WO 2010/ 148511PCT/ CA2010/ 000983 CHI MERI C | NFLUENZA VI RUS- LI KE PARTI CLES
COVPRI SI NG HEMAGGLUTI NI N FI ELD OF | NVENTI ON [0001] This application
cl ai s prwonptioyi48siom US Provi si onal Application No. 61/ 220/,ckddiofiodbssd SJune
24, 2009. [0002] The present invention relates to virus-like particles.
More specifically, the present invention is directed to virus-1like
particles conprising chineric influenza hemaggl utinin, and net hods of
produci ng chimeric influenza virus-like particles. BACKGROUND OF THE
| NVENTI ON 10[ 0003] Influenza is the |eading cause of death in humans due to
a respiratory virus, and durin flu season”, it is estimated that 10-20%
of the popul ati GHIMEN@\ANEI;U@&A)WRHSMKE&AREH&E% GQMPRISING 000 deat hs
annual ly. [0004] The current net HEMAGGLATNINNg i nfluenza in humans is by
annual vaccination. The vaccine is usually a conbination of several strains
t hat ar eFIELDIOR INVENTI@ANt he dom nant strains 15for the com ng fl u-season,
however the nunmber of vacci ne doses produced annually is not sufficient to
vacci nat eoaohg TWR abplicatipo pldingd privnity from 1EKByvpls@nalCapgtdati@anNo td1€220ni6l édedSt at es
obt ai n enough vacci ne doses to inmuni ze about one third of their
popul3at i &€ Znd0G% Europe, only about 17% can be vaccinated given current
production-in the face of a worldw de flu pandem c, this production would
be I nsuf f[d)cfabgfifhc V&R 1ﬂvfen&&1ereﬁ€e§%§§ew11@m§é1espm® Ei0Ra1BO aRprlesOmENOW be
inagv ar dom nant strains change from year to year, thus
st oc kpi | nm@nmbn ﬂsdvvewtecbtsb \nrumém particlee cgmausmgclnmtncpmﬁucméabmangm andl ,
| ar ge scal OgUCtI an an effective u a vaccine is of signifi cant
i nterest nf Gs9 Pli?fjr‘éﬂ’ﬂg ’a‘eﬁ? %Zﬁ%fﬁl‘? a‘ﬁi%f(e [ 0005] | nfluenza
haemaggl uti nin (HA) surface glycoprotein is both a receptor-binding and

25menbr apa¢ KESROURDOEITHE INVENTIONT | ner of identical subunits, each
contai ning two disul phide- linked pol ypeptides, HA1 and HA2, that are

deriyged byodd| ahB&nsh isthé la@MAgSuse bf deall RAUMIRHAS dud 6@ regph}aformmsamﬁj gnal
ptide sequence at its N-term nus and a nenbrane anchor sequence at WO

pe
2010/ 148suamCThCaasnd/ 06098Bated shaCl -80%i afiike ipekatiay wotldwidsmpayHiginigeigd.HA2

gener at es t.he the mal | er pol ypeptide, HA2, which has the
nenbr ane %ﬁ%}%&? Zéga%ﬂﬁd%&hs Ytermnus. O eavage is required for
menbrane fusion activity but not for imrunogenicity. The HA2 N-term nal

sequence [pE04¢ afHeathriefitemethob bdnidatihd dlﬂuerﬁﬁdﬁh&ﬁaml iehy agmaltacahatidnarThe
hydr ophobi c sequences is_ 5al so required. f he activity of other virus

fusi on pree@aRhis useally asemkingtionot Sreé@%ﬁﬁ@l@ﬂ‘ﬁt ﬁ@tHrEdlf}E?)fq Redhe donpgifeda®s t ne
sequ ce f mgr n FEOEEAlds¥ ott he
gl obu 5&5 rrf%psl%gsé)lg gééy/éey;eghe%ﬁ&g f&éps Svﬁ‘%rh ?Hﬁl{‘%ﬁfact erized
and var l &bff&le'hﬂtd gedingte tiegiaids pasilgioat ?e‘dr a&mpié, €anala aBd the, Urlited+tdatés
(reviewed in Wley et al,, 1987. Annu. Rev Biqc ei]m 56: 365- 394 nsertion
or repl acbiihenqyeh vaccine doses to immunize about one third of their population, and in Furope,
only about 17% can be vaccinated given current production — in the face of a worldwide flu
pandemic, this production would be insufficient. Even if the necessary annual production
20 could somehow be met in a given year, the dominant strains change from year to year, thus
stockpiling at low-need times in the year is not practical. Economical, large scale production

of an effective influenza vaccine is of significant interest to government and private industry

alike.

[0005] Influenza haemagglutinin (HA) surface glycoprotein is both a receptor-binding and
25  membrane fusion protein. It is a trimer of identical subunits, each containing two disulphide-
linked polypeptides, HA1 and HA2, that are derived by proteolytic cleavage of a precursor,

HAO, that has a signal peptide sequence at its N-terminus and a membrane anchor sequence at

-1-



10short peptide sequences at sone sites (e.g. B and E) for immunity studies
have been described (Garcia-Sastr et al. 1995. Biologicals 23:171-178).

Epi der malworowiiasfiact or (EGF), single chain antibody (s@EvV)CAaann/ b3 Fc
dormain of an 1gG ranging in size from53 to 246 am no acids, have been
inserted at the NNtermnal end of a H7 and chi neras has been successfully
expressed (Hatziioannou et al., 1999. Human Gene Therapy 10: 1533-1544).
More recently, 90 15and 140 am no acid domai ns of Bacillus anthracis
protective antigen have been fused to the amno terminus of a H3 (Li et

al ., 2005. J. Virol 79:10003-1002). Copeland (Copel and etal., 2005. J.

Virol 79it64b@m6uid. )Clelysge folfesn HAd amdptAS sénoratasfthe Ndergph®O@ fHmysnkdllr sur f ace

gl ycoprotejn o st al k, ere the | 20 donmi n. repl aced e whal e

O oot ar PROBEPIE TAD. T i BETerbrnE alEG Saoer B bp sy L Gy

devel opeqe@srel SHMRABIANY fubiBh hB/AEBuY AG ThiEnd Ao aRdifAtres HAPNE 3 maRpr 0aches
have focused on the expression, production, and purification of 1nfluenza
type A HiequwdceNAcpledithe Hsion peptideibncpuexgdemsgt grsimilarthydwphghosaersessi ng
bacul ovirus infected, insect cells.(Crawmford et al, 1999 Vaccjne 17:2265-74;
Soharsontso TeBgedAE e BUEHY ofShoRS Lo, Bribetainn 2bA R SETiee

constr _UC;p%pt{c_g A8 hls Rhhe scdfPée NRE flehBrahes :1485.56) . 25[ 0008] Production of
a non-infectious rnfluenza virus strain for vaccine purposes is one way to
avoi d inadvertent infection. Alternatively, virus-like particles (VLPs) as
subst i t ut{@@06f éreneially.dbe sunfaegiofithe gb)bhlav‘éneaxé @nmpns,fég‘»@"reg@ltfgmble\)p%s Withri ¢ t he
structure of .the viral capsi.d, but.l|ack a,geng and .t hu annat replicate
Or provi %G?EC%WEZT’%?D%V&E%@S A0 TRYIA0Y egllgpatg PR A &0& bande

2010/ 14856V R&EI GARAKY/PH09887.i tfnluUREZ BioYhdmh B6:065.804)0 Mnde RIDAMR k@iicemeritalfy ON
t he co-expression of nultiple viral proteins, and this dependence

r epr é& ents8or pefrtidgiseqHeness at $nmassites (Hh & oy B Josimewitystudiss davs begn dessabed ¢ and

epr ebentbok et e trnd] BidIos ses &gt boan davecbrd
Ve pr oo SRR SEYE Lok FRRT BRI UM iR Bl LG FRL-pLabll o

only one @hinanfiedy\(bdFal) aBdl Sedicnipnbith dsfrmmFGr Rfgihg iNgzeEkih 63 36 246 @hino
non-structural viral proteins is desirable to accelerate the devel opnment of
vacci nes.ac{do0uot begmiasesigd at thi Nalsesinglegpd o e &1 7rpnd ghimergs hss geayivesssgllvnen

' buddi ng' fothe | nf d ' ) b asna
oo B P RLFEL 168, b A AL LB R [PROTANP MRS, b
baculiovi rangd 14 birky&iCdtmaifst BicaP betrady progoita datigen Kave bedohfaselip kigs ma

menbrane (Quan et al 2007 J. Virol 81;3514-3524?. Only a few envel oped
viruses amengeaminus 6f p HPdEt ctgl-a#i0S. 1 1\arol d%:4Rpfi3el 008 n@redandi(Coprdand et al.,
Tospovi r e i . iyuses, they
are charggﬁéTiggr byR%g%g?ﬁg%%%%ﬁég%%gg%ggﬁﬁgﬁﬁﬁgﬂg§62¥gt e g%% cell, and
not from dliwpfiltes oA ariSdulianeher&tbe g Ihd@ansmedplacaditieerhotd glomdartehdanfAVL Ps
have been produced in plant hosts, none were derived fromthe plasna
15menbr an rai sing the question et her pl as menbr ane- deri ved VLPs,
el udi ng DTSRRI R s s Bt ke P GG A B op B e R AL S o
VLPS 551 N 2R¥idss heile gﬁ%a%s@l%fo@ﬁsrea% e ASBRRESH, Produbfors hhd Fliii@HH of he
proteins - altering short stretches of sequence that correspond to selected
surface |iofipsmzetypa AgHAndAYA ptateins, incéudmgyexpoissibavEthasegitotoins asingf f ect on
expression of the polypeptide ifselLf, 2 r .stru _.studies, are
| acki ng tlzfcalewfeake el <l éitcffwgafd 5\138’21%??;{?@?3{‘? SR SRR o
VLPs. TheygQoparair9R0DNithcA, hAUDNASGIERS catust (OREHERS, PIo7THACtRed. the
menbr ane anchor sequences, the stalk or stemregions of the trimer that
separ at e theldgrdbul ar head fromthe nenbranes) has evolved with the virus
and may not be anendable to simlar alterations without |oss of HA trinmer
integrity, LR f.or ion, 250 001%] The.nr 1.on i nf l.ue VLPs
nas. Béen’ SPOEh REOLeyBh LR pPE iRy T B sl RS LT b el dullhds PR Wy

to avoid inadvertent infection. Alternatively, virus-like particles (VLPs) as substitutes for the

cultured virus have been investigated. VLPs mimic the structure of the viral capsid, but lack a

genome, and thus cannot replicate or provide a means for a secondary infection. Current

.



in WD 2009/ 009876. WD 2010/ 148511PCT/ CA2010/ 000983 SUWMMARY OF THE

| NVENTI ON [ 0012] The present invention relates to virus-like particles.
Mor e specwOi2osli4§511t he present invention is directed toPeiraaeiodeesss
particles conprising chimeric influenza hemaggl utinin, and net hods of
produci ng chimeric influenza hemaggl utinin virus-like particles. 5[0013] It
is an object of the invention to provide an inproved chineric influenza
virus-like particle (VLP). [0014] The present invention provides a

pol ypeptide conprising a chineric influenza HA conprising a stem domain
cluster (SDC), a head domain cluster (HDC) and a transmenbrane donain

cl ust er (fing)zaldt pioductiondéecgmetogignyaly ewthc za-crpressin of ratiplE viakitotedisn; t he

HDC 10co ises an, RB, El and E2 subd in_ the TDC.conpri ses a TnD. and
e 1 oo R SRR relresch G BRI oo i TR s8 7 PanfBRic Sz
HA and t hej Styeeily SHBGRORIr&pomdein®f is @ARIaP for VREEna8i66 O dinpMér Wiemgdithion The

first and second influenza HA may independently be selected fromthe group
conpri si mggtdat, forlekamplesorgidiatBeligsinnt the exasession of enly Ohg pepfovderarpiptddhpr i se a

ancodi ng NERS geryBun Pl o PR ERRR ud T T RN RRBeBE 0 2

st em domgéeldpment 6f vacstk¥éal, a head donmain cluster (HDC) and a transnmenbrane
dormain cluster (TDC) wherein: the SDC conprises an F'1, F 2 and F

subdomai n; the HDC conprises an RB, El and E2 subdonmmin; the TDngo ri ses
a TnD aniP0OPhEnvelensd sirpes mayrRptaim telilipidgnvelons them duddiggopntohthedniggted, 1 r st
20i nf |l ue t I f ond

i nfl uenzgg1 : tegﬂﬂ-x&x{f%@%gegfr%\ﬁm& %%%ﬁglﬁ%%ag’ ki eﬁlptg tydg'ea%ﬁt eglt hat

conpr i sesrgandieyamapepdliader bavuidihug tahsystoms HNer SREpldDElwnzh OCian tef i ned.

0016] A hod of duci hi ic infl [ | i k i.cl
' altp] A T QBT 20 TRk B8 et (B Moo sptiorgrs

nucl ei ¢ agj ' ' 1€ b i Sldeh-BasviaRa). pgpti de,
2ot om dgieyn RRRE] Bind (RPLIRIE g aitife T ATRE) BiqihBadliang)

t r ans nenitickiewaq@iait encllapet] @iru¢esDEYy avh ehanaterizet by 8DElicpfrpmiistesiabn F' 1, F' 2
and F subdonai n; e HDC -4- WD 2010/ 148511PCI/ CA2010/ 000983 . conpri ses an
RB, El affmsansy ng]ﬁé‘f’ﬁ;celcl*?é’fiﬁﬁﬁﬁ%ﬁlb‘? ]ig]g%’%a E‘CTHB“%[ r{glg}@f‘ﬁl? f S@g% H‘blﬂg?f i and
wher ei n %cohﬁﬁr?ah% Q185 AHRIREPHBdEEd P pRni HISBL ndR Wi frelifronPiél plaifia O her
subdonmai ns are of one or nore second influenza HA into the plant, or

port ion tieewteadfe, raisial the question whether plasma membrane-derived VLPs, including influenza

VLPs can be produced in plants.

[0010] Formation of VLPs, in any system, places considerable demands on the structure of the
proteins — altering short stretches of sequence that correspond to selected surface loops of a
globular structure may not have much of an effect on expression of the polypeptide itself,

20  however structural studies are lacking to demonstrate the effect of such alterations on the
formation of VLPs. The cooperation of the various regions and structures of HA (e.g. the
membrane anchor sequences, the stalk or stem regions of the trimer that separate the globular
head from the membranes) has evolved with the virus and may not be amendable to similar

alterations without loss of HA trimer integrity and VLP formation.

25 [0011] The production of influenza HA VLPs has been previously described by the inventors
in WO 2009/009876.



b) incubating the plant, or portion thereof, under conditions that permt

t he expression of 5the nucleic acid, thereby producing the VLPs. [0017]
The presew0d 20rivi@sdtiion i ncl udes the net hod descri bed aboweTwhenwionodsa t he
step of introducing (step a), the nucleic acid is introduced in the plant
in a transient manner. Alternatively, in the step of introducing (step a),
the nucleic acid is introduced in the plant and is stably integrated. The
met hod may further conprise a step of: c) harvesting the host and
10purifying the VLPs. [0018] The present invention provides a plant, or
portion thereof, conprising a chinmeric influenza HA, or a nucleotide
sequence SEMMARY QI EHFNMNMEENTIONf | uenza HA, the chineric influenza HA
conprising a stemdomain cluster (SDC), a head donmain cluster (HDC) and a

t r ansnenoEad THo pmbent oivesticarre(a”BE) vinkelilsi partidése MBS peoifipallys 8 pagsert 1, F' 2
and F 15.subdomain; the HDC conpr.ises an.RB, .El and .E2 subdonain:.. the TDC
conpr i seénvgm’f?ﬂjsélﬁﬁag‘é)l Ylm§ﬁ%8§%§|cf?? C%W%@éﬁnﬁn%wﬂflg%@?le%g&g%&o inis
of a fir gfetidalbegRadeiiAcngré flueiAticnsp R vies-BkEpaficiele or nore second
i nfluenza HA. [0019] e plant, or portion thereof, may further conprise a
nucl eic acid conprising a nucl eotide sequence encodi ng one or nore than one
chaper oné0BRbtds An epjestof theanyentipm kasprovige an peprevrd dimenre nluesa vietlike in a
pl ant. The nore than one chaperon proteins may be selected fromthe
group co&palrﬁf%{s‘l’ﬁn\gﬁ?lspm and Hsp70. [0020] The present invention pertains to
a virus like particle (VLP) conprising a chineric influenza HA, the

chi mer i c [001f4] The peestid imenen gonigessa polgpapt deredmprisingst ehim@8D@fluerattt’ad donai n
cluster (HDC). and a transnenbrane donmin cluster (TDPCQ) wherein: the SDC
25conpr i SEFPHHnEe ﬂemi%n%eiuﬁefs@%gnﬁnﬁﬁ?g dPﬂ’éml—T%é“’éé 0 ¢l agﬁ“ﬁﬁﬁmqﬁmeand E2
Subdomal Mo b (FBEH: heliIbt: Shtnldhh FoU U Mudlath@E T At

| east on omain I's of a WD 2010/148511PCT/ CA2010/ 000983 1irst
i nf | uenzaohpriseschintRiR; Fitdnd E2subdiomain;ribe ADE wmpoines oFmPomnd CSakbabdomaih] uenza

HA. The VLP further conmprise. pl -specifig N-glycans nodi fie

N- gl ycangid P"gg%:il] atﬁ"’éb‘?ﬁ‘?c?é‘%‘?“badnbs frgi‘ﬁfg“eé‘ﬁagﬁfaé'gtt?(?/‘g&%‘;c%‘g&&?mﬁ?ée P as
j ust desqhiReghoANdcéhdiRAhdBs B, I TRl fir¥ RAGERINA M Rief2d HAGHayl ifdepedenlly B¥i ded.
5[0022] In an alternate aspect of the present invention there is provided a
met hod  ofsclentgd Giomgthe groupicomptisngHli WP, HieandB v Fethernpfeeteipelypeniidg maybj ect |
conpri sing adm ni‘stqriﬂ? the VLP to the subject. The VLP nmay adm nistered
to a subjRBWrs &FEYAl PRRIYeader mal |y, intranasally, intranusclarly,
intraperitoneally, intravenously, or subcutaneously. [0023] Regul atory

regi gRs t[bafs)nE paseMnevatiby ey plovideed nticleia asid geriie thapolgpeptida chi meri ¢
10HA protein include those that are operative in a plant_cell, an insect

cel | or aopwasing@shimers ptugnay Hsgosmyismegi s domginichisien PR phsat A n

regul atory regi [y I ed ; . §

car boxyl ST el ERaRtnd SRl e R B B OB e or
ST-LS 1. ©&)er ané §ubibdontam; tegHDaScompeisescda RB,F 1 aniiE2 Sibddm@npthe T®m nat or
sequences. The pl astocyanin regul,at%réiy ﬂegi on may be‘g)?ln al f.al ga
pl ast ocyaimprsegul B Giail appdpmaing prd whergipat leastggsidomamys Ah3 Bt sequences
may al,so ; { biviapkd opiedes a
i e o TapRra Bl A H T S ke JiRR B B el L e 2
second i nfdclsinaad miapalsd enide thefdoli@aptideahat coluprissaciphal peplidemzaditen ththe

Lgdeﬁgndﬁgﬁlc}/ms)ecla%%%%jcLSr(?eantegl.e group conprising B, Hl, H2, H3, H4, H5, H6,

m

[0016] A method of producing chimeric influenza virus like particles (VLPs) in a plant is also

provided, the method comprising:

25 a) introducing a nucleic acid encoding a chimeric influenza HA comprising a signal
peptide, a stem domain cluster (SDC), a head domain cluster (HDC) and a transmembrane

domain cluster (TDC) wherein: the SDC comprises an F’1, F’2 and F subdomain; the HDC
4.



