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Application No. 61/022,775 filed January 22, 2008; U S. Application No.

60/ 959, 4 i 0/ 990, 603 filed
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2007. FI ECD/GIR00MEDIROM A ®z£data{z}] 12TPEIPWERENM a Céﬁtﬁhﬁ&tldﬁﬂn@ﬁft at@ad tRinde
production of .vi li ke particles. Mire specif t he present
i nventi oH“?‘%yéﬁo%gq?qe&pPlbcaBﬂ‘eNBr%%IU%2898/8912§ =rftl§‘1 J‘ﬂ}ké SR V@‘F%l%@ﬁprl si ng

i nf | uenzgrigitt iBeNCanaBACKERERNEh 6. T 65 3 MM Sy D3] 2008 hMeA% és the ,

| eadi ng cause of death in humans due to a respi ratory Vi rus.
15synpt oﬁf@P]i“‘r@EPlEtHé §160225775 dideddl anrn 2. 2088 348 nsppdicatfonb¥ e 401959, éhﬁﬁlmit éudlye

soreness; t es_infect,.10- 20%
of the pop a??%g gﬁlﬁﬁnwé %?Qggﬂggﬁ?ﬁ%@gﬁg%&g%@g’ aHlea[%vl § g%pA L IRRVN Y

| nf | uenzali¥2¥esledPecemrberl H3007.vi ruses that bud fromthe plasm menbrane
of infected marmal ian and avian cells. They are classified into types A B,
or C, bag FI?L 1Q %ﬁl eoproteins and matrix protein antigens present

I nfl uenza type A virusesS nmay be further divided into subtypes according to
t he conbi nation of hemaggl utinin (HA) and neuram ni dase (NA) surface

gl ycodpr on@th The psemt im'cnttdh rgjotee tonthe pﬂmdu@io'n lof tnyuseliketﬁaeict/e'sr Moré pebifioglyt 0 and
penetrat C. reserﬁ%%\;[ent(% nls rctecf ves t g @1% cLd residugs from

gl ycan ch&itns oA 1103 [P d&‘sglﬂ%f’ 1SS CURRTEHEIRNBA s vi r al
aggr egat amigeannd f aci Iltates VI rus m)bl I|ty 25 Currently, 16 HA (Hl-HL6)
and 9 NA (NI1-N9) subtypes are recogni zed. Each type A influenza virus

presents of NA gl ycoprotein. Generally, each
subt ype E%&ﬁ%@‘g’%?ﬁ%&'&ﬁggw ity; for exanple, all HA and NA subtypes
are known to infect birds, while only subtypes Hl, H2, H3, 115, H7, H9,

H10, N1, [N2] Kiluemd ifthehendmglrewse of Heatinintiniand &t to AuEBRSofyNafuk. fTUbﬂmZ)QOG
Suzuki 2005 In za Vviryse 0 S H5, H7 nd HO are

2010%0 M@gﬁgﬁ%%ﬁg“%ﬂ%ﬁ&%ﬁ ?J‘l fr ﬁB%fn“ﬁ E;Fﬂereﬁ%t?‘HB’g%?fh%rsforrrs of
i nf | uenzBuhnyili sash, infiienANusER Stfedti1B20Y, dAhERIpaRLbYIVEAGVRBNSRIT LS 250 O]

I nfl uenzaq?q andeni cs are usual |y caused by highly transmttable and virul ent
i nf | uenz20&AYfsads agiailtan 1 ead to el evated levels of illness and death

gl obally. The energence of new 5 influenza A subtypes resulted in 4 major
pandem CEO4N (dRedRAVIuSRRAkd Y elopdiBvirRantha Budl kdm tﬁ@ia’l%ﬁtqa 1}ﬂ¥mgﬂné_m foleflUS, 1N
1918-1919 led to the deaths of over 50 mllion people worldw de between
1917 anom$ypeliamndgeisn|cglls. fhey are slessiffedtinfe tenve g BnereC.dhsed ondhe subtype or of
t he an (el alllre:Ty t endean,s I

pr esﬁe(ftt 1"M&e%?)}z;)(r?ét?lllScagildar coﬁr((:)‘fe@;nn?ﬁllt%!aj[l;g I%&%ﬁt viral tgﬁ? ﬁ%ﬁ%\ gr}ayg\%“ﬁ%hel nfl uenza
(al so c aflivided it subtypesidcrordingth tM@mbomtIMOﬁhrdaggletlme (aIHiA] apiatet2ehidiOise

sever al r.ound the es his bird flu can result
in norta ty%%fla%é"% ﬁyrt%’és resen gé%%\nvfnﬁl ﬂ’yf%ﬁ?' ?Jfrtge VIO bﬁgé%ﬂf’dof t he
avi an i nwdnateatzﬁle\hpstwsll(HaNﬂ:mpvésltemnnal diati¢ adid Rdidues fHam glykanhain® od B&C celf O

ot her As'% ftrles andEr e has been postu to be linked to the
i gratory 6’érta FIRee 1Ptelfls ¥ lu]'il P%gems Y&y aggresatipy ?‘éﬁt{m FaHupRoRYhbat i ng

i nf | 2fenzGurrantipuiceina (Hs-Hip) athIRlA (XBCe9)RablySR-ard feBoghPAC EhdhayheSA WSHRhIY a
conbi nati.on of several tllﬁal ns that are predicted to be the dom nant

strains B PFRER O BRe olftlay aabanegype olhs elyreipiein: Senprallysaehivhyped by t he
Wor | d Hesahitits pegan h[fle%fﬂcﬁs] fofBRGIpA, hiy HAL HR NIA' %pe@tire\{fﬁs%h lﬂ?m?e%?ﬁ?dﬁpr oduced

each year is not sufficient to vaccinate the world s popul ation

exanpl e, Viglgpadasubhiret He Wit e HSSHALRS HIbt Hi,rNblNiwglﬂ Ni/dvet hes stose® t 0

i mruni z &, AP0 uj £ i.le onl.

populatﬁgn of tﬁgeéﬁggggéﬁk5§nﬁ%%%ﬁﬁgan égéégﬁgﬁg?%anﬂ%éﬁgéﬁﬁvagﬁ?ethat
current worl dw de production of influenza vaccine would be insufficient in
the face of a worldw de flu pandem c. Even if the necessary annual
production coul d sonehow be net in-h-given year, the domi 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 governnent and private 25industry
alike. [7] The viral stocks for use in vaccines are produced in fertilized
eggs. The virus particles are harvested, and for an inactivated viral

vacci ne, dlsrupted by detergent to |nact|vate L|ve attenuated vaCC|nes are
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the type of immnity induced by such vaccines. In general, split vaccines
i nduce a strong anti body response whil e vacci nes nade of whol e viruses

i nduce bowb 2ar/ms2sbody (hunoral) and cel | ul ar responsePCEGA0M9002H a
functional antibody response is a criterion for |icensure that 5correl ates
with protection induced by a vaccine, there is increasing evidence that a
T-cel | r esypitese themabtdixhlypatidgenic forthsiof frfluemaan imed)iahd are nioddf 18kelfPp cabssO
provi de %ftter grotection inthe elderly. [8] In order to induce a

cel lul ar *Wﬁﬁﬁ%€WB§bonse, vacci nes made of whol e viruses were devel oped.
Due to the high pathogenicity of the influenza strain (e.g. H5Nl), these
vacci nes [@05¢ 10flp&ed paelmidk aBBhallyaGhubddthy-hi oy ritisaidablnali RaRA iahdi) uenza
strains such as HSNé, sone manufacturers have nodified the hezﬁgglutinin
gene seqUBRES anf gt gad toredevinied dvelsof dingstiand death globyllyoThegmergsnseidmgw st rai n
and t9 MglfRichda AVIbEHE Risultiddn T ForgARddnt b AR eh e 'ﬁ@%ﬂg}iiﬁl 1R 92us8d
manmal i an cel|l culture. OQhers also use reassortant i’'nfluehza strains in
whi ch t h&y geHéNil ¢irgs du dHSek0 1P ded tolthe deatiaghiover 5&indlliam peopluwartdwid dlizeteeen

pr ot ei ns I dp.J i | el di ng.lew pat hogeni c .i,nf |l uenza donor
strain ( A? Bel?e}"g/ 1%26’ %53%# a?é’?t Ee g%@%t?{é %6%%3“.%6 i ééw f‘ﬁ’gg’g’ Wk h’c?d?n%'ﬁmf)‘? Bduce
usef ul vhuoamed a stteye ahdemiatin priowalstis abwae preséndnOF partib@aresekri B highly

hi gh-vol u l.ow cost and fas roduct i of vaccines in the scale
necessar }'{T@Sntrﬁg%? © Wéandflglbeé‘?a {‘?leggc?a]i(il% “ﬁ &“n)af’u reaks of e iigye Beeareragied

cert aonl yh feeralN@uhtiieCirdtiid the wohe. friGenyadasa, BaATCoan rdsBlt idabidlit) &
reverse genetic technol ogy, one mght also need to nutate the genetic 20

sequence aIEHmEtcﬁ:%lg HROrvgthin f8 Eyriakle sreag of thapeiar inflgrzahirgh(HANat fireigeni ¢

i nfl uenz aiefificd il $Honk ROnR P YGT {oQVtnep Ia sith Qb htYds ol ng%‘fﬁg hil8Ref léé Ated ?ﬁ%‘ res
confinenment procedures or the resulting vaccines do not exactly nmatch the
genet i ¢ belpddothe noigratare pettermsudfatildigrdsd rus. I n the case of live- attenuated
vaccines, there is still a risk that the adm ni stered vacci ne can reconbi ne
W th an fdukh ueh ' f St | wi nf | uenza-yirus.
2510010 B 1/t S o SFLae teh R0 Ak B B yRlGGRA i

post 1% r argdcariiowablhnpcinibicaion ofisgvetahgragsaha age mredidied todfe thky domdami strdins t hi s

met hod, | udi the risk af contam.nation due to.th ) f whol.e virus
and var i B SR GRS, fs SRRk it he v i Peweigtion

pr ot ect i Ganarally, tresuhibef sfomvdmndistCprbhiced egRReirtiyndt BufidRnMb Vi&citheetht 0 i ts

i ntroductign, intq eggs. O he i sadvant ages i ncl udes extensive planning for
bt a1 i BB GEOP PRSI PSS S LeN B SO RSBt aoHnts doses to

puri fi cat@iiniz@sbul &RGhikd SCHHEE ?@ma&ibm i1eAnBOL79PEf RO PSHuliBE LB &R Buldpésh  ©
egg Erotelns may not be eligible candidates for receyV|g%dthe vaccine. WO
20109035 25pEM atgh0 Y 25evidepbthal cuprgntywisldwadeproductiomalnid Bwinga vanginiet

vacci ne pheduetidsQfticient I it F€ i - I f rowth in
eggs and the yafiabletSﬁodJ%??@%W§?§F9§ﬁggﬁ?§€§§agﬁfPﬁ%ﬁ%ﬁa¥‘Ps %%hnology
has beenpigdeiongpulg semehofrdre métén pgbdupedrahe démiseaswnias chaagefrmayearitd can

hardly r L 1o le.timefiune 1o ndem ¢ and rl dw de

ranut hct e R AR il s Ao LRGP et e il

i nf | uenzprodiatios esahefiketiod mAubee Naqineducksgni ficafBiRTERdst @o¢@hhetuhd fifate f O
exa ge hﬂu%t§ﬁ or PERC.6 cells, or the like. Another approach is reverse
genefics, | 1) F%h viruses are produced by cell transformation with vira
genes. These net hods, however, also requires the use of whole virus as well

as el abol087k ikhvirdissteuhs fa pecinfiaccimaslatdpredesd i foniieat Sxgs. ihe[VQd Srtidey er al
reconbin&ghm%rngct have Qee% devEloged as reconbi nant influenza vacci ne
candi dat €$."* TR esealéﬂsj%F AR IRELafeg v Fak Beeiae dEwptedhy PEQ IBIFIVHE-obYEL i on,
and pur i dttenadtedvacoihed dit iena@inilyddea Ainidbs MBdy MadipRldgbNSowihNE Id4di NY
expression of the protei ns using baculovirus infected insect cells

e
( Cr awf or m@eragre W’%@@ greansfhatig %(a‘ma?h@bfgwpqw@t thg seqcineds attenateSugheci ne
cons3( UCazcinédsIRBnLY irf i r c | qut br eak
of "sw ne qu"_(strainb%?é%ﬁggg}ﬁgg%%%%g%?fg%Hﬁﬁ%%%fgﬁgﬁu#%Pg%%}?%ﬂ&bxico
br ought YiFisyagaines jaregenderqd hagmlebseb winadtiglatéomt veittt ¢ghomidahagenfsand thay davedieen has
been det ! g 1 he worl d, a testapent. tq the rapidity
by wni cH et LS oP bl GGl e TR SRS thos s he.
antiviral production, infection confrol and ultimtely, vaccine production.
20[ 0015] Specifics of an influenza virus infection are well known. Briefly,
the infectious cycle is initiated by the attachnent of the virion surface
HA protein to a sialic acid-containing cellular receptor (glycoproteins and
gl ycolipids). The NA protein nedi ates processing of the sialic acid
receptor, and virus penetration into the cell depends on HA-dependent
receptor-nedi ated endocytosis. In the acidic confines of internalized
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5DNA vacci ne candidate (O sen et al., 1997). Collectively, these data
denonstrate that a high degree of protection against influenza virus

chal | engewoanioe3izaduced wit h reconbi nant HA or NA pr ot @CmEA20®/00ep26ar i ous
experinmental approaches and in different animal nodels. [0017] Since

previ ous research has shown that the surface influenza glycoproteins, HA
and NA, apeifidasivpntagennyd disadyentsges 0Dnesddivantagetdf @ncontfes pérbied dloimvehdl Evdidicd i
agai nst infl uenza virus and that, ML 10 provi des conserved target for

cel l ul ar tli’erﬁ%%?ftzlwuént?' HTdI%ﬁeéirEy ,uc}é"ar?é%e%g[l}@?‘??éa c%ﬁ&?’ac?élt"és YeeiadiPfle t hese

viral antahgigmy réspose WHilk @hdtinR afa060f WEoM dikusBintihce!Bth MUGRLES (Whhsanlahke
particles LPs As_vacci ne products, VLPs offer the advantage of being

more i MIAGHEAFPPORSakvaabonsn fanctivnd] spthads mespense igasitierigndonlieensine that o

sti nukat @okahs & ' Iy L TR i : ' nd.,;Ander son,
2006) . Further, ? ﬁgf(ﬁéglt@l?glldg@év(\lﬁ?ﬁa{aﬁ%sé I %‘1:& Ergzgéza%ﬁgﬁ%%%%@aﬁ%yk%gdi spl ay
conf or matr¢sporse ispsa igpesant iainflapnize immuaity + this mangsaprovide diete pratectiohtin hiee
strains Qfjehipf | uenza viruses. [0018] Production of a non-infectious

i nfluenza vitus strain for vaccine purposes is one way to avoid inadvertent
infection. Alternatively, virus-like particles (VLPs) as substitutes for
the cul t (9®d i prgsr tecdvéuch eenllilanimstung atspaehse, WaBSnavinmide of Wwhols viruet weee of t he

viral capsi u C . 20 _genome d.thus cannot r jcate or provide a
means forlageée(ij?gg'on léfoyt Fﬁﬁgéé)? i 8%e.mCItPIGg%§]m@§%arsz at (Fﬁdﬁg@%g\%e Vﬁ’@ﬁ‘g‘?f?t“? at ed
t hat 10ec privucairih BLAf-Ifadlity a Fpriogiey pathsghic-infhsaerdtatsisidhs YIRS , kdns el |

cul ture usi n@ nan;ralrral i an gxaressi on pl.asm ds or bacul ovirus vectors

( Gonez PudPApyREctytershave mpgist ﬂ?\‘i’él?ﬂﬁﬁﬂ“‘_é‘?“&lﬂ?e, SeeRnes oA T riedvrg el ar za,
2001) . GCpnmaégdiuel bfithe@hflidhza {rhAON t6lndkd P 8@RIEIAd Bblel adifProdREdHRL | On Of

i nfluenza VLP depends on the expression |evels of 25several viral proteins.
Neumann &mMbgjoniceggnemasamalisnicelh setuse. fathemialsa pseepssesant ovilupizastriids inbased
system f Qf,; i: . of i i j - . ticles entirely
Y om ol onmiRIRCEA QG Ll R Beb L HESE R e RILAE PRGN &t Spflih S

i nf | dénzhightyieding lawpashagesielinfiuenzd donbedraw (AMPR/SS4nQuaral8 ebalc2000Y.i While

CO- expr egsi M . and. M2 genes. These studi es denonstr d, t hat

i nfl uenz@é?‘%ﬁégﬁdsp@%{ I?erlo(ri%cerlr%e;%ulsvélf ‘fqr-leasstzﬂrg? BOLDEDM eca()§°£‘§]8Pé%glF8ﬁg‘]itfﬁr h’gﬂ'
30eukar y gblumeclevl st aniMAsPArbOED0B 32 &REHEGAZROER ABQRGHr{ RQRQ} tHeRIBdar fAdgr t as

et al. (2000%l te[alch th?a]lt,ﬁll;gn addi ti on to. thg hemaggl utinin (HA), the matrix
protei n (MOBE! YRE 2pdprpldimost pertiinly be wswbrientdp tedpcontp paRdeatifg f r om

i nsect cells. However, Chen et al. (2007) teach that ML m ght not be

requi red[@00t Vishgfthis maieiso @enchio techiRi @ty 6k tlyht alef Ade@ tembitafedheggei®f ML and
VLPS&Qequi red toltt]ﬁ@%gsence of HA and_ sialidase activity provided by 5 NA
The c PEYese groten toapeke ibgvirufsat. Jioy ighhoratogeniainflupreastipipadke of t he
cel I's pr peidGitdE of Modliies valthes GltRARMigestcBRind TRt ﬂrﬂcetdﬂl%s BEAE Wik P021] Quan
et al 2007 teaches that a VLP vaccine produced in a baculovirus eXpression
syst em ( VifSBes demtiexagtlyaptehsthe senetie segpenge of theginpulstinggaiunsk thoemse sflhat ns  of

i nfluenz | 4. . I i an.were observed
to bud f R e oS hal B kS e B S P
correct 8iflrenzavitusrephiod loasy leadingitd anew mflubpmeirobt ai ned in a manmal i an
system (MDCK cel Is). [0022] PCT Publications WO 2004/ 098530 and WD
20045698 t i cast.l. e .Di Vi.rus .HN.or ian

[t 1 tonz 2 At koo s o s DER@RA pidp8 BRF Gkl RO Bogtielly cel 1
i n cul t uthere aBpapwshariobdawbackste isngethdik insluing thetidk debitumhBratxpdess g 15

pol ypept | | .GJ: i i ng responses in.r its. and chi ckens.

[ 0023] E%%Z’?é”%éiéw&‘{“? %@@S’m@g ycl‘;ég)als a‘fl%ﬂeri%ﬂgiorn IS PR pAR P Y S"’ﬁuddi ng' out
of the i pecti@imeetcsulafrdm@ohaicrheterogenmiyin erReifis @LﬁetbhtEirﬂﬁoaﬁéfiamfiiﬂmég%ne, or
fromt habt %f an, i r][t er nai d%r g){a}nel | e, Influenza virus particles and VLPs bud
fr om t he "BICRENVARASSS pbudst Sxtensivgolanniog ot obfaining pegs) Goatemipation sisksobetas cel |
Syst 808, cHedticabxabPInepurifiditloacRdoisto diciomimes RsaHtRo E-ﬂélfsit%@ td gan et
al 2007). Only a few envel oped viruses are known to infect plants or

exanpl e, PRIEHSERAY 19 b¢ eligible gendidates &y regeivimthbriesgineuses). OF the known pl ant
envel oped viruses, they are characterized by budding frominternal

menbr anes of the host cell, and not fromthe plasma nenbrane. Although a
smal | nunber of reconbinant VLPs ha¥e been produced in plant hosts, none
were derived fromthe plasnma nenbrane, raising the question whether plasna
menbr ane- 25 derived VLPs, including influenza VLPs can be produced in

pl ants. [0024] Current influenza VLP production technologies rely on the
co-expression of multiple viral proteins, and this dependence represents a
drawback of these technol ogies since in case of a pandem c and of yearly
epi dem cs, response tine is crucial for vaccination. A sinpler VLP
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VOIGI UW[0025] In order to protect the world population from

i nfluenza and to stave off future pandem cs, vacci ne manufacturers wl |
need to dwoebmmosefBecti ve, rapi d net hods produci ng vacciPog/@as@athe
current use of fertilized eggs to produce vaccines is insufficient and
invol ves a | engthy process. 5 SUVWARY OF THE | NVENTION [0026] It is an

obj ect of00i Helnitle/eme ¢ forpandenpicospliteacting pededion if limiaiztey the need td hdept har ti cl es

(VLPs). [002 Accordi ng tqg, the. present .invention the i S, provided a
nucl ei c %@fndt% comp! g’ieﬁég%{ldﬁﬁﬂaé"c?ﬁed’éo‘@%ﬂ’éﬂgas FHB‘?‘ n‘éﬁéﬂﬁ‘g]éﬁ}“i Qj‘étﬁloforgbﬁm an
envel opeleths besrisied AR fyadrb 2 lthe frodikceoh blsedsohdGbAeR] Y cAnB@kd radgdrdifai N a

pl ant, the a%)tlé_&%n is an influenza hema]_ggl utinin (HA) . Preferably, 10 the
ant i gen &4 eIERS o RAdeis and warldwig manyiaetpring caperityds limyied HA nay
conprise a native, or a non-native signal peptide; the non-native signal

pept isle [wa)y2]b€o avdid tHeisdloftiosyl i fhdhzd HRKERASSaIS B prRG8d i Snanl@8R3LeThe HA
encoded %t he nuclei¢c acid may be a type A influenza, a type B influenza,

( y .
or is a tey {96 exmRly peMRCGRnen KFR(z 6 cellseprebe e fAnsther Arpreach igreedsepr i si ng HI,
H2, H3, 1dd5 d H16. In
come aspaers op T {ibses iy Reo R VR b Rhomm i 2ol Bty (e riliegy
from a thgveve, plad requinesghe wnedf sbbleviresias wdhasteteborpteougthodsmpd sgdcify dallyreH2, H3,
H5, H6, éﬁziﬂﬁ}ﬁe?%' Preferably, the influenza HA is fromstrain
A/ Cal i f or nial 041 09. [ 0030] The present invention also provides a
met hod of producing influenza virus like particles 20 (VLPs) in a plant
conpll si[REG13] S¢gverahtaconbinamgradunts bhed leemdévatlopad achiecamtanana iffugen vheédma an

envel oped v faor exanpl e an inf]uenza henmaggl utinin Jromstrain

A Cal i focg‘r%%{lgétgi%ﬁﬁe 38%%’?%%5 Vl";?"‘i“rg Apihe Sentessig gﬂf%‘iuﬁﬂg’/“’ Fégs‘%ﬂf{c @M% in the
plant, iinfleenzieypplAsiif and NADEOEeimdNintlngihg 6 pressidd of these proteins ullhg baeRALd Ng t he
pl ant or. %@ﬁ[tl OnElﬁh refore upggr conditions that permt the expression
250f t he™saef disect selisd Cravfardt ol b7 e lidiapgsorHEOVs PEal veghers and FIVA weacisd may
further @ngﬁfctsqglgeﬂ@t AL eppr)of harvesting the plant and purifying or
separating the VLPs fromt f)1e pl ant tissue. WD 2010/ 003225PCT/ CA2009/ 000926
[ 0032] l‘li@ﬁ ﬁetfhod may further conprjse, in the step of introduci ng_gstep
a), 2 nd@PEOdesegt ogasP isshagutbreak el ‘syinedh” ¢ likppig @tRY)- oveingtal nor e

t han oneyzgdradkah MexioYr&iight thisQRaBrai® G or® atfBRfisn &Q%gggsh%k%g@g&eq 0034]

pr ot ei ns ma%/ be selected fromthe group conprising Hsp4
The pr esttpcted iy eqvniriss ajoad theeeridhes absamentts the chpidhterbeiwhichi infludnea stagpe of

i Nt r oduGiRenSheRr vl e actd ither transiently.expressed
in the plant, or @é@ﬁ%%&%ﬁé@%@ng’nﬁ }’fgﬁ éf@ﬁf"?"%ﬁ‘r‘{cﬁgf} ?%”é’?a AR
be puri fiaednagrodestiohze excl usi on chromat ogr aphy. [0035] According to

anot her aspect of the present invention, there is provided a nethod of

; e . o - PS) i & bl ant e
o1 ovial 90 STSPATREM h Shla D BILh 8% telf by iR SRR e R
conpr i siiniffatad hy Bleettbéluens efthevicien entaed HAgprawinHA afstatitaéitfcburgin@g cellular

A/ Californi.al04/09 erat,ively linke 0 a reguylatory regign active in a
pl ant ., rg%gf’%’lr gglt}%%)ﬁogﬁﬁs Ffrﬁg)fff’g?}fls)ojfh%&&tpf%ﬁn&?eﬁlaﬁé p Cﬁﬁlnggtﬂgé@rm@ﬁﬁﬂlfit i ons

t hat perradeptot,red ek py RBsirRidnGito tHeeceN UepeRl S ol A epétiRhERNpR-Athdkdag t he VLPs.
[0036] Th rrethold ggé&gurtr}er conpri se the steps of harvesting the plant
and pur |QP§?9§(§°S’(§r nf £ SRntings eiHatepredrendpsrmsteqntaining an wdlyenza Moeeythe The
present HApRdih Ofdergies belEsmianenad BRI RINOM to WRRIMSIrRirki%nl QW ﬁgmgxgﬁesSt ep of

providin%, a nucleic acid conprising a nucleotide sequence encodi ng one or
mor e t h&R4 S WRaPesRe Moroedinted spesaet Mbppteinsfiosinucicogansidepsberiatedy 1 egi on
acti ve irfbofudModRieihS(RNHSS, 9GaHior A0 o e plant

i ncubat edolund_eo? ce(;nd(l ti_o?ls that'rg[r)erm'tt g)%%irlgggﬁugﬁorg]ﬁh%@&ﬁg%?ées:{]sc 20 acid,

t her eby Astibedies tadiA Reoteinsreven0UBS]infEtt@ndyaedralimmgeitihafectney, Whafeas one

pr ot ei NS, Amy; I r he @roup.conprisin p4Q. and Hsp70.

[ 0039] %ﬁé p}f'gg%ﬁ?‘ﬁﬁ%@g{ée{}%@tﬁ%‘ﬁ%@gﬁ)ﬂ%C RS f’ﬁ%de &% n, in the step
of introducing (step a), the nucleic acid encoding the HA frominfluenza

A CaPi f dOHIOh/Cawded ptsal (1 29 disebopr expssdorn of ihfeen25Hpl ia bhculdvirit BEshadrigsect he

VLPs may _be ~purified using size excglusi.on chromatography. [0040] The
present )éflgs\’/gglf 0 TC%F%BTOEEF%W%é?C%“@iaF E%‘ng ?arlf’é{;lﬁg? preggnging i/ﬂﬁp; indygRai si ng an

i nfl uenza virus HA protein, fromsthain A/ California/04/09, and one or nore
than one lipid derived froma plant. WO 2010/ 003225PCT/ CA2009/ 000926
[0041] The HA protein of the VLP may be of a type A influenza, a type B

i nfluenza, or is a subtype of type A influenza HA sel ected fromthe group
consisting of Hl, H2, H3, H4, H5, H6, H7, H8, H9, H1O0, H11, H12, 1113, H14,
H15, and H16. In sonme aspects of the invention, the HAis froma type A

i nfluenza, selected fromthe group conprising Hl, H2, H3, 115, H6, H7 and 5



[0042] Also included in the present invention is a conposition conprising
an effective dose of a VLP, the VLP conprising an influenza virus HA

prot ei n, woeomvooszse t han one plant |ipid, and a phar nra@emdaedoiopo926
acceptable carrier. [ 0043] The present invention also contenpl ates
fragnents or portions of HA proteins that form 10 VLPs in a plant. [0044]
The pr esdiseasenvesad bypavial H6 apeHY aifhentacubtysP Jeleinsoh st 410(1099)iteskh tanza vi r us

HA beari | ant -speci fic N cans, ,or nodjfied N-glycans. The HA protein
o tho VEPRRUEETERSa bPpenal A RN P ES gl s Semaie gl o

subt ype eiipetipp® those iddub@itzta ddhvatioatvactild. amniAB @iy Rng Sffsh§tdrng of HI,
H2, H3, 544 115, H6, H7, H3, 119, H10, H1l1l, H12, H13, H14, HI5, and H16. 15
In some Q8PS ErPreed hapagalytinn of squinpinfluengaréms yas sqsenared tapihganlogous

sel ecked INQUAIHE cGicatiRe RATERA 811901 Colsivdil hde darhbiemdbifsudRth i 0045]
The VLP may conprise an HA protein of one, or nore than one sUb ype,

i ncl udi ngegHee ofprotectian agpinst infienzapyirusizhallegge da9 be HkdcedHitith rebtibindrt H3 orl 114,

H15 or H : . rt i t eqf . anpl.es  of. subt ypes conpri si ng
Such 1 proielehs R Vs ARER e 1Bl s T8 BT AP ilones: o 51 2008
(H5N1), A/ chicken/ New York/ 1995, A/herring gull/DE/ 677/88 (H2N8),

Al Texas/ 330120 G3nce Atavidus agsedr NGB 3h@Oy thay ttel skefaBh anfigbrava/glyc 202 ns AHAGKE hey, n

pintail/ 89/ 02 Turkey/Ontari o/l 6118/ 68( HBN4) , .

B Shovel o R e Yok ol iR PRy S4h fibigyenza virus and that M1

A dudR/ Epglvatess bi{sbilédNGyget A deloldrAnbriitAlb8vGEAThANF)vaccine candidate may

A Gul | / Maryl and/ 704/ 77( HL3N6), A/ Mal | ard/ Gurtev/ 263/ 82, 25 ,

Al duck/ Aﬂﬁ"r‘iﬁﬁ c59 Wire] patigeps assharptenanagropaelesidas garicls,such ey ils/pagiclas 6N3) |
B/ Lee/ 40 (vI0bs) ONVHREIRD ProB L. &8 v I Bef the Rivaa gk 4 ' 59/ 2007
(HLN1), A(YSos!;onDn | sl gﬂ;lds ] 3/ 2006 (H1NL), i éB?ﬁeE)ane %6?%%6%6?%@ ,

Al W sconSHRNE pr moersbipas rptsengangrire ghie ty Sisnbrtobol huppr| adjcdivldy iz006e

Al Si ngap i X 94/.2004 (H5N1),
A Tenr | panans st o1 Bl R RN hEPA pt St PRtk d Al

A HohgKodigplap 7a1fomnatipealepitopsd Bal ¢lict meutealiQidg @StiHokkbl1) multpl® strains of influenza
2010/ 003%3.@3?/ CA2009/ 000926 [0046] In an aspect of the invention, the HA
protein may be an Hl, H2, H3, H5, H6, H7 or H9 subtype. In an another

aspect, the Hl protein nay be fromthe A/ New Cal edoni a/ 20/ 99 (HLN1),
Al Puer t oF0d 8} BoguctiphioRd hon-ifdtibehiafienzoyi2BG#aif HlNbLcind\pppdsesi3ont slagfds

3/ 2006 (HLN r Al Californi.a/04/Q9 (HLNL) st.rai The rotein may al so
be from ?Ym"é& ﬁi‘ﬂ%ﬁ”&%%%%%“ﬁ?/ zﬁ%?‘agv‘%iie‘é&‘f‘h%% P%;IW%@’Mérﬁ/%g?t%e%f%(E@Nz)
strain. tultured wirus heve repeetstighted LI sniaN¢ iheRirudtite oFthe RiBE @bdd FaY1abea f r om

t he %Si n%&%rell 57 H2N2)1, strain. The H5 protein nmay be fromthe

A Anhui / & sandiBRyOPINoA replisdth SrpreYide A sisans forssecyndagy infectiopionesi a/ 5/ 2005
strain. In an aspect of the invention, the H6 protein may be fromthe
AJTeal / HoogKoSgerdBtddiB/haly EXd Bt dnsrhted tHat redbiBbiktnt REtRcRlabroins Bar hiembihe
AJEqui ne/ Pr‘?gge/ 56 (H/N7) strain. In an aspect of the 10 invention, the H9
protein 1 ¥EbHngl ¢ RyreRgnrolay aogrestiomplpsaids ai baculpyirg viegtors{Eomaspect
of the ipy@at ki, 1999eNEfn QL 81 ' e | be a
type B virus, i ncl udi n B/ N&F?jgioggg?g%%%lg?ag&%?@% pé%f%?ﬁ%%é%anpl es
of ani no(1§8?)dhs§&§ﬁl%thé‘§gﬁ%¢nttf¢félaﬂw pirioflednas VLP depdads oHhe ekfBesstdh, levds, of H7, HI
or Bysub ! REQ; ' : . . 0047 he.infl uenza
Vi rus HAge)g?Igtﬁgi}équlS}r%%&be %&Br%%g%oﬁg)l %%R? %"%&%ﬁ’gas%?‘ﬁ?f %@es(s‘%lﬁl TS HL

15f r om sbased sysimdar génerating irdetiods inFidedk) virfisdifieGartiths eptirebefdm clouent i on al so

provi des i ' conpr.i.si sequences e i.ng an

protein. C%‘%ﬁ%@?@? gr@dadé}%& %@zhﬁe (glperdré@e '?’8??% © P4s c?ri%%&?d ﬁgfse

r egul at oinfectedgiithsconphénamt baceloyirlis akegrdssing He, Seqnenagd PRGRaisNahak HA

pr ot ei n. tTlg ucl ei %ﬁﬁﬁitd | ecul.es may conprjse a sequence encoding an Hi,
H2, H3, TH'HBMOpgTeisdAhatigiluepe vipgmprossupay selfipssemhioipopigarexipgssiontin6, B or
C. 130 anaikbsotiaslect of the invention, the HA protein encoded by the
nucleic acid nolecule nmay be an Hl, H2, H3, H5, H6, H7, H9, or B subtype.
The H1 protein encoded by the nucleic acid nolecule is fromthe A/ New

Cal edoni a/ 20/ 99 (HLN1), A/ PuertoRico/8/34 (HLN1l), A/ Brisbane/59/2007
(HIN1), A/ Sol onmon Islands 3/2006 (HL N1) or A/California/04/09 (HL N1)
strain. In an aspect of the inventi®dn, the H3 protein 25 encoded by the
nucleic acid nolecule nmay be fromthe A/ Brisbane 10/ 2007 (H3N2), or

Al Wsconsin/67/2005 (H3N2) strain. In a further aspect of the invention,
the H2 protein encoded by the nucleic acid nolecule may be fromthe

Al Si ngapore/ 1/ 57 (H2N2) strain. The H5 protein encoded by the nucleic acid
nol ecul e may al so be fromthe A/ Anhui/1/2005 (H5N1), A/Vietnani 1194/2004
(H5N1), or A/Indonesial/5/2005 strain. In an aspect of the invention, the 30

. . N o



provi ded, the nethod conprising admnistering the virus |like particle
conprising an influenza virus HA protein, one or nore than one plant |ipid,
and a phawvomosumdal | y acceptabl e carrier. The virus |ipeTmazbisoe2say be
adm nistered to a subject orally, intradermally, intranasally,

intranuscul arly, intraperitoneally, intravenously, or subcutaneously.

20[ 0052] [0VP@] GoresePuertasistah{2000) tedchohanein bdditish foeheheiagplatihin KEARaKkd ki ( VLP)

conprisin r.e,t han .one prote iV froma virus selected from
the gr ou‘f)r% @f[@tolfﬂ%“ﬂuepﬁ? YHHeAS Ese iaf‘[é]’F gﬁ) bﬁg‘gP&frO%?%ﬁﬁtr‘ﬁl Is. Fowvergry,  and
one or nOKéx ¢t ARROOMErehdhRhAl mgﬁﬁgheﬂotftfe%auﬁe@mwpaﬂoﬁhﬁfoh NghdNEErvBd @duct i on
cell. The HV protein nmay be g pl 20 or gp4l; the Ebol avirus protein may

be VP30 %fﬁcwgslea%ewéWeﬁﬂél}ﬂd’S\fPW§ W@r@menﬁy—l%@d@wﬂ@@ activily pveadddery vi r us
proted n NRY THE NA clénrRE Bl&lallc Qéldf ofﬁﬁ@%l?&d@ otglgpégg. e Sl dRALNY phodE 1{? esent
invention relates to a virus Iike pa f conpri sing aR I nfluenza

Vi rus I—|Athpn’d{Pé,|alidaﬂ@ﬂsmﬁéhQ)YLPmméhetmahumne host |ipid. For exarrpl e if the
host is insect, then the virus like particle (VLP) may conprlse an

i nfluenz n or if the
nost 1 o QO n Ry Rathed M 21Ep Yacdl ol MO u LR LERRE sypleRi8 1o

i nfl uenz(anscwtroaﬁ) ipuces opwiacti nichrourEty @gaing semé hmmmfmﬂma&tvmus PA/BR8/3MO

2010/ 003 / 0054] The se i nyention also relates to
CoNposi t&ﬁﬁ\gﬂm |Sr§g’9\?§%¥ V\V/\% ]?Seﬂgpg l%‘l%rfé‘?rhﬁ" c?ﬁasg’ﬁlﬁrf egin

i nf | Uenzaere Thiesiderddl t0be ODIhE coreddt MREEdQhorbhdl8dy) SinfilY toliRos @bRG1e@¢h { r oM t he
group corrE i sj.ng: A/ New Cal egonl a/ 20/ 99 (HLN1) A/ I ndonesi a/ 5/ 2006 (H5N1),

Al chi ckel iqpoWRERYICRLelS)r i ng gul | / DE/ 677/ 88 (H2N8), Al Texas/ 32/ 2003,
Al mal | ard/ M\ 33100, 5A/ duck/ Shanghai/1/2000, A/ northern

pi nt ai | / [0¥2BARIBRMILatios WO Red/693530 bl WHLR0ABO&BNMach expression of

Al shovel erar an/ b4/ 03, Al chi cken/ Ger many/ N 1949( HLON7

A duck/ ENgGYEsts Bisease Yides HNygraiay Inflaenze &Y goeyd(ismpaig68 (HSNY) in transformed

A Gul |/ Matyl )G
N ducki A @RIt é‘%&"’*ﬁ?‘ﬁs%%@m%f‘fﬂ% Qﬁfng?%jdﬁgul ?f BITRPEPEY HioNs) |
B/ Leky 4molxyenmﬁanh@§mwgg eBnurg)PEonses R wbkisy B4 chiekdis) , A/ Bri sbane/ 59/ 2007
(HLN1), A/ Solonon 10 Islands 3/2006 (HLN1), A/ Brisbane 10/2007 (H3N2),

AW 1 € 0 c

A S ngapon o e oo R ey R R B Bk Rl BT LR S RS8R et
Al Teal / r@d@k@ngmmzfogme (gD plaNlEnpamhehProa@uHVtEﬁ of fY Mfdrnal organelle.

Al HongK Lif / 04/

B O ORELART Rl BRGh il B R SR OB B nr B 0 21 o1
alter natredtrymalnml ambadnﬁomus eelbsfysitehle foridtayphs influeddabadNBoriee P@niaifeniBriny i LY

of the al ns e res nted 0055] Th present invention
pertiezl)l nsﬁ?j ﬁt%]rg{)(ﬁé EgP eWcﬁrJ Vl'ﬁ‘fﬁﬁ%l Wn“?ﬁ leats\&ﬁomsanmlﬁ ection in
an ani maherfibers efftHE TogvvErasts Shd Rﬂdﬁdl’)hﬁis% aet fHe%ﬁvﬁblaHQerﬁQloﬁédf Bfakds &e?ose of
a vaccine conpri si n%yone or nore than one VLP, the VLP produced Using a

non- si alyatharsterged by prdding Gemp ireral nemlranes of t theélﬁstlcﬂléé‘@ﬂ npigsam theplasmpeast
host. ThRenfRad. RGhSFH a%aﬁ%ﬂ%tséﬁé&%b?x{aﬂ {/E{’ 1k BELAREIIEY | plant hosts,
intranasally, intramusclarly, intraperitonea ﬁ y, Int ravenousl

subcut arf®8e¥ese demived from @aplwgamr@hwmgmm the h@stl‘adwflfrthﬂnpldsma g’femlupane-

co i Si QIR aV| an) water fow,

m grrjjast ordﬁﬂ\hl rdspssclqnucgjl[d @éﬁ%ﬁgz@?fégggan b%gg(ﬁucpd R cken canel , canine, dogs,
feline, cats, tiger eopard, civet, mnk stone marten, ferrets, house
pets, |il0@x &@krentnﬂﬂteenza LB proglggtion tedhablegicarsy oie coderpre@fon[cfablipldhe
present r ugGi VLPs . cont ai ni

henaggl u"t“:alrﬁfrg{e% %ﬁft@g'da%ﬁ?%er ee&#g % greaﬁv%g&s Cfr aelg?ltéelalm logics siries ) ‘%sh%fsat
capabl e rehdgprioauntoingardy dfidmitorespumetiine is aughlaon vactinatiat A stiiplyease . VLPs
that ar Jug{juncsedt in I ant con %n I I‘ﬁ‘egs of pl an%rmrl gin, VLPs produced
ininse y(%(%ﬁ‘p éanillf %IO&g ISHES et PUNFSIOR BTN AR o fewsdat cel | s
(gerser a|p|rqtems w1thd5t&fr&jh[rﬁ@ ekPresison dMSLGHrudthmil Wl protedidds yésﬁﬁbl@[(péwa@lq in yeast
conprise ids fromthe plasma 30nmenbrane of yeast cells (general ‘y

r ef erredhet ﬁlé’pm?%té’ f’aqclnﬁf’ ds"). [0057] The present invention also pertains
to a plant, plant tissue or plant cell conprising a nucleic acid conprising
a nucl eoti de sequence encodi ng an -d&tigen froman envel oped virus - 12 - WO
2010/ 003225PCT/ CA2009/ 000926 operatively linked to a regulatory region
active in a plant. The antigen may be an influenza hemaggl utinin (HA).
Preferably, the antigen is an HA frominfluenza A/ Californial/04/09. [0058]
The plant nay farther conprise a nucleic acid conprising a nucleotide
sequence encodi ng one or nore than one chaperone proteins operatively
I|nked to a regul atory regl on 5 actlve |n a pI ant . The one or nore than one

o, = o - T 1 - D T - -



other cells including B and T | ynphocytes in the thymus and liver (Tsuji

M. 2006). Furthernore, in addition to the potential adjuvant effect of the
presence wb 2piozns226i pi ds, the ability of plant N gl ycangcrahemidoovat e t he
capture qf glyecoprotein antigens by antigen presenting cells

(Sai nt-Jore-Dupas, 2007), may be advantageous of the production of VLPs in
plants. 20 [0060] Wthout wi shing to be bound by theory, it is anticipated
t hat pl apeo2shiteoriiérRs piitdct thie Mebtlid @opulstidnoiRge influbiidnad E(ﬁs'ﬂ&kio@ﬂﬁﬂuk’(gﬁhny&ﬁ‘ésﬁade
in other nmanufacturing syste nd that the inmmune reaction induced by

t hese pIXﬁ?mﬁﬁﬁ%m%f@@“%Wﬂfn%éﬁ%$¢@H@§E%ﬁh@ﬁaﬁﬁﬁ%%?%@PF@”@H&VWﬁﬁﬁﬁ@“¥eaction
i nduced bye birvdt e ArBRMALEE WHRIER YV dcHiDed R LR Rnt dAQRMIVESAN]BY tO

vacci nes made of whol e viruses, VLPs provide the advantage as they are
25non- i nPEEPSous, thus restrictive biological containnent is not as
significant an issue as it would be working with a whole, infectious virus,
and i § nQuUMRIARY oF TAE 1 jore¢n. Pl ant-nade VLPs provide a further

advant age again by allow ng the expression systemto be gown in a
greenhouse or field, thus being significantly nore econom cal and suitable
for scal 8003p] It is an objeshebihe myantiondparavide imprenedinduenza viredismagisles KELBNz y nes

i nvol ved in synthesizing and adding 30 sialic acid residues to proteins.
VLPs may rde7pacshdiagd d 14y i

2010/ 003525PPQT/%’|A2&0 560 %geé@ RRERRR e PPOARIY G2R% 43%%’?\8[}? “NA, or to
treat theugecsidassargnasentaslinganaatigenciroman pnvslopkd dasepentvelpinkvddase) , to
ensure VI i 2 pl . roduced i cordance
W th the i BRI A Ine ek ol AP RARRMERR 0 FRRERRC T o
bi nd 1RNAtheRMgdnss an HAnraminfmanzacf/Chlifernvd/04/@9.epar ati on and i s undesired 5
when obtaining regul atory approval for the VLP product. [0064] This sunmary

of the i i t .necessarily describe all features of the

i nvent i OWE&T@{%@:@Q%FW E%V‘I:"I-(lﬁ a%wmﬁl?ﬁgwld%ﬂléeﬁnﬁ}? Vorga

f eat ur espaftidt heryibaveniteia diswifide iddereiesigml pejpar ent fromthe fol |l ow ng
description in which reference is nade to the appended draw ngs wherein: 10

[ 0066] F | hows sequence of, an al fal fa.pl ast ocyani n-bhased .

expr essi L@&%‘Qf@@ nﬁosdggb?’ ﬁ’r% ntuﬁlglcéjflﬁr‘%qsystfec?ﬁy%? R Hgd“f‘a?%?mastmeaé’] H’%fz}fj Tis

Cal edoni a/s?ﬁjzﬁ%f(t&ﬂk ANihYluérizageizoted g‘ﬂﬁﬁf‘?@?t‘p MBSO 11BN, H;’.alf HHJ}%,F{@H?W q
inventio D NO8). Protein disulfide isonmerase (PDI) signal peptide
is uﬁ%erplignég%@gﬁ;}lgk? g éTI_)thlll*Hss‘H’&Hw( @ASG@PGFPGFE@SOE&}CGEY"@HO@@@%AUSed f or
cloning aicdded e hik18Oh&d nfaly BY H@mlEyBO AR RNSE REIRIdched HoAhE B RD
functional domains of influenza 15 herraggl utinin. After cleavage of HAQ

HAl and foRPEsinggie AtZs B el o, bbiand H% Jeetiwblybtpe infhiesas HA defiom stdaje. [ 0067]
FI GURE 2A/8ho¥sid4rgpr esent ation of plasm d 540 assenbled for the
expression of HA subtype H1L from strain A/ New Cal edoni a/ 20/99 (HL N1).

FI GURE 2B shows a representation of plasm d 660 assenbled for the

expr essi B1930F Therpresgnt ippratipg alsp provisies amethad phipodesi gin 81@@0 Sirad (kephiticles[ 0068]
FI GURE 3 i «c:| LIsi on chr omat ogr aphy of protein extracts from

| eaves pFﬁ%ﬁnﬁplﬁ‘gzﬁgﬁgﬁ%‘?m n HL or H5. FIGURE 3A show the elution profile
of Blue Dextran 2000 (triangles) and proteins (dianonds). FIGURE 3B shows

i munodet ect | Drintfegusing arnuglest acidertcodibg an efitigdh f{oid hiewnChiped situs f@0/x8@ple

(HLIN1)) el utign i L OV i exchusi on hr onat . V.

( S500HR beads %E{‘%E%%gﬁs‘ﬁ%\%‘f %@P@f&uﬁﬁgﬁ%%ﬁf‘o%ﬁ o‘?oil@?ergﬁ 63‘9 B@%prtgﬁ 2000
(triangl es) amgulgiontreging aéttlicamtiegnt, ifkb GYRIAnR Dr pbwviva ticroviadet ect i on
(western blot; anti H5) of H5 (A/Indonesial/5/ 2005 (H5N1)) elution fractions
fol | owi ng si z® iecubhtirg tbe ptaht armepogerthhnefor SEORHBortkas Yhat pdlit the expression

20104 903225PCT. 009/ 000926 .[ 0069]. FI 4A shows the sequence encodi ng
t he %\?t er ni na(ff/ﬂ?ce::%lﬁ%écn Clécggwf—f‘f[y(pﬁ? \R/g&%@gposni a/ 20/ 99 (HIN1)) (SEQ ID NO

). F sho he sequence .encodi n he C term nal fragpent of Hl

(A New Cal %Q%ﬁeﬁ%@?‘g@% ﬁﬁ‘ﬁﬁr)c)"m(l’gé“d%F EfeR%féT)a%’Vefth%‘] Pl GUREUE YR SRS t he
conpl et escpagtigyhe VEre Gdinnge pAR tekuddl (A New Cal edoni a/ 20/ 99 (HIN1)) (SEQ ID
NO 28). [0071] FIGURE 6 shows the sequence encoding H5 (A/ I ndonesial/5/ 2005
(H5N1)) flanked by a Hndlll site inmediately upstreamof the initial ATG
and a Sad site i medi ately downstream of the stop (TAA) codon (SEQ I D NG 3)
[0072] FI GURE 7A shows the sequence of the prinmer Plasto-443c (SEQ ID

NO 4). FIGURE 10 7B shows t he sequefiee of primer SpHA(Ind)-Plasto.r (SEQ ID
NG 5). FIGURE 7C shows the sequence of priner SpHA(Ind)-Plasto.r (SEQ I

NG 6). FIGURE 7D shows the sequence of priner HA(Ind)-Sac.r (SEQ ID NO 7).
[0073] FI GURE 8A shows the am no acid sequence of the HL (A/ New

Cal edoni a/ 20/ 99 (H1N1); SEQ ID NGO 9). FIGURE 8B shows the am no acid
sequence of H5 15( A/ I ndonesia/5/2005 (H5N1); SEQ ID NO 10). Native signal

. NN A 1 7~ IS N I " o, o - o



NG 16). FI GURE 10F shows the nucl eotide sequence of Influenza A HA subtype

H8 (SEQ ID NG 17). FI GURE 10G shows the nucl eoti de sequence of
I nf | uenzaw® 2bidv/@stzsype HO (SEQ I D 25 NO 18). FlI GURE 10HPSh@a0091©0926
nucl eoti de sequence of Influenza A HA subtype H10 (SEQ I D NO 19).

FI GURE 101 shows the nucl eoti de sequence of Influenza A HA subtype H11 ( SEQ
| D NO: 20)003E] GuRineth6d nap dwthet tranptise, i diel stk of @todeifg Gleplan fal nuelezacyy HA
subtype H12 (SEQ I D.NO.21). FIGURE 10K shows the nucl eotide sequence of
| nfl ﬁgnz éo’}ipéwggu%‘{“}fb’gd‘f—%“‘t”g&@qog‘ng one or Reseshan ong P@B@nm@e@hgm t he
nucl eoti de sequence of Influenza A HA subtype H14 (SEQ I D 30 NO 23). FlIGURE
10M shows003BETheiedean imddethas auedhaperoie frofeiny aag de Acl e iibth YRerbllcorpEQnED WO
2010/003%§QFCT/9@?209/000926 NO 24). FI GURE 10N shows the nucleotide
sequence "GP waer%a A HA subtype H16 (SEQ I D NO: 25). FIGURE 100 shows the
nucl eoti de sequence of Influenza B HA (SEQ I D NO: 26). FI GURE 10P shows the
nucl et i g®33pULEHESNOIvédtoh URNZBs (e BP0 Ve PRIV INGIR, 4) the%te?éﬁt&@&i%‘(%@ the
29). FIGUR

nucl eoti de sequence of priner Xmal-pPlas.c (SEQ I D NO .

shows 5 théeduglergcidgaayshefitbeiceansienthy sxpeassedar the aleat, oPptally exgreEal inDheyo,  30) .
FI GURE 1 S i éﬁﬂ, : i - Pl r.c (SEQ ID
NO 31). 9@?&%\%@?&%‘?@ mﬁﬁ%g&c e*({)lit% ?ggngéaﬁgﬁgfogﬁﬁghaggﬁiﬁgom -Pl asTer.r
(SEQ ID NO 32). %0076] FI GURE 11 shows a schematic representation of
several C¥H3L Accordingty anether #seedt phthe Censentt inventi®e thersapprovisied a tirethodwe| eot i de
sequence - HA | al 5 N1 under
par ot Bl e P A SRR (o T b B AR L PR SRR R it o
(Pted; opotion plizplaf4@nawispiagesletcrreidnecipeisihg d audedtide samehd@ caoaidgieart e HA

subt ype HL _ (.AfNew oni /199 (H i.n conbjnation with an alfalfa
protein dSulfidé soaﬁlg(%rﬁlgjy 4§)|gé’ﬁarla&}5e%'\u{?’i)ﬂﬁ’g Q %5%YW Tegig aFtévedBélpzﬁ'vaé‘Idy

| i nked t incabgping seqtatant porfsOsitheplafthinastcondiamn tha Heiniethe exdrBsRhof tHeoNSt r uct
544 assenbl ed for. the expressjon of HA subtype HlL (A/ New 15Cal edoni a/ 20/ 99
(HLNL) ), “Pglee Agidi these Yd€°§€?&t¥é c¥LBhcoding Hl is conbined with an alfalfa
protein disulfide isonerase signal peptide (SP PDI) and an GCN4pll | eucine
zi pper ( [003p] Beemerthod Mgy RirABSERIPRAME sISE HAraBEhGHe %lﬁﬁt%%&iﬁfﬁiglorOf HI')
and ? eratively linked to the {)I_ astocyanin pronoter (Plasto) and term nator
(Pte 5; sevgratipk de MU frpgpthe glant U@ x pr essi on of ML coding regi on from

i nfluenza A/PR/8/34 is conbined to the tobacco etch virus (TEV) 5 UTR, and
20 oper afdo8®] Vhe predefcinWntibn tRRIASOMB hisov3 DR HIIOWREEIhH fANiNDfhe %@B ggnat or.
[0077] FI GURE 12 shows imunodetection of H5 (A/Indonesial/5/ 2005 (H5NL)),
usi ng anPioviding ¥nieleia Agid semprierg arucleofdgiegrasicn ersrding engorf mommtin dpent ham ana
| eaves t A . - i.al . [

i1 enz o R e o iDL OB EL a2t R pei RITENE inbRalsklby o,

(1 ane 1) theghat er gorigmeifthedant dncubdtedundereondtions tatsfeonitexbredsion of theenmpleic

vect . qﬁqg . i control (lane 2). [0078] FIGURE 13 shows
charg(?:t\ggcﬁgélt?e?o o?(ﬁ%gl:%ggeg?%?ni n structures by size exclusion

chromat ography. Protein extract from separate bionasses producing H5

( AV | ndonE¥$B 3l 'Brexoe 8 (eigNL)) onet¢haferdriemwtGat mdphé sl @BIAFBonf tHe Migup,comptisihg e HL,
or Hl agg &%a‘ﬁ@hﬁ 7g)eparated by gel filtration on S-500 HR. Commercial HL

( A/ New Pleddni ar207 99 (HIN1)) in the formof 30 rosettes was al so
fractionated (Hl rosette). FIGURE 13A shows elution fractions anal yzed for
rel ati vel0g? At Hierpresonttinventi¢Reichitiestbe Brovt eiethod awtetein, iraths k@p dfintrodudieHistap

"o o LA 0L86 e oJL TSR, AL DAL L5 G oo BB RHSARZR0° (2
20102903023 PEWIERAR0RIHBOUPRGnayrtaipusifiediusity BidRikclidBn slomstoglaghy.on fractions
anal yzed for the presence of hemaggl utinin by inmunoblotting with anti-H5

(Vietna t ' (for. . FI. GQURE .13C. sho ion fractions anal yzed
For Cant 1 00RY TROIGER i it Bonbrae s Rt T bl o an sHuer it | ons
anal yzedvifustH Aptotein, ffdmieripA A atifdrhia0dioe sard@he 80K tRartdne 1i5ldddRFedl B8 shows
el ution Hr%ctions 5 anal yzed for anti-influenza A antibodies for Hl
rosette. PBI'GURE 13F shows el ution fractions analyzed for anti-influenza A
anti bodies for H+M . [0079] FIGURE 14 shows concentration of influenza H5
(A/ I ndonesi a/ 5/ 2005 (H5N1)) structures by sucrose gradient centrifugation
and el ectron microscopy examni nation8ef hemaggl utini n-concentrated
fractions. FI GURE 14A shows characterization of fractions from 10 sucrose
density gradient centrifugation. Each fraction was anal yzed for the
presence of H5 by i nmunoblotting using anti-H5 (Vietnam antibodies (upper
panel ), and for their relative protein content and henmaggl uti nati on
capacity (graph). FIGURE 14B shows negative staining transm ssion el ectron
m croscopy exam nation of pooled fractions 17, 18 and 19 from sucrose

e A N~ A= T /AN O~ N~ A P~




[0082] FIGURE 17 shows a nucl eoti de sequence for Medicago sativa nRNA for
protein disulfide isonerase. GenBank Accession No. Z11499 (SEQ ID NO 34).

[ 0083] FIDREIOI®3IRROWS a nucl eoti de sequence for | nfl uerza/GA20090068926
(A/Puerto 30 Rico/8/34(HLN1)) segnment 7, conplete sequence. GenBank

Accessi on No. NC 002016.1 (SEQ ID NO 35). WD 2010/ 003225PCT/ CA2009/ 000926
[ 0084] FI[@ﬂREThQHMVEinl of¢teel VizRatnaphe of a tybPAdoituenyd, atyperB influ@os, driiy/e

st ai ni ng SSI el ec n_m.c observatio f r j

ti ssue. é%t ({Pt 1nﬂu8rf%a |581F‘8'ﬁ4§ ?ﬁ%%Pupp?oé@Ffén%ﬁr%r ﬁgHQ\}%ﬁﬁ% B,
virus-|i H5, Harm9, cHl@ HTheH 102 H 18 6pr4 886 41d 106, misonhdBB&Es dtitkd IRFenOn Shows

i nductio 0]c serum a?\t.iﬁﬁod}zl respg(ﬂges 14 days after boost in_Bal b/c 5 nice
vacci nat &d* TR HivRR - IRERZ selectehom thy ypw qomoriswgitls fi2/ B Abpsie; HEnng) or
reconmbi ngget sol uble FI5 (A/ I ndonesial/5/ 2005 (H5NL)). FIGURE 20(A) Anti body
responses of mce imunized through intramuscular injection. FIGURE 20(B)
Ant i body _responses _of m ce imuni zed through intranasal adm nistration.

