 J02127 ? Y| Y Y Y
A/Japan/305
/1957 DQ508841 |? Y| Y Y Y
A/Japan/305
/1957 AY643086 |(? Y| Y Y N
A/Japan/305
/1957 AB289337 (? Y| Y Y Y
A/Japan/305
/1957 AY643085 (? Y| Y Y Y
Drug
Allapan/305 | 643087 |resistan | Y | Y | Y | N
/1957 :
A/Teal/Hong
H6 | Kong/W312/ | AF250479 |Egg Y| Y |Y Y
1997 (H6N1)

Y, N - Yes, No, respectively

SP - presence of signal peptide sequence Y/N
-122 -



- Y

| SDN273759 Egg GP A S | EUL99248 Egg GP AS | EUL99366 Egg GP  AS

| 1SDN273757 Egg VL  -SS | SDN257043 Egg

10

15

WO 2009/076778 PCT/CA2009/000032
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

[00409] 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

241 Q R
542 L R
Numbering from the starting M

Strain: HI from A/Brisbane/59/2007

[00410] Position 203 exhibited a variation of aspartic acid (D), isoleucine (I) or asparagine

N).
Strain: H3 from A/Brisbane/10/2007

[00411] Sequence variations were observed at 5 positions (Table 15). In position 215, a

deletion is observed in two sampled sequences.
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GP
GP

AS

WO 2009/076778

| EU199250 MDCK GL A S |
AS | | SDN256751 Egg GP A S |

| SDN375357 Egg GP

Table 15: H3 from A/Brisbane/10/2007 amino acid variation

AS | | SDN260430 Egg

PCT/CA2009/000032

Origin 202, 210, 215, 235 242*
ISDN274893 | Egg v L. - Y I
ISDN273759 | Egg G P A S I
EU199248 | Egg G P A S I
EU199366 | Egg G P A S I
ISDN273757 | Egg vV L - s s
ISDN257043 | Egg G P A S I
EUI99250 |MDCK |G L A S I
ISDN375357 | Egg G P A S I
ISDN260430 | Egg G P A S 1
ISDN256751 | Egg G P A S 1
ISDN257648 |[MDCK |G L A S I

*Numbering from the starting M

Strain: H3 from A/Wisconsin/67/2005

5 [00412]

Sequence variations in this strain were observed at 4 positions (Table 16).

Table 16: H3 from A/Wisconsin/67/2005 amino acid variation

Origin 138, 156, 186, 196
ISDN138724 | Unknown |[A H G H
DQ865947 |Unknown |S H V. Y
EF473424 Unknown |[A H G H
ISDN138723 | Egg s Q Vv Y
ISDN131464 | Unknown |[A H G H
EF473455 Egg A H G H

*Numbering from the mature protein
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| SDN257648 MDCK G A S I  *Nunbering fromthe starting M Strain: H3 _from
Al W sconsi n/ 67/ 2005 5[ 00412] Sequence variations in this strain were
observed WO 20099561781 ons (Tabl e 16). Table 16: H3 from APGTEARAEYMNEZ/ 2005

am no agid vagriati O.i gi 156, 186, 196 |SDN138724 UnknownAHGH
D@6594‘§”ﬁﬁkﬁé¢m é&&vaﬁﬁé&éﬁﬁ’mknommm | SDN138723 Egg SQVY | SDN131464
Unknown AHGH EF473455 Egg AHGH

[00413] Variation at two positions is observed (Table 17). Position 120 isnot a

glycosylation site; position 210 is involved in glycosylation; this glycosylation is abolished

following culture in eggs.

5 Table 17: Hemagglutinin from B/Malaysia/2506/2004 amino acid variation

120 K N

210

* Numbering from the middle of SP

Strain: hemagglutinin from B/Florida/4/2006, ISDN261649

[00414] Obseved variations include amino acid sequence variation at position 211,
10  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
[00415] Sequence variations were observed in 6 position s (Table 18).