H10, H11, H12, H13, H14, H15 and H16; with the proviso that the first

i nfl uenza and the 20second influenza are not the sanme influenza type,

subt ype, wo20fo/t4B1sane origin. [0025] I n accordance wpCh/Ganw/meysect s of
the invention, the chineric influenza HA pol ypepti de conprises a signal
pepti de sequence, the signal peptide sequence may be selected fromthe
group conprising a native signal peptide sequence, an alfalfa PD signal
pepti de sequence, an influenza H5 signal peptide sequence and an influenza
H signal peptide 25sequence WD 2010/ 148511PCT/ CA2010/ 000983 [0026] The
pr esent inventionBE{ovides a nethod for producing a VLP containing chinmeric
i nf | uenz gompiieg gh BB Fil and EApubgormgin the compes ad 1P apt otpilcpbdpmainyjapd

i ncluding,a plant. . insec ar. t,.C risdn Nt i . ucleic acid
encod ng 42t AR SRRt FEONSHBRPRIN B by ARMBRIPIOE B P! fiies ' o
head donmidic Sdcuad BIflubtAREIA aneltir pldndns pordnalRgedtdammi n cl uster (TDC)
wherein: the SDC conprises an F'1, F 2 and F subdomain; the HDC conpri ses
an RB, El and E2 subdonmin; the TDC conprises a_TnD and Ctail subdomain;

and wherei n ab) megkating the planb g5 Rertian theresf, ugdericpaditionsithat pagmit tha cxmession@f ot her
subdo;rai @Eexﬁ:{c}:?eiﬁici&@ﬁergigrﬂm&{%i qﬁg{)ﬂPg_nfl uenza HA, into the host, and
e un C

i ncubating t ost ondirtrons that permt the expression of the
nucl ei c ' her eby . pr.oduci t S.; 10[.0027 o} ' f VLPs
T pl ant S00e Zhn Pt pRRH Db Uelbu B o e RS 180

parti cl esntidiiuting €fép Helhk naelbicuer.is Mrdbicedipthdplaam stranichahenspeci fic

i mune cells and enhance the i mune response induced. Plant nenbranes are

made of IAlisreptivelyhiadhmsien efyinEodicingdstepa) themucisisasishiaintpneadria the pisnt gad ( PE) |
d al . t.al | i o]l { 1 i t
Dact or | o S04 PRGN B 8 uloh Bim B8 alflodioe) bR AE B BSEadP TS,

est e ofpugifyeemhelvilPiske PC or PE but rather consist of a long chain am no
al cohol that forns an ami de linkage to a fatty acid chain containing nore
than 18 carbons. PC and PE as wel | | ycosphi.ngol.i pi ds .can bind to CD1
mol ecul edORb) o8 PEgeHyRHFRRORPTONIFCS A LRI LI 5 mﬁﬂflf‘%@ﬁgi}%‘%enti ng
cells (Aﬁ’ﬁ%aeﬁ%% 51N QPQBﬁdtlidéﬁ? ‘ﬁ%&eﬂeﬂ@o&ﬂ?ﬁh@@ﬂiﬁ%@ 2L NAY the @hinfericnc! udi ng

Band T lynp ytes In s and liver. 20Furthernore, in addition to
t he pot entflenzatAuoantrisagfastim démaihelystee PC)e a btadudaamin tlugedID@radabi ity

of plant N-glycans to facjlijt t he captu f glycopr L,y antigens by
anti gen ﬁV@gﬂﬁPgﬁﬁe %??gfhﬁ§9ﬁg§:h ﬂ?ﬁég§§§R6P%F%gs%?%éﬁ%?ﬁgﬁkof chineric
VLPs 15N phgfsainWhe oKt compReddh £, DEakormeibaymhiRede DA Eonhfisadd TaiDpat ed
that plant-made chineric VLPs induce a stronger inmune reaction than

chi meri ¢ autl R8aihmdbdoinainparderharein af lsett one sibdemeindsral afigst infaenzagihand fgune
reaction kndqug by thes Iant-nade(fhhnerigvyLPs is stronger when

conpar ed Y6 K %W#ﬁﬂ%??éj O SIS WAEG B4 Ve or attenuated whol e virus
vaccines. [0028] Contrary to vacci nes nade of whole viruses, chinmeric VLPs
provi de tihe1 % duplager portoheyerestempp furthef @eipride s nuélbivaciklesmprising we

bi ol ogi cal containnment is not as significant an issue as it wo %g‘ge

wor ki ng vitucksordepsapeice erod g aBg T YROFIBan aRfrhpReraRg pr@alﬁneéaawwﬁl FO@Fct i on.
Pl antyg - ngﬁlatory region active in a plant. The one or more than one chaperon proteins may be

selected from the group comprising Hsp40 and Hsp70.

[0020] The present invention pertains to a virus like particle (VLP) comprising a chimeric
influenza HA, the chimeric influenza HA comprising a stem domain cluster (SDC), a head
domain cluster (HDC) and a transmembrane domain cluster (TDC) wherein: the SDC

25 comprises an F’1, F°2 and F subdomain; the HDC comprises an RB, E1 and E2 subdomain;

the TDC comprises a TmD and Ctail subdomain; and wherein at least one subdomain is of a



WO 2010/ 148511PCT/ CA2010/ 000983 nade chineric VLPs provide a further
advant age again by allowi ng the expression systemto be grown in a

gr eenhouswoaniofisedid, t hus being significantly nore econecraa20eamwdossi t abl e
for scale-up. [0029] Additionally, plants do not conprise the enzynes

i nvol ved in synthesizing and adding 5 sialic acid residues to proteins.
VLPs may be produced in the absence of neuram nidase (NA), and there is no
need to co-express NA, or to treat the producing cells or extract with

si al i dase (neuram nidase), to ensure VLP production in plants [0030] This

summary of the invention does not necessarily describe all features of the
i nvent i odirgfinklyeaza HeanditepothapubianEinrscfRpEraperosecppitiniraneNts Tho31]
These an . e | 1t ' E re apparent from
the fol | onnd iR Mokl BT B e R R I P D nded

drawi ngs wherein: [0032] Figure 1A shows a schematic di agram of HA
subdomai 8021$A& cangnialongepiptisiag afr-effoctive dosearfdheVLP usjustrdeseribddamd as; RB:
recept or- bi ndi ng. sybdomai n, El. and E2: esterase subdonai ns, 15TMY CT:

t r ans mentitamercsirally aesspigRlsicamienis Al e ns. Figure 1B shows schematic
respresentations of plastocyani n-based expression cassettes (construct
nunbess: [§d7h) R4R ait@RAe aGRE of WlpreRRAGhvERIon tife BPPHBERI LHcBbd Bﬁﬁﬁlﬂﬁ’ﬁ%t Lnen
H1 A/ Bri sbane/ 59/ 2007 (H'/Bri), hemagglutinin HL A/ New Cal edoni a/ 20/99
(HUNC) aruhnheitp ¢ginuinflnenza Musinifertion esa sybigcg SompEsing ddministerimgtthe/ ELR tithe

chimeric fornms.. Pl o pro:.. alfalfa plastocyanin propoter, Plasto ter:

20a1 T a1 { U DFHe ey I, Aot Erin Rl o AR K MR Rl RnasBEpt or b ndi ng
subdonai NptrémdsctalB; infEdperi@silesil2 SRR BrbukIGCOMuBEtRieBENiyg subdomai ns, TMY CT:
transnmenbrane and cytoplasmc tail subdomains, PD: alfalfa protein

di sul fide isonerase. Figure 1C shows the am no acid sequence alignnent
super i mpd8&P1iRaghlatory ragines thahmay be gperatively biked & & peguencsiependingn ¢hageric

d8
s e S B e Lt R R R N 8 T
No. ABU SeQuldtBrydegidns thy Biciud¢ ApBsiosimirelegulGioty teRloh: Rgulateenidgiok oAccessi on

No. ADE 2 8 7 5 0. .1; Hl A/ Sol onon | sl ands/ 3/ 2006 (A-Sol .Islé, SEQ I D NO 97
( GenBank Riposph.obisphesphaerrbandass/nyenss (RuBESE))orhlaasphyll/p gindingprajein 1)

HI/NC(A—W!{.,_ E SEiran 432 4 . 1; H
A Si ngapo(r el 1/ égYLS?AQ%‘#h%g%%%g?Kg%E%a@guﬁ%g89@?‘&%%&%%% gglsnéltogn No. AAA 6
4 366. Isequentts. AhBplagbaneniOH Q0% thoBniag bane plfalBHMhstddyNin tpDlafd@e nBank
Accessi on No. AC 6318 . 1) ;. H3 A/Wsconsin/67/ A- , SEQ ID

5NO. 101 (¥ H’B?a‘ﬁWJAU%Bsgi{gW No‘)?mﬂéﬁ%%"%e_nf?% masalsg h%%‘?ﬂ?f/%‘%fi%\/\g%@s( A- Anhui ),
SEQ I D NO 102 (GenBank Accession No. ABD28180.1); H5

AN: et nart (324 BaO el i brovRlE0 LEINNGE 1ifuch PG SirpRsdof a
ACR48874.1); H5-1ndo, SEQ I D NO 104 (GenBank Accession . ABW6108.1. The

boundar i efirsbiaflugnzn apdhe sqeond inflgervaaie fist irflueap axd the segonginfllpgramayde2, F 2,

Peptide fusion | M.D/ ubdonai n ; LS HlE4 |

i ndi cat ed" Tp@ﬁ%%lyﬁala%t%f@mgﬁ%%ug E%m@%q%dba%ﬁ isg%ﬂ;éq%ggs’g?&?hgﬁ—ll%hgigtat ed
subdomai ng1®HIANHIEIH 3, HA4ENP5 asbE6;Wiiththe pRIFEO tha el firstiafednzaeddth690, 734
(SEQ ID NGO 11), 696 (SEQ ID NO, 112), and | ower panel, 691 (SEQ ID NG
113. 2Am nwcend iafuanzg gregpot tecrmoinfoenzelyps, subtyps, o af s sassign- of H5/ | ndo:
am no acids 93-263 is an RB head domain of H /Brisbane and am no 15aci ds

264- 552 1 025} 548 Eordarll With ok alfeels Mifhe iAVBAOn 36 GimdrimnRlnAFA | D N0 112
polypeptide comprises a signal peptide sequence, the signal peptide sequence may be selected
from the group comprising a native signal peptide sequence, an alfalfa PDI signal peptide
sequence, an influenza H5 signal peptide sequence and an influenza H1 signal peptide

25 sequence



F'1+E 1 domain of H5/NC, am no acids 93-301 is an RB head domai n of H5/Indo
and am no acids 302-586 is an E2+F 2 domain of H /NC Am no acids 1-42 of
SEQ | D NGwo2aByi4ssithe F'| domain of H5/1ndo; am no aci deC4R:A20B/006898an El -
RB- E2 head donain of H /Brisbane and am no acids 274-552 is an F 2 domain
of H5/1ndo. 20[0034] Figure 3 shows the am no acid sequence of the coding
regi on of constructs 690 and 734 (SEQ ID. NO 80) conprising an RB
subdonmain of H/Bri, an H5/1ndo signal peptide, and a stem domai n conpl ex
(SDC) conprising an H5/Indo FI, El, E2, F2 and F subdonai ns. [0035] Figure
4 shows the am no acid sequence of the coding region of construct 691 (SEQ

| D. NO. §XR6E Theppicsint ipvehtidrirovidesh metad frrvorduciag a(\ABjonampe shipgriel | RB,

E2, an 25H5/1ndo signal. id and. H5/ 1 nde _stem dorpin. C | ex DC
corpr s Ry v e gnin 2 i PG EbftiE pRyEE 8 VLA R Tk
2010/ 1485 kARG Jeh QADHAANS Ford f1636 ] rﬂﬁi:l@iéra@id&nﬁ&ﬁ%a thigeATidiReai WASequence
of the coding region of construct 696 (SEQ |ID. . 822 corrgrlm ng an RB

subdomai rowprigisg & sige, domapDHusierd §RXC) prelpiail demaimrrduskqr ( fiedhit HEHEICH | ex
i Si F 1 |, d F 2. 371 _Fi ,.0 i
g(r)]glp ;;!s?!sﬁg?l%lfsgg gﬁﬁ) %ﬂer Ty é}e’l 4[?@‘:%‘4‘61 rilsi?ggxir) grlr’nF c\gn%s%r% S%M{?@Q%@%Cnpri si ng

H/Bri), c6mpftdsdsRE$Z a8 PIREDIEINMN; tReTheadmPepRiaTEb Hd €xail Jbdgmaih;
H /Bri), and construct 690 (conpri si@gtt he RB sub domain of H /Bri fused
S

wi th H5/ lendiwhenemat desstagns solednprai iseSpdrstiinflysnamils ang e ehersubdomains i of t ot al

rotein extracts from.3,4S t s of
DT ot el n 0 BPG: el RERRHA Eu PR MRS e idnd R hos WA nBUGRAGLETD O
Wi th ant ipehifit IRR{BIcHIG ofahé hindelt edd (tastby ploducliBhe Yb@se; Fl I 10-150).

Construct 774 expresses H/Bri with the native signal peptide of H/Bri;

constructs 690, 691 express the with the native signal peptjde of
H5/ | Ao, [P&T3dhe progueionoifRsen aﬁﬁrsmﬁﬁsts BT ﬁ%waggsg%\fer proacionofos

H5/ | ndo i I t ISk I ruct 696
ooy s s Bies iPhlet CANSHGRE (hi 3 ol SPLLARING spealtRmuRicolfOid

subdomai rahancEdre iemnine caspetsctinduced. oPlaht memtrenas aesanadecdfdipidsf r om 3 separ at e
pl ants were anal yzed. nt 1 Cro 0 rot el ns re | oaded for each
pl ant anﬁ?%@&?‘i%ﬁ!@%%gp@rﬁ‘yi@H]Bﬁpi‘e\sg‘é'?%@[ﬂrgﬁe éﬂib’k?ng\r%fs‘f’-cp%m’lnndonesi a

pol ycl onal, 3Bl RS ek 3e dingqgg%pﬂﬁé\afhd sErREBCEa tan® BRItEOR! SSIsASolLipRIsI ndo

wtn its hati've si | pept , construct 696 expresses the chineric HA
Wit hia PDRre siugnalin fapthed ere o0 6383 ofglgeeara lke PEowmd Eabut catberapisgistioé plagent at i on

of 35SCPMW/ HT- hased .expressi on 20cassettes for the .expressi.on of H /Bri in
oS S B o 20D A R R SORhR e 4 8
Const r ucteah3ds. PORRYE PEIaS Yl oBLEpRIngPRREd €ha bimitko ) mSleeulaékptdsasasuyebr ane
domai n conplex (TDC) of H /Bri, and contruct 734 conprising an H5/|ndo

si gnal pepamueliarFimmiEe celpsuchag antigen-preserimgRBlls (AdiasHlikedentrigssilpped  camy

35S promoter, \NOS ter: nopal.ine.synth term pato P. sl pepti de,
RB: receﬁ?ﬁffé‘ﬂ}aﬁiﬁaﬁgcﬂfﬁagﬁsﬂ ‘,Khﬁ% Ian-gégyﬁﬁgocé’gctsé%glgeﬂgg?\uésa?g@g%f or - bi ndi ng
subdogai NEythEMRIrETn alldifos D hatestiAadiueat eFtashthe préthce i PHaNtHias thePDl
alfalfa protein disulfide isomerase; CPMW-HT: 5 and 3' elenents of the
hyper tr aabslitiofiblant }oglysers waalitetehe ¢pptuss pi guenpenicia yaligshs by antigen

presenting cells, may be advantageous of the production of chimeric VLPs in plants. Without

wishing to be bound by theory, it is anticipated that plant-made chimeric VLPs induce a
stronger immune reaction than chimeric VLPs made in other manufacturing systems and that
25  the immune reaction induced by these plant-made chimeric VLPs is stronger when compared

to the immune reaction induced by live or attenuated whole virus vaccines.

[0028] Contrary to vaccines made of whole viruses, chimeric VLPs provide the advantage as
they are non-infectious, thus restrictive biological containment is not as significant an issue as

it would be working with a whole, infectious virus, and is not required for production. Plant-
7.



WO 2010/ 148511PCT/ CA2010/ 000983 [ 0040] Figure 9 shows i munobl ot anal ysis
of expression of HL /Bri in native form construct 732 (conprising H /Bri
under t hewoantwabsiof the 35SCPMWV/ HT-based expressi on ca®s®itaa)io/ooamsst r uct
733 (conprising a PDI signal peptide fused with H/Bri; under the control
of the 35SCPMW/ HT- based expression cassette), or construct 734 conprising
an H /Bri RB 5subdomain fused with an H5/Indo SDC, El and E2 subdonai ns;
under the control of the 35SCPW/ HT-based expression cassette). For each
construct, total protein extracts from3 separate plants were anal yzed.
Five m c;qc;gr ans of protein were | oaded for each plant analyzed. The Western
bl ot wasmageelimerc WLPR pErvide Hnrthermdeandass| again by pbeviag thagxpresgion Spfem [0041]

Figure 1 bows schemati ¢ repgresentation . 5SCPW/ HT - ed expressi on
Tocasset P B BRRNSE of AN BR A Al Loy TG K i AR S BRI

B/ Fl ori dedafd-@06 HA (B/ Fl 0) hemaggl utinins. Construct 736 conprises H3/Bri
fused to a PDI signal peptide. Contruct 737 conprises the H3/Bri fused to a
PDI signal peptide and an H5/1ndo TMD/ CT. Construyct, 739 conprises B/Flo
fused t ol92BbAdditignally. plepisidgaot eevpirisg e cragnesdRyiy ks sypbesing kaddwd to a
PDI signaly: ' Nl i g&l\@f R Iy 15NOS
ter: %Inopglla}lﬁg&éﬁﬁfgg% p'?gtreinﬂ‘?'nat or, J%%&g?%’c%gﬁl%é%ﬁe e, : reclg%"tgt(gﬁ i ndi ng
subdonai and thereRBadAcedas ceseapressaid, orao @pitahe priodubimgcedls b exteicnsith ST :
transmenbrane and cytopl asm ¢ taH' I ,su_bd?rrai ns, PDI: alfalfa protein

di sul f i dénsuEgHBIdgsce: 1o epiNe MiFP predugtiop mpladfsnent s of the hyper transl atable
Cowpea Mosaic Virus expression system [0042] Figure 11 shows the fusion

bor der i Po@OPThisUakisaRHOBE intdRiAbed R neQskHiy Qb PRMGAYOPER | S

i ndicated by bullet-ended arrows Am no acids of the transnenbrane donain
are Q LSinxganey ofghelinaemiopr eceded by amino acids that are part of the
ectodomai n. [0043] Figure 12 shows am no acid sequence of the chineric

ST b 5, 1) SO 0 o

A/ | ndonesij 005. .25[0044] Fi.gur.e 13 sh the am no_aci eguence of the
ol o e N T BT Rt 8 st M BdoltE itk BPph foRE M o o of

B/ Fl or i dgbifwiRQ8esdAgkich ih MBfidBTretrerdd isAhadede fiesdppéilcd ABEviRnOoAdednbY the open
reading frame i n construct nunber 745. WD 2010/ 148511PCT/ CA2010/ 000983

[ 0045] Fi &Jre 14 shows i munobl ot _anal ysis of expressjion of B/Flq, in native

form  cond&teursbi shyrpt csrmgirbreranml S subdomping Borignalieqptided™. F2,
(conpris 1.HY F!‘D’fu's:#oﬁ SH%H?&%; ﬁBCchEﬁ&dbMﬁﬁlg sﬁﬁoﬁﬁ{ﬂ, @q %PCT E@.) esteEa%E S@I%Fhains,

construct, total protein extracts from 3 separate plants were analyzed.
Twenty mMTMDgTansnafiembrateand oxeptasmoaidd dulidomagac FigukatB slaoval sgadhticThe

West ern 5bl ot was re%eal ed with apti-HA B/ Flori 2a pol ¥c| 0 al.%gt'@odi es

(NI BSC 07¢SBE8§1tatiqss 25 Plaptoeiapi- s e HaVs SIPR RTINS ftonsiuat pumnberg;y x%b ession of
H3/Bri i iovVEoif 7 Qgrmﬁ i/BryOr With
cont r cut %9\2’?@(%821Bg?m£%%&gn%%ﬁ%%%,nf03§g%%w t hﬂ@%{ﬁ%%//ﬁlﬁh%agﬁ/_%@w oir/hg%ich

const r ucthemagglatinip Hdt AiNeweRdledomiag2 F/'9DH 1IN € pat lzxremgpluinindI b TedanesibAp08d .