Ant i body [Qoé‘%ﬁélfgé@lwgfl@ {96 RESSPI dNVERGATHS £ CORpRSItiopgrBaTivAD heetiBNTe dase gEes
(A1 ndonggipa{eAQ P confgMiin ggﬁﬂﬁﬁkﬁiac\nﬁ?m rérb{eﬁ'lr, one@'ise tlﬁ Snd Pl?lnt]lg) gln)
of reciprocal end-point titers of five mce per group. ars repre n mean
devi at i opharmagputicallySiceaptblarqattiero r econbi nant sol ubl e H5. [0086] FI GURE 21
shows hemaggl utination inhibition antibody response (HAlI) 14 days after

boost i npdak &6t 4 | - i nf |

(A1 ndonbrar Do/ HER R A okl A Y G ok SR ke B 2005
(H5N1Y) . VIUPGSUFEPIEIlt(A) Ant i body 15 responses of mice immunized through

i ntranuscul ar i njection. FIGURE 21(B) Antibody responses of mce immunized

usi ng | nieHAFERRERcRERL I B, pein O NI oo RN FERBUPER S B TERR

mean tit gkant- spatlﬁesxl glyeant, e n@ﬂnﬁe@mglyodnsr &he HAquetineitheVliLNmay bé 6f & tyle fi ve

mce per ,greup.  Bar resent .nean devi

conpar ed’Y B?eglé%r?g a%frﬁlélSﬁlzﬁb(l’rés REIOLRS O[fg@ﬁ%]mg}‘?“;%ﬁﬁmzﬁeﬁ%%ﬁﬁgm?ﬁg’%‘P‘ﬂ’ect of
adj uvant ceistingofiop &, €3t M4 .05, e HYLRS, H9) HBa| B ¢ Hi2cH13, Ft IGURIEs 220 A1 6 Ef f ect
of al(ll%lm n mece | m%ml zed throu h i nt ramuscul ar_ i nj ection. Fl GURE 22(B)

Eff e I EHIeASRESH B e HE@tp 2dufremadusm iluenrassiacted drannihe graupi on.  HAI
ant i bodycée grpaq%sms e, N8a%4! 1ethnd$igng i nacti vated whol e HSNL viruses

(A I ndonesi a/ 5/ 05 GMT® geometric mean titer. Values are the GMI (1n) of
reci procal end point titers of five mce 25 per group. Bars represent nean
devi at | of’042] Jhe ¥ LEanaysepmriseian dAmretein of pres pomeiertban ane sisypeaincludoiedbl.e Hs.
[ 0088] FhHeURE h 0

(H5N1)) adm nl}gfrkgsf %HWHS l?%%}‘n%?%ﬁ %\zfe’ﬁ%ﬁéﬁgﬁ%ﬁlﬁlggg%n%noglréggﬁl n

i sot ype thgreaf. cexamplasif sebdyreh orogrisingsuclaHguoteins ingthde t/Sew £rledonia/3098ay s

i veo oo XA R BsRo LR KR8y Y T e SRR T

(A ndonéﬁl‘é&)&&ﬂ@%ﬁmmmmaﬂsrdtmmdm Anigclagleamtghalﬂazroso repe@sent mean WO

the. cor r BERBTAY K67 P ARG Nekey Rttt S RBHERP i pRbelesr by Sobo Hen) )

l(rlA/ GURE. 2A(cB)ckauGebaaly NI %@(Hl(ﬁg?%ﬁcm@éﬂ?gg%& i ed 1V|) ruses
naon n t na roups are
CCatios T SHeRLR e R Tt %Sheﬁgpll@@rw/Wﬂglm@smMﬁf o S

ant i body Aldutionuagainnat/sh ONBIR LRI BRTE WY ANSIoN( 1] 49HS
(A/IndoneS| a/5/05), 14 dgﬂpj}%eks aa fter © ?@st dose 9\(/vee %B/Lez{4d ays after

boost (wedRh @ye%rlrgﬁ é&’y@ﬂa&p@/ﬁ/i‘ﬁwém \Aé%nxsbw)e/w/zﬁﬁmalmﬁh Av‘r$(demomrrun| zed
th H5 t Val

Ao the SHECT o Eenea) A Blde 16 B i M i AR AT b0 G oup, o

p< 0.05 EMW@&@@’ZQ%MW%/ZM Aiffiegapbre/ 113V (H20QQ]A/RhBLRE D5 (HANWS i n

vitro cr r di celrrrm|zed W th
H5 VLP ( %ﬁgg?ﬁ?@aﬁgﬁfl—%ﬁ#@f ggﬁ 3 #@ﬂ}?@&)}gs@ qt“Rf/PﬁﬂgPF/g@dy titers
whol 30 i n&l‘?lNNa%/éldngKam@HﬁB@@@I9N@ﬁﬁ@g&liﬂémﬂﬂ)‘4vwr(ﬂmm} bition titers against
vari ous whol e inactivated viruses. Values are the GMI' (1n) of reciprocal
end-point titers of five mce per group. Bars represent nean deviation. All
groups are statistically different to negative control. * p< 15 0.05
conpared to the correspondi ng reconbrnant soluble H5. All val ues |ess than
10 were given an arbitrary value of 5 (1.6 for 1n) and are consi dered
negative. [0091] FIGURE 26 shows efficacy of the plant nade H5 VLP

(A/ I ndonesi a/ 5/ 2005 (H5N1)). (A) Survival rate of mce after challenge with
1000 LD50 (4.09x106 CCID50) of the influenza strain A/ Turkey/582/06 (H5NL)
(B) Body weight of inmmunised nice after challenge. Values are 20 the mean
body WEI ght of SUI’VI VI ng m ce [0092] FI GURE 27 shows or| g| n of

o . —~ o o " Y N 1



purified VLPs and highly-purified PMfromtobacco | eaves (PM.) and BY2
tobacco cells (PMBy2). Eighteen m crograns of protein were | oaded in each

| ane. [ 00W820fl@RIRE 28 shows the sequence spanni ng frompDradA2bostoooBad sites
of clone 774 - nucl eoti de sequence of A/ Brisbane/59/2007 (HIN1) (SEQ ID NO
36) . The coding sequence is 5flanked by a pl astocyanin regul atory region,
st arti ng[@ibhinsanspdct 6f theBiventivh] the H\ préteiit mahiee i HEMHD, BBAHBYH@ HBt@pocodon
and a Sad .,site_at the 3' end gistri_ction s}rtes are underlined; ATGis in
bol d and YRS (1 fRaot HBWET r BIREWY DAY b ToR st GlsarcledopRRN 99 HING I

Dral |1t a/SagoRichBB4qH 1811 RREBAbane/590600 7601 NIE ATSEHS &1Hks HGH @) bs! ands
3/2006 (HLN1) (_SE(R | D NO 37) . The coding 10sequence i s fl anked by a

pl ast ocy & Hiferag(1 3R H Nl befragm , Thekt prioteén mpy psabdirem the A/Bsishanetl DBA0EI t e at

Sites ar b cer 1} e AR PBTHRG) Gl b Bkl bR Byl B 50 chows

t he sequereten sprheing the Afimyapote/l/I7(HING) tragi. t Be HT proteaneaytétremtiec| eot i de

sequence . B, 0 7 D 8) .. codi sequence
e | sy o Ay AR e RPN TN L b Py s A0 R AR
restri ct agpectsiftie intentibig tie He pdtenshaPye fodttpAdeaitordRengWoAd/d7 (BbNe) at t he
3' end. Restrjrctﬂ'I n sites gr underlined; ATG.is in bold and underli ned.
[0096] FPERURE BEL 21%‘(9\9%“ PRE %galaé%%”félﬂ%?ﬁ/ﬁr%e/é? GATONtrpin. dpangsgeqt okthees of
cl 0ngo 77 faventCIhe Pl HSte BRHHERGR: &iHaﬁgﬂngmm/(ﬁMZPQén{ h‘ﬁ%‘%&n}(efa edti3rNO

39) . The coding sequence 20 is flanked by a plastocyanin regu ory

regi on, Heanentien WiethbA arateiamay be &onmyangnflumzasvirus negy heladys: B aineb, anstiding a st op

codon an } - 3 ) i 611 i | i ned; ATG
o bor AR egBions B pirGigHly RO Lol bbbl BB AR T

f r om Dr apiokeinsdra@ati1sH2.d43, df5, Eboie H7@ B subtypeemtiude SE@JDaN@e 48159 and 128.

B/ Mal aysi a/ 2506/ 2004 (SEQ I D NO 40) . The coding sequence is 25fl anked by

a plasto i . ) i rty it h al |.l i.ciion site
2t the. orOtRT| o SELL OE BN L BT dibn et Rup b o BE BBy 1 o
si t e$5 ar éomrstteml A/Qeliforndar @/0S(HINDHol d and underl i ned. [ 0098] FI GURE 33
shows the sequence spanning fromDralll to Sacl sites of clone 779 -

| eot | /.Fl ori da/ 4/ 2006 . ( SEQ | ' 41). . The codi
cequoncel 45T PAREG b Boa BEAERRT¢ BEmaReiy sogrome SRR ng wi 11 o

Dral || resbdingtn 6IA mbtetn. &lhetnele®’acidmtbledits Myaydnsied pomprd@ one oM@bre
2010/ 0032251PCT/ CA2009/ 0009fq.n%o(gon and a Sad sjte at the 3 _end. =
Rest ri ct [HIAOTY ¥&055 fpeiaitye linfedito therysapence fnqeding 2a Hi pratsist | Theawcleicagigo

FI GURE 3thoRd@ésmhf Corsit ity @ RéfhieSRanbodieh i @MHY, &bl 114195, $aC t175i18 a%0, @f10c! one
780 - nucl eoti de sequence of A/ Si ng}gpor e/ 1/ 57 (H2N2) '(SEQ i D'NO’ 42) . The

codi A sBbdhideHild, Hldamiled! By Borl. s paethenispect eighe mvertipns bgHdrprotsinar t i ng
with a Deablidd gyast hdddit 00d ﬁfoie%ul@tmaw)‘é a§'Hl,eﬁg,dﬂf‘%?ﬁg?H?%]@f.o?%%%B@?d a Sacl
end. ned; ATG’i's i'n

site at the 3 _ Restriction sites are’ underli d and
under | i nébe H| oota0imoddy e nedicnacid helselgicfioe tepadieiviCalddooi2Drogl 1 | t o

D no B OREOAERIEs 2a D SO ReGRERET I . SRSt SRR B At ory

regi on, €tia¥l)iong/@dlitférnia/0Br0@I(HI NI pstaid. dhiafBspetitcd tlatintdatioR theMsl pdn by a st op
codon. and a dsite,at the 3' end. _Restriction sites are underlined; ATG
is i %5 bo?‘ﬁo‘éﬁﬁi’yﬁﬁ%@ﬁl?ﬁ%%?mf’%ﬁ'ilﬁf]aﬁlb %%Aéﬁﬁké“et 2002 g éNDe 0% panni ng

f r om Dr ahIWistensimaay/ =05 €H30f) sthipnen 4 82ther ﬁz@dt@mhie B REA BRIE Hbtein

A Vi et naml 1194/ 2004 H5N13 (SEQ I D NO_ 44) . The codi ng 15sequence is
f1 anked BFOLY48% e mRlsariamsy e fiags e A/Sngapererdd LWiH2N 23 stpyim| The HS

restri ct pofisddetddbylthenRleiensi ALY niy 319 Be £85AM: ﬂnﬂ]hgi/ﬁégosl HgiNtlF. at the
3" end. Restriction sites are underlined; ATGis 1n bold and underl’i ned.
[ 00102] FAMA(RiEamy/? 1943904 (HAN 1} o ddndanesip 290 sirdin. olm abraspect ofttoe Saeitios) thes of

Cl.0n%, /8o proi Lkl SEAHANE Seif noflolRAN RNAKRIVEASE L SOND £5FQ 1D

NO 45) . The coding 20sequence IS anke ocyan ry
regi on, @AY stragn.wi A poteah bdcodebsliy the hicdeic sdid eobicule heryalsodBdroante by a st op

codon an | _sj t-.t he 3 d. .Restriction sites are underlined; ATG
CoTh hor AR ey sh F B i B raRen S B SRR chsndeQbtihenbda st ng
fromDralll to Sad sites of clone 784
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- nucl eoti de sequence of A/ Equine/ Prague/56 (H/N7) (SEQ ID NO 46) . The
codi ng sequence 25 is flanked by a plastocyanin regulatory region, starting
with a DraDRbiwessi ction site at the 5 end and by a stop/@adiormoend a Sad
site at the, ? nd. Restriction sites are underlined; ATGis in bold and
under | i ned.”'] 80T 4] FI GURE 39 shows the sequence spanning fromDralll to Sad
sites of clone 785 - nucl eotide sequence of A/ HongKong/1073/99 (HON2) ( SEQ

ID NO  4iddleculdingy B@ﬂbﬂ%&&ﬂﬂﬂ?ﬁﬂ@]{ 073/9{9I(H9N@ﬂstt@m ?h@Hﬁ%r@t@M%nﬂ‘B%@ﬁ%@t ory
restriction site a

region, startin h a Drall

2010/ 003Roioey %@2’6@@!%@’9’26/ g0 Theeﬁfﬁloaﬁ@r%g)o@ o5 BAylaleysirs?08R804st @i |
site at 'ﬂ%;%‘]] and
under i nEex}(%ﬁ1 ﬁa88?0 uiﬁg&ggug%k%ghd%&g e g‘r:r(l}&n gggjemﬁ%;%gl 8& %E(S}%) BgNO 48)
of the ﬁbﬂﬁﬁeﬁﬁl H%OtBadsmmhfde@tﬁQ:HbN@s7313447(amﬂ510+7§b1ad|é2159/ 2007 (HL N1)).
The open reading frame 5 of clone 774 starts with the ATG indicated in

Fi gurse I q% C 49) of the
pol ygepﬁlﬁfgj“eﬁt@grﬁs lél]i'? gc 8? &igénéglt}g %t?ecAfl g %%%g%&ﬁ lgﬁg’%?gn?f) Eb’\%)réun( HIN1)) .

The opem\/irsladésrg)F 0B NI ocfrometra”iﬁB\/@alefomm/M/@Q’(Hlme)ATG indicated in Figure
29. [00106] FI GURE 41A shows the am no acid sequence (SEQ I D NO 50) of the

10 poly Ione 116 ri sbane/ 10/ 2007 ( . The
open reggﬁd&%%ﬁg%@%%&%ﬁ%ﬁéﬂg$6 peratuve%hm th%ﬂé1 SEFESS e&F%dg?ge?fl t Hr e 30.
Fi gure 4ddudstbuse t}hdnerempsbnanveamlaCiolaﬁﬁqelElaﬁelsécﬁEéll b ekt c5ll) Swh regwatml ypeptide
transl at ed from.clone 777 %/ng]ﬂ%nm n/ 67/ 2005, ( H3N2) The open read| ng
frame of @PPHRaYRFILG Lplpdoqiapin regplatony Evgion  cgulatpry FeekingfiRdbulase 1,

[ 0011@7] |ﬂ1?ﬂ5§hét36arﬁ5@l‘§se/bh BN MRuBLRC D), SRR ﬁwé)%ﬁialﬁ DS ( the 15
pol ypept i ans| at ed froSrirzg cl oge 778 %B/ I\/aﬁlﬁiggm al/ 2506/2004) @%)'IBhgiTopen

readi ng Ylafiolyhedsin segulapory region: pra ewéﬂrregq%eom@wm@@amreaﬂatnryepggme 32.

Fi gure SNOWNS T l.ypepti de
transl a:%guf rom cﬁ%?e@%{gg (t@r? (g(ﬁsgﬂl%g%go'g%%q%sﬁg opree %QSTHP gr% of

cl one 779 afflds plestedyrtin répulator@régua; dwt5e ) TiRa SRR meteﬂﬁinat[)ﬂ@d;ﬁ)@]:ﬁl EyREs04 3A
shows the ﬁglﬁpgqu 1. d sequence (SEQ ID NO 54) of the 20 pol ypeptide

transl ate romiclone 780 (A Singapore/ 1/57 (H2N2)). The open reading frane
of clone 780 starts with the ATG indicated in Figure 34. Figure 43B shows

t he lam 604 ¢ iAdmstbodienoducir@E@niuDiti)NG arﬁiﬁ)lumfza imes 1p’®btycpﬁptaisdlge¢t,rlaalsb at ed from

clone 781 hUI/1/2005 he open frame. of cl 781
starts W ?\&f‘/dA{ﬁ 8m8m%ué%iaﬁ\1}nl§ fegng gle%gus [gﬁﬂ%ﬁﬁc@%m AR t he

am no aciirds HemteﬂeﬁleoxﬁeSE@ldrBtHNﬁ)onéﬁl)thfpld led 2 phap@bicedilydecchfaBRehced from
cl one 7%&N Vi, et na 1194g @gﬁ (H5N1) The o Fﬂ?en r eadi nghf rane of clone 782
starts gy ISy ot abpipisters éﬁﬁé“@%?m Iy peadempelbnpf@naselly. ami no aci d
sequencenttaatRedl R Nitra Jdtoﬁl%‘allklhﬁtréi@hddi@%%ﬂ f8cliiRpsH@t ed from clone 783

(A/Teal/HongKong/V\BlZ 97 (H6N1)). The open readl ng frame of clone 783
starts with the ATG indicated in Figure 37,

2016P003%955bEe WQ’/"G‘@@QZ‘G‘O[PSGTEQ)‘P@I weekqmﬁleﬁ OVEP )t REpEpiNg eneeyindore
SequenC e SRR N Bk i A
(A Equi ne/ Pr que/156 i 0) )?%%SQ%E%(E%Q%&{%?%B&I?@E@ @Oﬁlﬁgﬁr?g%wgg g ts
wi t h t h&batlrGViarurg an HIY,rﬂthogwrem@e thamj age tipid4sBvehiows anhe-sialylatiog heitd

sequenc apslat d from cl one 785

(A I—|0ng(|§(r)((r?§Ft %‘7‘%13@ !'ﬁ)I (Q)I—gﬁl%ﬁﬁg%’ﬁ ng@tzpe%ggﬁgh B?E%ﬁeavg?s PSR st art s

wi t h t he/PA0Er ViRdh;che ®arbiurg ﬁitglm@eiﬁgnay[ﬁéﬂpl&q}Flt&JﬁEa% v pStdinmanbelHt ect i on

(wester .0t f elution fractions 7-17 of plant-produced VLPs, follow ng

Si zzgengcgégﬁS%\F%ﬁrgrﬁat ography. The elution peak (fraction 10) of

Bl ueDextran is indicated by the arrow. Hemaggl utinin subtypes Hl, H2, H3,

H5, Ho6 &b3Hadditiendlychmpresdanmyeyitionirelatas ﬁ031 ik Gk pm‘tu'tla (YER)GHpriSing arl 4,

corresp ution of VLPs, 10 0 12] Fl GURE 7 shows an

i mnob?ﬁ}ﬁ}eg%a I%éltﬁg\ oY le(le%(ﬁlonr eS| Blﬁl%efth%{“?g d'PLE ML R ?I‘cfﬂﬂﬁ hostis ednnual

epi demi cheattheaving 11k3'pﬂ11aIB@VLmnhycdmﬁfse gf ik vhraaﬁAqfr@t%ﬁl and 8Xd baRére were

| oaded | n | anes {Ed pecti vel %/ for plants expressing HA from
r%rllﬁg‘e?‘f) hgp

vari ous }faﬂfof’ﬁeﬁ% lig tHdf & %t t}teWéru’E Ble prrtiele eV i msyoiomerisg an

[ 00383] Rifdofi WA SRR REURRBlaharP iRl ik | expression of a series of
H5 15 hemaggl utinins from potential panderic s?ral ns. Ten and twenty

m crograns of protein extracts were loaded in lanes 1 and 2, respectively.
FI GURE 48B shows an i mmunobl ot analysis of expression of H2, H7 and H9
hemaggl utinin from sel ected influenza strains. Ten and twenty m crograns of
protein extracts were |oaded in lanes 1 and 2, respectively. [00114] FI GURE
49 shows an inmunobl ot of H5 from strain A/lIndonesial/5/ 2005 in




20 protein extracts from N coti ana tabacum | eaves, agroinfiltrated with
AGL1/ 660. Two plants (plant 1 and plant 2) were infiltrated and 10 and 20
jig of sovobkbw/psnsei n extracted from each plant were | eatath200v/doeszes 1 and
2, respectively. [00115] FI GURE 50 shows the in vitro cross-reactivity of
serum anti bodi es. Hemaggl utination-inhibition (H') titers in ferret sera,
14 days (0@)54hThepres]est invention elsatdlaes tarcdm()&)tuﬂ@ cahprédinZvidPafasd oninble

| ant fl HS VLP d / 5/.2005 b
P eaponsedieria HENES LTy ThhE%S Bl Possry R A6 e ely W6 FESLBRE U r uses:
Al t ur key broup kentprisifh A/Né\v(meaamfid@é(@ﬂ»J1)Mﬁa&m1é5lz©66 amsN Hh e/ chrre/QepuUS
strain ALl rkgonem a/ 5/ 05. Val ues are g 8 i reckgyocal end- poi nt
titers of O 1995¢ &heming syWDES GRS @%brﬁs{ifew P3802, Admalipy PHOPB/ 06 (cl ade
2.1.3 a it - i 3
Vi ot o B e ey &/ Yol ¥ ss)

i ndi cat ed/shpegley/Iy @é@nwmm@mwwww(HMD AM@:k/England/56(H11N6)

2010/ 003 | | ei

sequence’ ( @IWWQ@?&%@ A%Mirgfra&@% éﬁ’i‘@;@gf‘} I\qe%aﬁ%/ “QFVﬁ%ﬁz %alfa

pl astocyAfdunk/mustmbiaém/3881((iHBSNSJTR/bId@EmngHlghil/SWBd@@SiQQ’(ﬁlSNﬁ])UBI‘L%eMOf HS5 from
Al 'l ndone 5/2 tru |.fa cvanin 3. UTR and

t er m nat éé:g‘?l[; g‘ff’é %N%g ﬁa%)een%@%{ﬁé NG g¥plomeguence

( SEQI0 D Mandm/)zom (PHNIDW\/B)GEH&@%/QOO’P@M‘) Lewnsimmsiha noos(H aha

pl ast ocyani n pronnt gglutinin coding sequence of HlL from

A New CaPe¥d/aysi2W P@Q% I%/ESHQQW@Q% #‘N%‘%Bpore/ HP AN phAsh ety AWMSKHSNDUTR and
terni nat mlaﬁmn%@o@p@%ﬁb %@B@&E@ 15/0¢ (114G r?gkﬁl%q?ﬁ# & @gﬁa@me (SEQ

| D NG 10 expressi on caSset corrp i Si stocyanin
pr onot er( W)EA/HQF@OMWQ@%HPNQ); Océdiah@rsefﬁ)éwc(HlNﬂ) Hheftwo or more

Al Bri sba #774) . . al f st ocyani

t er m nat %ﬁ@géég%égé%?ﬁfgi%% PY PAGRET HLAPQ e\ﬂzlslw?]ﬁgt e t%‘éeis caltﬁl@ia@gl(g’ﬁl%nce ( SEQ
| D NG 68ipreodf tixrsubldpes @xspraiassiaphe thassgdrite o£hEpidisd digultypalrépeseh@st ocyani n
pronoter and 5 UTR, hemaggl utinin codi ng 15sequence of Hl from A/ Sol onon

| sl ands/ 1 nstr ct #77 | f.alfa pl ast ani,n 3' UTR and

t er ni nat E)d g%&@bf nggt)mf %Bﬁ °§ﬁ%’i/%£‘5‘{"r~r§p g?'\é‘“ahllﬁlz%ﬁ%nce ( SEQ
| D Not Gmf@glmgm éJ_rlhlgnnaﬁbptae@s b@ﬁm_ﬁﬁfﬁ:&ﬁgﬁﬁngﬂﬁmms&hﬂgax?éflf_ie'zth]{/@dc%b 354 OL¥@mei n
pronoter an e g codi ng .sequence o rom

Al Si ngapBFEEmePe PQNQSG’”F%T) R%I&;clr&l B‘%’ fuélflg a npp-siabyaigedishior  UTR 20

and ter nk:palply a SIERUHSRCASinsdcPRbkE bl FlyéddRiosb STiRhavgnd Hgy W&d{ﬁhﬁte%'ogalﬁleq uence
(SEQ 1 D NO 65) of an HA expressjon cassette conprisin

pl astOcy@tpderprbrdttenasiiy lzbraneyﬁpéaﬂnemﬁ@gnmewrﬂn@@wa %s eqwém@ten@flslHS from
A Anhui / "Hleztg t&r'éﬁhgxﬁ g@?%lééﬂ #onf Bb) %LgJ Joﬂ'l fi&in h%?ﬂ%c ﬁﬂ&t@s ﬁ r&é{r gégnd

term nator sequences. 00122] Fl GURE" e nué elc ach uence
( SEQ | D s (@69n)o¢at%ﬁomrwpnoesksr®mmdshektgemprpﬂuss ichigkeal, Ezmhel,acanine,

pl ast ocy TR, ut sequence of. H5 from
Al Vi et na é@in%ﬁlﬁ Z%E %(gﬂ?&%érg nest’trrrlluc??%gﬁfé tgﬁr?ct q]f) st § t{' BEPEime % UTR
and t er niatsaseal, whelgs entcias like. WO 2010/ 003225PCT/ CA2009/ 000926 [00123] FI GURE 58
shows the nucleic acid sequence (SEQ I D NO 67) of an HA expression

codi 1y suBedRHe YRy bR\ S AR RsRiriBhe a7 o e Cemretvitee &
25933) ] al ﬂﬁ}ﬁfmmﬂ?&t@tyﬂueﬂza:ﬁrmhﬂﬁ aemgzéﬂehm Bphble oS PRUERSES VLD, hPEhdhld | CURE
shows e nucleic a uence expressi on
casset t e R8Np /TS Y57 ¥ a Q7 ﬁHaE%fPB H?‘ﬁgr’ln BPB%P@?I)HAWHBS’W]B‘T*F@“%MQI uti nin
CFSI |n19 S}ﬁqﬂlﬁ:ﬂdtﬁl iafectH®11E E@rﬂplﬁehkgﬂtg ﬂ'@ﬂﬂ% %Q&%A gﬁnﬁfﬁ@@hn@&@@ék"(éﬂeraﬁ 785)
alfalfa erm nat or sequences
shows th‘g %/q"é?é?t lpléjéq)u%fﬁg‘éL qrresiyee meaggymgmsedwl(}qﬁomthgpbﬁ@gg on
cassgjt Qn@rﬁﬂﬂﬁﬁé@ﬂ slelialdeferhll ARFRRUANLOBIPIRLOY and 5 UTR hemaggl utinin
codi ng sequence 0 fromA B@I sbane/ 10/@007 PI@—%NZ) al fal fa plastocyanin

3" UTR and term nator sequences. 0012@] FI GURE 61 shows the nucleic acid
sequencd 0PBEAheprogent imgntien alggperiaIns tey pats Blaniriisewess plantceloumpiisihgg al fal f a

pl ast ocyaRiet J4L g, %g di.n nce of H3

from A/ W sconsi n/ 9 3161%% Fa\ﬁiﬁ %e%‘llﬁ = %gl)d#%‘g{&tl gl}n %Igﬁne{lﬁ%%gﬁa ¥%r ni nat or
sequences. [00127] FI GURE 62 shows -tlRe nucl ei ¢ acid sequence (SEQ ID NO. 71)
of an HA  expression cassette conprising alfalfa plastocyanin pronoter and

5" UTR, hermaggl utinin coding sequence of H7 from A/ Equi ne/ Prague/ 56 (H/N7),
al falfa plastocyanin 3' UTR and term nator 20 sequences.




[ 00128] FI GURE 63 shows the nucleic acid sequence (SEQ ID NO 72) of an HA
expression cassette conprising alfalfa plastocyanin pronoter and 5 UTR,
henmaggl utwoi2nionwsii2ag sequence of HA from B/ Mal aysi a/ 250@CZ@Mp0%al0b%ek f a

pl astocyanin 3' UTR and term nator sequences. 25 [00129] FI GURE 64 shows the
nucl eic acid sequence (SEQ ID NGO 73) of an HA expression cassette

conpr i si ogerativebl Iinkeploastgdytary mgipn active éx a plant. T'he biftien heydggh wtfivehsa codi ng
sequence, of from B/ El oridal4/ 2006, alfalfa plastocyanin 3" UTR and

t er mi nat BW%%@‘S‘BWC@?I? %ﬁ%ﬁ’g‘] Hie ﬁ%enéga%ﬁévéonép@b‘ﬁ%zé G%htg?ﬁl%%“/ %ti d
sequence (SEQ ID NO 74) for HA of A/ New Cal edoni a/ 20/ 99 (HIN1) (encoded by
SEQ | D ND0583The pMriBiriag it bHRRQ 4 nhtidibhiid WRpASADA BELRdEGR 009/ 000926
(SEQ I D NO ,48), A/ Sol gnon |s] ands/ 3/ 2006 (HLN1) (SEQ ID NGO 49) and SEQ ID
NO. 9. x3nopliggrhs ormaly than ope ghapgrongprofeipsqperagikel ; ipkeddo pregulaery segiqnposi t i on
90) is Kadtive B a pidnt( PRSdrel R ThoPSthah SndchBperdn prRidsROS Hels@Bctdd fdmltiSe %o H X6
(position 145) i1s Vor T, X7 (position 154) is E or K, X8 (positton 161) is
R or K; SongrisewiHspdtandHsp70s v or A; X10 (position 203) is Dor N, X11 5
(position 205) is Ror K, X12 (position 210) is T or K, X13 (position 225)
is R or §0591fh inlh . Lid B St N, X16
(posit i o3 0) ,ei(ﬂi‘?’%f°2?‘pﬁ‘2‘?<*%?“ %S}s,éi/pﬁsgﬁr?s X35) ‘?@?ﬁ%érsgﬁ’?‘z‘%%r"?‘%éé}“?fon 489)
is N or thesqmoicksiringreelb@r e Wans Hpide cancttihubdgsperifie ifuBE@ dels M@ 75) of Hl
New Cal e j SEQ I D NO.  33. .10.[00132] FI GURE 67
shows th%ﬁlgfﬁn&ﬁgé@grﬁuﬁ‘%é éelscﬂ) é%sﬁgrg&?%ﬁ%lg%nﬁ&%mf’@ argfmaaﬁ OE’[lﬁ%fi%’o Ri co

( NC_ 02098 8ptiatid @nindike (P GyanSpipdpbutidPl etidholpMiEIBF - hfd o &@Btashows t he nucl ei c
aci d sequence,.of .a.portion of expressipn cassette nunber. 828, from Pad |
(upst  catpronBeuRi R airte TBaTS sul riviiners B rems SPRREdiRAY cow
HT 5' UTRusisgdl @t tHedee hbts@rsitieh corel Bkl ST biR@herB8didtoEh 1&1% chiih €

(i mredi ately éghﬁpstream of ATG of protein codi ng sequence to be express,

AlG P ( . A
in this ¥&gga thei fsms P gRidedinkgs.ty 2 foty pou hpicioRptaisDeshagian iR crrbensei c
aci d seopeReEPRhs FelPY ély%lﬁﬁgo@igfﬁtcﬁrpﬁhd RHEB £ nofiltes & Qé&e!d'k;;'q}larﬁm@aﬂ the
multiple cloning site, upstream of the plastocyanin p|Pormte ) to EcoRl
(i i afTERYNCHS h anantigen-piseengihg sells ¢ fBAF)ike dentiiiacadls pnd #HBcrppliages and

Al | ndonesi . i ] i i.th PDL. SP.is underlined. 20
[ 00135] F@%ﬁ%@%@@%g&sﬂnﬁg ﬁ%@ﬁ@%‘*‘gé%@&ft edlggrrl%\’iew% F%ljlﬁ\g’r géo(s)él)l of construct
nunber 7B#thefmamikfadditiod to(thapdtéreiahadjdvapl effect dihagesshéemnt plupslipidg Meabilithe

pl ast ocyani. n not e t. CORI (i i at el y downstream of the plastocyanin
Perm nar oo RhE VPRSI Bl BE e b P SR SR IS P8 Giow T
PDI SP i @aiundetiDuped 200700h360 &= dbiithzedls &BYSo8RBoAVEVEPEindtdngs. sequence of a
portion of construct nunber 25790, fromHNndlll (in the multiple cloning

site,, U f the.plastoc in pronoter) to EcoR (i medi atel

dourrt r SREBATY R it PR Ry R o Scinstea B A B S SRR 2007)
codi ng siaduencaonger il reidtion tRBIVISR nhale limétﬂérlﬂld?ﬁﬁhctuhgg $3fdntd ARG 4R shows
t he nucleic aci d,se,quenc%é]of a portion of construct nunber 798, from

Hindl |1 PERPIEREACHRR ipted b thase Aignisnads, Vidssyiflds sirerect Weenptoampatsdyettien

pr onot erimnhthe E&RRbn inthdBIBYIRE 61 MteHINSHAGANQf vabffesP! @St ocyanin
termnator). HA from B/ Fl orida/ 4/ 2006 codi ng sequence in fusion with PD SP
i s under] | nﬁd. £00138] FI GURE 73 shows the _nucleic acid sequence of a :
por ti on [@P01 Srnetranyde VifsHse madsef whalgrrss VLIPS prvidehe ashvantage @8BS ymronot er )
to Ascl donHREH G ShYs JOWDSIHABRE] b i ol <S04 nce
of HL (from A/ New Casl edoni a/ 20_/8%1995 Ill}lﬁi#}lgt?sl|§%6nte:i\%v| %‘i’i&%{t%&g&?ei&s%%ﬁ@?eﬁed-
[ 00139] PYekme With aswignle infeetions wires, andhis inot requjied iorepreduction dtltritemdeVIdPonst r uct
nunber Sade § FMLF: H%lsatg : Q Ascl. (i medi ately
downst rergm o? t he N@aéte m ?1%?’? raggw%%g?%%ggegégrg%gﬁ%? tbﬁ?%“fno%(a

Al | ndones¢eaheysg 00 §elid sthunloking bigreficant @ moBOL 4] ik BUREsuiabkforgalth@. nucl ei ¢
aci d sequence of a portion of construct nunber

[0062] Additionally, plants do not comprise the enzymes involved in synthesizing and adding

30  sialic acid residues to proteins. VLPs may be produced in the absence of neuraminidase (NA),

-13-



686, from Pad (upstream of the 35S pronoter) to Ascl (inmediately
downstream of the NOS term nator). Coding sequence of H5 from

Al | ndoneswe/2810208225i n fusion with PDI SP is underlined. PLOGALJIFNGEIRE 76
shows the nucleic acid sequence of a portion of construct nunmber 15 732,
from Pad (upstream of the 35S pronoter) to Ascl (inmredi ately downstream of
t hg Nlos tagd thieredis 00 heed&bdd-ﬁ@r&%ﬁue RE e)htea‘at 1t lpfd’dﬁﬂhé\é%rsioS eanet Wik %Ql@%sé S
underlined. [00142] Fl GURE 77 shqws. the nucleic acid sequence of a portion
of const?‘EF&‘fJ“?'lﬂ‘s‘?ﬁsé%’t‘?%‘?,uref W@aﬁqtlo?ﬂfb@?‘i‘téam of the 35S pronoter) to Ascl

(i medi ately downstream of the NOS term nator). Codi ng sequence of HL from
A Br i sbaip@63PTROVLP profiuksil dadsbiidhndeNithShe pr@sc2Oinvadnldo ﬁh@deorﬂﬂ?@é—i@ﬁ]?dgét@ARE 78

shows the nucleic acid sequence of a portion of_ construct nunber 735, from
Pacl (up3ft dﬁf‘&f’f‘”‘ttﬁé’l DBr 8RBt ER)contgminagt of the\YkB prepampionpndrisendssiradof t he
NCS t er miyhah @mimn%q%ﬂm(ﬁz%gg%%%ﬂﬁe FBplromV Bri sbane/ 10/ 2007 is _
underlined. [0014 QU shows the nucleic acid sequence of a portion
of construct nunber 25 736, from Pacl (upstream of the 35S pronoter) to
Ascl (i mhRrhERis yuamary< thedryeation fecs mornecessari L desstihe alfsatureg of thgmssogornf H3
from A/ Bri sbane/ 10/ 2007 in fusion with PDI SP is underlined WO

2010/ 003 B2GREDELCRAS 10Xl P HROWINGIRE 80 shows the nucleic acid
sequence of a portion of construct nunber 738, from Pad (upstream of the
35S pronpt er}1 to Ascl (imedi ately downstream of the NOS termnator).

Codi ng s&éWfifehtlesspandpthenfeaynes of the inyantion Gt begosmamere eppasend fromgbd AdpmIngURE 81
shows th F=IE ol j : uct nunber 5 739,
from Pada?%ggt'ltl(?felg%% g(%‘hqf %géﬁg‘g%%%rd g%@%?@eﬁg&%ﬁmgfméﬁat el y downstream of
the NOS terninator). Coding sequence of HA from B/ Fl orida/4/2006 in fusion
wi t h 19D [@66] EIGHRE LA Hews apenreacr|qf poekitfagtasitspanin-hasd ckmessioachsiettersadnce
encodi ng j : cleic acid
N S R e e T S e L e

mul ti pl ecwbediinagf of theepresgpignyeantion (FEQ HENP: ) mBtateih disolfide GRineble (ADEgiaht el y

downstre f .t 4 I seguence i s derlined.

[ 00149] F?%El%‘%%gﬁlﬁﬁ% @Hﬁ%&?@%“@ﬁ%‘%ﬁ%ﬁ@eﬁ CUOn LY ?SSE ?%fcli‘)(?&f’rgst ruct
nunber R86Gho orbokd. Nk 18ishowhesditihitiqiggrah 0D fungticial @mdiRsdfieammaf t he
prompter) to EcoRI (i di ate stream of the NOS term nator). HSP70
Poar B S beEseBEs ATRaFT el M 1D CHEoH ke emOsTe N e GeF b5
sequencediifide PAddel on of construct nunber 15R870, from H ndlIl (in the

mul tiple cloning site, upstreamof the pronoter) to EcoRl (imrediately

downst reﬁ(g? w El%er m nator). HSP40 codi ng sequence is in underlined
italic aht® R ows g teesentation ( plasmid4y asyemblpddpribe prmsessipnofbid:  B)
nucl eot i giessype@Ar 34 9Bain [AOQD Ehfch§3RE0/06 (13 hOMSFIUEGN S8 B dvs o pon of
construct R)I?Z. [ 00152] FI GURE 87 shows g;{; i m’rlfjlg;obl ot andgﬁyasrig@%o ﬁgﬁlgéfessi on
of HA usPlgmid 660 gsramblied forehe ¢xpecssion af HAfsubtype BF Gowi straii Alddbneke/3/3e0Fer ase.
Twenby '}‘PS"P@IQT ans of |eaf protein extract obtained from3 separate plants
were | oaded on the SDS-PAGE except for the HL (A/ New Cal edoni a/ 20/ 99

(HIN1)) where five micrograns were used. The indicated controls (whole
i nact i vatQ®a8l FIGYREF ovste siresptlegoudhrenategraphyef orasgn kestchcisrrdn leevasr t went y

Cal caon, 30/ ¥0) By S LE 6 PAGORE s pBhoi 1 IRl o B SB0ian 2500

expr essi ranglesHadfproming\(darherisiah 67] GORFIY shodk irmpheksiction @festen Bl6t0 fati

Al | ndonegi O X I from B/ Fl.ari da/ 4/ 2006.. The arrows
i ndi cat eﬁ? ﬂ‘ﬁﬁg‘ﬁﬁ%?ﬁ‘ﬁ&’@%’? é@%gﬁéﬁ b& Ié@go?-lﬁﬁftlog‘#%‘.’vl%a?ﬁe\?égg?ﬂhaI pepti de,
PS PLi . dlirbrabthgraptiyl (SSOQHR beqiep FIGIERE WO sBO Qa2 pRET 6129001000828

[ 00153] F . 8 ho .conpari son Xpression strategies b

i munobl %&gﬁ%ﬂ@g ?S@n%?’rq?eé’ésf (g%ﬂ?f@q?n F@t’ﬁ@é ﬁssgoml%‘én"d?téﬂ%gﬁeiﬁ@ﬂ%bﬁé

pl ast ocyai H5) FHRMMdbAEsRERR05 @Hﬁ‘_ﬂ? bl@Bon frttiohd WMMotihe stBGx Mgl tyPe HA
signal peptide and the signal peptide fromalfalfa PD% were al so conpar ed.
Twent y rﬁ}E?IB@P%rﬁ%hyd&%Q%Rg?%is)extract were | oaded on the SDS-PAGE 5 for HA
subt ype anal yzed except for the HL New Cal edonia for which five mcrograns
of proteins were | oaded. a) Expression of HL from A/ New Cal edoni a/ 20/ 1999,
b) expression of HlL from A/ Bri sbane/ 59/ 2007, c) expression of H3 from

A/ Bri sbane/ 10/ 2007, d) expression -df4-H5 from A/ | ndonesi a/ 5/ 2005, and e)
expression of B from B/ Fl ori da/4/2006. The arrows indicate the inmnoband
correspondi ng to HAQ, specific Agrobacterium strains conprising the
specific



10 vectors used for HA expression are indicated at the top of the | anes.

[ 00154] FI GURE 89 shows an i nmunobl ot of HA accumul ati on when co-expressed
wi th Hsp WO 2archobep70. HL New Cal edonia (AG.1/540) and PBTHrA28d200e926

(AG.1/ 790) were expressed al one or co-expressed with AG1/R870. HA

accurnul ation | evel was eval uated by i mmunobl ot analysis of protein extracts
f rom i nf [006PAFHGUREaMeshowi i@l sequenecdncydih@the W tetisingMagnedofaf] @UNan A/ New

hows a Eein2 B BHNOPREG 000 BTt ABiondis Ffermvinntatbnedbiso 0o
( const r ugkmthab@kbmenf O0H b6} /Nt d34ia20@OHYRS)) €6 Q b fo.anal ysis of HL from

Al California/04/09 in protein extracts fromagroinfiltrated plants 2
days post, . infj ion. Sanples run in each_ |ane are 20laid out in Table
20”1 bo1 7R HeRE 5 hans e eoRa cinienistes desag Joes 1 SAGTRDCRISon59 95 *t he
CPW- 5 HT (IppsBfl(BXPIES®: ). cassette for HL from A/ California/04/09 (cassette

nunmber 560) . Alfalfa protein disulfide isonerase signal peptide coding
sequence_is underlined and mature Hl codi n? sequence i s hi %hli hted in

bol'd. i L7 5 BEEURE S\ owsibe Somenes caersiagide o GEone NROS BN 1 brffanked hyea Hi
from A Calijdiosid RiR4ididy ?ﬁre%%?%qnilﬂm ASES An@al\ggcl sﬁ%%%@g%{e%%ngt é?isei n

di sul fide isonerase signhal peptide i1s underline owWs
t he nul cekthe slep EBydbensen (3EQ Ha NEX35S pronoter (SEQ | D NG 129).
[ 00159] FI GURE 94 shows the nucl eotide sequence of internediary expression

pact (1 oL FERERETR Sodsgls oo dats pel FEs i BEEIE RINIIPLRR oo

t er miGat @B phov@sxBe SQuence nbprmersipdigfreig-Plastour(BBQIIDMNGLS). NEIGAIREY A\Jswartee boxed.

Apal resfricti Sit i iat el ! rotein codin
sequencegﬁfqggri)cggg rb@%@gf‘i%&?ﬁ?ﬂgggggg@éﬁéﬁgi%ﬁ%@é,S,lgo Sége, SSAECSRigted.
[ 00160] FpfsBEHABnd)R205 (SIH@ IDWND:@pt | de sequence of Native Hl
Al Cal i forni a/ 4/ 2009 5sequence (SEQ ID NO 135). Native Hl
Al Cal i forpi { gnal peptide .i.s underl.ined. dl Styl restriction
sites ar L&Z%ﬁﬁ&%%%%séﬁq@@% a‘é‘ﬂé?ﬂé’elﬁ‘?é’fﬂﬁjﬁe@?gﬁ‘ﬁ C@&g%i’@@@%f t he
final seguengeSKESHINGY). FICRE 88Ghowyht bsiozel seqithad siHg HL
A/CaHforn'?pa({gM éyog sequence. Mprotein portion fromDralll to Apal
rest 17 ct yihdeneswy/ 0‘{?4&@}\&1};@@@_1 gP)-j Nativg siggplperiign is indiratcd dn beld. St ul
restriction 10sites are boxed. [00162] FI GURE 97 shows the nucl eotide
sequence[00f4]FFROURE Yshdw{ SEQuENOscqlidide.of 2LA SERIR N IR S BNEKER (ISEQ | D
NO 139) used to synthesize the HL A/ Californial4/ 2009 sequence using
PCR- baseH"Hl@ati on. [00163] FI GURE 98 shows t he nucl eoti de sequence of
expressi on cassette nunber 560 15 (SEQ ID NO 146), from Pad | (upstream
pr oot er joot s FIEURE i10ARAGN @k YudHAs béq@aibe NORlueh L A AW Edggp@@izg%ﬂfg@ HL
A Cal i fornial 4/ 2009 sequence i s underlined. DETAILED DESCRI PTI [00164] The
present NRVEAMEIGNRE 08 shews thermelepitdsdacuenenridnflusnraid HA xubtypatt3 SEESID Mor e
20speg! fNORINIGHRE RICHBRS tMiBBbRNodind Jﬁﬁﬁ&qzig[}gg%pg%@tﬁ%ﬁ

I ue g he T ol10w ng

virus-like particles conprising in za antigens.
descri pt Now4) FIGURE Wileshows du munlsotdicrseqitencd GUABEhTNA HA eteyrde HNGEQ IDon

provi desya,. ' conpri sing. 4 nucl eot. sequence e j.ng an

anti gen y@o@?ﬁ@%ﬁ@%& T g?le‘?‘bd?’ s shgs of Inffijenza Iﬁm%ﬁ’?@e ﬁ@rﬁggéﬁbt i nin

(HA), 255PeatHIGEIRE 10Frskeds the nacle@igiakafuetiop of egfluenzaak HAVRbiype BIBFEBOID
NO:17). FIGURE 10G shows the nucleotide sequence of Influenza A HA subtype H9 (SEQ ID

25 NO:18). FIGURE 10H shows the nucleotide sequence of Influenza A HA subtype H10 (SEQ ID
NO:19). FIGURE 101 shows the nucleotide sequence of Influenza A HA subtype H11 (SEQ ID
NO:20). FIGURE 10J shows the nucleotide sequence of Influenza A HA subtype H12 (SEQ ID
NO:21). FIGURE 10K shows the nucleotide sequence of Influenza A HA subtype H13 (SEQ ID
NO:22). FIGURE 10L shows the nucleotide sequence of Influenza A HA subtype H14 (SEQID

30 NO:23). FIGURE 10M shows the nucleotide sequence of Influenza A HA subtype H15 (SEQID

-15-



[ 00167] Furthernore, the present invention provides a nethod of producing
virus like particles (VLPs) in a plant. The nethod involves introducing a
nucl ei c awodommwentsng an anti gen operatively |linked to acrageb@tooodzer egi on
active in the plant, into the plant, or portion of the plant, WD

2010/ 003225PCT/ CA2009/ 000926 and i ncubating the plant or a portion of the
pl ant undé€r:24 iR DN sHoats tixenrus] eptiddreqesnpe ellatlomzo A HAsubtyed 1€ C(SEQ 1D,

irus,” nBREEH G ol e mefeohac 5yt el st BFe SR T AR #inbr ane
derived VIGUISE ilOF khoshisnige Midleofi@d seljhéfict 6€intIGenYR 8H £$SEQ 1BD@D:27). My gog and

H V. [00169 t | udes VLPs of fl
i ch e Bl e PTG VBF T4 R0 THNG 08 FRGHRIGHR sheso very

pr eval entheAullElidisbquRs JepRighef § &Aﬁé bﬁﬁg

Al ndone5|ea/l]5/ 05 s % type% ele)1 | D %E%%O Ngll’lg&{ ﬁg}l?%%ggéc%hr%‘%ﬁ%B type
(for exahylleotidEesquencrot mneIFSaghPlesliem@)(SEfarﬂaNotm)él@sz@ 10D shigwthe 10 Fi gur e
10P), an i types. VLPs of other

i nfl uenz%%é&g{&@%@%;?ﬁﬁ%&ﬁ@%ﬁtf’gbgferrggf;(ﬁ?ﬂ@?g it invention, for exanple,
Al Bri sbane/ 59/ 2007 (HLN1; SEQ ID NO 48), A/ Sol onon |slands/ 3/2006 (HLN1,
SEQ | D N0Z6) FIGURE Ad ahovsed @Wat(d-ﬁ@mSenﬁEi@ b eialetnstrudfsAn hsed/hkfed005 ( HSNL;

cong) w157 B3 b ARIRTE ARy it iRAS By rore: "SEQ 1

NO. 590 , AQUBI&OEMZGM/(HGDH))@WZ){)&SE@W ﬁmhd@t&m)e ,plaédowasamﬁsme{eﬁ@a%&%nd H3N2;

SEQ I D NO. 5%% @( ui ne/ Pr ue/ 56 I—L?N?

B/ Mal ays feqnisaios 268430{1%1@6 ?’}’ @BWF—’]CB? %Fgﬂ‘lﬁ“%@@nf@k@q AN B8 Hbr

Al Calif O(MM’(V%l&lgm@thb)(Hﬂﬁmlﬂ &n’i@latﬂag wlth ah QT Q}%{Zﬂéﬁl <ﬁ§1§§&e’]§oﬂ1&é{s‘%nt ion

al so pertains to influenza viruses which infect ot mammal s or host
ani mal s, Sigey Peptidig P RPRDN#YSS Omﬂr@tkaégme%@rasxé@tocmmg@promoméPlam) aad wat er
fowl . 1M Gl QfoY (P Lnst QP aslit ggd @Fﬁé@xpr&%bto'fﬁA Sl BE AR (ﬁs&%g@ cani ne,
dogs, feline, cats, ger, | eopar civet, mnk, stone errets,
hous&S peEBledea/&%&klNlm, te nuplaotme ss@mhee enkadieg Hhds dondidedketh a{n&dﬂlfal] Non

rerbr aneP i aangs o RSl At agRae e VB SRen SO REFR poper 53 gf 1 oo
glo41 - lem\zalanm&d nmmte@ioﬂmr?b etnheympramicumabf}]?ll) @ﬁcll?d)pwatNE@@mﬁéﬂjtf o%@;ﬁastf&@éﬁ@b I(a
gl ycosyl at e r menbr an ot of Filovjruses or exarrp e Ebol a
or Mar buP'§™ Befrﬁlﬂsgo)lﬁnw%?’g}awr%ggﬂ %ﬁP Wty S§AOTRAS SYATSeEign PEMd scoding

exanpl e, re@bﬂﬂoﬁﬁmﬂ[x&ﬁim%@%@&%ﬁméﬂﬁo ﬂie&@odc&ﬁétémﬁﬁls ('lPEV) 5’~'U'Iﬁptand' m t ed
to, influenza derived VLPs that 30 obtain a |ipid envel ope fromthe plasna

menbfhneoRsratively Tnked with thgrdoule 8 i promptes sed Npsisminaor. WO

2010/ 003225PCT/ CA2009/ 000926 expressed. For exanple, if the VLP is

expr essegoiT HGUHE'EIZBﬁﬁ%dnﬁﬁﬁﬁb@éﬂch%ﬂ@fﬁk&ﬂﬁdbn@@é/%ﬂo HsiNgid Wﬁk@ﬁ&‘ from
t he plasnma menbrane of the cell. [00173] GCenerally, the erm refers
to a fatCGgngymp) @tIPWl%wrmem) extraels {TomlY. pewheniand fegvastiaasfoines. w1mnstmcm is
al so usegy € 35 ReGhdrGal Hy £ i ves
5(i'ncl udi rgwn § mﬂf’r yn%%ég fgéimétﬂgaﬂzﬁospﬁﬂﬁ%d%% OSIQ%’&\A&PI

ot her fa@f um@an@tlé,ra@ﬂa poasein gk trdch fommd¢axbotrins fosmed with en ethpty vEktospérel i pi ds
are ne | L bi ol ogi cal nmenbranes, along with glycolipids,
ster%? s an a&%(ggel nés&tr@%l% P s of phosphol i pids include

phosphatl dyl et hanol am ne, phosphati dyl chol i ne, phosphatidylinositol,
phosphat [08Y$1SEIGURE 1@h@w@anadyﬂigitlynefhf!magghitlmhetrhcrtkres bEsizegdchsioaf sterol s

i ncl ude loch |.est erol ) ,and er ol

exanpl e, é]g@tﬁ%tgér gé@'l H"g‘{%‘ag’é g}r){r/?m s?parae qaass dug }E%j/%/g@f"é‘?s@( i é?éve been
i dent i f i @HNLY), ViaANesv Phladdnis2eed @SN I} eolalls Hlp@ffm)dihdbﬂl ﬁ@reﬁb%?ﬁ?@t%& gyol,
stigmast er, t rassi.c | ta-7-stignmastero

del o 7- 50 BhinaPR PSR S0 gk, sopiran el Fleu bR ABbIIT S homobe rerof

chol &t efodite® vadAbRfradtoARERMI rosd@). PIGURE 13Kishbwé éluﬁé]?ﬁ?c'ﬁtm%ﬁfgg d for
understanfaﬂ the lipid c%mtl on of the plasnma nmenbrane of ? may vary
with thec@ire EFPE’”b?On!LGBb thye Beiein Levshs agtandare praséin clytiooprgtilei of mbfonmass whi ch
t he cell [ I EQ)M% rise.lipd

bi | ayer sﬁécggﬁ)ﬁm%ﬁllgkglgwg{r %é?%lsa 61r209§ I ous‘%?fﬁl%?{gee%%{sd al)él)_ogg? ag
concentrations of particular |ipidd6may be found in the lipid bilayer,
referred to as '"lipid r rafts'. Wthout wi shing to be bound by theory, lipid
rafts may have significant roles in endo and exocytosis, entry or egress of
viruses or other infectious agents, 20inter-cell signal transduction,
interaction with other structural conponents of the cell or




organi sm such as intracellular and extracellular matrices. [00175]Wth
reference to influenza virus, the term"henmagglutinin” or "HA" as used
her ei n r eversinmw3rsgl ycoprotein found on the outside of pcmidazeryzaoszsr al
particles. HAis a honotrimeric nmenbrane type | glycoprotein, generally
conprising a signal peptide, an HA1 25 domain, and an HA2 donmain conpri sing
a nmenbr aneliepdnHiGGREAGRB choves dlwmttfretchms@nalgzadi fouthe aresenae sfienlagglytiniplbgs m ¢

tail (Figure Ie and are
avai | abl gmpugojeb@tﬁ?%\w %Q‘ﬁhﬁgg" f"%gs ﬁ@&h% m@é\eﬁomr&“&% nfl uenza
Virus; séeactldik anddy-ol @alahiMdeheney 4 hntﬂfodi‘é@fdr@ﬂ&FI(ﬁ&lﬂE &BDfsEdwsEélﬁlcﬁCﬁ‘Haﬁd)rﬁgy

I nformatio E%@?e URL.: . nebi O%I h. gov bot h_of ch are incorporated
ner o1 - b AREE FEAE- S0 SRRS KPP DGR 1S GhowT BB PR

i ndi cat egndipyRl f&ranellﬁfgfeﬁeam bistitoRleS &Y 1AYrobdtee @Id;tﬁRE 19 Qg sBRlRA Yabfons W T hout
w shing to be bound b heory, HA protein is

2010/ 003 2iEbypet faand @M@ntﬂwﬁtehémlie&/lés m)nomerl C precursor protein
(HAO of about 75 kDa, which assenbles at the surface into an el ongated
trimericripof FI@UREQE%B&vé onlEilafiEt ?ﬂﬂﬂ&&%&’@ (A}I\E@o E?sﬁﬁ% ¢H5|?d‘1§?} einis

cl eaved at a conserved activation cleavage site 'S0 re ed to as fusion
pept i de) stirystwesbyrobsppegadide cotafugstion-bhid e@wﬁon-mﬂ:r(ésmpmasmmgom b

transme e nt may be
525" an nooasseh i bensalo 5, At LA BB RS e R TR s T

| engfif. Abdrdve deimity Igraahent mttffg@tmyEabe fna@tpmr»tamhaljzxeﬂ forl thelprebonbest HYby y, it
may not be es tial .for .t I’IrTEI’IZ on of the profein.. Insertion of HA
within t H’&m}é?t%’i% fEYrng %“8#%]53 ﬁ}f ltfﬁtft%%‘ SRR PETet M i B é%tttve PE;tEAal
peptide cb@nageh ki R4tRIn aHcit IFIGURY RIECHoWS Asstia dandk events.
Correct refoldin @m%gHAlt re u?lgies?giﬂégs | ati on of Dt hmrlot é. n gnd 10

for mati oFfa‘éﬂmﬁlanﬂl‘?cg%ﬁ%ﬁfﬁscﬂi’%@}‘laﬂiﬂtﬁél%é ledfpstipns 17y | @dfEampceasewi t hi n
the cis- ;AR LARFuatiOh Tthe HATR Ieg%ntstlt@gﬂ}_‘{ansnenbrane domai n playing a role
in the tlrrerlzatlon process. e crystal structures of bronelain-treated HA
proteins, which |ack the transrrenbrane domai n, have shown a highly

conséf veP080T FEGURE 15 shenysaurifieptionetzaflunzadiiny LPs. tFIGQBEalﬁé(ﬁhb‘eeﬁO@IQtSalbl i shed

that HA g 8¢
bt ocess, PN LRRASHSh RGeS S ERRnCRINARR AR AGE S E
pol ypept b}d@ct:ﬂmuﬁﬁspfﬂwadfm@d kebdPact; Tine 3I,-|bcap1treated extraety ldpe 4,dDE<ﬁt!$eﬁaﬂex¢nacte. :

conpri se r,ocesse e the HAO
domai n) . thl[ggﬁﬁl'?f?q‘hl_!ﬁzp f grsn% i ?‘D’R?/g?ﬂe ﬁ“a Plte > fQvtEoY eﬂlﬂ%i eelftlogﬁ protein
conpri si ognceitmated) tHIGUREEIHB sho®s Heuael dstainialg irtagdni shish dtidkroa ﬁﬂcrb’tﬁsapjﬂormi ns, for

exanpl e the ei n O _.or processe HA co |5| n HAI and
n%rhee’i%&%ﬂieg@? 9%53@3 SPRP hEhepI?"%HiB’&‘tSF‘B?t @rnm. il phoy(sps

using a BbRRYHOVLPEARNzeE & showRNESShOfnRMSS. @t@uk@%f)&h&b@th@rﬁsot/m he

present invention nay be obtained fromany subtype. For exanple, the HA may

be of suBiOgP opp Copprassigastaipgd rediping FDS-PA E—@nelAQ anﬂ%stemlzlot 2 B) Hmeg H14,

HL5, H16.8pit Bj)ly&lﬂlfldl 'zi@t%@y EARA aBainst ey HERQ Q%ﬂtetdﬂﬁ\/ PjO3y2tb§4 ﬁ

i nvention nmay al so 5 cohprise an amno acid sequence based he sequence
any hemaggl utinin knovvn in the art-see, for exanple, the Bi oDefence Public

Heal t h bHBBI) FIGYREAS shaysamuclestide gmmence foshrefbienzhyauniigNewr Nati onal
Centes feg I [

Furt her ngég&;n@mg%mggx hk&%%%lg@cﬁ @Aﬁ%ﬁge%ﬁé@gf(} %%g%ﬁgg{!l 1br\tllon that is
i sol at edAfYﬂé?ﬁQQr(‘éE@ﬁDr?ﬂ?e%errer ging or newy-identified influenza viruses.

30 [00179] The present invention also includes VLPs that conprise HAs

obt ai ned;jRPNMFIRNERA", VLPs may
conpri se[ on% or nore17tgftpt(favﬁs %ﬁ%&ﬁ%&'&egmnc gd?g%t‘)’t?%‘g }Qﬁ% Fgﬁrﬁ:‘%g&g’?@f}SSEQ | D

NO: 28), #ulfidnisorierdseyCe8Bank HedeBidPNo. 43 49BEEQ MINO: 34).