15  Table 18: H2 from A/Singapore/1/1957 amino acid variation

Origin Amino acid No.
166 168 199\236 238 358

L20410 ViralRNA|K E T L s V
L11142 Unknown |[E G K L S I
AB296074 Unknown |[K G T Q G V
Consensus K G T Q/L G \

A/Japan/305/1957

! Numbering from the mature protein
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*Nunmbering fromthe mature protein WD 20091076778PCT/ CA2009/ 000032 Strai n:
B from B/ Mal aysi a/ 2506/ 2004 [ 00413] Vari ation at two positions is observed
(Tabl e 17WO 208%07678n 120 is not a glycosylation site; p®STIGAZA0Z20D0032S

i nvol ved in glycosylation; this glycosylation is abolished follow ng
culture in eggs. 5 Table 17: Hemaggl utinin from B/ Mal aysi a/ 2506/ 2004 am no
acid variation Nunbering fromthe mddle of SP Strain: hemagglutinin from

B/ Fl or i Stadifts: 289 Fom! SNk 4 894/ D00 1AIQES fumdt/Makdidy2090s | ncl ude ami no acid
sequence variation at position 211, 10 depending on the culture system

Aspar at | N) is_found in seguences isqlated from, cells, i]e

gl ut ani @Eiké]d ( D) Thee t5tfRe Yq{laélea%%bwea e eaing ?Cdﬂwqg%lggqe wmonaligpineshe | s
a gl yc?yﬂlg,tyisgguél&seof&mgrgﬁh@sgq{j §heg following culture in eggs. Strain:
H2 from A/ Si'ngapore/ 1/ 1957 [ 00415] Sequence vari ations were observed in 6
position s (Table 18). 15 Table 18: H2 from A/ Si ngapore/ 1/ 1957 am no acid

var idat i ¥ainOHp grom AffenlsHarg Hong/W31869268 199\ 236 238 358 L20410 Viral RNA
KETIS V L11142 Unknown E

[00417] Only one entry was available for strain (AF250179).
Strain: H7 from A/Equine/Prague/56

[00418] A total of 2 sequence entries were found in the databases. The entry AB298877

was excluded as it is a laboratory reassortant.
10 Strain: H9 from A/Hong Kong/1073/1999; AJ404626
[00419] A total of 2 sequence entries were found in the databases. Only one was complete.

Example 20. Transient expression of influenza virus hemagglutinin fused to a signal

peptide from a plant secreted protein.

[00420] The effect of signal peptide modification on HA accumulation level for other

15  hemagglutinins was also investigated through the expression of the A subtype HAs from strains
A/Brisbane/59/2007 (HIN1) (plasmid #787), A/New Caledonia/20/1999 (HIN1) (plasmid
#540), from strains A/Brisbane/10/2007 (H3N2) (plasmid 790) and A/Indonesia/5/2005 (H5N1)
(plasmid #663) and of the B type from strains B/Florida/4/2006 (plasmid #798) fused to the
signal peptide (SP; nucleotides 32-103) from of alfalfa protein disulfide isomerase (PDI;

20  accession No. Z11499; SEQ. ID. NO: 34; Figure 17). The PDI SP-hemagglutinin gene fusions
were assembled in the plastocyanin expression cassette — promoter, 5’UTR, 3°UTR and
transcription termination sequences from the alfalfa plastocyanin gene — and the assembled
cassettes were inserted into to a pPCAMBIA binary plasmid. The plasmids were then transfected
into Agrobacterium (AGL1), producing Agrobacterium strains AGL1/787, AGL1/540,

25 AGL1/790, AGL1/663 and AGL1/798, respectively.

[00421] N. benthamiana plants were infiltrated with AGL1/787, AGL1/540, AGL1/790,
AGL1/663 and AGL1/798. In parallel, a series of plants was infiltrated with AGL1/774,
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&K L S 1 AB296074 Unknown K G T QG V Consensus A/ Japan/305/1957 K GT QL
GV Nunbering fromthe mature protein WD 2009/ 076778PCT/ CA20091000032
Strains: MO 29T ABVI et nam 1194/ 2004 and H5 from A/ AnhuiPCT/C2Q0®/000032

00416 iat. b dinth '
a1 gni rOERE R TAPH0 8% (8 LR P b Rob Puimiescl i BEIREME S IR 1
_f rom Adalaatdbaaos péastidniBokeleil Werd BRMAEIPRIY ifliRated 1dayes@arl adBizeédby e for
strain {y F250179). Strain: H7 fromA Eg ui ne/ Prague/ 56 [00418] A total of 2

sequencWestsfr bletusipg e pppriepript aptid14y an sThergxpressiopp! Nep raprAt 1 \Risbane

excl ud e%ﬁggglsb%}f}&e&g ggﬁs‘?ﬂe%t}fy (FARYE] h Y the X Rth P01 cohiPalel W HpRsion