Twenty mcr ms of protein were |qaded for ch plant anal yzed. The
Tovest er {EBI A v oo UL B B P A RE B BAP R s
(NI BSC 084 digdhbrastbQAftil terlfmtigatbe s%ﬁsiwp@tﬁbz@%@wLMi §BIBHAE! BRRY- Of
| eaf protein extracts fromplants infiltrated with construct nunber 745.
Rel at i ve F2: esterase andreasptor-bindisig subdemding dMIDGE : itrsngmesghwanesad cptoplassie tail

L a0 on L ANRIeLEG LoD, R 5.0 S o TERAI UL b kg, L
present edeyRAES alldddhent superimposed with a structural alignment for several influenza HAs
(B/Florida/4/2006 (BFlorida), SEQ ID NO:94 (GenBank Accession No. ACA33493.1;
25 B/Malaysia/2506/2004 (B-Malaysia), SEQ ID NO:95 (GenBank Accession No.
ABU99194.1; H1/Bri (A-Brisbane), SEQ ID NO:96 (GenBank Accession No.
ADE28750.1; Hl A/Solomon Islands/3/2006 (A-Sol.Isl), SEQ ID NO:97 (GenBank

-3-



15graph. The el ution peak of Blue Dextran 2000 is indicated by the arrow
(fraction 8). [0048] Figure 17 shows the nucleic acid sequence (SEQ | D NO
52) of thwogyrwiaexiized fragnent conprising the conpl et e PEHB/CA2010/000983

(A/ I ndonesi a/ 5/05 (H5N1)) coding region (including the signal peptide and
the stop codon) flanked, in 5 by a Hndlll site and, in 3, by a Sad site.
[ 0049] Figure 18 shows the nucleic acid sequence (SEQ ID NGO 53) of
construct 660, an HA 20expression cassette conprising an alfalfa

pl ast ocyanin pronoter and 5 UTR hemagglutinin coding sequence of H5 form
A/l ndonesi a/5/05 (H5N1), alfalfa plastocyanin 3' UTR and term nator
sequencedccessiopdpsAPURP AP el 10H -NewCall ¢ PERIDNIDP 8 BignankeAqesson D NO

54) of t i Ld- e, New i,a420/ 99 . ( ) cc. no.
AY289929§{%C>§%}9 %ét% gq%’g}‘znc SN R M BRIl S TNy 58 TG MR

2010/ 14851LRGHhCA2A10£A00983) | A9 BIBrifHas1 6286 GhBUSH:HBE SERADENO: 1801 d
sequence (SEQ ID NO 55) of a synthesized fragnent conprising HL (A New

Cal edoni 4020388 AdeisNbn Nw diCAg 6Se §uencH3 IAdBkicagsiVATI2aWHACYVAIN), SEQ IPhe 5'

Fegt ot O Rtk RRCaRR \hBOBE DEASred VR it shedtl
downst r eal.96? AR BRhP A CERSIBA Noo ABPDE] 8071 g HS /Kt VB0 4/ Tim4Asli@hamBCi d
sequence (SEQ ID NO 56) of the synthesized fragnment conprising the Cter

HL ( AV NeWECHILENONM 8/ (GonBank Adckgsiorcel A{gR4%8qdd ntle-Inde ISEQ BYNORD4THD and

Ctail fr t.he nl_sitet t.op..codon (.fl.anked J n.3' dual

Sacl / St uﬁwgﬁaé})k@c[cﬁﬁ??]ﬁﬁ%\&gg@'ls ﬁ(})l\efvgg %31(1 ?1Su]:)celp‘g%e§4 ida%F g’e%sg%?\%el *for

Medi cago ﬁ@&ﬂt&ﬂ)iﬁﬁh%gs%asﬁ ROF'] Pepli@elision! THB/CT eolioastns, enBankidéccessi on
No. Z11499 (SEQ ID NO_ 57). Nucl eotides 32-103 encode the PDI signal

pept 1de. Bridesyire mdipated- 23 shows t he nucl eoti de sequence for

PronPl ast o- PDI SP-Pl asto 3'I TTR plasm d. Figure 23A shows the nucl eotide

seqguence R - ( indid a4 B RS VR

nucl eot i éé@%&&éﬁ%%@l?%ﬂ%ﬁ%@%og%@#%n?%@% Bdﬁé%g)ﬁb Pr (I)I%ei n IiﬁS I s%?fi de

i soner asexpiefie}l vathgnpger pad,icdestiustsb90.e734i (REQ.IDBYD] 11)( GVGATER) [DaNG: B8,

Figure 24naione rerd (PERIBRPal et fsh B SRE TH0° EbhisthTes "Bho) of
the an HAy xRl 5534/ MAoCARRE LERs 999BS is3hn B Aldialohmild @st/BAVRAE BuPiRiNBE er and
5" UTR, codi ng sequence of the signal peptide fromPD and of Hl form A/ New

Cal eddni atRI8/269-56HisND)E2+Folidradin af P54sdco Aminoracils WIPRISHED NG A1 isrthe

sequences,, fromA al edoni.al 20/ 1999 i Nng .seque i s underlined.
0056]  Fiitre! 97Sh GhLBING Hetier e Zerdl San iiihead aRBHD Ao B Ghinp e
synt hesi zggisH08888 I arCGOR* 3 dbchisin LRE 1 AATPABTR ddlds(1A4Bof SE@MBNED/103 i tidN1) )
coding region (including the signal peptide and the stop codon) flanked, in

5 by al fEI deampinastttiéipdei amige adds€hishic es E25BBri%kysd dainaig af éllyBasbepe st 84

nucl e0t | deg MRS LSRDALssHSal Pldoflu Tiis e 110 W th @ Drain site and, i

20 [0034] Figure 3 shows the amino acid sequence of the coding region of constructs 690 and
734 (SEQ. ID. NO. 80) comprising an RB subdomain of H1/Bri, an H5/Indo signal peptide,
and a stem domain complex (SDC) comprising an H5/Indo F'l, E1, E2, F'2 and F subdomains.

[0035] Figure 4 shows the amino acid sequence of the coding region of construct 691 (SEQ.
ID. NO. 81) comprising H1/Bri head domain complex (HDC) comprsing E1, RB, E2, an
25 H5/Indo signal peptide, and H5/Indo stem domain complex (SDC) comprising H5/Indo F'L,

F'2 and F subdomains.



WO 2010/ 148511PCT/ CA2010/ 000983 [ 0057] Figure 26 shows the nucleic acid
sequence (SEQ ID NO 61; construct 774) of the an HA expression cassette
conpri si nyoabfel4ga1pl ast ocyanin pronoter and 5 UTR, hemragglAazbionioonssodi ng
sequence of Hl form A/ Brisbane/ 59107 (HLN1), alfalfa plastocyanin 3' UTR
and term nator sequences. 5[0058] Figure 27 shows the nucleic acid sequence
of expression cassette nunber 828 (SEQ ID NO 62), from Pad | (upstream of
the pronoter) to Ascl (imredi ately downstream of the NOS term nator). CPW
HT 3' UTR sequencer underlined with nutated ATG in bold. Apal restriction
site underlined and italic. [0059] Figure 28 shows . the nucleic acjd
sequencel é@d%ggerﬁdhowg,the@aﬁ PIE Ped iy o fieodmapssiat plconsia 6 P si on
cassette rd s : q i o] : : HERO®L, C
hemagg| ultllfw Sgﬁﬁﬁ%é‘iﬁiﬁggw‘g’wg?'@p agi ﬁggﬂﬁﬂgéﬁ%@n}é ter rf{ﬂrllat or
sequencedom&hicomplce cbidpion g, EBedlemdd™2. s underlined. [0060] Figure 29
shows the nucleic acid sequence (SEQ ID NO 64; construct 691) of a
chineric expr essi on. cassette conprjsing .alf | ast.ocyani n pronoter
ond | ST B ReERES AR GG e ASTE0l Sy euf el Bl AR Tt beyani n
3" UER amls&@étwnm@o%pr@ﬁ%qmsﬁiﬁ cofdiuBEERqcdiipresdeh e heRWARGEcnspIender | i ned.
[0061] Figure 30 shows the nucleic acid sequence (SEQ ID NO 65; construct
696) of EHIRG) alehl]l/Brijjahdisonsipetcdddi(eomprisingcthe & Boghdomsinmy FHY/ B fgsgd with

pl ast ocyani.n, promot er. and 5’ .chi merd ¢ _henmaggl utinin in nce,
D) ol £a” BPARBEGH s pk il af ST oSS0Ridil Qe RS B RO o g
sequences isgpakiél flahts Wees arlaBRER [TwenfgunRroptarb Mot ey die iagédfoasidi pi@guence

(SEQ ED NGO 66; construct 732) of the an HA expression_cassette conprising
t he CamvaBdged BieoVestern biaiapmevsaledswith apidiyglonesinnah aptihedics (@diddbnce of HL

form A/ Bpl. N O ( - : I}](é@ ! equences.
Codin}r%)g sgélgtga%g’?lg?é I?iol) ri |sCtJ§§gymljlégr%8§m%§6g%§ﬁe |g%frqéd%g$st@(%\?\g t he

nucl ei ¢ 8lQIBH;0AURKEH(0IBQ dxprebOhe 614 with thehatieosipng psgiiceni ¢85/ Infls.om ATG t o
stop, of internediate construct nunber 787. [0064] Figure 33 shows the

nucl ei ¢ acij equence (SEQ ID ) 68, construct n 33). of .SpPDI H /Bri
expr essi &93gh§1§gfet-};§’€8’%ﬁ1’ %VW@O ﬂtean@é(FWPE/e%%S‘ﬁ%’?rﬁséP‘?g 'élﬂ%}"—’%“g’ UTR, |
codi ng SeaENa68 T cdnlRistedmndBER dofBudt %9@1&89@@@ @g%hymued&ﬁah ng

sequence of H1 form A/ Brisbane/59/07 (HINL), UTR and NOS
t er m nat 6used sithdhicN€ . Sy di Ingnd 3¥eybéomans)f F@gREN cobitiit.i tofakpratedeextiaped.

0065] Fi.gure 34 sh the nucl eji ¢c. aci d .sequenc EQ | D i : t t
Sy D | OB searle WA e tigedt SRRy BB ohva R i Beltded iy 388> TV
pronot er o6PMMtyATd. T'he WEterk BioiRiab fevbABRGGh dhtiMSTnERHdEiR Yo ClRHA NG EboddsWV- HT
3" UTR and NOS term nator sequences. Codi ng sequence of chineric HAis

under | i néd'C TNBEBV) FEenstract380 shprasses He/Indecwidn s pative sigaghnsptide; CIBUED NO;

70) of t %86 2 p%s@gssthé %ﬁilmeﬁc HA with a PDI signal peptide.

[003 9] Figure 8 shows a schematic representation of 35SCPMV/HT-based expression

20 cassettes for the expression of H1/Bri in native (construct 732) and chimeric (constructs 733
and 734) forms. Construct 733, comprising PDI signal peptide and HDC, SDC and
transmembrane domain complex (TDC) of H1/Bri, and contruct 734 comprising an H5/Indo
signal peptide, F'l, E1, E2, F2, F, and an RB from H1/Bri. 35S pro: CaMV 35S promoter,
NOS ter: nopaline synthase terminator, SP: signal peptide, RB: receptor-binding subdomain,

25 E1-RB-E2: esterase and receptor-binding subdomains, TMD/CT: transmembrane and
cytoplasmic tail subdomains, PDI: alfalfa protein disulfide isomerase; CPMV-HT: 5’ and 3’

elements of the hyper translatable Cowpea Mosaic Virus expression system.
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fragnent conprising the conplete H3 (A/ Brisbane/10/07 (H3N2)) coding region
(i ncluding the signal peptide and the stop codon) flanked, in 5 by alfalfa
pl ast ocyamonopergsisequences corresponding to the first @¢TRACBODIBES
upstreamof the initial ATG starting with a Drain site and, in 3, by a
Sad site. 15[0067] Figure 36 shows the nucleic acid sequence (SEQ I D NO

71; construct 736) of the an HA expression cassette conprising the CaM 35S
pronoter, CPW-HT 5 UTR, coding sequence of the signal peptide from PDI
hemaggl uti ni n codi ng sequence of H3 form A/ Brisbane/ 10/ 07 (H2N3), CPMW-HT

3" UTR and NOS term nator sequences.. Coding sequence of Sp PDI H3/Bris is
underl i néP40bbizoreBshopis gmmangotanalysis oh exmersioniot FH A inswaive fren, ESEHHD NO

(e Camy' SEEopPENBEID Thaps Y RpLRe S CHARURFE AR EaRRRICaCRY | o1 10
sequence coﬁawm (CompiRganPDINGEnal pepride diised m\ﬁcﬂﬂeﬁnemdeﬁhd icoggrad eﬂthen ce of

chinmeric HA is underlined. [0069] Figure 38 shows the nuc] id sequence
(SEQ | D RESCHMV/HT-haprd WW%%F%&EMF F%&FFB?&”@GH’BPP%‘P%“ {ﬂﬁé?‘rbgﬁpl ete HA

(B/ Flori C apght he stop
codor) 1 B o B B o aoF
2010/ 148553@%@%@&&@%&0@ cassep diod ey coosttukt tdtalmseteBAxivents onides

upst r eam of thelnltlal AT tarting wt Dr t d 3, b
SQd R R Rt S A el o W R fa

cons z.égi ﬁ@é W%Eteltnhﬂotav?ash’éfeﬁ?&ﬁrvﬁﬁﬁdnﬂ%ﬁ%@&ﬁ%ﬁoﬁal‘-‘aﬁﬁ%dlé' (o mhngan 35S
prom)ter R, codi ng 5sequence of the signal peptide fromPD ,
henmaggl uti ni n COdI ng sequence of HA form B/ Fl orida/4/06, CPW-HT 3" UIR and
NOS ter m[@Qﬂlb Figeg) Ubshoms scleouiti gemsqmtéh@etvﬁﬁﬁS%WHTBbqs%cmesewaer | i ned.

[0071 hows t he I ruct
7a5) b | SUBRTsaPT B R R Os T A Raie PR IE R iR h Rl yagpgRst

pr onot er (B MrehgSutiAfhE, C&Qﬁhtmmc@mbﬁmgm/eﬁlﬁmea tcoBDhggsd qumidee, CPM/- HT
3" UTIR and t erm nat or sequences. Codi hg sequence of chimerj IS
under | | né@ntpgd3Z compgsasdhesti3 BnoiHeedt i @ PMI@}%?’&G&B%@@&J&{@QOJ iing Msj |
(SEQ I D e (SEQ
DN 7hoFed T3S e mBespTh AR cler DR bRl e T T I e

mul ti pl e B/FRMusd t6 atPdI signalt peptide oid dnftes/Indo MIRIT. tEdSEanQEaM‘B(SﬁmpHdnderel y
downstream of the NOS term nator). HSP40 codi uenc rlined.
[0074] FiNfo® éergmopahiespyniaee tﬁ%lrl%tpb Scﬁlamé@alzﬂigg%ﬁ( RORN %’N%‘ Sf*g"fa‘o‘a’ﬁ 10y
portion (3-‘%1 -RANSH r&eﬁs@mah@é {%%%dlﬁgE%thMi HiIVIDICT: [ Bsrithirhadd hac! oni ng
site, upstream of Tt he prorm er i medi at el y downstream of the NOS
t er mi nat aty)apldbimc ﬂaiﬁl@ﬁlﬁioummsanE etfaﬂéanpieteursdla\uiﬂéa: Ispmexdse; ((FMBIHTFiSgané3’44
shows t he nucl ei id se ortion of construct
20nunber Ws?fc% YRR B rat%?ﬁcé ‘SrMPffailNﬁ]gusc‘%x@mSﬂ&ngffsfeen 5 upstream of
the pronoter) to EcoRl (imedi ately downstream of the NOS term nator). The

HSP40 codiopgp N¢ Shdvss thé fusRAefokden @dcdnb@bdtEmaniskr 78 akdSP7T0 Ogigii sfdl s equence

Sﬁ%%@
IS underllneJ nucl eoti des 1-4946; B) nucl eoti des 4947-9493.
20  sequence is 1nd1cated by bullet-ended arrows. Amino acids of the transmembrane domain are

QILSIYSTVA, and are preceded by amino acids that are part of the ectodomain.

[0043] Figure 12 shows amino acid sequence of the chimeric H5/H3 hemagglutinin (SEQ. ID.
NO. 83; contruct 737) comprising a PDI signal peptide, an ectodomain of H3
A/Brisbane/10/2007 and a TMD/CT of H5 A/Indonesia/5/2005.

25 [0044] Figure 13 shows the amino acid sequence of the chimeric H5/B hemagglutinin (SEQ.
ID. NO. 84) comprising an ectodomain of B/Florida/4/2006 and a TMD/CT of H5
A/Indonesia/5/2005 encoded by the open reading frame in construct number 745.
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[0076] Figure 45 shows a schematic representation of construct nunber R472.
WO 2010/ 148511PCT/ CA2010/ 000983 [0077] Figure 46 shows the disulfide bridge
pattern oWoiznfoesiza type A Bridge nunbering: 1) Cys4HRCTOARARDMOEB3 2)
Cys60HAL- Cys72HAL, 3) Cys94HAl- Cys143HA1l, 4) Cys292HAl- Cys318HAl 5)
Cys144HA2- Cys148HA2 and 6) Cys52HA1- Cys277HAL. The disul fide bridges that
differ between A and B (Figure 47) subtypes are indicated with arrows. 5The
nunbering frommature H3 protein was used. [0078] Figure 47 shows the

di sul fide bridge pattern of influenza type B HA. Bridge nunbering: 1)
Cys4HALl- Cys137HA2, 2) Cys6OHAl- Cys72HA1l, 3) Cys94HA1Cys143HA 1, 4
Cys292HAIéy EBigpigAf %ywm%mlzé@-a@lwagmreswn ef/8 na-ﬂvmmn?&twct, 7)
Cys54HAl | - Y : i i dges that
@l Trer bR R e e A R RS (R O ERe The
nunber i ngrithraaiatio TOMISF @reattedonstnas, toabphotejrOTALts Fogud ecpdBiteslants ware

schematic di agram of domain s fusion junctions., Fi re 4 ows the
f usi on oft egu%%{r%wr%%*ﬁ? Pk\g’gﬁ“} W%ﬂ%%‘jfad %%{ﬁac 1%?%%%’\%}; fe_ﬁl' E@? W‘F&tﬁ“’SDC S,
and the BBy a@?%%&dﬁwﬁﬁ P H A B Widathold A NG ﬁ&iﬁaai@@gma_sc (Figs.e 48B shows
the fusion of El- 15RB-E2 subdomains (HDC) fromH /Bri, H3/Bri or B/Flo

with H5/1ndo SDC, and of H5/Indo HDC withn H/NC SDC. [0080] Figure 49A
shows t h§0046t Fizotd eshowy iramonotSm@npipsibol expsyssion of 3 /ArOal vative fray 04/ 09.

Al falfa protei i.sulfide isoner .Si gn ept | LN is
under | i néﬁ‘lsg’ﬁﬁryr?gt(wrﬁingc%@ﬁ?g @gﬂgﬁgﬂ? ﬁ,%?%ﬁ?ﬂ%ﬂ?ﬁ@%ﬁ(ﬁ?@ﬁi gure 49B
shows t heuaiui@ a8 A6 TVRT) CRor(caEH 2 oaltnket N6lal $réleiDExtiabl® fifdin 3 separate plants
AJCal i fornia/04/09. Alfalfa protein disulfide isomerase S|ggnal 'ﬁpeegtl de is

un ?er I ihne\d:.re Jnabg4d- TPTGQD’rreiCBIEr Fhoolpreain were fregeblor sacdnjant gnadyzedyhicessi on of |
|—l5 B . . . . ] . ! H H Hm
s 1 ioedviisen DR VB Fie RGP bt TRt brit BRI BT DR CE 2"

co-infiltrated with AG.1/ 443 (enpty 25vector) and co-infiltrated with
AGL1/ R87 Qo4 P HR)Ws sfzekxdagidn doosmbtogabhy dfita preteintesiractescomaddrsts f r om 3
separate plants were anal yzed. Twenty. m cr o_gr ans of %g%%l ns were | oaded

for WO 2ufiloated sathepusiyuchaumabsr GHd Jishitivg PROtIR SARICRhOLE Iragonsest er n bl ot
was reve i td.- | . j i :

Figure 5 ke%grfl%ﬁwg&teaéeh fflﬁ? P‘go’%’hg@og g%h%ﬁlc@%&rﬁlp Iﬁé)qg%%%g%{r}%ﬁﬁ%?g é@ggél nce
(SEQ | D MFB&)ia phliyguts ahiiddids B 87/A56)| ie Gnctitms Jao U2 muwedeoted sodstthact 747

S .0 b SO IRES 55 SR BHREEAST, A5 ) 1 1

[0048] Figure 17 shows the nucleic acid sequence (SEQ ID NO: 52) of the synthesized

fragment comprising the complete H5 (A/Indonesia/5/05 (H5N1)) coding region (including
the signal peptide and the stop codon) flanked, in 5’ by a HindIII site and, in 3°, by a Sacl site.

[0049] Figure 18 shows the nucleic acid sequence (SEQ ID NO: 53) of construct 660, an HA
20  expression cassette comprising an alfalfa plastocyanin promoter and 5° UTR, hemagglutinin
coding sequence of HS form A/Indonesia/5/05 (H5N1), alfalfa plastocyanin 3° UTR and

terminator sequences.