2010/ 003225PCT/ CA2009/ 000926 (encoded by SEQ I D NO 13), H4 (encoded by SEQ

(encoded by ISRGTRE G, Aigso Rt oy IFIRRREN KPR (encoted by

SEQ 3D NRicd8)34(HIN1)] esgorded chypBEQequandO AGBankAicesencNdeniC 26 (9BQ

NG 20), (encoded by SEQ ID NO 21), H13 (encoded by SEQ ID 5 NGO 27), H14
(encoded § "I D NO 23), H15 (encoded by SEQ I D NO 24), H16 (encoded by .
SEQ I D NG 25), or influenza type B l’encoded by SEQ ID NO 26), or a

conbi nation thereof One or nore that one HA fromthe one or nore than one

i nfluenza subtypes may be co-expressed within a plant or insect cell to
ensure that the synthesis of the one or nore than one HA results in the
formati on of VLPs conprising a conbination of HAs obtained fromone or nore
than one 10 influenza subtype. Selection of the conbination of HAs nay be
det erm ned by the |ntended use of the VaCCI ne prepar ed fromthe VLP For

o o o r - o - -




construct #660; SEQ ID NO 60) and the | ess common B type (for exanple SEQ
I D NO 26, Figure 100), and C type (SEQ ID NO 27, Figure 10P), and to HAs
obt ai ned woamoawb®s i nfl uenza 25subtypes. VLPs of ot her pcmfdAzeryzaorebt ypes
are also included in the present invention, for exanple, A/ Brisbane/59/2007
(HLN1; SEQ ID NO 36), A/ Sol onon |slands/3/2006 (HLN1; SEQ I D NG 37),

Al Si ngameSA]lFK?UREIZNEhovEﬂQ:dI@tN@o@Z/)L,P a@bxﬁmhandnilﬂyaﬁ@lﬁvé btaihiby t@fkhikdNO 43) ,

A/ Vi et na 194/ 2004 1; ) on 2/ 97 (H6NL;
SEQ I D r\g?%%m‘ﬁx‘?"%)ﬁ%%ﬁ‘ﬁ’fl Q%%‘E@"'\Cl’g ﬁSSB‘E qgod’ﬂglﬁ %"E&H} baMe/ 10/ 2007
(H3N2;  3plasinnbibiied, 38)P: vAGINiIECINEIIN TAE b2QB5redchiBNB0 nREQ | D NO 39),

Al Equi ne/ Prague/ 56 (H7N7; SEQ | D NO 46), B/ Mal aysi a/ 2506/ 2004 (SEQ I D

NO 40), 12006 (.S 41) A/ Californjal/04/09 (HLN1) (SEQ
ID NO. 15{??%1015@%6 2 %&5}%@%9 SPETRIROSO T OBEYd Pgvattesp e&ﬁ g/ﬁol di ng
of the henRGaEMadl With PEM-hRleiMRRALANS va@r(Aﬁh@d;fe&wtsszoeé (Hm)%rot ein,
formation of multiners, formation of VLPs and function t he HA (ab|I|ty

t o hemaggrampipant éqlublaﬁﬁd@/@dweﬁlaeﬁ&pééﬂm D RIGYREF20( ¥ Anréwénresponses of
hemaggl u I y f

factors, ltn:ildrgic ﬁ@.‘“ﬁg& %&%hg%{ ‘?%ﬁ%rg Ctm?l F?“s{gc%h ggrﬁﬁ? @%ﬁg‘%@sg g? ® the
rel ati vemabmnzwnhmugf mtrhretsquadmmmratlbme Aaiegmcb»aespbnsmmm%maagmwvm ng

t he avai I a ctors .t be tr.ansiently associ

with the' 13 {eQYV ar}g& YRHSER W@gmbeisla{/fng& g*éﬁf SEYPErA mef%tebr‘éga?f@ée one
or nboe GNHD(M)Qif@ecﬁ;fr@daebmﬁpomxrtltérEle fivddttice p&IOEA] B8 REpredAGHedRRtigiids { Hsp)
or stress @r?t ei ns (gre exanpl es of chaperone proteins, which may

parti ci p&t 807 Femparspiadecomiantiolledésses i ncl udi ng protein synthesis,
intracellular 10 trafficking, prevention of m sfolding, prevention of

protein RO8EITURD 21 amrﬁehmggaﬁha@bﬁmm tiBEdyPeQJoBic THAQN &8 SfterPl Ot €i N

fol di ng,, and pr te| n di saggregati on. ‘@Jﬁes of such chaperone proteins

i ncl ude, Paastindial/ qgfcevpshigaRd Wibh plﬁﬁﬁ%@el B HHY P 16/111‘!%@9@5/298 100,

Hs p20- 30H INSIPLE reddaibhiAr 20bie HS PAARionkiHHP005-@13N1 )F%GUEE A) Aol h' lins,
C pP, GpE, ubiquitin, calnexin, and protein disulfide |sonerases. for
exanpl e, FeNROBEGS|0d Migy lanunlzed:&quug‘nsepamwgulmmgtani&@U&E&lyB)Rembogﬁ 59 70
1995; Pay, 37-496 1993)

U S  Pat e%&lnk% OIPEA'?%g‘m@g%qg 'tHr§13 1§‘raerf§%.'? aﬁhl?ﬁ}/strgt%ar {—IAI gx?tlbo ﬁresgons sfwere
chapero nmeqsnm:d @sing mamm}'atﬂdle)sshdﬂs]dm@l amuisekwmmn@wﬂzeﬁ] IBMIT’pgeeﬁle@ﬂ‘c nlrﬁn)?o

i ncl ude an, ce K from bacte

parti cul a é(ﬁlﬁel_@? éﬁfé I(B)L%ﬁﬁeaé%mwc%‘ba%‘fltetﬁ?fa E%Fﬁ‘éﬁiﬁl% PeRgreYh é"fserl um

t uber cul mﬁﬂescnt az@maﬂuizdwﬁobpemmaauwbpwosn(csmgﬁre@&) Besliht SHiieHte CGuerin:
r ef erred to herein as Hsp7l). DnaK from Escherichia coli, yeast. and ot her

prok nd eukaryot es t hal.iana (Lin et

fo?@lﬁ?%{%& a}aoﬁ”(f%ﬁ?%é? E‘V%nt?@im%‘gygenﬁltpsa?@?éf&tl’arm BylBifpl e of an
Hsp70 ISml%e FIGURBO( ARG dfRNGH 6 thidYimBRl b PN gh It dmuBlul RERedtidnNO.  123) .
Hsp70 is_capable of specifically binding ATP as well as unfolded

pol ypepth EtrdBhEfest@ §hlt?5ﬁ%%wcezsmﬂaﬂﬁl giropehiintpnpsel pdminisiratidnoHel ng and
unf ol di ngiBSdWRJon@S weke hBRuRISS A | exes.
0786 B R st (OTEBALIUEOE) P20
mycobact @M ag%ﬂ*i%PtIHSglian tipy) 1V adund aF@bﬂGMT Om dukcapry ol exsi- pcautcthcrasf fvdmmicka

] o ‘5 Sn Bty KPPl MRERY, S Abalar B caponghRe st

114) . Hs%@h@léﬂﬂays arole as a nol ecuI ar chaperone in protein folding,

t her not ol erance and DNA replication, anong other cellular activities. WO
2010/ 003389 GG 99 L) AN 0- chaper one,
Hsp40, g{r e@ﬁnvol ved ?n Qﬁgﬂ E?Jdgq\;s%%tﬁl on VF@ Q&a%ﬁgg?gﬁgagsn@ﬁm

synt he5|@emlmtrppeﬁlﬁldlé5 2BE@¥) oxngi-Intenesip/t (e sinmunb globuingibe . m\rMédmut W shi ng

to be bo bi nds. t obi c_pat ches of unfol ded
(nascent Hl%?un?%\(}\,{tthrg?%% tﬁnél? seulg adgyiy 3315’??33’ ‘g% ?‘fﬁ%g%%c}’ lluﬁsa"tl? ML

i nt etactdags) affredr[&p&ﬂDeMﬁ’mﬁt ook B iide et HBuM EVMBAReHBEncdARWHLO! YSi s

| eads ta the f@hngiég/ 8 é}able conpl ex between the pol ypeptide, Hsp70
and ADP,MaffiyatrgHald éAdn qq&%@( 20&4?@1@%@&1@@9%%%@% Broramesesiomsiex wi t h

t he hydrophoblc patches of the pol ypeptide prevents their interaction with
ot her hydrophobi ¢ patches, preventil8g the incorrect folding and the
formati on of aggregates with other proteins (reviewed in Hartl, FU 1996.
Nat ure 381:571-579). 10[00188] Agai n, without w shing to be bound by theory,
as protein production increases in a reconbinant protein expression system
the effects of crowding on reconbinant protein expression nmay result in
aggregati on and/ or reduced accumul ati on of the reconbi nant protein
resultlng fron1degradat|on of m sfol ded pol ypepti de. Native chaperone

. o v



facilitate correct folding of |Iow |evels of reconbinant protein, but as the
expression |levels 15 increase, native chaperones nmay becone a |limting
factor. Hwvghloloeead2s of expression of henmagglutinin in tRrReTagRowdd2sr at ed

| eaves may |l ead to the accunul ati on of hermaggl utinin pol ypeptides in the
cytosol, and co-expression of one or nore than one chaperone proteins such
as Hsp70devidepa0 * @ 0st k* bis p.001 anthphied d0therayrrdspaidagsecomibaiint sdiyblée H5t he

Cver o ChepBriee2 s TbT DohRA s mE RS iBGR S it pelriaui e "

i ncreasi NYIidoResiisTREUS (PSNRPAMRAPYicHRm AOG OIS B)2 A5 Edbpcarammagnt i ni n,

exhibiting tertiary and quaternary structural characteristics that aIIow
for hemagdicrrnt waceEyvesAdrdr formati on of virus-1ike particles.
[00189] Therefore, the present invention also provides for a method of

produgi nehokof FIETRE 2¥lshswd zﬁmﬁoﬁ) et agamq{()ﬁioﬁbg%u:f WhAk i Rld&idsdsd encodi ng
an influenza HA i s co-expresse a second nucleic acid encoding a

chaper on€V/Idqaesid/$/83), khdays é‘@é‘?ﬁcﬂf'ﬁnﬁtse¢cl§e aee ) nigydapeation beest (wesl 5 er Ithe

lant in SAH al | The
Br esent | dd vgﬁt I onsﬁlgvggk Q ﬁle%}ﬁglrc Qgﬁﬁe&y%&%&}?x{pr og ﬁéﬁﬁ%‘“ﬁ?g ?@hga V{ Ps in
a pl ant, (lehe GME: geoaetricansaptites e ¥ alubeart ilrestMm{l) of ecipaicel, end+pdirtt hiterssefc ond

nucleic acid.is subseque i ntraoduced. 00190 present invention also
A o A A
t han one influenza hemagglutinin and a nucleic acid encoding one or nore
t han1@ne[MROPEIGINRE 25 siiv2i0 10/ DG3RAbRETIHCARAM 0DBA6s o Bl Pméeessi ng of

an N-term nal ti SP) i, n ress n and/.or

secreti onB'I’mF‘?‘ilf‘?ﬂbahé ﬁe‘ﬁ&@‘@ ?Zf‘qu ﬁgéﬁ ng@d‘ﬁ’g 8§ 045t }1%9 gy fifre i n
the fol divhgleRisERE&d virhes. {(BY Hbmegglnaqlau&ﬁmhib%n tit &5 BfSnsg AR WhYlet 0 @ short
(about 5-30 am no acids) sequence of am no acids, foundégenerally at the
N-t er mi nifectipted Virasgsglringsias the SBMTY fabelireapiopal endragintiiters of fixe migegicogarp-on of
the new gafk rré}ﬂ@sleﬁttrﬁéﬂznr&gtzw?&ptjklﬂgrohﬁs ef?‘e Pc@t'isttl'cﬁgj (ﬁffggﬁtgaﬁgéa i¥e c&ﬁ'ﬁo?" d,in
positioning of specific domains of the polypéep si gnal peptide of
hemadyl ubOnicormpared gdhe @dﬂ@smqnémglrmaﬂonr@nt sotublehldS. pAbvelues lessithant Wevendoph asni ¢
reticulu r i ioning of the N-term nus
prOX|nalE%%ﬁg?ﬁﬁygﬁgﬁﬁgl%fgﬁgfgglEgagmﬂmkg & %g%na in of the nascent
hemaggl uti nin pol ypeptide to aid in cleavage and fol ding of the mature
hemaggl utd0fi FIGORREfoshalvs efficacysifgmapla epide 86 IERoA/ brdemgsiacs/ 209 (HSNilgnal

pepti das ukre. p eC| cIe dr val he, si gnal peptide
PP e R AL S Rt R0 B0 TR Bl 5 e
dependen ﬁtrmmAélthkdny 82 @6 E€HAN 1)‘ @ tBDﬂﬁ wei ghtofihintugised pivetafienchallere] vafued e

sign pepti no, aci d se uence flanking the cleavage site, the length
of t%@ $ﬁ anB@%f @“(gfmﬁ“’ i“Rati on of these, and not all factors may

apply to any given sequence. 15[ 00192] A signal peptide may be native to the

hemaggl u[OOBB]nFlIaURE 28 xR6vesaREh ofPlam-deseddThfluband VDBmEﬂ’dlﬁﬂ IpidcsnimRitiosl Ng a
si gnal pe &g froma firsg (gfluenz type,. subty or strain with the

balapce d dhveirg e bsnt-imids contpige @éBﬁSmWﬁFW6%HQ&gpﬁﬂ@w“§uﬁ?ﬁpe or
strain. Eﬂfac@&%ﬁﬂ eut Qﬁdé@@ﬁﬂeﬁ%eﬁfr’a@ﬁ bifpstitt, %@%othgared'{% théﬁl dibn prtile Hg HO

or influenza type be used to express the HA1n a pl ant systen1
[00193] AO@}WFO%%P%HWP%@@ tohacepanas menabragey P Moxkimsl abbreftagipmseare
roma i aoRe P PG, DRERAM PR Plrof MRS eRENGL odrliles L NEGARIC OF -
is that #idAG ahcfsahqndatcevlmedPEmhbspiletldﬁ@h@p@sene(, PDL ﬂR)Spl@audszﬂgB@emU@i 32-103

of Acces 3 sequence
MAKNVAI F (Bﬂgﬁﬁﬂgéé%ﬁgﬁﬁgﬁ&gbéﬁgg§%%]$ﬁ% 6%g§éﬁ sid 3%%t?%¥ o provi des
for an i efhpesitipa ofipurifedlinfluenzanV CRexpipidsi d@gtaﬂledl&tan\/fﬁlulvﬁlrentﬁofll()mtgrdiﬁbfo‘(@nssi gnal
eptide, and |l el c ds .encpdj ng suc i nins. [00195] I nfluenza
IF—)|Appr ot el'Ri€ eé{/%ﬁ?eéjieﬁo%%‘gr‘?@ éie%flg%‘i ﬁ%ﬁ%{*ﬁdtrﬁYMﬂ iEF?IBPaé%@éhWtﬂ]ﬁat’roéé)ﬁect to
mol el agitosRidghC) IhBRRdREASCoMBE MhsmdSh&Bbrasd Me@Br &9@9?&% ATPRRA P ihi ke.
The physi cochem cal properties of the various hemaggl utinins may be ‘usef ul
to allow for differentiation 30 between the HAs expressed in a plant,
insect cell or yeast system and may be of particular use when nore than

one HA is co-expressed in a single ¥ystem Exanples of such physi cochenical
properties are provided in Table 1. V OL IU VT1. 14.
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purified VLPs and highly-purified PM from tobacco leaves (PMy) and BY2 tobacco cells

(PMgy»). Eighteen micrograms of protein were loaded in each lane.

[0093] FIGURE 28 shows the sequence spanning from Dralll to Sacl sites of clone 774 -
nucleotide sequence of A/Brisbane/59/2007 (HIN1) (SEQ ID NO: 36) . The coding sequence is
flanked by a plastocyanin regulatory region, starting with a Dralll restriction site at the 5' end
and by a stop codon and a Sacl site at the 3' end. Restriction sites are underlined; ATG is in bold

and underlined.

[0094] FIGURE 29 shows the sequence spanning from Dralll to Sacl sites of clone 775 -
nucleotide sequence of A/Solomon Islands 3/2006 (HIN1) (SEQ ID NO: 37) . The coding
sequence is flanked by a plastocyanin regulatory region, starting with a Dralll restriction site at
the 5' end and by a stop codon and a Sacl site at the 3' end. Restriction sites are underlined; ATG

1s in bold and underlined.

[0095] FIGURE 30 shows the sequence spanning from Dralll to Sacl sites of clone 776 -
nucleotide sequence of A/Brisbane 10/2007 (H3N2) (SEQ ID NO: 38) . The coding sequence is
flanked by a plastocyanin regulatory region, starting with a Dralll restriction site at the 5' end
and by a stop codon and a Sacl site at the 3' end. Restriction sites are underlined; ATG is in bold

and underlined.

[0096] FIGURE 31 shows the sequence spanning from Dralll to Sacl sites of clone 777 -

nucleotide sequence of A/Wisconsin/67/2005 (H3N2) (SEQ ID NO: 39) . The coding sequence
is flanked by a plastocyanin regulatory region, starting with a Dralll restriction site at the 5' end
and by a stop codon and a Sacl site at the 3' end. Restriction sites are underlined; ATG is in bold

and underlined.

[0097] FIGURE 32 shows the sequence spanning from Dralll to Sacl sites of clone 778 -
nucleotide sequence of B/Malaysia/2506/2004 (SEQ ID NO: 40) . The coding sequence is
flanked by a plastocyanin regulatory region, starting with a Dralll restriction site at the 5' end
and by a stop codon and a Sacl site at the 3' end. Restriction sites are underlined; ATG is in bold

and underlined.

[0098] FIGURE 33 shows the sequence spanning from Dralll to Sacl sites of clone 779 -
nucleotide sequence of B/Florida/4/2006 (SEQ ID NO: 41) . The coding sequence is flanked by
a plastocyanin regulatory region, starting with a Dralll restriction site at the 5' end and by a stop

-20 -
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codon and a Sacl site at the 3' end. Restriction sites are underlined; ATG is in bold and

underlined.

[0099] FIGURE 34 shows the sequence spanning from Dralll to Sacl sites of clone 780 -
nucleotide sequence of A/Singapore/1/57 (H2N2) (SEQ ID NO: 42) . The coding sequence is

5 flanked by a plastocyanin regulatory region, starting with a Dralll restriction site at the 5' end
and by a stop codon and a Sacl site at the 3' end. Restriction sites are underlined; ATG is in bold

and underlined.

[00100] FIGURE 35 shows the sequence spanning from Dralll to Sacl sites of clone 781

- nucleotide sequence of A/Anhui/1/2005 (H5N1) (SEQ ID NO: 43) . The coding sequence is
10 flanked by a plastocyanin regulatory region, starting with a Dralll restriction site at the 5' end

and by a stop codon and a Sacl site at the 3' end. Restriction sites are underlined; ATG is in bold

and underlined.

[00101] FIGURE 36 shows the sequence spanning from Dralll to Sacl sites of clone 782
- nucleotide sequence of A/Vietnam/1194/2004 (H5N1) (SEQ ID NO: 44) . The coding

15~ sequence is flanked by a plastocyanin regulatory region, starting with a Dralll restriction site at
the 5' end and by a stop codon and a Sacl site at the 3' end. Restriction sites are underlined; ATG

is in bold and underlined.

[00102] FIGURE 37 shows the sequence spanning from Dralll to Sacl sites of clone 783

- nucleotide sequence of A/Teal/HongKong/W312/97 (H6N1) (SEQ ID NO: 45) . The coding
20 sequence is flanked by a plastocyanin regulatory region, starting with a Dralll restriction site at

the 5' end and by a stop codon and a Sacl site at the 3' end. Restriction sites are underlined; ATG

is in bold and underlined.

[00103] FIGURE 38 shows the sequence spanning from Dralll to Sacl sites of clone 784

- nucleotide sequence of A/Equine/Prague/56 (H7N7) (SEQ ID NO: 46) . The coding sequence
25  is flanked by a plastocyanin regulatory region, starting with a Dralll restriction site at the 5' end

and by a stop codon and a Sacl site at the 3' end. Restriction sites are underlined; ATG is in bold

and underlined.

[00104] FIGURE 39 shows the sequence spanning from Dralll to Sacl sites of clone 785
- nucleotide sequence of A/HongKong/1073/99 (H9N2) (SEQ ID NO: 47) . The coding

30 sequence is flanked by a plastocyanin regulatory region, starting with a Dralll restriction site at

-21-
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the 5' end and by a stop codon and a Sacl site at the 3' end. Restriction sites are underlined; ATG

is in bold and underlined.

[00105] FIGURE 40A shows the amino acid sequence (SEQ ID NO: 48) of the
polypeptide translated from clone 774 (A/Brisbane/59/2007 (H1N1)). The open reading frame

5  of clone 774 starts with the ATG indicated in Figure 28. Figure 40B shows the amino acid
sequence (SEQ ID NO: 49) of the polypeptide translated from clone 775 (A/Solomon Islands
3/2006 (HIN1)). The open reading frame of clone 775 starts with the ATG indicated in Figure
29.

[00106] FIGURE 41A shows the amino acid sequence (SEQ ID NO: 50) of the

10 polypeptide translated from clone 776 (A/Brisbane/10/2007 (H3N2)). The open reading frame
of clone 776 starts with the ATG indicated in Figure 30. Figure 41B shows the amino acid
sequence (SEQ ID NO: 51) of the polypeptide translated from clone 777 (A/Wisconsin/67/2005
(H3N2)). The open reading frame of clone 777 starts with the ATG indicated in Figure 31.

[00107] FIGURE 42A shows the amino acid sequence (SEQ ID NO: 52) of the

15 polypeptide translated from clone 778 (B/Malaysia/2506/2004). The open reading frame of
clone 778 starts with the ATG indicated in Figure 32. Figure 42B shows the amino acid sequence
(SEQ ID NO: 53) of the polypeptide translated from clone 779 (B/Florida/4/2006). The open
reading frame of clone 779 starts with the ATG indicated in Figure 33.

[00108] FIGURE 43A shows the amino acid sequence (SEQ ID NO: 54) of the

20  polypeptide translated from clone 780 (A/Singapore/1/57 (H2N2)). The open reading frame of
clone 780 starts with the ATG indicated in Figure 34. Figure 43B shows the amino acid sequence
(SEQ ID NO: 55) of the polypeptide translated from clone 781 (A/Anhui/1/2005 (H5N1)). The
open reading frame of clone 781 starts with the ATG indicated in Figure 35.

[00109] FIGURE 44A shows the amino acid sequence (SEQ ID NO: 56) of the

25 polypeptide translated from clone 782 (A/Vietnam/1194/2004 (H5N1)). The open reading frame
of clone 782 starts with the ATG indicated in Figure 36. Figure 44B shows the amino acid
sequence (SEQ ID NO: 57) of the polypeptide translated from clone 783
(A/Teal/HongKong/W312/97 (H6N1)). The open reading frame of clone 783 starts with the
ATG indicated in Figure 37.
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[00110] FIGURE 45A shows the amino acid sequence (SEQ ID NO: 58) of the

polypeptide translated from clone 784 (A/Equine/Prague/56 (H7N7)). The open reading frame

of clone 784 starts with the ATG indicated in Figure 38. Figure 45B shows the amino acid

sequence (SEQ ID NO: 59) of the polypeptide translated from clone 785 (A/HongKong/1073/99
5  (H9N2)). The open reading frame of clone 785 starts with the ATG indicated in Figure 39.

[00111] FIGURE 46 shows immunodetection (western blot) of elution fractions 7-17 of
plant-produced VLPs, following size exclusion chromatography. The elution peak (fraction 10)
of BlueDextran is indicated by the arrow. Hemagglutinin subtypes H1, H2, H3, HS, H6 and H9

are shown. Hemagglutinin is detected in fractions 7-14, corresponding to the elution of VLPs.

10 [00112] FIGURE 47 shows an immunoblot analysis of expression of a series of
hemagglutinin from annual epidemic strains. Ten and twenty micrograms of leaf protein extracts
were loaded in lanes 1 and 2, respectively, for plants expressing HA from various influenza

strains (indicated at the top of the immunoblots).

[00113] FIGURE 48A shows an immunoblot analysis of expression of a series of H5

15 hemagglutinins from potential pandemic strains. Ten and twenty micrograms of protein extracts
were loaded in lanes 1 and 2, respectively. FIGURE 48B shows an immunoblot analysis of
expression of H2, H7 and H9 hemagglutinin from selected influenza strains. Ten and twenty

micrograms of protein extracts were loaded in lanes 1 and 2, respectively.

[00114] FIGURE 49 shows an immunoblot of H5 from strain A/Indonesia/5/2005 in
20 protein extracts from Nicotiana tabacum leaves, agroinfiltrated with AGL1/660. Two plants
(plant 1 and plant 2) were infiltrated and 10 and 20 pg of soluble protein extracted from each

plant were loaded in lanes 1 and 2, respectively.

[00115] FIGURE 50 shows the in vitro cross-reactivity of serum antibodies.

Hemagglutination-inhibition (HI) titers in ferret sera, 14 days (A) after 1% immunization and (B)
25 after 2nd boost with plant-made influenza H5 VLP (A/Indonesia/5/2005 (H5N1)). HAI antibody

responses were measured using the following inactivated whole H5N1 viruses:

A/turkey/Turkey/1/05, A/Vietnam/1194/04, A/Anhui/5/05 and the homologous strain

A/Indonesia/5/05. Values are the GMT (log,) of reciprocal end-point titers of five ferrets per

group.Diagonal stripe — A/Indonesia/6/06 (clade 2.1.3); checked — A/turkey/Turkey/1/05 (clade
30 2.2); white bar — A/Vietnam/1194/04 (clade 1); black bar A/Anhui/5/05. Responders are

indicated. Bars represent mean deviation.
-23-
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[00116] FIGURE 51 shows the nucleic acid sequence (SEQ ID NO: 60) of an HA

expression cassette comprising alfalfa plastocyanin promoter and 5° UTR, hemagglutinin coding
sequence of H5 from A/Indonesia/5/2005 (Construct # 660), alfalfa plastocyanin 3’ UTR and

terminator sequences

[00117] FIGURE 52 shows the nucleic acid sequence (SEQ ID NO: 61) of an HA
expression cassette comprising alfalfa 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

[00118] FIGURE 53 shows the nucleic acid sequence (SEQ ID NO: 62) of an HA
expression cassette comprising alfalfa plastocyanin promoter and 5° UTR, hemagglutinin coding
sequence of H1 from A/Brisbane/59/2007 (construct #774), alfalfa plastocyanin 3° UTR and

terminator sequences.

[00119] FIGURE 54 shows the nucleic acid sequence (SEQ ID NO: 63) of an HA
expression cassette comprising alfalfa 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.

[00120] FIGURE 55 shows the nucleic acid sequence (SEQ ID NO: 64)of an HA
expression cassette comprising alfalfa plastocyanin promoter and 5> UTR, hemagglutinin coding
sequence of H2 from A/Singapore/1/57 (H2N2) (construct # 780), alfalfa plastocyanin 3> UTR

and terminator sequences.

[00121] FIGURE 56 shows the nucleic acid sequence (SEQ ID NO: 65) of an HA
expression cassette comprising alfalfa plastocyanin promoter and 5° UTR, hemagglutinin coding
sequence of H5 from A/Anhui/1/2005 (H5N1) (Construct# 781), alfalfa plastocyanin 3’ UTR

and terminator sequences.

[00122] FIGURE 57 shows the nucleic acid sequence (SEQ ID NO: 66) of an HA
expression cassette comprising alfalfa plastocyanin promoter and 5> UTR, hemagglutinin coding
sequence of HS from A/Vietnam/1194/2004 (H5N1) (Construct # 782), alfalfa plastocyanin 3’

UTR and terminator sequences.

-4 -
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[00123] FIGURE 58 shows the nucleic acid sequence (SEQ ID NO: 67) of an HA

expression cassette comprising alfalfa 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.

5 [00124] 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 (H9N2) (Construct # 785), alfalfa plastocyanin 3’

UTR and terminator sequences.

[00125] FIGURE 60 shows the nucleic acid sequence (SEQ ID NO: 69) of an HA
10 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.

[00126] FIGURE 61 shows the nucleic acid sequence (SEQ ID NO: 70) of an HA
expression cassette comprising alfalfa plastocyanin promoter and 5° UTR, hemagglutinin coding
15  sequence of H3 from A/Wisconsin/67/2005 (H3N2), alfalfa plastocyanin 3 UTR and terminator

sequences.

[00127] 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

20  sequences.

[00128] 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.

25 [00129] 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.

[00130] 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)

-25.-
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(SEQ ID NO: 438), 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
Kor 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

5  (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.

[00131] FIGURE 66 shows amino acid sequence (SEQ ID NO: 75) of H1 New Caledonia
(AAP34324.1) encoded by SEQ ID NO: 33.

10 [00132] FIGURE 67 shows the amino acid sequence (SEQ ID NO: 76) of H1 Puerto Rico
(NC _0409878.1) encoded by SEQ ID NO: 35

[00133] FIGURE 68 shows the nucleic acid sequence of a portion of expression cassette

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

[00134] FIGURE 69 shows the nucleic acid sequence of a portion of construct number
663, from HindlIII (in the multiple cloning site, upstream of the plastocyanin promoter) to EcoRI
(immediately downstream of the plastocyanin terminator). H5 (from A/Indonesia/5/2005) coding

sequence in fusion with PDI SP is underlined.

20 [00135] FIGURE 70 shows the nucleic acid sequence of a portion of construct number
787, from HindllI (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.

[00136] FIGURE 71 shows the nucleic acid sequence of a portion of construct number
25 790, from HindlIII (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.

[00137] FIGURE 72 shows the nucleic acid sequence of a portion of construct number

798, from HindlII (in the multiple cloning site, upstream of the plastocyanin promoter) to EcoR1I

226 -
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i ncl udes nucl eoti de sequences SEQ ID NGO 28; SEQ ID NO 3; SEQ ID NGO 11,
encodi ng WA 2broowsidi, HS5 or H7, respectively. The presenCrcaanyooal so

i ncl udes a nucl eoti de sequence that hybridi zes under stringent

hybri di sation conditions to SEQ ID NGO 28; SEQ ID NO 3; SEQ ID NO 11. The
present (imweditetyndedrsednmof thel plstacyaninl teatinaier). 3% Gosr/Eloridat/209beadiigz e s

under stringent bri dj iqn conditions to a conplinment of SEQ I D NO 28;
SEQ I D I\ﬁqg?qlc%g@gglﬁnw%ﬁl S%H%E‘é&ﬂﬂ}?fi'eoti de sequences that hybridize to SEQ
I D or a conplenent of SEQ ID encode a hemaggl utinin protein that, when
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adm nistered t ubj ect .. For_.exanmpl e, expressi on .of the nucl.eoti
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adni ni st Bdsgined 5 subj ect, induces an i mrune response. [00197] The present
i nvention al so includes nucl eotide sequences SEQ ID NO 12 SEQ ID NO 13,
SEQ I D 134, SEQIGORE74 HowsHEQulciidNdid sk@uen@gg 4 FOrh6A oflcbnstrelduntbeNO 18,
15 SEQ ID NO™ 19, SEQ ID NO 20, SEQID NO 21, SEQ ID NO 22, SEQ ID NO
23, SEQ $%3. fiom Pagl (ugtamp e 3585 rometey) toAMD(inrsedigggndpwngyern pf theB®S$ D NO.

33, SEQ 35, .. S - 138, SEQ I D NO 39,
SEQ I D N%Pﬂ%@OQE%O‘Pﬁg%&X??fEE%OFBE%"EE%}%@% ‘gﬁﬁgr%?l,hl'osm | D NO 44, SEQ
ID NO 45, SEQ ID NO 46, SEQ ID NO 127 or SEQ ID NO 47. The present

i nveh® i oP0a#Ho i ndIGIERE 35 shesisdlt nudteicaiflizsnesce hba patothyfimonstieesimbeder

stringen i6li 1,.on. C i {dcQn EQ LD NO. S D NO .13, QID
NO. 14, E@Qﬂ% %&f@?g?@a@é’%ﬁg"ééﬁc&é‘?@?ﬂ i‘t%‘ilg"%d}%},y Egﬁj?ﬁeﬁnl%&w ’SSEQ 1D
NO 19, SHEGQnk®Or)NCodid®seqserQe bDHNGon2A/Indsh€3id/D20iF indRsiorSkith PDI 8Bis 23, SEQ | D
NO 24, S 1IDNCI 25, SEQ ID NO 26, SEQ ID NO 27, SEQID NO 33, SEQID
NO 35, 8ino: 36, SEQ ID NGO 37, SEQ ID NO 38, SEQID NG 39, SEQ ID
NO 40, SEQ ID NO 41, SEQ ID 25 NO 42, SEQ ID NO 43, SEQ ID NO 44, SEQ ID
NO 45, SEQI4D NO 4AAGUIEN76 Ehdwe thelidit] e ackESqlidnc®NOE #lportidihéef doh@aRNiunbyent i on

al so, i ncl ydes nucl eoti de. seguence that hybridize nder stri ngent

yor L oA B e e GHaT s b ADH Uk E KBTSty of BURS 13, SEQ
I D NO  1é&mial@r) Codiky sehRenc®GEHN BobO\/BHRbane5Q 2007 N@nddlinedSEQ | D NO 18, SEQ
ID NGO 19, SEQID NG 20, SEQID NO 21, SEQ ID NO 22, SEQ ID NO 23, SEQ
ID NO 24 QID 30 NQ 25, SEQID NGO 26, SEQ |ID NGO 27, SEQ I D NO 33,
SEQ I D |\£§01§55, sy e/ 7 @@ngchtslm spquesee Pl FPQPBeS comitect pymler 39, SEQ
I D NG 40733566l @ci\@pé‘:ﬂeamsﬁ@lel ﬁS%ﬂ&er)@E@sdI@nthﬁely &ehdahiOr i NGEQ | D

NG 45, SEQ I D NO 46, SEQ ID NO. 127 or SEQ I'D NO 47. These nucl eoti de
sequencesmRanh(edingsegacnce oSHO fom ABrisbangS&200y Ndusieswith PR SP is WO
201090322RRET4 CA2009/ 000926 SEQ I D NO 14, SEQ ID NO 15, SEQ ID NO 16,
SEQID NG 17, SEQID NGO 18, SEQ ID NO 19, SEQ ID NO 20, SEQ ID NO 21,
SEQID NO 22, SEQID NO 23, SEQID NGO 24, SEQID NGO 25, SEQ ID NO 26,
SEQ | D NB0243] SEQHIGURE 78 showsitn nupleacidwquesEer ] fpadipn FaonSmEg ko 37,

"D NG 43 Ryt e S gty e S as T el ddp At Y seg
A7tsrmiaatodnPodingsequaice SEB OMNOBHRbBEQODONSund&lin®EQ | D NO. 14, SEQ
15, SEQ ID NO 16, SEQ ID NO 17, SEQ ID NO 18, SEQ ID NO 19, SEQ

NO.
NO.
NO.
o 290885 1 oMU Je e E B ke b it oeo”

3836, 8@ Rall (MO} B of theSBS prdnME) BBAsCEBERrhdiANDy 89ynsBEQn bDINGIAD, SEQ

NG 46, SN b gpetgel i 4 P 1 A h SRt Btk AP ot ei n t hat.

when expueisdmdd f orms a VLP, and the VLP induces production of an anti body
when adm nistered to a subject. For exanple, expression of the nucl eotide
sequence within a plant cell forns a VLP, and the VLP nay be used to
produce an 15 anti body that is capable of binding HA, including nmature HA,
HAO, HAI, or HA2 of one or nore influenza types or subtypes. The VLP, when
adm ni stered to a subject, induces an imune response. [00198]In sone
enmbodi nents, the present inventiomZl-so includes nucl eotide sequences SEQ
ID NO 33, SEQID NO 35, SEQID NO 36, SEQID NG 37, SEQ ID NO 38, SEQ ID
20 NO 39, SEQ ID NO 40, SEQ ID NO 41, SEQ ID NO 42, SEQ ID NGO 43, SEQ ID
NO 44, SEQ ID NO 45, SEQ ID NO 46, SEQ ID NO 127 or SEQ I D NO 47, encodi ng
HA fromHl, H2, H3, H5, H7 or HO subtypes of influenza A, or HA fromtype B
i nfluenza. The present invention also includes a nucl eotide sequence that
hybri di zes under stringent hybridisation conditions to SEQ ID NGO 33, SEQ

o~ A=~ 1 I~ AN 1 N R 17N I~ = AN 1 N R 17N AT~ I N ™ ORI NN N~

(AUAUAUAWAWAW)



5 production of an anti body when adm nistered to a subject. For exanple,
expression of the nucleotide sequence within a plant cell fornms a VLP, and
the VLP msp 2bm/032d to produce an anti body that is capalplce/@oivoodizng HA,

i ncluding mature HA, HAOQ, HAI, or HA2 of one or nore influenza types or
subtypes. The VLP, when adm nistered to a subject, induces an inmune

r esponse[00185]00 19 NIGURE 8 zlatwische nuvthie acid seqngpeadt mydaﬁbldbﬁcanitnmt oomgrti ons
is known_jin.th see f | e rrent. Pro ol.s i u

B ol ogy. “HhduBerack{ifein ofdhe SRGuRn et A5 eRi AT W epE B leTOS |
Mol ecul aterfdnadiryngodife b@lba{oaboﬁyx ﬁe@ﬁwﬂrlbmd@t@béspﬁmgumr bor Laboratory,
1982; Sanbrook and Russel |, in I\/bI ecuI ar Cloning: A Laboratory I\/anual 3rd

edition 2001, eac orated herei.n by reference

exanpl e éﬁq%‘ﬂe SUE\F@%H@ Wslt ‘h § Y SFAPBYTE LohBRTHPDNCORRHH ’%‘?fbut

16- 205 hoyts %Mdeﬂﬁ@@t}daﬁ{bﬂtm FHDpr&abiedto ﬁ%@ (nﬁxﬁédlawdowsmamfﬁe Nos0.1 X
SSC at 65C for an hour washes in 0. SSC at 65C each for 20 or 30
i nut es. teApinglopatCpdiag wquaweeﬁgnpﬁren@/@m%%@% in fustangy iR DLYP & ondertingn

coul d be overnight (16-20 hours) in 50% formam de, 4 X SSC at 42C, followed
by washi n@1a7y 0. 1 P{GRHE 82 sknés 4 frﬁlrcleﬁrhchpsléﬁ uen¥ erdollfas NS ('S'Ed)ID]-NéS He§ at 65C
each for 20 or 30 m nutes, or overnight 6-20 20 hours), hybri di zati on
in Church agueous phos hate buffer 7% SDS 0. 5M NaPO4 buffer ;10 MM
EDTA) at (@481 wi t erI 83 shasystthepucigic sEsaapenge of (paton ofyonskus Bsumlmr 20 or
30 m nut 0 or 30

m nut es ggc(ﬁ%ﬁlo%%agf M\g&??%tr@% Id)?)ﬁﬁtg sfe s ge%%ﬁ? f|ﬂ% ent(?gﬁtﬁg g% lﬁ des

nucl ¢éot i tenmedptedndemnstrban O’émheM}&ueamwm)zléﬂP@scotlmg|scrglemduundz:ﬂ;neds, 80, 85,
87, 90, 91, 92, 93 94, 95, 96, 97, 98, 99, 100% or 25any anount

e ebet YRy SeORAREASI e AISERE BRI LAY o AR Rty 1

(SEQ ID RI6:6(3)from Hiﬂ'dII( GEQelnDiltifde clbiing sith) @psieamtdichenuahetot)ita Ecsdquence

e v RATERR ol Bl lhE s sl S SRRF endiihe Sfiracsi on o

t he nucl eoti de sequence within a plant cell forns a VLP, and the VLP may be
used 30 {@91f0]oduc eFIGURIEBS kionys thhmicldicacddpgbénee of a portich ofrohifruct mahhedi ng

ks S0 A e (e st s Bee oo sodeBe

[ 00201] Adgintedfaesy ddwnstrban Pf B8 BIUS teRvigitbi) cmspzmcdoudg geqmuﬁdeqem eerBiaeigNeeS
that are c aracterlzed as havi ngl about 70, 75, 80 87, 90, 91, 92, 93

94, 95, H3F770 agdinggequenesysgpgeriified- /émwl@qsér%ét%&eleog@aé8%8493dent. ty,
or sequence simlarity, with the nucleotide sequence of SEQID NGO 12 SEQ ID

NO 13, 601D NOFIARIEBERSAINNQchdbatic Pk defafiid oflBnstictieda2l D NO 17, SEQ
ID NO 18, SEQ ID NO 19, SEQ ID NO 20, SEQ ID NO 21, SEQID NO 22, SEQ

ID NO 2 EQID .24 SEQIDNO 25, SEQ | D.NO 26, SEQIDNOZ? SEQ
| D NO 3@’01 QID 87 srerys| ap iRpyunelgot agglssis pf qypression efH sngesegal SEQ | D
NO 39¢ E%tlhpﬁ%g ﬂ@alfa??@mh@ﬁﬂ@d@lson@?&@e Ly 0 rﬁ%r df[l)e dtein exthat | D

NO 44, EQ I D NG 46, SE i or D NO 47, wherein

the nucl ebeingirap dseparetn plantshisseioaded qnéhe‘@lawnqﬁ wcppté@rethmHﬂ AN fwhen
expresse ,

ant i body@alFo rﬂ?%%((g?r%/{-}ﬁm gg}rléerg g&%ﬁbﬁ?ykﬁe{v%chﬁ g%’? %ggldgé%g g?\%%ao% “911%" I'n a plant
cel | for mectvaigdPirua i NOhd homplogays streinised spibedin dive oetvamtyanicidgonys dfthat i s
capabl e when
adni ni st glr elg 5’?%43&%@?’ % a? El‘#g%g%eo sIﬁlt énﬁ()%lrrﬁku%neewl_@g E%Odlnagﬂ%g)%zexmessmn Tt

15[ 0020 ZﬁMdMBndmeﬂsy/ZOQh e) eepesainh of HY &oil ABrisbankA d280T) dy bappéskide osHFUENCES

that are.ch cteri havi ng .8 87, 90, 91, 92, 93
oa " g5, GEM PGSR utg WA shi B/?ﬁéﬁd@/%fépﬁéérﬁe e AN
or sequefguibihd @rtebpondiigthHADESWCT: @efivtgsns 8¢ ©s ¥ SRt PDNIend3, SEQ
ID NO 35, SEQID NGO 36, SEQ ID NO 37, SEQID 38, SEQIDNO3§nSEQID
NO 40, SE?B“F‘D NO 41, SEQ ID NO 42, SEQ I D NO 43, SEQID 20 NO 44, SEQ ID
NG 45, SEQ ID NO 46, SEQ ID NO 127 or SEQ I D NO 47, wherein the nucl eotide
sequence encodes a hemagglutinin protein that when expressed fornms a VLP,
and that the VLP induces the production of an antibody. For exanpl e,
expression of the nucleotide sequende within a plant cell forns a VLP, and
the VLP nay be used to produce an anti body that is capable of binding HA
including mature HA, HAO, HAL or HA2. The VLP, when 25admi nistered to a
subj ect, induces an imune response. [00203]Simlarly, the present

i nvention includes HAs associated with the foll owi ng subtypes Hl (encoded
by SEQ ID NG 28 or SEQ ID NGO 127), H2 (encoded by SEQ ID NG 12), H3
(encoded by SEQ ID NO 13), H4 (encoded by SEQ I D NO 14) H5 (encoded by SEQ

e p——g~ R I N A 7~ \ L e p——g~ NI N A A



HA, including mature HA, HAO,L HAL or HA2. The VLP, when adm nistered to a
subj ect, induces an i mmune response. [00204] An "i mmune response” generally
refers towvaospsnse of the adaptive i mmune 15 system TPhe/@adapPraoveeéi mune
system general |y conprises a hunoral response, and a cell-nedi at ed

response. The hunoral response is the aspect of immunity that is nediated
by secr ef0@dsHnt i bdﬁ[ﬁﬁ{E&demsecboimpamm odSHIAI es:pm{ssmmﬂra&gie;arbphmmyn@ldni neage

(B cell). ecr anti bodi e ind t on the s nvadi ng
i o obexdEDRBITT KE U LS. HAchsPiody S e aRga nont MEF T8t ot on.
Hunor al tms&es tFySr CBMUSHT, meaema&;bevﬂmlghafﬁpndecanamd saedypaptiodfshiagairand t he
20 processes that acco any it, as well as the effector functions_ of

ant i bodi BRI wetis@fsgapmgarsh A vecsty migkagrapm af protein axieaet wrierdeadsd or theSIMPAGENDr y
cel | gengy i %ﬁg@@ﬁeﬁ?ﬂeﬂ ekde gm} hfériﬂorfre&@%&}{&ﬁﬁ%;ch%*ﬁﬂ%@raﬁls offi nation
and the |ike. terns "nodul ate” or "nodulation” or the |Irke refer to an
i ncr easepofeigocresded a) @pp%ssmn cﬁHarfrome@/MWs@aldonp@OélﬁB?,éﬁ expresspatof i ned
by any of sevagr.al a (o) e

oxerp! i £ 180 HEFERC I B IERPIRkY pl R P L EEs 52057 8 SR AER esponse
t hat doefomot/IndonesiaveE2 st idalaad egfressioh of 8t fle Brmmﬁda)mmotshﬂlmm\mamdlm thé

macr ophages, rga ral kil ler Ilsé)g nti gen-specific. cytotoxi

T- Iynpho@’y"f"épso epriesponding i d A0uipedifip 18TPbat/g Ik SIS CORPRIZOE S84 C an

anti gen. v&ﬁir&nﬁ@%ﬁ{&@xpr%ﬂéﬂlawlnﬂﬁat%@cdhegﬁfi@fﬁqb|lazhe§0 refer to some Th cell
activation, Tc cell activation and T-cell nedi ated responses. Cell nedi ated

immunity_is_of particular inportance i ondi ng to 30viral infect.i ons
[ 00206] FEO 12K anpl FIGLHRE ﬁ%msl%wnﬁ?ﬁfgéﬁ‘\ Gswaplation v sapresird with

Iyrrphocyt{grwm %76@@18}15@%&%&%@&%11@%& HA S RAYane(AiaTU ) Bb) RBre0f CDA
positive | ynphoCytes may b WD 2010/ 003225PCT/ CA2009/ 000926
measur edeAPseshRyl adongros Lo-emesspdvithdéHyl/REXA HAIageundation lewel whbeipluetedbys may be
quantifigd, i S
eact | vel i Al o R e A% WA Bl 1AL VR BRRRISCAL (RT07S
(e. glsanof strairgm\lewgk,ledogﬁ/w@%oglﬂrisbanhﬂﬂmdswanedlsdzdaecsmnntques for performng
such assays are well-known in the art. [00207] A hemaggl uti nati on i nhi bition
(HI, assa t 1

ant | bodi (0§ aucod e Ve iR o AV 2 BRRRERLBLE 0Bl b ¢ e

aggl ut i nAtCGabiforofa/ 046 (bximmbt#ébD)s (RBC) by reconbl nant HA. Hemaggl uti nati on
inhibitory antibody titers of serum sanples may be evaluated by mcrotiter
HAI (Ay t al r t f. se ] s may be
used - oS, 2 MR P IREt:F Biof hATME A NIRRT

i ndi r ect proteiroextmtts Gomongrastlantet plaafs 2tdags piAt mﬁitfmbn.osmﬁ;hés s if @ck 1t aMLP,
conf %@m&gjst he ,gaé&[p presentation of antigenic sites on HAs.

[ 00208] ‘ty HAT titres nay al so be used to denonstrate the
efficacy of an immune response to other strains of virus related to the
vacci ne g)mbm}oe ?uclmmehov@sahumd‘ldoﬁm a}qﬁmi;&gHQ immnhm&bﬂﬂié@mv;acci ng
corrposlt of a first strain (e.g. VLPs of A/lndonesia 155/05) nma e use
‘n an HAITT: Xme@wracaé%ﬁ&is%élt frogm 4/ Geli ey &/ QA (Fa?éetanumbm%é%af\l d

(e.g. A Mo%ﬁﬁ@ﬁlﬁé@é&ﬁ@@&)sagﬁ%pﬁh’@cdﬂﬁig s%!]ﬁeﬁée @%ﬁ@r%&%ﬂd BQQ@QQI C¥dif %" ne
presence or |evels al so quanti f For exanple a T-h er ce

[ espons eSSUYHIEL W&hlkﬂl%ﬁ ipjolg. hEltga’@t%Bl S?%‘MS gying jeid ﬁ%@%ﬂeéﬁﬁﬂtmd‘ﬁ 1128 9f and

| L-45sec y ( ds).

Peri %%erglﬁygﬁ%égi%n%%gﬁlafma@(g Cg&gob%’(%B ?r (Ps |§ﬁ%§€% es a@aﬂed froma
subj ect ivepenges ssgrlat papdde isamdertingsl. super nat ant anal yzed. T | ynphocytes may

al so be quantified by fluorescence-activated cell sorting (FACS), using

mar ker s |ch I g art.

[ 00210] AR’r?l@%:g; oneutpr*glt]??agt?’lrk g%i@g;}?&@%@%@@ﬁ%@@%ﬂ%ﬁs E’g to (ﬁar acterize an
i mune rd&pI@Rse in a subject, see for exanple the nethods of Rowe et al.,
1973. Virus neutralization 25 titers may be obtai ned several ways,

i ncludin enu I fol.l ow ng crystal
Vol et i ons odnaoRE R Rpt K nBhBHNER R MG RTRR SoiraR b i¥sel

| ysi 30 i nmouber 07 2(SEE) IIENDSA 43 ficbns Peet (upsipdaat promibtet)to datlqahinediately NP vi r us
protein (correlate with virus infection of host cells) [00211] Sequence
identity or sequence sinmlarity nay2%e deternined using a nucleotide 30
sequence conparison program such as that provided within DNASIS (for
exanpl e, using, but not limted to, the follow ng paraneters: GAP penalty
5, #of top diagonals 5, fixed GAP penalty - 45 - WO

2010/ 003225PCT/ CA2009/ 000926 10, k-tuple 2, floating gap 10, and w ndow
size 5). However, other nmethods of alignnment of sequences for conparison
are vvell-knovvn |n t he art for exarrple the aI gorlthms of Smth & V\aterrran

L A NN A AR A 2 1 AN\



5 inplementations of these algorithns (e.g. GAP, BESTFI T, FASTA, and
BLAST), or by manual alignnment and visual inspection. [00212] The term
"henmaggl wwornro/mdeezai n” refers to a peptide conprising ePCHATA20(%06426
domain, or._the HAl and HA2 donmains (alternately referred to as HAl and HA2

fragments). HAO is a precursor of the HAl and HA2 fragnents. The HA nononer

may be generally 10 subdivided in 2 functional domains - the stem donain
and t he dgvablidagy NQS seminstorh @Xd 5% premioter squvenestiewaded igfl. Mitgted VKK ¢ted i n

| nf oot | ik a0dh RALDAGER Shdnledlat Doy hipS Ak BEnR RIS TBLGRAL, Ghange 1t

may under go en exposed to acl stem domal n nay be be further
subdi vi degresnimths caseddadaf HS Adindéreaighenthaded. t he fusi on sub-donmai n or
pepti de (a hydrophobic stretch of am no acids involved in fusion with the

host ne in igdi ' .~ t.he .

I L R e I

t r ansime nsbunes GEQRIDNNOE 135\ NadosrHI A/ Calithnial4/D000 sygndl peptiddie uaddriimadt Fachf t he
HA for lipid raftsil)o, and the (ﬁytopl asmc tail (cytoplasmc tail sub-domain)
(Crail) PFFIGLETORsiS At 6h of HA). The gl obular head is divided in 2
subdonai ns, the RB subdomain and the vestigial esterase domain (E). The E
subdomai[porsaly be PaEURBIIb¥h@Wws thethlidleoidé segdertadofiibé fitd papettedSEQND surf ace
of 20 the ql obul ar head, thus sone antibodi es rai sed agai nst bind to the
RB subddigili® yebssizrdrraemgehl GG Omﬁ&tééo,gaﬁﬁquem@vM(mtp)ﬂ,poeron" M yus-1ike
parti cl gsraiiPlo Apak RSitricki6h SifeSis hikiePlidcd CRISeSs nhdld. Sltdte PSR e HR QupRstrisIPr i se
structural proteins such as influenza HA protein. VLPs are generally

nor pt¥ol céfetdP P9xednd antigenically similar to virions produced in an
infection, but |lack genetic information sufficient to replicate and thus

are non-foffe¢t i OUSIGRE 99 REowkXh& Y@M seqirl2e o B oG ORI (S8 D NAV#3-8, Protei n
species, or nore than one protein species. For VLPs conprising nore than

one pr ot(@ER 1DP¥Ri188) and3dSERIPEN @: 18 Patspdio sivathedine the HinAy Gdlifemindd/2¢¥ci es of
virus, aqr IS [ in froma different species, genus, subfamly
or fam I%f/q%?‘ge\/\%?@(?gga%g@?%%glt ed by the ICTV nonencl ature). In other
exanpl es, one or nore of the protein species conprising a VLP may be

modi fi ed09¥63in t he FHAWRE &B shovoctbeinwdlentids saquente of expidBsion Casegtteembenniilced i n
sui tabl liLsy kheldidi | ant i n . host _.cel.ls. FollLow ng

ext rlgct ﬁggafsl ?ol\cr@tlﬁé)’ ﬁSlgltﬂégieqa?St%ﬁ pﬁ%ng(r)r}g]i) é%ﬁgctqit(%n r?g eétiﬁactfﬁ S?Y%Sgrearﬁurl i cation
under suemaiiter). FEPHANH] AVCRFormy4/DE)Ipaqicheeid uaderlinedact structures. WO
2010/ 003225PCT/ CA2009/ 000926 [ 00214] The VLPs produced from i nfl uenza
derived proteins, in accordance with the present invention do not conprise
ML protein. The ML protein is known to bind RNA (Wakefield and Brownl ee,
1989) which is a contam nant of the VLP preparation. The presence of RNA is
undesi r RETAHED MESCRPTIONguUl at ory approval for the VLP product, therefore

a VLP 5 rati | acki ng RNA e, advant.agepus. .[00215] The, VLPs of the
present [m@giti on%ﬁ'ﬁl}reﬁeélt B‘?’Br&l?gégg%ﬁgathﬁgg “C@Bﬂ PPYlﬁ‘é?flhﬁeé’a‘éﬁ Patt%t i zed by

| ackiong spbefiailly) the yrebent fivahtindd Girdetedtte theprodudtiontofaiins-Bk@pdtided copfpriking an
insect cell, fungi, and other organisns including sponge, coel enterara,
annel i dd? %ﬁntzan?f’rtgﬁ%sda, nmol | usca, nemat hel mi nt hea, trochel m ntes,

pl at hel m nt hes, chaetognatha, tentacul ate, chlanydia, 10spirochetes,

gr am poqnoiose baciras followingaRelptibe s a paffahaehastipidng, or the |ike. See,
for exanple d ycof orum (URL:

gl ycof or j p/ sgience/ word/ evol ution/ ES- AO3E. ht m.). or ta et al., 1999.
Nucl ei ¢ [Q{&?Ggi Resih? RISy Y FIL05-PEOVIGSS 2Ry R‘ﬁ@ﬁ‘géi’malf‘g g HPYFROUREIBPCC Aci ds

Resear ¢ hen3&lit280mbBg&06froaan biRteldped 096, fd#(ékéiﬁlﬁé, gmnlﬁha&a &é?@gbgﬂitin%il(HAz)%ggs :
e onl 1 ne oper

Nucl ei ¢ Aci ds Research 36; D368-D371;. publis ,

doi :2%0. mg@il}wﬁ@l@ﬂ%y@gu%ymwafhvw&d&%d as described herein do not
typically conprise neuram ndase (NA). However, NA may be co-expressed with
HA shoul[doMZPs cOmpthcinb@, fhiépancht MyeRtondR6Vi &G mRRPHGIAuMnP vRLogced in a
plant according to sone aspects of the invention may be conplexed wth

pl ant - drtigky &FB?')G%?P}PH% Tghemeﬁw ipyhps i dyeingmmicleinpeig engadingga patigts.  The
pl ant - deg, Ne¥u Lok ToI ¢ | pi player. .. an further
conpri s?bgﬁégg%i, gﬂ%/égﬁ%pe s%ﬁr%u%rédjlﬁ ﬁaéfl?{f? tﬁlﬁ!&tfh@ tg? Qh’ltlt %é{()lﬁ\l/oglcf)qltl?gal %Pst’ may
conprise lipid conponents of the plasma nenbrane of the plant where the VLP
i s produced, including, but not linffed to, phosphatidyl choline (PO,
phosphati dyl et hanol am ne (PE), gl ycosphi ngoli pids, phytosterols or a

conbi nation thereof A plant-derived lipid may alternately be referred to as
a 'plant lipid . Exanples of phytosterols are known in the art, and

i nclude, for exanple, stigmasterol, sitosterol, 2524-nethyl chol esterol and
chol esterol - see, for exanple, Mngrand et al., 2004. [00217] VLPs may be

o r o, o - o o - o



30 buffer, and insoluble material renpved by centrifugation. Precipitation

with PEG nmay al so be of benefit. The soluble protein is quantified, and the

extract paeeth/mwbr2ough a Sephacryl TM col um. WO PCT/CA2009/000926

2010/ 003225PCT/ CA2009/ 000926 Bl ue Dextran 2000 nay be used as a calibration

standard. Fol |l owi ng chromat ography, fractions may be further analyzed by

i nMmunobl atd ihaibditgetheplast drigopiontodthe pdamtrphdementdit@hs tHaepdrmétahe epression of

[ 00219] W.t hoyt. wi.shi ng to be.boun t heory, the capacity of HAto bind to

RBC fro %W#@Fé‘ﬂitb?f?‘??éli’fgg‘fcén%:‘ﬁ?%ﬁgby the affinity of HA for sialic acids

a2,3 or a2,3 and the presence of 5 these sialic acids on the surface of

RBC. Equjooeegind awldn ndd Herppoducad frore mirthuenzarwisieshosggéryVLPsuney alsybdir ocyt es

fromall several species, includi .turkeys, chi ckens,. ducks i nea pi gs,

humans, BRGS0 Tpr SR Pl SR NIRRT il ORREE R IR 2 MSEy i ocy ¢ es

of tug kegpols Ni&K&BSanddueks, guina pigs, humans and sheep (see also Ito T.

et al, 1997, Virology, vol 227, p493-499; and Medeiros R et al, 2001,

Virol ogy, vol 289 p.74-85).. Exanmples of the species 10 reactivity of HAs of

di 1 or oniON 6311 uen AedreRrdsinFdss i of Al et et l@ﬂe%dlrﬁwﬁ%w@ B8t Speci es

of RBC bﬂkﬁ%s,tlﬁclhﬁﬁ%ﬁfr eﬁﬁh%,tb%gno"t@ﬁﬁ&ﬁ% the %xlyiﬁaé%nﬁ%%mﬂ subf@gRqBal Strain
H3P

No Origin Horse Turkey HL Bri sbane/ 5912007 " (HLN Huiman + ++
Al Sol onoANdvafdsd@ipBE (FHIND) the7gIndanesia/SF05rsu AN 13 BRI DI 00)and H3NR)

776 Hu Mafe fesd Eommon B type (for example SEQ ID NO:26, Figure 100), and C type (SEQ ID NO:27,

10  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 (HIN1;
SEQ ID NO:48), A/Solomon Islands/3/2006 (HIN1; SEQ ID NO:49), A/Singapore/1/57 (H2N2;
SEQ ID NO:54), A/Anhui/1/2005 (H5N1; SEQ ID NO:55), A/Vietnam/1194/2004 (H5N1; SEQ
ID NO:56), A/Teal/Hong Kong/W312/97 (H6N1; SEQ ID NO:57), A/Hong Kong/1073/99

15  (H9N2; SEQ ID NO:59), A/Brisbane/10/2007 (H3N2; SEQ ID NO:50), A/Wisconsin/67/2005
(H3N2; SEQ ID NO:51), A/Equine/Prague/56 (H7N7; SEQ ID NO:58), B/Malaysia/2506/2004
(SEQ ID NO:52), B/Florida/4/2006 (SEQ ID NO:53) or A/California/04/09 (HIN1) (SEQ ID
NO: 127).

[00170] The present invention also pertains to influenza viruses which infect other

20  mammals or host animals, for example humans, primates, horses, pigs, birds, avian water fowl,
migratory birds, quail, duck, geese, poultry, chicken, camel, canine, dogs, feline, cats, tiger,
leopard, civet, mink, stone marten, ferrets, house pets, livestock, mice, rats, seal, whale and the
like.

[00171] Non limiting examples of other antigens that may be expressed in plasma

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

Paramyxoviruses, for example, Measles.

[00172] The invention also includes, but is not limited to, influenza derived VLPs that

30  obtain a lipid envelope from the plasma membrane of the cell in which the VLP proteins are
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Al W sconsi n/ 67/ 2005 (H3N2) 777 Human + ++ B B/ Mal aysi a/ 2506/ 2004 778 Human

+ ++

B/ Fl ori da/ 4/ 2006 779 Human + ++ Table 2B: Species of RBC bound by

HAs of sewvecvmdopmadem c i nfluenza strains Pandenm ¢ Stracmddaod@aogize Hor se
Turkey H2 A/ Si ngapore/1/57 (H2N2) 780 Human + ++ H5 A/ Anhui/ 1/ 2005 (H5N1)

781

10

15

20

25

30

expressed. For example, if the VLP is expressed in a plant-based system, the VLP may obtain a

lipid envelope from the plasma membrane of the cell.

[00173] Generally, the term “lipid” refers to a fat-soluble (lipophilic), naturally-occurring
molecules. The term is also used more specifically to refer to fatty-acids and their derivatives
(including tri-, di-, and monoglycerides and phospholipids), as well as other fat-soluble sterol-
containing metabolites or sterols. Phospholipids are a major component of all biological
membranes, along with glycolipids, sterols and proteins. Examples of phospholipids include
phosphatidylethanolamine, phosphatidylcholine, phosphatidylinositol, phosphatidylserine,
phosphatidylglycerol and the like. Examples of sterols include zoosterols (for example,
cholesterol) and phytosterols (for example, sitosterol) and steryl-glucoside. Over 200
phytosterols have been identified in various plant species, the most common being campesterol,
stigmasterol, ergosterol, brassicasterol, delta-7-stigmasterol, delta-7-avenasterol, daunosterol,
sitosterol, 24-methylcholesterol, cholesterol or beta-sitosterol. As one of skill in the art would
understand, the lipid composition of the plasma membrane of a cell may vary with the culture or

growth conditions of the cell or organism from which the cell is obtained.

[00174] Cell membranes generally comprise lipid bilayers, as well as proteins for various
functions. Localized concentrations of particular lipids may be found in the lipid bilayer,
referred to as ‘lipid rafts’. Without wishing to be bound by theory, lipid rafts may have
significant roles in endo and exocytosis, entry or egress of viruses or other infectious agents,
inter-cell signal transduction, interaction with other structural components of the cell or

organism, such as intracellular and extracellular matrices.

[00175] With reference to influenza virus, the term “hemagglutinin” or “HA” as used
herein refers to a glycoprotein found on the outside of influenza viral particles. HA is a
homotrimeric membrane type I glycoprotein, generally comprising a signal peptide, an HA1
domain, and an HA2 domain comprising a membrane-spanning anchor site at the C-terminus and
a small cytoplasmic tail (Figure 1B). Nucleotide sequences encoding HA are well known and
are available — see, for example, the BioDefence Public Health base (Influenza Virus; see URL:
biohealthbase.org) or National Center for Biotechnology Information (see URL:

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

[00176] 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
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Hu- Av ++ + A/ Vi et nanf 1194/ 2004 (H5N1) 782 Hu-Av ++ + H6

Al Teal / HongKong/ WB12/ 97 (H6N1) 783 Avian ++ + H7 A/ Equi ne/ Prague/ 56 (H7/N7)
784 Equi n€02610/083339 A/ Hong Kong/ 1073/ 99 (HON2) 785 HumamCFAAR009406)026220] A
fragnent or portion of a protein, fusion protein or polypeptide includes a
pepti de or pol ypeptide conprising a subset of the ami no acid conpl enent of
a parti cegnéiresipeddsenonoorerip pteppeptiiraein (HAGY dtkbdut TltDa, hichassgmbles acthe form a
VLP when expressed.. The .fragmen f or. exanpl e, se _an _antigenic
eqi on. SR BLLH e ARl Pegrefin e ke TR L PR
functi onagkavdea®d eonSérvéd R tiPitdin@ldavape spO(ajpepletretbto atigidnReid) inteBy al so
conprise WO 2010/ 003225PCT/ CA2009/ 000926 a region or doqaniﬁn com"m‘ﬁ éo

pr ot ei nsPAFPPHEe duins. [GoharhHAZArmRrising the FpSMERGHBR oSy ed breredistifids ci ent

1 B A g8t e o s s e st [ 1om
f r om aboaming@e4ls n bmt Although this cleavage may be important for virus 1nfect1v1ty, it may not
be essential for the trimerization of the protein. Insertion of HA within the endoplasmic
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
10  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
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
15  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).