Kong/ 10
5 observed for the same HAs with their native signal peptide (Fig. 87b and c, respectively). The

expression of a third HA from subtype H1 (strain A/New Caledonia/20/1999) was confirmed
using this SP replacement strategy (Fig. 87a). The modification of sognal peptide did not lead to
substantial increase in HA accumulation for H5 (A/Indonesia/5/2005) (Figure 87d), and no
signal was detected for HA from strain B/Florida/4/2006, irrespectively of the signal peptide

10 used for expression (Figure 87¢). For all the conditions where the expression of HA was detected
, @ unique immunoreactive band was observed at a molecular weight of approximately 72 kDa

(Fig. 87a to d), corresponding in size to the uncleaved HAQ precursor.

Example 21. HA expression under the control of CPMV-HT expression cassette.

15  [00422] An expression cassette CPMV-HT (Sainsbury et al. 2008 Plant Physiology 148:
1212-1218; see also WO 2007/135480) comprising untranslated sequences from the Cowpea
mosaic virus (CPMV) RNA2 was used for expression of some hemagglutinins in transgenic
plants. HA from A/New Caledonia/20/1999 (H1), A/Brisbane/59/2007 (H1),
A/Brisbane/10/2007 (H3), A/Indonesia/5/2005 (H5) and B/Florida/4/2006 (B) were expressed

20  under the control of CPMV-HT in N. benthamiana plants, agroinfiltrated as described. After
incubation, leaves were harvest, extracted and HA contents in protein extracts were compared by
Western blot. As shown in Figure 88, the CPMV-HT expression cassette led to higher HA
expression level than the plastocyanin cassette, irrespectively of the signal peptide used.
Furthermore, for strain B from B/Florida/4/2006, the use of CPMV-HT expression cassette

25  allowed the detection of HA accumulation which remained undetectable under these

immunodetection conditions when expressed under the plastocyanin cassette.
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[ 00419] A total of 2 sequence entries were found in the databases. Only one
was conpl ete. Exanple 20. Transient expression of influenza virus
hemaggl ut WRi2009Q76€8 to a SI gnal peptide froma plant se®Cat@RoprodE2N.

00420 ffect t d d t I I
For ot TPTES hembihie fo iPReeRo8 cuu Py deriprananor FUERA R on o
the A Swﬁﬁﬁﬂ@el-(lﬁq)[ﬁr a %é’p’ﬁd@gi Al Bri sbane/ 59/ 2007 (HINl) (plasm d #787),

Al New Cal edoni a/ 20/ 19 HIN1) (plasmd #540), from strains
A/ Bri shane/ 10/ 2007 (11’2I\I?\ (nl asm d 70()\ and ALl ndonesial/5/ 2005 (H5N]_)

(pl asmidg®663) and HA the B type from st rla¥igeal B EXBiessien 4/ 2006 (pl asmi d
#798) femend t o t he exprgsseld peptide (SP. nudfeptide g&esete 103) from of alfalfa
pr ot ei NAGIL3184Di de |iEslofeNaseC4l&lonja/2W9%c c esBdon lastotgat®®; SEQ |D. NO 34;
Fi gur el AGL1/580e PDIHISRA/NewaTédonia20199ene PRSI onePMeVaIBssenpl ed in the

pl ast ocX@nif77aXPr ¢35 Q) BFSEREISOL007PT ONDT|fative’ Jﬁﬁsto%véﬂﬁ'ﬁ and transcription
ter m nak G/ ARFIUETGES A/BPSbdEB @07 T @ P RSPCY ngt dulu nd the

glszggbfl Gmmift\;: i_[lvmnl nSe Sbmpz 1to—t cﬁlﬁnl\: REHT | 332} ﬁg The
. Agr obACLITI8 s d 413 12_3/20 7?} 1754 na@"‘(eA:mlahf’ﬁmgrl 663 and
AGL1/ 798GLAE90ect | \FQ@A/B[i@bﬁm/ﬂWOO%bnt hani | Blastocygnie infiltrated with