[0050] Figure 19 shows the nucleic acid sequence (SEQ ID NO: 54) of the wild-type H1
(A/New Caledonia/20/99 (HIN1) (GenBank acc. no. AY289929) coding sequence without a

25 TmD and Ctail.
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of chimeric HA is underlined. 2X35S pronoter sequence is indicated in
italics. DETAILED DESCRI PTI ON [ 0083] The present invention relates to
virus-| i kwoparorisgiies. More specifically, the present toPOTAN2DININ0IES3
directed to virus-like particles conmprising chimeric influenza
hemaggl uti ni n, and nmet hods of producing chineric influenza virus-1ike
particles. [0084] The follow ng description is of a preferred enbodi nent.
[ 0085] The present invention provides a nucleic acid conprising a

nucl eoti de sequence encoding a chineric influenza hemaggl uti nin (HA)
operatively linked to a regulatory region 1l5active in a plant. [0086]

Fur t her mpp@51] Frgarp2eshoms thewusiti¢ and prapeicd¢SEQ TN Bio) of a pyndepsizee Gagments

| i ke particles PS)a. i n | an t had i nvol ves .i.nt roduci ucl ei c
acid enc 88?138513é E\éhi @1’@? e (‘?‘Wﬁ?‘&afﬁ%ﬂﬁllg@e“rogﬂg\%ﬂ%?“ﬁ lsﬁlﬁlgag {1‘ f)nqganrdeg ﬁﬁ'a ory
regi on aghd ¥&ckibn lthelapd mMfeotidddioPiginaf RIMPDI SPran@aictiden ByiIl tdigicHabakite and
incubating the plant or a portion of the plant under conditions that

20per ni t apfén xpded SagkStak siehelovod iranedigielydlowngiseaangf the 8l@DEPIRE- t he VLPs.
[0087] The present invention further provides for a VLP conprising a
chimeric g . 1 rovi ded by
the o es A0 ATARE2 Dihonf e dieToul B R BRSO A0, 3 PR 8

pol ypept ifiigment donisifigand Caer b{&NewoT al@ivhja?9 @H NI1haddicpspueses am no
acid sequences fromtw qr nore than two sources, formﬁéaq?%ﬁ bu ot

251 i mi t edneleding ths TonD sad Sigikire depnlppeto e step pedppd Janksf in JehyAdl s of a
differengkgﬂgﬁigw that are fused as a single polypeptide. The chineric
protein or polypeptide may include a signal peptide that is the same as, or
het erol ogous wi th, the remainder of the polypeptide or protein. - 18- WO
2010/ 1485000 HigA2 02 83308 Bucléntide kéquendedopiledicige wiive MRk far ppdtPpept i de

may be prod d as a transcript froma i i eqQt| eaye nd
the R memLbgistBr <o PR T 01 Y T Ry B ol | St ey i HEST .
and as regebdate PBESRdIPEl 0 forma multimeric protein. Therefore, a
chinmeric protein or a chineric pol pypeptide also includes a protein or

pol ypeptide conprising subunits 5that are associated via disulphide bridges
(i.e. a n9PE4ldEeyre 2pskaves thy nugtentidegeanshes fopPrombesta-EDRI-Plape Pdé Ronpri si ng
am no aci d_sequences,fr d

Mt o sabulege ERGRTHA SR, QoL RUS B R Y B QRDAe G5
produce aFghidEBB shopisalieiticotide fignaice tropoPlysie ptUTR (IBQED N@B5)eBrobnand 47) .
The pol ypeptide may be hemaggl utinin (HA), d he r t han
two dii nodiggfide senuepc@dl Hegal paide 1 eﬂw&@%ﬁ@%&ﬁﬁj&%‘i Egﬁégf\&{% from
i 11 or ent, Liicso 81oRU QRN AniRE IR Gn [#boigr Chi Meric influenza HA A
chineric nay a‘so I ncl ude an am no aci d sequence conpri sing heterol ogous

signal peptide (a chineric HA preprotein) that is cleaved after or during
prot ei n sypoffickizere 2Rskées thbnycleicheidshiuraed (SESOIB/ N 69:crenstoict &) wé tican

influenza HA is not naturally .occurting. A nucleic aci.d, (o]o] a chineric
pol ypept i £ FRIFSHRN RIS, Cﬁglﬁ}llﬁlgg ﬁﬂaliarﬁq%%?ﬁy?ﬁmﬁ SHURTE £cld m%g% g%(?lg%l "chineric
nucl eot i dg.3&RESNER signAl Peplills frbik1RAA b Bll For&O AN dv €8le@nia/20/99 (HIN1),

20  alfalfa plastocyanin 3’ UTR and terminator sequences. H1 from A/New Caledonia/20/1999

coding sequence is underlined.

[0056] Figure 25 shows the nucleic acid sequence (SEQ ID NO: 60) of the synthesized

fragment comprising the complete H1 (A/Brisbane/59/07 (HIN1)) coding region (including

the signal peptide and the stop codon) flanked, in 5° by alfalfa plastocyanin gene sequences
25  corresponding to the first 84 nucleotides upstream of the initial ATG, starting with a Dralll

site and, in 3°, by a Sacl site.
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chimeric HA may be described as a "chinmeric VLP'. [0089] The chineric

i nfl uenza HA according to various enbodi nents of the present invention my
conpri se wobam4skimai n conpl ex (SDC) a head domai n conplpex/qA2AD@)ooeusd a
transmenbr ane domai n conpl ex (TDC), where one or nore than one subdomai n of
either the 20SDC, HDC or TDC is of a first influenza HA type, subtype or
fromone origin, and one or nore than one subdonmain of either the SDC, HDC
or TDC is froma second influenza HA type, subtype, or froma second or
different origin. As described herein, the "SDC' conprises an F'1, F 2 and

F bd RB, El bd i " TDC"
I I A A W TR T4 )
25[ 0090] HARx RSB MbdeHs cé)ﬂlﬂﬁ?s%lﬁ’%aélfdlﬁ fp@asto@%lffﬂ proﬁfoter\éhtﬂ QSUTRkﬁ‘enP&%ngtlﬁines

"VLPs" refers to structures assenbl e and conprise structural
prot ei ns coding segener dfikeinfoam HXBpistuneisH/07 ¢H 1), plzlfxplasiddyaein 24 UAR gndot ei n.
VLPs and Chl nerl c VLPs are generally norphologically and antigenically
simlar thQ}P?PInguwfésduced in an infection, but |ack genetic information
sufficient to replicate and thus are non- i nf ectious. VLPs and chineric VLPs
may be priodss)elgiiO? 2 HaWsHHS BlAHER i TALRAE QAR 3ssidh Gkbetta blabdi3IR (SBQD B
i ncl udi n%\égl ant host cells. Follow ng extraction fromthe host cell and

upon i solM¥9i &, e Pﬁgﬂr(pp,@fea@mf ithe rampsh to Mgel (gmediatslyedovmssam ehtbe NASps  and
chinmeric Pf%” ,f : [ | Cc VLPs,

or VLPs, %lllrng H@? o?nw%f uenz héagrr?l\%e ﬁ%%dg’tg%#lﬁg%tﬁdn&g(g%%?éjgnce 5wth the
present imstacddnite Gaddthibedcmidptalise ML protein. The ML protein is known to

bi nd RNA (Wakefield and Brownl ee, 1989) which is a contam nant of VLP
preparation e sence of RNA i.§ undesi tainin | at ory
appr oval [88$9h %“rgl%gﬁ]é(t"i’scth?/ﬂﬁlﬁfz 8‘6‘ tq“ePWAEEWQ gﬁ Cﬂ’éﬁttuﬁtgﬁggg? eparati on
| acki;pg %&?&H?@m&ﬁﬁe@t@g@a&% cbﬁt@%h Wﬁﬁnywn%twmaheumkesent

i nvention may be produced 1 n a host cel that Ocharacteri zed by | acking
the abi | i dymenic lsinsdgglugine qodogepquencd, ekfalmmceraxanér BiR andlt¢rmingior nsect

cell, and t.her. grgani sns i ncl udi .sppnge, coel enterara, annelida,
art hor opo%g € %E@Sf‘c ﬁéﬂ%ﬂgﬁglsﬁﬂlheflﬁ%lé,ma%%%{e)l m ntes, plathel nint hes,
chaet ognat ha, tent acul ate, chlanydia, spirochetes, grampositive bacteria,
cyanobact [@os@, Figiire Raghaed e naclei faciiRequehde SEQE® NO064;exasmukcecdBipta et al .,
1999. Nucl eic Acids Research 27:370-372; Toukach et al., 2007. 15Nucleic
Aci ds Res@ametc B Hixsoresngn cassgiesnmpasiag akplfa lemnmqutter wdi34¥ TResear ch
36: 8- T gés,gﬁ Thifioot
typlD:égl I 3%2%%%%% ggﬁfgf#gtg %&Elgﬂ;dﬁcg&o@gs&e , gq%:o expljtlessed with
HA shoul dseYfudtges adlipimiese Rk dddimpndqidbcds udaiingd. [0093] The invention al so
provi des VLPs conprising chineric HA that obtain a |ipid 20envel ope from

t he pl as ran the cell.in which t chimeric HA. ar pessed For
exanpi o, TPOFhEeaRSAShts aiacis i dtuied GBCH] B 65 omRel e iR &7 he

resul ti ngch\{llta?nm/}my@kéﬁsﬁn tas@éteé &Hﬁbﬁkﬁ@%lf&lf%t&@aﬂh%otmrsamwf t he
plant cell. [0094] Cenerally, the term"lipid" refers to a fat-soluble

(1i pophi I¢lu1)leﬂ¢tmnmgglllt1}mm9dmgrsﬂm@nn® labfaldd lelgsto%(amm3nélTRcand|_tmpn%@mced in a
pl ant ,aceor di n? t(% enrrcrmgs 1ct sseo n‘tehle I|1 went ion 25 may be conplexed with
pl antZder {RFF 548 § R PRSPPI NIYs ey be in the formof a
l'ipid bilayer, and may further conprise an envel ope surroundi ng the VLP.
The pl ant [0062] Figarel3il pheiss teYIncloRtPLIdSeqlents (BBCOIPNOE66;sconstrich?32)loé themn
menbrane of the plant where the VLP is WO 2010/ 148511PCT/ CA2010/ 000983

pr oduced, W%tl%cﬁﬁ%@ﬁﬁwpﬁpa@e GV 3>giprongier FBADGTHcerTtes, as well as

fat-sol ub ﬁ)gﬁﬁp BoRN7 h?le@*W{i%rB“@ere
phosphatliég?a?%ﬁ?l ne FB%%E%E%‘%S% at 1 dyl et anoeam ng

phosphat i shd NOB8 sértmiatorsaqepbest |(hlyylirges|equws:e of JuBsphumipdinegi ds, phytosterol s
or a conbination thereof. A plant-derived lipid may al ternatel y be referred
ts? i S'rsﬁig,? eL@'P%@'@%@?%Pg‘{V&%W%%% agfd s%crft}/egt(c)es {S%’(f h)gNlOn%]U cgﬁhe codt egsé[eceltgencé

from ATG to stop, of intermediate construct number 787.
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brassi casterol, delta-7-stigrnasterol, delta-7-avenasterol, daunosterol,
sitosterol, 24- nmethylchol esterol, cholesterol or beta-sitosterol - see,
for exanpwe,2oimagsiand et al., 2004. As one of skill in trhe/cbiooedsd
understand, the lipid conposition of the plasm nenbrane of a cell may vary
with the culture or gromh conditions of the cell or organism or species,
from 10which the cell is obtained. Generally, beta-sitosterol is the nost
abundant phytosterol. [0095] Cell nenbranes generally conprise lipid
bil ayers, as well as proteins for various functions. Localized
concentrations of particular |ipids nmay be found in the lipid bilayer,
ref erred [PepHFigure B3 shavesrthe nuclepp agid sequgnes (PEHDNE; 6% saastmst ay3beofenr i ched
in sphi ngg,pr; i1, %&‘@e&o?{c%s%pe X&hﬁl—?' it éﬁso&l%ﬁloPe?,%ﬁw@YH‘[r%e?fm 1 pid
rafts may "have signiticant roles i endo and eXxocytosis, entry or 'egress
of Vi r usesdig sequeace ofithesi fhad psptrigdivns PDI, ht@bggietidin sodingbequérn 90HE tfon,
interaction with ot her structural %ﬁﬁ%onents of the cell or organism such
t

as i nt r acBrishane/ S ENIACNYHRAF R d NOY sogwptor svensger{t9diie i ncl udes
VLPs §O”R&§§%E80F§h?ﬁﬁi ?hwgmﬁéﬂﬂﬁhFh t he subdormai ns may be obtai ned from
u in

any type, type o uenza virus which may infect humans, i ncluding,
for 20 exanple, B, Hl, H2, H3, H4, H5, H6, 117, H8, H9, H10, H11l, 1112,
H13, H14,[06Y Rague B4 $ifows/the sudeic gcibd syquesce (SEQIDMEOeot edistmint £34) bhe

i nfluenza,viru be of. an Hl, H3, .H5 gr or sub n

¢ g L T eRprrsindtasietis comprsing eV Ban e de FEMRETRe A new
Cal edoni a 2R/ G¥meidhetReluihiNldbodingSeqi¥ce, CORRYHT N DR )Jand NUB (ethniftdebal | T orni a
04/ 09 subtype (HLN1) ('ﬁI/CaI";. EQ ID NO 86), the A/Indonesial5/05

sub-t ype chismeys. ABydingsenwtee i chivnprc Bhapendglirdo7 ("H /Bri"), and

B/ Fl ori da/ 4/ 2006 ("B/Flo") and H3 A/ Brisbane/ 10/ 2007 ("H3/Bri").

Furt her t [ | C [ of a
ol R RS TRELEPERTRY pSOTRLLAS QI6 B/ 5O016) FUREOARL

new y- i deffdgnidnecompisingetha eoruplete HES(A/BWEDaAG/10/07 48542 PCIdiGARG I @ROMIGS: [ 0097]
The present invention also pertains to. inf]uenza viruses which infect other

manmal s dPC HgeYl PaRfdRnS the gop eadampliankadiRnsY pfaitelastocy iR §@8 sopichess bi r ds,
avi an wal @frel@iphing®h oA dilbfcHides Makdam HY6kini P AT, ARl o DRIEKEN,
canel, canine, dogs, feline, cats, ger, leopard, civet, nk, stone

mart en, feterasd,gn 3hbysSapktite, |ivestock, mce, rats, seal, whale and the

| i ke. 5Sone influenza viruses nmay infect nore than one host aninmal. [0098]

Wth ref to i,nf irus,. the t y tinin" " HA" d
ner oi'f r B0 G Tibhs B e R G Seig PG S EIRBS e Ry Ren ey g feaies
The str UCHN&F&Esibrﬂédsb@t@Z;ambﬂﬁﬁgﬂie@dM“V n58 proMedebr; cPNOV-ed NdrRiesamgt rates a

hi gh degree of conservation in secondary, tertiary and quaternary
st r uct ur esequics oS the gignalrneptidokiera MM hagrgglytinseding geawee AffBugIMt he 10ani no

acid sequ *pNAQL a " 2 . Ann Rev
B ochem G0 B3P ARLLYQ o ep gD SO TR RCand M BBl Kooy Rt "

r ef er encegequdxide b£Sp PDEHSAYisaR arderiémedodi ng RA are well known, and are
avai l abl e for exanple, fromthe Bi oDefense and Public Health Database (for
examl e .. _bi qheal t hbase. or g/ GSear ch/ ?dgcorat or-1nfl yenza) or
Che ar abl 080 Tieod SR B ToHEC TSRACHSHG (CEbHELNOT o Sarrietpndp gy -

| nf or mat | GameNCRE T Qpr%iePAsgetlcoklBkising the CaMV 35S promoter, CPMV-HT 5’

ncbi . nl m ni h. gov/sites/entrez?db. ---nuccore&cnd-search& erm ---infl uenza)
bot h of wHIBhclameri¢ heoaggbitimirechdingrsequenbs; GPMErHER 3 eUTRGAE HOSTiesnirdatonononer
may be subdivide%B%E t hree quéﬁiona donainP -, a stemdomain, or stem
domai n cl TEFEFY ng seqdensh GF S mREG HAS HBAINS,  head donain cl uster (HDO)
and a 20transnenbrane domain cluster (TDC). The SDC conprises four
subdomai P69 FigsieG8 shepd thd dubleicheid saqante @BJ ID NOs AROsithe $ynthayizhie
generally referred to as a ‘backbone}).,The TDC conprises _two subdomai ns,
the t%ansRgmingaanprivies thg semalets Ha (Bifkendai40q) coding regione(inghydingthp #igsds t hr ee
subdonai : | @ oBd> ' : t or bi ndi ng
domai ey TS 2 i Sop S PR SEIEL Y abl Ao bapin i RaLERER, 1L
“ectodomain'. A
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25publication by Ha et al. 2002 (EMBO J. 21:865-875; which is incorporated
herein by refernce) illustrates the relative orientation of the various
subdonai nsoah1w13es18DC and HDC i n several influenza subt ypesgA2bagetssn Xray
crystal l ographic structures. A schematic diagram of the subdomains relative
to Nand Ctermni of the HAl and HA2 pol ypeptides is shown in Figure 1A
An annotated structural alignnent of various influenza subtypes is provided
in Figure 1C. - 22 - WD 2010/ 148511PCT/ CA2010/ 000983 [ 00100] Ami no acid
variation is tolerated in hermagglutinins of influenza viruses. This
variation provides for new strains that are_continually being identified.

| nf ect i vi £§rresaendintorthrlizgbdt aucleptides wasireap pfthe itiah Ak, sastingawith a Dsplll

hemaggl ut .o 0. 4t 14 i subsequently form VLPs is maintained. The
present i %l\rt;geér%ltdi gln,’ }ﬁae?Xeng(ls)I?ée?, provi des for a hemaggl utinin 5am no acid
sequence conprising chineric HA, or a nucleic acid encoding a chineric
henaggl ut {617A] Bgures3 %ashbds dequeleescid fegoento (SHQ UMD RO:i74; constran 739)arfdhd anc| udes

known sequences and variant HA segu hat ma I , resent

i nvent i onﬁ% ?ﬁ’rﬁé‘PPéf‘ﬁﬁE“et‘iﬁ)qﬂ’f‘ém%@E (g?ﬁig @E@%’PP‘@X I@%_@T%épﬁ?geg@&?’%ri si ng
a TDC,5 SDGeqibfte!dPhe Sififal SR St BISI, ﬁahgggliut&imdm{lg%sﬁéﬁc@@mkqoﬁﬁQ or a

cl eaved chinmeric HA conprising subdomai ns of HAI I0and HA2 fromtwo or nore
i nf 1 uenzaBtElpeda/4/Fo,CRMVART 3¢ UHR amdd¥@$ rerminatdseequseetsi rCading sequedocof S or

formation Ps usi plant, or plant cell, expression system
[00101] HABBEE%B«%SWS&%‘S@M and folded to forma trimer, which may

subsequently assenble into VLPs. C eavage of HAO yields HAl and HA2

pol ypept i §#51] Figheddthoas diestikleictidyetgee (SE@ NI r7gscobkiruct 45yt 247 f or
illustration of disulfide bridge patterns). For l15an infectious virus
parti cl e, SRiMeEG aydB 6¥prﬁﬁsg>@magssae FpReprising g (rMOG3 T opropolg < PMNeHT 57 UTR,

conf ofgmat L.ppakic $8a tfin b g\)q léﬁi‘ : ,{Hﬁﬂ' '

t erm nus o@ thg M%%%%eptl%e E%I%g’ ma glfl?%aval %@Fﬁ@?%&gﬂ&g@oﬁgﬁ&%ﬁce he
cell and Wadig segudncenfshimelonEes unddrBsedar e not i nfecti ous, and cl eavage of
the HA into HA]. and HA2 is not required, for exanple, for vaccine

201 om pl N2 RSB ErboPs URGRRCL o GBS ERonBe MO ITROTRD

pol ypepti de conprises several domains. The RB subdomain of the HDC

conpri ses [@F3 ¢ Fijurd 4204wk theatiiciefeRiCse@gico (SEQ &S NN a7 of agorfibit 6f Anktruct
Anti bodies that may neutralize infectious influenza virus are fre%gnt |y
target ed PBBHRGY, famdlipdllk (uthe myltiplg cloming sife dppteiag) oldhe mometersigduweRhi ns

(Bl apd Egh 809 VewistethGrilk T68 Qi a%&g}@y | 9&1** i fegh | and
F' 2 donmai ﬁs |ntaecht ana cooper aétjetto ¥orma s“toéyr?]aﬂgal u|’C"Irllcg ?g@%ﬁlgg&' of the
HA trinmer above the nenbrane. A TnD and CT may be involved in anchoring of

t he fol dedO0HA] Figuee 4teshowa the. nutlee A Sequgneh 6460 3D INE):&8) of apdrtion dfconstrudd f or
lipid rafts ' he have a rol e.in.secretion, of HA il me of
the cysr ePaoRt . STt BE S G Sobins i iorioe Bepmimosy] art A

si gnal  pepiinkk@lidt S HowhstredinSsr tRENOS Withisdtor). Mhe WS PEOFME seince is underlined.

[0075] Figure 44 shows the nucleic acid sequence (SEQ ID NO: 79) of a portion of construct

20 number R870, from HindllI (in the multiple cloning site, 5 upstream of the promoter) to
EcoRI (immediately downstream of the NOS terminator). The HSP40 coding sequence is in
underlined italic and the HSP70 coding sequence is underlined. A) nucleotides 1-4946; B)
nucleotides 4947-9493.

[0076] Figure 45 shows a schematic representation of construct number R472.