[00177] 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
20 be HAO, or processed HA comprising HA1 and HA2. The HA protein may be used in the

production or formation of VLPs using a plant, or plant cell, expression system.

[00178] The HA of the present invention may be obtained from any subtype. For
example, the HA may be of subtype H1, H2, H3, H4, H5, H6, H7, H8, H9, H10, H11, H12, H13,
H14, H15, H16 or of influenza type B. The recombinant HA of the present invention may also
25  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:
bichealthbase.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

1s isolated from one or more emerging or newly-identified influenza viruses.

30 [00179] 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
-33-



5100% of the length of the full length of the protein, or any anount

t her ebet ween, provided that the fragnment can forma VLP when expressed. For
exanpl e, Wwoamoealosazs 60% t o about 100% from about 70% t ®@CatA2009000%2% from
about 80% to about 100% from about 90%to about 100% from about 95%to
about 100% of the length of the full length of the protein, or any anount
t her ebet waesiled Bl SEQHBINO 3), 4 (cagdahiy SEQ pDNG:b4), HayerbedddrbyrREgout 150 to

T T e

exanpl e, seofihagn®ny H@qynce@edfﬁyosmﬁwm%bﬂm(eﬁ&{ae@ey BEQaglwb,wpmany anount
t her ebet ween, from about 200 to about 500 am no acids, or any a

t her ebet (geasied by SERABN®: 285 31 12 dengndesk bystid N2 1kl bis(enended hy Sﬁﬂd@nt

t her ebet yee f rom
aboutp350 to )’% {éh%gg&‘fém glffg«g?%h@gér}wg%g% " lgﬁe% ZE% r om
about 408EQdDaH»a5), 5ﬂi®ﬂo¢nzatw)eéh(@qued hjeSEQéD\Mér%) foramlabmmonétsﬁewfo about

500 or a anount her endl the and provi ded t hat
Tho 11 a s BrRA el O5 BRGHoMR Bt on® SREPEAE HRR ARlronstBistel S

30, 40 otithid agMant or idsdcElSsl] t6 renaameythatrtbumtﬁehue bethebmemmyhdmné empreadts i om
the C term_nus, the N tern hus or otht m nus of .an HA
protein, hﬁrf%mati@aofte\%?S @ﬁé’“ﬁﬁ“&&ﬁ@ﬁgln@é??? ?ﬁf% qﬁ%ﬁn%&wé@g@ae

[ 0022¢] Numh@ftzb@&npge ¥ 0QorPSY tRS cdnkbimitibn BF MAR n§ B ABELniAéEby @b Blidnded bR t he
part| cul ar sequence, however one of skill can readily determne the

equi val @by vacsme graparet ifiom the VAR Wer exeimpld avascise i apkie inpsslatinghirdstayct ur e
and/ or s ved when
construc;ca Ek g %ﬁ%bl ?@?% apyggr ap é%? S’seﬁﬂv\g(;t]rq%&%gﬁ é\@nﬁle sgeci fic
25numner i cxahprlsclemhtmeyomﬁf ortrhere dmnoe aﬁsuuty(pa g1, HZalHét He 1, oHt) HEI0 O N2.e¥igt h of

the protei ut woul.d t e relati 03| m no .acid
-t he s N PN eytBsuss P Ble? CoRaiRs ok i fBied oBadhe B RTRG e "done
usi ngs a BkeA®tumbgorithm (Altschul et al., 1990. J. Mol Biol 215:403-410). A
BLAST search allows for conparison of a query sequence with a specific

sequence roup gnces, . or Wi th | ar.ge brar .0or 30 dat ahase
(e oBndl or " sl e Brtion s Grraf¥ dehv i FobtisiShotr w B ote

t hat exhbrtumAw&%d derkirhle tWis)tthrad, Four! fvaes Six Wirlnibré BRSRbtygegr ees of identity.
Nucl eic acid or am no acid sequences may be conpared using a BLAST

al gorith rt her retheldentlt bet we
2010/ 003B95HT] CATOSSTBEDESIEM e oLUG Bty acodinidheangitngs

al i gni ngthah@nﬁ&qmmﬁei@g@@mﬁr 1@1@ determining the %identity between the
sequences Alignment nmay be carried out u5| ng the BLAST Al gorithm (for

exa ai | abl e t hrough  GenBank; nc nl m ni h. goyv/ cgi - bi n/ BLAST/
usi Hg ﬁ)iéu%t par eﬁ?@{’@p’éy nysleg iy M Cé’g’cpﬁse ?55’?6889"3%@‘1“‘?1}063 whswagelytining | ¢ er :
def aul t; frfhiselREBNStraiRAIEVAREa SHEHYS. PordRBGHleCanR AN 1)k sGdhlak)a/NER
BLAST2 thr ough EMBL URL: enbl - hei del berg/ de/ Ser vi ces/ i ndex. ht m usi ng

def aul t paledania/2/29 (R (SEBLDNG3). the Mndonesipd§/ a3 sub- tmﬂbilel)(mnpn@mg
Expect: 1 nts: 50;
o EASTA T b S I e e P B e 30 I N eences
and cal cEliIgam 199).tand ChypdSHQ IQ/NO[ZYOE@I]e‘IlWQ) pnésuehhz&s olnvieat fran odesinflubers, but
isn ing of anuclelc Oencodln HA_into a

pl an expr g?o\r]l&\)/se%:f?%}e? ncﬂr?lJ Subt Bdlut %lfoolﬁdg ed A A2 e%g P tf%rm t he

pl ant, sexatphd, &/Bodsbanesu2009 (HHNGMBE(D ﬂhNCB((ampJSeR)nﬁfn Isluﬁzhmmumb@nmacsm;

08, o 80 B R DR A p MRS

A Cal i fONm@/)QAQ/N@&nE(IﬁEQWi@ON@{SﬂI?@E AN NG eV H vaéﬁz’/ Iﬁstm type
(H5N1) ( Bri shane/ 59/ 2007 (H1N D NO 36,

19.62) Sed DI 40 Hanecrones 47560 HIOVEIER (N4 wgBmam%@w aN2%3)
AJSI sgap 6 (H5N1)
o gﬁmSEQEQ/Ié/hﬁ? 3%9“&?*2’)%&%%1)9?7/%(1;1{?%% 1(%94/ R119) 08k e@?%ﬂé/ség%%@ﬁ

44, 56, B6Q IDANG4e) Bmdaigyswéz@ﬁm@(@n [HER40)( BZF@on@EI@QO@(&m IANO:BT), 67)
A Hong NO 47, 59, 68), A/ Brisbane/10/2007
( HBN2) F@n@@@%%@‘* 1)(@8,81%’3)@ &7 W sconsi n/ 67/ 2005 (H3N2) 20 (e.g.
SEQ I D NO 39, 51, 70) A/ Equi ne/ Pr¥igue/ 56 (H7N7) (e.g. SEQ ID NGO 46, 58,
71), B/ Mal aysi a/ 2506/ 2004 (e.g. SEQ I D NO 40, 52, 72), B/ Floridal4/2006
(e.g. SEQID NO 41, 53, 73). The corresponding clone or construct nunbers
for these strains is provided in Table 1. Nucleic acid sequences
corresponding to SEQ I D NGs: 36-47 conprise a plastocyani n upstream and
operatively linked to the coding sequence of the HA for each of the types
or subtypes ‘as 25 |Ilustrat ed in F| gures 28 39 Nucl ei c aC| d sequences
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5[ 00227] Proteins from ot her envel oped viruses, for exanple but not limted
to Filoviridae (e.g. Ebola virus, Marburg virus, or the |ike),

Par anyxowvoi2deo§rsg. Measl es virus, Minps virus, Respi Pararazo®ymesi al
virus, pneunoviruses, or the like), Retroviridae (e.g. Human

| munodeficiency Virus-1, Human | nmunodeficiency Virus-2, Human T-Cel |
Leukem a[0@ilB2is- 1, (Cmreb%ldmg«ﬁ)the lenwgghahmnsimey ()emgportmg’or Mulmyléﬁﬂephal itis,

Cenoue, v SRR St e LRSS o

cor onavi hetSaggfiRGe), @hohdl6thérd dh@r)lcteﬂﬁlcmﬂlhﬂuéiﬂa Kéiﬁalggldtlﬁmfs heslgingfot 8 b'tdtémi n the
art, may al so. be used Non lim¢ting exa(gp gs of an';&gtgens t hat rgg¥
expresseﬂla}’Hetﬂ yenped H}‘éﬁ’b‘f%fﬁ%orﬂé‘?’qt‘if%dn@‘l‘ s 84t ok Hmifeb 0, the SequERSiof thr ot ei n of

HV - DZ@p ot %@ebﬁﬁ@@ﬁ%ﬁ%ﬂ@o%éﬁgt&ﬁ t ee oif LRt bdi M far Qfo%ﬁign&e' ncl udi ng
VP30 or VP35 of Ebolavirus or (/S burg virus or th Hproteln or F

15 prot eﬁ‘ﬁlﬂ@lﬁlh‘whé Cmatgt%hatmymemgswmmﬁs@ﬁla@I“éth th’?ﬁﬂdﬁl, mrtallye. g.
GenBank 4 Y. | ati on and
of eavage SO SRS pIL KhEBische SR ObR BaBbR Ao e R D\
reference gi: 9629357) gp 120 and gp4l of HV are gl ycoproteins obtained by
t ransl at [Qﬁ)rh84jnd cl Hawtag@:kqirotbimu@qmaﬂstmmreuems (e, egarnﬂem%}hhpqrefea}retnme,

gl 96293\6&’ CP a gglc apeyl 6‘%.‘? pI'DCGS S 1nc1?1d enIO ClnS CSIS lnB‘aECbe 1%}” rus

( GenPept é’r? gP 55 fg) Stfﬁ BT N OBy AT RSy '&hsl ati on

of the vpalickiaguracatiaf oftrhiefolding, @ravém&n@épmmn @gr@au&laﬁmmhly%ﬂer ence
gi : 55770 .OQa ; VPgS of Ebol avirus %ﬁg Ref er nce :.557 809% f t he
protein RNy © Vofqllhﬁ’é’illﬁ?’ie&r?r?ffl mﬁp@é P§%¢a‘ﬂ HE&Et a“f’?re P&VPY us
genone. s&bh%%eﬂa‘newtaﬁg BcMillé, WSt &@ﬁmﬂmed&eﬁ%smgpgs }%96@61@;,90 Stdpheo,

protei n obtaine transl ation of the qﬁgznce of the Marburg virus

genone (@é??@a—’rﬂ(H%{%HéW@@?é’P Hspd 88189, Loy, Pasyelophiimsy CloRe Battenc e
gi : 962698 )itih Sca}ntéﬁmpérfa g)‘?(')tganlfl uhﬂﬁ i{dmRANe @%@ f&fex«rirﬁﬁe '\?Q&ESSA\J"H ¥Hgenone
(GenBank Refer ence gl : 3 protein erence gl : 9626950)
is the plpteg Hardbr Lmrﬂowe’tﬂsm ’éﬁ‘ 1995@ Ppsels IDaé &llnmuge@oﬁm Rev. Genet.

[ 00228] r eIo d n the t hods of
the pr et TP SRS PR B hiotte S BRaiRGa Mo ehedB P

30[ 00229} Hdperonapeidinsdnclude’ éfspd®ard, Heprf@vi des for a nucleic acid rml ecul e
conprising a sequence encoding H V-p24, H V- 120, H V- 41, Ebol avirus- VP30,

D A T YAES: | NGRS D R R TprRaEhES WS RS D Sk fom
2010/ 003 Babdrial pAcha et/ ﬂ%ﬁ%erb&udpwmdo\be&:yndm Ielsead, Mﬂcoaaétia@uh allbﬁifcyloﬁz@gi on
t t, t ot
£ 00258, Thf Bresdarierivmban st sbchis Cpeia Gt wlrbianpeignat B Mhbreke” aci d

encodi ng fiaf Esléherfcma c%ﬁaymktearm&héa Qtokhiydich 8eld Bop 78 Bl ddRAFétes, such as
Al I ndonesi a/ 5/ 05 virus HA (H5N1) or an 5HA frominfluenza strain

AJCal i f orinttaligw (& gt st 0@ (lelBregsrant fbaparones frRBE PO Avagicsler grample of an
bacul ovi r L yas

candi dat o8 R B A B b A SRR 2 O SLO DA 32N ERIOR,

pr ot ei ns capable of spekifimglbchibdiag AAP s fngH @s hafakded a@idpﬂpﬁd%mg@ﬁpt(ﬂehdhﬂmﬂy’pl c
macr I ar.. pr. i t k- bvi.r enz articles
and hr1 Bt Befaf bkds RAAHE WY ERogld i WA APR PGB GEEOATER " ol e
10 [ 0023 pjoiduecomydéxesc aci d encodi ng t he HA of influenza subtypes, for
exanple but not limted to, A/ New Cal edoni a/ 20/ 99 (H1N1),

N

A Si ngaporyedthtBia GPRR)L, H RakdHsha0 ﬂ@ﬁ&u@ﬂw@ such/aVuil A FTubisO 420049, ( H5NL) |

A Br 1 son BT HRBO0H TRlograNG A ARG B PP B ek M. atva Msr
A Eqai ne/(dicaa el SEQUIBNG) 12181 Mhbama). dlsphORbA10d] Bhahdédutatipedabiimay be

expressed, for exanple, using a Baculovirus Expression Systemin an

appr opr i BrokeiR fldingithgmotolsransg aphPNA replisation emang pihier qslvlapackeities (e.g. Sf-9
cell line; ATCC PTA-4047). Qher insect cell lines nay also be used.

[ 00232] The nucleic acid encoding the HA may, alternately, be expressed in a
plant cell, 20 or in a plant. The niftieic acid encoding HA may be

synt hesi zed by reverse transcription and pol ynmerase chain reaction (PCR
using HA RNA. As an exanple, the RNA may be isolated from human influenza
Ai New Cal edoni a/ 20/ 99 (HLN1) virus or human influenza A/l ndonesi a/5/05
(H5N1) virus, or other influenza viruses e.g. A/California/04/09 (HLN1),

A/ Bri sbane/ 59/ 2007 (H1N1), A/ Sol onon |slands/3/2006 (HL N1),

A Si ngapor e/ 1/ 57 (H2N2) 25 A/ AnhU| / 1/ 2005 (H5N1) A/ Vi et narﬂ 1194/ 2004
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5the art. [00233] The resulting cDNA copies of these genes nmay be cloned in
a suitable expression vector as required by the host expression system
Exanpl es wO 2appegsi at e expressi on vectors for plants areTaaxemvidoextsbel ow,
alternatively, bacul ovirus expression vector, for exanple, pFastBacl
(I'nVitrogen), resulting in pFastBacl-based plasm ds, using known nethods,
and 10 i pdaswat i onAponyHeedHip70tahé itsrenicliapetone, éfsh40, iareshvaleddiioi® nay be used.
[ 00234] The, present. i nyention i§ further directed.tp a.gene construct

compr 1 51 AG L HBEREHE g o ROty R A RO HEOETpE i HE S Sas ey

li nked t @vighouE@thRAL @ e BuBIBN thebRAHsp4D HIRB fi@thie h§drophobididatdhies offanddtpddes of
regul atory el enents operative in a plant_cell and.that may_ be used in
accor dan&isent o newdy HrnsiEre) pokxpsatdesthisfasiligingthe ineractipgot Bsp{4@dFt o a

pl ast ecyan : - fedt £, i i i Sit ol at ed

her ei g b?fl&lf1 g‘fe %%ﬁ%@%{eﬁ%{% %gg :?%ﬁrg?;% rl %aé?@%ﬁ%?oﬁg&%u Irbgs? gtdf&?—agﬁgﬁhos phat e
car boxy| asteeexihgeoypertidRUBIpICand ABP Jandadlede 8f HoptiOchhd assacintion poHsp @A BB ei n

by referenc chloronhyll, .al i.nd] i X il er .et ; 1986;
whicn 1 s ek 3ERAROTRRE S pRg R 87 e de Rt Bl ek bl o, g
orygg g7 e‘hgadggjém\immm hgpr@éntmgmlﬁmy@geenfoldin@m_ th%&mit?a@fbggfgwﬁMMhaf f
al . : : Which.is i e . y reference). An exanple o
a pl ast o@%ﬂp‘%ﬁ?"é@’[ﬂq&?%F?E%@g?%ﬁaﬁgm{f%éﬁi%g@'conpri si ng nucl eoti des 10-85
of SEQID NO 36, or a simlar region of any one of SEQ ID NOS: 37-47. A

r eguligt o1go18k e MENt Agdin, MathehakBlivig EEigH KndrBy theoyaamqroteingasdudtioroincrebsedin

nucl eoti de sequence to which is it peratléfgcly |.inked - the nucleotide
sequence 2AEPTPHIIBHRICEINFXBICETION FPteho it SEETH Ao niBg AR FecaRBRptPrfeing

regul at oreypres%w'\r}%w @%@%Q@@W@ thd/é1QBAdcBEadehiRRS @fttﬁarea&gﬁilﬁmﬁ pRiteib he 25

Cowpea Mosaic Virus ( , which may be used to preferentially translate

t he nucl estitiae freardsardatianpitisielled polyrepide r Mativgshgperang pedcinsinpg bopgto

regul at oryy. i i - 5€ i nsbury
R R e L T e L T TG
expr d§s edndreasg mativesheperaeh nay bxeampel adsnitifg fastpnl Highrlgvedd cdeepressiampdr at i ve in

e e R R R A
gp64 pr omolypéptidkoigahe Gttosal, andl 98%xprdssidnfod bagyr e kb 2nd diGproadprotds suétke.

WO 2010/ 003225PCT/ 09/.000926, [ 00236] Therefore, an_aspect af th

i nvent i oft® pFRA &4%@%_80'3 ey et %?@%%t%fltalwg&g@ﬁw&heéaﬁ%n and a
sequence cgaeRdigNEe flyicpfildd@BIAHI redlNBg [HRIM PSRN IR P RogiBtdde @

pl ast ocyanin regulatory elenent, and the influenza HA may be sel ected from

a grélp sempglutipanpalyreptidgsnaddncreasingyirarimben piaral iepiédeaacsamiutasy asistgbla/ 09

W Bri Sbare) o) 3005 “TERRES Liladnd Ruhan ST SRER ey by LFETL
Al Si ngapbreidglBinai¢idi@ior foxmatibuol vifg0iBe pdrHBlsL) , A/ Vi et nani 1194/ 2004 ( H5N1),
Al Teal / Hong Kong, /WB12/97 (H6N1), A/ Hong Kong/1073/99 (HON2),

CHTNT) . BTRY st o] SEQRFoe R B ERORN AL R L rera bt Lo00S °°

conpri si mylugnza(VIpPsas b pbapg whereiregfitsanoclyic atid meevidingrad isffuenzd HAenaaedifessade

exe ified herei,n by. SEQ I D NOs: .36-47. [0 711t is known that there may
bo- s Eaueid et P et o LBl o Abbhesh SRR P ear no
aci ds seduedaeas,to dic pldneinnthie baieCstas btaaehcatdodiged foahe plufssquenfidilyetha vi r us
is cultured in eggs, ,or nma ian cells, (e.q.. cells) or when isol ated
1 om an PREGE (IR Rt donpra Pt phgobieikindne VEbeR wiintor B8 ar o
i 11 ustrabppdt beiRises the At bekldgadiX aRPHR sdébnd MUELLD Q6T RibsedBer@8ntRfdusdd. | | i n
the art would realize, additional variation may be observed within

i nfluenz ggl utji nins obtained fromnew strains as, additional mnutations
continueﬁyﬂsgﬁcurE%TﬂgaFB“PH%mR%6§ﬁpgﬁﬁﬁ%§%ép&ﬁ??%ﬁ?ﬁmﬁﬁ“B@FW@%@ di f f erent
i nf | genzandvamRaab Wrintr&fhan bAE @SR NHema BUSRMih B 4 A diIS 5] MeBSint B orTRY be
made using any influenza hemaggl utin provided that when 20 expressed in a
host as #®ichpherr BapeEpPres. t he i nfluenza hemagglutin forms a VLP

[ 00238] Sequence alignnments and consensus sequences may be determ ned using
any of several software packages known in the art, for exanple MJLTALIN (F.
CORPET, 1988, Nucl. Acids Res., 16-%®2), 10881-10890), or sequences may be
aligned manually and simlarities and differences between the sequences
determ ned. 25[00239] The structure of hemagglutinins is well-studied and
the structures are known to be highly conserved. Wen henaggl utinin
structures are superinposed, a high degree of structural conservation is
observed (rmsd <2A). This structural conservation is observed even though
the am no acid sequence may vary in some positions (see, for exanple,

NN PN PN A - NN A ~ N o o . NN\



WO 2010/ 003225PCT/ CA2009/ 000926 Structural domains: The HAO pol yprotein is
cleaved to provide mature HA. HA is a honotrinmer with each nononer

conpri si myoaorewasor bi ndi ng domai n (HAL) and a nenbr areTanehevioomge domai n
(HA2) linked by a single disul phide bond; the Nterm nal 20 residues of the
HA2 subunit may also be referred to as the HA fusion donmain or 5 sequence.
A 'tail ' [0oegilon (iPRbeEsiE] oftad N-teemitidigrahpepeiie (4P) p&ucice datispexpressient . Each
hemaggl utinin conpri ses these regi.ons. or. domai ns.. | ndividual .regi.ons or
domai ns. AHPTSSERAR P4inEYEEE RTRIEEHRING A 15en PIRPTSEH SRR G0l it 156 TR0RE n ¢ he
same NUNhRkesgNEhdX@mh tdigial fdptidt fefers @nerallPicd shoRI(@&oul R0 einfreél diddeselineges.
The quantity and position on the amno acid sequence of the cysteines 10

t hat par of anipasads, fougil generallyet heiNipemppes gt kemagelbigpigdelpeptidsding Moy dirgihs .
Exanpl es C I t .St defe 1AL a0 ni

e R i g e O SR s T e
rel at i veofxpsdific dersaiay &f thiepadypeptide. iThe sifgal peptainof bema@ghvitining tasget flie 2004

(Sci ence,_303: 1838-.1842) . . Exenpl ary st ructures and sequences i,ncl.ude 1RVZ,

R TR RO TR e e ot bR AR R PSR AT O IR

( Ber rffln ﬁésitﬁiningﬁﬂ@?& 1}1}—%&&1&1{@ pﬁixﬁmﬂ]tcdtjiﬁlain rBiatiiﬂ'dlgyt iR antiRlr domamins dreg)

Cytoplasmc tail - _the jority of .hepagglutipins c rise 3 cysteines at

conserveﬂasﬁ%h?‘fl%ﬁ@%tm@}ig’ﬁmep rig apkin cla eé@égg}%’e%aﬂg?a‘&p l}f&Taﬁ?]PBVPat ed as

a pO?@'tR@iﬂ&'/a%fQB@x#al B’E}ﬁildfel(féﬁfeia%ﬂﬂe, b99234RhA iR Cinsly Mghikdpre@t dsvh@l er at ed
0

i n hemaggl uti nins I nfluenza viruses. This 20 variation provides for new

strains etsaemgya of thetsignelatepyjde to @rrvide; teeimature hegragglutigin hdkigpeegise pleaviaady
rai S G e oh
strains lgl&[% 98 ?@%ﬁf@f@ﬁw of sEUATRARE i i MLl ﬁ%ﬁﬁ}ﬁg)%é,c

subseque I's mal nt al ned. e present inventi on, eref ore,

pr ovi desahio asidiseqrege flenkimgnheadidavageasite dhe kggb ot the signalgpeptids, ef cauhinhtion
encodi ng hemaggl ut.i pin_am no _aci d sequence, that fornms VLPs in a plant,
and i ncl Bﬁtggsekﬂ%&}ﬁy%l‘s ORBY %P#?ﬁ”%‘?-‘( 5‘% T $98 MR ces that may devel op.

25[ 00241] Figure 65 illustrates an exanple of such known variation. This
figuig sfiwg2]la consegsa pegtiiemmyadeindtigeq tieneeagSiihih BeiNexpfdssed, or a HA of t he
foll ow ng HIN1 strains: . AJNew Cal edoni a/ 20/ 9 HIN1). (encoded SEQ I D NO
53) | A BrheuE A S ER AN e Y Riehe By AArip e Ve SRR 2006
(HIN1) ( Stk With M batkBge ¥iBe hdMAo2RiliRin (b3 2 Sdebild LR HPRORABEpe or strainSEQy | D
NO 9. X1 (position 3) is Aor V; X2 é)position 52) is D .or N X3 (position
90) is Kexwynpte theaatiyesd) afifyy supgypes H1yd g Hp H5xHO B p TG grdpfluends typg Bynayber  xe

(posi ti oRseh4Pdxpréss VaeXA T a pldnt(sHQSht i on 154) is E or K X8 (position 161) is
Ror K X9 (position 181) 1s Vior A, X10 (position 203) is Dor N X111

(position 205) is Ror K X12 (position 210) is T or K, X13 (position 225)
i s 5R0or [(RI9N14 (pdsieral paptalsgyay alsoegpnpative; Br cruaple. fm 288)clyral protgip oy, X16
(positi Oﬂerg%%uéih%(ﬁa%mgbﬁléjtﬁaﬂ RfELd R plark, dnilBhl dr badtdifal 891 iien 489)
iIs Nor D 42] As anot her exanpl e of such variation, a seqgu e

al i gnmentnzrenplarysegnslgptidsie that nt elfflrprétéingtisuifiddasonCadse JIPISRE) GocOtidesil N1)

(encoded, b | D NG, 33) B [ 2007 L HIND)_ (SEQ | D NO 48),
I/ Sol omoi1 9T Bl 905t 2l FERIBR A SRR B GP MOerIERR cof o1 34
(HIN1) amMAKEQAIEGNFSILLISVPSWNEBRl ow in Tabl e 3. Table 3: Sequence

al i gnment and consensus sequence for HA of selected HINl1 strains SEQ I D

NO. Segue 5 159.48 49 76 1. NKAKLLVLLC MKAKLLVLLC, MKVKLLVLLC MKVKLLVLLC
TETA ADW)?%%TATYA |Pf?ﬁ*ﬂ‘?&ﬁ%ﬁﬂ?@ﬁ%@%ﬁ@@@%ﬁwSmg a

Cl GYHANNSGFivE) (BYHANNSTT OTVRT MBS B WMEIE Eis GIEWHRY ke N BT iiiEKN

50 VTVTHSVNLL VTVTHSVNLL VTVTHSVNLL VTVTHSVNLL

[00195] 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

30  between the HAs expressed in a plant, insect cell or yeast system, and may be of particular use
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Consensus mnkxkl 1vllc tftatyadti cigyhannst dtvdtvlekn vtvthsvnll 20 51100
75 EDSHNGKLCL LKG APLQLG NCSVAGW LG NPECELLI SK ESWSYI VETP 9 EDSHNGKLCL
LKA APLQMEONCHYSAAE LG NPECELLI SK ESWSYI VETP 48 ENSHNGKL ECTIGAG)H R (26
NCSVAGW LG NPECELLI SK ESWSYI VEKP 2549 EDSHNGKLCL LKG APLQLG NCSVAGW LG
NPECELLI SR ESWSYI VEKP 76 Consensus exshngklcl | kgiaplqglg
ncsvagw mwempeethn ehe HS wsoph-axprepsed 104 sBRTEyNBIRNGX PSS Of MEEPIGHCEYPG 48
NPENGTCYPG 49 NPENGTCYPG 76 SC%ga(Feqnsus npengt cypg 151 75 SCSHNCKSSF 9
SCSHNGKSSRemi e Sropedien gie 85p! GESSF 76 Consensus scshngxssf
45201 75 | GNQRALYHT 9 | GNQRALYHT YFADYEELRE YFADYEELRE EFADYEELRE
HFADYEELRE xfadyeelre YRNLLW.TGK YRNLLWLTGK YRNLLWLTGK YKNLLW.TGK
yxnllwlt gk ENAYVSVWVSS ENAYVSWV/SS
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QLSSVSSFER QLSSVSSFER QLSSVSSFER QLSSVSSFER qlssvssfer NGLYPNLSKS
NGLYPNLSKS NGLYPNLSKS NGLYPNLSKS ngl ypnl sks HYSRRFTPEI HYSRRFTPEI
YVNNKEKEVR O o gEISEVL  YANNKEKEVL YANNKEKEVL yxnnkekevl AKRRAZRIOQR0926
AKRPKVRIXE . 200 VLWGVHHPPN VLWGVHHPPN VLWGVHHPPN VLWGVHHPPN
vlwgvﬁ’hppn 250 GRI NYYWILL GRI NYYWILL 5 48 | GCDQKALYHT ENAYVSWVSS
49 | GDQRALYHK ENAYVSWSS 76 MSLLT Consensus i gxgxal yhx enayvsvvss

HYSRKFTPEI HYSRKHTPEL ~FVET YVLSI 1T NySTX — ARRPRV GRI NYYWI'LL
AKRPKVRDQE GRI NYYWI'XL% ﬁt;PE%Eg@ -é}:>'\ZF‘%(;< SkEPK\Etqe gRi #yywt 11 251300 75
EPGDTI | FEA NGNLI APWAA—RALSRGFGSGH-HSNARMBDE—CDAKCIHPQG 9 EPGDTI | FEA
NGNLI APWYA FALSRCFCﬁB:d 5] SNAPRDE |t I’(Eg{P(IS Qs @ 48 EPQDTI | FEA
NGNLI APRYA FALSRGFGE | MISNRPRER| TIARGSTEOG 1029 EBGDTI | FEA NGNLI APRYA
FALSRGFGSG | | NSNAPME gp{xt(cqrgg@o o|o|c|«|76-NEDLEMLVEW . . . LKTRPI L
SPLTKA LGF VFTLTVPSERRA R Consargy #pgdt ! ifEa ngnli apxya falsr G gsg
l'it snaPmi#x cdakcqpQ-301350 11576 AWINISOPFON VAPVTTIGECP KYVRSAKLRM VT.
GLRNI PS | QGSRGLFGA 9 A|M3SLEFNS \&RYVR ereP Kg\maAl«mRM VT. GLRNI PS
| QSRGLFGAI 48 Al NSSLPHON [VHP GECP _KYWRSAKLRM VT. [E.RNIPS | QGSRALFGAI
49 Al NSSLPFQN VHPVTIZEGR, [KYYRSAKLEM Ml [GIRNLPS| | QSRGLFGAI 76 ALNG
GDPNNVDKAV  KLYRKLKRER Tl FHGARENEL | SYJAGALASC 20™'CorfSpnsus Al Nssl pf gN
vhPvtigecp KyvRsaKl rIF T XGIr # ps|1 gy ( flgdi 351400
g%” ~| o~|laofelalvninl  wvienl O
Eié | |wa|d|F| || |
§:2 o ol|e]w|owlolelw] =] w0
,_5 :E o o|en cnjen|onion|on onon o
Q2
% ?ﬁ wy ali=]1=) O~ r|on| < Wy | e Wy
S Tz o~ ~|c0| I~ o~ ~| o~ e~ o~ ™~
<oﬂ - el AN en [\ —
s, =] No}iXo) N} R e] fNa} iNa] RN o) RN o] O[O O
(;:l (9] |t | md | EN OO [agTEe\] (]
"
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: m W wmininininin i nivn wvi|wn )
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= = | disiSiSivun X
2, 2 |13 ols|elRS|=IE2] . 58 o
L = |2 _SIZE99 ez 2a 8 S
£ S l2(sql2z 8T 85|55 @
2 | % |5E2g5 558 HE[EEE s
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75 AGFI EGOMG MVDGWGYHH QNEQGSGYAA DOKSTQNAI N A TNKVNSVI 9 AGHI EGOGWMG
MVDONGYHH QNEQGSGYAA DCOKSTONAI N G TNKVNSVI 2548 AGFI EGGMG MVDGWYGYHH
QNEQGSGYARORQBDETIAI N G TNKVNSVI 49 AGHI EGOGM G MVDGWY GY IFIHT@M2QGHENRA
DOKSTONAI N G TNKVNSVI 76 MALlI YNRM G AVTTEVAFG. VCATCEQ AD SQHRSHRQW
TTI NPLI RMBIZ®NWORsus aG | eggwt G nVdgwyg%hh ci neggsgyAa dQkst gnain

gi TNkvnsvi 30401450 75 EKMNTQFTAV GKEFNKLERR MENLNKKVDD GFLDI WI'YNA
ELLVLLENEBO 6 EKMNT Qhd préseakink tlonRRo W&dﬂﬁtx@k@h&%&@E@ﬂbME&j@@S
EKWMNTQFTAV GKEFNKLERR MENLNKKVDD GF| DI WI'YNA ELLVLLENER

EKMNTQFTAD NRBERRRERRAY %Nmmw{éﬁmv WhR e AL Reqitrel g sihs pmﬁmu}mm

. KAVEQVAGR o GNRAEANES edbid %Qﬁ@%wéer%&mmfh%vd@ﬁ%%&ﬁmns to
nE#lnkkv#d gf xdi vvt%ﬁa #11v$ #neR 451500 75 | LDEHDSNVK

NL YEWKS@EQ(WQEZ EQIPEFY13KERA IPANEIVKNGPrasey imyaniiepantvincdserckotide

CrEFVPKaND R BN 76 (et el R TR bkt et R ERER

ECVESVKNGIO:28; %wmmmEmemémemme SHQ@IMHakSN v k

KLXREK! DO RIEEENR TPt AR D g VPR AR R iy

KLESMGVYGhe VAP Yl Produdtibn/Sitdaintiti M%Bwﬁﬁﬁﬁera{ﬁ%ﬁb 1=|6h 1.
LAl YSTVASS LVLLVSL 5049 YDYPKYSEES KLNREKI DGV KLES LAI YSTVASS

LVLLVSL GArpregsion of then uckiel %eagemmys@ésn%?lhf@maé’\LPsgthbeVé@Wy
QCRI Glo 9 gmtlw et i¢t gﬁmwﬁﬁg HACR] fddirfhm VDGR, ﬁQQR'oPHAz

60 Con ensus sfwircsngsl rici kleshngvyqgl |aiystvass 1vl[vsldai
of one or more influenza types or subtypes. The VLP, when administered to a subject, induces

an immune response.

[00197] 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 SEQID 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 NO:43, SEQ ID NO:44, SEQ ID NO:45, SEQ ID NO:46, SEQ
ID NO: 127 or SEQ ID NO:47. The present invention also includes a nucleotide sequence that
20  hybridizes under 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
25 NO:42,SEQID NO:43, SEQ ID NO:44, SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO: 127 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
30 NO: 25, SEQID 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, SEQ ID NO: 127 or
SEQ ID NO:47. These nucleotide sequences that hybridize to SEQ ID NO:12 SEQ ID NO: 13,
- 40 -
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WO 2010/ 003225PCT/ CA2009/ 000926 The consensus sequence indicates in upper
case letters amno acids comon to all sequences at a designated position;
| ower caswolz2etoi®sRs5i ndi cate ami no aci ds conmon to at | east/daabdoooeneé a
majority of the sequences; the synbol ! is any one of | or V; the synbol $
is any one of L or M the synbol %is any one of F or Y; the synbol # is
any one SEQND N®: 1@, SEQBDNO:4;5, $h@ IBWaradle, SEQ IBINO:N G, $SIBQ fD Nw:i 14, $EQID a

one of ENGr 1S58 BT NG el T80 aLRTeP gl S pbRS ssfth 38,0 87" oy

posi ti ongid IpinNo: az?sys@g@mfo Y6OSEQIID K@D, m%m NO: w%Equ:am) @5\@5&5 I/ or T,
X at position 157 is E; X at gom tion IhP05| tion 182

is Vor BO:30.8EQBENO: InSBQIDINORBYEDID X339, }559 Iﬂ ]89 4@0%]5@@ GHLREQK at
pOsi t§ onyr2 il 4oS 53(E%% ﬂg@ 4% ﬁ RONG: hP%E@QZI% Ne: 4’§X§Ea(t)YD NO:2b, gb'hﬂif)l 333 is H

or a deletion ositl n 433 I’s position Is Nor D
[ 00243] Asr SEQ@IDAO: ezowpbmpkemesmrsmam 1&0: ldrSEQiH%E@J ehEEQID YPmbhtSEEhD

AV ot naih TOAe3b0u DL A A st BT B S I ERE) . A8 RO 10) 16

?homl—mbeEWIll)md- aﬂg ﬁElﬁ 1IDliaacbrIB SEQ$B(NS(€'I’B3€SEQIIQNm'rﬁ4 SPQ IDNG:@ssSRQIPquence
or (0] sel ecte stralns S
SequencaNEEG6Ha T NON . SERURIR B ﬁéﬁmﬁ;ﬁ% S TPRER- TERIR oL

VEKI Vi L F&§ 0 YOINUSRQAHe) mab%@gg 1@\4%1 d\ﬁﬁlML‘sEQIID

VSLVKSDQ C IGYHANI\iSTE QVDTI MEK TVTHA NEKI VLngi VSLVKS
| GYHANNSNE:4VBEQNBRIN: 4 \SHQAHDNCEAS, SEQDL WM@L@@G@ FRDYFRJHQ I FEKI

QR PR R PR bR LR PR R

Q | PKSSWEedddibn GPX GEBEHFw Red\Advi hiliiadd ST R ek ot RKAEE Bl b s GRVEERS SFF

NNTNGED! D1/ @BV SRR TRRAAEFREK] SRR TSP Y NLEBLDI D R e

| TYI § G ﬂlbb&mwmp%w%wﬁ@m AT Y R TX smnsm LNBRARRA or
TRSKVNGQSG AEQTKLYQNP TTY] SVA ST L VPKI TRSIég AEQT LYONP

TTYI S! GTPreIRERENPRPES orRatyRgsqdte VLE, when adminigigreghigsy VBRI
EWBYI VE%@@YI VEKAN 150 HEASSGVSSA HEASLGVSSA HEASSGVSSA
HEASs GVSSA 200 LWGE HHPNDA LWE HHPNDA LWGE HHSNDA LWGE HHpNDA
250 RIVEFFWI'I LK RVEFFWIT LK RVDFFWI| LK RMEFFWI] LK

[00198] In some embodiments, the present invention also includes nucleotide sequences

SEQ ID NO: 33, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID

20  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, SEQ ID NO: 127 or SEQ ID NO:47, encoding HA from H1, H2,
H3, H5, H7 or H9 subtypes of influenza A, or HA from type B influenza. The present invention
also includes a nucleotide sequence that hybridizes under stringent hybridisation conditions to
SEQ ID NO: 33, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID

25  NO:39, SEQ ID NO:40, SEQ ID NO:41, SEQ ID NO:42, SEQ ID NO:43, SEQ 1D NO:44, SEQ
ID NO:45, SEQ ID NO:46, SEQ ID NO: 127 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: 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

30 ID NO:44, SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO: 127 or SEQ ID NO:47. These
nucleotide sequences that hybridize to 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, SEQ ID NO: 127 or SEQ ID
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WO 2010/ 003225PCT/ CA2009/ 000926 10 56 555 Consensus 10 1056 55 Consensus
1510 56 55 Consensus 20 10 56 55 Consensus 25 10 56 55 30 Consensus 251
PNDAI NFESMORMDAIBBESN PNDAI NFESN PNDAI NFESN 301 | NSSVPFERI/dAYGanMesdbll | NS

SMPFHNI

| NSSMPFHNI 351 Al AGFI EGGW Al AGFI EGGW Al AGFI EGGW Al AGFI EGGW 401

| | DKMNTQFE | | DKMNTQFE | | DKMNTQFE | | DKMNTQFE 451 ERTLDFHDSN ERTLDFHDSN
ERTL DFHDSIN: 2131 b Ebhiféient GREEQRBYWY: BNSEQREYNY: JENSEQRBYWY: JENSEQRBYWY:37,

QOWDGH HOEMBANAER I/ GREERNER ARG & IR A R L

10

15

20

25

30

NO:43, SEQ ID NO:44, SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO: 127 or SEQ ID NO:47
encode a hemagglutinin protein that, when expressed forms a VLP, and the VLP induces
production of an antibody when administered to a subject. For example, expression of the
nucleotide sequence within a plant cell forms a VLP, and the VLP may be used to produce an
antibody that is capable of binding HA, including mature HA, HAO, HA1, or HA2 of one or
more influenza types or subtypes. The VLP, when administered to a subject, induces an immune

response.

[00199] Hybridization under stringent hybridization conditions is known in the art (see for
example Current Protocols in Molecular Biology, Ausubel et al., eds. 1995 and supplements;
Maniatis et al., in Molecular Cloning (A Laboratory Manual), Cold Spring Harbor Laboratory,
1982; Sambrook and Russell, in Molecular Cloning: A Laboratory Manual, 3" edition 2001;
each of which is incorporated herein by reference). An example of one such stringent
hybridization conditions may be about 16-20 hours hybridization in 4 X SSC at 65°C, followed
by washing in 0.1 X SSC at 65°C for an hour, or 2 washes in 0.1 X SSC at 65°C each for 20 or
30 minutes. Alternatively, an exemplary stringent hybridization condition could be overnight
(16-20 hours) in 50% formamide, 4 X SSC at 42°C, followed by washing in 0.1 X SSC at 65°C
for an hour, or 2 washes in 0.1 X SSC at 65°C each for 20 or 30 minutes, or overnight (16-20
hours), or hybridization in Church aqueous phosphate buffer (7% SDS; 0.5M NaPO, buffer pH
7.2; 10 mM EDTA) at 65°C, with 2 washes either at 50°C in 0.1 X SSC, 0.1% SDS for 20 or 30
minutes each, or 2 washes at 65°C in 2 X SSC, 0.1% SDS for 20 or 30 minutes each.

[00200] Additionally, the present invention includes nucleotide sequences that are
characterized as having about 70, 75, 80, 85, 87, 90, 91, 92, 93 94, 95, 96, 97, 98, 99, 100% or
any amount therebetween, sequence identity, or sequence similarity, with the nucleotide
sequence encoding HA from H1 (SEQ ID NO:28 or SEQ ID NO:127), H5 (SEQ ID NO:3) or H7
(SEQ ID NO:11), wherein the nucleotide sequence encodes a hemagglutinin protein that when
expressed forms a VLP, and that the VLP induces the production of an antibody. For example,
expression of the nucleotide sequence within a plant cell forms a VLP, and the VLP may be used
to produce an antibody that is capable of binding HA, including mature HA, HAO, HA1, or HA2.

The VLP, when administered to a subject, induces an immune response.
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VKNLYDKVRL VKNLYDKVRL VKNLYDKVRL VKNLYDKVRL Kl VKKGSAI Kl VKKGDSTI
Kl VKKGDSAI Kl VKKGDSal YVKSNRLVLA YVKSNRLVLA YVKSNKLVLA YVKSNr LVLA
HHSNEQGSGYOHbMBSZSGY HHSNEQGSGY HHSNEQGSGY RRI ENLNKKM RERITEM2bIKKND926
RRI ENLNKKM RRI ENLNKKM QLRDNAKELG QLRDNAKELG QLRDNAKELG QLRDNAKELG
MKSELEYGNC MKSELEYGNC VKSEVEYGNC nKSElI EYGNC TGLRNSPQRE TGLRNSPQRE
TGLRNSPL Rf52 0151 RNSPodir oADK EieTsgksan AR ST (A1 dSARICEEST sk q Aok Bat QA
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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, SEQ ID NO: 127 or SEQ ID NO:47, wherein the nucleotide
sequence encodes a hemagglutinin protein that when expressed forms a VLP, and that the VLP
induces the production of an antibody. For example, expression of the nucleotide sequence
within a plant cell forms a VLP, and the VLP may be used to produce an antibody that is capable
of binding HA, including mature HA, HAO, HA1, or HA2. The VLP, when administered to a

subject, induces an immune response.

[00202] Additionally, the present invention includes nucleotide sequences that are
characterized as having about 70, 75, 80, 85, 87, 90, 91, 92, 93 94, 95, 96, 97, 98, 99, 100% or
any amount therebetween, sequence identity, or sequence similarity, with the nucleotide
sequence of 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, SEQ ID NO: 127 or SEQ ID NO:47, wherein the
nucleotide sequence encodes a hemagglutinin protein that when expressed forms a VLP, and that
the VLP induces the production of an antibody. For example, expression of the nucleotide
sequence within a plant cell forms a VLP, and the VLP may be used to produce an antibody that
is capable of binding HA, including mature HA, HAO, HA1, or HA2. The VLP, when

administered to a subject, induces an immune response.

[00203] Similarly, the present invention includes HAs associated with the following
subtypes H1 (encoded by SEQ ID NO:28 or SEQ ID NO:127), H2 (encoded by SEQ ID NO:12),
H3 (encoded by SEQ ID NO:13), H4 (encoded by SEQ ID NO:14), H5 (encoded by SEQ ID
NO:15), H6 (encoded by SEQ ID NO:16), H7 (encoded by SEQ ID NO:11), H8 (encoded by
SEQ ID NO:17), H9 (encoded by SEQ ID NO:18), H10 (encoded by SEQ ID NO:19), H11
(encoded by SEQ ID NO:20), H12 (encoded by SEQ ID NO:21), H13 (encoded by SEQ ID
NO:27), H14 (encoded by SEQ ID NO:23), H1S (encoded by SEQ ID NO:24), H16 (encoded by
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GVKLESI GTY GVKLESI A Y GVKLESI GTY GVKLESIGY Q LSIYSTVA Q LSIYSTVA

Q LSI YSTVA Q LSI YSTVA 550 SSLALAI MVA SSLALAI WA SSLALAI WA
SSLALAI MARO 24B/00B25consensus sequence indi cates i n uppePCTAN00900L6S am no
acids comon to all sequences at a designated position; |ower case letters
i ndicate am no acids comon to at |least half, or a mgjority of the
sequenceEQ Mhde3N@linfluehs §pyB Gereoddd Hy SHQ W) NOh26)s yaeliogurds 102\ aripOpmel of L
or M the synmpol %is any one of .F or. Y, the s # 15, any one of N, D,
Q EB d}uelzﬂ)e S5HUpESitRaL 81 DLzl h%\fmgr?mv an(b SO FAV IR0 | s Any
of S, D tRéreBdtwetnao 8a90Yd R Anyl @Bolrs tiRRYbedleed, 96100%20 ady arhé12 dhédlebbreen,
above-illustrated and descri bed alignnents and consensus sequences are non-

i mi ti ngr@RdAptecs amy ameynt Hwrabetweem sprrgpseideniion i §SERiE N gt endéQ P hat

may j ' hedi fNd-he) | i ) uction of
b g ot e AR08 D0 Db [ SUBa e A nuc i ¢
aci d end¥Qilhy Hor(SEQIIPANQd b)Y HdGEEIDNGdY), b8 (EEQIIPYN@d 7k 1% (REQ,IDs01 Ak

codons f ] [ Wh, | Prowi si ) ] acid
cequencd 1 GEROPETRTS) 3HSBLTRENG AL P o R e DTS [ B AR R,
encode i(SEQTDENQRSR &N (SPQEDIN®D4), Hhe(HH@ e N(p2H)ywhiasinfigr nualentidd sequenaci d
bt y oSBT e PUSBRERIGIE! FOGE: Ut WCARPEPD SGPDR MO8, DRARROE RhRaRgices the

Cal edpni ﬁ&ﬁfi%of(dﬂlam%&{g! TPBREIpHY, Bfp2Eldfon OFEh)icledNde héﬁﬁl@@dym Yk 1995,

Al herring qull/DE 677/ 8 A}H2N8) AN Texas/ 32/ 2003, A/ ma| | ar d/ MV 33/ 00,
A duck/ Si§8 ia/ B gadthe AVl Fomebe wseh fragdyce mixagipdggrbis capable of binding

A/ Turke i ( 1SRy ST RI V1L HhRstered to a subject

A chi ck?ﬁ%g{r}ggé?’%ﬁég& H%g@?i? %A/ dﬁ%?f Eng a’ﬁ%e%?mmeéf, ofgreet

A/ duck/ Ahdieres @ iBOMUBE(rédpaNG) , A/ Gul | / Maryl and/ 704/ 77( HL3NG) ,

Al Mal | ard/ Gurjev/ 263/ 82, A/ duck/Australial/l341/83 (H 5N3), A/ black-headed

T e

A/ Bri5s basyeteth0/TAO 6FapfiH3 NN yuneAy Wers @emsally ®pRiSG5: HukiNg yesponse, and a cell-

B/ Mal aysi a/. 2506/ 2004, B/.Fl ori da/ 4/ 2006, A/ Si ngapor.e/.1/.57 (H2N

AL A 1S PR TP SR L PR 0h TP e ¢ mbdiEeT by seereted

2// 'Il_'lgal {( F@ﬁ?&%ﬁ%éﬂggﬂ%ﬁgﬂ?ﬂﬁél@%}he ?\lll}lﬁﬁphlo G}ﬁé H’lé@gelﬁi Bedl).(SdéNded  antibodies bind .
ngkon .as _wel| as eger enaf e sequences tnat encode

t he agw@%ﬂ%&m@@m%iw%s of ig¥sling RFFAORRISUC Vgﬁ-}ff‘ﬁ@f %qtf‘alagéﬁwg@és g’r‘r‘%ded by

a nucl ei @ @clrictHRY HRF0EA Shintini@ets @54 Akl PR tREICRHRYYProkREA sl each

am no acid are known. Provision of a nucleic acid, 20 therefore, teaches an

anm ¥ adirecesssy thahawsompayds rstvellj as themtection{paptiqns of antihedies, drcduding B gBs f or

am no acj : ] Lin| . -' Ihs;.and
cubt ypos S ELERRGR OO E g b hefiioh; St BobROE S b A% o
(HIN1), pathideen Gahipatomi aad 2@Y16@. Thdlthth)sAmaddlared or Ghéd 2006 (HBMIike refer to an

Al chi cken/ New Yor k/ 1995, Al hening qul |/ DE/ q77/ 83 H2N§)D A/ Tiexas/132/ 2003,
A mal | ar' 8 NP 38F G5 A LR }%ﬁaéﬁedﬁ‘ggf D7 S0 AP HETVIREIFR Py gny of several assays

pi nt ai | / eXéBRPLESVG, us&Y, Sorhk efw ikl aeicodrmplifRd G8ehBN4) ,

A/ shovel er/1ran/ G54/ 03, A/ chicken/ Germany/ N 1949( HLON?) ,

w it/ VD3PI 70T IR A BRI 984t ot imolve antivodies

A duck/ Asis tatledr irdioB43 fh8 ActiHition biBthacrédpHak e Kattrabid et cglid (NKSyadigail-S5peadcHL6N3) |

B/ Lee/ 40, C/ Jo nnesbur?/ 68, Al Puer%oRi co/8/ 34 (HL N1), A/ Brisbane/59/2007
(HINL), AFSOHOADHBE Y ShaRthespistis 6T amone Fylolanesip sBense ormamgsen Kalb) |

AW s congiediated ngReHey (161899 oend?i IVRb 26 18588 Fh 261D4ktividnl O bdidchl #08%nd T-

A Si ngapore/ 1/ 57 (H2N2), A/ Anhui/1/2005 (H5N1), A/ Vi etnam 1194/2004 (H5N1),
A Teal | HsHERSHigAAgsPonssy. Cel Restiated inmynigeis pf Byltieflmgmpeyagey in responding to

A HofgKongd 1043089 (HON2) ). WD 2010/ 003225PCT/ CA2009/ 000926 [00247] I n

pl ants, i nfluenza VLPs bud fromthe plasnma nenbrane (see Exanple 5, and
Figure 19) therefore the |ipid conposition of the VLPs reflects their
origin. POV Ps Feoeraowts, thedadugiiomottaptiginesppribs€RB positrent homwheagsrmase HA of
one or r t [ - oml.exed with plant
dori ved Ty oyl gt PPEPET B! Ky Blon o FatRv FAIRMRLAE M B o0
enhance the i nmune response induced. PHant nenbranes are made of |i pids,
phosphati dyl choline (PC) and phosphati dyl et hanol am ne (PE), and al so
cont ai n gl ycosphi ngoli pids, saponins, and phytosterols. Additionally, lipid
rafts are also found in plant plasma nenbranes - these m crodonains are
enriched in sphingolipids and sterols. In plants, a variety of phytosterols
are known to occur, including stignmasterol, sitosterol, 24- 10

met hyl chol esterol and chol esterol (Mngrand et al., 2004).




[ 00248] PC and PE, as well as gl ycosphingolipids can bind to CD1 nol ecul es
expressed by mammal i an i mmune cells such as antigen-presenting cells (APCs)
| i ke dendwoOtzpnm/mwei2ss and macr ophages and ot her cell s i necudiargooBosgrd T

| ynphocytes in the thymus and liver (Tsuji M. 2006). CDl1 nol ecules are
structurally simlar to major histoconpatibility conplex (WMHC) 15nvl ecul es
of cl assmeasard Ushgiarproliftratidsassay. phedehtengd antibbdyptitebs anlyibg gnantified M{dg ael | s
(Nat ur al Ei’éger T. cellsg Upon act.i vation, NKT C%éj activate |nnat|ae i Mune
cells suf IR SOPIPES i RERRET P o et rhactivyaniPadiey Ry ¥IN RemEkpty e

i mune C@élhéaﬂtiq'é@tyﬁ@zﬁmﬁ&hhm%yarﬂf QSGaEAYIgE of @INIE BMethols 8@ technidueORA9] A
variety of phytosterols may be found i'n a plasma nenbrane - the specific
conpl enehl¢r W&P&?lyasé@ﬁéﬁdWﬁkaftlﬁéh%%m es, growh conditions, nutrient
resources or 20 pathogen state, to name a few factors. Cenerally,

bet a- §i t pbeyo!l | SAh&ﬁaé%ﬁka@&ﬁﬁﬂl@ﬁfonl@ﬂYbﬁ)Hh@ﬁ%hay HaP2BObdhiedphyt osterol s
present 1n an influenza VLP conpl exed with a lipird bilayer, such as an

pl asma- néemenshate therdfiesdy efardibegies inaycep by @ VaksitcoPT ARCIBRISRROSEHED 63 VT ne
conposi t ry OB,

conpl exegl%%#%lﬁy%ﬁg%lﬂgdi@ OQ% ﬁSO R%)%gqﬁgg@hgh mgs rrgelmég;&tglne 3%( |I,0 \Ee

envel opeantibayy tmchxrfeelanmamhgmawbwmimwddaumcmmmhhﬁ (Myferdneh dlel 978). ot her

expr essi ste si.mlar, to the i.nmune .reaction inhduced by
e or SDvRhERI A o ot S arie Srbos w i sues i oL B e
enbodp merhis asdab @iviehinaitedt aifofdiabivh 0L Sssbrablyaf eI A aifidrex gk surface SAVILP, a

pl ant-derived lipid bilayer. In sone enbodi nents the plant- deri ved l'ipid
bi | ayer feRfimined PP%‘é’f?Sﬁ%tafé(H\&flaBB%ﬁntﬁSlt%‘éﬂ Hfp  wo

2010/ 003225PCT/ CA2009/ 000926 [ 00252] The VLP produced within a plant may

i ncl ude pmm2bKY CONPCoSd-RECHR AIHRIRS il 61sdb&i368 e@emohi3@4te tHeleEficat V1o fSan
i nvention also provides for a VLP conprising HA havi ng El ant specific

N- gl ycandMmpeRyesponss o oSk s, of gy *feiaéf’éltti’ g1 Vgecing YPYPEnFEXHIRIAL Y known
(see for ﬁ%ﬁ%&)ﬁAHnélunﬁzeé Q/ltﬁ%‘lﬁag’éﬁe co‘Mﬂoglhoﬁ §td ﬂ%pgtﬁﬁf (@gedLb§5pA/@né3¥esw

reference) and having nodified N-gl'ycans nmay be produced. HA conpri sing
a nmodbfi é@5yingy besydedtn @ngétt&sesr w1th f sgcord sirayl ef whddvirsdnyiees fatdesyk-at ed,

Xyl osyl at u syl ated, N-glycans may be

obt ai nedﬁgrem%{&/ﬁ%}}g%%hﬁa%%é %%ggtegﬁé}%%éﬁ (aatl on pattern may be obtai ned,
wherein the protein | acks fucosyl ation, xylosylation, or both, and

conpri sef00202)r eas e@ytgldhapmwaaon lovels By alhebermuaetiﬁelioFcprmmmBlE |a(ffnh€tb[ﬁer cell

post-transl ati o exanp d|t| n, of nal
ot aet oobnatye PRI Sl b abiified Soe FiiBugient Pr R ToRyeii S or ¢ ne
expr essegdsitffbYREIS ALQIP B BidsbieRceOpEETANMS). PbidHeraL¥R6E Mdhovihicldhy: cel190254] For

exa Ie which is not to be considered |imting, the synthesis of HA having
0t i GBYCY eowjanaeytespbiraddion mranpiastmay be ewredpindche wipginatant anglyzsre

pr ot e TihPAGRY RS na@hiD B ML By MhiLEOIL e SRANEI SRR AL

bet a- 1. 4garﬂgg%ogéltﬁgnsfe$ése 1 ﬁyr for exarlrple but ln% Sr?] b,

manal i ama(kﬂﬂpeqﬁtc flwaresgenGabdts Mth@dS@ahfﬁkﬁlmmraﬂmaﬁer sour ces may aI so be

used. The catalytic domain of Gal T may also be fused to a CTS domain (i.

N scctyPBEETL oS ERATEE R e SLEIMEEA Bkl g
enzyme, &sgonshn f—h%}lbleptl S@rfzymnmwhb@le@gd%ofﬁh@md MPTHh Micus pentihzatien may
Rmeorerof UL LA LA, Ay AT BRARAE SAEE ot o
to rramralfqlwmﬁﬁydtal Iviadet ﬂxanmvicc@’r'a'tadnl df celGnD) hh¢ro§cbp1mob$dn\eitloﬁ oficetidgsisnmy al so

T sl ChrEiyY iRyl ee e e o s S8 MR P BoPHBle TR

i nventi omfédus@ofmtwﬂl@)s VLP' s conpri sing HA havi ng 25 nodi fied N-gl ycans.
[ 00256] Wt hout wi shing to be bound by theory, the pr esence of plant

N- gl ycan HA stimul ate the immne, res pranoti ng the, binding
of HA byf%?g? genngi%leégeé}‘ff’ F‘Jr‘?ﬁmééﬁr F"sq“e@lels}?ﬂfagﬂlg‘ ﬁ? det lqeﬁﬁ’ﬁ‘ﬁgafl@%lﬁ‘ﬁﬁge usi ng
pl anBoN adqre@a chapares Propf 0 Qe&chs iyat prvied HhBINAS Lt ordk ampi@ OB r)g but

Furthernore, the conformation of the VLP may be advantageous for t

pr esent afftdrnissy to.Hbe ioHpVieParametere fHdhraaaltn® #afijoniagonals 5.ded @ﬁP\R_BPaIVMﬁe n
conpl exed with a plant derived lipid |-dyer. WO

2010/ 003225PCT/ CA2009/ 000926 [00257] By "regul atory region", "regul atory

el ement” or "pronoter” it is nmeant a portion




of nucleic acid typically, but not always, upstreamof the protein coding
regi on of a gene, which nay be conprised of either DNA or RNA, or both DNA
and RNA. wbeniwosrgul atory region is active, and in operaricao@awersati on,
or operatively linked, with a gene of interest, this may result 5 in
expression of the gene of interest. A regulatory el enent may be capabl e of

me;ji at ![ N, Ialt]gﬁélA 2Sﬂaﬁt|&1i1§t i 1t0yand0mndmtsﬂzel$]dthgvede:vetIhexpnethmh;Iofahgmmmpoff al ge?e
activation regu atory re i nc] ude e pronoter
el ement SCAYRFSSi oY FOFPATIERRALE W hgﬂ‘ﬁ’["bﬁm A Eﬂrg r{’g? @ﬁéﬁf’gmﬁﬁéﬁ Sﬁ’ﬂtg & nduci bl e
i N respoRsRmhsh @03 1SALS! g1 MhihM2hers, N@édﬁdmatss\wﬁ@&h (mevbiaBR ] pIReRB] BI70),

actl vity such as negative regﬁl at o@%/ﬁel enents or transcriptional enhancers.