AGL1/ 788GLAG3S/ 540 HINA/Btissie/ IRA00TH63 anichatige 1| CPMVHT paral | el , a seri es
of pl anAGLMT36i nf i| [HY @/Bdisbine 0AG0T) 774, | MBI 2009POFB4YBPCT/ CA2009/ 000032
AGL776, AGB1M6660 amMb @ﬁddoﬁe?sﬁ?a/fsfzoosaomarl SRfve U PRSRRyari€aves were

har vest RBI1gaST 3 [SIX(ATAkohBGHEBOOIT PeT Gl I0U PPAIPIP Were ext ract ed
fro_m | IAAGLLIILﬁbcu | 7 [{'Flo‘ﬁd /472565XLUU uy Y rfailv By e appropriate

C ',P ocyanin .

nti -t 5~ 1 esser—of—HA Hi Soafie—an Bri n
aleﬁe clAGLAIOR,, y BAL/ElofdaisI0e) e op ¢, or ‘porPlAsioianin ¢ o tEE/ exp?ggsfon
5obser AGLAT38: he | By ladaid/3000) hei r nat | RARVE | g ®MWAEE i de (Fig. 87b and
c, respAOLil{@Py) . | PhB/Elopdadsl00n) of a t hilrRDHA { CBMY¥dbEype H (strain
A New (Bxamplei22, £0/ckpPSpionasitle Bisp70 nnd Hspdd in édmbinSHon eyithesigmad pieptitle at egy
(Fig. 87a%] The nodification of sognal peptide did not |ead to substanti al
i ncr eas@Oflficpfion.c .yl ation for H5 (A I ndonesi a/ 5/ 2005) (Fi gure 87d), and
no si gnal was detected for HA fromstrain B/ Floridal/4/2006, irrespectively

of tshe ‘ E}@C%@iﬁ‘olﬂeq{ $56%nf @ISPW l_&bﬁ§§ic9ﬂurﬁ§érgw7©) 8 Slhnt d:rfgin dlete ddre

condi tions ere t expression o detected , "a uni que
i munorexpcessedewishiid NMews Calssleniadepnstruet nwpiber 1@ or Wi lymbam (capgrusk nwmber y 72

kDa (Fi cor ndi.n n.si uncl e Q

Exampl o 01 i berfba S BERBE P Phet B PR B it RSREE JRCRORABRYNERT .
15[ 004 2R3 perfotined 5§ afidinfaasd 6 NCRYMHHdhidnad)| 8O With aEHact%hal szleﬁé&siahant

Physi ol ogy (148: 1212-1218; see al so WO 2007/ 135480 r| Si n untr ansl at ed

sequenc@@%&ﬂt@éﬂ@@vbéaatmisﬁﬁﬁm/ﬂps AGERRS TR Llf@é H@%TQ( o HEX@r essi on

f
ot Tor G TGRS0 St A LR ISR BB e, ek B D aprpip s iy
Al | ndonemiiahf/ (2 QQ‘étlé)Ldﬂ)A@nd/s% FAGL1 388 AtR0Qfor HR) dﬂ/@ICGLHXSPU esGEl3 28Hehder
the contraol of CPW-H7' in N bentham ana plants, _agroinfi|Jtrated as

descri bder HAx Adter incabasion; saves were darvagr extisied aad HAcsqnitents Bepralein 3Arastnt ent s
t L5

the” CPME F O EpaRa ey, WENEmOERPILAER: 895, KRR SRR caidbung 2RiMls pRalc B e,

pl ast octhatrthe ca-espressian of Hspioaad Hspé0 gidadot irfcsease beradggheipin skumsidadion level

Fur.th f t B f da/ f -

exhioa B HT 2oL CaREoSs U VeYcior Ha HsPace 5 e emIa e A EaRe B i co-

r emai Negkprdisioh O EABSSlCUHIHTO0 ahd R4 ARMIRAAR QTN MANE RIFHabd @R gmﬁﬁﬁpr essed
under the plastocyanin cassette.” WD 2009/ 076778PCT/ CA2009/ 000

[ 00423] arapinlation leehr essi on cassette used for expression of influenza
hemaggl utinins with native or PDl signal peptides. Agro strain

D0

[00425] All citations are hereby incorporated by reference.
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HA expressed Signal Peptide Expression Cassette AG1l/540 H1L ( A/ New
Cal edoni a/ 20/ 99) PDI Pl astocyanin AG.1/580 H1 ( A/ New Cal edoni a/ 20/ 99) PDI
CPW/- HT ABDROPNT6HS ( A/ Bri sbane/ 59/ 2007) native Pl ast ocPEATCA20@L0D00837 HL