-16 -



WO 2010/ 148511PCT/ CA2010/ 000983 of the HAO pol ypeptide. Figure 2, and
Tables 4 and 5 provide exanples of the am no acid sequences of SP, F 1,

F'2, El, WB,20t214831d F donmi ns of sone influenza virus sebTyaes10/000983

[ 00103] Processing of an N-term nal signal peptide (SP) sequence during
expression and/or secretion of influenza hemagglutinins may have a role in
the folding of the HA. The 5term "signal peptide" refers generally to a
short (about 5-30 am no acids) sequence of am no acids, found generally at
the N-term nus of a hemaggl utinin pol ypeptide that may di rect transl ocati on

of the new y-transl ated pol ypeptide to a particul ar organel or aidin
posi ti oni [ﬁ@%dfFl@B@é@ shoy deé?réisﬁgf d@@“@&‘“epé}ﬁ@l’fy%féﬁﬁ‘i‘%a Qﬂ?ﬁ%n g&tnf"\?@e‘i“hg

other's.  THEBUIRRICPRI] L2 9 LyIPAS IS 3f €qgplial sl LADs] Q52 [ on of

the protei'n”into C reti um and -10have been prdposed to aid
in positiCyRoHat- Gybiél8|!£41e5)rﬁ?5rsm4}p4mﬂysrml8fmmm) CebtHAleCys27aHAL. The

b hor d f,. th I de. t d
cleavage di%@ﬁé’%m"gﬁ”%ﬂ% PTG & SHRUGBT | OO OROTHREM R OB
withig hﬁl &rﬁ?&de% #r&egﬁg)lsﬁgggbr ane of the host cell, signal

eavage an

pept i de protein glycosylation are co-transl ational events.
Correct 15folding of HA requires gycosylatlon of the Broteln and formation
2]

of at |ed9079 Higared7 @hazvsrthddzsulﬁfdp dgroprdisr( efdeflwinguyee BASA Bradeg7) . 1 n

Figure 46, the HA fro b di sul fide
bri dges p‘mml?%ﬁ%né é M'%ﬁ%@%sz)t eg@{o‘%gnd&r 22?1%8%2&?? %&re 47) has
seven di so&sfmﬁeAbr4)¢g@§92}ﬁmc_ﬁ/s3\mH9n ﬁ%m@@b&s@mﬁm Sgpssirane- a
counterpart in (reviewed in Skehel Ann_Rev Bi.ochem

69: 531- 56@}’5287<Hﬁqb4 BELYsPARHECysTith band 3)IQ)§HS${A¥T€Y$2H@H&J- EhgidisHeide nol ecul ar
4o . . .
pos! P onsRieeS B2 RILENIR A FARAE P AR\ IRyRE S RRMd B frb N Eh

303: 1838- difirbizrinh Gitoln mbtuvd B brossie wiamaaidpor at ed herein by reference). As one

of skill in the art would realize, it is inportant to ensure a simlar
arrangene dis de bri d obt ned. when i.ng chi nmerjc HAs.
25[ 00105] L%Z: glﬁg‘llre% ?Vﬁ%aﬁﬁkﬁ i fiags dBmFWeS“WBH?EwF ?tfﬂ%ﬂ E‘&"“ 48 gnal
pepti de nay.Rendetieh gk RBUBAMAiR (HORSRESH, HO/Br) @nd@ BIFTBRYhFETHED SO, and
hemaggl utinin bei ng expressed. A chinmeric HA may conprise a signal FEIEU de

froma fithsRB subdomainafHpgado B’ﬁbﬂiﬂﬂﬁcéteﬁsdma&lm gtlhf SBeShb‘HIS thedusion o

V201 B bt e das bonde R ce AP VRES TR CRE T pee

B Hl, H2, ub¢: wit HHONC BBC. H9 or influenza type B may be used to express the
HA in a pI ant system In sorre enbodi ments of the invention, the SP may be

of an influenza type ; or of the subt

AR R A T P (T
froma str I uenza,
or 1 om & R 8 e B e e o
a signal Hépbiide seqmancermylgbhghl&bnh hodd. t Figtre dPBahévas tha apuimst asidsediengt {SEf@

{320 nE%rogﬁ EES E‘% Sﬁgﬂ’)ﬁ tﬁg %.Jtl ehAg Ia Oﬁagfﬁé/il)g 3 %}E}éﬁ‘gtglsnsChS\Hﬁé\lo 1sor§er%§égs?gna§;|)zeguldg) ISNQ

underlined.

[0081] Figure 50 shows an immunoblot analysis of expression of H5/B chimeric

hemagglutinin (construct number 747; comprising B/Flo HDC and SDC fused with an

H5/Indo TDC) after infiltration of AGL1/747 undiluted, co-infiltrated with AGL1/443 (empty
25 vector) and co-infiltrated with AGL1/R870 (HSP40/HSP70). For each construct, total protein

extracts from 3 separate plants were analyzed. Twenty micrograms of proteins were loaded for

-17 -



10MAKNVAI FGLLFSLLLLVPSQ FAEE (nucl eotides 32-103; SEQ ID NO 34) The
present invention therefore provides for a chineric influenza hemaggl utinin
conpri si Nyoaorki4sa@, or a non-native signal peptide, ane#CmoA2ei0m0essds
encodi ng such chinmeric hemaggl utinins. [00107] Correct folding of the
hemaggl utinins may be inportant for stability of the 15protein, formation
of multinmers, formation of VLPs and function of the HA (ability to

hemaggl uti nate), anong ot her characteristics of influenza hemaggl utinins.
Fol ding of a protein may be influenced by one or nore factors, including,
but not limted to, the sev%)uence of the protein, the relative abundance of
the pr ot efdsh PianbanpspedeltsrWEsierp 2ot Was Fevealed wiigiant-B Fleddapelyvelensl patihpdiss

cof actors(l\?%%t)may bind or be transiently associated with the fol ded,
partially of'ded or unfolded protein, the presence of one or nore
chaperone proteins, or the like. [00108] Heat shock proteins (Hsp) or stress
prot ei ns HI082kKignyel A&\ shbws ltepeclsnadgpsequaica for thin2 X35 Stmrympeer séquepat(8EQAD
various c ar..pro es includin rotei n_synthesj i nt | |yl ar

Vet ok NG G T BE SRS Moo duceniner 5 GEl PSR on,
assenl y and@i&asSe8hlohoRt) AR BintheBiidR B¥%Bread® NOISQH idaRk)ICHEne BQ@nRY Ot ei N
di saggregation.. Exanpl es 250f such chaperone proteins include, but are not

. . p > pr .
limted tof chimssighlA pupsyinedyd X35 pprompigogauepes iy dicateig 20icso, Hsp1o,
Hsp100- 200, Hspl00, Hsp90, Lon, TF55, FKBPs, cyclophilins, dpP, G pE,
ubi qui ti nDETAIDER DESERIPPION ei n di sul fi de isomerases (see, for exanple,
Macario, - 25 - WD 2010/ 148511PCT/ CA2010/ 000983 A. J. L., Cold Spring Harbor
Labor at or yooREFThZpresii #i¥entiodgerateE S SifkdikeBafticld MoRAGHLALalIySh Rev.
Genet . 27?143%]-349615?1995 ;en U. S. aFe>atent N%).el?’S, 2%%%%3 . Al\s %]I ’screE%Béganther ein,
c haperoneinyventiani im diredtat toexambike piotitlen odmprismg dhiimenie i peia Aadagddhpinin, may be
used to ensyre folding of .a chineric HA. .5[00109] Exanpl es of Hsp70 incl ude
Hsp72 and‘qglﬂ’@ §°€1?r8ﬂ?°g%ﬁ?érf’?%‘h B?I}Zé’,"lrb?ig%?‘?rﬂ%? acteria, particularly
nycobacteria such as Mycobacterium | eprae, Mycobacterium tubercul osis, and

Mycobact efoosa) Ry fodlolvasCdes@pidacd ol LprélirbebhBodauenti n: referred to herein as
Hsp71). DnaK from Escherichia coli, yeast and other prokaryotes, and Bi P

and G p78 from eukaryotes, such as A thaliana (Lin et al. 2001 (Cell
Stress ant’U8akphe pisesht gvortongyeyidesm nugleig acid eqmprisgigmpicieotle $AUEMSB70 is A

A e et R A T G e S

t her ebby pagtivieén patantig in protein folding and unfolding as well as in the
assenbly and di sassenbly of protein conplexes. [00110] Exanpl es of Hsp40

i ncl ude 0 rokaryotes .such.as E..coli an 5mycabacteri,a and HSJ1,
Do 1 s T FER R i e G bvisE et of BEECRE Vi 1 RIS oo
Mol ecul ar (BLRd) o9y 81%9@ 3fhé- AR infolR&d fntr6dilcaly £XRM Ri®éncadinklaRA IR M
sativa MsJ1 (AJ000995.1 or SEQ ID NO 76). Hsp40 plays a role as a

mol ecul ar indhispesr b opemtiyalp tinkad to @ reputaiory regomantise ay tha plank irdo tigplant, or

nord soquiimish BB sl S Rl Ehe S s Ronir BT An ORISR BC70' ana
i ts cmr chppaiioihe expisgdm, ofalicentchiOicid dhdrébytipredusinglahé Vzas.i on of transl ating

and newl y synt hesi zed pol ypepti des before the synthesis is conplete.

Wt hout wishi to be bound b heor 40 bi nds .t.o the hydrophobic
pat ches m&o@lﬂ%he present anentgon f¥1rt£er pro%desl_flgrp a VLP comprising a chime}/ic influenza HA.

The VLP may be produced by the method as provided by the present invention.

[0088] By “chimeric protein” or "chimeric polypeptide", it is meant a protein or polypeptide
that comprises amino acid sequences from two or more than two sources, for example but not

25 limited to, two or more influenza types or subtypes, or influenza's of a different origin, that are
fused as a single polypeptide. The chimeric protein or polypeptide may include a signal

peptide that is the same as, or heterologous with, the remainder of the polypeptide or protein.
- 18-



unf ol ded (nascent or newy transferred) polypeptides, thus facilitating the
interaction of Hsp70- ATP conplex with the pol ypeptide. ATP hydrol ysis | eads
to the fowoabioonszfi a stabl e 25conpl ex between t he pol ypeptdatelo/onsys30 and
ADP, and rel ease of Hsp40. The associ ation of Hsp70- ADP conplex with the
hydr ophobi ¢ patches of the pol ypeptide prevents their interaction with

ot her hydrophobi ¢ patches, preventing the incorrect folding and the
formati on of aggregates with other proteins (reviewed in Hart!, FU 1996.
Nat ure 381:571-579). - 26 - WD 2010/148511PCT/ CA2010/ 000983 [00112] Nati ve
chaperone proteins may be able to facilitate correct folding of |owlevels
of reconblhrsmeiGRratcH onslimerte rohwpeplids masboprofussd pga frarcEptdEom g ghimeric

abundance i r 0 kit . j evel s of
expr casi ot RE et e R PRy ph R R R OALR e P2°1 P
accunul at syathesif, dndnmgglired, associated o &pii adesitinerit peot&iny Thaefore, artimeric
co-expressi on of qne or re than one chaperone proteins such .as HsprO,
Hsp40 or Mgt Wﬁww £B1dF)s 1Betdes atm_%tqné%’rfyafpt ¢ ¢PRPHAE SpbunLs

aggr egat e@l,heaRaalitkd Hati RO RERIddeq .. @Hﬂltirﬁ&fcﬁﬁ‘&@in&hﬁoﬂb&%ﬁl& Hhimeric

pol ypeptides exhibiting tertiary and quaternary structural characteristics
t hat al | opelpeptidh eompuding immpiacid sequithers ffoor fvet ¢ronore fthanitwaselrcésenmpalret i cl es.

SEQ ID NO_ 77 is. |.ei id . i f truct nunb
cos0. 10 oheraR RogR: fEh HERR SaruR vE SRRl ar e he "
pronot er) cHiReki€ Pidteid iéﬂl’zmﬁfl'[)@é [\glyp7egﬁ&\@@€é EiaReoti6 hﬁm?@h& BbIFhEpde inay bencodi ng

HSP40 (underli ned). Q is a nucleic acid sequence of a portion
of const r emagginsibar (HR96ad daclyad th e Pt moeiertharhiavoraming pié seguetrien hatnple

upstream of .t he. pronoter) to .EcoRl (i e downst ream t he, NOS

tor m fat ofty MR BRI ke Ay 0T T rERElo bR SV RRT: Han  Ruis
sequence RifluanzhHADOAlchferef H A @iftalddthcl i deimild 48d sédueietdofgtiking (1 n t he
multiple cloning site, 5 upstreamof the pronoter) to EcoRl (imrediately

downst r eahsterploghes fgB! pentide fnelsmyrie HoourRigterthnd issrded riteion giwrsa freteingnd
HSP70 (un L.ne her. : -4 I I vi des
For a metNOCr DY oue e Chleae PRVpRe o eLe Ry Rana NI 8 BlelP 2
first nucbeumirgciAdneikbioddidgnadaig ahimherid pulypeptideam2PbiAddsarited-aed fctemssd Wi t h
a second nucl ei ¢ acid encodi ng a chaperong. The fijrst and second nucleic
2 dstmay MHSIF AT AT BN MEBIGSHidR KapRSE oA S I Bt CORBIS@] nt r oduced
to the pIaﬂﬁwﬁ@gypﬁé§g%h&wﬁ&gﬁé%4£thﬁcqqy”pe assessed for structure and

size by, for exanple, hemaggl utination assay, electron mcroscopy, or by
si ze exclusion chromat ography. 25[00115] For si ze excl usion chronatography,
total sol [{§88] Phothiingdc milyenye Fek aecardiegiiof vagmugpinabadimenis efethg prepatrbtyenfion ng
(Polytronhbsa | e of . frqzen-crus eg F?n erial _in e tion buffer
ind T nsol (8T SoRut st AR SR RIS LR re Bl Pl Pole T OGE T i T PG
nmay alj SO ] ’Q&lsﬂ{henhﬁiiﬁfdofnain'r&ﬁqﬁ@d (@I, Ph&t Bhdlor riorg Wiaiit onk iseiomAitoft diBeraké r act
assed through a - 27 -

P 20 SDC? HDC or TDC is of a first influenza HA type, subtype or from one origin, and one or

more than one subdomain of either the SDC, HDC or TDC is from a second influenza HA

type, subtype, or from a second or different origin. As described herein, the "SDC" comprises

an F’1, F’2 and F subdomain, the "HDC" comprises an RB, E1 and E2 subdomain, the "TDC"

comprises a TmD and Ctail subdomain (TMD/CT; see Figures 1A, 46 and 47).

25 [0090] The term “virus like particle” (VLP), or "virus-like particles” or "VLPs" refers to
structures that self-assemble and comprise structural proteins such as influenza HA protein, or
chimeric influenza HA protein. VLPs and chimeric VLPs are generally morphologically and
antigenically similar to virions produced in an infection, but lack genetic information

sufficient to replicate and thus are non-infectious. VLPs and chimeric VLPs may be produced
-19-



WO 2010/ 148511PCT/ CA2010/ 000983 Sephacryl TM col um. Bl ue Dextran 2000 may
be used as a calibration standard. Follow ng chronmat ography, fractions may
be furthewoanw/ypgsad by i mmunobl ot to determ ne the protecm@amoeosat of
the fraction. [00116] The present invention also provides for a plant
conprising a nucleic acid 5encoding one, or nore than one chineric

i nfl uenza hemaggl uti nin and a nucleic acid encodi ng one or nore than one
chaperones. [00117] The present invention includes nucl eotide sequences:
[00118] SEQ ID NO 63 (construct 690; a chineric H5/HL expression cassette
conprising alfalfa plastocyanin pronoter_and 5' chinmeric henﬁ%%jutinin

UTR
codi ng 108sHiRMRost eqlisandluding plantiostesils Bellqyirg svpctien firmdhohossedimdces)

and the r:ld ' : ' =

761 ndo- A oy~ f1FH RO iREp kiR LA CARIBRATLRA VEDS 18] CHRTDVEES 64
(const r uchapbd purifiedhas iadt strbdBirkld expr essi on cassette conprising alfalfa

pl ast ocyani n pronoter and 5 UTR, chineric hemaggl utinin codi ng 15sequence,

alfalfa ocyani.n 3 UTR and term nator .sequences and .t he underli ned

o £1 on CHOSHCHRRREVERs Eid: mydighe Ber ngR e AR g SRgh dSspinct

H1/ Bris- F' Rith the plddhtGdv@tiortab hBdQmprO§A0)rskR. I'TReND pRreeif AW UE bind96; a

chinmeric HL/ H5 exgre55|on cassette conprising aIfaIFa pl ast ocyani n pronoter
1

and 5 UTRNAJWYakefifld aheé Brayepler. ilASD vdueli isg coneménaehele Lipfepirtigom| Hist ocyani n

3" UIR and term r. sequen and .t.he underline rtion.of . | D NO 65
encod ng BEieer YR i AR PR b8 sl AR WSS R TR o ) R
[ 00121] SERotihtNGErefole 4 ElIMSHE VTP pfdparatioh acRBRNMndd5be ag¥t4861s0n cassette

conprising the CaW 35S pronoter, CPW-HT 5 UTR, codi ng sequence of the

signal 25peptide from PD , hepaggl utinin codi ng sequence of Hl form
AJBr i sbandPBel e imero VP honigrens g5 ptmerperboredisod geshesbrid tat iy UTR

and BIIQS t §laMcRRLay bysﬁglfiﬁg‘%%ili&%i&lﬂ%ewwgﬁ%ﬁg%aﬂﬁ%{ R;ISl_Qnt%fell,%ﬁ%éeB NG 68,

encodi ng PDI SP-F' T, RB,E2,” F'2,"F, 'T
cell, fungi, and other organisms including sponge, coelenterara, annelida, arthoropoda,

mollusca, nemathelminthea, trochelmintes, plathelminthes, chaetognatha, tentaculate,
chlamydia, spirochetes, gram-positive bacteria, cyanobacteria, archaebacteria, or the like. See,
for example Gupta et al., 1999. Nucleic Acids Research 27:370-372; Toukach et al., 2007.

15 Nucleic Acids Research 35:D280-D286; Nakahara et al., 2008. Nucleic Acids Research
36:D368-D371. The chimeric VLPs produced as described herein do not typically comprise
neuraminidase (NA). However, NA may be co-expressed with HA should VLPs comprising
HA and NA be desired.

[0093] The invention also provides VLPs comprising chimeric HA that obtain a lipid
20  envelope from the plasma membrane of the cell in which the chimeric HA are expressed. For
example, if the chimeric HA is expressed in a plant-based system, the resulting VLP may

obtain a lipid envelope from the plasma membrane of the plant cell.

[0094] Generally, the term “lipid” refers to a fat-soluble (lipophilic), naturally-occurring

molecules. A chimeric VLP produced in a plant according to some aspects of the invention
25 may be complexed with plant-derived lipids. The plant-derived lipids may be in the form of a

lipid bilayer, and may further comprise an envelope surrounding the VLP. The plant derived

lipids may comprise lipid components of the plasma membrane of the plant where the VLP is

-20 -



[00122] SEQ ID NO 69 (construct 734; a chineric H5/HL expression cassette
conprising the CaW 35S pronoter, CPW-HT 5 UTR, chineric hemaggl utinin
codi ng 5swquercEs$sSICPM/- HT 3" UTR and NOS term nator seqBemaad10/00tms3codi ng
sequence of chinmeric HA is underlined, encoding the sane chimeric HA as
SEQ I D NO 63; [00123]SEQ ID NO 71 (construct 736; an HA expression
cassette conprising the CaWw 35S pronoter, CPMW/-HT 5 UTR, coding sequence
of the signal peptide fromPDI, henagglutinin coding sequence of H3 form
A/ Bri sbane/ 10/ 07 (H2N3), CPW-HT 3' UTR 10and NOS term nator sequences),
and the underli ned port| on of SEQ ID NO 71 encading PDI SP-F 1, El, RB, E2,
F2, F, TNppécegsinghadipg phosphelimds Sicslir ndvapenagdyereers by welt asftgtrsoluble Hpivkr i ¢
H5/ H3 exp, ter, CPW-HT 5
5&&&5@%}{%%31%@&&& sterots) "BY, le!}%&h'i'&‘e ‘B@%ﬁgﬁé@hﬂ

UTR, chineric thnrn codi ng equence, and NCS

term nat ophosﬁmﬂéyleﬁm)qlammd (PR phosghkatidylisakitpl) phosphatiallylstGEQlyk b3phidgdlRpids,
encodi ng PDI SP-F CT..of H5/1 ndo; [00125] SEQ | D NO
74 (constRhygstcralg or %ﬁom%z\n@s@artées‘?fz i elagfsggvsd Eeﬁﬂayﬁtﬁ@laﬂyebecﬁame@.
pronotger, il 5 hal rom PDI
hemagtgsjl Utall I(’lﬁ:ﬂl’}lwgodl n%xe{g%ag\fjseﬁ?qew%?t eﬁH)zﬁﬂglp ?nch/ eg@ﬁ) al 4/ 06 tel%PIQ}I\%\/Q‘%I-ll:IQfl3 UTR and
NCS t er ni brassomastsmtydelia-@ssjigmasierot, Meltaidesdastamd] daondsienol, ofost8F@ 24D NO 74

d 2 EQO ID
Noy 95" ity sl 2RGesterm nela- s aroLy s g el rBreand Shaby T ¢ he
Cal VI'V 3585 Broemkal in @Mwbtﬁd%dé&%ld Gy 17Rd LEmPRTRAL Y AhdhLAGHBGne of

sequence, CPW-HT 3' and NOS term nator sequences), and the underlined
portion of Cffb‘EfQ)i)r ve)ry N@im;rfr eﬁmﬂggovmbmo@humlof tie cellRB oFENIsH, By species, from