"Regul atRsesson &glipman (108&Proe Sathéred: fei. HiS4c ¢l arbbysasmsriaed hat are
act | \se Tl Qiafilold GURKE Lipbiiifhs (£ £1c RXHINBIT 1ol LR KLRKETRAD S mladh
nodul at e Sene expressi o uch a ransl ational and’transcripti onal
enhanceradignmerasd sisigdmspednod. t ranscri ptional repressors, upstream
activating sequences, and nmRNA instability determ nants. Several of these
| atter ts I“ 0 » i 8]1In
the. cont@U gt t mige e FREMER ARl s Rl 10 pEAAE finel e B
"regul at dnm/aut,egt}ﬁrHAlt gtﬂl}ml Hymaied (elta-natelyaefseemtemsélﬁdfanﬁ)mz fuizgwadnksy.,, but not

al ways, tream e f a structuyral whi ch
control sﬂgﬁég aeB?B‘f‘“& Pf)ﬁtl? @%W@%g el(}‘gsg?@ﬁ HgAyme%?rd? Sl’ t%gge@&ogm tion
for RNA RBhivired asErABEHHaT dodhdey - tﬁ@@é@ﬂsfnmaqua tteGldbatar héadNsichPlomdint 0 start
at a particular site. However, is to be understood that other nucI eoti de

sequencebhe ster deragin Fonyglyedip “lf?ﬁ“l"’ﬁﬁ and pithogenigity pfi{ae wiggsréhibe Cﬁ‘ﬁ?“%ﬂ prl
contri bUflﬁn%eqt &Qg uhd @ﬁén%& Ked %M«ﬁé?ﬁ O'Th9§te1ﬁ dei’ngfn'}HayrH%gJe%h&fr interest.
An exanpl e egulatory el'enent t ha provi des for the recognition for
RNA pol ysbdiaied into dsitwiomamans fagmentortht ﬁxfsmtswlréom@n enpaptide (adiydfophoton at a
parti cul IS a. karyotic

pr onot er S%ref nenlfmsnoca(%lr(li? érlwﬁngg A@E\%gg{}h t%é@gﬂlg%@% ﬁ&%ﬁ%déc %I d sequence
conpt3 seebnfifrmati@nabstato) therstbnt mmmame(muymbemmmahtdihs tawqam mare 2&nfematibys),

Site A BEOABTETETE AR oAt iaaen BB SR 1R R B8l B o

for the jafk) hrﬁith@@yté}flaslrﬁlafhﬂqwtﬁﬁlh@ﬂc taal%umbﬁla@;s(caall)qrnvbﬁgdmﬁgeawoﬂbferrent s
(as listed above) that nod gene expression. [00259] There are several

types of HAdgle glabular P@&ll%ﬁ@deﬁl H’& Hrrergaiph ek B ﬁé’&’td‘)‘é'?“é‘ aﬂé\t}ﬁ’lvﬁﬁfgéaﬁte%{ﬂa?

regul at eghm i CTlfRa' @sﬁdoﬁ%‘ﬁ%dytﬂétﬂaﬁﬁllye‘r fuﬁ%‘ﬂ{lﬁ&p h¥d iR Gk Red ke dusface of
30devel opnment al’ly regul ated, or controls t differential expression of a

gene2undie g]Obslaclmﬂ,rtbtlS soims aatibddiestraised azeinttA Bind 40 Hedyysubdomring | ssues of an
organ at specific times during the devel opment of that organ or tissue.
However reg “ R t AT & y a y WO
2010/ 00393EPRT! Az e D00 e B e ) §f R ol A P TE Y ans
or ti ssuﬂr_ucmressthms¢1f-asserdblveh@mmsalsmgmaglerwtemhs;chrmylﬂazbw e pmtdiive in a
devel op al re Qr,. at evel 07 gans or
tlssuesnsﬂfﬁ?ﬁ%Pﬁﬂgﬁﬁ IPﬁﬂgyamSthﬁ%gﬁgfgl %ﬂ%w SUE-'% eC| ?ggregulatory
regi ons, 1nf@f101ﬁ>bafﬂpél€geﬁe@c Bfeeebfiorcsusfidiag td r@plivate ahé ghiusare nondhisckious He so@pi n
prorT? er, ? {gﬁ cruciferjn propoter, (SRask et al 51998, .J. Pl angﬁ

Phystdl . *pBwless BBl sgey cqgnrisg a SElsProlfin SPEEeT msrg fhan 83§ profeip speges: 159y . an
exanpl e 9f pacdngfsinppRst tHad ofé PIRRLLEpetiBs hedesteinifedidsatdyteyon theRaAEDL er
(Figure |b; Uéﬁb;Hc T%S 978, which |sp| ncorhbg?at edpher ei r?q%y reference)

[ 00260] AFPEFIRUIRICTIR € My FPRPEFSA RRIGIndfFom & dszféerkt FRECISR EeBp SbamibY "ch?rfl\é%t ly or
I ndi r ect byyiRE (ds\HRbibifked 5yARS @T@Bbrﬁéhc%ft‘urWQn them{aﬁlp%n%%g%f&ﬁfthé)r genes
in response to an Inducér. In 10 the absence of an inducer the DNA
sequenceBrotsin esiescoprisingatV igemey hnwedifipé fomtyprageplly oqcheing setuenes. VaLE or

t hat ,bi n o L

”ans(gr | %% ﬁé’&%h&degﬁl %)&rftgﬁlg h@&lcglﬁgﬁah&lh@la&gaﬂp %8&3{1 Wﬁ%@lpl %518@1 3?‘?%@& y or
i ndirect frymcthn"hmt d:edaldmtl opmrfneolamnn and ﬁl’udrenplh);ﬁdahm mmldusmtable Elowiities,, Vilse
protein fachorﬁeﬁ % Sjgsent. The i nducer can be a chem cal agent such
as a prot8/ f°P 5‘8?9?"& fit h regul ator, herbicide or phenolic conmpound
150r a physiological stress inposed directly by heat, cold, salt, or toxic
el enents or indirectly through the actd#on of a pat hogen or di sease 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 the cell or
pl ant such as by spraying, watering, heating or simlar nethods. |nducible
regul atory elenments nay be derived fromeither plant or non-plant genes
(e.g. Gatz, C and Lenk, I.R P., 201998, Trends Plant Sci. 3, 352-358;

V\:hl ch |s |ncor por at ed by ref er ence) Exarrpl es, of potenti al |ndu0| bl e

o o L 1 v a - L L T T



WO 2010/ 003225PCT/ CA2009/ 000926 (Cdell et al., 1985, Nature, 313: 810-812),
the rice actin 1 (Zhang et al, 1991, Plant Cell, 3: 1155-1165), actin 2 (An
et al., NMSO@&p10RIoaazs J., 10: 107-121), or tms 2 (U. S. 5, 228/CA2Fq9/00bH26h0 i S

i ncorporated herein by reference), and triosephosphate isonerase 1 (Xu et.
al ., 1994, Plant Physiol. 106: 459-467) genes, the maize ubiquitin 1 gene
(Cornej o[@e14]l , 198, VIRsgntdubal froBiidluenza RgivedyBdtetd G actondandy with thepsi s
ubqu|t|n1and6 enes (Holtorf. et al,. 1 |l an 9:

637- 646) Presdy “t"ﬁle“o?‘diﬁélc’c I‘tﬂrﬁﬁgldtrptcﬁﬁ’alﬂlle i{?‘?ffaff%lﬁkf‘%‘%‘t E?rb"lf{%éé‘ne ( Mandel
et al, 1W§kéﬁeﬁirﬁnd|ﬂ%wnl& QbSQ)%ﬂnchgig5C&Qﬁlﬂﬁ1ant-ﬂﬂﬁ1et‘£ltm})re§ﬁﬁt&im Tl Ipb@encas used
herei n does not necessarqﬂé)érl ndi cate that a 1gﬂe)ne under contr ol

const i t upf B¥Ariggedesiresyh agpng egRioreapEYabior thed IsPd?de‘fcé\ﬂ%‘frefPW aan‘P cel |
typess b n a wide range of cell types even
t houg?t g;epgaljta?%nnﬁlaﬁnwgbmﬁ’d%%?gﬁ?%gﬁ en observed. Constitutive regul atory

el ements may be coupled with other sequences to further enhance the
transcri fl026% and/Bre YiRsredIthatressnighvenien mag beprodeeed deeg hesh el that ifhi ch t hey

200, P ahpeBvel b8 FElan 0N By BT ho e s SEL AT RN B, 31

regi ons 6ifngt,lad ﬁjmwmganmssahdudahg wngm@ntam herinds amlatrf&mde,nmdhls@d

transl ation ass at ed i ng .15s enc Q tive" is
meant t h8f™ ‘ttﬁ%mr’t‘g@fa r%c By P agtrﬁhﬁg‘theé gqel%%%lu ntacug;a%%t?ﬁlra II]Iyay occur r| ng,
or "wpl dspiptRRetes, @&ﬁﬂﬁ%}tﬁ)& ba@ipied, aydnvBdcyerial a[tk}%bactdnaf & theldke Sebdbr dxagple

particul ar sequences for exampl e .a reguA/ glmo | enent. a d codi n regl on

of i nt er &dycofqrymPRL: elusafpram. grijp/sgience/ word's &S0 ohtalrgriupg ab

i nt ended 15eN QbR A§Ms@a§cﬁ@ﬂ3ﬂi3ﬁn o?'ToﬂI&gh’ b | @0@70Nua@ie@\cﬁfsme§@$dhon The
interaction of operatively |inked sequences may, for exanple, be nediated

by pr ot eBhD280-&X28pmrdfRicelyedstctitesipodakahiaraciial, 3@&@&@@%&9@&8@%@ch00264] The

R R A N S D S A

sequéfice prcxdr:wedcus ﬁbscubédsheréiﬁ do nutegpically ooﬁlpnkﬂenquraeamdaSe (MR Havaver, Bxampy es of
sui tabl e, hosts inc t ar ricul tural crops
i ncl udi naeé‘f FEIEEC t‘fgﬁ]o{IAaslf1 \?Sﬁ](?gmg Ayne ﬁ%ﬁﬁ"@yﬁﬁf %%trfciina spp., alfalfa,

pot at o, ginseng, pea, oat, rice, soybean, wheat, barley, sunflower, cotton
and t he I[60246] [OOZﬁa]m;ﬁodlmedﬂrapsfmrtac@h\dmgtd smrrgas;e:tcis@fdmrimtemimtmapbethe

present invention cg rise a 3 i.Qn.
unt r ansl ﬁ?@ﬂlef“elg‘f’lgh ‘g%ecflg’l‘tishélthegﬁﬂp?%w&p“ﬁe 6‘e Og@ih ﬁ% 2 %&8%1
segnent  tiablaGOdrRed ﬁ¥1@s nay M@Hﬁﬁ&fo@hldﬂa 11§1dgﬁ1ayeraaaﬁ rﬁd’j/}/fuﬂﬁéﬂ@bmf)ﬁ@lhhat ory
signal s capable of effectin processi ng or gene expression.

pol yafBengnlansuspyidie tfl%VLngbmlertotﬁsﬁsl /RO P 6009 soragwptsyf the

char act e?lﬁﬁgn%b%te%ﬁﬂe nt REer@ @l V101 pedaubdd, mﬁemgl ibGe R tifhided aEks to the
3' end of the mRNA precursor. Pol yadenyl'ation signals are conmonly

r ecogni zehosmyattdy@hpln@ﬂﬁceohoﬁphwmﬁﬂt@gy aminet(RE), ghsosphinapliffidy, phBostaxals Ana- 3'

al t hough ) t genetic
constr uctcér%é gtH]ncmérF: (2{!5 Z\n i tn‘%@ﬁ%‘{w& mar?H rﬁitely% ? f%;EdftE ?f T%gﬂ IJBE El (r(;lhanc ers,
ei t her t Exmaplas nmhymstetafﬁm &novpd incthe amraadr oehsle, farsexamplebsignagtetol asitostdhps e

i ode. PheRETEReEr s RaeN and aranen Venfind ek Pof | i i at on

codon nmust be in phase with the readl ng frame of t he codi ng sequence to
ensure t (@At oanPs mhyebeaﬁsesml beqummeand[sﬁ)z@wﬁfjoN@mﬂplenltemagglab(mmphes of

sui tabl e 3 %t § ran g ansl ated 10 regions
contai ni eg r?‘éa’é‘ﬁf}fcgw 8F1 %f’lé‘n%ﬁc fonﬂgfro&? ?’um tumor inducing (Ti)
pl asm d genes such as the nopaline synthase (Nos gene) and plant genes
su (l::) h I as foR18py beaﬁorstzﬁ re?gmlm cgtram:itoga]ﬂes tOItQ% Iéﬁublnfdteéss:bggg 123ta Sggade\k;l\gmmh

ri bul ose p aecrox ase ichis
| hoor por BTG &Y HOTBGERameN BHEE) guRae OF Rerebr oHRDRLP ot St h i Sar e ng
pl astocy anfte, eI OMateMBemand b@rc@ﬂmﬁ%a@@n Vb GpLtatiSn wnﬁ@tzmﬁ@t ﬁﬁb hegei n
by reference). An 15exanple of a plastocyanin pronoter is described in US

7,125, 978eqshi Ehe sodublawraiepor arasfindeed teisytract pessehibepsh afodmpnd  deber bed
hereln pronot ers conprrsrng enhancer sequences wi th denonstrated
efficiency in | eaf expression, have beefi-found to be effective in transient
expression. Wthout wishing to be bound by theory, attachnment of upstream
regul atory elenents 20 of a photosynthetic gene by attachnment to the

nucl ear matrix nmay nedi ate strong expression. For exanple up to -784 from
the translation start site of the pea plastocyanin gene may be used nediate
strong reporter gene expression. [00268] To aid in identification of
transforned plant ceIIs the constructs of thls |nvent|on may be further

N 1 T T MY R 1 T T o o




WO 2010/ 003225PCT/ CA2009/ 000926 plants fromplant cells are also known in
the art. In general, transforned plant cells are cultured in an appropriate
medi um wWNOCchiomag226ont ai N sel ective agents such as anti IPCEiGAR809/00bE26 €

sel ectable markers are used to facilitate identification of transforned

pl ant cells. Once callus fornms, shoot formation can be encouraged by

enpl oyi ngldetmx&mpzmmmml& pbdmta datibrmboesandard Fa:&iowmg&hmmmgdphk,rfmmonset hods

and the shoot ans ed tor nmedi for. era f plants.
The pl anf“é‘yﬁﬁ?"r%“ﬁ’éﬂ‘a geq ey gg{t t?o‘%f%‘ﬂll}cgg] rPtte}I\/cg E E‘B‘fgﬁga"“@ﬁ her
from seeds or using vegetative propagation techni ques. Transgenic plants

can al so[dee1gener awadowlhmmgtolbsil)a@thﬂyssmy,cw dapiety.of HOOR BAdXb RBC frowai der ed
part of this invention are trans eni ¢ | ant, s, trees, east bact eri a, 10

fungi, i Adteant animalsis drisien o8| the afélam af Iﬁﬁrf@r siglic agds ﬁ%ﬁ.% od riwd dhsrresenetor
conprksi %S@Slﬂﬁcacﬁ's%n sqrfg&%?@kg@_ﬁ Tl 8608 1AM AR iueduction, in

accordance wt e present inventi o : [0027_1 The regulatory el ements of
the pres egglutmwanythmnytnagroxalaﬁcewl @mt;is,riedudmg turkayslichigkers gdusks, ghinempigs.est

for expression.within a range t_or that are
t ransf or ﬁ’ﬁ‘f‘i‘rgnSh g DPEHANIS cﬂ?’s qﬁ?f%ag §“m%n ﬁ G ch ﬁﬁrglrn g OCP% NEP%H( (;but are
not |i m tkdkéns, dablangsina pigh Gluaandchéep (ea'edlsdllmdt st alf m97,e§<1a<|stpg3e vblLr27not

limted to corn cer _I | an ea Brassi ca
spp, soyBeEn? 9%, anghMe tfﬂgﬁ?%l HBtc’éﬁ' E%%g%%g)gﬁ ﬁf‘dsﬁﬁ?%sol dopsi s.
[ 00271g] Matahods, Jf@rAﬁf@Ht&eﬁt KATRAA sEBnb Qho A th THES QWa?ﬁUZBn of these

organi sns are established in the art and known to one of skill in the

art. The method of obtaining transforned 20and regenerated plants i s not

critical Teble2de SpeaiectfiRBG bawng by, HAsof seiested seajanahinflyenzastrgips. i ¢ s neant

t he stab|_'|nfnfur‘nr-|f|r- transfer of gnntur- lnfnrnﬁfunn (nucl eoti de
sequence) P998¢ne] o r&?@ﬂﬁ est ed_aenot vpical | WO Qlégiﬂr \H P S r both. The
i nterspeciHic tran@/Reshane/ 527 (HINAY or mat{h \atchineric construct to

a host may be heri|tdBilemamd t heslenrdss3W96 | of genetl c inflormat} on consi dered
stable, or_the tradid¥b may be transi ent  dnhd| Hémag5t+ ansfer pf genetic

i nformat i 0H31 s not| A/BRlighand/ dR6@07 (HOB2Y 4] By 7TiheHtmam "pl ant—+Hmtter™, it is
meant any materi al| Aderndcedin/67/0005H3Nant . | Prapfum@i|t er may—+conpri se an
entire plapt, tisgpeMak@il3s00p100any fract von frhesagof+ Furthefp, plant matter

may conprise intrdgehibHiAl 200Nt conponent g [@xhadAcel T Ul ar pl ant
conponents, ITquid or solid extracts of plants, or a conbination thereof.

Further, plant nmatter nmay conprise plants, plant 30cells, tissue, a liquid
extract, or a conbination thereof, from pI ant | eaves, stens, fruit, roots
or a contliahtet2BsSpeties fdRBC bpund byHisof sqlepfedcpandemicinflugnza strams porti on

t her eof which has not been - 67 - WD 2010/ 003225PCT/ CA2009/ 000926

subj ect ed[pé}ld@m@ Ar@R&esi N STeps. A por 1)) Ofigifl [RIAR] THR¥y Conpri se pl ant
matter. Hoggver, 'LA/S1§1g go§egl/§§)@_§ﬁ\§gjl ated Ezg Frami plgnt ngterial nmay be
subj ect f)d HY ™ it %/AHhL“i}lmbs kﬁsﬁbcpa as Lfg HEA HeLaw U% ] I‘Q ri go_r ous
pr OCG$S| ng, |1 nclu IA) ';';1;}1/ ].@A-,{,Zi‘d 4&';: att t7

i

het ant nr-mn N Nnihy —
Qtet pu.u\,atlon usi ng
t echni ques$—ecomrnAl 2 (LAY, : “Butnot imted to

chr onat ogr ghy, 5eIAéE‘f4r/5I¢9H%r es@n%wl?f% i ke. [00275]By the|lterm "mininal
processi ng oMt plLant matter, for 8% qfﬁﬂ%, §L+nl ant_o portion

t her eof cobprisin MEWM/Bﬁaau%%  GHING) st | B4 FEAUing partt ilalty burified to
yiel d a plHAt ext rl@¢HongKormHA{98 (HONAY 1 j| 385 oumimint-+honogenat e or the |ike
(i.e. mnimally processed). Partial purification may conprise, but is not
limted to disrupting plant cellular structures thereby 10 creating a

conpqgsi ti npri §i I B%W?QS" nt
conpgrglent[@}\%ﬁqfc ﬁfﬁ eéggggkglf)ggﬁ%r exanp glgmad}%owﬁﬁr(#ﬂe dg%)? by

cent ri f ugeptideror ptbllypetpltldc cmramgai subseb pithe ammotakidreemplement dflai particelpaphtein

pr ot ei ns seqrete tracel | I ar eaf ther ti ssues
Poul - be o Bagrey e st e e bR Coam i 4 ERE SheS par S35t e Hogeniap’

ti ssues dauxample, @hipf@@ﬁrﬁdltllg&defeg&mes stwse-rdayomaaﬁiaaﬁg ko @ha kqlidrer s or
grinding or the Iike. to queez or 15l berate protein free fromwthin
the extr S8BPHHISE ﬁ@ﬁ%ﬁ&’é i e profteestohyperiis &haﬁgan?rﬁwwwow@pwau on
of crude extracts of sol ubI e proteins, since these preparations would have
negl i gi bl e contam nati on from secondar-y48pl ant products. Further, mninal
processi ng may i nvolve agueous extraction of soluble protein froml eaves,
foll owed by precipitation with any suitable salt. O her nmethods may include
| arge scal e naceration and juice extraction in order to

=




20permt the direct use of the extract. [00276] The plant matter, in the
formof plant nmaterial or tissue may be orally delivered to a subject. The
pl ant matwenomep3izé adm ni stered as part of a dietary sepplGaTRvopoetong
wi th other foods, or encapsulated. The plant matter or tissue may al so be
concentrated to inprove or increase palatability, or provided along with
ot her mahedgial & domagrcﬁdinﬁmtts profdingifalieame genetd | farid iy e theifmghsnt ey 1ndqdn red.

00277 | es of ect or t et. . or i that the VLPs af
|[or esen% F‘%gglﬁ? |38Hn‘h%f3‘/ds %{Hﬁf‘tﬁpg‘tlgrag]d ltl%m?}h@F E‘g}elen%t Profyg HH'tW}PF}Htt ed to,

humans, p&dyemtes, birds, water fow, mgratory birds, quail, duck, geese,
poultry chi cken, sw ne, sheep, equi ne, horse, carrel cani ne, dogs feline,
cats, Eoer | eopard, civet, mnk, stope narten, rrets @09use ets

e

Ilvestoc 022 Hobi tsForswaleé fragmeat Or@eﬂwemmcaglpere QR aboult 60faie abouk e g |

whal es anqiocto)a eoflttéqengtﬁyﬁtae taﬁrlgsgth Bf BB iR, REy AXSHPHRIHetwdB] pRIvRled Qhatt 0 be
considered Timti ng to the applications and uses of the resent i nvention.

WO 2010/ a@mgmmmmmmb o9 eferegig]Hor examnple doanghont @c% torputal OBYeant
conpr ' Si ma utpfog}t t%'a@o&BOb‘p ﬁ‘{)l‘ﬁsd{‘) ut%b‘y%l%&ﬁﬁb ,ec{h? a%u?96‘%qp560%'t ng the

protein O adm ni st ere oasu or target organism in
a vari et yom fw&rysbcﬂtepﬁndm nig)uutxmﬂ/ ol éherierenth afithle ﬁilidergtlt ofgthe pmteeror agxanpl e,

the protein of t er est ed.fromthe plant be, e |or to
Us Lse POl R, ABSTRAR § EPFJeTLOF Pt etimen e S apeit dol Flhr S he
prot epn hmiroiclds, d?uhy h&eht tHeh®btwebn, MeyendigfipositheeTh iand piovied trdihel e or
non-edi bl e plants. Furthernore, if the protein_is orall gﬁadm ni stered, the

plant ti $8gBeHEg foempaf e wheneprrasedi Fe&t’ravlp%eeéﬁa%ert FaY 96 a0 g abqui
har vest edoé hAgH&cid®¥%r Qr?y Qﬁa&@therebarvetrp ﬁfoﬁﬁéiﬂoﬂtgzoo% ab¥t m diho araxs he any

permitted to graze on plant with 8r|or harvest tak ma@p ace.

al so congmderrtéhﬁmhetvrﬁen, frche aleip pE0 @fabmmSQ pmyericiderpreay ameunt rfxbet@teem pI ant
ti ssues i t I f the
bl ant &1 S8nBoBr DG GEALE Sorr ity uAh THPRERIER, b iUl s Mo BBl B i

procéssi ngds,bor aryy qmcenhemexebletWIaat, ﬁbimeabphtalr@t) t¢ almetiB0teriang amomt rtlesetbet\aeadn IS

di bl e. [.00279] Past -t t | | TGS | d
P ¢ G R a0 AL R APl L R D TR S R
SUppPr ess @at ik SmeMGai Grin OVLE Medelpadssedy iFotsxapld; el ¥, 11RY0,136, 4B&E0t 0

counteract the specific degradation of trans gne MRNAs 15( Bri netr et al.
1998) . ARTEO&IdE & FR)ARLEY Frerehetvesen gy bp gemavad {fem) the q deminys, ttlﬁét SIS d may

be used @spsERBRN RROAC REMEIN of mih%r@&maﬁrowd&p@@ th/rh ShQ@9YandBhn 4 ViP winddi ch

is incorporated herein by reference), for exanple but not limted to, TEV-p
1 / HeOPr exgrdsdicco et ch virus-pl/HCG Pro), BYV -p21, pl9 of Tomato bushy
stunt virus (TBSV pl9), capsid protein of Tomato crinkle virus (TCV -CP),

2b of Qlf%{itigﬁf(” MOSRGh M I%t%%% pﬁ?l 2%18’ AlseiRh& fe f@la{ Mét&ihé %9&19%5) pll

of 20 Po rus M otato virus S
Bl ueberr yeqsl@meclhpwavae off ESH van m@)y dep2z@ingfthCicqrivaerteyi eﬁaafziathular a®Ino

0 of Cr aptgedsGher BB A il Al L fannec FLEdaole ol ckipnpPpRa B Do

of Her ac Iwemneinatz@tmzham dbtlsiru(:h'lltg\/& @) for anystplldgraphy Gais Iwomlcmhmngmhé fleeific Vi rus

6 efore or f si | for,, exa e, but not
i cah flmengapintt BLeS sRRRIRRRR ity 58 S Sfng T o ey,
PVX- p25, a]?éfMt@elaiw%t[ﬁn'Qf tlﬁ%‘aﬂﬂciﬁnd Eﬂth'c aRAsturéL RaV- 2 p24, GBV- p14 HLV- pI
0, GCLV-pl6 or G\/A-pl 0, may be co-expressed along with the nucleic aci d

t f t t to f f
o1 ot i n- BBATE | orCTRRIRE Bofency SosabmR ke Aoeamared- A Mep BPoduced

t hat conpaitshulet 6o rtbmnat MonBRi 2 HABM 19)bARIOSST feafch @ianPloe codyﬂaﬂsoﬂraﬁa
conprise one or nore than gne HA fromthe subtype H1, H2, H4, H5, H6,

H7, H8, MYerysaqyenqq it WClﬁHi@uelﬁf&r gr%so s9gBenices; gEWth 2 fireey hb@fab?rnat. on
ther ggf . &eteeg %)r('}eﬂﬁaﬁl@@r (?é?t’i’g(s %ﬂ: s, 4iSd oRYy R oA LELIEh R T ¥xHilie

i nt ended use o WO 2010/ 003225PCT/ CA2009/0 0926 vaccl ne prepared from
t he VLP. 1P&h identitypbet atsolaase witd I§seer dggrees of lqlermbtyullzimlﬂga@d pdanmaymdorrprr se
any conbr u for L umans
may corrpr?c@tgﬁcggglt% bm@ﬁﬁéy&?%oa ﬁ\b‘kﬁf al\é(!;ﬁtzmof%% é‘ ﬁ%ltmre fhe Hﬁ% “ﬁg P 5, He,
H7, H9 or B. However, other HA subtype 4@onbi nati ons may be pr epar ed
dependi ng upon the use of the VLP. 5 In order to produce VLPs conpri sing
conbi nati ons of HA subtypes, the desired HA subtype may be co-expressed
within the sane cell, for exanple a plant cell. [00281] Furthernore, VLPs
produced as descri bed herein do not conprise neuram nidase (NA). However,
NA may be co-expressed with HA should VLPs conprising HA and NA be desired.
10[00282] Ther ef ore, the pr esent |nvent| on further i ncl udes a sur tabI e

e e ] o r e



20 pronoter or regulatory region, and a second sequence conprising a second
nucl ei ¢ aci d sequence encoding the protein that nodifies the glycosylation
profil e obotzhm/snsei n of interest, the second sequencePopara2bonmebzel i nked
to a pronoter or regulatory region. [00283]By "co-expressed” it is neant
that two, or nore than two, nucleotide sequences are expressed at about the
sane ti nmer mbicReduehdee nalydedetemnidedibyt dligninighise squencts togatier afid dldnmprhaglﬁle %25

However, he nucleotlde se uen es need pnot he, expres e same
e, Raideaity Deiess ths SGoRar oARGET SRS Sutige Minsng e tgss EARE b
manner S%ﬂ@@tavhhhemmg@@emmugkg RebY Blndni6 RBVWEE- ViR BLAKEY ahig ddﬁtﬂt
exanple, the protein that nodifies glycosylation of the protein_ of interest

may be eRprBssEIPoER: blaper Bilabase: rainee} lphféltise#qfw PHERMEH P RACTY
br ot e BT e B R e Tesh | e
sequencesideahn@siog defaplt pgsBden sMnglxaB LOSHNp EHilterxgafadts ﬁ@nﬁhﬂjrs emm where

the two qr ) r uced w I t he same
time undbrelBhG R RdERRE sty RObE BT R LN DG 8 o PR ) °3
pl at f or migth@nparaDEpns), ot ﬂ;@mam?aﬂycomﬁﬂﬂn%@ﬁé)de@ﬁb&Z&'iﬁﬁél@ﬂRﬁ}fg%@ﬁﬂﬂé‘rﬁltpne of

t he nucl eoti de sequences for exanple the sequence encodlng the protein

L1 ansf or MBSl { netherFanty areiyy Bontrsx8isant EriFinch Bk LRt 7 Enal

sequence cRvERdIHintd @ plafitQixPiesi6 vdctvr ehe $lie productibi & 1ﬁﬂl$eﬁza VhEs Seguience
encoding the protein that nmodifies the gl ycosylation profile of the proteln

of i nt er 8lent, sHibleder wepipeRedectinn: Framplegrdspehapncleicsastsls mddsde; 1oy e biled
stage of afé%?ingfeéa%t an Rfludnz§ APES @§1%H<9Pa/ﬁ@§f9 éﬁNl’? @Hﬁ@ﬁAt{ég@E@m iNeslggj, bl e

pronoter, and the additional sequence encodin protein of i nterest may
be expr essHa Méﬁcﬁlfnmiaém/mﬁ 1DNO:dRAY, pmH rfe)nséﬁedqness/éé)S sulrtypasur e

the pr oSG DSk RS ERRES AR PIRIRIRY i SEOIPIG AR

pI asid ds A/S%lombm]srmdlss/zmée(mmb (eus SEQADAN®; 374 |49 800, ADBigdpoaet 60 (HEN2)on,

A G TR Ve T A sy

Pl ant NDMV%{@MlaD@JZO@WQHS%a@@@g)SEQ EDSISIO NemY@m kAmemHo n@Kong A3 6% (1988);

Cei erson _and Cbregé ant M| ecul ar._Bi o ngﬁ :é “ig and M ki and
lyer, FufidehvBre & %iDéié?]éSTﬂaﬁ%)ﬁéfH?%Iﬁr 9%3/9? EH?N Ae- eVt QHONGE Y- P Ed.

DT. 15 D@@PA?Bn@EhJHMUO") (HWZ}-(% _;9§E(°I)QD NOB 322y @b), AlRERdnsiHePbEBNIY&S] ey,
Langmans Ltd. London, O her net hods 1 nclude direct DNA

upt ake, (d® SEEEILNOL B?)dé o?ﬂésA/Eau@e/ﬂ’ragpe%@(HBW) (¢-8rSEXHMPIO: 46538 g1),

nii br afy sPE A eG4 o fD ROPR 30080, HFRrBhua M0 (51 S5 PO Ho0n )

Schei d et3 GVB) ’(”]M)dorre@lﬁdm@@hﬂé or @ﬁ&melﬁu&nﬁe‘eror 1128l StrainSueprotidecindlable(1Pl ant

Sci ence 111-116, 1987 Theor | Genet. 75:

30. 56, 18641 TS aHeaEeS apsoRENITH © SRS HeR35-17 Gtrise mBfipragn gptiesim
(Sc: enﬁ e aﬂ@&Teral%ll% hnll;&:&ﬁ)the ézkla[@cshq@hc@dfthe( B4 feinech 8Phe tngas?.&h sih?t@ﬁes :lis985) ,
o8 e s CLHB b restaen ek D S A e
/i 983) M%%lh&‘ijs% alh m{ﬂ;edaéssMa Icss@é&eaaonghﬁahg gnfalfa%&wc?fim@@@n%t& k/fg{‘ﬁ kUTl% gdg 25
cadenmic Press |nc. : ononossof -
2524212 lgtbe’zagglwnsli qung Se%mce of, euIéAoe’@lfaela@@ey@g@b LEFR.L?@ mnf;ter 403, 865;

eby i ncorporated by reference

[00285]T?%ﬁé@%%ﬁge&%ﬁgggygﬁgﬁgfiogg may be used to express the constructs
of the present invention (see Liu and Lononossoff, 2002, Journal of

Vi r ol ogi 68022kt hodEhe VioBs mayzalgys usgdhiodroduse resaentgromerised Hapenmbinppt

ref ergnc t r i L t hod,
as dégcr?ﬁ%ﬁé%?ﬁk }é%g%méﬁﬁ%?gg§&?ﬁ%§§§S%$§@E% épgﬁﬁ'%§§¢% er gngg) may
be used. mﬁh@mlmhahpxdsemmc’mml indeding subvixxbinfiianza particlay endrinfluchzVIiRdnt 0, a

met hod of Agro-inocul ati r ro-infiltratio however, other transient
ot hods e airiet BEs vl /St sl ety

2010/ 003225PCT/ CA2009/ 000926 ei t her Agro-inocul ation or Agro-infiltration,
a m xture of Agrobacteria conprising t-t3@-desired nucleic acid enter the
intercellular spaces of a tissue, for exanple the |eaves, aerial portion of
the plant (including stem |eaves and flower), other portion of the plant
(stem root, flower), or the whole plant. After crossing the epiderm s the
Agrobacteriuminfect and transfer t-DNA copies 5into the cells. The t-DNA
is episomally transcribed and the nRNA translated, |eading to the
producti on of the proteln of |nterest in |nfected ceIIs homever the

o Y " I - o r\r\nnr\1|.: b1 L




art, the vaccine may be directed agai nst one or nore than one influenza
virus. Exanples of suitable vaccines include, but are not limted to, those
comer ci avbyosvmdizabl e from Sanofi- 20 Pasteur, |D Bi omediraa2p09eo42al ,

Si novac, Chiron, Roche, Medl nmune, d axoSm thKline, Novartis,

Sanofi - Aventi s, Serono, Shire Pharmaceuticals and the Iike. [00288]If

desi r ed, [00DBS]VLPs Tiferefdre, the mseattion iprovedes ifarl Iifayande methodk@dpradedingvisalii t abl e
adj uvant woul d be known to one gf skill in the art. Furtherngr he VLP
may Do YRS I R RRFHOTCHIBR T DI RBWEITLIbAG ME S FIORT OB RIoRE TSt he
VLP for fRent gt orv tRmBetucebréh @8Rt flidmAmetiblaheaetiab aites
Furthernore, the VLP produced according to the_present invention may be

conbi nedingluding\hubgoidispisgdiadvensicagEhals Mg anéHlYenza proteins, for
exanpl e, neuram nidase (NA). [00289] Therefore, the present invention
provi despgosAt Nod Frotkink REMGIHRG ehVBIBHRA Vituded for exambftubiSitamniled id Filbwtiesd | on
in an animal "or target organi smconprising admninistering an effective 30
dose of te-&&beleniug blirgwngs,eh@e@kehﬁﬁremmmdﬁﬁée-&@#asgﬁél%%mvé VHES be
adm ni st 2 Ny BV rmal |y,

i ntranas g%ﬁ% ,a to?ﬁyglgﬂ%g‘%éﬁ‘?eﬁ%?ﬁt&r%g%géﬁﬁ %%%g\le?(g/‘?hé%t(?'g\/rﬁéﬁgﬁgl y, or

subcut ankoushodefi§ie@2o0tusdrnma tratuoedetitiehdyPsinpr dnoead TaCdblaikagiat \Girushe

present invention_ds.describ o anpl e 6. Adm nstration. of
P ot - drr s Wb BRAARTEGe BV e AR Defis B ER RS e petiow
conpag edfdver AAR] dritld lilk), BunySfiridar! (elB) antdAir(is eethEiike); @srordvfridande.2 1B) .

[ 00291] As shown in Figures. 26A an 6, B a subjec m ni stered
A | ndone&frapasigs SARSyppde ﬂ1§e>p?sow@fé§el€ro 0 193¢ %ﬁﬁkﬁgw thiy M 2150 8R g8 1 h

i nf | uenz g Ak mprRS 0P aﬁtl’%’éﬁ&lﬁhat" %’ ke kNG i Flaﬁﬂﬁn@ﬂnﬁﬁaﬁ@&&ﬁz@d Qfruses
| ndonesia H5 VLPs before cha Ien%e id not result in any |oss of body nass.
However insludgbihe sepsitoprotgiraifi1¥t-axddH PG glypapsoteins i2pE2ber 28 heBilapmimup prptpinéey

10H5NT, i.hi t Si gkl . pody r subject di ed.
100292] THELURaR 0t B pE P Blial RS sttt g B0 o AR B FURIES e
conpi$ si poptdimef thi> Meestesggkant yxoinusy iFoakxaprpdt, @24 of HBUGez. &ienBankureferanes ponse

specific f ogeni ¢, i nf.l uenza str.ai.ns, .and that.,,virus-|ike rti.cl es

b g s R et o ERE  B BE g ReR F st enlf R et ¥

i nvent i _Oﬂirﬁﬂgbw:)lﬁ];el@e.gfl G‘eﬁB’ﬁ_ﬂ{Sﬂefeir@HiXe gio9q203 7)1 P 120 a6l fgpﬂtdf\}ﬁVlaﬁe gllgecq)lraéinal VL 'Pd

conprising an_jnfluenza vjrus otein, one or nore _than one n i pid,

and o phaARESDY rkiHig 33 AFAR of TReSHPRProHhE § S REHA TP nE SR JE el n

may be Hghdoh e%iv%lfﬁ{e%ﬁ%mxé\_/gaﬁdn%gWoﬁﬁh%@ﬁiimsme%m&ekﬁ&@@dS 3/ 2006,

Al Bri sbane/ 10/ 2007, A/ W sconsin/ 67/2005, B/ Mal aysi a/ 2506/ 2005,

B/ FI 89 i daj @03 bhés thapsiteig ableined by sanslanpmahilip yajlzeasncogitheEpalavins gayope04,

Al Teal / 1 . : i I 4l 1N1
ea Hﬁé&%@ﬁ%%%%&e 1.5?%86%,('}2%@%?@%@1av1 ( elgfﬁbi }fr{](gtal%héf! %5%865} )

or A/ HongKong SO pro is a netho uci ng”immunity to
an i nf | uernhapreieinusbtaindddnyt trapslafion of theiig)36 cequeidren f et Fwthvoospamiosien §p/SGP

adm ni st e[| the virpus |] arti. i Si n.influenza.vir HA
oot oi n. Shiahute i Cpinan KRB aio Ry Bkt Shiphln iRt § e

ac g ept ab ts%qllee?bé)iogfthe M;igeuﬁgi v:iﬂlus gérolR (GaiiBéln:k:l&féi‘We kel ma? ms;,at Hpadeiho a
subject orally, intraderpma _intranas . intramysclarly, .

Cntr aper (Geted R%f?reli'%tgwé’\?éﬁ%wl}e EE R R yhe Pﬁe?@%@xwfﬁa@ﬁ i ons
accor di ngGénBaKRReREHCEFPIHGIRAE B pRiteih (GerlPRp@Blctale SBY62%050) ¢ $8 pMidig oPf tWO
or nore influenza strains or subtypes. "Two or nore" refers to two, three,
four, fithsF sspyenceeftbpMeaslghirus gerpane. 10 or nmore strains or subtypes. The
strains or subtypes represented nmay be of a single subtype (e.g. all HINI,

or all Hpigkrg) Or NEYwERrdtHePBRIIBE bR mSHRL VB FithiAAhEneMBdsASt Yhepbielie and
e.g

strains include, but are not limted to, those disclosed herein (e.g. A/ New
Cal edoni #Vouicags wauiiheAmpyde Aeselizk) mdiwert H5SNL) , A/ chi cken/ New Yor k! 1995,
Al herring - 73 - WD 2010/ 003225PCT/ CA2009/ 000926 gul | / DE/ 677/ 88 (H2NB),

AN Texas/ gh2903, Afyaah)akigh, M d3OBovAtdte K heab aha nlold 2RA0BmpAiRRS t hern
pintail/TX/ 828189/ 02, Al Turkey/ Onfari o/ 6118/ 68( H3N4),

A shovel sqqupnegenaBlinedalV-pd4s hilY kaph? G Negpytl NEbDBAG0HY OBE,)Ebolavirus-VP35,

A duck/ Eggl ) C r 60/ H1 o
B

A/ duck/ Australial/ 341/ 83 (H15N8), A/ bl adk-headed gul | / Sweden/ 5/ 99( HL6N3) ,
B/ Lee/ 40, C/ Johannesburg/ 66, A/ PuertoRico/8/ 34 (HLNl), A/ Brisbane/59/2007
(HLN1), A/ Solonon Islands 3/2006 (HLN1), A/ Brisbane 10/2007 (H3N2),

Al W sconsi n/ 67/ 2005 (H3N2), B/ Mal aysi a/ 2506/ 2004, B/ Fl ori da/ 4/ 2006,

Al Si ngapore/ 1/ 57 (H2N2), A/ Anhui/1/2005 (H5N1),



A/ Vi et nanf 1194/ 2004 (H5N1), A/ Teal / HongKong/ WB12/97 (116N1),

Al Equi ne/ Prague/ 56 10 (H7N7), A/ California/04/09 (HLN1) or

Al HongKorng02010@0825( HON2) ). [ 00295] The choi ce of conbi naCiram20§9/®092ai ns and
subt ypes may depend on the geographical area of the subjects likely to be
exposed to influenza, proximty of aninmal species to a human population to
be i mMundezgdraliecly linksgdec h epuintoryadghorf avid¢ inagr ineast, tyeasadr @it well, or such as

SW ne, eta%) nd the strains they carry, are exposed to or are likely to be
exposed R ,‘C“&’QH‘PE‘FSIS%S of 15antigenic drift within subtypes or strains, or
conbi nati ons of these factors. Exanples of conbinations used in past years
are avai [gabjoq (ls ;9Gl‘hUBie'seﬂﬁhﬁibﬂidndfi?ﬁd}pﬁﬁﬁb@iﬂeﬂdrﬁwa/maleﬁianﬁ encodingdan )
recomendatjonsl/en) . Sonme or all of these sirai ) ed in the
combi nat AHnr SxRme g‘B M0} lﬁn’éqdrférh‘{?@ﬁﬂ?ﬂ%“fl?ao‘ﬁ@&opﬁ“{} g( Qggfék&%ﬁéﬁﬁgﬁ?ﬁ‘?f a
vaccife GRIRASInAuEa st 29611y AGY it it Yr in8%@ BRIr&kisn G8E (8@l | ons may
include VLPs fromtwo or nore 20 strains or subtypes selected fromthe
group cobasvlosirgseexpmssia Yecwrand/poefugion( ¢iinfiyenza aeane eipdislates oy reagepts( HINL) , an

N DAL B 4 1 0 M s

B/ Fl or i diairun®d@éfie hdmdtgpiv ntacemo] @02OFbRNitvetura xiedpdiag yubvoabinflegnzon may

include VLPs frogmtwo aqr re strains or 25subtypes selected fromthe group
conpr 1 o HEIF R GHEN 2 rDp B el Pt le PP BEDer FrfEld, e

AN et nam 1194/ 2004, an A/ Vi et nam 1194/ 2004-1i ke virus, A/ Anhui/1/05, an

A/ Anhuui / [D0REBH | | ke The tiscleidadd eseliagithyetiy /o8 31T 200 8yubtigay oios eda@ipletan gbt337/ 2006

- like vjrus, Al chicken/Sh ' 6, A .chic xi/,21.2006-1 i ke. virus,
A Cal i f ohitite 194 %@64@35@?44@3?%?%15%%};‘% ﬁﬁmb‘vﬁlﬂ?f@#ﬁ {20~ 30

[ 00298] ARBE NEIN B XLMRIsBdnE/S00UDT (FRIN ONA/SRlondnablkeiR/3VA08s (@INT),

Al Chi cken/ 1taly/ 13474/ 99 (H7 tyﬁ%ﬁor A/ Chi cken/ British Col unbi a/ 04 ( H7N3)

strai ns Singeperad ¥/ {HZN}DAZ Aniyi 5 SR AP Geornd 4P E004dH2Yd), Anot her
| PUErT: : : :
exenp afm%%g@%%§%\gm?7 Qﬁ%ﬂgfﬁ@yﬁ% Khe A BN EHRNFO0BKONALFIA807 ©

r
A/ HongKong/ onbrnation may conprise VLPs of
Al Sol o noIN) A NEi@NS0GE 2000 HINEY), AkanpkRrague/6oriHil RéDi BMalaypialSfpPRide VLPs

of A/ Bri n 07. Anot h e I knat | ' VLPs of 5
A W sconBF TR B8 B RS ge e FRrie sfBF b e AL s PRSRRIRSR G Hahs, ©; o
B/ Mal ay sapptoppidte/c200de, (6 dxhdpledSyodbZ0fG 1@ipebdBeells og 8£-8/c210 Gie; SYTGE PEAOr
subtypes, [00300] The two.or nore VLPs may be expressed individually, and

t he puri?Q‘%b %&eilé‘ﬁqctc%ﬁﬂef mayaR PEbsequent |y conbined. Alternately, the
VLPs may be co-expressed in the sanme host, for exanple a plant. The VLPs
may be cmobizjed orThemadleic@cidieAcalingaké Haomsyguit@natélgrbellpexedil eplaal,

equi val ent. rati os, or y be copbined in such a nner that one subtype or
stratth comp AiPLaat Tfrféluﬁgfcmdt 39%45?& Hg LS %Yﬂthﬁ%%@q?’éfﬁfuv&ﬁet“i%ﬁ?.npuf’n and

[ 00301] Thayat@écohatnheactibY EFER)QRInRTY RERS ADih KBMPRSht RAPSMEPHPIsbiaicdd VLPS

of two or nore strains or subtypes. OOSOZL%/LPS of envel oped viruses

gener al | ffordymiap influpegarA/dgy &Jadgdenip28M0 (HEN hevitvs ahbuman infespzdud t hr ough.

Plant pl asfiRIRi0RRASN AR RN AHEEAN i SQNRLCHRA Ak Y HIRY S

i mrunost I nu ry e 0 investigate this possi Ity, plant-nmade H5
VLPs wer &/Brobtvurei 392908 dH t ¥ 1)aAi Svddrgon Inlandse3/ 206 HANG), v Siagrperedid5 bH2NR),

L hi ko s OSSN, OrSine
et ot i n R L ARty D PR DN SR 3 FRE AT,

pl ant - maddiddy R4nBA 0T (A3AND)! A/BaisbargHi0fA002 (H3NHTA/ W nclinsiat 742006 {HIND0

ot booy AR Ts R Ry PopAaE At iR af et AR, A Benmisti PR ence. of
adj uvant wah en giffiedARVirGEiFgtifeerdSRunscri@tdn@nd PCR$815po8et2id6 BEmprs Qpdcttastot N
various enbodi nents of the invention.. Table 5; Sequence descrlglrl)tl on for

sequencetdeii T gragplobpt geidimitdng, oatgdituenpedtlerpralglenia?089dE Bdlre 1 N
termpal ik HA 3QfBfes or human influenza A/Indonesia/5/05 (H5N1) virus HAO sequences, or HA

sequences from influenza subtypes A/California/04/09 (HIN1), A/Brisbane/59/2007 (HIN1),

A/Solomon Islands/3/2006 (HIN1), A/Singapore/1/57 (H2N2), A/Anhui/1/2005 (H5N1),
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Figure 4a 2 Ctermnal Hl fragnent Figure 4b 3 H5 codi ng sequence Figure 6
4 primer Plato-443c Figure 7a 5 prinmer SpHA(Ind)-Plasto.r Figure 7b 6

pri mer Plhaetor@ps§i nd).c Figure 7c 7 prinmer HA(I nd) - SaesTRiAQwo@odte SEQ

I D No Sequence Description In Disclosure 8 Sequence of the alfalfa

pl ast ocyani n- based expression cassette used for the expression of Hl Figure
1 9 HAl papVietasej@éenoes INay Ldleddtomigdd d@/NeN2/Fi (HioNg ), eHdg Kong/1073/99

HASpept | ?ﬁgﬁ g?g/%nesbglﬁ/e/ 1'0%89 ?ﬁél@é)?w Psggns!:nl/ & dos ééltf3N2), 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

5  the art.

[00233] The resulting cDNA copies of these genes may be cloned in a suitable expression
vector as required by the host expression system. Examples of appropriate expression vectors
for plants are described below, alternatively, baculovirus expression vector, for example,
pFastBacl (InVitrogen), resulting in pFastBacl-based plasmids, using known methods, and

10  information provided by the manufacturer’s instructions nay be used.

[00234] 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

15  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-1.S1 (associated with the oxygen-evolving
complex of photosystem II and described by Stockhaus et al.1987, 1989; which is incorporated

20  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

25 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.

[00235] 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

30  Howard 1987. Nucleic Acids Research 15:10233-10248), the gp64 promoter (Kogan et al, 1995.
J Virology 69:1452-1461) and the like.
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11 I nfluenza A Subtype H7 codi ng sequence (A/ chicken/ New York/1995) Figure
9 12 Influenza A Subtype H2 codi ng sequence (A/herring gull/DE/ 677/ 88
(H2N8)) Rvourw/@mB8rs513 | nfluenza A Subtype H3 codi ng seqREMAA2009/000926

(A Texas/ 32/ 2003) Figure 10b 14 Influenza A Subtype H4 codi ng sequence
(A/mal I ard/ MV 33/ 00) Figure 10c 15 Influenza A Subtype H5 codi ng sequence
( A duck/ Biadgihai / ITREG6E, 46 agpeceoliBelinkéntlonfprarddez dorA Baletcyqonrl daGipdeidi ng

sequence orthern pintail/TX/ 828189/ 02) Fjqure 10e. 17 | nfluenza A
St ype. FEREBE Hgbagflaeiersr T Ry FoRPaPrb ) 18 St PR €or 10
| nf | uenzgladoStabinytpeul4iGryeRaihdng 266 theeiiRn£Y & haydle 8élbdtedfibiadt@p)ofFi gure | Qg
19 Influenza A Subtype H1O0 codi ng sequ _?ceif}OA/ chi cken/égﬁr rrgzn%// N/,1848 (H10
N7) ) Fi §ilenzechaiogor sopiypen E%nwsﬁlﬂoﬁ%’z‘ P OGS (HGNE b g & aledonia/ 20799
(A dugk/ ﬁ@ﬁh@pﬁ/n’é&ﬁk%&@b)m@%emﬂﬁ@l Aﬂi‘rjsbﬂfe"ﬂ@%@&l@‘lﬁl}?%ﬁmw codi ng
sequence ﬁA/ uck/ Al bertal/ 60/ 76( HL2N5) ) Fi gure 10} 2

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

(H9N2), A/Brisbane/10/2007 (H3N2), A/Wisconsin/67/2005 (H3N2), A/Equine/Prague/56

(H7N7), B/Malaysia/2506/2004, B/Florida/4/2006. Nucleic acid sequences comprising a

10 plastocyanin regulatory element and an influenza HA are exemplified herein by SEQ ID NOs:

36-47.

[00237] It is known that there may be sequence differences in the sequence of influenza
hemagglutinin amino acids sequences, or the nucleic acids encoding them, when influenza virus
is cultured in eggs, or mammalian cells, (e.g. MDCK cells) or when isolated from an infected

15  subject. Non-limiting examples of such differences are illustrated herein, including Example 18.
Furthermore, as one of skill in the art would realize, additional variation may be observed within
influenza hemagglutinins obtained from new strains as additional mutations continue to occur.
Due to the known sequence variability between different influenza hemagglutinins, the present
invention includes VLPs that may be made using any influenza hemagglutin provided that when

20  expressed in a host as described herein, the influenza hemagglutin forms a VLP.

[00238] Sequence alignments and consensus sequences may be determined using any of
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.

25  [00239] 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
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-

30  conserved, for example:
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I nfl uenza A Subtype H13 codi ng sequence (A/Qull/Maryl and/ 704/ 77 (1-113N6 ))
Figure 10k 23 Influenza A Subtype H14 codi ng sequence (A/ Mallard/ Gurj ev/ 2
6 3/8 2 )wbiguwm381 24 | nfluenza A Subtype HL5 codi ng PETCA0@/000926

(A/ duck/ Australia/341/83 (H 5N8)) Figure 10m 25 Influenza A Subtype H16
codi ng sequence (A/ bl ack-headed gul |/ Sweden/5/99(H1L6N3)) Figure 10n 26

I nf | uenzaBRAcStdlichgs edpneinee The/Hae® hd@probdig iy dedv@d t@ Provide mature HA. HA is a

| nf | uenzaCHAcodi ngse

quepce (C/ Johannesburg/ 66) Figure.10p 28 ete HAO
HL sequence FiQRATEDE ?’gﬂlfta?;lhg}on%‘?ﬁrl COIRpTRLT aﬁ%cﬁwggfgﬁ‘_g T mm and a
Sacl - ATG pPl agefibfah@MBotiftd domatE@IAD) MNekeSOFULHELBe BREBHIPbLAN the N-terminal
20 residues of the HA2 subunit may also be referred to as the HA fusion domain or
5 sequence. A ‘tail’ region (internal to the membrane envelope) is also present. Each

hemagglutinin comprises these regions or domains. Individual regions or domains are

typically conserved in length.

o All hemagglutinins contain the same number and position of intra- and inter-molecular
disulfide bridges. The quantity and position on the amino acid sequence of the cysteines
10 that participate in disulfide bridge network is conserved among the HAs. Examples of
structures illustrating the characteristic intra- and intermolecular disulfide bridges and
other conserved amino acids and their relative positions are described in, for example,
Gamblin et al 2004 (Science 303:1838-1842). Exemplary structures and sequences
include 1IRVZ, 1RVX, 1RVT, 1RVOQ, 1RUY, 1RU7, available from the Protein Data
15 Bank (Berman et al. 2003. Nature Structural Biology 10:980; URL: rcsb.org)

o Cytoplasmic tail — the majority of hemagglutinins comprise 3 cysteines at conserved
positions. One or more of these cysteines may be palmitoylated as a post-translational

modification.

[00240] Amino acid variation is tolerated in hemagglutinins of influenza viruses. This

20  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
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.

25  [00241] 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 HIN1 strains:

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
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In Disclosure 31 Priner

Sacl

-PlasTer.c Figure | OGs 32 Priner

EcoRl - Pl asTer s

Figure 10t 33 A/ New Cal edoni a/ 20/ 99 (HLN1) GenBank Accessi on No. AY289929
Fi gure lewB4oMaBat2sva protein disulfide isomerase GenBamrkTAXe®i0a26 NO.
Z11499 Figure 17 35 A/ TuertoRico/ 8/ 34 (HLN1) GenBank Accession No. NC

002016.1 Figure 18 36 Clone 774: DNA fromDralll

to

Sad | co

npri sing

pl ast ocyani n SEQUDaNG@y Xle@bsiﬁon)p)e's AtdrWwe§2 (pogitkends2f) @5 BequK&@osiﬂi@oGDhg HA

of A/ Bri sbane/ 59/ 200
SYdegsitn

conpri si

encodi ng tggl
d one??&%ﬁﬁff ro

al |l

b Al 5

ad co

rSi

28 37 . DINAf
Rogiion | bdt Kt oy (PicedTen
n&@?t%ﬁﬁn){@ $hann 134 Y0 R6or (kX9 hoditichirsa ) A% 318A X10 (position

pl ast ocyani nregul at

It][Qa@ad

r egi onop@Ptis Derr PN il k éepsisivagaenie (érlfeg‘glzr‘%ﬁ&n@/ @$§5&ﬁ%i@ﬁiﬁ@ﬁ°{’ﬂ§ﬁ2ﬁ
Figure 3@ 3% RANEdsiifon I8y & WHF R k14 Qositth ST T 8 RIRI Aehaa¥RMIYiEHHE at ory

K; X17 (position 432) is I or L; X18 (position 489) is N or D.
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[00242]

As another example of such variation, a sequence alignment and consensus

sequence for HA of A/New Caledonia/20/99 (HIN1) (encoded by SEQ ID NO: 33),
A/Brisbane/59/2007 (HIN1) (SEQ ID NO: 48), A/Solomon Islands/3/2006 (H1N1) (SEQ ID
NO: 49), A/PuertoRico/8/34 (HIN1) and SEQ ID NO: 9 is shown below in Table 3.

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

1

MKAKLLVLLC
MKAKLLVLLC
MKVKLLVLLC
MKVKLLVLLC

mkxkllvllc

51

EDSHNGKLCL
EDSHNGKLCL
ENSHNGKLCL
EDSHNGKLCL

exshngklcl

101

NPENGTCYPG
NPENGTCYPG
NPENGTCYPG
NPENGTCYPG

npengtcypg

151

SCSHNGKSSFE
SCSHNGKSSF
SCSHNGESSF
SCSHNGESSFE

..........

scshngxsst

201
IGNQRALYHT
IGNQRALYHT

Sequence

TFTATYADTI
TETATYADTI
TEFTATYADTI
TEFTATYADTT

tftatyadti

LKGIAPLQLG
LKGIAPLQLG
LKGIAPLQOLG
LKGIAPLQLG

lkgiaplglg

YFADYEELRE
YFADYEELRE
HEADYEELRE
HFADYEELRE

xfadyeelre

YRNLLWLTGK
YRNLLWLTGK
YRNLLWLTGK
YKNLLWLTGK

yxnllwltgk

ENAYVSVVSS
ENAYVSVVSS

CIGYHANNST
CIGYHANNST
CIGYHANNST
CIGYHANNST

cigyhannst

NCSVAGWILG
NCSVAGWILG
NCSVAGWILG
NCSVAGWILG

ncsvagwilg

QLSSV3SFER
QLSSVSSFER
QLSSVSSFER
QLSSVSSFER

glssvssfer

NGLYPNLSKS
NGLYPNLSKS
NGLYPNLSKS
NGLYPNLSKS

..........

nglypnlsks

HYSRRETPEI
HYSRRFTPETI
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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

50
VTVTHSVNLL
VTVTHSVNLL
VIVTHSVNLL
VTVTHSVNLL

..........

vtvthsvnll

100
ESWSYIVETP
ESWSYIVETP
ESWSYIVEKP
ESWSYIVEKP

eswsyilve.p

150
PNHTVTGVSA
PNHTVTGVSA
PNHTVTGVSA
PNHTTTGVSA

pnhtxtgvsa

200
VLWGVHHPPN
VLWGVHHPPN
VLWGVHHPPN
VLWGVHHPPN

..........

v1iwgvhhppn

250
GRINYYWTLL
GRINYYWTLL



regi onoper ati vel yl i nkedt osequence encodi ngHAof A/ W sconsi n/ 67/ 2005 ( H3N2)
Figure 31 40 C one778: DNAfronDralllto Sad conpri si ngpl ast ocyani nregul atory
r egi onopewatzowaloyi2s nkedt osequence encodi ng HA of B/ Mal apsTra/A28@80@264
Figure 32 41 Clone779: DNAfronDralllto Sad conpri si ngpl ast ocyani nregul atory
regi onoper ati vel yl i nkedt osequence encoding HA of B/ Floridal/4/2006 Figure 33

42 Cl one780: DNAfﬂ@WDﬂé¥H1ﬁ5K8§MV%b

reglonoperatl%@IﬁFPﬂ%%ﬁF%§§ﬁﬁ@ﬁF?

Figure 34 43

regi
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Consensus
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9
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76
Consensus

75

9
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49

76
Consensus

75
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49

76
Consensus

75

9

48

49

76
Consensus

Oné781

yI’ hkedt o

EPGDTIIFEA
EPGDTIIFEA
EPGDTIIFEA

NTDLEVLMEW ..