Al Bri 59/ 2007) PD . Pl L i AGQ 1/ 732.. H Br i /.59/ 2007
ot e RBREAT T Acttd ersgngim Rt M et A rbrstifich hogpfd 8 B BERRISS, 7207
AGLL/ 79 bl BT Eonene, KOHAGR Bop Bkt tPpasbaesalidin Adkt fdba hidnber of

(A Brisbane/ 10/ 2007). . . i ) ) .
variations and modifications can be made without departing from the scope of the invention as

defined in the claims.
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expressed with HL New Cal edonia (construct nunber 540) or H3 Brisbane
(construct nunber 790), both bearing a signal peptide of plant origin
(alfalfa WDIZOQSI/@’ﬁ'é?IS peptide). The co-expression was perﬂ’@ﬂ(@dOWOOOn

agr oi nfj n o be na Ia th a pacterial,.sus e

cont ai n ?LA Bl?rfzzﬁi éfr(]ltﬁ?éé %%eogaz‘i‘}eﬁéf lor HcPro
(For Hléce%ﬂtrér@fe?@eﬂﬁﬂ@ntomnﬁg39u@ﬁﬂe peidieSorehiald froful r@éorh@i}lant Trrh@é 1.
plants were agroinfiltrated with a mxture (1:2 ratio) of AG.1/540

AGL1/ 35%HeP78, ¢16r503M) or AGL1/ 790, AGL1/35SHcPro (for H3). After

i ncubation, |eaves were harvest, extracted and HA contents in protein
extract 0 e

et 2 oA SO TRALEL PR AL Gl 1Bl M IS e
Hsp40 dpldnteells.i Tierleamal ofEBiwirglical Chemisay Q0044 279(39): 36278436286.f or HI  New
Cal edoni a. However, for H3 Brisbane, the Western blot clearly indicated

that t CO- ex o c ol i Hsp4Q re ted i

G o 1 KAt N ol gt E%?S%@Qﬁ%faém@ & BrmepgDafarlike
citati (7)‘5@11@1@5 Jheishyai sigosor at ed by reference.

20091076778PCT/ CA20091000032 [ 00426] The present |nventi on has been
described with regard to one or nore enbodi nents. However, it wll be

appar enbayak PR Reieh] (2004 Neuraminidase activiin essaynionmonitering MDGKiceH subivg

nmodi fic [ fromthe scope of the invention
as deflﬁéédgpzn%e ng@g@l@@%rdéﬂgg@%%gmr d H M, M T. Coleman, W
R Dowdle, W G Laver, G C Schild, and R G Wbster. 1973. Influenza

vi rigs n@lsea,nﬁ? nwd aseGregor vt Wan Dybdihl{ﬂlssob@lmf eSchJBtﬂ B. RW Nelson,48.: M1 9Burit) 2
Bol | ag, Rozycki and Edel stein, (1996) ot ei t hods (2nd
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(2007) I’%&%ﬁgén%a&]\%ﬁ?uﬁs’asﬁengﬂ g? Eiﬂhrel]i’lzr? hﬁe% lr?i’nrllll &ﬁesgﬁrtm lﬁﬁﬁchﬁgﬁn&t rix

pr ot ei n1149|=b15|6eqw red for asserrbl y and buddi ng of plasm dderived virus-like
particles. J. Virol. 81, 7111- 7123 Chen Z, Aspel und A, Jin H 2008

Stabili at i luenza B 15 hemn utinin
fol I ow éaarﬁa%{ﬁ%%gy@?f%n SRS, Pk B SBER R acie SRNCHP et N o1
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PCR- ned ' Iy uh