/ Fl q- TND/ h d
el 6811 e firse Mo PR ErBERRG s AT e ahdavigh°° °

conditions to the underli ned portions of any one of SEQ ID WO

2010/ 1485M0PT AR M0 98 rNG0hPriedlipid Bilayeds, aawell 4slpréfeins Thevapioas ent
invention_ al so includes a nucleotide sequence that hybridizes under

st ri ngent [UAGIIISdL-eelzerhcqnsaratipay R nagichlag hpids ey rl?F f%ndtlh thedivirbbilaypre d
portions Qk.AdY, 8N4 Rfra§§QT|hbpS€N@?d Bt Ry d%ﬁxal g Do H.Zéhe&%n (sj%[@f%?plgé 01D

nucl eot i de sequence t hat Ize to t e un porti
NGs: 63- 65and68srols OWithond vﬁ§h1ﬁ§to hwrboan&bptmblefrrbpnﬂ ralﬂs thinpehava dignifi cm:ﬁdolpmrﬂi ons

of SE ID :63-65, 68, 69, and 71-75, encode_.a chimeric he inin
prot éPn a“&/ﬁ’é‘??y@%‘ﬁr Ry e%r&?sn%flvam&fm% e&m@eﬁouw&n&s,hl@teé Eﬁiﬂ%m VLP
i nduces pfrﬁﬂuﬁéﬁoﬁ NinRfac@bn ithloBRE¥riAGH PRk @ﬂ'tﬁgcélpo&rgaz&@dn? Gheh 4507

exanpl e, expression of the nucleotide sequence within a pfant cell forms a
chi meri cVLnPaC@lnhirambemm%ﬂar@am&Snay be used to produce an anti body that
i s capabl e of binding HA 10i ncl uding mature HA, HAO HAL or HA2 of one or

more infl H)%Qé]afﬁey BEtiSh ir?clﬁpcfeg REPs cc-)rtggﬁsing chimeric HA, of which the subdomains may

be obtained from any type, subtype of influenza virus which may infect humans, including, for

20  example, B, H1, H2, H3, H4, H5, H6, H7, HS, H9, H10, H11, H12, H13, H14, H15 and H16

types or subtypes. In some embodiments, the influenza virus may be of an H1, H3, H5 or B
types or subtypes. Non limiting examples of H1, H3, HS or B types or subtypes include the
A/New Caledonia/20/99 subtype (HIN1) (“H1/NC”; SEQ ID NO:56), the H1 A/California
04/09 subtype (HIN1) ("H1/Cal"; SEQ ID NO:86), the A/Indonesia/5/05 sub-type (H5N1)

25 (“H5/Indo”), A/Brisbane/59/2007 (“H1/Bri”), and B/Florida/4/2006 (“B/Flo”) and H3
A/Brisbane/10/2007 (“H3/Bri”). Furthermore, the chimeric HA may comprise one or more
subdomains of a hemagglutinin that is isolated from one or more emerging or newly-identified

influenza viruses.
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chimeric VLP, when adm nistered to a subject, induces an inmune response.
[ 00128] Hybri di zati on under stringent hybridization conditions is known in
the art (weeofoomuszxranpl e Current Protocols in Ml ecul ar pBralaagi/oosassubel et

al ., eds. 1995 and supplenents; Maniatis et al., in Mlecular doning (A
Laboratory Manual ), Cold Spring 15Harbor Laboratory, 1982; Sanbrook and
Russell, in Ml ecular doning: A Laboratory Manual, rl edition 2001; each

of which is incorporated herein by reference). An exanple of one such
stringent hybridization conditions may be about 16-20 hours hybridi zation
in 4 X SSC at _65C, followed by washing in 0.1 X Sgﬁ}éé 5C gor an hour, or
2 washes [§497h The presgytinyentgoncalzopariams o iflughza 3irusRs s o} PIEFTTAITRAISYT an
exenpl ar i e FiuAAhd C i td Mo i gk -20
our o) 1 SoR B ir CUBbI b PR RN iRELERY st RO, IO Soc
at 65C f birdamuhibuluck, gees2, padthe shicker) cdmot, G8@eadogs SElima cits.ftiger, 2pard, 30

m nut es, or overnight (16-20 hqurs), or. hybridization jn ur ueous
phosphat &5t Fl?lélf’ SEOPSIEHEN é’r gﬁﬂ%%ﬁ)(ﬂ?t% EH’ ‘T’%‘?"E(p‘ﬁm?z r?%s, ieﬁl’ W%Eﬁﬁ“%%e t%65C,
with 2 washes,eidhelingdts BaFiritkt hoke HaSShe h@t 4SS for 20 or 30 ninutes
each, or 2 washes at 65C in 2 X SSC, 0.1% 25SDS for 20 or 30 m nutes each.
[00129] Addi tional Iy, the present invention includes nucleotide sequences

t hat ar e [@098] Aéittercifcrente 4 flagnzayirb e tepp “hemagghuinindmr “BA” aggseddipreiny 93
94 95, 96,.97, 9 99, :100%.0r an e [ dentity,
or sequend&sdp ﬁis%cruilr?%/g,ly(\:/ﬂpf éf)%glfl ﬁg Ir}nﬁtﬂl %I;%g}t? %a}jéi}ﬁﬂ%b Sl RS2

2010/ 1485 HREAGGAR AL LKAHES stk @ittt Rateds bigh dggretibf@nbavdtidnde s@padang t o t he
underlined portions of any one of SEQ ID NO 63, SEQID NO 64, SEQ ID NO
65, SEQ I@tipgand guatgmeyy|styupiare. Gous ghepgservation igmbsqrysdagsen #wuglsi® | p NO

74, QID. : rej I Lde : tinin
N e i A g T
5VLP i nduoess 1td9e Vataathuettal 20050 fvhivh isiinkcoldpochyed Heoain by eofigrtree). edprlesslieon of t he
nucl eoti de sequence within a plant cell foros. a.chinmeric VLP, he

chi mer i ¢ SHYsnERREIERIEHEA 5\‘%""5&5&‘8}&% aged, a’ﬁrﬁ"?‘%&/ﬁ’f ﬁ’éﬁmﬂl"“s%&?gbgﬁlBg&g‘?élﬁﬁe ndi ng

HA, i ncl ugliy e AR, ¥abastoGor &bkpRaci#.: The VLP, when administered to a
subj ect, 1 nduces an inmune response. [00130] An "i mmune response” generally

refers t dicheakistponer/@Secatchdroactalo? daceratorrinfluentoy gisthe drtatrises maiapited dyitharune

system gener al | onpr.i.ses. a.hu al res e._and ceg . medi at ed

res pdﬁse%afwgalhéﬁ‘?g‘?rg& $18§W%%nrfgfopﬁgtlo&m, o ei(ar%ﬁ%ﬁ hat is nediated
by secr et&ﬁi.ﬂﬁiﬂnH%Qw@i&;s/eafreﬂus%cb&e&b@d%wcﬁ&wm&hmu&day rokDswidcH aseage
(B cell). Secreted antibodies bind to antigens on the surfaces of invading
m cr obes ifeupdraigd hereimpyersfesmepact eri a), which flags them for destruction.
Hunmoral inmmunity is used generally to refer to antibody 15production and
the proc ' el Eiidthf @sthdths {446 ORGIn0d

ant i bodi @ﬁgﬁnﬂgﬁf&d‘?‘%&@%ﬁl@éﬂ)é %@?ﬁ&%@i%ﬁlﬁgengﬁcf/t 0 tlﬁﬁlté pSr oducti on, nmsrrmry
cel | genefi@h idomain@pseni(SDEY, argbdbiubin hedd Guinedgrg ey hesli dmapatihsgehl Dl )ianil pat i on
and the like. The terns "nodul " or "ppdul ation” or the i refer.to an
i ncr @dse FOSHEPPERS dOMANLIYSIE t(ﬂéﬁ} :ﬁ‘e ﬁP@WSB% gﬂﬁ?‘?ﬁ%‘%’r‘“?’ 32‘@518%?8%6 ned
by any of 035N DAGR AR Rl B JRQUM, REriéaqslas $ MBHRhe WhITRITBCE
20exenpl i]?’?fgld/g%délr eia(n. 00131] A glel Ié-érregl%t eed resgonse_i S a\zl\hi nmune_response
t hat doescongirisesmwal snbdomains, the transmembrane (TmD) and a C terminal tail (CT). The HDC

comprises three subdomains, vestigial esterase domains E1" and E2, and a receptor binding
domain RB. The SDC and HDC may be collectively referred to as the ‘ectodomain’. A

25  publication by Ha et al. 2002 (EMBO J. 21:865-875; which is incorporated herein by refernce)
illustrates the relative orientation of the various subdomains of the SDC and HDC in several
influenza subtypes, based on Xray crystallographic structures. A schematic diagram of the
subdomains relative to N and C termini of the HA1 and HA2 potypeptides is shown in Figure

1A. An annotated structural alignment of various influenza subtypes is provided in Figure 1C.
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anti bodi es but rather involves the activation of macrophages, natural
killer cells (NK), antigen-specific cytotoxic T-I|ynphocytes, and the

rel ease olowvariasdicyt oki nes in response to an anti gen. pCelda2nmdioadsed
imunity is used generally to refer to some Th cell activation, Tc 25cell
activation and T-cell nediated responses. Cell nediated immunity is of
particular inportance in responding to viral infections. [00132] For

exanpl e, the induction of antigen specific CD8 positive T | ynphocytes may
be neasured using an ELI SPOT assay; stinulation of CD4 positive
T-1ynphocvtes may WO 2010/ 148511PCT/ CA2010/ 000983 be sured, using .a
prolifer ai/(?odﬁo]assay{s‘n%ﬁlﬂ feiq pgriaien 4o mt?%lgdyn{agglwérgnsr@{}g NG HRESeF§ %E)‘S usi ng
an ELI SA 958ain froRioRSsndlf stllfis!t 8 ArSRARhIAIG 1es el eRellivity Gkt es
may al so be neasured using anti-isotype ant boéliges e.g. anti -1gG 1gA,

| gE or | gw stviehhodg vanyd Hoseheri fpuestidnoot hgswaggintimin drimers hwiasls sybsequently

wel | - kno i e art. 5 33] A hemaggl utination inhibition (H , .or HAl)
Resay. oy lmeyLBeis SRl JEr B HATBIRS PP By B BheguardiinRauced by
a vaccd negmifo ARFSelMhcE OARpEditd AImERORIA 8F NEudht BBA bicodMe chihéderi ¢ VLP
can inhibit the agglutination of red blood cells (RBC) by reconbi nant HA
Hemaggl ut hemaggbutinim pmisiotagidyseaquenicd dlapy forimsdfldPsah a plant and tepidesknoayn be

eval uated by mcrotiter | (Aymard et a 973 Eryt hrocytes,from.any of
cever al s peeiiet b AR e G R PlexOf S e o R c R o
Thi s assayheQis¥©5a tHifictie 1A pcsl%m;ﬁaé tMprdh @S FBODE PChd HIXC. Hortek hrfiBle t t he
surface of VLP, confirmng the proper presentation of antigenic sites on

HAs. [ 0013aersdtA pwidn may by BAd), of @ eleaed ehimagicddA sempsrg subdeapins ef HAde t he
Ffi : t rai ir. | A th
Vacer e s fhe RERE bERBRITR A ARE TRIAMAR 1PA DXl BBl nefl ' 1°

vacci ne cergdastidn @foatiphios ViLgs asiad b plant, or planme@tl] ¢xkprdadkion swaai.i Si ng an UDC
of a first influenza type or subtype may be used in an HAT assay with a

second straj f wh Vvirus or viru rticles, and the HAT tjter
oo mebIbaB o2 Bl it B ety ahg (Ao iR by bt Bhirh P Ubkuenlyy of
HA to bi ngsdebRBGtof VIOPS. @il dal, 87 1H 200iBRb S1A 1Sand AR PolpdeptiB& hﬁ:}ﬁéa pihy of HA

for sialic acids bound with a2,3 or a2, 6 20linkages™ and the presence of
these si aldisvlfglsitidgotret Rigusad Cateast 4 HBCIllugationef disd! fule ibaidgd-etternsim For

i nfluenza viruses aggl utinate erythrocytes firomall several .species,
| nol ubl ng 2 dHRelpas ViR Al cTegiabof PTREDHAD SR ISR R hor ses and
cows; whelkeaBrhativaal dAsgedHA Dibatelascthy FRiAGEpES @f tht W #BNinuSHi thKENS,

ducks, gui nea piﬂgs, humans and she%rl)_(lto T. et al, 1997, Virol ogy,
227: 493- 499lyprpitdis) anskmikedt avgiilablo ey fusien pihe ggll agigviphmgmprancs [ doaasT, Oyt oki ne

presence é . . l% I i(ﬂ- e . - llfr cel |
P esence Sk o T eyt R T e |
| L- 4 secr ekamglecfet VacinsipaglubyorEUnSRaed. A0 Biaciisasatdoensasblé3ih BlirAerk iahd hud
Peri pheral bl ood nononuclear cells WO 2010/ 148511PCT/ CA2010/ 000983
20 from plasma membrane to form VLP nanoparticles.
[00102] The HAO polypeptide comprises several domains. The RB subdomain of the
HDC comprises several loops in antigenic regions designated as site A-E. Antibodies that
may neutralize infectious influenza virus are frequently targeted to one or more of these sites.
The vestigial esterase subdomains (E1 and E2) may have a role in fusion, and may bind Cat++.
25 The F, F’1 and F’2 domains interact and cooperate to form a stem, raising the head of the HA
trimer above the membrane. A TmD and CT may be involved in anchoring of the folded HA
to a membrane. The TmD may have a role in affinity of HA for lipid rafts, while the CT may
have a role in secretion of HA, while some of the cysteine residues found in the CT

subdomain may be palmitoylated. A signal peptide (SP) may also be found at the N terminus
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(PBMC) or splenocytes obtained froma subject may be cultured, and the
supernat ant anal yzed. T |ynphocytes may al so be quantified by

fl uor escewoeonxt4smat ed cell sorting (FACS), using nmarkePCTedfoiw09ss3
fluorescent |abels and nmethods as are known in the art. [00137] A

m croneutralization assay may al so be conducted to characterize an i nmune 5
response in a subject, see for exanple the nethods of Rowe et al., 1973.
Virus neutralization titers nmay be obtained several ways, including: 1)
enuneration of lysis plaques (plaque assay) follow ng crystal violet
fixation/coloration of cells; 2) mcroscopic observation of cell lysis in
cul t ur e; of3he HAO®Iypentidsp dtigyre g hastdorables #and & hapstidorkapplayof theragyngadd ei n
(correlate with vi i t Lanof t |1 0. identity
or sequ eﬁ%e%qeﬁ?{%é’ :ttsgl Fﬁ%l?ﬁb ie& d g? &p %19 ﬁgﬁ%ug f)?l %:joréfle %@g%“%%lé?ﬁ g%{%nf}g’r%? son
program such as that provided within DNASIS (for exanple, using, but not
limted {m103lhe foPlocssing opat Nreinena:sigpAibepadalSPy sGyuerkefdutiop extiregmmal s 5,

fixed GAP penalty 10, k-tuple 2, floating gap 10, and w ndow e .
However , astoreecivbeholdsiismza hergeaabrininsmmay; ERedein G %M&?f@fﬂﬁa@

wel | -kno I 3 IR t I | £ j n
(Toa7 A Sl Sefiide, i BRIl o (RG! {20 Bmfo aofl| aflerloYRLERERD
1970), Pedds @sund gehgratbynat (HO8SemPneaf alletrapglutidiagolyBentide UBABS dRtdet4) , and by
conput eri zed i npl epent ati ons of thesemgngori t hmsl (eg%l. GAP, . BESTFI T, FASTA,
and BLASHapshpcptien el the pewly-tranglgigd polype @ Briswlar ofsEiels . 2ddR by nanual

al i gnmen adhi vd il 1N Elb’lgb Jtitle BGdifl rd4tivR 1D DReRC THe Si Qptie My
be conpa%%sg{ﬂ%rl %?‘f%%‘éﬁpgﬁﬁ&%%ﬁ@gﬁ u ?é%ﬁeﬁdée; r%ay be SOdetgr%Hér%ed usi ng
any of sepesmadgghmihinsdargetplackagkeatimomithd proteineintir the efidoplassimmoticulWwiaiihL | N
(Corpet F., 1988, Nucl. Acids .Res., 2),. 10881-10890). LAST, CLUSTAL
or tife | PRE begn propRseddp 91%3‘8(88&1%‘8% Hétge %ﬁtﬁ%{?‘;‘l@mfaxwﬁggﬁv raﬁ VPl arities
and dif f erances betNeshatd e (BEMIEHE BemARLRInH ﬂﬁgbep[i@@tlﬁa% & diéaggeaud or
portion of a protein, fusion protein or polypeptide includes a 25peptide or
pol ypept ifdding@fiffrisatmg hemegdistatinof t he ami no acid conpl ement of a

particul ar protein or polypeptide, provided that the fragnment can forma
chineric P en expr.essed.. The fra s . i an
ant i geni éé/(bg‘gtymon gjsg?lpgggﬁﬁe‘g% H%lgeqigﬁgﬂéslnglg&tgéﬁ%nn@%@ %&%%?%Fﬁﬁéc%%{)ri si ng

a functi QB@;'S}#@ ipid®tleivage RidDidicth dicRAbi@ent coleranslitinalM@ents. Correct
2010/ 148511PCT/ 010/ 000983 fragnent nmay al so conprise a rﬁgr%ifao(ﬁ or domain

comoh t doldimgtodHs regriresmlycosylatiqpenf dpeproferngndyfornation of aklpagy P i ncl ude
sufficieng 1.RO i : S i f1.cal i i : -] €ngt h
oot ei n e iste FIERIERE fud 7,7 BEIEUIeER, I HEED SlfopPR L e 800t on
may CONPHaseo toervad alstl A0 Writlgespbombn@i@0 By cofmptutien| tha gidnoiker o HAul |

| th of th tein, _ t th t ided that th
Fr agmont (aArer 5 hFeecEin HENPGE VEReari e BesuasuIor DalesmBG = LB ABout
60% to ahg E&t%é\g%{f/%joi%sggﬂe? Rd’Wil%g,?g(fO@. ARORLy BRHEm 90591 859Uxadiesiop about

100% from abo 0 about Y9 from about 95% to about 100% of the

| engbl ofstriubr@rek tlldstrhtipgintra-ofnd tiftternprlatuér disulfide Anidgesmod othet banseved swima.
Alternately, a fragnent or_ portion may.be _from aboyt 10150 apaut 500
2 no- aci A4S a4 ey CELEI RS FESBIABEAT: G SEHUR ROUTPB T Rb2RHS RAFISS A
and proviggd g583k43. houf SRMTEMre %Bgio%éa l?eréiﬂ'bg%fbr‘énéél}.PA%ﬁ@o@kﬂf RaBEskt For
exanpl e, a fragnent’ nay be from 150 to about 500 ami no acids, or any anount
t her ebet weard rdatizamitab onpor260totensub @ simibo Orrangementadidgsl fidgrbridass iaablained

t her ebet ween, fraom alg.out_ %g"gi to about 500 ami no acids, or any anount

t her ebet WERH PreRaghg § 395t o about 500 or any anpunt 15t herebet ween,
from about 350 to about 500 am no acids, or any anmount therebetween, from
aboutys 400 0b poabout LOGnApe@itt rdyDsetatit b ey b RémaRutintd, o sipalpegtild thay about

500 or any anount therebetween, depending upon the chineric HA and
provi ded beHmterelhgouspeiinsprectianhe primary sequence of hemagglutinin being expressed. A

chimeric HA may comprise a signal peptide from a first influenza type, subtype or strain with

the balance of the HA from one or more than one different influenza type, subtype or strain.
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forma chinmeric VLP when expressed. For exanple, about 5, 10, 20, 30, 40 or
50 am no acids, or any anount therebetween may be renoved fromthe C

t er m nus,woheloN48anm nus or 20both the N and C term nusPofi/Gazetvooesssc HA
protein, provided that the fragnent can forma chineric VLP when expressed.
[ 00141] Nunbering of am no acids in any given sequence are relative to the
particul ar sequence, however one of skill can readily determ ne the

"equi val ency' of a particular amno acid in a sequence based on structure
and/ or sequence. For exanple, if 6 Ntermnal am no 25 acids were renoved,

this woul d change the specific nunerical |dent|t§/ of the amno acid (e.g.
rel ati ve Hopexdvep ¢me|nat1ém§l? pf BA Sﬂlhiéfp?ﬁrléﬁéb HP, HhHS, Wiy d . HBtor diftuenzattiyee B

rel ative i tion, of the,a

2010/ 1458 SR S TBI DB A L FoBias ety e S S DRer R e duenigs hepyc | s
not |i m tSmbpbe €6AIiRSSINON typE BRHNUHB & HS5a6 of tiRsdHipd B11A3E HNRC, Bi5hidd, N a

pI ant portion of a plant, or a plant cell, and the production of chineric

i nfl uenzadi¥/BporB/Hm t he pI ant, suitable for vaccine producti on. Exanpl es of
such nucl ei ¢ aC| ds i ncl ude, for exanple, but are not limted to, SEQ ID NG

5 SEQ I D NO
71 a0 BN 72 AR LS AP T o SR PN e
i nventi orhefnagglhmn;mf awnrdesthemthmemﬁuma,odr fmrmmplaﬁt aniacil dr lecod pudyptdd. ner i c
HA, for exarrple .hut not ted to SEQ I D EQ | 64 | D NO
65, SEQ | B @linggng @E@HI‘EP 12t pensidey RO ¢ ped ify PisTRby prpfeti éﬁé%d
74, 1OSEQsdn§%rIS§3 (Pﬁ?SP{h&le@h@é&tﬂ-ﬁB g'c%mﬁfN@Z@l@@t SEOTDN®! ?4‘? @?é' and
producti on of uenza vacci ne ca ates or reagents conpriséd o

r econbi nalivh ha\m‘lg thenranciaidisdquerske: pr ot eins that self-assenble into
functional and i munogeni ¢ honotypi c macronol ecul ar protein struct ur es

trandborned pr ARG TESEL By PhOIERe D fRbdR o dubl oIl ¢ or

chimeric VLPs, and a nethod for 15producing chineric VLPs in a pl ant

expr essi theﬁyés‘eﬁtrﬁhvéﬂhﬁmtﬁe?&o@)ﬁﬂdh&&@ifﬁm €fimaris infigbezatinaBdlinie 0BpHIL: a
protein. [00145] The nucleic acid encodl ng the chinmeric HA of influenza
subt ypes, 13y, oF R ARPnatSEEEnabratde.grd nogteic apdyencoding saghshimengy 65, SEQ I D
NO 68, ngg{\g 69, SEQID NO 71, SEQID NG 72, SEQID NO 74, SEQID
NO 75 may ynt lesi zed by 20reverse transcription and pol ynerase chain
reaction (PCR) using HA RNA. As an exanpl e,