$ogdt ! ifFa

301

AINSSLPFQN
AINSSLPFON
AINSSLPFON
AINSSLPFON

AiNsslpfgN

351

AGFIEGGWTG
AGFIEGGWTG
AGFIEGGWTG
AGFIEGGWTG
MGLIYNRM.G
aGfIeggwtG

101

EKMNTQFTAV
EKMNTQFTAV
EKMNTQFTAV
EKMNTQFTAV
NRMVLASTTA
#kMntgfTav

451

TLDFHDSNVK
TLDFHDSNVK
TLDFHDSNVK
TLDFHDSNVK
TIGTHPSSSA
Tl1dfHdSnvk

501

YDYPKYSEES
YDYPKYSEES
YDYPKYSEES
YDYPKYSEES

ydypkysees

551

SEFWMCSNGSL
SEFWMCSNGSL
SEWMCSNGSL
SEWMCSNGSL

sfwmcsngsl

DALY o

aritAy

st

i‘ﬁp@

se uence encodlng HA of
Figure 35 44 d ong782: DNAfronDralllto Sad conpri si ngpl ast eoyani nregul atory
regi onoper at i vel yiecnkedtn SeguURRTE:

NGNLIAPWYA
NGNLIAPRYA
NGNLIAPRYA
.LKTRPIL
ngnlLiapxya

VHPVTIGECP
VHPVTIGECP
VHPVTIGECP
VHPVTIGECP
GDPNNMDKAV
vhPvtigecp

MVDGWYGYHH
MVDGWYGYHH
MVDGWYGYHH
MVDGWYGYHH
AVTTEVAFGL
mnvVdgwyg$hh

GKEFNKLERR
GKEFNKLERR
GKEFNKLERR
GKEFNKLERR
. KAMEQMAGS
gKef#kSerr

NLYEKVKSQL
NLYEKVKSQL
NLYEKVKSQL
NLYEKVKSQL
GLKNDLLENL
nLy#kvks#L

KLNREKIDGV
KLNREKIDGV
KLNREKIDGV
KLNREKIDGV

kinrekidgv

566
QCRICI
QCRICI
QCRICI
QCRICT

gcrici

encedissg
FALSRGEFGSG
FALSRGFGSG
FALSRGFGSG
SPLTKGILGF
falsrGfgsg

KYVRSAKLRM
KYVRSAKLRM
KYVRSAKLRM
KYVRSAKLRM
KLYRKLKRETI
KyvRsaKlrm

ONEQGSGYAA
QNEQGSGYAA
QNEQGSGYAA
QNEQGSGYAA
VCATCEQIAD

gqneqggsgyAa

MENLNKKVDD
MENLNKKVDD
MENLNKKVDD
MENLNKKVDD
SEQAAEAMEV
nE#¥lnkkv#d

KNNAKETGNG
KNNAKETIGNG
KNNAKETIGNG
KNNAKEIGNG
QAYQKRMGVQ
knnaKeiGng

KLESMGVYQTI
KLESMGVYQI
KLESMGVYQI
KLESMGVYQI

klesmgvygi
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GHat ory

/ 1/ 57 (H2N2)
ani nregul atory

AnhU| /172005 ( H5N1)

HAckW VPR tavaKewTRd®4/ 2004 ( H5NL)

TITSNAPMDE
TINSNAPMDK
IINSNAPMDE
VFTLTVPSER
titsnaPm#x

VT.GLRNIPS
VT.GLRNIPS
VT.GLRNIPS
VT.GLRNIPS
TFHGARKEIST
vtxGlr#Ips

DQKSTONAIN
DOKSTQONATIN
DOKSTONAIN
DOKSTONAIN
SQHRSHROMV
dQkstgnain

GFLDIWTYNA
GFLDIWTYNA
GFIDIWTYNA
GFIDIWTYNA

gfxdiwtyna

CFEFYHKCNN
CFEFYHKCNN
CFEFYHKCND
CFEFYHKCND

.....

cfeFyhkenx

LATIYSTVASS
LATYSTVASS
LATYSTVASS
LATYSTVASS

laiystvass

CDAKCQTPQG
CDAKCQTPQG
CDAKCQTPQOG
GLORRREVON
cdakcagtpQg

350
IQSRGLFGAT
IQSRGLFGAT
IQSRGLEGAI
IQSRGLFGAI
SYSAGALASC
igSrGlfgai

400
GITNKVNSVI
GITNKVNSVI
GITNKVNSVI
GITNKVNSVI
TTTNPLIRHE
giTNkvnsvi

450
ELLVLLENER
ELLVLLENER
ELLVLLENER
FLLVLLENER
QARQMVQAMR
#11vSléneR

500
ECMESVKNGT
ECMESVKNGT
ECMESVKNGT
ECMESVKNGT

ecmesvkngt

550
LVLLVSLGAT
LVLLVSLGAI
LVLLVSLGAI
LVLLVSLGAT

1lvllvslgai



SEQ I D No Sequence Description In Disclosure 45 Clone783:DNAfronDralllto S
aci conpri singpl astocyani nregul atory regi onoperativel yli nkedt osequence
encodi nghsof20Waberl/ HongKong/ WB12/ 97 (HEN1) Fi gure 37 4®CT/CA2009/000926
Cl one784: DNAfronDral I 1t o Saci conpri si ngpl ast ocyani nregul atory
regi onoper ati vel yl i nkedt osequence encodi ngHAof A/ Equi ne/ Prague/ 56 (H7N7)
Fi gur e 38hddonstuesedhenobidicarirdpgpkt @s&leatert aminpracids common to all sequences at a
si ngpl ast ocyani nrequl atory regi onoperativel ylinkedt osequence encodi ngHAof
A/ HongKo ﬁ@sﬁ%ff’ﬁ/pgﬁg‘( C?ﬁeS%Feés lgg‘cqu AP, HgIdy Somman éf’rﬁq E??Sé?}fg%ré’q uence
Al Bri sbaggoady SO sdqbbncl: inddyBBbE! ¢ MY St JE 0F7¢; the Syrikd] 3M A oRe beERENENCE
Al Sol onon 1sﬁénds §%2006 ng 1) Fig%ﬁg 40B 50

the symbol % is any one of F or Y; the symbol # is any one of N, D, Q, E,B or Z; the symbol “.”

5 s no amino acid (e.g. a deletion); X at position 3 is any one of A or V; X at position 52 is any
one of E or N; X at position 90 is K or R; X at position 99 is T or K; X at position 111 is any one
of Y or H; X at position 145 is any one of V or T; X at position 157 is K or E;X at position 162
is R or K; X at position 182 is V or A; X at position 203 is N or D; X at position 205 is R or K;
X at position 210is T or K; X at position 225 is K or Y; X at position 333 is H or a deletion; X at
10 position 433 is I or L; X at position 49) is N or D.
[00243] As another example of such variation, a sequence alignment and consensus
sequence for HA of A/Anhui/1/2005 (HSN1) (SEQ ID NO: 55), A/Vietnam/1194/2004 (H5N1)
and A/Indonesia/5/2006 (H5N1) (SEQ ID NO: 10) is shown below in Table 4.
Table 4: Sequence alignment and consensus sequence for HA of selected HIN1 strains
15 SEQID NO. Sequence
1 50
10 MEKIVLLLAI VSLVKSDQIC IGYHANNSTE QVDTIMEKNV TVTHAQDILE
56 MEKIVLLFAI VSLVKSDQIC IGYHANNSTE QVDTIMEKNV TVTHAQDILE
55 MEKIVLLLAI VSLVKSDQIC IGYHANNSTE QVDTIMEKNV TVTHAQDILE
20 Consensus MEKIVLLIAI VSLVKSDQIC IGYHANNSTE QVDTIMEKNV TVTHAQDILE
51 100
10 KTHNGKLCDL DGVKPLILRD CSVAGWLLGN PMCDEFINVP EWSYIVEKAN
56 KTHNGKLCDL DGVKPLILRD CSVAGWLLGN PMCDEFINVP EWSYIVEKAN
25 55 KTHNGKLCDL DGVKPLILRD CSVAGWLLGN PMCDEFINVP EWSYIVEKAN
Consensus KTHNGKLCDL DGVKPLILRD CSVAGWLLGN PMCDEFINVP EWSYIVEKAN
101 150
10 PTNDLCYPGS FNDYEELKHL LSRINHFEKI QIIPKSSWSD HEASSGVSSA
30 56 PVNDLCYPGD FNDYEELKHL LSRINHFEKI QIIPKSSWSS HEASLGVSSA
55 PANDLCYPGN FNDYEELKHL LSRINHFEKI QIIPKSSWSD HEASSGVSSA
Consensus PxNDLCYPGx FNDYEELKHL LSRINHFEKI QIIPKSSWSd HEASsGVSSA
151 200
35 10 CPYLGSPSFF RNVVWLIKKN STYPTIKKSY NNTNQEDLLV LWGIHHPNDA
56 CPYQGKSSFF RNVVWLIKKN STYPTIKRSY NNTNQEDLLV LWGIHHPNDA
55 CPYQGTPSFF RNVVWLIKKN NTYPTIKRSY NNTNQEDLLI LWGIHHSNDA
Consensus CPYgGxpSFF RNVVWLIKKN sTYPTIKrSY NNTNQEDLL! LWGIHHpNDA
40 201 250
10 AEQTRLYQNP TTYISIGTST LNQRLVPKIA TRSKVNGQSG RMEFFWTILK
56 AEQTKLYQNP TTYISVGTST LNQRLVPRTIA TRSKVNGQSG RMEFFWTILK
55 AEQTKLYQNP TTYISVGTST LNQRLVPKIA TRSKVNGQSG RMDFFWTILK
Consensus AEQTKLYQNP TTYIS!GTST LNQRLVPkIA TRSKVNGQSG RM#FFWTILK
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Clone 776 HA am no aci dsequence A/ Brisbane 10/2007 (H3N2) Figure 41A 51
Clone 777 HA am no aci dsequence A/ W sconsin/67/2005 (H3N2) Figure 41B 52
Cl one778Hsarmmamsizdsequence B/ Mal aysi a/ 2506/ 2004 Fi gur e P¢Z2AAA80900anze 779 HA
am no aci dsequence B/ Fl orida/ 4/ 2006 Figure 42B 54 C one 780 HA am no
aci dsequence A/ Singapore/ 1/ 57 (H2N2) Figure 43A 55 C one 781HA am no
aci dsequence A/ Anhui/1/2005 (H5N1) Figure 43B 56 Clone 782 HA am no
aci dsequence A/ Vi #tlnam 1194/ 20042% 57 Cl on@é®783 HA amino
4
N

W

aci dsequence A@?eéﬂ%ﬁggﬁﬁ

am nos aci dsequencg,

FEAIHE

H5\|]\11 FiInggreE 4}€fGAC
il

ﬁé%%gﬁ one 784 HA
TPIGA

Consensus PNDAINFESN GNFIAPEYAY KTVKKGDSaT mKSE1EYGNC NTKCQTPmGA
301 350
10 INSSMPFHNI HPLTIGECPK YVKSNRLVLA TGLRNSPQRE SRRKKRGLEG
10 56 INSSMPFHNI HPLTIGECPK YVKSNRLVLA TGLRNSPQRE RRRKKRGLEG
55 INSSMPFHNI HPLTIGECPK YVKSNKLVLA TGLRNSPLRE RRRK.RGLFG
Consensus INSSMPFHNI HPLTIGECPK YVKSNrLVLA TGLRNSPQRE rRRKKRGLFG
351 400
15 10 AIAGFIEGGW QGMVDGWYGY HHSNEQGSGY AADKESTQKA IDGVTNKVNS
56 AIAGFIEGGW QGMVDGWYGY HHSNEQGSGY ARDKESTQKA IDGVTNKVNS
55 AIAGFIEGGW QGMVDGWYGY HHSNEQGSGY AADKESTQKA IDGVTNKVNS
Consensus ATAGFIEGGW QGMVDGWYGY HHSNEQGSGY AADKESTQKA IDGVTNKVNS
20 401 450
10 TIIDKMNTQFE AVGREFNNLE RRIENLNKKM EDGFLDVWTY NAELLVLMEN
56 IIDKMNTQFE AVGREFNNLE RRIENLNKKM EDGFLDVWTY NAELLVLMEN
55 TIDKMNTQFFE AVGREFNNLE RRIENLNKKM EDGFLDVWTY NAELLVLMEN
Consensus IIDKMNTQFE AVGREFNNLE RRIENLNKKM EDGFLDVWTY NAELLVLMEN
25
451 500
10 ERTLDFHDSN VKNLYDKVRL QLRDNAKELG NGCFEFYHKC DNECMESIRN
56 FERTLDFHDSN VKNLYDKVRL QLRDNAKELG NGCFEFYHKC DNECMESVRN
55 ERTLDFHDSN VKNLYDKVRL QLRDNAKELG NGCFEFYHKC DNECMESVRN
30 Consensus ERTLDFHDSN VKNLYDKVRL QLRDNAKELG NGCFEFYHKC DNECMES!RN
501 550
10 GTYNYPQYSE EARLKREEIS GVKLESIGTY QILSIYSTVA SSLALAIMMA
56 GTYDYPQYSE EARLKREEIS GVKLESIGIY QILSIYSTVA SSLALAIMVA
35 55 GTYDYPQYSE EARLKREEIS GVKLESIGTY QILSIYSTVA SSLALAIMVA
Consensus GTY#YPQYSE EARLKREEIS GVKLESIGEY QILSTIYSTVA SSLALAIMVA
551 568
10 GLSLWMCSNG SLQCRICI
40 56 GLSLWMCSNG SLQCRICI
55 GLSLWMCSNG SLQCRICI
Consensus GLSLWMCSNG SLQCRICI
45  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 [ 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
50 T.

[00244] 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.
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59 Clone 785 HA am no aci dsequence A/ HongKong/1073/99 (HON2) Figure 45B 60
HA expression cassette conprising alfalfa plastocyanin pronoter and 5 UTR,
henmaggl utwoi2nionosii2ag sequence of H5 from AJl ndonesi a/ 5/ POOKAQGDN®BONGCt #
660), alfalfa plastocyanin 3 UTR and term nator sequences Figure 51 SEQ
| D No Sequence Description In Disclosure 61 HA expression cassette

conpri si rﬁgzﬁ]f al f aA phdat m&axmodingrammﬁrmracﬁmdq&ncmw bheashy déterniimidnasctbeli ng
sequence o f m Al New, Ca edonl 20/ % struct # 5?@&) alfalfa

pl ast ocy& OHS F%“H%acf%?rfh %‘f"b’rn eile 8¥'§1 BioG ot #ME9 agd SENCRSEn  essi on

casset t etHeRIRE, t8dcheh tAt ledch@atRhadtioYiaRiduefied it &fcoddlitl Bhe pdddent inesrtigg ut i ni n
codi ng sequence of Hl from A/ Bri sbane/ 59/ 2007 (const ruct #774 alfalfa

pl ast ocy thereforg: preyrdesdprce pustaiq i wruse erseding thehemagesianig of mseéﬂﬂ‘t‘eé‘é’%l on
casseft eg %ma%mgpe@'d;s@ﬂogéa @keeéé%mzuﬂommm ? a9 DNeW RledBRRROGH UL i Ni N

codi ng sequence of "HL from A/ n Islands/ 3/ 2006 (HLN1) (construct
#775), alHENDa/Ipdassiotand HIND U Rhimkeh/New Fﬁori@it% Adquingeeld/DE/GUYE 54 64 HA

henmgal UTATE. Sdr i elcenestst 19 PR ASE SARBRAPRIMbRES (consty uct
# 780), abifneulﬂfEX/pizams)ﬂ))a;,/AA‘IIqueS/”OthFR/(ﬂn@/68?;8314|),a4x/@hio_vsk?.r:{?‘gmlm)(‘:}téi/roB::’i ggr gl 5L5JT 25 HA
hermagl Ut AR e CUCUSRE LRP. MuPY Bl AT 192005 (HENL) ( Constr ust #
781) 14 fmd@mlmmmm@MMQ/M mldya(wmﬂegu@ﬁmaﬁrmmge@@sﬁ@ HA
expressi on cassette COngI’I Si al f al (@I astocyanin ﬁrormter and 5 UTR,

hemaggl ut¥dick/Aveiealisg 4484 (EhDES o/ blapk-hepasthenll GmvedenatP AN Do BA-cei48N1 )
(Ficgﬂfte " UelsofantiBéblurg 68, W IcftoRIBRIRAHAN ATbrilhR/ 36200 RETNIRUGS IBREH N CES
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),
15  A/Vietnam/1194/2004 (H5N1), A/Teal/HongKong/W312/97 (H6N1), A/Equine/Prague/56
(H7N7), A/HongKong/1073/99 (HON2)), as well as the degerenate sequences that encode the

above hemagglutinins.

[00246] 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,

20  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/California/04/09 (H1N1), A/New Caledonia/20/99
(HIN1)A/Indonesia/5/2006 (H5N1), A/chicken/New York/1995, A/herring gull/DE/677/88
(H2NS8), A/Texas/32/2003, A/mallard/MN/33/00, A/duck/Shanghai/1/2000, A/northern

25  pintail/TX/828189/02, 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

30  Islands 3/2006 (HIN1), A/Brisbane 10/2007 (H3N2), A/Wisconsin/67/2005 (H3N2),
B/Malaysia/2506/2004, B/Florida/4/2006, A/Singapore/1/57 (H2N2), A/Anhui/1/2005 (H5N1),
A/Vietnam/1194/2004 (HS5N1), A/Teal/HongKong/W312/97 (H6N1), A/Equine/Prague/56
(H7N7), A/HongKong/1073/99 (HIN2)).

-60 -



HA expressi on cassette conprising alfalfa plastocyanin pronoter and 5 UTR,
hemaggl uti ni n codi ng sequence of H6 from A/ Teal / Hong Kong/ WB12/97 (H6N1)

( Const r ucwo#0id®}225al fal fa pl ast ocyanin 3' UTR and t er mPOIU@20®AQURACES
Figure 58 68 HA expression cassette conprising alfalfa plastocyanin
pronoter and 5 UTR, hemaggl utinin codi ng sequence of H9 from A/ Hong

Kong/ 107810297]( HONZn p(eﬁtsn'sﬂﬂum VILPE®5] froml thaplhsngphersbmoy@ed Bxaipld F,Rndnd

Sequence BECH) BT i S ePaRanl an 008 QA AAREBA A r BT 9 PADEEL o

conpri si agoalidg@oftiee ;ﬁh@ﬁttlaman Borﬂﬁtﬁﬁ&ﬂiﬁébf@ﬁd)rﬁlor&fﬁﬁa oﬁhﬁm@subﬂypedsf codl ng
sequence of H3 from A/ Bri sbane/ 10/ 2007@8;—%3&2”)(1% alfalfa

pl ast ocy ditugrra soRiered rshphanb ferpvied (pids Wﬁ%e fRCif fpaues eslls

cassesgt eaﬁé@ﬁﬂ&'tﬁ@inﬁ&r@'rés@oﬂe%ﬁu@&)’ bl nREEREEhre ARMe B 11193_3 hemaggl uti nin
codi ng sequence of from ANVi sconsi n/ 67/ 2005 (H3N2), alfalfa

pl ast ocyahqsn®tldmh¢id16él’ﬁi mtmpsnha@dm@hmlamne EEyaahe @Cfmal@xpr essi on

codi ng SECERBiRG Bl AMLARHGAARR, AdBSBHRYhnBhs e dfToultEATRaRY 1L 111 1
pl ast ocy phsm3methReanelt -ethesemaitiodorfaigeiare eﬁrﬂ:héd! in @hmg@h[ﬂ@nﬁi&e&ﬁq)rms)mnma
r onot er an

cassette co al f al | ast oc 5' UTR
rormcql Gt PRI et e ki B R Pe PRy S SRS GE: 2 1 al f a
pl astigcy arttiyihbltRandifRr doRraeRI (Nbigitif H3al., 0804)sequences

[00248] 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,.
2006). CD1 molecules are structurally similar to major histocompatibility complex (MHC)

15  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.

[00249] A variety of phytosterols may be found in a plasma membrane — the specific
complement may vary depending on the species, growth conditions, nutrient resources or
20  pathogen state, to name a few factors. Generally, beta-sitosterol is the most abundant

phytosterol.

[00250] 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
composition. Without wishing to be bound by theory, plant-made VLPs complexed with a lipid

25  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.

[00251] Therefore, in some embodiments, the invention provides for a VLP complexed
with a plant-derived lipid bilayer. In some embodiments the plant-derived lipid bilayer may

30  comprise the envelope of the VLP.
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[00253] Furthermore, modification of N-glycan in plants is known (see for example U.S.
5  60/944,344; which is incorporated herein by reference) and HA having modified N-glycans may

10

15

20

25

30

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
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.

[00254] 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
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 III (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
hybrid enzyme, comprising the CTS of GNT1 fused to GnT-III may also be used .

[00255] Therefore the present invention also includes VLP’s comprising HA having
modified N-glycans.

[00256] 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.
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.
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TCTCCTGGAGTCACA GACAGEGTGG SEQ I D No Sequence Description In Disclosure
81 Expression cassette nunber 828, fromPad | (upstream pronoter) to Ascl
(1 medi atwbypothosssr eam NOS termi nator). Figure 68 82 SpPDIGAA(oImaR2e C
GITCCTTCTCAGATCT TCGCTGATCAGATTT GCATTGGTTACCATG CA 83 Construct nunber
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AT AGECTAGKNFISES GRS 5 3Gl i P oy QBT T ACSTOE RS AFFET AR
dgm%%@oﬂ%ogﬁther DNA or RNA, or both DNA and RNA. When a regulatory region is
active, and in operative association, or operatively linked, with a gene of interest, this may result
5  inexpression of the gene of interest. A regulatory element may be capable of mediating organ
specificity, or controlling developmental or temporal gene activation. A “regulatory region”
includes promoter elements, core promoter elements exhibiting a basal promoter activity,
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”,
10  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
mRNA instability determinants. Several of these latter elements may be located proximal to the

coding region.

15 [00258] 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
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

20  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
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

25  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.

[00259] There are several types of regulatory regions, including those that are
developmentally regulated, inducible or constitutive. A regulatory region that is

30  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
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tissues within the plant as well. Examples of tissue-specific regulatory regions, for example see-
specific a regulatory region, include the napin promoter, and the cruciferin promoter (Rask et al.,

5 1998, J. Plant Physiol. 152: 595-599; Bilodeau et al., 1994, Plant Cell 14: 125-130). An example
of a leaf-specific promoter includes the plastocyanin promoter (Figure 1b; US 7,125,978, which

is incorporated herein by reference).

[00260] 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
10  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
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
15  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
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, LR.P.,
20 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),
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
25  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, . and Kieber,
J.J.,1998, Plant Cell 10, 1009-1019; Kakimoto, T., 1996, Science 274, 982-985; which are
incorporated by reference) and the auxin inducible element, DR5 (Ulmasov, T., et al., 1997,

Plant Cell 9, 1963-1971; which is incorporated by reference).

30 [00261] 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 358 transcript.
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HBF- SpPDI . r GITATTCCAGTGCA GATTCGATCAGCGA  AGATCTGAGAAGG  AACCAACAC 92
SpPDI - HBF . ¢ CAGATCTTCGCTGA  TCGAATCTGCACTG GAATAACATCTTCA AACTCACC  SEQ
| D No Seqgwerrem/@exsription In Disclosure 93 Pl aster8O EAMRAGOAIIIECA
TAACAACAACGATT 94 Construct nunber 798, fromH ndlll (in the
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Trer I15 -irl 65),%&#@%?99%33- .,Tl : -1T2 1'?{':)-5%5 2 (U.S. 5,428,147, which 1s
incorporated herein by reference), and triosephosphate isomerase 1 (Xu et. al., 1994, Plant
Physiol. 106: 459-467) genes, the maize ubiquitin 1 gene (Cornejo et al, 1993, Plant Mol. Biol.

5  29:637-646), the Arabidopsis ubiquitin 1 and 6 genes (Holtorf et al, 1995, Plant Mol. Biol. 29:

637-646), and the tobacco translational initiation factor 4A gene (Mandel et al, 1995 Plant Mol.
Biol. 29: 995-1004). The term "constitutive" as used herein does not necessarily indicate that a
gene under control 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

10  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 Physiology 148: 1212-1218) is derived from the untranslated regions of the Cowpea
mosaic virus (COMV) and demonstrates enhanced translation of the associated coding

15  sequence.

[00262] By “native” it is meant that the nucleic acid or amino acid sequence is naturally

occurring, or “wild type”.

[00263] By "operatively linked" it is meant that the particular sequences, for example a
regulatory element and a coding region of interest, interact either directly or indirectly to carry

20  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.

[00264] The one or more than one nucleotide sequence of the present invention may be

expressed in any suitable plant host that is transformed by the nucleotide sequence, or constructs,
25  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.

[00265] The one or more chimeric genetic constructs of the present invention can further
comprise a 3’ untranslated region. A 3’ untranslated region refers to that portion of a gene
30 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
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96 Stul-HL(A-NC).r AAAATAGGCCTTT  AGATGCATATTCTA CACTGCAAAGACCC A 97
Construct nunmber 580, from Pacl (upstream 35S pronoter) to Ascl

(1 medi atwbypothomssr eam NOS terminator). Figure 73 98 ApairAdAzoqAobaréo). 1 c
TGTCGGGECCCATG  GAGAAAATAGTIGCT TCTTCTTGCAAT 99 H5 (A-1ndo)-Stul. 1707r
AAATAGGECCTTTA  AATGCAAATTCTGC ATTGTAACGA 100 Construct nunber 685, from
Pacl (upsivatiathdaGrpedbpeffic)ing the Additior ofprbciderydic ycid trasistte Swrd’ NEST the

br oot er JRYA Reebhrsch fibana BROS St tF SURTRER Teptraavary Pt e 76 102
Apal - H1Bhem6log{tb@¥dubhitdl Form KANST AAAACTAGIudbGhEEHRE Tk HoCAndoAon] @e or
Stul -k B'mrore of the chimeric genetic constructs of the present invention can also include further
5  enhancers, either translation or transcription enhancers, as may be required. These enhancer
regions are well known to persons skilled in the art, and can include the ATG initiation codon
and adjacent sequences. The initiation codon must be in phase with the reading frame of the

coding sequence to ensure translation of the entire sequence.

[00266] Non-limiting examples of suitable 3’ regions are the 3’ transcribed non-translated
10  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
plastocyanin expression (Pwee and Gray 1993; which is incorporated herein by reference). An
15  example of a plastocyanin promoter is described in US 7,125,978 (which is incorporated herein

by reference)

[00267] As described herein, promoters comprising enhancer sequences with
demonstrated efficiency in leaf expression, have been found to be effective in transient
expression. Without wishing to be bound by theory, attachment of upstream regulatory elements
20  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.

[00268] To aid in identification of transformed plant cells, the constructs of this invention
may be further manipulated to include plant selectable markers. Useful selectable markers

25  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

luciferase or GFP, may be used.

30 [00269] 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
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AAATAGGCCTTTA  GATGCATATTCTAC ACTGTAAAGACCCA TTGEA 104 Construct 732, from
Pad | (upstream 35S pronoter) to Ascl (imredi ately downstream NOS

t er m nat owp.20fiogsr2e 76 105 Construct nunber 733, from Pacii/qazpstooeam 35S
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736, from Pad | (upstream 35S pronoter) to Ascl (imediately downstream NOS
t er mi nat &ems, thgtlfpgnapgn gg_lgbep@poqud@y employing the appropriate plant hormones in

5  accordance with known methods and the shoots transferred to rooting medium for regeneration
of plants. The plants may then be used to establish repetitive generations, either from seeds or
using vegetative propagation techniques. Transgenic plants can also be generated without using

tissue cultures.

[00270] Also considered part of this invention are transgenic plants, trees, yeast, bacteria,
10  fungi, insect and animal cells containing the chimeric gene construct comprising a nucleic acid

encoding recombinant HAO for VLP production, in accordance with the present invention.

[00271] 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
transformation, or transient expression. Such organisms include, but are not limited to plants,
15  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.

[00272] Methods for stable transformation, and regeneration of these organisms are
established in the art and known to one of skill in the art. The method of obtaining transformed

20  and regenerated plants is not critical to the present invention.

[00273] 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
and the transfer of genetic information considered stable, or the transfer may be transient and the

25  transfer of genetic information is not inheritable.

[00274] 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
extracts of plants, or a combination thereof. Further, plant matter may comprise plants, plant
30 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
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TTGICGGGECCCAT GAAGGCAATAATTG TACTACTCATGGTA GITAAC 111 Stul -HBF.r
AAAATAGCCCTTT  ATAGACAGATGGA GCATGAAACGTTGT CTCTGG 112 Construct nunber
738, fromvBadioupzsream 35S pronoter) to Ascl (i medi at ecy/aawanoram NOS
termnator). Figure 80 113 Construct nunber 739, from Pacl (upstream 35S
pronoter) to Ascl (inmmediately downstream NOS terminator). Figure 81 114 M
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ACCAAC 116 Hsp4OLuz- Sacl . 1272r AGCTGAGCTCCTAC TGI TGA ITG CAC 117
Hs p4&uzlswﬂsg§96tﬁmpéﬁ$@§fét§éﬁb@@em& q;”lsl"@? 0 mw&ﬁ%@f%ﬂ%“ﬁﬂé B7oAra. 1
C ATGCTCORaHRAMEVATARGIR gdbls processing, including partial or substantial protein purification

using techniques commonly known within the art including, but not limited to chromatography,

5  electrophoresis and the like.

[00275] By the term "minimal processing” it is meant plant matter, for example, a plant or
portion thereof comprising a protein of interest which is partially purified to yield a plant extract,
homogenate, fraction of plant homogenate or the like (i.e. minimally processed). Partial
purification may comprise, but is not limited to disrupting plant cellular structures thereby

10  creating a composition comprising soluble plant components, and insoluble plant components
which may be separated for example, but not limited to, by centrifugation, filtration or a
combination thereof. In this regard, proteins secreted within the extracellular space of leaf or
other tissues could be readily obtained using vacuum or centrifugal extraction, or tissues could
be extracted under pressure by passage through rollers or grinding or the like to squeeze or

15  liberate the protein free from within the extracellular space. Minimal processing could also
involve preparation of crude extracts of soluble proteins, since these preparations would have
negligible contamination from secondary plant products. Further, minimal processing may
involve aqueous extraction of soluble protein from leaves, followed by precipitation with any
suitable salt. Other methods may include large scale maceration and juice extraction in order to

20  permit the direct use of the extract.

[00276] The plant matter, in the form of plant material or tissue may be orally delivered to
a subject. The plant matter may be administered as part of a dietary supplement, along with
other foods, or encapsulated. The plant matter or tissue may also be concentrated to improve or
increase palatability, or provided along with other materials, ingredients, or pharmaceutical

25  excipients, as required.

[00277] Examples of a subject or target organism that the VLPs of the present invention
may be administered to include, but are not limited to, humans, primates, birds, water fowl,
migratory birds, quail, duck, geese, poultry, chicken, swine, sheep, equine, horse, camel, canine,
dogs, feline, cats, tiger, leopard, civet, mink, stone marten, ferrets, house pets, livestock, rabbits,
30  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.
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obtained from the plant may be extracted prior to its use in either a crude, partially purified, or

5 purified form. If the protein is to be purified, then it may be produced in either edible or

non-edible plants. Furthermore, if the protein is orally administered, the plant tissue may be

harvested and directly feed to the subject, or the harvested tissue may be dried prior to feeding,

or an animal may be permitted to graze on the plant with no prior harvest taking place. It is also

considered within the scope of this invention for the harvested plant tissues to be provided as a

10  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.

[00279] 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

15  (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
reference), for example but not limited to, TEV-p1/HC-Pro (Tobacco etch virus-pl/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

20  Potato virus M (PVM-p11), p11 of Potato virus S (PVS-pl1), p16 of Blueberry scorch virus,
(BScV —pl16), p23 of Citrus tristeza virus (CTV-p23), p24 of Grapevine leafroll-associated
virus-2, (GLRaV-2 p24), p10 of Grapevine virus A, (GVA-p10), p14 of Grapevine virus B
(GVB-pl4), 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

25  -pl/HC-Pro, BYV-p21, TBSV pl9, TCV-CP, CMV-2b, PVX-p25, PVM-pl1, PVS-pl1, BScV-
pl6, CTV-p23, GLRaV-2 p24, GBV-pl4, HLV-p10, GCLV-p16 or GVA-p10, may be co-
expressed along with the nucleic acid sequence encoding the protein of interest to further ensure

high levels of protein production within a plant.

[00280] Furthermore, VLPs may be produced that comprise a combination of HA
30 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

thereof. Selection of the combination of HAs may be determined by the intended use of the
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TCGCTTTCTTTTTCG AAG 127 Nucl eoti de sequence of the CPW-HT- based

expressi onocargws2e for HL A/ Californial/ 04/ 09 (cassettepraurd»endd®®Re Fi gure
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133 pri MesmpMRRlsubtpys @he br more than one of subtypes H1, H2, H3, H5, H6, H7, H9 or B.
However, other HA subtype combinations may be prepared depending upon the use of the VLP.
5  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.

[00281] 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.

10 [00282] Therefore, the present invention further includes a suitable vector comprising the
chimeric construct suitable for use with either stable or transient expression systems. The
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

15  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
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

20  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

sequence operatively linked to a promoter or regulatory region.

[00283] 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.

25  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
a chance 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

30  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

under conditions that both sequences are expressed. Alternatively, a platform plant comprising
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TCTCCATGGEGECCCG ACAAATTTGGEGCAG AATATACAGAAGCT TA

134 internediary vector

972 Figure 94 135 H1L A/Californial/4/ 2009 Figure 95 136 portion of CPW M

(from Dr

avolotomodpral restriction site), signal peptide eCtasedsimorbl SP,

HAO of A/ Californial/4/ 2009 hemagglutinin with nutated Sad I and Stul

restrict

lon site Figure 96 137 Fragnent 1 Figure 97 WO

2010/ 0032RPEHE/GAROR/ s@ﬁl&ﬁé’e@ BECanpldNhe Seyurercacddamthé potegmthitm@lifesiths ur e

05 AL b WP T S e i

primer Fﬂa@ﬂam%%@, I'with an addltlonal sequence encoding the protein of interest. In this case, the

10

15

20

25

30

sequence encoding the protein that modifies the glycosylation profile of the protein of interest
may be expressed within a desired tissue, during a desired stage of development, or its
expression may be induced using an inducible promoter, and the additional sequence encoding
the protein of interest may be expressed under similar conditions and in the same tissue, to

ensure that the nucleotide sequences are co-expressed.

[00284] 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
Weissbach and Weissbach, Methods for Plant Molecular Biology, Academy Press, New York
VIIL 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,
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
et al., 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).

[00285] 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

Agro-infiltration, however, other transient methods may also be used as noted above. With
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GCTTAATTGCTCTC TTAGCTCCTCATAA TCGATGAAATCTCC 142 prinmer Hl Cal. 310c
TGGAAACACCTAGT TCAGACAATGGAAC GTGTTACCCAGGAG 143 priner Hl Cal. 1159r
CTGCATATCLOCGAD/GE2FCCTCATTTTG ATGGTGATAACCGT 144 pri mer PHI/(B2009100@b6
TTGAAGGGGGGTG GACAGGGATGGTA GATGGATGGTACGG TT 145 prinmer Stul-H 1 Cal.r
TATTAGGCCTTTAA ATACATATTCTACA CTGTAGAGACCCAT TAG 146 SpPDI - H1
A Cal i f orfihed/At2008ulbtion i XGinfiGRMda HImexpe eS4groheaass@ntpeling trestesionst 560
Figure 98 [.003Q3] The invention will.now be descrihed in detail .b of
refer encé‘“‘&%‘f’ﬁc § ?ﬁ’gef’ﬁ?rf:‘gbﬁllaﬂiépar‘f%(lﬁaiq}#%’ g ¢ %P@g?avﬁféf‘ %%aggorgﬂ%()mg
Mat eri al $iaal %ne?&ﬁ ér, 184vep Sl ey R Biher frrs@tbekpplesitan, 0as Sewtgsor far
native [ 00304] Al I mani pul ations were done using th erf]erg)h\I | ecul ar
bi ol ogy prhetegiait. Al crossipg %@Pﬁﬁ@llms“érqb"ftfﬁm;m%ﬂiae tfg%* G %‘émsed
hereig by, ﬁ&%g@%é t-DNEislebfsSthalfy R bed baPthe HIQTA katkiday, RasRgh ey a
receptor plasmd containing upstream and downstream regul at Olr\% el ements of
!'1

t he al f alpfaluptiast tlreymotem af erterest Tninfestedsebs haweverphopassage ohinBNg: ipside the
sequences re 10 anplified fromalfalfa genom ¢ DNA using oligonucl eotide
primers PRI Al P (SEQ 1D NO 29; Figure 10Q and Sacl-ATG pPlas.r (SEQ
ID NO 30; Figure 10R). The resulting anplification product was digested

wi t h Xnmal[0e28d] Sad If tixnhclebtidit sequdnn¢ of ip@AMBInAGRO @ prodact that is directly or

2010/ 003225PCT/ CA2009/ 000926 (.Canbi ber Australia), previ

i gest ed T HELa S PRSIy PO R B p e RSPb e Bl BYAYRsY,

t he 3oUTRcs@uuaIaRs gidud tHeldiit Bataddctiofly ehgegsingshicmickotide gqumceatingret i fi ed

fromal falfa genomi ¢ DNA using the follow . ng. priner acl - Pl asTer.c (SEQ
€

ID NO. 3ithin gdesired psye el agdedid sipeggimlant deyelgrment Irs@qéfkﬁ%?’ the 1gpited PEYY | and

the 5 produgieddRs rg;iugrﬁn/%tﬁ%% M&rfsfén&%?re'ssi@rﬂ&aﬁ%&e thetpscewhel fodi thgd into
the sane sites of pCAMBI ApronoPl asto to create pCAMBI APl ast o. [00305] A

fragment pextuodinty Meradglinducivlaprometer iaissugsneaficprogoter. Ar peelbpresifis/ 5/ 05

promoter, may be used to selectively direct expression of the sequence of interest.

15 [00287] The recombinant HA VLPs of the present invention can be used in conjunction
with existing influenza vaccines, to supplement the vaccines, render them more efficacious, and
to reduce the administration dosages necessary. As would be known to a person of skill in the
art, the vaccine may be directed against one or more than one influenza virus. Examples of
suitable vaccines include, but are not limited to, those commercially available from Sanofi-

20  Pasteur, ID Biomedical, Merial, Sinovac, Chiron, Roche, MedImmune, GlaxoSmithKline,

Novartis, Sanofi-Aventis, Serono, Shire Pharmaceuticals and the like.

[00288] If desired, the VLPs of the present invention may be admixed with a suitable
adjuvant as would be known to one of skill in the art. Furthermore, the VLP may be used in a
vaccine composition comprising an effective dose of the VLP for the treatment of a target

25  organism, as defined above. Furthermore, the VLP produced according to the present invention
may be combined with VLPs obtained using difterent influenza proteins, for example,

neuraminidase (NA).

[00289] Therefore, the present invention provides a method for inducing immunity to
influenza virus infection in an animal or target organism comprising administering an effective

30  dose of a vaccine comprising one or more than one VLP. The vaccine may be administered
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(H5NL1; Acc. No. LANL | SDN125873) was synthesized by Epoch Bi ol abs (Sugar
Land, TX, USA). The fragnent produced, containing the conplete H5 coding
regi on i rwbudiony3zke native 10 signal peptide flanked byca/ddzoaloobozsit e

i medi ately upstreamof the initial ATG and a Sad | site imediately
downstream of the stop (TAA) codon, is presented in SEQID NO 3 (Figure
6) . The blllgaddirngmaity, mranasll inrecséubdrty, mtppaktireey mire sy, @xpr essi on
cassette t he PCRbased |igation nmethod presented in Darveau et al.
(1995) . BfIcBepsPusly. £irst PCR anplification was obtained using priners

Pl at 0-443c (SEQ ID NO 4; Figure 7A) and SpHA(Ind)-Plasto.r (SEQ ID 15

NO: 5; Fi gnreo]7B) andminGAdRIno v b disédacasrdingnp tirtpeesertinyeatiad is ébscribedsecond

lificat] f d with pri | - SpHA(Lnd) . ¢, (SEQ I D NO  6;
Erur e 76 EmpIE i ROy of alcs Pty YL PERglRL R S e B RS ohgres
fragment yas, LERARIAE 6 adhEstANBA b ofidld BA (QRFRuRRD 1 ArmEmbRl.h reactions were

m xed together and the m xture served as tenplate for a third reaction
(assenbl &193 reaction) USi'N% Pl at 0- 443¢c %SEQQjLeD NO. .4; Figure 7@? and

HA( I nd) - 89} ( SEQM Bop inEigures 26 gad &6 Pr3)sublisctidmpitered friadenegiabtdorey
fragment X@iﬁ{gﬁﬁéﬁgoﬂr{{n?eéﬁv%aehﬂeﬁé@vim ARLAEY ATk HIeqisNand Sad (at

the 3'en ragne and cloned Tnto pCAMBI APl ast’'o previ ous_i y
di gest ed “Wirkty HHN 1'dadelménigiyatios of Tidengsiadl VI Rgbgivreshiltengndidwet re8 in jagy

presented in.figure 2 al so s Fi o Wl

Expr oss: S D5y Fobier T S8 glod MRl OV EPREPTRAGLMY il Turkey
synt het i e5N1agiebited wiznifieymtiés of Baty mospnd sevecal subgect diepl et e hemaggl uti ni n
codi ng sequence (from ATG to stop) flanked in 3' by alfalfa plastocyanin

gene seq corres di o the firs ucl eot i des tream of the
pl ast ocyiﬁ}ﬁgﬁ\TG aﬁ Sgﬁég?’ﬁgg%t"{%d%“‘ﬁﬁ{é?tf" %ha?élg{ﬁ e eil%ilrl\ueéllz g.ﬂﬁsﬁ?gl PVheheti c
f r agment shetH S Berfdp@tinGdrabprOtth indsdetad immiReitegioaky spatitie fortpatogdnipinochan.
00307] Synt.heti ¢ _hemagglutinin fra ts re nt hesj zed by Top Gene
£I'echno} oéF@§S>§ @%‘ﬁf‘ﬁ% ke pargigles @aﬁgﬁgom p%?‘B‘F‘é‘B@ ’(agﬁlga?/ Laﬁd, TX,
USA). The fragnent synthesized are presented in figures 28 to 39 and

cor respongn299] SEQ Therdee3the peesSfriviehtidPrévideshaiontpbsitias sifdlsing@h etfb@ive
conpl ete expression cassettes, the syntheti¢ fragnents were dia,eés,/é ed with
IRy,

Dral I1f - dg of a eRjeompisingaa dnfluenratiris BaoPiotsrvenad) mare hag,oag pan drgest ed

with the Xﬁﬁﬁﬁc&ﬂ%ﬂ%ceﬁ&ﬁ’é &rferPTRS Btlusn RGus AASREERARced with the
correspondi ng HA and other references in the text WO

2010/ 003 2RiHPESTH HA0W0 A BOGSEES)/ AWF08]SPhishan IsiandscriR96) AvBrisbanedQ3P8Esi on
cassette %/ﬁﬁ%e%ﬁﬁk@i/%{)@g ?{@1@4&%@?08%%@3%f&ﬁhﬁ/ﬁ&f)é@mﬂéﬁgeﬁ?ﬁ ette number

Correspondi n ete cassétte Iguré Synthetic
f ragnment ASEGhui/2005,FA/Ylkteantil ied/2004 sA8ikb18] BigRoh HWID2/P7 AA HAumE/Prague/56,

A Br iZ%banAe//Cghgflorzn(l)aQ&/éd_' (]I-Hjl\}l) %§ A}g gor?g%(oenzg/%;?@Q. Also provided is a method of inducing
immunity to an influenza virus infection in a subject. The method comprising administering the
virus like particle comprising an influenza virus HA protein, one or more than one plant lipid,
and a pharmaceutically acceptable carrier. The virus like particle may be administered to a
subject orally, intradermally, intranasally, intramusclarly, intraperitoneally, intravenously, or

25  subcutaneously.

[00294] Compositions according to various embodiments of the invention may comprise
VLPs of two or more influenza strains or subtypes. “Two or more” refers to two, three, four,
five, six, seven, eight, nine, 10 or more strains or subtypes. The strains or subtypes represented
may be of a single subtype (e.g. all HINTI, or all HSN1), or may be a combination of subtypes.
30  Exemplary subtype and strains include, but are not limited to, those disclosed herein (e.g. A/New

Caledonia/20/99 (HIN1)A/Indonesia/5/2006 (HSN1), A/chicken/New York/1995, A/herring
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HA of A/ Sol onon |slands 3/2006 (H N1) 29 37 54 63 776 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 ofwB/2mlmyzsa/ 2506/ 2004 32 40 63 72 779 HA of B/ Peordatedsmvo@e6 33 41
64 73 780 HA of A/ Singapore/1/57 (H2N2) 34 42 55 64

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, 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,
5 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
[slands 3/2006 (HIN1), A/Brisbane 10/2007 (H3N2), A/Wisconsin/67/2005 (H3N2),
B/Malaysia/2506/2004, B/Florida/4/2006, A/Singapore/1/57 (H2N2), A/Anhui/1/2005 (H5N1),
A/Vietnam/1194/2004 (H5N1), A/Teal/HongKong/W312/97 (H6N1), A/Equine/Prague/56

10 (H7N7), A/California/04/09 (HIN1) or A/HongKong/1073/99 (HON2)).

[00295] The choice of combination of strains and subtypes may depend on the
geographical area of the subjects likely to be exposed to influenza, proximity of animal species
to a human population to be immunized (e.g. species of waterfowl, agricultural animals such as
swine, etc) and the strains they catry, are exposed to or are likely to be exposed to, predictions of
I5  antigenic drift within subtypes or strains, or combinations of these factors. Examples of
combinations used in past years are available (see URL: who.int/csr/dieease/influenza/vaccine
recommendationsl/en) . Some or all of these strains may be employed in the combinations

shown, or in other combinations, in the production of a vaccine composition.

[00296] More particularly, exemplary combinations may include VLPs from two or more
20 strains or subtypes selected from the group comprising: A/California/04/09 (HIN1),

A/Brisbane/59/2007 (HIN1), an A/Brisbane/59/2007 (H1N1)-like virus, A/Brisbane/10/2007

(H3N2), an A/Brisbane/10/2007 (H3N2)-like virus, B/Florida/4/2006 or an B/Florida/4/2006-

like virus.

[00297] Another exemplary combination may include VLPs from two or more strains or

25 subtypes selected from the group comprising A/Indonesia/5/2005, an A/Indonesia/5/2005-like
virus, A/Vietnam/1194/2004, an A/Vietnam/1194/2004-like virus, A/Anhui/1/05, an
A/Anhui/1/05-like virus, A/goose/Guiyang/337/2006, A/goose/Guiyang/337/2006 — like virus,
A/chicken/Shanxi/2/2006, A/chicken/Shanxi/2/2006-like virus, A/California/04/09 (H INT1) or
A/California/04/09 (HIN1) —like virus.

30 [00298] Another exemplary combination may include VLPs of A/Chicken/Italy/13474/99
(H7 type) or A/Chicken/British Columbia/04 (H7N3) strains of influenza.
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781 HA of A/ Anhui/1/2005 (H5N1) 35 43 56 65 782 HA of A/ Vi etnan 1194/2004
(H5N1) 36 44 57 66 783 HA of A/ Teal / HongKong/ WB12/ 97 (H6N1) 37 45 58 67 784
HA of A/ Byoi2ns/d@srgue/ 56 (H/N7) 38 46 62 71 785 HA of ApHompNtomg0dRs3/ 99
(HON2) 39 47 59 68 Assenbly of plastocyani n-based PDI SP/ HA-f usi on
expression cassettes 5 H1L A/ New Cal edoni a/ 20/ 99 (construct nunber 540)

[ 00309] Theo29pen r eAdother ckempleryfdooibitatien iy petluwde ¥ILPs nf | uenza strain A/ New

A/Chicken/HongKong/G9/97 or A/HongKong/1073/99.Another exemplary combination may
comprise VLPs of A/Solomon Islands/3/2006. Another exemplary combination may comprise
VLPs of A/Brisbane/10/2007. Another exemplary combination may comprise VLPs of

5  A/Wisconsin/67/2005. Another exemplary combination may comprise VLPs of the
B/Malaysia/2506/2004, B/Florida/4/2006 or B/Brisbane/3/2007 strains or subtypes.

[00300] The two or more VLPs may be expressed individually, and the purified or semi-
purified VLPs subsequently combined. Alternately, the VLPs may be co-expressed in the same
host, for example a plant. The VLPs may be combined or produced in a desired ratio, for

10  example about equivalent ratios, or may be combined in such a manner that one subtype or strain

comprises the majority of the VLPs in the composition.

[00301] Therefore, the invention provides for compositions comprising VLPs of two or

more strains or subtypes.

[00302] VLPs of enveloped viruses generally acquire their envelope from the membrane
15  they bud through. Plant plasma membranes have a phytosterol complement that may have
immunostimulatory effects. To investigate this possibility, plant-made H5 VLPs were
administered to animals in the presence or absence of an adjuvant, and the HAI
(hemagglutination inhibition antibody response) determined (Figures 22A, 22B). In the absence
of an added adjuvant plant-made HS VLPs demonstrate a significant HAI, indicative of a
20  systemic immune response to administration of the antigen. Furthermore, the antibody isotype

profiles of VLPs administered in the present or absence of adjuvant are similar (Figure 23A).
Table 5 lists sequences provided in various embodiments of the invention..

Table 5: Sequence description for sequence identifiers.

25

SEQ ID No | Sequence Description In Disclosure
1 N terminal H1 fragment Figure 4a

2 C terminal H1 fragment Figure 4b

3 H5 coding sequence Figure 6

4 primer Plato-443c Figure 7a

5 primer SpHA(Ind)-Plasto.r Figure 7b

6 primer Plasto-SpHA(Ind).c Figure 7c

7 primer HA(Ind)-Sac.r Figure 7d
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[ 00328] Two heat shock protein (Hsp) expression cassettes were assenbl ed.

a first 5cassette,

Col unmbi a)woybmgwbize HSP70 (At hsp70- 1 in Lin et al.
is controlled by a chineric pronoter conbining
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(both located in the multiple cloning site 15 upsigaeamadidmidL |[Nir/ Plasto
pronoter).The resulting plasmid, naned R870, issAunmseqatedai n Filgure 85
(SEQ I O 123) .| Musa®Gl§l.of ot her expressi on |CATCAUKEXTOOTGD! ¢ HL
expressji on cassetjte [00333] The cassette encodi ngTchecagiculirachor m of HL was
prepared by repldcing the 20 regi on coding for |AwETTITaoSTEORrEHNe domai n and
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expression cassette is illustrated in Figure 11. 25 ML A/Puerto Rico/ 8/ 34
expression cassette [00334] A fusion between the tobacco etch virus (TEV)
5'UTR and the open reading franme of the influenza A/PR/ 8/ 34 ML gene (Ace.
NC 002016) was synthesized with a flanking Sad | site added downstream of
the stop codon. The fragnment was digested with Swal (in the TEV 5 UTR) and
Sad, and cloned into a 2X35S/ TEV based express| on cassette |n a V\D
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HcPro expression cassette [00335] An HcPro construct (35HcPro) was prepared

as described in Hamlton et al.
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Cop L purrleet 686, feprFPacd (upstrsmE
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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H1 A/ Bri sbane/59 /2007 (HLNl1) Reducing FIT10- 150 4 jig/nml Goatanti- nouse
(JIR115- 035-146) 1:10 000 H1L A/ Sol onmon I sl ands/ 3/2006 (HLN1) Reducing
NI BSC 07/w0407@00228 Rabbit anti-sheep (JI R313- 035- 045) PCTAA 208008426 A/ New

Cal edoni a/ 20/ 99 (HINl1) Reducing FI110- 150 4 pg/m GCoatanti- nouse
(JI'R115- 035-146) 1:10 000 H2 A/ Singapore/l /57 (H2N2)
SEQ ID No | Sequence Description In Disclosure
107 Stul-H3B.r AAAATAGGCCTTC
AAATGCAAATGTTG
CACCTAATGTTGCC
TTT
108 Construct number 735, from Pacl (upstream | Figure 78
35S promoter) to Ascl (immediately
downstream NOS terminator).
109 Construct number 736, from Pacl (upstream | Figure 79
358 promoter) to Ascl (immediately
downstream NOS terminator).
110 Apl-HBF.c TTGTCGGGCCCAT
GAAGGCAATAATTG
TACTACTCATGGTA
GTAAC
111 Stul-HBF.r AAAATAGGCCTTT
ATAGACAGATGGA
GCATGAAACGTTGT
CTCTGG
112 Construct number 738, from Pacl (upstream | Figure 80
35S promoter) to Ascl (immediately
downstream NOS terminator).
113 Construct number 739, from Pacl (upstream | Figure 81
35S promoter) to Ascl (immediately
downstream NOS terminator).
114 M. sativa Msjl coding sequence Figure 82
115 Hsp-40Luz.1c ATGTTTGGGCGCGG
ACCAAC
116 Hsp40Luz-Sacl.1272r AGCTGAGCTCCTAC
TGTTGAGCGCATTG
CAC
117 Hsp40Luz-Plasto.r GTTGGTCCGCGCCC
AAACATITICTCTC
AAGATGAT
118 Hsp70Ara.lc ATGTCGGGTAAAGG
AGAAGGA
119 Hsp70Ara-Sacl.1956r AGCTGAGCTCTTAG
TCGACCTCCTCGAT
CTTAG
120 Hsp70Ara-Plasto.r TCCTTCTCCTTTACC
CGACATTTTCTCTC
AAGATGAT
121 Construct number R850, from HindIIl (in | Figure 83
the multiple cloning site, upstream
promoter) to  EcoRI  (immediately
downstream NOS terminator).
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Non-reduci ng NI BSC 00/ 440 1: 1000 Rabbit anti-sheep (JI R313- 035-045) 1:10
000 H3 A/ Brisbane/ 10 /2007 (H3N2) Non-Reduci ng TGA AS393 1: 4000 Rabbit
ant i - sheapo(2d10R®325 035-045) 1:10 000 WD 2010/ 003225PCPLTA2208/0002626 H3

A/ Bri sbane/ 10 /2007 (H3N2) Non- Reduci ng NI BSC 08/ 136 1: 1000 Rabbit
anti-sheep (JIR313- 035-045) 1:10 000 H3 A/Wsconsin/6 7/2005 (H3N2)

Non- Redus EQAD\NBSCS &fwen D dscripfibn Rabbi t ant i - shda@isdosudd 3- 035-/045)
122 Construct number R860, from HindIIl (in | Figure 84
the multiple cloning site, upstream
promoter) to  EcoRI  (immediately
downstream NOS terminator)
123 Construct number R870, from Hindlll (in | Figure 85
the multiple cloning site, upstream
promoter) to  EcoRI  (immediately
downstream NOS terminator).
124 supP19-plasto.r CCTTGTATAGCTCG
TTCCATTTTCTCTCA
AGATG
125 supP19-1c¢ ATGGAACGAGCTAT
ACAAGG
126 SupP19-Sacl.r AGTCGAGCTCTTAC
TCGCTTTCTTTTTCG
AAG
127 Nucleotide sequence of the CPMV-HT- | Figure 92A
based expression cassette for HI
A/California/04/09 (cassette number 560).
128 Amino acid sequence of  H1 | Figure 92B
A/California/04/09
129 2x35S promomter Figure 93
130 primer PacI-MCS-2X35S.c AATTGTTAATTAAG
TCGACAAGCTTGCA
TGCCTGCAGGTCAA
C
131 primer CPMV 5’UTR-2X35S.r TCAAAACCTATTAA
GATTTTAATACCTC
TCCAAATGAAATGA
ACTTCC
132 primer 2X35S-CPMV 5’UTR.c TTGGAGAGGTATTA
AAATCTTAATAGGT
TTTGATAAAAGCGA
ACGTGGG
133 primer Apal-M prot.r TCTCCATGGGCCCG
ACAAATTTGGGCAG
AATATACAGAAGCT
TA
134 intermediary vector 972 Figure 94
135 H1 A/California/4/2009 Figure 95
136 portion of CPMV M (from Dralll to Apal @ Figure 96
restriction site), signal peptide of alfalfa
PDISP, HAO of A/California/4/2009
hemagglutinin with mutated Sacl and Stul
restriction site
137 Fragment 1 Figure 97
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1: 10000 H5 A/l ndonesi a/5/ 2005 (H5N1) Reducing I TC I T-003- 005V 1:4000
Goatanti- rabbit (JIR 111-035- 144) 1:10 000 H5 A/ Anhui/1/200 5 (H5N1)
Reduci ng WOBB0/03272338 1: 750 Rabbit anti-sheep (JI R313- @8%«0b)9/000926 000 H5
AN et nam’ 11 94/2004 (H5N1) Non-reducing ITC IT- 003-005 1:2000 Goatanti -

rabbit (JIR 111-035- 144) 1:10 000 H6 A/ Teal/Hong Kong/\VB12/9 ( HGN1)

SEQ ID No | Sequence Description In Disclosure

138 Fragment 2 Figure 97

139 Fragment 3 Figure 97

140 primer Dralll-MProt#2.c ATGCTAATATCACG
TAGTGCGGCGCCAT
TAAATAACGTGTAC
TTGTCC

141 primer H1 Cal.390r GCTTAATTGCTCTC
TTAGCTCCTCATAA
TCGATGAAATCTCC

142 primer H1 Cal.310c¢ TGGAAACACCTAGT
TCAGACAATGGAAC
GTGTTACCCAGGAG

143 primer H1 Cal.1159r CTGCATATCCTGAC
CCCTGCTCATTTTG
ATGGTGATAACCGT

144 primer H1 Cal.1081c TTGAAGGGGGGTG
GACAGGGATGGTA
GATGGATGGTACGG
TT

145 primer Stul-H1 Cal.r TATTAGGCCTTTAA
ATACATATTCTACA
CTGTAGAGACCCAT
TAG

146 SpPDI-H1 A/California/4/2009 (in 2X35S/ | Figure 98

CPMV-HT expression cassette) construct
560
[00303] The invention will now be described in detail by way of reference only to the

10

following non-limiting examples.

Methods and Materials

1. Assembly of plastocyanin-based expression cassettes for native HA

[00304]

All manipulations were done using the general molecular biology protocols of

Sambrook and Russell (2001; which is incorporated herein by reference). The first cloning step

consisted in assembling a receptor plasmid containing upstream and downstream regulatory

elements of the alfalfa plastocyanin gene. The plastocyanin promoter and 5’UTR sequences were

amplified from alfalfa genomic DNA using oligonucleotide primers Xmal-pPlas.c (SEQ ID NO:
29; Figure 10Q) and Sacl-ATG-pPlas.r (SEQ ID NO: 30; Figure 10R). The resulting
amplification product was digested with Xmal and Sacl and ligated into pCAMBIA2300
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Non-reduci ng BEI NR 663 1:500 Rabbit anti-sheep (JIR313- 035-045) 1:10 000
H7 A/ Equi ne/ Prag ue/ 56 (H7N7) Non-reducing NIB SC 02/294 1:1000 Rabbit

ant i - sheapo(2d10R®3R5 035-045) 1:10 000 HO A/ Hong Kong/ 10P8TSN2(¢48mER6
Reducing NIB SC 07/ 146 1:1000 Rabbit anti-sheep (JIR313- 035-045) 1:10 000
B B/ Mal aysi a/ 25 06/ 2004 Non- Reduci ng NIB SC 07/184 1:2000 Rabbit anti-sheep
(J1 R313- (QidghiQ4Shbektal AudfiiaBpreviously 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

5  product was digested with Sacl and EcoRI before being inserted into the same sites of

pCAMBIApromoPlasto to create pPCAMBIAPlasto.

[00305] A fragment encoding hemagglutinin from influenza strain A/Indonesia/5/05
(H5N1; Acc. No. LANL ISDN125873) was synthesized by Epoch Biolabs (Sugar Land, TX,
USA). The fragment produced, containing the complete H5 coding region including the native
10  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 H5 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
obtained using primers Plato-443¢ (SEQ ID NO: 4; Figure 7A) and SpHA(Ind)-Plasto.r (SEQ ID
15 NO:5; Figure 7B) and pCAMBIA 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 H5 coding fragment as template. The amplification obtained
from both reactions were mixed together and the mixture served as template for a third reaction
(assembling reaction) using Plato-443¢ (SEQ ID NO: 4; Figure 7A) and HA(Ind)-Sac.r (SEQ 1D
20  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 pPCAMBIAPIlasto
previously digested with the same enzymes. The resulting plasmid, named 660, is presented in

figure 2B (also see Figure 11).

[00306] Hemagglutinin expression cassettes number 774 to 785 were assembled as

25  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.