P e B Y BL 185 ol PRI gl B s Gl de &%fmt%ﬁ?nm%
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(2006) Enmerging respiratory viruses: chanllenges and vaccine st rat egi es
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v " Voo B st at Pl From plaga BUREER vk Sy SesuBlioRHT B e or rat | on
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WO 2009/ 076778PCT/ CA2009/ 000032 WHAT IS CLAIMED IS: 1. A nucleic acid
conprising a nucl eotide sequence encodi ng an i nfluenza hemaggl uti nin (HA)
operati veW9 2000kKetd8t o a regul atory region active in a pP&RtCA20®/007132

nucl ei ' fChad Wwherein the HA conprises a native or a non-native
si gnal %&i@eCEAW£S'nUCI eic acid of claim2, wherein the non-native
signal peptide is a protein disulfide isonerase signal peptide. 4. The
nucl ei cl.aci dAoductdi@adid lcomptRingi a1 ntidleotidd dequenct ¥hcoding hil linfukasa hemhyglatimin

i nfluenz or is ia subtype of type A inf|luenza, selected fromthe group
consi st("%) opergiively inked {aa rqgulatqyy regiopactivgin 2 plang 1o, 1-110, HL 1, H12,
11 3, H14, 1211 5, and 1116. 5. The nucleic acid of claim1, wherein the
HA i's f30m arhy Recléiciaeld 8eaZdn 15fh&RiPhe HATohpSisal £ HRiONSA Abh-RGHW sifHal
H2, H3, 115, 116, 117 and 119. 6. A nethod of producing influenza virus

| i kéd papeptidees (VLPs) in a plant conprising: a) introducing the nucleic
acid of claiml into the plant, or portion of the plant, and 15b)

i ncubating t | ant _or ht.i O f t.h | ant _under conditi.ons that it
the exprocsi b Bk Bl SiCE Phertifind b had Vi fendf Py’ Stparbleft aRGie
met hod igbmetasé siphal papdeci N in the step of introducing (step a), the nucleic
acid is transiently expressed in the plant. 8. The nethod of claim6,

wherein, in the step of infroduci ng,(stg_{) a), the nucleic acid_is_20stably
express®d i nThqpudlgig aeid of claimd , whewitthe F14 154 tpe A influende, admps Bdnflegnga.drep

of c) IV, ] L& ot T aim
6, mhe:]igians?lﬁf}h@?) ﬁwgt‘g%ﬁ%%e [ ﬁtsggéfhé:?ﬁg&zl [g [égoﬁl\ﬁ;%% ?Slgtmsgégfo%}jhﬁ%jﬁj é:}?g’algé c]% ’
conlfr i sHAgH® o dH KyH1deH32ddiEhdH 4eHE6dindd{ine or nore than one chaperone
proteins is 25introduced to the plant. 11. The nethod of claim 10, wherein

t he one_or e than one chaperon pr.otei 1s.selected, f.romthe group

consi sting of M Rycle afid okelbn 1. Wesron Bs BsispnTH esob dnitrsa seitsted from
net hod @k gpsupiontisiing G¥ I HEHZ M3/ Y 16l Hir@n@#d%t i cl es (VLPs) in a plant
conprising: a) providing a plant, or a portion of a plant, conprising the
nucleic acid of claim11, and b) incubating the plant or portion of the

pl ant uthdéey methediof penducing anflysarayirus like naxtinless(MLdls) Bra plaet gomarising: aci d,

t her eby producing the VLPs 513. A plant conprising the nucleic acid of claim
1. 14. The pl el ai oyt . nr Sl ' i oy ising a
mucl oot i de sSapEaTEEhcleicslid I TR B kol EHEAER IR uf L
operatively Jynked .to a requlatory regio ctive in.a nt.15.. The pl.ant
of T ai m 19, PLRERERE P15 Boiah, o 1o ftn et Fonlichs Bndl P pre st

sel ected fromthgguge@widgmaﬁdbgtﬂrmcgfg thsN4Psand Hsp70. 1016.A virus |ike
particle (VLP) conprising an 1 nfluenza virus hemagglutinin (HA) protein and

one or or e Thathefdd df dhith §evheth i’ A8 s@pRdfBitroduking! (Mep/a), U hidiGie Rid iscl e
(VLP) of claim16, wherein the HAis a type A influenhza, a type B

i nf | uentzansieptlyiesprassed i theeplaft. t ype A i nfluenza HA sel ected fromthe group
consisting of H1i, H2, 113, H4, 115,116, H7, 118, H9, H1O0, H 1, 1-112, H13,
1114, 1815, Thamdifod dfcd8mrbewhdrBingin theasitep df7introbesing (stéha), e mscléic apidais

t A influenza, selected fromthe
yp2% stanbly expressed ?n the plant.

9. The method of claim 6 further comprising a step of
c) harvesting the host and purifying the VLPs.

10.  The method of claim 6, wherein, in the step of introducing (step a), a second nucleic
acid comprising a nucleotide sequence encoding one or more than one chaperone proteins is

25 introduced to the plant.