[00107] Correct folding of the hemagglutinins may be important for stability of the

15 protein, formation of multimers, formation of VLPs and function of the HA (ability to
hemagglutinate), among other characteristics of influenza hemagglutinins. Folding of a ‘
protein may be influenced by one or more factors, including, but not limited to, the sequence
of the protein, the relative abundance of the protein, the degree of intracellular crowding, the:
availability of cofactors that may bind or be transiently associated with the folded, partially

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

[00108] Heat shock proteins (Hsp) or stress proteins are examples of chaperone
proteins, which may participate in various cellular processes including protein synthesis,
intracellular trafficking, prevention of misfolding, prevention of protein aggregation, assembly
and disassembly of protein complexes, protein folding, and protein disaggregation. Examples
25 of such chaperone proteins include, but are not limited to, Hsp60, Hsp65, Hsp 70, Hsp90,
Hsp100, Hsp20-30, Hsp10, Hsp100-200, Hsp100, Hsp90, Lon, TF55, FKBPs, cyclophilins,
ClpP, GrpE, ubiquitin, calnexin, and protein disulfide isomerases (see, for example, Macario,

.25 -



the RNA may be isolated fromH/NC, H/Bri, H3/Bri, B/ Flo or H5/1ndo, or
fromcells infected with these or other influenza virus types or subtypes.
For reverwe 2oriamszani pti on and PCR, ol igonucl eotide pri mecy/cpemioiwss3for the
HA RNA may be used. Additionally, a nucleic acid encoding a chinmeric HA may
be chem cally synthesized using nethods as woul d be 25known to one of skill
inthe art. [00146] The present invention is further directed to a gene
construct conprising a nucleic acid encoding a chinmeric HA, as described
above, operatively linked to a regul at ory WO 2010/ 148511PCT/ CA2010/ 000983

el enent that is rative in a plant. Ies of regulatory elenents
Oper at i VeAd-h &bl StrEaN Porieboraiats Rty b 1897 PassboP dare bindeRl. Sho

present B@Vgﬂb?} gE’} aﬁ’%ﬁé’f‘twéﬁ)eu@tpa{ew&gﬁﬁz%% F’Asac?ets 8%% reg;" atory

region ( ncorporate eln by re ence

r egul at orcjtage@ieqitoteins, Robesaafpte But nobiis pibH{Epye aﬁcﬁHh}@O}tﬁ@S@/ B%Y gehese
(RuBi sCO, _ US 54,962, 028; which is incorporated herein by reference),

chl orophfP\ I%IQfat?hqu@(ﬁ Drotein (CAB; Leutwiler et al; 1986; which is
i ncorporated herein by reference), ST-LSl1 (associated with the

oxygen-e g co REC i
al . 195817 V[%TSGS?T whi crﬁr%k&l 16?%%%9%??’3%% ggglaﬁ@ ; re (fadrlence) a%%%% e gene

constrc utfrqmﬂ badteiappaseularly myesbhctona SEY aa%/ooltzmwmumsleplae a\ai)rwbadmmxwe

10pr onot er tht dir t he ex ressi o th |s o ely linked
Lo e prUirorarsi AFS SR o trap oS 5 bre L ESRlacd urein. ST o Peeias

t hr oughoufspbl)aphard &Y &l BALAEia ﬁ»lzn?ébsd i Jehe gr&é@%'s eanﬁfB@ aﬁ@@?ﬁ?‘StﬂHiﬁ ve
promoter is that associated with the CaMW 35S transcript (e.g. Odell et

al ., 1985ukaotes,syctasat. /gdign@ ([2n el 2001i(Eell ﬁdgssm@d &ﬂlepbrws |6e210éf2@ﬁ):é‘9

o the 1SuB Ol stipie BT i ar fiin Teuan SrBu R R AP PRy B Kar o' "
pepti de oHsSHieGs bipableof BfecifballP BihliRig L IP & @ﬂ?éﬁu&éldé@%&&@bﬁd& ah@ pbrRiesay

enhance translation of a nucl eotide se&gence to which I's it operatively
| i nked, vth@rﬁevmﬂ@clmjmlge@ptmnﬁédwemu Wingrasoerdl ag ipthstassembdir andol ypept i de.

Anot her requl at Q region, is that derived fromthe
unt r ansl acﬁggP g’?gf teﬁ‘gﬁoﬁiéﬁe({ogvpea Mosaic Virus (CPW), which may be used
to preferentially translate 20t he nucl eoti de sequence to which it is

oper at i vdbgl10] nked Exatmpks GPNbp40egeilidd Dnad fm]gpmkaxiysteexwmistﬁedoli ada
hyper -transl at abl e stem ( -HT; see, for exa Sai n et al,
200815 Pl dRYCOPRETE i4§D111@§é*Sf%f§0m§é§W§%§ yueh asgita fafﬁme aﬁml .

Bi ot echn t n by
et er once) %%%I?M@ﬁ%@%%? B bR o RS S
nucl ei ¢ a(«AJﬂOQS@ﬁﬂrqr§iE@1DaNQSF@)gHBIa<tQplqysrae‘g]e@ﬂ ammldccaliarvbapprdnﬁmkpmteum a

di hi f HA. t b
o1 ast ocy e Litnaerree PR Rfaiomane g e aes BER sonpr i se
subdomai Ngofs e ifelel MR selihdnBE bncoligBitdj1 ($kA NSNB/7sh.0 i nfl uenza types

subt ypes or strains. Nucleic acid sequénces conprising a plastocyanin

regul ator el enent and _ ) )
[>(/)O Among Hsps, Hsp70 and its co-chaperone, Hsp40, are involved in the

stabilization of translating and newly synthesized polypeptides before the synthesis is
complete. Without wishing to be bound by theory, Hsp40 binds to the hydrophobic patches of
unfolded (nascent or newly transferred) polypeptides, thus facilitating the interaction of
Hsp70-ATP complex with the polypeptide. ATP hydrolysis leads to the formation of a stable
25 complex between the polypeptide, Hsp70 and ADP, and release of Hsp40. The association of
Hsp70-ADP complex with the hydrophobic patches of the polypeptide prevents their
interaction with other hydrophobic patches, preventing the incorrect folding and the formation

of aggregates with other proteins (reviewed in Hartl, FU. 1996. Nature 381:571-579).

-6 -



- 36 - WD 2010/ 148511PCT/ CA2010/ 000983 a chineric influenza HA are
exenplified herein by SEQ I D NOs: 63 and 64. Nucleic acid seguences

conpri si yoaoBBidssiegul atory el ement and a chineric i nfl eemaa2bib/@oms3
exenplified herein by SEQ ID NGs: 68, 69 and 71-75. [00150]1n anot her
aspect, the invention provides for a nucleic acid conprising a 5CPW

regul atory region and a chineric influenza HA, conprising subdomains from
H5/1ndo, H/Bri, H3/Bri, H/NC, B/Flo influenza types, subtypes or strains.
Nucl ei ¢ acid sequences conprising a CPMP regul atory el enent and a chineric
HA are exenplified herein by SEQ ID NGs: 66-69 and 71-75.

[ 00151] PI [Q@u 12pr odudeéive bhapénon@ ptqﬁﬁm&mmzb@ aplpts fbﬂhtaferme@qﬂfeldmgagdﬁw menbr ane
and 10th Ps reflects that t he pl ant
ol | "or gritoutEBRREL bs H e AR I e e ie Mo nahfu bed
accor di NGhberbhtd nidly®sesthe 4 His{lﬁﬁf-gl fadtos ARk u@els@ﬂbffﬁéssmn%h@ﬁaaggmu@ﬁ if@¢E e than
two types or subtypes of influenza, conplexed with plant derived |ipids.

Plant |i ;ﬁgasnfélérﬁteé qafed meeleapacthe ﬁ@umumﬁ@ of demagglpienie pplyprréidesia themmune
respons e &hgrgd ((::?)1/%&)9?%%%% ]()F) ek (gr &Q 'tkﬂl?l O%F, ?ﬂzg;%?on?? &Q H &Bﬂ% ng&é)é ﬁggéld ne)

and P anol am ne cosp |ngo [ n bind

to CD1 rer%mI 18sp70%pd Hspa&ﬁnbyreﬁmﬁmé leaa dfiisioRled O hgrr&pdtdd hatagglutinin
antigen-presenting cells (APCs) |like dendritic cells and macrophages and

ot her celRodyriepédegAnddnaeash thepumpepalRojynentides ckbibiting ieTiarsand qUAGEIATY r evi ewed
T
Is'? r uz'tJ Julr a%gtuﬁa?%ﬁ éﬁé‘%sgk%%‘;?}l%’r@“ ﬁflsl? O%g%g%u%ﬁ |d{0§/:? c(}:lg% Nf@%é?{ nol ecul es

of cl ass gartiibe. SEEQIDNO)I 87 iissa muelgs &€ sdquericy o6 b ippitidn @it drgane numbBKRB ! | S
(Natural Killer T cells) HJon actjivation, NKT cells actjivate innate immune

cel | 40 sudfom gl &gy th%mahup lARipg pife URReR® of the prpwaterdp EgaR Himmspiatehe
I mmune  cefdudsrbdhof (A8 NOY ﬂeﬁﬁ‘iﬂ%(to{?)[ %H&‘\n/g@{sﬁ’m@ ﬂuh&erm.ﬁgcgh? §0: FRQLp3] The

phytosterols present 1n an | nfldenza P co exe I pid bilayer,
25 such asichir th@&qaeme oba portion ef constue mumbap&%@afman}dmﬂﬂb(m the nadtiple

advant ageqQus vaCC|n sition 0 be bou it heory,
pl ant - madeoAHLe | ICEI‘H %Hﬁ%%teeéﬂﬁf‘?@ P r‘# ownsiReam giiF with a
lipid bil@y&hato U&J&o@iﬁ%ﬂspb@%i}ﬁeﬂﬁ%r %) AENOY 99 is Mcleic acid sequence of a
2010/ 148511PCT/ 010/ 000983 envel ope, may induce a stronger 1mune

r eactlp on porten ofidegstgtieuriper R8AGy fram phiedHi(orthe pwitphessloring sifmy upsiresinndfl ar t o

[ 00154] Tror Brares R S nagiiedR B TRAD T alerl ik RT400

conpri si I’(gn&;ﬂlﬁéallfﬁﬁ&) gldl-jfspmqam&pg&@?w th a plant-derived lipid bilayer. In
sone enbodi nents the plant- derived lipid bilayer may conprise the envel ope

of the VLP. éOOlSS] The VLP produced within a plant may include a chineric
HA conpr i [9PhiF1pl antThepséersthe prosgt yrvanidon W@Y@?Sefor?me@quEmdP@ﬁg al so

RIE 8?”ydes Jhek MhBe2 RRPs$h leaﬁt, %'efgﬁ{ a ﬁrs%(héa}y ha8 egéoaﬂltg Sc@lﬁﬁérid ififluenza
20 HA is co-expressed with a second nucleic acid encoding a chaperone. The first and second
nucleic acids may be introduced to the plant in the same step, or may be introduced to the

plant sequentially.

[00114] VLPs may be assessed for structure and size by, for example,

hemagglutination assay, electron microscopy, or by size exclusion chromatography.

25 [00115] For size exclusion chromatography, total soluble proteins may be extracted
from plant tissue by homogenizing (Polytron) sample of frozen-crushed plant material in
extraction buffer, and insoluble material removed by centrifugation. Precipitation with PEG

may also be of benefit. The soluble protein is quantified, and the extract passed through a
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10[ 00156] Furt hernore, nodification of N-glycan in plants is known (see for
exanpl e WO 2008/ 151440; which is incorporated herein by reference) and

chi meri c Wl 2bavi4ggyinodi fi ed N-gl ycans nay be produced. ARCTHIATBTO/000984
conprising a nodified glycosylation pattern, for exanple with reduced
fucosyl ated, xylosylated, or both, fucosylated and xyl osyl ated, N-glycans
may be obtained, or chineric HA having a nodified glycosylation 15pattern
may be obtai ned, wherein the protein | acks fucosylation, xylosylation, or
bot h, and conprises increased gal atosyl ation. Furthernore, nodul ati on of
post-translational nodifications, for exanple, the addition of term nal

gal act oseSarhicryles eolpmpnn Blue Jaexian 2800 way e ssehas acpliiatignstandpds \Fiolowwmg of t he

expresse i I il d- I : i Ng:

chy mor i o RO B E SRR n R ko Pltl SRS FALCRE B,

t he synt hegiptentdnt 6hihewdntitodA havi ng a nodi fied gl ycosyl ation pattern may be
achi eved by co-expressing the protein of interest along with a nucl eotide

sequence encodi ng heta- 1, 4gal act osyl t ransf er as Gal T), for exanple, but

ot 11 (BB i ARG SN HEHICER O SO QP PEHE PR BB her

sour ces r@l}foﬂh%@né?%r Hgthan B GithalYinhGer3Q WBh A PtinfRhall SRR 90 BRofiged to
a CIS domain 25(i.e. the cytoplasmc tail, transnenbrane donmain, stem

regi on) ofneNravet¢ thagbocdsaerionss transferase (GNT1), to produce a GNT1-Gl T
hybrid enzyne, and the hybrid enzynme nay be co-expressed with HA. The HA

may al so -expressed al.ong..with nucl e tige sequence WO
2010/ 148@??5@/ Wd@ﬁ/pﬁﬁﬁéégv% 8%%“%“?6 ‘éctll:eé)ﬁf}? IRNGHE: nyltrasnferase |11

(&T-111), for exanple but not Iimted to manmalian GhT-111 or human
GnT-111, [GoTHg]l | froRQADNED: Godoestsictd@y; atlimelie Hid¢Hexpheidionicassedd y, a
GNT1-GnT-111 hybrid enzyme, conprising the CTS, of 1 fused tg GaT-111 may

al so be uvEprsEREHEBPRNesEREEONAKT ey dhERchirastic hsmagglugninsedinges VLP' s
conpr,j,si i i i Rl fi / i:shing to
be bégndq%§&$%§§é%ﬁhF@gbg%%gg%ce o%&ﬁegﬁ@g%zg H%%ﬁ@q%%ﬁch %%g%#%ﬁﬁgﬁnay
sti mul at eoftSE) IDMNES erespinp S, BY, Pt ohidb/imig-R B ef Hil dti-By, 1%, BAAMIY Candfi gen
presenti e]ls. Stinmulation of the inmmune response using plant N glycan
has beenn%§ sed 10by Saint-Jore-Dupas et al. (Trends Bi otechnol 25:
317-23, 2007). Furthernore, the conformation of the VLP nay be advant ageous
for the pﬁro@mgt at i WE@ID Ne® 6antdgiot 68nch mﬁaﬁmﬂsmaaxgﬂma@mss@ﬁef ect of VLP
when conpl exed with a plant derived lipid |ayer. [00160] By "regul atory

regi on", conuyisingtadiplfa élgétn@mlm [epmOotsr "df TR chimeyichesreslatipprecodisg of

nucl ei.c aci d_typi I but . ngot wa ream of, th r L N..codi ng
Fegi i of <aleieb U btpiosbits pE MY R itBE SRR bR ARSI o
DNA and RWSEWNRN@64,e8t0dio8B, R'ieaf HY/Thdo-BCIRB.E2 o8 HU/Bril FQPEENVIDMET of
association, or operatively linked, with a gene of interest, this my
resul t i nHed#loession of the gene of interest. A regulatory el ement may be
capabl e of nediating organ specificity, or controlling devel opnmental or
tenpor al @RRgHACt | Vatkd &9 NCP 65/l @0Y:a BhPR Hi/NS kidesihY QuRker el enents,
core pronoter el enents 20exhibiting a basal pronoter activity, elenents

t hat are ¢omusing afalfa plastopemsepromoten awk$’dr i chenénmiiansigglativimendiagt hat

di at t i Vit £ | at I . .
randly i piecpies. i plastyaningg g7 A Friagios setedfe e Fenaralifedorion of
i ncl udes ek@MBMNG:65RALoda{EPIIICSP-Ie, £ Dbl RYINTIRB' FIETIMUSEROF?, ¥ anvBxanp e,

regul atory el enents that nodul at e gene expression such as translational and
transcri pHil@Hal enhancers, translational and transcriptiona

[00121] SEQ ID NO: 68 (construct 733; the SpPDI H1/Bri expression cassette
comprising the CaMV 35S promoter, CPMV-HT 5’ UTR, coding sequence of the signal
25  peptide from PDL hemagglutinin coding sequence of H1 form A/Brisbane/59/07 (HIN1),
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25r epressors, upstream activating sequences, and nRNA instability

determ nants. Several of these latter elenents may be | ocated proxinmal to
t he codi ngoregyassit WO 2010/ 148511PCT/ CA2010/ 000983 [ 00P6T]dAr0tolveoassnt ext
of this disclosure, the term"regulatory elenent” 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

pol ymerase and/ or other factors required for transcription 5to start at a
partlcular site. However, it is to be understood that other nucleotide

sequences;P NYJAT 0 UkRe N O tergigtor spqugncesk apdh e gadurbinrderantign of FQ ID
cont ri but ﬁO%g édg?%ég?ﬁkgpl;op B rBHY ﬁ.éspomgpcf\ggﬁor region of interest.

An exanple © ory élehent that ’provide he recognition for
RNA pol ymerase or other transcriptional factors to ensure initiation at a

particul dP0B2fe i s SEQIDLNOL 69 (@hgrmen?34; kisbimeriolH5/ Hbtexpriessjonsuakstty ot i C
pronoter elenents ¢ 10a TAT erved. nucl e| .aci d .sequence
conpri sedOBPIISHE S 6%@5’35 WWWF‘&I@?WM@C@?% nlﬂfé‘? ufjaeofpesi ¢ uat ed
appr oxi mkgldic TR EIPS U?R%&N@ﬁhﬁﬁla@r EJqﬁ&%:%)' Atht @hdhg Sd@bdcedrt €. A
pronot er el ement conprises a basal pronoter el ement, responS|bIe for the

i ni ti at i chindrictllAnsendepinedrencedinghic|same clutrheic HégsSEQdDyN@léénent s (as

| i sted above) that nodify gene expressi on 15[00162] There are several types
of regul regi devel Qpent al l v regul at ed,

i nduci bl 368{2¥3c10nst :&tﬁﬁ%mﬂg zfir(cogﬁ%uac??)%y regl o Sﬁlofl e t}lﬂeve HSXI n %I |y

regul at edCaNV 366 piréradter, OPRIAHT £TETR | ldingXpdiRe6d @frth@ilglaal ?ep"tﬁlelﬂ‘aﬁlEPDl ts
control, is activated within certain organs or tissues 0

t
speci f i ¢ hemegglubimnicading seaugeseelf slnern Asbrishane/ 1P AA2N3), FP%&&IQT%MH ,
SOIe ,§ egul,gt ys(Behﬁﬂfaﬁ)%ec}u@ﬁéegfa&d QUYL u? 33%%&4 IPSH ﬂj‘}\r%i 9? efiin & PDI

preferentlal e activeewthrn certain ans or t| sues a speC|
devel opneSR-BIl, Bi,&%E2, 'ZléyTIvﬂy/@@fd{%Bnactl ve in a devel opnental ly
regul ated manner, or at a basal level in other organs or tissues within the

ELZTLpZEiWﬂ S S RS AR SR S By 22 ©
cruci f erignpre ﬁ?wcmsjssqimlﬁbtef cm&mﬂ 5 ﬁﬁnéhlﬁbﬂéh&hagglhﬁam c%aﬁag599
25Bi | odeau et a 1994, Plant Cell 14: 125- 130). An exanpl e

| eaf - specicqiencoFMVEIT PhETBdad NOstephiagto SG}EWWS);) anshibe endef! poﬂ ddxanpl e
SEQ | - hbe e sr@éb fm
Q ég] AN%n ]?(zﬁ%c ?zeencogi‘zlg%ﬁ SpA G R% ) QI{D%!T ?%@?ﬂﬁ‘ y reference).