[00307] Synthetic hemagglutinin fragments were synthesized by Top Gene Technologies
30  (Montreal, QC, Canada), 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
-86 -



B/ Fl ori da/ 4/ 20 06 Non-Reducing NI BSC 07/356 1:2000 Rabbit anti-sheep
(JIR313- 035-045) 1:10 000 FIT: Fitzgerald Industries International,
Concord, WB,2010883228l BSC. National Institute for Biol ogi ealr/c3zervdmods and
Control; JIR Jackson I mrunoResearch, Wst G ove, PA, USA, BET NR

Bi odef ense and energi ng i nfections research resources repository; 5 ITC
| mmune Teeh$wl aglcl&ax pab pCAMBIARGtspredaousiYdigddBa; withGhe safimeanapaen Tablébods

Adm nistration, Australig. [0Q0344] Hemaggl.uti pati ass f or. s based
on a netHﬁﬁ“ﬁ@?ﬁ??ﬁ%ﬁsB?ﬂﬂﬁ%éﬂgﬁh%mﬁﬁ?@: “?éggﬁ$£&§?ﬁ1%%§9$§%F$§$@double
dilutions of the test sanples (100 1.11 ,) were nmade in V- - 103 - WD
2010/ 003225PCT/ CA2009/ 000926 bottoned 96-well mcrotiter plates containing
100 p,L PBS, leaving 100 I A of diluted sanple per well. One hundred
mcroliters of a 0.25% turkey red blood cells suspension (Bio Link Inc.,
Syracuse, NY) were added to each well, and plates were incubated for 2h at
roomtenperature. The reciprocal of the highest dilution show ng conpl ete
hemaggl uti nati on was recorded as HA 5activity. In parallel, a reconbinant
HA standard was diluted in PBS and run as a control on each plate. 7.
Sucrose gradient ultracentrifugation [00345]One mlliliter of fractions 9,
10 and 11 eluted fromthe gel filtration chronmatography on H5-containi ng
bi omass were pool ed, | oaded onto a 20-60% (w v) 10 di scontinuous sucrose
density gradient, and centrifuged 17,5 h at 125 000 g (4C). The gradi ent
was fractionated in 19 3-nL fractions starting fromthe top, and dialyzed
to renpbve sucrose prior to imunol ogical analysis and henmaggl utinati on
assays. 8. Electron mcroscopy [00346] One hundred mcroliters of the
sanples to be exam ned were placed in an Airfuge 15 ultracentrifugation
tube (Beckman Instrunents, Palo Alto, CA, USA). A grid was placed at the
bottom of the tube which was then centrifuged 5 mn at 120 000 g. The grid
was renoved, gently dried, and placed on a drop of 3% phosphotungstic acid
at pH 6 for staining. Gids were exam ned on a Hitachi 7100 transm ssion
el ectron mcroscope (TEM (for inages in Figures 14B, 15B and 15C). 20

[ 00347] For inmages in Figure 19, Leaf bl ocks of approximately 1 mmB were
fixed in PBS containing 2.5% gl utaral dehyde and washed in PBS containing 3%
sucrose before a post-fixation step in 1.33% osnm umtetroxide. Fixed
sanpl es were inbedded in Spurr resin and ultrathin [ayers were laid on a
grid. Sanples were positively stained with 5% uranyl acetate and 0,2% | ead
citrate before observation. Gids were exam ned on a Hitachi 7100

transm ssion electron 25 mcroscope (TEM. 9. Plasna nenbrane |ipid

anal ysi s

-87 -



[ 00348] Pl asnma nenbranes (PM were obtained fromtobacco | eaves and cul tured
BY2 cells after cell fractionation according to Mongrand et alLby

partiti orwogoiomoazsaqueous polynmer WO 2010/ 003225PCT/ CAZOAN20B00826

t wo- phase systemw th pol yet hyl ene gl ycol 3350/ dextran T-500 (6.6% each).
Al'l steps were perforned at 4 C. [00349] Li pids were extracted and purified
from t he [@i308r ent Tole HeonggladniaetpregidneraBeitghsambldyiem DRjligacland neut r al
| i pids were separated by nonodi nensi onal HP-TLC using the 5sol vent systens
descri bedFheticdragmeRtE et al .. Lipids of PMfractions were detected after
staining with copper acetate as described by Macala et al. Lipids were

i denti fi edcdyiCcOopasdosdiaial their mgratip s i 1 andar ds
(all stanpgamis qfvere obtained from Si gma- :}?%’t%{{lgfrégltmgg? E%?ete LSS‘%J%A, except
for SG whjch was$ obtained from Matreya, P| easant Sxagsic DA USArmalmsetta—LS VLP
(A I ndonesi a/ 5/ 2005) pur| fication 10 [OOSSB‘F‘F? Zﬁkg%m (9 i | I‘S&iQEBIdNbe aves
of N. benthamah horpgent-ze ||| +—5vetuesotr——50—+aMTr+s—,pHS;
NaC1150 mM'and 0. M?%'/\@n ?“6%”@8?@13 sulfitp @&ihg acomher¥ial bl hder| The
resul ting| est r a¢ HAwas/Sdetpplienentes MINIh 11 b PVSF gnd adjysted tgspH 6 with
1 M aceti g-aei-dtbefore beinrgheated at—42C+or-5—mm—Dbiatemageous——ear{h
(DE) was 2Hded 1 GAChYBRSEr 19900 N Dext r act 80 adsoi t he ®onf ami Aant s
precipitated by |ther phishsibv7/a0sHaRAt 15t [ eaf ment, ;0and|thg sl urry,was

filtered hr nllnh a \What man paper—filter The resulti ng clarified—extract

A AN W |

was centr ¥7l§ged gté“’i]ah”ﬁ]ﬁ@‘a/)%goé P 10 ninuted?al RPOo ferdvel residual DE,
passed thfowggh H&/o@B/Eloﬁdam:zMropack 20 fi t@{f and,,l oaged,,onf o a-;

fetui n-ag;mse_ﬁli_LLnLi_)l_eoLuWﬂm Aldtich - St-Loui-$—Mo+-USA)-
Fol I owi ng| #%wash PSSPt ifirNACL, 25 TM34I'r| s pH 6, |boind| proféi ns|were

el uted w il 5| MaNaRhand0200MuYES pH 6. Ef U k VLPwer ¢ syppl emepied With
20 Tween-80_to-_a final concentration of 0l 0005% (\// \/\ VILP weroe

A A~ A a4 V=T A A\ 52

concent rat &4 on | ZAPHE VicBAVIAREE AHTOh menpr ahe, ce4“ﬂtr|1ugiéd at 1069 000 x g

for 30 m nuies auadCarandusggsgmentdeddsn) PBS,pHI7. 4, M th 05,019 Tween- 8() and
0.01% t hi prosal anngn_dgddgpg_mgr_%_l_i_g_p_g_t_ern?n zed before use

A= 5=

Ani mal st idi‘es 281 AENBERE S es on  hes i mmuné respofise|to 7hf Genza

VLP adnmi nis&rat i en JeiengRekf1073medioanf h 6- 8 week ol g Teimalg BALB/ g, mice
(Charles River llaboratories). Seventy m cb were randomdy divided into

.. oot

fourteen groups of five aninmals. Eight groups were used for intranuscul ar
i muni zation and six groups were used to test intranasal route of

admi ni St rakiABly of PRRRFRHRDILATITEPHRIAIHOQI2GioN cassGf@UIPS vier e i mmuni zed

in a tywo-dose feginent, the boost imunization being done 3 weeks follow ng
the first %ﬁ: g @ g}lscular adm nistration in hind
| egs, un ik Ealok ﬂvzoD&P gl uhl%lr?ﬁ' with either the plant-mde H5 VLP
(A ndonﬁﬁé)]}?{g?/ 200%5%{:#?@3%%]&(1}/8' I neefr I—H5gene o? 1n(ﬂue stgacfx)l {%ﬁéwa contr ol

hemaggl uth (H5) i eed reto hant sol ubl e
hemaggl ut@dllédl@nﬂamw@C(HdNb)a@&hyﬂﬂhesﬁidian nvoéfrdtgmhme(maa{ Bllo%hﬁdtﬁd‘gy [aswdutpuri f i ed

from293 cell culture (I ech y r NeWY USA ed at 5
00 ped | Ay BTGNS RH0 § B SN OB Sy B SPPRNBRSIe Th s
antigen Genslypt ﬁmf)dlﬁg*séalae@el(gaﬂa%ka&ﬁmf Alvhgoddd PEQIERIND: 3@@18&\@3@ Hi s-tag
and a rmdl fied cleavage site. Electron m croscot?y confirmed 1 hat this

conmer ci arckijiggheisgng! §erﬁ@f~' cpding $rgUSISE A the > wpiband theiamsgiemyrans depie cefiag ef f ect

of adj uvaglyent MR i PLRS Acﬁglﬁ%s@étl%n@@er\@ﬁ Wét%ﬁéjS Wha Bf e 98HiRY &Qﬁeﬂ@@g&i VLP
H5 vacci ne plus one vol unme” Al hydrogel 2% (alum_ Accurate Cheni cal

Sci ent i f ixcduabBastibed simyaswddedigmyediately desg)stigam af the s©p gedanent et mmnal end
hemaggl ut I c I

b ol AL BT PR By e Bl oD SRR
groups wemné oﬂﬁledllfmoteinr(tmmmwrgﬂ teemsmembrang ddmam amhdftczpﬂasmgr taﬂlpﬁom/ehed(mﬂ ed to

aceor di ng £ G PP RECBoUT PG Ranoy b asbotet ARt S5t FarnTRenhrned s

weeks foI(BEWIDg\I(DmeFEguEéssB) mruni zati on. [00354] For int rarruscul ar

adm nistration in hind | egs, unanaesthetized mce were 20 i mmuni zed with
the plant-nmade H5 VLP (0.1, 1, 5 or 12 gg), or the control hemagglutinin
(HA) antigen (5 gg) or PBS. Al antigen preparations were mxed with

Al hydrogel 1% (alum Accurate Chem cal-8& Scientific Corporation, Wstbury,
NY, US) in a 1:1 volune ratio prior to inmunizations . To neasure the
effect of adjuvant, two groups of animals were immunized with either 5 jug
pl ant - made VLP H5 vaccine or with 5 jig of control HA antigen w thout any
25adj uvant. [00355] For intranasal adm nistration, mce were briefly

anaest heti zed by inhalation of isoflurane using an automated induction
chanber They vere then I muni zed by add| t| on of 4 gI drop/ nostrll vvith t he

~ oA o 1T 1A =




30 Novamatri x/ FMC Bi oPol ynmer, Norway) prior to inmunizations. The m ce
then breathed in the solutions. To verify the effect of adjuvant with the

I nt ranasavorowim®3nzf adm ni stration, two groups WO PCT/CA2009/000926

2010/ 003225PCT/ CA2009/ 000926 of animals were inmmunized with 1 jig

pl ant - made VLP H5 vaccine or with 1 lag control HA antigen. Ferrets

[ 00356] Tewo3gopups ahe brst Bil fagseftveds @jgedt8d 24h BeHkandBad] amiedened intahersare 1 kg)

2] vant Sl IEEAERGUN LA i) pelsBiR BEP B S aRC Srom e I ot
(final =1%sed VAGE 5iBRal HEFIRRDY hlfNTA pAGSin TRVIIT R AGNRSEE G gehewmmeeazafca/ 05
(H5N1) VLPs produced as described. The vaccine control (positive control)

was a f uldogesgion Nosl HOBESEHR HB NQie4poaws 1r beaitngias ek sumergedfesi a
straig dggH%xl%%Bl{)ﬂ}{%gjlﬁ%%?&\f fe@lafo?y deftE! The%@!lﬁeﬁé@otqye %Mnﬂ%ﬁ&’am ogy

Corporatlon /. “Tredtment groups roduct injected to
ani mal s Raxstte cmhtaanlmg the 8Di agnz(bmemuﬂjemnatenmd@ Fagge(lr@g@tlp\,}éoc%rﬁhp@qzsyltjng m *

- 25 Vag | ned (P | ? eg l-é q%d%g région ﬁlsed:gto%e\%lcsllgr}lgl &ep?crlle[ andlﬂaBEeJBy ﬂlast&%/arﬂn

Vacci ne- préafit
regulatory elements The addition of the C-terminal end coding region (encoding the

transmembrane domain and the cytoplasmic tail) was obtained by inserting the synthesized

10  fragment (SEQ ID NO: 2; Figure 5B) previously digested with Kpnl and Sacl, into the H1
expression plasmid. The resulting plasmid, named 540, is presented in Figure 11 (also see Figure
2A).

HS5 A/Indonesia/5/2005 (construct number 663)

15 [00311] The signal peptide of alfalfa protein disulfide isomerase (PDISP) (nucleotides 32-
103; Accession No. Z11499; SEQ ID NO: 34; Figure 17) was linked to the HAO coding
sequence of H5 from A/Indonesia/5/2005 as follows. The H5 coding sequence was amplified
with primers SpPDI-HA(Ind).c (SEQ ID NO:82) and HA(Ind)-Sacl.r (SEQ ID NO: 7; Figure
7D) using construct number 660 (SEQ ID NO:60; Figure 51) as template. The resulting fragment

20  consisted in the H5 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 Bglll and Sacl and cloned into construct number 540 (SEQ ID NO:61; Figure 52)
previously digested with the same restriction enzymes. The final cassette, named construct

number 663 (SEQ ID NO:83), is presented in Figure 69.

25  H1 A/Brisbane/59/2007 (Construct 787)

[00312] The signal peptide of alfalfa protein disulfide isomerase (PDISP) (nucleotides 32-
103; Accession No. Z11499; SEQ ID NO: 34; Figure 17) was linked to the HAO coding
sequence of H1 from A/Brisbane/59/2007 as follows. The H1 coding sequence was amplified

30  with primers SpPDI-H1B.c (SEQ ID NO: 84) and Sacl-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 BglIl and Sacl and

cloned into construct number 540 (SEQ ID NO:61; Figure 52) previously digested with the same
- 80 .



- 55 Vaccine-plant, 5 jigi. m Alum6 5 Vaccine-plant, 7.5 pigi. m
5 Vaccine-plant, 15 pigi. m - 8 5 Vaccine-plant, 15 pigi.m Alum9 5
Vacci ne- pivertn10/@822pi g i. m - 10 5 Vaccine-control, 5 piPGTICA2009/000926. m
i ntramuscul ar [00357] Ferrets were assessed for overall health and
appear ance (body wei ght, rectal tenperature, posture, fur, novenent

pat t er nsgestbic@at dhiztges. THE fipdremistte; Rgnddaohsirudtuminttgr 737e(SEQUIYNOAG).NBl s wer e
i mmuni zed by intramuscular injection (0.5-1.0 total volune) in quadriceps
at day 1B@nted mRguEg’0- f or protocol s incorporating adjuvant, the vaccine

conposition was conbined with

10

15

20

25

30

H3 A/Brisbane/10/2007 (construct number 790)

[00313] The signal peptide of alfalfa protein disulfide isomerase (PDISP) (nucleotides 32-
103; Accession No. Z11499; SEQ ID NO: 34; Figure 17) was linked to the HAO coding
sequence of H3 from A/Brisbane/10/2007 as follows. PDISP was linked to the H3 coding
sequence by the PCR-based ligation method presented in Darveau et al. (Methods in
Neuroscience 26: 77-85(1995)). In a first round of PCR, a segment of the plastocyanine
promoter fused to PDISP was amplified using primers Plasto-443¢ (SEQ ID NO: 4; Figure 7A)
and H3B-SpPDLr (SEQ ID NO:87) with construct 540 (SEQ ID NO:61; Figure 52) as template.
In parallel, another fragment containing a portion of the coding sequence of H3
A/Brisbane/10/2007 (from codon 17 to the Spel restriction site) was amplified with primers
SpPDI-H3B.c (SEQ ID NO:88) and H3(A-Bri).982r (SEQ ID NO:89) using construct 776 (SEQ
ID NO:69; Figure 60) 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 H3(A-Bri).982r (SEQ ID NO:89). The resulting fragment was digested
with BamHI (in the plastocyanin promoter) and Spel (in the H3 coding sequence) and cloned
into construct number 776 (SEQ ID NO:69; Figure 60), previously digested with the same
restriction enzymes to give construct number 790 (SEQ ID NO:90). The construct is presented in

Figure 71.

HA B/Florida/4/2006 (construct number 798)

[00314] The signal peptide of alfalfa protein disulfide isomerase (PDISP) (nucleotides 32-
103; Accession No. Z11499; SEQ ID NO: 34; Figure 17) was linked to the HAO coding
sequence of HA from HA B/Florida/4/2006 by the PCR-based ligation method presented in
Darveau et al. (Methods in Neuroscience 26: 77-85(1995)). In a first round of amplification, a
portion of the plastocyanin promoter fused to the PDISP was amplified using primers Plasto-
443¢ (SEQ ID NO: 4, Figure 7A) and HBF-SpPDLr (SEQ ID NO:91) with construct number 540
(SEQ ID NO:61; Figure 52) as template. In parallel, another fragment containing a portion of the
coding sequence of HB B/Flo fused to the plastocyanin terminator was amplified with primers
SpPDI-HBF.c (SEQ ID NO:92) and Plaster80r (SEQ ID NO:93) using construct number 779
(SEQ ID NO:73; Figure 64) as template. PCR products were then mixed and used as template for

-90 -
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Al hydrogel immediately prior to immnization in a 1:1 volune ratio). Serum
sanpl es were obtai ned on day 0 before i mmuni zing, and on day 21 and 35.

Ani mal s vwoeoraosi2si ced (exsangui nation/ cardi ac punct ur @CTamn20@ye096- 45,
and, spleens were collected and necropsy perfornmed. WO

2010/ 003225PCT/ CA2009/ 000926 [ 00358] Anti -influenza antibody titres may be
quant i f i ededond Eduin@SAf arapléficatiors {asgmbtindteagmns with plistePddsagdids (SP@QEDINGt4ed

HS5NL vi .- 1.00 He Lnat | i nhi bi t tib tit f
canpl o5 (G TAERG R BT K NaL DS E)e eunechrl st Wt HYESi RGBT T B
descr i begin(tiyprasiétyatin dtomledtPand B @hlthe HASI/AloRIVED 00N 8 RHcaMahd

receptor-destroying enzyne, heat-inactivated and m xed with a suspensi on of

er yt hr ocyloaed infgcomaenct aembsr 364 (SF&D IR NRED) Figuesr &l magrdonsty dssted 0899the r om
Lanmi an . i der i v d di
of Ehe” s e REERIANpeAR AR AR el A GEOALANGEA, THE kB CPCTC! have

been t eskexgtessmnesseltd is presentakin Fsgms72.i ve batch. Alternately, turkey RBC may
be used. Antibody titer was expressed as the reciprocal of 10the hi ghest

diluti OnA"s‘@nﬂﬂ;ﬁf’&?Wﬂﬂbi Qlttaie 'rgsssiotﬁecg&ggleyti nation. [00360] Cross-reactive
|

HAI titers: ers of terrets 1nmunized with a vaccine for the

Al I ndonesi gl 5/ 05 ( .1) were neasure ing inactivat H5N1 j nfl uenza
strains ﬂog anot h@%ﬁgﬁulgi F’é%fgssg’fl céffsﬁtgeé USY ﬁggép‘?)wteél‘é‘&@trfﬁ%? EYRIEO8Of aj ns
Al Vi g nagh dROBK 26 kisaipch AdigataaiteldlinkeR2OGthnked, e biVnde1Botided 1. A0FRm the
(subcl ade, 2. 3) or the Alturkey/ Turkey/ 1/ 05 15(subcl ade 2. 2). anal yses

Al |
vere per COMREUMBIIG HERS ¢ bMY) Vidls MutagrdBHG parositigns] l@sqng?l 6bang ingf ibyal

anal ysi s nAWEMAY 3398 2480 G hPhER S MW RAIA2 (@&frca;,{,&fanfg%%{é j’mq)ff%ﬂﬂd\&efd%ryﬁﬁkc es

between groups are statistically significan Exper 1 ment al” design-for
| et hal ch&)S temgjaatoryi Resmid 0BREI-Ox€, (Rainshuedettah@A08; PéingBioterhoaogyelosrmabéidon y

di vi ded i i Lot ani S,..one 0 i

oo S 4R R BN 0P BT e WU AT e

i mund z edervagglutintr axpresdon edsseaidstiThi tutaioh of ATGs at foaliod Q$& a1 M the TNV
second i i zatj on hein ne 2. weeks followi ng.the first_ imrnization.
00505] R A e e Qi ahE e B PRventpd i Dervettn b SIEHBS o i ce

wer e NeTRoRdi&Re 204 17083 1999). qwo-sgfdilﬁe PORYKRrepbrfofnddrusie pBELs-19C 45 1.t 9

of control HA antigen or 25 PBS. Al antigen preparations were mxed wth
one vol uffnbite Aihg pEmgEdpr thedipt ppplikicatipmirg RBirB-ordc (HQI NR: ¢Uraad MuGheni cal
& Sci ent izfr (ON78 \Vsd LNyt j kZation
peri od, %‘%Sg@’m%it Ig%t 7e8 ' onc@*’é&%@ﬁ?@gé{é’giﬁgﬁ%w@%% tn%‘mfcmgé or

| ocalOr eH2 NQAY) and Lhes-1 4| G ¢S EQ MD NQ:S0). TWOHwOdIDAi0ORRAHRET BAREDHHHG0A8R 6

[ 00365] Tyent . 1404t he. seco i i L . est ized mce
et e ohal Tl htferd RS i SSRGS e S0y /PR R

( P4- Jean 1 VElri(SIEQ 1D NEERD) ad primters. Resultiey) frafnidat #.d0Rstsd #AB PaE1%ne Alphl 4l t ur e

i nfective dose, ( 0] . influenza A/ Turkey/ 582/ 06 virus (kindly provided
by Dr. BFIRGT lmor@@aﬁ’rﬁs%dﬂlﬁyﬁe Ewnzwéﬁiéﬁquanﬂ&f SFRESLNRI | enge,

n ce wer easoleqieN@sted, Mamed B2& lid fredealed HYMRIQTE (WY IV @Rey daily, over a
fourteen day period. Mce with severe infection synptons and wei ght | oss of
>25%. ywer e eut hanj z after anaesthesia. Blood collection, |ung and nasal
was h%ge agﬂseé"é??ye%t]r'ﬁp%&11fgc‘§%|‘*¥ D988 0406 P MVaFHeTrBTresi ibrasselE &9asteust | ect i on
was per f giifigg sBourt een days after the 10 first immunization and fourteen
days after second i mruni zati on on unanaestheti zed ani mal . Serum was

coll ecte centrjfugation at 8000 for 10 mm [00367] Four weeks after

second i &pgx?]_sati ?qu‘f“&cé eﬁ%%@"geﬁggg%? R signad gertide fusedio ]"g'ég framdH] AW at el y
upon t er ChIRAHIHPO/OF FasltiasedRMB TPUNe- YRS HBGE. REstGQldnGfiLs @ﬁa@@i@lmeléi%@fﬁsl Al ter
final bleeding, a catheter was inserted into the trachea towards the | ungs

and 150nBPsFam Pf gpks PRI e ld imaedippiysiowostragmetapatodom otee #dgad teetbe put i nt o
a | cgo SYRdMGSIAhinaohag s&fbeﬁ&eoy performing a PCR amplification with primers Apal-SpPDI.c

(SEQ ID NO: 95) and Stul-H1(A-NC).r (SEQ ID NO: 96) using construct number 540 (SEQID
NO:61; Figure 52) as template. Resulting fragment was digested with Apal and Stul restriction
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catheter and injected into the lungs and then renoved for analysis. This
wash procedure was perfornmed two tinmes. The | ung washes were centrifuged to
renove cewbubswoosebri s. For nasal washes, a catheter wa®cCrreenvadofewar ds
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 coll ected.
The 20 nasamepashesnedante comstdurt Ifung)edSZ&:(SE@riﬂMOcﬁl) Idigested déththessam8pl een

col l ection was Jperf. on m ce | muni ed'nt Y-Wth 5 i.tg of
adj uvant 8%@?{&%%&8%"@53& énﬁ?cdsc‘ins Eﬂ?hvgﬁﬁﬁféﬁégﬁﬁéﬁ)ant H5 anti gen
as well as on mce imunized |ntranasaly with 1 jig of adjuvanted

pl ant - madesenedy bh%pPHYI-H1 A/Gadi farnlja(4V2000 &d2 X BSoaRMNaHT ekiresivhi caastte Condtract ed
spl eens wemBerploared i n RPM suppl enented wi th gentamycin and nmashed in a 50
m copical tube with plunger froma 2510 m syringe. Mashed spl eens were
rinsed 2[¢g3mgs anda GaphetfeHaRshadifaBR 001 51@ﬁﬁlfp$5tld5 e AL gRusRended in ACK
| ysing buffer for 5 mmat roomtenperature he spl enocytes were washed in
PBS- gent dvidlifprnia B9 pedisncd mteax PMYdFHE eufleds. Spl enocyt es were used
for proliferation assay. Antibody titers WD 2010/ 003225PCT/ CA2009/ 000926
[ 00369] Apjg3181nf | UERZF;r@REdaRALY 1&téﬁxﬁﬁﬁrﬂect’%€5&ﬁé’iﬁh§tHE%@'dS?Pon?&t ﬁltti%ays
after the first immnization as well as 14 and 28 days after t e second

i muni saCPYRY-Hifhexprestien casgstte injeeplacement df 111)9 3phprpmotdr mvmslly s dbochangx
assayy(E ﬁﬁAE] n S the oat i ng
ant i ggn. b oy WAQP&P) %En ?g%éé t\1!1\/\12trpgﬁe%mér A a%ll‘ ng&ll ﬁére?éeng%dorgc@a eal“3va$ue of

t he hi ghé‘slbﬂlddid 1utNeurosd:1hate 26831:8@(:19951)) (ZDﬁxsafra@ncmft C(&ttalhlﬁQSK?)SS profiogSEQX han
t hat of -il}ﬁ éontrgﬁé 4 {ﬁgg% For anti body class determ nation
(19d, |3‘§;§§5,- g gure Pdtas angyjfied p YWEHR@E e eval uated by ELI SA as
previ ously described. Hemaggl ut| nation inhibition (H) titers

10[ 00371] Hema Pk LMASA2X3AS.d (SRIQDIDX NOM3E)H ) titers of sera were measured at
14 and 28 days after the second inmunisation as previously described (WHO

2002; Ke gﬁﬁz% 1\ ) e (g&lg strains
Al nqgnesg%gll/T FT tettiaftt L2 SS15L: "'! g]st nouse serum
sanples for activity. Sera were pre-treated with receptor-destroying

enzynme Il (RDE I1) (Denka Seiken Co., Tokyo, Japan) prepared fromVibrio
chol erae ( Kengal CENS2)UTRI2XBSSas@saysIDeoe3ner fornmed with 0. 5% turkey red
bl ood cells. H antibody titres were defined as the reciprocal of the

hi ghest djJlut} i e iphihition of . a ti.natj . Exanpl es
Beampi ¢ 1ECCRRTERRANT A fAcREcH o SRR AL 5/ 05 (HoNL)
hemaggl utinin by agroinfiltration in N bentham ana plants 20 [00372] The
ability of the transient expression systemto produce influenza

hemagg| um'ung aplasiddehtainiig BB S8 ab@hr dshensxpriapsia0e, ofecbierdR waybt ype from
strai donesi.a/5/05 (H5N1). As presented in Figure 11, the

herraggl uPT’r THe @’htng‘B’&ang sequence (GenBank Accession No. EF541394), with
its native signal peptide and transnmenbrane domain, was first assenbled in
the pl ast oeyanXasexXpnes SilOIR.c &SE@ID &O13p:omoter, 5 UTR 3" UTR and
transcription term nation 25sequences fromthe alfalfa pl ast oeyani n gene -

ol asm . EMAGRRGTST Fhakartr RS bRT B Rl bob B BH O (ac )

creating the reconbinant strain AG.1/ 660, which was used for transient
expression. [00373] N bent hanm ana plants were infiltrated with AG.1/ 660, and
t he | eaves weand Ayl piced (SHQ @D ND:$33§- day i ncubati on period. To determ ne
whet her H5 accunul ated in the WD 2010/ 003225PCT/ CA2009/ 000926

(oot athaoaeCREL R AR TS AR ATE ARSI ot hary  pol v onal

anti bodi es. A unique band of approximately 72 kDa was det ected in extracts
(Figure 12), corresponding in size to the uncleaved HAO form of influenza
hemagg! utsiimg constilve 6EOSTEY 1B MO 1166; Eigerd 7a)3asnaﬁj>1hﬂ'eveheq%tﬂfé$inefis obtained were

(A Vi et n%ﬂ 12@/2 04, Prot |n Sci ence Cor Meri den , USA) was detected
as two baffys" a&gﬁ?‘%@?%‘% g forg 559?(9‘12‘8“1!3DéPCBd?%S%HB%dPWQOQ)@SXHH@HWrSeCuI ar
vei ght opadiAlcend kiR (§EQIDG:$30)88 RPS- M’ﬁxjoyr (SE@@H@W@@?%?P&QM&E“
expression of H5 in |nf|Itrated 'eavés results i n the accunul ation”of the
uncl eaved transl ation product. [00374}%he formation of active HA tiners was
denonstrated by the capacity of crude 10 protein extracts from

AG.1/ 660-transforned | eaves to agglutinate turkey red blood cells (data not
shown). Exanple 2: Characterization of hemaggl utinin-containing structures
in plant extracts using size exclusion chromatography




[ 00375] The assenbly of plant-produced influenza hemaggl utinin into high

nol ecul ar 15wei ght structures was assessed by gel filtration. Crude protein
extracts woamoA@25660- infiltrated plants (1.5 nL) wer eCcr@aebisme2ed by

si ze excl usi on chromat ography (SEC) on Sephacryl TM S-500 HR col ums (GE
Heal t hcare Bi 0o- Sci ence Corp., Piscataway, NJ, USA). Elution fractions were
assayed flimpmetievas thentdadestpd attkiPaclcond tAgpal amanitbrkd intdoratrunt d&H (SEQIHED) N 100;

i mmunodetect i with. anti.-HA antibodies (Figure 13A). shown in Figure
1A Bt od D ey Ph g B R sy A Srgreor o o eBRedidy SHie  he
bul k of heatd TOSEQTD N@S 38 g isgiréesked h Kipge©d] urm and el ut ed bet ween
fractions 14 and 22. \Wen proteins from 200 uL of each SEC elution fraction

ot notTRIEr o rARRb N Rl o i S R B G s et
f ract 5ongacdeskion hlmbéri FIYI B4 3PBhd i9rbRAH iVEighiens (%E%bﬁ NwYng. Rbubib&Rley, this

suggests that the HA protein had either assenble Sinto a |l arge
super st r SRAUGRE comprisipg a pertina gt the CRMG Y protezn G i GRMCd Tl expregepmypassette)

ucl o 0 ST SR T o LR AR P, B RR FRlP R RAFTER il "S5

Fi gure 1@&omesn8dHNSRAt(edsitalas Bl 103AYR889128 Not 61 OSSR [[2 DS A LKiEurs40) 4ndi gur e

11). A chj i : t desj d ol | ubl
t ert o A Gt AR g R R e SaBnd SRESEHSR S0 prant a0
prot adn gresetltdd id FigusOMR(SESEIIN0EL3 65 Mlke béi@elideans ARS8 by DX XD Ofledil Was

| aced by the pll.vari f the GCN4 | euc] ' __a_peptide sh t
Celt 2acsenth EAHEBY) in'hice aMrsay Bapperst. raamenoh BIESO D ERET) EROB0%)-G05h86 al .
1993) (cas3):isy; Fidre éﬁf)gﬁa ¢ D »Nc:);hsyw]{gu}@%wge dsBentiE ARSIERADP GRS QMBI N,

this soluble trineric formwas capabl e of” hemaggl utination (‘data not
shown) . [igg®pmpatihask spsentes i Rerveaufet aln{\ethedssn Nefosdiense 86k Wr 8128540 or

AGL1/ 544 r ' . I . tions
nas exant ned By (R ARALEE e ARG L Ve RE e Bl bnbhef i Bpl 0P

(Fit 2ger a$idg poercord, MA, USA). In AG.1/540-infiltrated | eaves, Hl

accunul ated mainly as a very high nol ecul ar weight structure, with the peak
was skewed to ) ' ) ures (HLl; Figure 13C). In

AGL1/ 544-i nfi%%tg’éé@dﬁmg ble formof Hl accunul ated as isol ated
trimers as denonstrated by the elution pattern fromgel filtration which
par al | el 4T ANEATEAGIGT AGEGHGE@PIGECATTAA ABAGBTETAICTTETYW e 13D). In 10
conparison, Hl rosettes (Protein Science Corp., Meriden, CT, USA),
consisting in mcelles of 5- 6 triners of hemagglutinin eluted at fractions
12 to 16 (Fig )2 |4 s t he soluble formof Hl (Figure 13D) and
| ater than th@dﬁﬂégggﬁémgﬁéh%gb. [ 00378] To eval uate the inpact of ML
co- expression on hemagglutinin assenbly into structure, a ML expression
cass@bt e GWAT ALSBIKHBT EOCTEAGH TCRF CATH ATCGATGA AXOIG B Pondi ng to the 15

codi ng sequence of the AAPR/8/34 (HIN1) ML (SEQ ID NGO 35; Figure 18;
GenBank Accession No. NC 002016). The construct was nanmed 750 and is

present ed._.j | Bot the co-expressi.on of M S si ons of
A1/ 540 rer R Y bouatel bR SRR S e en b By REF Do,

Co- i nfi | temgddteoThekeqond fragrthent Ags adplificdrusingpsiteEensi ons perm ts co- expressi on
of nmultiple transgenes. The Western bl ot analysis of SEC elution fractions
shows that 2 - o] f ML did not nodify the elution profile of
the H1 struc?ﬁ? g@,'%ﬁ?@?éﬂ@@“ﬁn a decrease in Hl accumulation in the
agroinfiltrated | eaves (see Figure 13F). Exanple 3: Isolation of H5

st r ué? ur ESGAASACETAGTAAASACAAT GETANCGHERTAERC AFBAGbser vat i on under

el ectron m croscopy [00379] The observation of hemaggl utinin structure under
el ect ron m craddbp§al(1EMr (3BQIIBANM168) a hi gher concentration and purity

| evel than that obtained from SEC on crude |eaf protein extracts. To all ow

EM obser I r f . RQr h extract was first
concentrg?§59§¢ﬂgﬁgﬁ%$ééﬁgﬁ#gﬁ?xgﬁaﬁgggggéféﬁgﬁfgkggpby resuspensi on in

1/ 10 vol unes of extraction buffer. The concentrated protein extract was
fractionated by S-500 HR gel filtration and elution fractions 9, 10, and 11
(corresponding to the void volune of the colum) were 30 pooled and further
i solated from host proteins by ultracef8rifugation on a 20-60% sucrose
density gradient. The sucrose gradient was fractionated starting fromthe
top and the fractions WD 2010/ 003225PCT/ CA2009/ 000926 were di al ysed and
concentrated on a 100 NMAL centrifugal filter unit prior to analysis. As
shown on the Western bl ots and hemaggl utination results(Figure 14A), H5
accunul ated mainly in fractions 16 to 19 which contai ned60% sucrose,
whereas nost of the host proteins peaked at fraction 13. Fractions 17, 18,

o, = o - ——p— =



[00381] Influenza H5 VLPs were purified fromthese clarified extracts by
affinity chromat ography on a fetuin colum. A conparison of the | oad
fracti on wbizguvoe3S5A, |ane 5) with 20 the fl owt hrough (PCHura2omiwgs2bane 6)
and the eluted VLPs (Figure 15A, lane 7) denonstrates the specificity of
the fetuin affinity colum for influenza H5 VLPs in plant clarified

ext ract . ufio® B2 Vh@om(m}NAZ @piobnetaqymcter)wbetamﬁglﬂramniE(SE@[D e 3asty in
H5, as d terlr’grAhe I nsILtoma Coomassi e Bl ue stained SDS- PACGE
gel (Fig 98 %%{n‘é‘e%ﬁ r?g’Pe('j‘ Y sr"‘“f'@’& YO8 PIHESst ructural quality of the
purified product, the purified H5 was concentrated on a 100 25 NMAL

(nom nal nol eHuIGal.108cghEQ IDXNA:)40entri fugal filter unit and exam ned under
EM after negative staining. Figure 15B shows a representative sector

how n f : ' ion confirnmed the
;regg geHﬂ?“@%ﬁéégﬁgﬁﬁ%ﬁg&8Eg§i%¥$53égé§g%§§f%Sgégg%ggf;homn inIFigure 15D,
H5 VLPs were purified to approx. 89%purity from <clarified |eaf extract
by affinity chromatography on a fetuin colum, based on the density of the

30 Coonmssi e BldstubHaiued(3HY) Iev@gpdsyt i nin and on total protein content
determ nation by the BCA nethod. WD 2010/ 003225PCT/ CA2009/ 000926

aggtut ndnd tegeeenah A At aT AR A CRRA AP bAGRS i oul e 15D ai o

confirns the identity of the purified VLP visualized by Western blotting

and i munodetection with an anti-H5 polyclonal serum (A Vi et nan 1203/ 2004) .

A 5 uni qusin®prrd1 bt PN, (or?ﬁo Bhidtary 2 eldbB cbﬁtaﬂﬁigq%@@enaﬁlgbmm ®eNaods in size
0

to the uncl eaved HAO form I nfl uenza hema utinin ure 15c¢c shows the
VLP 4Py uéamplae.dn aserond grwil REPGR (#ssernidy r@ﬁwj& the Ihfﬁerﬁnﬁ)éliﬁmﬂ@n(f@%@ﬁmﬁ geret s
structur 2881 MDY :
filteri ngﬁe{l %gu h }k&as"é@fg%atfe%{ﬁlﬂrﬁﬁe‘?% oxli nﬁcéﬁtﬂ(ﬁb \f/\&/gsmI nsél?l'}%%iHl}s' ng
t he endoCeki (ISEQAID XOil46). i5e ravelbog fregndény sas digest@ieiteDtalldand Btul (mshnmed

Wal kser vi I ne_contai ned 105.8, +11.

(endot OX|Art1J)§n| {}@‘? :7? @E%xmﬁqiﬁgglggg%&a ﬁggels%nﬁer T AT T UENZE {ﬂ]ﬁgu‘i “E? ant s
[ 00387] Teequemaloif 2w resultinglcBsstandvasanfied 560 (BHQ IlPNass; Figafogne origin, thin
| eaf sections of H5-producing pI ants were fixed and exanmi ned under TEM
after pO%I : Done b XIea1‘ce||§
presence 0 { i c : mw red-By—th i
the pl asma nenbrane (Figure 19). The shape and position of the VLPs
obser ved[@éa®inst r aff}eacbodingtseqilesqm df &15t firen Aplpd&ietin52005 wabebfieddht@ TRV YIENDr anes

on the cel ]l wall nt cell ave..th | asti re red roduce

i nfluenz& {9&’%’5 d@? sf“i’aﬁﬁ‘np? odji E’r’r& tﬁ“@f?o‘g]g{:li ’QrTQg“u];(EB‘E‘FFSJPtﬁfe themin
t he apoplesisteas @@? @ododf) wexaddab®tobhe @nﬂf@@ﬁtlh@%@ﬂlﬁ@ @eqlubrﬂie@y%@@)rﬁﬁhgga PCR

[ 00388] Furt her con

irmati on of the conposition a ant
i nf | uenz AMRATBStioR With preraARa i Anfdry SelS ESY I Ne: ?8)@@1%&4&@@) _ufb 1038 wer e
ext r agt e@sE‘c?mbpj‘ﬁs%c\éhﬁﬁlcﬁﬁlﬂnﬁe%bd(ﬁ‘é%ﬁ?ﬁbt 00131 1§m to that of
r f or mance t

hi ghly purified tobacco(f) asnma nenbran I'n |layer
chr omat oBesing fragmem \@)s gﬁs@dm@n‘maﬂ@mﬂ&ai lte@trlnisorxﬁnzymd:seandahmmmm ral 25

lipids f B s were simlar VLPs
cont ai ne %5‘%}“@%@3@%‘2%. pi ?Sr?ﬁﬁosp E‘Sy?“&%%r}zr‘f’ﬁ‘ss 5&8‘1“8 LSl s

phosphat hayé¢detohstnet sumbee 68a EEG IhNOgHlo).pi ds (glucosyl -ceram de) found in
t he plasna nmenbrane (Figure 27A), and both contained free sterols as the

ventr ane b Bes o SRPE Y ReRy s D XN v ARG it A R BuP RE e

VLP B$ pi 63®i | ayer does not 30 contain one of the nmjor prot e| ns associ at ed
wi th plant pI asrra menbr anes, suggesting that host - 114 -

2010/ 003 roh&id hav ed omthe
menbr ane ng t'gg%pg%ggé(g’dg ﬁgsﬁgvgé? g% 1d8 %gxlgﬁﬁﬂffmc’% s (Figure
27C) . Exaripdmegia/smmlwagemnm ihty CHEMVIFEL ds101MLPR egtricticdfsiteCA pA (intrRsiiRel 9f
adm ni stra ion 3 MI((; wer e agm ni stered plant-made H5 VLPs by

intr arrus]&Rf rgam lﬁﬂ%g Prl 181[med1ately ownstream stop codon) were added to the hemagglutinin

coding sequence by performing a PCR amplification with primers Apal-SpPDI.c (SEQ ID NO:

-94 -



5intranasal (inhalation). 0.1 to 12 ug of VLPs were injected
intramuscularly into mce, wth alumas an adjuvant, according to the
descri bedvoabtvos22sPeak anti body titers were observed wpCh/A2e09 000926 t
antigen quantity, in a simlar magnitude to that of 5 ug reconbi nant,

sol ubl e hemagglutinin (H5) (Figure 20A). [00390]0.1 to 1 ug plant-nmade H5
VLPs \/\/er%)add‘rﬂﬁi(stledcaesmhﬂwnm Iy NG 99) wlrxghbnmaﬂnuﬁﬂaeaﬁlj&(\gﬁmlmﬂovi ded

for an |bod reat er t an that conbi.nant sol uhle H5

Wi t h anagtt) g Etfuq ﬁtﬁnée%%a gf%‘wﬁf@w @?W?ffamcmwm%w rout es,
and overcl&etiaﬁtgeomruarimhﬁeﬂszwsegl 1Di €9: 819 ATRSENWER HeQRBmYRS,yRH2S. Q(e‘éﬁﬂng n all
of the mce tested. Reconbi nant sol ubl e antigen conferred | ow (<1/40) or

negl i gi bfegsettq W3 nanqdfonstpyst W%éﬁﬁm% Petdntbi nant H5) HI titres. 15
Exanpl e 8: Hemaggl utination-inhibition antibody titer (HAl) H5 VLP

[ 00392] FAGUkBly2F A ABrishdndBH0bEH CVIRIBAREHbh e@ststter(cadmh& htltnga 7(3

anti body response 14 days follow ng a "boost” w th plant-made , or
reconbi nant sol ubl e H5. The | owest dose of antigen vvhen

adni ni stl@P&F; ntrJﬁlﬁge‘twwqyerﬁﬁeHHé&PnaHétﬁdBﬂﬁwe/ %‘0%\5@ dingoa 10-fol d
great er @gOfDi$hS ﬁ;tll'o% r(e‘étdeatn Qes NHFOFRIMBADH e Hﬁ@ktﬂ&tﬂt@ ddgeasi ng doses

20 of H5 VLP provid a nodest increase In over the ovvest dose.
[ 00393] mmpelglplynwrlsmahostpmg)dom wern added tatheiheinggglatinioepdivesegiegod By cant | y

i ncrease red |.ant onpar ed
to thos eIgj er%mln %tap e;(’qg?in@lﬁscgt ?nev(glct)lp rl"ﬁ‘érrslt‘r&aeso#_%r (%EQ Ib\]/\% ﬁfz\)/\&‘%d]%t#ﬁ%ill " to the

negatd ve(SEQNIDY WO: 108) Iusmg c@strmmnmbawmysmmbmsz;tmgrre 53) a8 tdnhydste.0f H5 VLPs

(fromO.1 t 1.tq) titers than mce 25 imuni sed with the
control g’ﬁ'ﬁ% I’—"Yaégtgés t{‘ma‘tdt‘ﬁte&§3§%°tt98§82y6‘?“3nﬁ“%e d1ops i nduced
HAI tit efonstAft hidiRs Sh8 GIERY IEN@SIMg&&Wv@&ﬂR@%E&nQﬁﬁ& REsulth® 6QBkd Qhs HO
antigen. VLPs al so induced significantly higher titers than the control
HA anti genediserstgel fupdced 2 RE Ph¥4)nt r anasal route (Figure 2 1b). For a
given dose of H5 VLP the levels of HAT titers were lower in mce inmunised
i ntr anasadskMblyARpPOI-HT A BribHIHLBY/S66 ih RIPMLBCASLidn cabsdite GeodbtRick Nduced a
WO 2010/ 00322g })CA2009/ 000926 mean HAT titer of 210 when adm ni stered

i . mlhitebend3Pame dose i nduced a mean HAl titer of 34 administered i.n..
[ 00394] When administered intramuscularly, all doses of VLPs induced high

| evel ofy i bodi tTeTpyy I tfvated viruses
(Figures Og%%; and %Seamp%&glgglrgt?%f??aﬂtglylf ﬁ@agggs%tg kFoun t%{et ween t he

pl ant - m@@wh@e@a@@pﬁwaaddnqdheto@MVﬁT #5olows. Restri¢texcpt Apaﬂemmedpatgy VLP

group 1 [ ratl ce hi

51l ng AP AT EF b PP Lo ReRP e B 00 PR & 0 I AR Rog e

adm ni stce)ldmg sequeneamﬂoymmyla%ﬂ amplifieatidn \gﬂﬁepmberstgg_gslaﬂm ey mXers in

t han, di d tige gure 20b) xed w th Chitosan,

i nmfrﬂd za% 8?1‘1 g&ﬁ%ﬁ@n’ gﬁt@oﬁ&aﬁ%&/ £ AUERd “5‘“9@672%2#%2 RAO:BEUH Ab titer
Of 5 500emglafe. Rbsﬁﬁﬁﬁlgrﬁ@hﬁﬁt WwitatledsRE wil\V8lal AR defiriBdhSenk A End th 1
jig of the control HA antigen (reC|ProcaI mean Ab titer of 920). [00395] The
i mrunogefiogonsrust nunpher BRHHEQIEF NP gl digeasigd mith thﬂ_@@ewaéquse&esﬂhméﬁfﬁs@}@t ed
through Q,008Rd taRGLAGQuRHECY;3I REABNOFR@YPS of five BALB/c mice were

i mmuni zed intranuscularly twice at 3-week’intervals with 0.1 jig to 12 jig
of VLPs cont al ni lrg]g HA from 15i nfl uenza A/l ndonesi a/5/05 (H5N1) formul ated
in al um {eblyaf A/ Brighmgd P09 hisGRMY i/fheression caspetiel eonstrrct srmbgx7p3). usi ng
whol e inactivated virus antigen (A/Indonesia/5/ 05 (H5N1)), were neasured on

ser ax0l oesisgd 14mey&hﬁg ieﬁﬁen%@@fﬁﬁ%@HB WBAARY G907 WY nE@ldken W th
doses of VLP as | ow as 0. {]‘t’ i nduced the production of antibodi es that
19

i nhi bi t P Mvrfégé%foilPUFnRé‘g@lc it Angl Enmedirtelyypetscant ARGhtndcitilut i ons (Fi gure
21A). P VAR P uvant ed
control %ngﬁlgﬁ% t|ejgen g&es%gi éf?(?bo%tfd vt? g%\.‘d&e?&%@f gg@ %ﬁ%@gcogkngﬁ?&#%%% nse that
was 2-3 pe&gsnmgwcmmlfmm \m_ihprequ Apial-H3BRa SEQUBN OV 2o Seul-FTRB96] For

both ad | routes,. and o nt i anti.ties, the HAT
response%lg2 su%(terﬁjg U5 it Céaﬁtl 7@#@%@6@5%%3 cpfliiigt of

adj wantfragmehmmasbgsrid evithyA @il aidbStVLRSstricGor] KOFAA ﬁh@nilemdﬁcdﬁan}ékﬁ’ﬁnmve a

pl asma nenbrane origin (Figure 19, Exanple 5). Wthout wshing to be bound

by theory, envel oped viruses or VLPs ©o95envel oped viruses generally acquire
their envel ope fromthe nenbrane they bud through. Plant plasm nenbranes
have a phytosterol conplenent that is rarely, if ever found in aninal

cells, and several of these sterols have been denonstrated to exhibit

i mmunostinulatory effects. WO 2010/ 003225PCT/ CA2009/ 000926

[ 00398] Pl ant -nade H5 VLPs were adm nistered intranmuscularly (Figure 22A) or
|ntranasally (Flgure 228) to ntce |n the presence or absence of an



5denonstrated a significantly greater HAl hemaggl utinin inhibition than
reconbi nant soluble H5. Even in the absence of an added adjuvant (i.e. alum
or chitoswo)oiopioaars- made H5 VLPs denonstrate a signifi caot/ddRigeaoomdscat i ve
of a system c imune response to adm nistration of the antigen. [00399] Al um
enhanced the nean level of HAT titers by a factor of 5 for intramuscular 10
admi ni st 828 (SHQ I NGLRI )(d?'g@teﬂ@vﬁlﬁhé saafetbnbymes. Resltdig cadsette wasfametl bensaagtt r ol

H5 anti gen. m, 5 jtg VLPs induced a nmean HAT titer 12
times h.gﬂ@Pgﬁﬁgﬁﬁ%ghSéﬁi bondlng dose of control H5 antigen. Chitosan
did not boost the nean HAT | evel of the control H5 antigen (Figure 22b)

whi | e it AlssepibbpskshPDIE IR BT sbihE/ 102007 irDEPMIVCET expreddion @sswd (Qorktrétg VLP
adninistereg i.n);‘l by a factor of 5-fold. 15 Exanple 10: Anti body isotypes

[ 00400] MEBYdAPhi st ered pl ant-made H5 VLPs or recombi nant sol uble H5 in
the presence or absence of alum as an added adjuvant denonstrate a variety

of i mpune@iebul in A%é&uﬁﬂ%&nédﬁn@@ﬁ]ﬁlf&@ﬁl mgﬁzﬁ@ e lfiscl ReHRDERAGS of an added
adj uvant, the anti body |slty5)e profil es of s and 20 the reconbi nant H5

are sini PARTshapy H2WEWase e CBMY-HA s fqll@ms yistrictipresiteyiApal Grmedistshbi nant
H5 are a t adidvant

but 1 emﬁﬁ%ﬁ?‘%ﬂ‘@%“ﬁ‘éﬁ???‘i‘%‘?d}ﬁ§9 A A @R leododd Ghed RARPOMS: handBRHARC -
and | gG3codingisegiignicahy pérfiarinang 4 PER ampBbScation with ppmesseiqead-SpPDan (S &l

adj uvant a titers are rke

r econbi narﬁgﬁ@mg&' Brif@g%%%'ﬁgﬁﬁfméﬁog d‘u‘é’gf%\?gﬁgﬁéaq&wg%%&

[ 00402] Ttmgﬁaégla%emlghg]ﬁva@ﬁm &as dlgmalsmt}ﬁl\paltghatstum ke%ﬁicﬁﬂ@éi&yMbPﬁadd@oﬂ%@t
require an added a anti body response in_a host

[ 00403] AHEY BBH(uGt PPJ@B%@B& 1%‘% ﬂ)MISé) fligested; Wikt e samg egsmen ReFHling cesselie ns
(A1 ndongas AdéddtonstAlcVinghina b4 @33 @fkb:109).m ce adm ni stered plant-made VLPs
or sol uble 30 reconbl nant HA intramuscularly in the presence of an added
antigen are il rated in ure - 23B. No significant difference
i s obser éé%fﬂ}bllw Mlpﬁ%s‘ﬂ@(%ﬂé@mﬁm{%@geéswquﬁﬁétﬁwngtﬂrcanmbqrrm% ce
adm nistered 1 ug or 5 ug of VLPs or 5 ug of soluble HA. WO

2010/ 003pRART/ CA20R%8RQ @e@em/:eﬁaf& 'B/30R854/D6G hAs\didnéd Rfto BEMVTET as

ant i bodi es i nduced by the VLP vacci ne [00404] Cross-reactivity of serum

ant i bodi &dl OWﬁ&RiS@thW sifgs ApaRipgedigiebaapsaepm 43 Ch ead qual@mewa@m dpanstgeam

i nfluenz f f 1to 12 |l ag)
as wel | ggﬂgéﬁéﬁg@g? aggér?tt?;ﬁ;eq{ana I'P ?%ggoélﬁ%éegyﬁjpﬁggﬁsﬁ a?‘g%u body titers
agai nst apmolifsggton with paimersXpaINA BE.o 66HQ MY H004) Q) an&StlﬂdﬂM o@ﬂ@lmNoan hi)

sl Ui o 30 A S BRI

agai nst  tigestdd Wit keyl/ahd Skeyésiridiion Sﬁzl’y&leﬁl alﬁd:ctlgrwﬁenta obpstrubtAlinibiet £8YSEQINDt he

AJl n2¢) al ?{Cﬁ%ﬁj\f@ h%h for VLPs, Exanpl e 12: Cross-protection

conf %P 24iht S%WZ}SP%B@ a@%equr@wéemre@ nuppker 738

previ oustsg@ﬂdN@eem)adm nistered a two-dose regi nen of A/l ndonesia/5/ 05 H5
VLPs as described, were subsequent |y challenged intranasally with influenza
Al Tur key/ 582/ 06 H5N12H a}/ H5N1" % i nfectious virus, and observed. The
dose adniifeaPsr dPrr R %H{Fmd 4et96 1 CPMIO AL &Xmsswnlqwewcmy.ct B0 407] By
7 days pesf)-challenge, only 37.5% of the mice adm nistered the PBS vaccine

control had survived exposure to Turkey H5NL1 (Fi gure 26A) 100% of ani mal s

adm ni stfr 9 the control antig f(éHA or 1, 5 or 15 ug of Indonesia H5 VLPs
survi ved 993 tlo 17 ‘%Ié%ﬂé‘erfs%ﬁlc@%ql HyBDI gimath pentide dsspd i A fromas t er ni nat ed.

[ 00498] BadyoritaES$2006 W lob LRt @M 5P amlnbw Fedridted §s ga 5 u@gﬂ@&kgﬁi@”t and

the 20 average mass of the surviving mce plotted (Figur
adni ni st BpEEM ATE)gpd $&11 (ignesrdiagthe dowihras stap IGBiGUD_Wsretﬂéﬂ@rte tieHmilaggiginidi d

not | ose e QRILES nHﬁ% th [} nd in
particul %r r% cgﬁgdrk stere ug %ﬂ_¢%§OW&S§%gr3A lgge %}#Peg%
si gni fi cahtandad-HBRgERHQ B Nont i Dlusimzcenstruct n’ﬁmbkﬁx%I-(ISBQ Dhedi @pge) did not
appreci agh%lagea.‘k@su?tring fragment was digested with Apal and Stul restriction enzymes and cloned
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| ose body mass. Positive control mice (not adm nistered VLPs, but

chal  enged with Turkey 25H5N1) exhibited significant |oss of body mass
during t wocouma226f the experinment, and three of thesePOraA2009980926s body
mass is an average of all mce in the cohort, renoval of the 'sickest' mce
(the 3 that died) may lead to an apparent overall increase in mass, however
not e t haintd émast@we nageer 308 ySE@ES Naf: 81 hdiggraalivtithvte s enalme0Regultingaskitd |
significantl el ow t hat  of egative or the VLP-treated cohorts. WO
2010/003?’2%‘?%1%@&?%’6’@‘/rﬁ’(ﬁ‘&@?é*@@ﬁb‘&%eﬁ@%ata, therefore, denonstrate that
pl ant - made i nfluenza VLPs conprising the H5 hemagglutinin viral protein

i nduce aAsdemblnef chespaR SRS dJabettésor pat hogeni ¢ i nfluenza strains, and
that virus-like particles may bud froma plant plasma nenbrane.

[00410] T dat a, fore, ratethat | ants are p

produci n@%s‘ﬁ% uenz’ let‘ﬁ f tPt?ge“gﬁ%P ‘E’?pé"sssm'éﬁﬁsg e%&'e’f’ec?tssef”r?ge%fla Ty rstl me,
that §ir tfsdtieks&pRadibn 61 tBE ALBNIPHE tHaliBhd @c RNt ol dhBia & tEBIPHBPT) (Athsp70-

[ 00411] Furt her, usi nﬁ the current transient expression technol ogy, a first

anti gen | &t Lipgbalpt208{ddestl Breps/ange hangranas o 201-20% isscoqielirdbysfchimsict ar get  HA
was obta | ar
ose of - BOffter SaBir Rim i GRS w8 N R WP A 2 BT o

- 20, 000 mwtfmﬁ‘ﬁdgleg@ Megortdrmq;a*ee @omismg theorodmg rediert éfdhmlﬁllﬁamzioeoltcy,

surge ca owerf it I oV

crbodi moneed BegT T REY L ) S TP HR R B 0B ) R e ol
13: GOhar eetckineziaNigPlagd pheivagadbisobiembletai ni ng (HL, 112, H3, 115, H6 and
HI9) structures in plant extracts using size exclusion chr omat ogr aphy

15[ 00412 assenpl of |, ant. duce u utinin_of

i F £ or entO0SElty pech Hresr e S Pttings heaflyi SFR AR ERES Rt el ey by
gel filtoasi re;meogaﬂan@msqaeﬁﬂawﬁh@dmtouslﬁmwect@xwatsamtﬁasg‘emmd%&ﬁl%0-

AGL1/ 540- ?G.l/ 783- GL1/780-, AG.1/785- and AGQ.1l/790-infiltrat ed pl ant s

(1.5 ni)PRIEPRS K aefqushydeesabe indyS Ratgnt dou § 43t SHh Misirdltesy eyl Hingiband n
Sephacr YEJMISTMSJﬂ%gC@J SwhsFroddg aled B@Qxf\/ﬁSIﬁ'Z@O a%?aec%eﬂa ARLEE taway’
NJ, USA). 20 As shown in F| gure 46, Bl ue Dextran MDa) el ution peaked
ear| {5 | ndlgﬁsé@th}’dhe sene refidetiopreor e @WGPMBI@-N_ﬂKﬁleaCh SEC el uti on
fraction were concentrated (5-fold) by acetone-precipitation and anal yzed

by West 6{0@3§U]0t ti "(g)d( sgweﬁce%%p HQ@UE&QH%}% A0S cIYRId rétgfg M‘% Sa&%wg hout

fractions 4, Icating the incorporation o

wi shi ng plgsnmé PE@MBIPB‘JAﬁKﬁéMhe PER dasd digetiingmethat preseetelidn Pavtai et ahad ei t her
assenbl e e or 25 that it has attached to a high
nol ecul &/{étﬂ&ghr?Ne Og:??négggsftrg?gspe@tl vely of the subtype produced. In
Figure 46, HL fromstrain A/ New Cal edoni a/ 20/ 1999 and H3 from strain

A Bri sbali#e331d/ ZOOTOV\EBMOpMBj:lmodiJthseciuegceRBEQsiDg‘#ﬁi lleewaé dﬁEpltt‘&ﬂﬂagiRTi-Pi@R

crondl " oo HiR e SR RSB R e TR b SR B  SBEOIG N aC o
assenbl elisnted qumi Bscl. 12799 (200 0H 0322 épmge@mw&@&ﬁﬁ@v@md $Ath
Tr ansi ent . exEF ssi on of seasagnal i nfluenza virus henmag %I utinin

agr oi nf i PR PR RISHR A NohaFiguss|7an ead Hend4Qhuz-Rlestair (SEQ {D G déV)e‘tjlth de
sequencecdndetl 860T(BEQ@ID NOE 50,3 g8 §1)ak aRFI A0 PR POERH Wie ¥R LGRS faRkQduce

seasonal influenza hemaggl utinins was determ ned through the expression of
the Hl sijeyplaterpignihid ﬁlalphgcaeowaetqr%aaéqamm peinENIBlastpi4isrtBBQAR74) |

A Neyy Cahgdgr Q95 3/ 2006
(HILND) (pl Conigd rﬁ%‘% b %"Pg%%%% PR 306), RGN MANR; 5050
(pl asmi ddige W@)Wlﬁtqﬂpwwmﬁm@wﬁmﬁmm&ﬁerf ptdanéwned 1t W)\WAN)IFSKtSh,e B type

B or | daP A sg0t p U B R B A S5 Bles B R i - gene
codi ng spdymereeso gereeatd blustend€ Caﬁ&eﬂtthﬁdd WEretsbxeeera?&dbﬁyamant@%cﬂf &gsi on

cassette - ter 5'UTR, .. 3' nscrl p on term nati on_sequences
P ilingaleSFie

from t he 31 FSF% 18T Faletcs &gty I‘i Oeld Pessenied inddgupepd

i nse30 ed(SEQI® NO: 2219 GAVRb AN Irégm/of@t@&mﬁo ﬂi}é‘s AT 95 RYBER KPP
transfected into Agrobacterium (AG1 produci ng Agrobacterium strains
AGL1/ 7745rapidpnsissleny RMousing pEmensp /s, 1c AREQ I ND: 11 Aiind Hep ) At SadiGI9567 79,
respectively. 15 [00414] N bent hani ana- prants were infiltrated with

AGL1/ 774, AG.1/540, AQ.1l/ 775, AG.1/776, AG.1/ 777, AA1l/ 778 and AG.1/ 779 and
the | eaves were harvested after a six-day incubation period. To determ ne
whet her Hl accunulated in the agroinfiltrated | eaves, protein was first
extracted frominfiltrated | eaf tissue and anal yzed by Western bl otting
using anti-HA anti bodies (see Table 6 for the antibodi es and conditions
used for the det ectl on of each HA 20 subtype) For the HA from H1 stral ns,

. I T Y 1 e




hemaggl uti ni ns was determ ned through the expression of the H5 subtype from
strains 30 A/ Anhui/1/2005 (H5N1) (plasm d #781), A/Indonesial/5/ 2005 (H5NL)
(pl asm d woeadjo/msxts A/ Vi et nani 1194/ 2004 (H5N1) (pl asm d #T32)A20a90009282
subtype fromstrain A/ Singapore/1/1957 WD 2010/ 003225PCT/ CA2009/ 000926
(H2N2) (plasm d #780), the H6 fromstrain A/ Teal / Hong Kong/ W812/ 1997 ( H6NL1)
(pl asm d (3EQBBNO:t1NL). Arsetard antplificatiof/viay pegderhied adtheprih@obEP1atoAMZ Y (SHY B3 M d

785, Thodidabe Pk etk e ety SEQDRRE MLH R Friteb SRR LEN e

pl ast ocy&nj Fig¥ Bl P&3baplaeABCR pfRlucts e TRdrBhixe® andRed 3s tohiRlag®@r 4 thgascri ption
term nati on_sequences fromthe alfalfa plastocyanin gene - and the
ﬁﬁ%\@ﬁ@l

assenbl edMPHEEWOR ssRhiBE reiskion) ddth nrtmsrs Fagio Qi 4 Fpgws A iandThe
pl asnids paBTEAR mggltlrggsug_sﬁ@monf@ A&%@&%ﬁ%@rﬂa 41465 Bl gestBl %Hﬁpeggn
Agrobacterium strains AG1/781, AG.1l/660, AGC1l/ 782, AL 780, AGC1/783,
AGL1/ 784 tharplasralyanin gomotegDantaiaded are heAMEHANM3KAT digaesedwith Hiphk (irathe dinii t h

/ : / / h
eaves. war aRd) SR Suchiig P aun 30 IAGE boi b Bt s FedoF a2 '

whet her Mereccgnul fat edrdcthoridnetiag mad sefjidncedoe sbquare @gegrity. dtheiresuliag i r st
extracted, from.infj ated | eaf. tissu / by Western blotting
usi ng appiESpiY aeae %02 l%&%ﬁ?@%ﬂ%&ﬁé@%ﬁgﬁdég or the antibodi es and

conditions used for the detection of each HA subtype). A unique band of
appr ari NmposBy] 72 kRaluwdEspdrpressichlashiewhs akémbled aloAsw S RBoaRES GipeRd 15 with
H5 and H2 . r ion constructs (Figure 48a and b corresponding in size
to the uﬁ%}{@%‘gﬂ%m@@w%woﬁ ﬁ?qﬂ&@?ﬁb pRyYh G4 polymeseieasAgie at ed

that exphLagsbenaf digdstdiariano Eﬁfétainahe &%ﬂ%ﬁ{/ﬁagt@ipﬂﬁn&%r).%mgitﬁ{%i ninin

infiltrated | eaves results in e accunul ati on of the uncl eaved transl ati on

product . ftagmeay (Ehimesic NippPlagie promosmdiSErhendide sesuveiceNos terminatrirbwas clored

expressi gn, Rksd 6878 . in_the crude
protein extract Erfe% ?é@&%‘fﬁ%ﬁﬁ%ﬁb%i&?{r&gﬁlg?léﬁ}%ﬁt?g%?lgrélgg 8 of H5 by
agr oilpf f iupstehinahinericNVir/Plaka pummqiérariihs r§sODihg plasingl, adméd R8700fs pidsented mnsi ent
expressi @n_s 0 e influenza hemagglutinin in | eaves of N cotiana
t abacum %é%‘%%%&%@ﬁﬁr g%igh t he expression of the H5 subtype fromstrain
Al I ndonesi a/ 5/ 2005 (H5N1) (plasm d #660). The hemaggl uti nin gene codi ng
sequenceas&mbleofothérrespressimasatiettek i N t he pl ast ocyani n expressi on cassette -
pronmoter, 5 UTR, 3'UTR and transcription term nation sequences fromthe
alfalfa gl in.gene -. and the assenbl ed cassettes were inserted into
to a pm%gﬁifeﬁgx%&%?agar%se@ The plasm ds was then transfected into

Agr obacterium (AG.1), producing strain AG1/660. [00418] N tabacum pl ants
wer e i nf {00383k ed wWiherageltd é660ingKie sblublel fomv eSH Iveneplepdrvdisy efladdg dfct er a

Si X- i ncubat.i o riod. To determni ne ether H5 acc ated in the

R R L B R et A et

| eaves asfbodingltherieakityziMes GONY I CdriansiHAGurY\@ 20004, QRRAL5FGT! £A200AL 000926

anti-H5 ?{1\@ bodi A uni que band of approximtely 72 kDa was detected in
I

S. . { ¢ y [, W A
extracts )gml%gW?nt wat petseired wigh flankineeonl gnd Recl gites|te fagiipteploning Theof

| uenz pl3a PG g i TR ARRPRE! fltas DAl 1 EXRIESThoksBle DATRAGLYLI ni

ininfiltrated N tabacurn | eaves results in the accunulation o

uncl eaved! PB@edlecursor. 5 Exanple 17: I mmunogenicity of plant-nmade H5NL
VLP vaccine from A/l ndonesi a/5/05 (H5N1) in ferrets [00419] A dose

escabat i 9N Kirueyo Rﬁojfggmetg{%l%smcag)&&gor med to evaluate the i munogenicity of
pl ant derived VLPs. In vitro cross-reactivity of serum anti body induced by

the H5 VHD gacci ne at 3 doses (1, 5 and 15 ug% was assessed by
hemaggl uti®Rath on imEsHhehTee thetAbaseo geimurus GEMERIER pod the open reading

Al tur key g ; l \ / :

Y R T M R A S L P L
after th8ankinglachsitrenddéd davowsireran ¢fthestpe cGDA) Thedrrgnibat Wasydtgeafet] evithtSvenl Zind
d Fi ' | i , - tivity i
obser ved il YR ah@Sat dna IR fyEOPEH B Y oA e R G580 o gt o

CHWP criteria. 15 [00420] The EMEA's Comm ttee for Medicinal Products for
Human Use ( CHWP)

(http://ww. enmea. eur opa. eu/ ht ns/ gener ab8eont act s/ CHVP/ CHVP. ht m ) sets out
three criteria (applied follow ng the second dose) for vaccine efficacy: 1
- Nunber of seroconversion or significant increase in H titers (4-fold)
>40% 2 - Mean geonetric increase of at least 2.5; 3 - proportion of

subj ects achieving an H titer of 1/40 should be at |east 70% Analysis of
these 20criteria in the ferret nodel is shown in Tables 8-11. (*) is

i ndi cative of neeting or exceeding the CHW criteria. A sunmary of
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pCAMBIA binary plasmid. The resulting plasmid bore the M1 coding region under the control
of a 2X35S/TEV promoter and 5°UTR and the NOS terminator (construct 750; figure 11).