11.  The method of claim 10, wherein the one or more than one chaperon proteins is selected

from the group consisting of Hsp40 and Hsp70.
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group consisting of Hi, H2, 113, H5, H6, H7 and 119. 19. A conposition
conprising an effective dose of the VLP of claim 16 and a pharnmaceutically
accept abl W:HWp997%778 20. A net hod of inducing i munity tRETADAING/b00EI2Za

virus ipfection in.a gubject, conprising 20adnj.nipst.ering the vi.rus |ike
par t i ol - ofe Tptipd:phgroducihe infgnectins ks Pailicls oV bBS) inAGialt fOTRESDET us | | ke
particle is admnistered to a subject orally, intradermally, intranasally,

i nt ranmuscl ard)\providing ARt @agRIHioh of IB1AmY Satapting the husléRGeiddrdifl ¥, and22. A
virus like particle (VLP) conprising an influenza virus HA bearing

pl ant - speci fbgn&baﬁégﬂbégﬂm or portiR el a Sl¥CA&ndfRions Wat permit the expression
2009/ 076778PCT/ CA2009/ 000032 "23. The virus like particle (VLP) of claim

22, wher ei n aflthe MKl¢ic agids theesbppraducingtheaVLBs t ype B i nfluenza, or is a
subtype of type A influenza HA selected fromthe group consisting of Hi,
H2, 5H3,13#4, AdplanHéompfisinghe nhibleicHbd] ofidldim H12, H13, H14, H15, and H16.
24. The VLP of claim 23, wherein the HAis froma type A influenza,

sel ect edt.f r oThe pand T €lbin AN Sushérn@oraprisily aHAuclédd, adidd,cohtprisilg anshckdtide 25.
A conposition conprising an effective dose of the VLP of ¢laim 22 and a
phar mac¥aysnes Iengoding epr ahmere thapiade chapesoneppreteinsoepestivelyglieked Joianegniatafy t o

an infl L MS ti ' k : riSi LN |
corposi " Foh oV Mayas! | Ol fladh XUty wEGRR e bREaPHTANE G Poidhe
conposiproteinsiis seetedifremeahegroup cansisting @f Hsp4@hnd/EHsp76t r ader mal | y,

I ntranasal ly, intramusclarly, intraperitoneally, intravenously, or

Suq?)Ut af%gousAyVims like particle (VLP) comprising an influenza virus hemagglutinin (HA) protein

and one or more than one lipid derived from a plant.

17.  The virus like particle (VLP) of claim 16, wherein the HA is a type A influenza, a type B
influenza, or is a subtype of type A influenza HA selected from the group consisting of H1, H2,
H3, H4, HS, H6, H7, H8, H9, H10, H11, H12, H13, H14, H15, and H16.

15 18.  The VLP of claim 17, wherein the HA is from a type A influenza, selected from the
group consisting of H1, H2, H3, HS, H6, H7 and H9.

19. A composition comprising an effective dose of the VLP of claim 16 and a

pharmaceutically acceptable carrier.

20. A method of inducing immunity to an influenza virus infection in a subject, comprising

20  administering the virus like particle of claim 16.

21.  The method of claim 20, wherein the virus like particle is administered to a subject
orally, intradermally, intranasally, intramusclarly, intraperitoneally, intravenously, or

subcutaneously.

22. A virus like particle (VLP) comprising an influenza virus HA bearing plant-specific N-
25  glycans, or modified N-glycans.
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23.  The virus like particle (VLP) of claim 22, wherein the HA is a type A influenza, a type B

influenza, or is a subtype of type A influenza HA selected from the group consisting of H1, H2,
H3, H4, H5, H6, H7, H8, H9, H10, H11, H12, H13, H14, H15, and H16.

24.  The VLP of claim 23, wherein the HA is from a type A influenza, selected from the
group consisting of H1, H2, H3, HS, H6, H7 and HY.

25. A composition comprising an effective dose of the VLP of claim 22 and a

pharmaceutically acceptable carrier.

26. A method of inducing immunity to an influenza virus infection in a subject, comprising

administering the composition of claim 25.

27. The method of claim 26, wherein the composition is administered to a subject orally,

intradermally, intranasally, intramusclarly, intraperitoneally, intravenously, or subcutaneously.
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