HcPro expression cassette

[00335] An HcPro construct (35HcPro) was prepared as described in Hamilton et al.
(2002). All clones were sequenced to confirm the integrity of the constructs. The plasmids were
used to transform Agrobacteium tumefaciens (AGL1; ATCC, Manassas, VA 20108, USA) by
electroporation (Mattanovich et al., 1989). The integrity of all A. tumefaciens strains were

confirmed by restriction mapping.
P19 expression cassette

[00336] 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
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-443¢ (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-SacLr (SEQ ID NO: 126)
using construct 355: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
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

[00337] Nicotiana benthamiana or Nicotiana tabacum plants were grown from seeds in
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
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transformation, apical and axillary buds were removed at various times as indicated below, either

by pinching the buds from the plant, or by chemically treating the plant

[00338] Agrobacteria transfected with each construct were grown in a YEB medium
supplemented with 10 mM 2-[N-morpholino]ethanesulfonic acid (MES), 20 pM acetosyringone,
5 50 pg/ml kanamycin and 25 pg/ml of carbenicillin pH5.6 until they reached an ODg between
0.6 and 1.6. Agrobacterium suspensions were centrifuged before use and resuspended in
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, A. tumefaciens suspensions were centrifuged,

10 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
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. F ollowing syringe or
vacuum infiltration, plants were returned to the greenhouse for a 2-6 day incubation period until

15 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-
infiltrated with strain AGL1/R472 in a 1:1 ratio.
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Tabl e 12: Summary of cross-immnogenicity analysis in relation to CHW
criteria for Ilcensure Strain Criteria Study group 1 pg adjuvanted 5
pgl5 pg ahvsamplenp andjtotglomotennt extractiofiol d i ncrease in Hi

Al turkey/ Turkey/ 1/ 05 titer 80% *

[00339] 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,
5  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

10 [00340] 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 pHS, 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

15 relative protein content of eluted fractions was monitored by mixing 10 pL 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 pHS, 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

20 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

[00341] Protein concentrations were determined by the BCA protein assay (Pierce
Biochemicals, Rockport IL). Proteins were separated by SDS-PAGE under reducing conditions
25  and stained with Coomassie Blue. Stained gels were scanned and densitometry analysis

performed using ImageJ Software (NIH).

[00342] 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)

30 membranes (Roche Diagnostics Corporation, Indianapolis, IN) for immunodetection. Prior to
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immunoblotting, the membranes were blocked with 5% skim milk and 0.1% Tween-20 in Tris-
buffered saline (TBS-T) for 16-18h at 4°C.

[00343]

Immunoblotting was performed by incubation with a suitable antibody (Table 6),

in 2 pg/ml in 2% skim milk in TBS-Tween 20 0.1%. Secondary antibodies used for

5 chemiluminescence detection were as indicated in Table 4, diluted as indicated in 2% skim milk

in TBS-Tween 20 0.1%. Immunoreactive complexes were detected by chemiluminescence

using luminol as the substrate (Roche Diagnostics Corporation). Horseradish peroxidase—enzyme

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

Biological Standards and Control (NIBSC).

controls of detection for H1, H3 and B subtypes, were purchased from National Institute for

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/California/0 | Reducing FII 10- | 4 pg/ml | Goat anti- | 1:10 000
4/09 (HIN1) ISOF mouse
(JIR 115-
035-146)
H1 A/Brisbane/59 | Reducing FII 10- | 4 ug/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
(HIND) (JIR 313-
035-045)
H1 A/New Reducing FII 10- | 4 pg/ml | Goat anti- | 1:10 000
Caledonia/20/ 150 mouse
99 (HIN1) (JIR 115-
035-146)
H2 A/Singapore/1 | 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)
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Exanpl e 19: Sel ecti on of

henmaggl utwoi2niomesi2eot i de sequences 5 [00422] The nucl eot ipde/eouweners of t he
HA were retrieved froman influenza sequence database (see URL:

flu.lanl.gov), or the NCBI influenza virus resource (Bao et al., 2008. J.
Vi rol ogy| 82(2) : | %&isb4kk]10s eNohRledudicdi | NIBSGi h1go00 geRebss/ FLULFOUOMT m ) .
For several of theoHAM3INm! eic acid sequesitss, |nmul tipl entéslteepes are | sted
in the databases (Table 13). Sone variation i $ associgtRd 3Bt marily Wwth
the culture sysfem (Origin|- MK, egg; unknown, vi rﬁal()Si-ORNA/ clini cal
i sol ate) [y§or exaARRIsEonsid | HonRaNdRL | PRIBSE €| atiop@Si| Rabbit 194] (10000 €
protein nunberipghogf the HA is absent|yhess type B infhiignes Virus i $
expressed in al ﬁ_ﬁt@ c fluid of eggs (see alsp Chen eyl .3132p08). For sone
sequences, doma| ns mgy be | acking (e.g incomgl ete cl[@gs_ms)sequenci ng
artifact ete ). —DPonai-ns agd sub-donaipsof il Een neEN TEHhIARAT] ar e
di scussedHaener agggfmm /e nglécr‘r'gti on. | N$ férOngﬁﬁ}(%iFi EHMQJ'IQOWM st
sequence| may be dHeNALd|wi th a dommi Qf;gjdm a secorja1 lggﬁ} ng sequénce
e.g. the signal |peptide of ja first stralir sequence mtééjgﬂé 'on1pi ned wjth the
bal ance pf _the hemagglutinin coding seguence from a gecond strainto
provi de pHEonpl eAARwI RGO s Bgdhsinge ﬁb@%ﬁ@/ 003295PCRab®009/ b30898 | Tabl e
13: Variation i n3KAfNUenzalsubtypes for048B&cted HA cadikecBequences
Strain Sequence|database reference No. | Origin|SP HAl. 8%435;3'
H5 A/Vietnam/11 | Non-reducing ITC IT-|1:2000 | Goat anti- | 1:10000
94/2004 003-005 rabbit (JIR
(H5N1) 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 (H7TN7) 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
(HON2) (IR 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;

TGA: Therapeutic Goods Administration, Australia.

[00344]
Reichl (2004). Briefly, serial double dilutions of the test samples (100 pL) were made in V-

ITC: Immune Technology Corporation, Woodside, NY, USA;

Hemagglutination assay for HS was based on a method described by Nayak and
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06 1 SDN2 ZWOC% 8%6 ﬁ{l[l?lgl‘%d microliters of a 0.25% turkey red blood cells suspension (Bio Link Inc.,
Syracuse, NY) were added to each well, and plates were incubated for 2h at room temperature.
The reciprocal of the highest dilution showing complete hemagglutination was recorded as HA
5  activity. In parallel, a recombinant HA standard was diluted in PBS and run as a control on each

plate.

7. Sucrose gradient ultracentrifugation

[00345] 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)

10 discontinuous sucrose density gradient, and centrifuged 17,5 h at 125 000 g (4°C). The gradient
was fractionated in 19 3-mL fractions starting from the top, and dialyzed to remove sucrose prior

to immunological analysis and hemagglutination assays.

8. Electron microscopy

[00346] One hundred microliters of the samples to be examined were placed in an Airfuge
15 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
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 F igures

14B, 15B and 15C).

20 [00347] 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
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

25  microscope (TEM).

9. Plasma membrane lipid analysis

[00348] Plasma membranes (PM) were obtained from tobacco leaves and cultured BY?2

cells after cell fractionation according to Mongrand et al.by partitioning in an aqueous polymer
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[00349] Lipids were extracted and purified from the different fractions according to Bligh
and Dyer. Polar and neutral lipids were separated by monodimensional HP-TLC using the

5  solvent systems described in Lefebvre ef al.. Lipids of PM fractions were detected after staining
with copper acetate as described by Macala et al. Lipids were identified by comparison of their
migration time with those of standards (all standards were obtained from Sigma-Aldrich, St-

Louis, MO, USA, except for SG which was obtained from Matreya, Pleasant Gap, PA, USA).

10. H5 VLP (A/Indonesia/5/2005) purification

10 [00350] Frozen 660-infiltrated leaves of N. benthamiana were homogenized in 1.5
volumes of 50 mM Tris pH 8, NaCl 150 mM and 0.04% sodium meta-bisulfite using a
commercial blender. The resulting extract was supplemented with 1 mM PMSF and adjusted to
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

15  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
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

20  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
PBS pH 7.4 with 0.01% Tween-80 and 0.01% thimerosal. Suspended VLPs were filter-sterilized

before use.
11. Animal studies
25  Mice

[00351] Studies on the immune response to influenza VLP administration were performed
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.
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All groups were immunized in a two-dose regiment, the boost immunization being done 3 weeks

following the first immunization.

[00352] For intramuscular administration in hind legs, unanaesthetized mice were
immunized with either the plant-made H5 VLP (A/Indonesia/5/2005 (H5N1) vaccine (0.1, 1, 5
5  or 12 pg), or a control hemagglutinin (H5) antigen. The control H5 comprised recombinant
soluble hemagglutinin produced based on strain A/Indonesia/5/05 H5N1 and purified from 293
cell culture (Immune Technology Corp., New York, USA) (used at 5 pg per injection unless
otherwise indicated). Buffer control was PBS. This antigen consists of amino acids 18-530 of
the HA protein, and has a His-tag and a modified cleavage site. Electron microscopy confirmed

10 that this commercial product is not in the form of VLPs.

[00353] To measure the effect of adjuvant, two groups of animals were immunized with 5
g plant-made VLP HS vaccine plus one volume Alhydrogel 2% (alum, Accurate Chemical &
Scientific Corporation, Westbury, NY, US) or with 5 pg recombinant hemagglutinin purified
from 293 cell culture plus | volume alum. Seventy mice were randomly divided into fourteen
15 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
prime-boost regimen, the boost immunization performed 3 weeks following the first

Immunization.

[00354] For intramuscular administration in hind legs, unanaesthetized mice were

20 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,
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
cither 5 ug plant-made VLP H5 vaccine or with 5 pg of control HA antigen without any

25  adjuvant.

[00355] For intranasal administration, mice were briefly anaesthetized by inhalation of
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 pg) or
with PBS. All antigen preparations were mixed with chitosan glutamate 1% (Protosan,

30  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
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of animals were immunized with 1 ug plant-made VLP HS5 vaccine or with 1 pg control HA

antigen.
Ferrets

[00356] Ten groups of 5 ferrets (male, 18-24 weeks old, mass of approx 1 kg) were used.
5  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
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).

10  Table 7. Treatment groups

Group n Product-injected to R'0l.1te of. Adjuvant
animals administration
1 5 PBS (negative control) im* -
2 5 Vaccine-plant, 1 ug im. -
3 Vaccine-plant, 1 ug im. Alum
4 5 Vaccine-plant, 5 ug im. -
5 5 Vaccine-plant, 5 pug i.m. Alum
6 5 Vaccine-plant, 7.5 ug im. -
7 5 Vaccine-plant, 15 ug im. -
8 5 Vaccine-plant, 15 pg i.m. Alum
9 5 Vaccine-plant, 30 pg im. -
10 5 Vaccine-control, 5 pg im. -
*L.m.: intramuscular
[00357] 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
15 0, 14 and 28; for protocols incorporating adjuvant, the vaccine composition was combined with
Alhydrogel immediately prior to immunization in a 1:1 volume ratio). Serum samples were
obtained on day 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 .
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[00358] Anti-influenza antibody titres may be quantified in ELISA assays using

homologous or heterologous inactivated H5N1 viruses.

[00359] 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
5  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

10 the highest dilution which completely inhibits hemagglutination.

[00360] Cross-reactive HAI titers: HAI 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

15  (subclade 2.2). All analyses were performed on individual samples.

[00361] 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)

[00362] One hundred twenty eight mice were randomly divided into sixteen groups of
20  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.

[00363] For intramuscular administration in hind legs, unanaesthetized mice were
immunized with the plant-made HS VLP (1, 5 or 15 ug), or 15 ug of control HA antigen or
25  PBS. All antigen preparations were mixed with one volume of Alhydrogel 1% prior to

immunizations (alum, Accurate Chemical & Scientific Corporation, Westbury, NY, US).

[00364] During the immunization period, mice were weighted once a week and

observation and monitored for local reactions at the injection site.
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[00365] 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 (CCIDS50) of influenza
A/Turkey/582/06 virus (kindly provided by Dr. Bruno Lina, Lyon University, Lyon, F rance).
5  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.
Blood collection, lung and nasal washes and spleen collection

[00366] Lateral saphenous vein blood collection was performed fourteen days after the
10 first immunization and fourteen days after second immunization on unanaesthetized animal.

Serum was collected by centrifugation at 8000 g for 10 min.

[00367] Four weeks after second immunisation, mice were anaesthetized with CO, gas

and immediately upon termination, cardiac puncture was used to collect blood.

[00368] After final bleeding, a catheter was inserted into the trachea towards the lungs and

15  oneml 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
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

20  nasal washes were centrifuged to remove cellular debris. Spleen collection was performed on
mice immunized intramuscularly with 5 pg of adjuvanted plant-made vaceine or 5 pg adjuvanted
recombinant HS antigen as well as on mice immunized intranasaly with 1 pg of adjuvanted
plant-made vaccine or 1 pg adjuvanted recombinant H5 antigen. Collected spleens were placed
in RPMI supplemented with gentamycin and mashed in a 50 ml conical tube with plunger from a

25 10 ml syringe. Mashed spleens were rinsed 2 times and centrifuged at 2000 rpm for 5 min and
resuspended in ACK lysing buffer for 5 min at room temperature. The splenocytes were washed
in PBS-gentamycin, resuspended in 5% RPMI and counted. Splenocytes were used for

proliferation assay.

Antibody titers
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[00369] 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
A/Indonesia/5/05 as the coating antigen. The end-point titers were expressed as the reciprocal
value of the highest dilution that reached an OD value of at least 0.1 higher than that of negative

control samples.

[00370] For antibody class determination (IgG1, IgG2a, IgG2b, [gG3, IgM), the titers
were evaluated by ELISA as previously described.

Hemagglutination inhibition (HI) titers

[00371] 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 II) (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 (H5N1) hemagglutinin

by agroinfiltration in N. benthamiana plants

[00372] The ability of the transient expression system to produce influenza hemagglutinin
was determined through the expression of the H5 subtype from strain A/Indonesia/5/05 (H5N1).
As presented in Figure 11, the hemagglutinin gene coding sequence (GenBank Accession No.
EF541394), with its native signal peptide and transmembrane domain, was first assembled in the
plastocyanin expression cassette — promoter, 5’UTR, 3’UTR and transcription termination
sequences from the alfalfa plastocyanin gene — and the assembled cassette (660) was inserted
into to a pCAMBIA binary plasmid. This plasmid was then transfected into Agrobacterium

(AGL1), creating the recombinant strain AGL1/660, which was used for transient expression.

[00373] N. benthamiana plants were infiltrated with AGL1/660, and the leaves were

harvested after a six-day incubation period. To determine whether HS accumulated in the
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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
5 (A/Vietnam/1203/2004; Protein Science Corp., Meriden, CT, USA) was detected as two bands
of approximately 48 and 28 kDa, corresponding to the molecular weight of HA1 and HA2
fragments, respectively. This demonstrated that expression of H5 in infiltrated leaves results in

the accumulation of the uncleaved translation product.

[00374] The formation of active HA trimers was demonstrated by the capacity of crude
10 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

[00375] The assembly of plant-produced influenza hemagglutinin into high molecular

15 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

20 (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

25  into a large superstructure or that it has attached to a high molecular weight structure.

[00376] 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

30 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
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al., 1993) (cassette 544, figure 11). Although lacking the transmembrane domain, this soluble

trimeric form was capable of hemagglutination (data not shown).

[00377] 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
with anti-influenza A antibodies (Fitzgerald, Concord, MA, USA). In AGL1/540-infiltrated
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
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).

[00378] To evaluate the impact of M1 co-expression on hemagglutinin assembly into
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 Agrobacterium suspensions permits co-
expression of multiple transgenes. The Western blot analysis of SEC elution fractions shows that
the co-expression of M1 did not modify the elution profile of the H1 structures, but resulted in a

decrease in H1 accumulation in the agroinfiltrated leaves (see Figure 13F).

Example 3: Isolation of HS structures by centrifugation in sucrose gradient and

observation under electron microscopy

[00379] 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 H5 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
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
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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), H5 accumulated mainly
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.

5 Examination of the sample clearly demonstrated the presence of spiked spheric structures
ranging in size from 80 to 300 nm which matched the morphological characteristics of influenza

VLPs (Figure 14B).
Example 4: Purification of influenza HS VLPs from plant biomass

[00380] In addition to an abundant content of soluble proteins, plant leaf extracts contain a

10 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 corilparing protein content at the various steps of
clarification. A comparison of protein content in the crude extract (lane 1) and in the clarified

15  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.

[00381] 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
20  the flowthrough (Figure 15A, lane 6) and the eluted VLPs (Figure 15A, lane 7) demonstrates the

specificity of the fetuin affinity column for influenza H5 VLPs in plant clarified extract.

[00382] 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
25  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).

[00383] As shown in Figure 15D, H5 VLPs were purified to approx. 89% purity from
clarified leaf extract by affinity chromatography on a fetuin column, based on the density of the
30 Coomassie Blue stained H5 hemagglutinin and on total protein content determination by the

BCA method.
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[00384] The bioactivity of HA VLPs was confirmed by their capacity to agglutinate
turkey red blood cells (data not shown).

[00385] Figure 15D also confirms the identity of the purified VLP visualized by Western
blotting and immunodetection with an anti-H5 polyclonal serum (A/Vietnam/1203/2004). A

5 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

hemagglutinin spikes covering its structure.

[00386] VLPs were formulated for immunization of mice by filtering through a 0.22 pm
filter; endotoxin content was measured using the endotoxin LAL (Limulus Amebocyte Lysate)
10 detection kit (Lonza, Walkserville, MS, USA). The filtered vaccine contained 105.8 +11.6%

EU/ml (endotoxin units/ml).
Example 5: Localization of influenza VLPs in plants

[00387] To localize the VLPs and confirm their plasma membrane origin, thin leaf
sections of H5-producing plants were fixed and examined under TEM afier positive staining.

15 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
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.
20  Example 6: Plasma Membrane Lipid analysis

[00388] Further confirmation of the composition and origin of the plant influenza VLPs
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
25 lipids from VLPs and control plasma membranes were similar. Purified VLPs contained the
major phospholipids (phosphatidylcholine and phosphatidylethanolamine) and sphingolipids
(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

30 contain one of the major proteins associated with plant plasma membranes, suggesting that host
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proteins may have been excluded from the membranes during the process of VLPs budding from

the plant cells (Figure 27C).
Example 7: Immunogenicity of the H5 VL Ps and effect of route of administration

[00389] 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
lowest antigen quantity, in a similar magnitude to that of 5 ug recombinant, soluble

hemagglutinin (H5) (Figure 20A).

[00390] 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).

[00391] For both administration routes, and over a range of antigen quantities,
seroconversion was observed in all of the mice tested. Recombinant H5 soluble antigen

conferred low (<1/40) or negligible (1<1/10 for the non-adjuvanted recombinant H5) HI titres.
Example 8:Hemagglutination-inhibition antibody titer (HAI) H5 VLP

[00392] Figure 21 A, B illustrates the hemagglutination inhibition (HAI) antibody
response 14 days following a “boost” with plant-made H5 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 H5. Increasing doses

of H5 VLP provided a modest increase in HAI over the lowest dose.

[00393] HAI response following intranasal administration was significantly increased in
mice administered plant-made H5 VLPs (1.0 or 0.1 ug) compared to those administered 1 ug
recombinant soluble HS, 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
HAT titers 20 times higher than the corresponding dose of the control H5 antigen. VLPs also
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 g VLP induced a
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[00394] 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 pg 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).

[00395] 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
5pg 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.

[00396] 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 H5S VLPs

[00397] 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.
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[00398] 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
demonstrated a significantly greater HAI hemagglutinin inhibition than recombinant soluble H5.
Even in the absence of an added adjuvant (i.e. alum or chitosan), plant-made H5 VLPs
demonstrate a significant HAIL indicative of a systemic immune response to administration of the

antigen.

[00399] Alum enhanced the mean level of HAI titers by a factor of 5 for intramuscular
administration of VLP (Figure 22a) and by a factor of 3.7 for the control H5 antigen. When
administered i.m., 5 pg VLPs induced a mean HAI titer 12 times higher than the corresponding
dose of control HS antigen. Chitosan did not boost the mean HAI level of the control H5 antigen
(Figure 22b) while it increased the mean HAI level of mice immunised with 1 pg VLP

administered i.n. by a factor of 5-fold.
Example 10: Antibody isotypes

[00400] Mice administered plant-made H5 VLPs or recombinant soluble H5 in the
presence or absence of alum as an added adjuvant demonstrate a variety of immunoglobulin

isotypes (Figure 23A).

[00401] 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 1gG3 maintaining
similar titers as in the presence of an added adjuvant. IgG1, IgG2a, and IgG2b titers are

markedly reduced when recombinant H5 is administered without an added adjuvant (Figure
23A).

[00402] These data, therefore, demonstrate that plant-made VLPs do not require an added

adjuvant to elicit a antibody response in a host.

[00403] Antibody titers against whole inactivated influenza virus strains
(A/Indonesia/5/05; A/Vietnam/1203/04)1 in mice administered plant-made VLPs or soluble

recombinant HA intramuscularly in the presence of an added antigen are illustrated in Fi gure
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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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Example 11: Cross-reactivity of serum antibodies induced by the H5S VLP vaccine

[00404] Cross—reactiv.ity 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).

[00405] However, only the plant-made VLP induced HAI titer against the
A/turkey/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 H5 VLP

[00406] 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 H5N1”) infectious virus, and observed. The dose
administered, per animal, was 10 LDsg (4.09 X 10° CCIDsp).

15 [00407] 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 H5 VLPs survived up to 17 days post-

challenge, when the experiment was terminated.

[00408] 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  H5NI) 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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[00409] 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.

[00410] These data, therefore, demonstrate that plants are capable of producing influenza
5 virus-like particles, and also for the first time, that virus-like particles can bud from a plant

plasma membrane.

[00411] 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 pg per subject, each kg of infiltrated leaf may
10 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, H5, H6 and H9)

structures in plant extracts using size exclusion chromatography

15 [00412] 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).

20 Asshown 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

25 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

[00413] 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, 5’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.

[00414] 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 HAQ 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

[00415] The ability of the transient expression system to produce potential influenza
hemagglutinins was determined through the expression of the H5 subtype from strains
A/Anhui/1/2005 (H5N1) (plasmid #781), A/Indonesia/5/2005 (H5N1) (plasmid #660) and
A/Vietnam/1194/2004 (H5N1) (plasmid #782), the H2 subtype from strain A/Singapore/1/1957

-121 -



AB296074 ? YY Y Y A/ Singapore /1/1957 L20410 RNA YY Y Y A/ Singapore
[ 1/ 1957 L11142 ? YY Y Y H2 A/Japan/ 305/ 1957 L20406 ? YY Y

10

15

20

25

30

WO 2010/003225 PCT/CA2009/000926

(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 (H9N2) (plasmid # 785). The hemagglutinin gene coding sequences
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 were then transfected
into Agrobacterium (AGL1), producing Agrobacterium strains AGL1/781, AGL1/660,
AGL1/782, AGL1/780, AGL1/783, AGL1/784 and AGL1/785.

[00416] N. benthamiana plants were infiltrated with AGL1/781, AGL1/660, AGL1/782,
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
with H5 and H2 expression constructs (Figure 48a and b), corresponding in size to the uncleaved
HAOQ 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

(Figure 48b).
Example 16: Transient expression of H5 by agroinfiltration in V. tabacum plants

[00417] The ability of the transient expression system to produce influenza hemagglutinin
in leaves of Nicotiana tabacum was analysed through the expression of the H5 subtype from
strain A/Indonesia/5/2005 (H5N1) (plasmid #660). The hemagglutinin gene coding sequences
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 pCAMBIA binary plasmid. The plasmids was then transfected

into Agrobacterium (AGL1), producing strain AGL1/660.

[00418] N. tabacum plants were infiltrated with AGL1/660 and the leaves were harvested
after a six-day incubation period. To determine whether H5 accumulated in the agroinfiltrated

leaves, 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: Immunogenicity of plant-made HSN1 VLP vaccine from A/Indonesia/5/05
(II5N1) in ferrets

[00419] 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
H5NT 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 50A), 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.

[00420] The EMEA’s Committee for Medicinal Products for Human Use (CHMP)
(http://www.emea.europa.ew/htms/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.

[00421] 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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,N - Yes, No, respectively SP - presence of signal peptide sequence Y/N -
130- WD 2010/ 003225PCT/ CA2009/ 000926 HAI - conplete HAI domain Y/N HA2 -
conpl et e WO20thawad2a Y/ N DTm - conpl et e transnmenbr ane domarrcA¢Hd/B0B6r ai n:
[1'l from A/ Sol onon | sl ands/ 3/ 2006 [ 00423] Ei ght ami no acid sequences were
conpared, and variations identified. (Table 14). Position 171 exhibited a
vari ati orable 18t $amifar{ 6J croks-imigidgesicitiRhnalpsis Rt 46 OERMP cfitdtisfot 4:

Al Sol onon | sl ands/ 3/ 2006 am no acid variation Amino acid #* MDCK Egg 212 K
T 241 Q Be@UYre R Numbering fromthe starting M 10 Strain: HL from

Al Bri sbane/ 59/ 2007 [ 00424] Position 203 exhibited a variation of aspartie

acid (D[ T1soleucine (T) or asparagine (N). St I akfidylddodg OM
Al Bri shbane/ 10/gQR4 Criteria 1 ng 5ug 15 g
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  [00422] The nucleotide sequences of the HA were retrieved from an influenza sequence
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 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.

- 126 -



15[ 00425] Sequence vari ations were observed at 5 positions (Table 15).

position 215, a deletion is observed in two sanpl ed sequences. .
2010/ 003226RCIV0A2609/ 000926 Tabl e 15: H3 from A/ Bri sbamerAO:28060%m No

acid variation Oigin 202, 210, 215, 235 242* | SDN274893 Egg VL - Y I

| SDN273759 Egg GP
Table 13: Variation in Influenza subtypes for selected HA coding sequences

AS |

EU199248 Egg GP

AS |

WO

EU199366 Egg

Sequence
. database
Strain
reference
No. Origin |SP | HA1 |HA2 |DTm Divergence
A/Solomon gSBDN2315 189: R ou G, 220: K (MDCK)
H1 | Islands/3/20 ) MDCK| Y| Y | Y y |T(Egg), 249: Q (MDCK)
06 (Vaccine R(Egg), 550: L (MDCK) R
rec.) (Egg)
A/Solomon 189: R ou G, 220: K (MDCK)
ISDN2381 T(Egg), 249: Q (MDCK)
Slands/3/20 1 o9 Feg Y Y 1Y Y IREgg), 550: L (MDCK) R
(Egg)
A/Solomon 189: R ou G, 220: K (MDCK)
Islands/3/20 | EU100724 |2 Y Y| Y Y Egggg’ 525‘:)?: LQ(M]()%DK?Q
06 ’ :
(Egg)
A/Solomon 189: R ou G, 220: K (MDCK)
ISDN2209 T(Egg), 249: Q (MDCK)
{)sélands/3/20 51 MDCK| Y| Y | N N R(Egg), 550: L (MDCK) R
(Egg)
A/Solomon 189: R ou G, 220: K (MDCK)
ISDN2209 T(Egg), 249: Q (MDCK)
BSGIands/3/20 53 Egg Y| Y N N R(Egg), 550: L (MDCK) R
(Egg)
189: R ou G, 220: K (MDCK)
A/Solomon -
Islands/3/20 |EU124137 |Egg Y| Y| N N Egig’ 525‘;')9_' LQ(M%DK(;I%
06 ’ '
(Egg)
189: R ou G, 220: K (MDCK)
A/Solomon >
T(Egg), 249: Q (MDCK)
(I)s61ands/3/20 EU124135 |{MDCK | Y | Y | N N R(Egg), 550 L (MDCK) R
(Ege)
189: R ou G, 220: K (MDCK)
A/Solomon >
T(Egg), 249: Q (MDCK)
(I)s61ands/3/20 EU124177 |MDCK | Y | Y | Y Y R(Egg), 550: L (MDCK) R
(Egg)
A/Brisbane/5 | ISDN2826 203: D/I/N D est le plus
H1 MDCK| Y | Y Y p
9/2007 76 abondant chez les H1
A/Brisbane/ | ISDN2851 203: D/I/N D est le pl
E Y| Y | N N : plus
59/2007 01 £g abondant chez les H1
A/Brisbane/ | ISDN2857 203: D//N D est le pl
E Y| Y| Y Y : plus
59/2007 77 ge abondant chez les H1
A/Brisbane/ | ISDN2826 203: D//N D est le pl
E Y| Y| Y Y : plus
59/2007 77 &8 abondant chez les H1
A/Brisbane/1 | ISDN2748 202: V/G, 210:L/P, 215: del
H3 | 02007 93 Beg (Y Y Y Y e
A/Brisbane/ | ISDN2576 202: V/G, 210:L/P, 215: del
10/2007 |48 MDCK | N Y Y Y a0 e
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GP
G

AS |
AS |

| SDN273757 Egg VL -S S | SDN257043 Egg GP AS | EU199250 MDCK
| SDN375357 Egg G P A S | | SDN260430 Egg
WO 2010/003225 PCT/CA2009/000926
Sequence
. database
Strain
reference
No. Origin |SP |HA1 |HA2 | DTm | Divergence
A/Brisbane/ | ISDN2567 202: V/G, 210:L/P, 215: del
10/2007 51 Egg Yy |y Y | Ala, 242: ST
A/Brisbane/ | ISDN2737 202: V/G, 210:L/P, 215: del
10/2007 57 Egg Yiy |y Yl Ala 242: S/1
A/Brisbane/ | ISDN2737 202: V/G, 210:L/P, 215: del
102007 |59 Egg Y VY LY X e 242: 8T
A/Brisbane/ ( 202: V/G, 210:L/P, 215: del
10/2007 EU199248 | Egg Ny Yy Y Ala, 242: S/I
A/Brisbane/ 202: V/G, 210:L/P, 215: del
10/2007 EU199366 | Egg Y|y y Y | Ala, 242: 1
A/Brisbane/ | ISDN2570 202: V/G, 210:L/P, 215: del
102007 |43 Egg TN Y LY Y e 242 S
A/Brisbane/ 202: V/G, 210:L/P, 215: del
102007 |FUI99230 IMDCK | N | Y Y Y e s
A/Brisbane/ | ISDN2753 202: V/G, 210:L/P, 215: del
10/2007 57 Egg | N Y | NI N 242: 81
A/Brisbane/ | ISDN2604 202: V/G, 210:L/P, 215: del
102007 |30 Beg | N| Y Y T Y | Ala242: 81
138: A/S
.. |ISDN1314
A/Wisconsin . 156: H/Q
f?
H3 1 /67/2005 f:c §Vaccme : NP Y LY N s gv
: 196: H/Y
138: A/S
A/Wisconsi parti 156: H/Q
{7
672005 | PQB6394T 2 N Y g N geav
196: H/Y
138: A/S
A/Wisconsi 156: H/Q
?
/672005 | EF473424 17 NpY Ly N Vg6 giv
196: H/Y
138: A/S
A/Wisconsi | ISDN1387 156: H/Q
W67/2005 |23 Egg | N1 Y 1 Y [ Y g6y
196: H/Y
138: A/S
A/Wisconsi 156: H/Q
0/67/2005 |EEAT3ASS (EBge N Y Y Y el o
196: H/Y
138: A/S
A/Wisconsi | ISDN1387 156: H/Q
W/67/2005 |24 ? Ny Y Yy o Y e ov
196: H/Y
., | ISDN1266
B ]235/1(\)451238,;;3/ 72 (vaccine| Egg Y| Y N N 120 K/N
rec.) 210 T/A
B/Malaysia/ 120 K/N
| |oso6004 EFS68433 |Bee | Y| Y | N | N
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G AS |

fromthe starting M Strain:

16: H3 from A/ Wsconsin/ 67/ 2005 anmi no acid vari ati on

| SDN256751 Egg G P A S |

| SDN257648 MDCK GL A S |

*Nunberi ng

H3 from A/ Wsconsi n/ 67/ 2005 5[ 00426] Sequence
vari at i orwoi2nioidedRsstrai n were observed at 4 positions eCakiao®dpos2dabl e

196 | SDN138724 Unknown A H G

Oigin 138, 156, 186,

Sequence
. database
Strain
reference
No. Origin |SP |HA1 {HA2 DTm | Divergence
B/Malaysia/ | ISDN2312 120 K/N
2506/2004 | 65 Bgg Y| Y | Y| Y oA
B/Malaysia/ | ISDN2315 120 K/N
Y Y
250612004 |57 MDCEK | Y ¥ 210 /A
B/Malaysia/ 120 K/N
2506/2004 EF566394 {MDCK | Y | Y N N 210 T/A
B/Malaysia/ 120 K/N
Y Y Y
25062004 |EUI24274 |Egg | Y 210 T/A
B/Malaysia/ 120 K/N
2506/2004 EU124275 (MDCK | Y Y Y Y 210 T/A
B/Malaysia/ | ISDN1247 120 K/N
250612004 |76 MDCK | Y | Y | N N oA
. lacking glycosylation site at
B ]2300(3)160r1da/4/ £S9DN2616 Egg Y| Y Y N position 211; 10 amino acids
of DTm/cytoplasmic tail
2%/5 61°“da/ ¥ 1EUt00604 |[MDCK | N | Y | N | N
21(3)/37610rida/ 4/ I681DN2 180 MDCK | N v N N
B/Florida/4/ | ISDN2857
2006 78 Ege Y Y Y Y Includes cytoplasmic tail
B/Brisbane/3 | ISDN2566 lacking glycosylation site at
B 1 007 28 Fgg | N Y | N | N | osition2ll
B/Brisbane/ | ISDN2637 lacking glycosylation site at
3/2007 82 Ege Y| Yy Y | position 211
B/Brisbane/ | ISDN2637
3/2007 33 MDCK | Y Y Y Y
A/Viet ISDN3868
H5 | Nam/1194/2 |6 (Vaccine|? Y| Y Y Y
004 rec.)
A/Viet
Nam/1194/2 [ AY651333 [? Y Y Y Y
004
A/Viet
Nam/1194/2 | EF541402 {? Y Y Y Y
004
. DQ37928
H5 %é;hull/l/ (vaccine ? Y'Y Y Y
rec.)
A/Anhuil/1/ | ISDN1314
2005 |63 Feg | Y Y Y| ¥
A/Chicken/It ARN
H7 | aly/13474/19 | AJ91720 Y Y Y Y
99 gen
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H DQB65947 Unknown S H V Y EF473424 Unknown A HGH
| SDN131464 Unknown A H GH EF473455 Egg AHGH

prot ei n vgoraiomo3Rsfr om B/ Mal aysi a/ 2506/ 2004

| SDN138723 Egg SQV Y
*Nunmbering fromthe nmature
PCT/CA2009/000926

Strain

Sequence
database
reference
No.

Origin

SpP

HA1

HA2

DTm

Divergence

H7

A/Equine/Pr
ague/56

AB298277
(Lab
reassortant)

152 (R/G)

169 (T/T)

208 (N/D) (glycosylation site
abolished)

A/Equine/Pr
ague/56

X62552

H9

A/Hong
Kong/1073/1
999

AJ404626

A/Hong
Kong/1073/1
999

ABO080226

H2

A/Singapore/
1/1957

AB296074

A/Singapore
/1/1957

120410

RNA

=<

<

A/Singapore
/1/1957

L11142

<

=

<

e

H2

A/Japan/305/
1957

120406

<

A/Japan/305
/1957

120407

A/Japan/305
/1957

CY014976

A/Japan/305
/1957

AY209953

A/Japan/305
/1957

J02127

< | == | =]~

Ml Z2 <

A/Japan/305
/1957

DQ508841

<

=<

A/Japan/305
/1957

AY643086

=

A/Japan/305
/1957

AB289337

A/Japan/305
/1957

AY643085

?

e BT ST RO RO I O

T B

“l=lzZz | <=z =] <]~

A/Japan/305
/1957

AY643087

Drug
resistan
t

<

=,

Z

H6

A/Teal/Hong
Kong/W312/
1997 (H6N1)

AF250479

Egg

Y, N—Yes, No, respectively

SP — presence of signal peptide sequence Y/N
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[00427] Variation at two positions is observed (Table 17). Position 120 is
not a glycosylation site; position 210 is involved in glycosylation; this
gl ycosyl avoaniovm3rbol i shed followi ng culture in eggs. 5PpPTaklao®mAn0926
Hemaggl utinin from B/ Mal aysi a/ 2506/ 2004 ami no acid variation Amno acid I(
MDCK Egg 120 K N 210 T A * Nunbering fromthe mddle of SP Strain:
hemaggl utiAli-nednipdere BIARI domiagtey AN 2006; | SDN261649 [ 00428] Coseved vari ations

i ncl ude no aci.d uence iation at position 211, 10 depending on the
culture 2{}]& ?ﬂmp@f“)mqeoﬁ@“’({ﬁ\yi s found in sequences isolated from MDCK
cells, wpthe- g(l)rﬂ}tﬂatmtﬁn@,@én@brg@)dmﬂ@wd 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 [ 00429] Sequence vari ations were
observed in 6 position s (Table 18). 15 Table 18: H2 from

A Si ngapgLemlil R m mlgpmﬁ%lgidy@mggl on Oigin Armino acid No. 166 168
199\ 236 238 358" L20410 Viral RNA KE T L SV L11142

[00423] 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

Amino acid # MDCK Egg
212 K T
241 Q R
542 L R
Numbering from the starting M
10
Strain: HI from A/Brisbane/59/2007
[00424] Position 203 exhibited a variation of aspartic acid (D), isoleucine (I) or asparagine
(N).
Strain: H3 from A/Brisbane/10/2007
15 [00425] Sequence variations were observed at 5 positions (Table 15). In position 215, a

deletion is observed in two sampled sequences.
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Unknown EGK L S | AB296074 Unknown K GI() G V Consensus

Al Japan/ 305/1957 K G TQLGV Nunbering fromthe mature protein WO

2010/ 003226RAIV00A2609/ 000926 Strains: 115 from A/ Vi et namCTAMNI®O0d2and HS
from A/ Anhui / 1/ 2005 [ 00430] There were no variations observed in the am no
aci d sequence upon aligning the primary sequences of either of these H5

st r ai ns. Tsblgtlp afilh froi6A/Brishand/l TRA07 doing abidvafiat®h?2/ 1997 [ 00431] Only one entry
was avail able for strain (AF250179). Strain: H7 from A/ Equi ne/ Prague/ 56

[ 00432] 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,—A34€ A‘ﬁ’SHZg% 202, 210, 215, 235 242
ISDN274893 | Egg \Y 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 v L - S S
ISDN257043 | Egg G P A S I

EU199250 MDCK G L A S I

ISDN375357 | Egg G P A S I
ISDN260430 | Egg G P A s I
ISDN256751 | Egg G P A s I

ISDN257648 | MDCK G L A S I

*Numbering from the starting M

Strain: H3 from A/Wisconsin/67/2005
5  [00426] 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 \Y% Y

EF473424 Unknown | A H G H

ISDN138723 | Egg s Q0 Vv Y

ISDN131464 | Unknown | A H G H

EF473455 | Egg A H G H

*Numbering from the mature protein
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[ 00433] A total of 2 sequence entries were found in the databases. Only one
was conpl ete. Exanple 20. Transient expression of influenza virus

hemaggl utwoi2niofawsed to a signal peptide froma plant seeCcei@I0Er00RsN.

[ 00434] The effect of signal peptide nodification on HA accunul ation | evel
for other 15 hemagglutinins was al so investigated through the expression of
t he A subtrype BiAds: BTt Bi06200d Br i sbane/ 59/ 2007 (HLN1) (plasm d #787),

Al New Cal edoni a/ 20/ 1999 (HIN1) (plasm d #540), from strains

A/ Bri sba 2007 N2) | asmid .790) and_ A/l pdones).a/ 5/ 2005 ( HS5N1)

(pl asni dr@%%% andvéﬁl_glf’ﬂgt ‘g‘)’t%?&é‘o‘?srl&ﬁgs)sefvreg?ﬁ%b“‘s% Bhtich ‘%0266 3 pl asni d
#798) f U%@doiyﬁhtfbﬁ git& ipgsiadn PO irdelveSh glitosyleidn; desglgebsHedn i bbstiskdd al fal fa
protein disulfide isomerase (PDI; 20 accession No. Z11499; SEQ ID. NGO 34;
Fi gure 1lowipgcubpye iBeg&enaggl utini n gene fusions were assenbled in the

pl ast ocyani n expression cassette - pronoter, 5 UTR 3" UTR and transcription
t er m pat iTghle3¢oMaREBtiORoh Bevakiad/d sopl0as hamvaridvagens - and the

assenbl ed cassettes were inserted into to a pCAMBI A binary plasm d. The

pl asm ds were then transfected into Agrobacterium (AG.1), producing
Agrobacterium strains AG.1/787, AGL1/540, 25 AG.1/790, AG.1l/663 and

AGL1/ 798, respectiyvety L0435 NrArentiantang ptants were infiltrated with
AGL1/ 787, AGL1/ 540“,555{&@}1 90|, AEPE%63 ] and 1/798. In parallel, a series
of plants was i nfil'r‘ rated—with—AGI 7742016/ 003225PCT/ CA2009/ 000926
V81270W2 AGL776, /&gl_ll 660 and AG.1/ 779 for conparii son purposes. Leaves
wer e harvested aftgpa stx=day iTu,u'UouiUll pertodiand proteins were
extracted frominfiltrated |jeaves and anal yzed by (Western bl ot using the
appropriate anti -HA-ant ;Oan"J C':iid lgo.fSPThe expression—of-HA from H /Bri sbane and
H3/ Bri sbane were consi derably i nproved using the SP from PDl conpared to
the expr &sshoNemaRsfitesloh BFibRGyS20%s; TESN Mkl t hei r native signal peptide
(Fig. 87b and c, Tespectively). The expression of a third HA from subtype
HL (strain A/ New Cal edoni a/ 20/ 19993 was confirnmed using this SP repl acenent
strat egy [Q0#28] 87a§bsevekvangtipmsi iedudepming addEpgaence apidtign abpaditiws2ll.ead t o

substgnt i LG [ C j i.al (Figure
7). Oand e BESR AR e R AR TS p b BFBIR it

i rrespectelseivhiloglutanec sdiid)() is frpd ideqddce seldtel] dronesggs.cBesitam AL Figaur e 87€) .
For all the ¢ rtlditi ons, wh r e t%gﬂlexpres ion of HA was detected , a unique

i munor e& tcf)valﬁgﬁﬁe’\%%ls géﬁh\f} V02 WOMELUFE wei ght of approximately 72
kDa (Fig. 87a to d), corresponding in size to the uncl eaved HAO precursor.
Exanpl e BtrainA2¢ikqm 85sigaporafides7t he control of CPMW-HT expression cassette.
15[ 00436] An expression cassette CPMW-HT (Sainsbury et al. 2008 Pl ant

Physi ol o » 1232-1218: .see al so, WO 2007/ 135480 i sing untransl ated
sequencegé{%'%o theéfaél\?\r/ﬂ)cgélann%s)hsogls gel{/eiorb lsj%wﬁd%ﬂé%os%mh\ﬁégﬁ%éed for expression
of sonme hemagglutinins in transgenic plants. HA from A/ New

Cal edéni dlabl/ 18O B2 fdiih )A/Sibeipars I AI987 SoMi0RTd ¢AtiationA/ Bri sbane/ 10/ 2007 (H3),

Al I ndonesi a/ 5/ 2005 (H5) and B/ Fl orida/ 4/ 2006 (B) were expressed 20 under

the control of CPMv=HF—TINI—Nb %ihﬁui au%n;ﬁng%aNoagrui nf+trated as
descri bed. Aftern incubation, gavaes wer e harvested, extracted and HA

contents in protein extracts were conp y. t. |As shown in
Fi gure 88, the CPM/-HT expression cassgtgggéFelc?\st@?f?&é#Qm expression

| evel than the pkagi@cyanim CEgEEH rrespectively of the|signal peptide
used. Further noy g,%#l?r strain gﬁ?r%%ESﬂl o?i da?4/2 06,L§the@eLse of CPMW-HT
expressi on casseyie; 25 al rowedpLR Aelectigm of HA, actcumui@ati on whi ch

remai ned undet ect abl e under these i mminodetection conditions when expressed
under the pl ast 0GY¥BGEFT4CASSET I Brino W) 2&107 B03225PCICAZ008/ 900926

[ 00437] Tabl e 19] Expression cassette used for expression of |influenza
hemaggl uti ni ns WcoR @i ve or| PDi st gnal pgptigesy ,Agro strdin HA expressed
Si gnal Peptide l%pfasﬁ%dg%gggssette

! Numbering from the mature protein
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AG.1/560 H1L (A/Californial/04/09) PD 2X35S/ CPW-HT AG1/540 H1 ( A/ New

Cal edoni a/ 20/ 99) PDI Pl astocyanin AG.1/580 H1 ( A/ New Cal edoni a/ 20/ 99) PDI
CPW/- HT AghRHi0M0333% ( A/ Bri sbane/ 59/ 2007) native Pl ast ocyamiaa26@ioni87 Hl
(A/ Bri sbane/ 59/ 2007) PDT Pl astocyanin AG.1/732 H1 (A/ Brisbane/ 59/ 2007)
nati ve CPMW-HT AGQ1/ 776 H3 (A/ Brisbane/ 10/ 2007) native Pl astocyanin

AGL1/ 790 H3 (A/ Brisbane/10/2007) PDI Pl astocyanin AGQ.1/ 735 H3

(A/ Bri sbane/ 10/ 2007) native

10

15

20

25

Strains: HS from A/Vietnam/1194/2004 and H5 from A/Anhui/1/2005

[00430] There were no variations observed in the amino acid sequence upon aligning the

primary sequences of either of these HS strains.

Strain: H6 from A/Teal/Hong Kong/W312/1997

[00431] Only one entry was available for strain (AF250179).
Strain: H7 from A/Equine/Prague/56

[00432] A total of 2 sequence entries were found in the databases. The entry AB298877

was excluded as it is a laboratory reassortant.
Strain: H9 from A/Hong Kong/1073/1999; AJ404626
[00433] 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.

[00434] The effect of signal peptide modification on HA accumulation level for other
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;
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 pCAMBIA binary plasmid. The plasmids were then transfected
into Agrobacterium (AGL1), producing Agrobacterium strains AGL1/787, AGL1/540,
AGL1/790, AGL1/663 and AGL1/798, respectively.

[00435] 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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CPW-HT AG.1/736 H3 (A/ Brisbane/ 10/ 2007) PDI CPWMW-HT AG.1/ 660 H5

(A/ I ndonesi a/ 5/ 2005) native Plastocyanin AG.1/685 H5 ( A/l ndonesi a/5/2005)
nat i ve CRNE-2bil/0b&2%/ 779 B ( B/ Fl ori da/ 4/ 2006) native Pl agtoamaamiwodGal/ 798 B
(Bl Fl ori q)gﬁf@ggg) PDI Pl astocyanin AG.1/738 B (B/Floridal/4/2006) native
CPMW/-HT A B (B/ Fl orida/4/2006) PDI CPW-HT Exampl e 22.
Co-expression with Hsp70 and Hsp40 in conbination with signal peptide

Snodi fi catdione, AQD#88() L3d ASDI /729 Fis RFkpaizeh blspéds. (L%@Véétvfdﬂ@ﬁar%sfébaftex%sfﬂ) of
plant origin were co- expressed with HL New Cal edoni a (construct nunber
540) or IdB‘/’BF‘t‘t?B%BCf(O@c?HQPF%FS werksaFracteddiom peitrtgldgviengndanaiygsy pepti de

of plant vpLtesh ol 1§s|11¥g'ih$ Sopropriald eﬁhﬂqllAQ%dd%)Themﬁre&%m{@%fn%/ﬂﬁ&ane
performed by agroinfiltration of N bentham ana plants with a bacterial

suspensi end HeyBrighangivwsirgigpnaidaaklyamproyad usirg the SP dhpmof Dix@mbasd @o tha@kreRET0,
AGL1/ 35S f

Sortr o) F?i%&%ﬁ%%ﬁ%%ﬁ?ﬂ‘ﬁ%&% V‘%%‘ﬂi‘ﬁ Rt g g‘)ﬁf&ég’ ‘gsltggf V(818’$ 1%&Ll/ 540,
AGL1/ 35SkkRewionfod i thidd) HA froAGhubtype 011 (AEEiﬂA%@HCE]Iedmﬁaf/m/ 19493) wasﬁédmﬁrmed

i ncubati on re har vest ontents.jn.protein

ot oot & Stne RN B e RSB K T hertofiiGn by P Om praids Bt LA o
tested tRebstaglihEeRDIEH ARG Mitatier HH(A/MRbndshes/ o056 KREaS S’Vd)narﬁfnoHS p70 and
Hsp40 di d. not increase hemaggl utinin accumul ation | evel for HL New

Cal edoni &ign#iovisdetiected o Haotrpm;strpin diFlopigad4/ @00, rqspestively ef b sigpalipapfideat ed

that 1hhe yelrfor expression (Figure 87¢). For all the conditions where the expression of HA was detected
, a unique immunoreactive band was observed at a molecular weight of approximately 72 kDa

(Fig. 87a to d), corresponding in size to the uncleaved HAO precursor.

Example 21. HA expression under the control of CPMV-HT expression cassette.

15 [00436] 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 (HS5) 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 harvested, 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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expression of cytosolic Hsp70 and Hsp40 resulted in a significant increase
I n hemaggl uti nin accunul ation |evel. WO 2010/ 003225PCT/ CA2009/ 000926
Exanpl e 280 2Bwposexmsi on of HL A/ California 04/09 under c®eoTAN2007000926
2X35S/ CPW-HT expression cassette. [00439] A CPW- HT expression cassette was
al so used for expression of HL A/California 04/09 (construct #560, Figures
90, 98) [004BF] bentTubld InBxjb@inSassa@s ot frlekprassash AsnflREL HehRGeluniAf t er 2
days of incubatio | eaves V%re harvested, extracted and HA contents in
protein g}éﬁpgtgfeg)r SISy eBHdE by Western blot. As shown in Figure 91, the
CPMV/- HT expression cassette led to significant expression of HA at 2 days
post infikto ation. | MiaPs produced form exprsessl qrE@estibn I NPT ant s

dermonst | af#n aggl ut | Bakréee of red bl ood celplelgﬁde[ gegLTa.bl e 29: sanpl es for

eachl aneagi 17988 Ve R TR /@0 miajdaFb3h T At €0 [THfh UhE s pNeglifr 7| Descri pt :-l(irl\lll
1;3;3_We QOO O POILTC Pigsicesatip P PLIE 20, 09

I(Dosi tive "c.ﬂﬁgﬁ?l z HEM%&’;?RMK" V%%EW j?*bi'} t ;“%vﬁ.j,l.;t \E‘e:i tive control
5 BVWDO- | S5EIEER 1 bUILEBEshanelsb300T) oy il malive J/PasasYaiibuga. | 001- 560- 2
OX355. CEMILTST Al B (ABrishane/39/2987)7 pyoo k1. odtestocyamm s, comy HT HL

A Cal i f pfRiLd{74209 RHERWRrishae/3961008) 2 X35 snapwy [IEPMY-HT Cal i f ot ni a/ 4/ 09

—

)

=4

AGL1/776 H3 (A/Brisbane/10/2007) native | Plastocyanin
AGL1/790 H3 (A/Brisbane/10/2007) PDI Plastocyanin
AGL1/735 H3 (A/Brisbane/10/2007) native | CPMV-HT
AGL1/736 H3 (A/Brisbane/10/2007) PDI CPMV-HT
AGL1/660 HS5 (A/Indonesia/5/2005) native | Plastocyanin
AGL1/685 HS (A/Indonesia/5/2005) native | CPMV-HT
AGL1/779 B (B/Florida/4/2006) native | Plastocyanin
AGL1/798 B (B/Florida/4/2006) PDI Plastocyanin
AGL1/738 B (B/Florida/4/2006) native | CPMV-HT
AGL1/739 B (B/Florida/4/2006) PDI CPMV-HT

Example 22. Co-expression with Hsp70 and Hsp40 in combination with signal peptide

5  modification.

[00438] Cytosolic Hsp70 and Hsp40 (construct number R870) of plant origin were co-
expressed with H1 New Caledonia (construct number 540) or H3 Brisbane (construct number
790), both bearing a signal peptide of plant origin (alfalfa PDI signal peptide). The co-expression
was performed by agroinfiltration of N. benthamiana plants with a bacterial suspension

10 containing a mixture (1:1:1 ratio) of AGL1/540, AGL1/R870, AGL1/35SHcPro (For H1) or
AGL1/790, AGL1/R870 and AGL1/35SHcPro (for H3). Control plants were agroinfiltrated with
a mixture (1:2 ratio) of AGL1/540, AGL1/35SHcPro (for H1) or AGL1/790, AGL1/35SHcPro
(for H3). After incubation, leaves were harvest, extracted and HA contents in protein extracts
were compared by Western blot (Figure 89). In the conditions tested the results obtained indicate

15 that the co-expression of Hsp70 and Hsp40 did not increase hemagglutinin accumulation level
for H1 New Caledonia. However, for H3 Brisbane, the Western blot clearly indicated that the co-

expression of cytosolic Hsp70 and Hsp40 resulted in a significant increase in hemagglutinin

accumulation level.
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present invention has been described with regard to one or nore
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WO 2010/ 003225PCT/ CA2009/ 000926 WHAT IS CLAIMED IS: 1. A nucleic acid
conprising a nucl eotide sequence encodi ng an i nfluenza hemaggl uti nin (HA)

of type AvGabiomsazsa/ 04/ 09 operatively linked to a regulPararazoragian active
inaplant. 2. The nucleic acid of claim1, wherein the HA conprises a
native or a non-native signal 5peptide. 3. The nucleic acid of claim 2,
wher ei n tthengénElkat G\ MalehgBl, Bpelpter NeAimzea (I Ohadbvulaly sMh§dnd€s. ivaaRBikase
signal peptide. 4 .A nethod, of. producing.ipnfluenza virus |Like particles
(Vipoy |l fespitsig asieny mplapiy houtes Rand RBORUEy e erano o0 S 1

i nto the 7gl3ar®).,180r-8portion of the plant, and 10b) incubating the plant or
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WHAT IS CLAIMED IS:

1. A nucleic acid comprising a nucleotide sequence encoding an influenza hemagglutinin

(HA) of type A/California/04/09 operatively linked to a regulatory region active in a plant.

2. The nucleic acid of claim 1, wherein the HA comprises a native or a non-native signal
peptide.
3. The nucleic acid of claim 2, wherein the non-native signal peptide is a protein disulfide

isomerase signal peptide.
4. A method of producing influenza virus like particles (VLPs) in a plant comprising;

a) introducing the nucleic acid of claim 1 into the plant, or portion of the plant, and

b) incubating the plant or portion of the plant under conditions that permit the expression

of the nucleic acid, thereby producing the VLPs.

5. The method of claim 4, wherein in the step of introducing (step a), the nucleic acid is

introduced in the plant in a transient manner.

6. The method of claim 4, wherein, in the step of introducing (step a), the nucleic acid is is

introduced in the plant so that it is stable.
7. The method of claim 4 further comprising a step of
¢) harvesting the host and purifying the VLPs.

8. The method of claim 4, 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

introduced to the plant.

0. The method of claim 8, wherein the one or more than one chaperon proteins is selected

from the group consisting of Hsp40 and Hsp70.

10. A method of producing influenza virus like particles (VLPs) in a plant comprising:

a) providing a plant, or a portion of a plant, comprising the nucleic acid of claim 1, and

b) incubating the plant or portion of the plant under conditions that permit the expression

of the nucleic acid, thereby producing the VLPs

11. A plant comprising the nucleic acid of claim 1.
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12.  The plant of claim 11, further comprising a nucleic acid comprising a nucleotide
sequence encoding one or more than one chaperone proteins operatively linked to a regulatory
region active in a plant.15.  The plant of claim 14, wherein the one or more than one chaperone

proteins is selected from the group consisting of Hsp40 and Hsp70.

13. A virus like particle (VLP) comprising an influenza virus hemagglutinin (HA) protein of

type A/California/04/09 and one or more than one lipid derived from a plant.

14. A composition comprising an effective dose of the VLP of claim 13 and a

pharmaceutically acceptable carrier.

15. A method of inducing immunity to an influenza virus infection in a subject, comprising

administering the virus like particle of claim 13.

16.  The method of claim 15, wherein the virus like particle is administered to a subject
orally, intradermally, intranasally, intramusclarly, intraperitoneally, intravenously, or

subcutaneously.

17. A virus like particle (VLP) comprising an influenza virus HA of type A/California/04/09
bearing plant-specific N-glycans, or modified N-glycans.

18. A composition comprising an effective dose of the VLP of claim 17 and a

pharmaceutically acceptable carrier.

19. A method of inducing immunity to an influenza virus infection in a subject, comprising

administering the composition of claim 18.

20. The method of claim 19, wherein the composition is administered to a subject orally,

intradermally, intranasally, intramusclarly, intraperitoneally, intravenously, or subcutaneously.
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