[ 001 reguratory region I's oet 6 of directly or
indirectly activating transcription of one or nore DNA sequences or genes
in responeelashd an iSHQUIENO: 74 (cohbiruct 7?@@@%/:@@8&5&31%&&@&%&&6@&%3 t he

absence o i_nducer ences or genes ot be transcri bed.
Typi cal | yéftl\?& E&E@Pw% Z“%»%’Nﬁ%t ERM&I@&@%@@P%%%@SW@WWM BPé

regul at orpen{,8 gﬂu‘aﬂm c%dﬁgfséc%{éh& SETPO 4 B’/ﬁil&i&a}m PEMY - REENUTR adINDRACL T VE
form which 'S then ec Indirectly converted to the active form by

t he indu ctelnmnaﬂor/\@qemcest)haaldrih@m&Ierlufedqabrhron i PEQI IDONO & 4ains@ting PIPh&P-Friducer

can Be a o) pBE2 F2, F. TMD/CT of B/Flo;

[00126] SEQ ID NO: 75 (construct 734; a chimeric H5/B expression cassette
comprising the CaMV 35S promoter, CPMV-HT 5’ UTR, chimeric hemagglutinin coding
sequence, CPMV-HT 3° UTR and NOS terminator sequences), and the underlined portion of
SEQ ID NO:75 encoding PDI SP-F'l, E1, RB,E2, F2, F of B/Flo-TND/CT of H5/Indo.

25 [00127] The present invention also includes a nucleotide sequence that hybridizes

under stringent hybridisation conditions to the underlined portions of any one of SEQ ID
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5chem cal agent such as a protein, netabolite, growh regul ator, herbicide
or phenolic conpound or a physiological stress inposed directly by heat,
col d, salwp2oro/tmexiic el ements or indirectly through theprattdazmomboms3

pat hogen or di sease agent such as a virus. A plant cell containing an

i nduci bl e regul atory regi on may be exposed to an inducer by externally
applying the inducer to the cell or plant such as by spraying, watering,
heating or simlar methods. 10l nduci ble regulatory el ements may be derived
fromeither plant or non plant genes (e.g. Gatz, C and Lenk, |.R P., 1998,

Trends Plant S 358: which ted by ref
Exanp! s, NOFSOPH S TEACE IS PEREHSRSALR Nt BUBet moaRobdr P 1

tetracycl ﬁ}}ggﬂfzgg&?g?gtgggfg%Iaglﬁﬁcﬁrdltgns 09 Zom;ﬁ‘%ﬂ% t%? \Bh@ljﬁhe(f) hysi ol .

Pl ant Mol v I'S I ncorporate erence), steroid
i nduci bl epptianaifany (royfdHE ITNCaréd-6Gh6&, 69m&d711wnhe$6m®@widé seq@enc897- 404;

MG 'ets 064 e G aptons of noo a5 em: o 6T 9o Yoo,

Nat ur %?}ane&@fth%udéﬁged YHIGR AKE MOQ@BEGBGGE; By, 4RfALBNERbdSYt OKi ni N
|ndu0| bl 36 and CKI1l genes (Brandstatter, 1. Ki eber, J.J., 1998,

Pl ant Cel ¢hithéric Hp@e@nty prédela that whenTeX,p@%laforI&zl dnmenQYLP @812&1@85 whi ch

are incorporat y refere n i,nduci bI 20DR5
(TI1masovS 1Hi*er“"(3\§,{[tlp uces p Ctl‘%ﬂ (gnr?f‘ a@ﬁ‘?‘?‘%@% Té‘g?l%g?rfd lﬁ% *t IE(?rncor por at ed
by refer ea&ﬁ-%ﬂe EQRGHhAfaRNRIcidbHEd guéRe Wil MahtQei] Fhinfi I BGh&IMIP, and

expression of a gene throughout the various parts of a plant and

cont i nuouthk yhirterio Mg Homey e esed t@@@éﬁ@mﬂ@mlbm\i)@hﬁm eapalgde okbiodmg kst i t uti ve

| r el Dol B I AR L LR K o AR G B S S oM O e, |
(Zhang et @Hlmeﬁ-@gLP ‘Wh@fﬁdnﬁ:ﬁllsiered'%o a%ﬁﬂjé&ﬁndﬂ&5hﬂ ir@tmdregpopnd) et al ., 1996,

Plant J., 10: 107- 121) or tms 2 (U.S. 5,428,147, which is incorporated
her ei n by r ef erenceI)I and triosephosphate_ jsonerase. 1 (X a%., 1994,

Pl ant Phy@i%?- 106: Avistlizegey updss seinggny ymﬂl?éwaﬁ%ﬂﬁmsas ﬁﬂ(ﬂehe Bt (565 0 et

al , 1993 Q@ufr i e i tin 1 and 6
genes (Ho eﬁl%gtgcalg’ alﬁlgl%mg@ml%? A%u%gggpgégg)l@bgﬁ%ﬁt he tobacco

transl ati mpplementst iMiniais of alctio Molgulpe ﬂéoxfllm@mleaboeatoal Mart@D 5Col\Spring

" cons t ofiper LErHiea gy senoraend B8 Mokichiay R & LieRlva  gane

under conffaghal O ¢di§orLaUnat EdcH ok Wﬁlch@giﬁl:&%@faiédf}ﬁ%rpﬂy fePer@icR). €58 8thnifle bthe
same level in all cell types, but that t ene is expressed in a wde

range of o duch ytpeserehebmhmg lRondati¢retopayrbei owti@rﬂi)almes hiybridizeteon inds¥ér ved.

Furt her " emG AL BUBHLe B SERERS R T R R R Chou ok B ¢ RS I ET N G ©
sequence sgcwhésl éableyor@t)%r 90ﬁﬁﬁhesv eAlVerhdtiRKi§dan &Rmpe¥ASEhLant hRidRNM HT

systemis derived fromthe untransl ated regions of the Cowpea npsaic Vvirus

( CPM0  aneprdiéiamreonidaiecnyermigh tded) houasign é@%(fﬂrmﬂmldhé %5860t 42°6d fdloied §y

cenuence, hIBRSEIPY B LIS ka olERS uh8 1 BT NSESL 5t 8120

‘oper at i ved ihitéK sfﬂovetﬁlgﬁtmree Aburk}) 8t hibRidiRA6E inCCHhddh &@mwﬁe@haﬁe%ﬂex anpl e
a reqgul atory el enent and coding region of interest, Interact either

directly 6F%Sh§ PeM N?P@obwf&f Py thEmMI Eﬁ"élhhé&ﬁ’%rwth Dbwashsyethez gt HEdi at i on

or nodul at 0 9 The.inter r.a nked
sequences n@?ﬁ%?%;ﬁ/%ﬁ%re, % Orn30d’mantmeée ‘ﬁ‘ §‘$%t er e Eﬁfp? nlg ?éer ac wuth
t he oper asDgaby20 drBoadinaRyUSMCES.

[00129] 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
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[ 00167] The one or nore than one nucl eoti de sequence of the present

i nvention may be expressed in any suitable plant host that is transforned
by the nuwbeotodesisequence, or constructs, or vectors ofPCTi2priemesss

i nvention. Exanples of suitable hosts include, but are not limted to,
agricultural crops including alfalfa, canola, Brassica spp., naize,

Ni coti ana spp., 20alfalfa, potato, ginseng, pea, oat, rice, soybean, wheat,
barl ey, sunflower, cotton and the |ike. [00168] The one or nore chinmeric
genetic constructs of the present invention can further conprise a 3
untransl ated region. A 3" untranslated region refers to that portion of a
gene conpPiaEFRg cacqiwR dirgerimil Atdseardingite thienaderlipal yatiemsydfaby are «iSEQ@ID and

cxpr assi onC The AAb KPR, b TPuta b RE TP, B ST g} 2

ef f ect i ngSEQADaNCi 1, SEQOID NOt yadwty ID Noagh dyhdras Is1§e| ﬂ@le%@e sequéid eoathe

MRNA precursor. Polyadenyl ation signals are conmonly
2010/ 1485% 1peagebio protspdhewhencergresseddoims 4 thempnieYBRAcanddhat floradiimenc t o t he

canonizcal r: ' AR J variations are not .unco n
[ 00165] NonLPiu?naltéfsn@éﬁx arrptf)oélsoeycé)l%l ggtﬁt?o[%gb?gr %"amrpgeg F’é‘?{gssﬁ’flé’fﬁ??em@ ofidenscri bed
non- transdqatred withiti ®planceiitfainty \thieROVLRAShALH QS VEP MayPe used to

i such as the nopaline

Agrobacteriym tunor_ inpducing (Ti) 5plasn d genes,
synt hase m%é)e PYeREbogy| thattis eppalls of hiadingd1A Hacludiyp matre Hov Hgd, Bdt ei HAQenes,

the smal | i -k 1. 5-1hi hat e _car boxyl ase gene
(ssRuUBI SCCT)T;[’1 Hg%mdkvgg%a%rgguﬁwgﬁas@gﬁ Fthglgp%%%ggé%“ﬁéﬁg? ?{lsﬁ‘y reference), the

pronoter used in regul ating plastocyanin expression, described in US
7,125, 978[00WARIch i sAn Hioonperrespedsel gemirallynyferebarresponde of 1R QRATR iGhaner nmor e

f ot hi i tic. t t f the present invention nmay al so

ioncl Bl eCf %Yrs eﬁ%ﬁ%ﬁ?ﬁ%@@%r‘%&@? %Ylff’ S%‘%&F?i“V&PF‘BH“@ra ht“;f'“é’\ﬂg%é‘?slpﬁlﬁeow%mﬁncer s,

as may bemegiated k&gonsen h‘ﬁ@ﬁﬁﬁ@raﬂﬁk’p&@e JSQH@ﬁsﬁgct%lf irfurdty the 1&%%9%%9%§nce bei ng
ski i

transcri bed. Enhancer regions are well known to persglns the art,
and may i yeeretrdeantibodigscpiodiiedddn thereeoatthe Baginploeste IseageaBael). Secrefee | i ke.

The initiat I.f in ph ith the 15readi f
(i £ r a0 B aliecl SERRwEER o reohdimtide b etrermdrseon of

the transwhich@dgsbemocstri@oh7 Hukraidmufity AaRtd fdnealil el 1§ Erﬁib%ﬁfr med
plant cells, the constructs of this invention may be further manipulated to

i ncl Ude pPrafiction pae thgiprecessss fhat accompartyit, as sl et tislefectar fuactions o ntibedenzy nes

t hat i i : m cal h n .antibiotic faqr
S0exanp! orCdn@ OSSN SLRAAG b SRR RURCRNG o dork s FPieRugh ot

phosphi nopromptiomof ghagaiyasiat pathapeh @lidsdatibal bNthe HiREl THRReriskerodSiafth bl | Y
enzymes pf ovciélgai ]ré%,for i),goducti on _of a conpound identifiable by col our
change sucdhPatielisor heike micrde A Hictraseqr deeficaseunrh padicelatrespanse br msameter,

l'uci f er asg RferfiRd by QfaseUé‘gldassays generally known or used, some of which are

20  exemplified herein.

[00131] A cell-mediated response is an immune response that does not involve

antibodies but rather involves the activation of macrophages, natural killer cells (NK),

antigen-specific cytotoxic T-lymphocytes, and the release of various cytokines in response to

an antigen. Cell-mediated immunity is used generally to refer to some Th cell activation, Tc
25 cell activation and T-cell mediated responses. Cell mediated immunity is of particular

importance in responding to viral infections.

[00132] For example, the induction of antigen specific CD8 positive T lymphocytes
may be measured using an ELISPOT assay; stimulation of CD4 positive T-lymphocytes may
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[00172] Al so considered part of this invention are transgenic plants, plant
cells or seeds 25containing the chineric gene construct of the present

i nvent i orwolktonas10f regenerating whol e plants from pl aot/@ebiozoesse al so
known in the art. In general, transformed plant cells are cultured in an
appropriate nedium which may contain sel ective agents such as antibiotics,
WO 2010/ 148511PCT/ CA2010/ 000983 where sel ectable nmarkers are used to
facilitate identification of transfornmed plant cells. Once callus forns,
shoot formation can be encouraged by enpl oying the appropriate plant
hornones in accordance with known nethods and the shoots transferred to
rooti ng nediinggsifedusing ganelifenatiomassay. pingininuenph entlodrtiresmgy bhewanbbedised t o
est abl i sh_repetitiMe generatio Seither. from seeds or..using vegetative
o opagat | S St e R k0N amfr e bE AT EE e SRl e R o

usi ng ti ssusueddlusiigasti-i{ddpk aalitdde (6 Qnaitdef@dgRAlE B igNiMethdid@nd i on are
transgeni c plants, trees, yeast, bacteria, fungi, 1nsect and ani nal
cel | s contealimauss fersrfermipg sach ageaye aarlmon B &t si ng a nucl ei ¢ aci d
encodi ng reconbi nant, chineric HA or HAO for VLP production, in accordance
10with th sent ) J : p r qygﬁ f..the present
inven?ionﬁﬁg§ﬂalso'%2&2%%%3223&3?%ﬁﬁ%%gﬁﬂﬁﬁregl%%Q%F%?%EEEEZ?&ggr

expr essi odemvrnistrata the afberge obénttbodies oxdgeml lyrmsvactia¢, oaveccareoaipbsition

transformati on, or.transient expr j on.. ch organi sns i.ncl ude, t are
ot 11 i ¢ BB e BOCh CHEHEE JUL S RLaNE e Sed parateR gk PR tkeetbt
limted t REOFBY re&hisiRdnt Pﬂﬁé@ieﬁlagg‘iﬂﬁﬁéftmn%ﬁbi%mﬁm titdhl SAhAN i may

Brassi ca spp, soybean, bean, pea, alfalfa, potato, tonato, ginseng, and

Ar abi dopsbsevajiagdbynvetohita 14 IdAysrabitel 1$73hs Enthredyitesifionamy ofegemdrsptdion of

t hese organi sns_are established,in the, ar. d known to one of skill in the
et e Rt ROBBr B PaR hEE aiebe iad ks, AR SR e B b ortiion
critical #iserhbl§ of IRIEAtrithév@INthé Qitface OF VDR /&hByming rtl?d't%f)}l%r'ﬁés&ﬁﬁﬁoﬂ df i's neant
the interspecitic transfer of genetic information (nucleotide sequence)
that is neHigerissies @dhds.ypical Iy, phenotypically or both. The interspecific
transfer of genetic information froma chinmeric construct to a host nay be

ner it abl er@islyt e | ER0SIK Ay RN iud IAOHIRELER FRRRLAR B BHAR GhanO! the
transfer y be transient and the transfer of genetic intornmation 1's not

i nher i t ablnemuikGeSHohsertbByher bieaihesfimirup kdattd toetht esccineistibtyge. @ rRkaragly, sehier | al
derived f£0n1a Blant. Plant .natter, may nprise an entire plant, tissue,

co
cel | s? or rQ? UPISEL MgMmiAcd Mathra Vasing RYRPOSHIOR FOMPHENE A CHRErc dprgainin

intracell i t : qui d or
ol 1 s e RC 3 ok Bt mly P B P aSay LY

second strain of whole virus or virus particles, and the HAIT titer determined.
[00135] Without wishing to be bound by theory, the capacity of HA to bind to RBC
from different animals is driven by the affinity of HA for sialic acids bound with &2,3 or 02,6
20 linkages and the presence of these sialic acids on the surface of RBC. Equine and avian HA
from influenza viruses agglutinate erythrocytes from all several species, including turkeys,
chickens, ducks, guinea pigs, humans, sheep, horses and cows; whereas human HAs will bind
to erythrocytes of turkey, chickens, ducks, guinea pigs, humans and sheep (Ito T. et al, 1997,
Virology, 227:493-499; Medeiros R et al, 2001. Virology 289:74-85).

25 [00136] Cytokine presence or levels may also be quantified. For example a T-helper
cell response (Th1/Th2) will be characterized by the measurement of IFN-y and IL-4 secreting
cells using by ELISA (e.g. BD Biosciences OptEIA kits). Peripheral blood mononuclear cells
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extracts of plants, or a conbination thereof. Further, plant matter may
conprise plants, plant cells, tissue, a liquid extract, or a conbination

t her eof , Woamopl4ssiti | eaves, stens, fruit, roots or a comrbiraRbmmwoodser eof .
Plant nmatter nmay conprise a plant or portion thereof which has not been
subj ected to any processing steps. A portion of a plant may conprise plant
matter. SHowever, it is also contenplated that the plant nmaterial nay be
subj ected to mnimal processing steps as defined bel ow, or nore rigorous
processing, including partial or substantial protein purification using
techni ques commonly known within the art including, but not limted to
chr omat ogPBMS), or eplenacytss bteinsil droamaisublrst mag be cultygady gpdjic spreraszi i ni mal
processing” it.is,neant plant tter.. . for t . portion

t hereof ¢ ﬁlb’??dsiﬁwﬁcp’?%%erf’aﬁ’ %?0 |enciu3trl%é%%l C fg%cﬁ'g?ﬂag%alcfﬁgg&? ied to
yield a RFA@SR,Q%Mg&ﬁdrker@?é@@ﬁﬂ@ir@sceﬁtﬂﬂfdé i nedthqils apbrelkaowg énatartor the |i ke
(i.e. mnimally processed). Partial purification nay conprise, but is not
limted to disrupting. plant cellular structures thereby creating. a

conposi t i8R Tdnpr i ) MiFreRauBliztipn assay %ﬁﬁ]éﬂgﬁf%l}duétﬁél 1q (eRcivpEe ApIRyne
conpopent LC: . t,;n | iy ;

centr ?f ugrg%ﬁ%gtol%]e,clgf @ yjlegtﬁsa%?gﬁ&g%@% t&%%ﬁﬁ%&ﬁov{éﬁgr&ébgﬁi n%iﬁguﬁrglgg?g?
prot ei ns ties metyed obiditudrsetdna vesys,riadedihg| 12 engperaieorodf Iyeaplagres (nlhgie assasks ues
could be readjly obtained usi vacuum oy, centrifugal .extraction, or .

ti ssues c%ﬁ?ﬂmﬁém@%’ﬁ v t%éatﬂﬂ\’Z‘g’llor ?%@&F@S’bé SLOSSLC PRSPYATGD ?%16{1«19?553 Br
grindi ng Qfiratde)! 18 Al DA SPLLEBBROLSctrik REKEhSh STINP Pin@tRbinf EQR14E MiWiriBi N
the extracellul ar space. ni mal processing could al'so involve preparation

of crude iefectiacoShosf cadls] ubl e proteins, since these preparations 20woul d
have negligi bl e contam nation from secondary plant products. Further,

Teavat, (BPPEiea by <Rt Bl AHERHN IR Bleiet By PLAEIE o

i ncl ude | @hgRriSEPprogARG Slichtas Gat prodtidet MARIERNARLS (fonedamply, deihg that petr Mt t he
direct use of the extract. [00179] The plant matter, in the formof plant
mat eri al omited ©sthe folgipe pyrmpeters: Hé Reaplbrd. 29t top dingend echixed fveP penaiy
matter may, he 1 R r - 2, el - ideh
other ool e, TbaEieel 15 3mlRihaR! sfe 5l H AR WAL REROL: o BRACHS
concent r aseqderices forrporapaison atened Blasavnpia ltiaxt abfol etamplethepigovitidedofdnarig&wi t h

U0 2010 1 KT RRo A0S BORRO SRS Yol UMb Bn e F R gor

or gan! sm 145, teliortkipfin { 7185 P8BS Ny AVAE i ATS AR 2 A BY Dhfpf:RM P

i ncl ude, but “are not d to, humans, primates, b s, water ,
m gr at or yiniplemsntatopmaiof theshudgoritiyee teg. Gty IBESTFIEH AR, and BLAST (@¥itsepil et

equi ne, har . ' s, feline, . cats, tiger,.|eopar i.vet,
kst ofle 1969 fabol pist AL 205 %% b G bRt ok VD ppraRo e oy &
gui nea pi 984 6F arRinBAkid's4RALS mAR comphl Or Alhell AR tdrknsussighericdd MaY be
organi sns are exenplary, and are not to be considered limting to the

appl iWat i determuingdl usggsang ot sdverap saftveare paokegastkinowin itf e 28.1for exqmple ¥itleldiiat ed
t hat | ant bsing, t ' i i i f
the i nventioRe Ton o PRL ATa R @ LB PN BraS PR PAR AR 4P 1

10t 0 soneaeMael, BRtibSced nayibe aliednbdnanlly R)sitaBaraitiiaid SifereddesttRtviect iy ect or
target organism in a variety of ways dependi ng upon the need and the

si t uat i onseqEgiceedetppiiecd. t he chimeri c HA obtained fromthe plant nay be
extracted prior to its use in either a crude, partially purified, or

purified fangy | Tt ReGRLMRIIGAIR IS phQeiBSudbn bRASH oPREI kLY ikidibd 4 €d.
then it nL@r g%] pr od%ceaggllen eript ﬁer egipgdﬁee:1 or ngh&gﬂflff?g& %llljégnlt s% Furt her nore,
i f the chpepidecor pilypeptide adrhyrisigna substterf 6, antih@acid complement of a particular

protein or polypeptide, provided that the fragment can form a chimeric VLP when expressed.

The fragment may, for example, comprise an antigenic region, a stress-response-inducing

‘region, or a region comprising a functional domain of the protein or polypeptide. The
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15pl ant tissue may be harvested and directly feed to the subject, or the
harvested tissue may be dried prior to feeding, or an aninmal my be

perm ttedwbaogaaesion the plant with no prior harvest takcmgAzba0e098Bt i s

al so considered within the scope of this invention for the harvested pl ant
tissues to be provided as a food supplenent 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 20being adm nistered is
edi bl e. [00182] Post-transcriptional gene silencing (PTGS) nay be invol ved
inlimting expression of transgenes in plants, and co-expression of a
suppr ess ofragfent kg AP AYNPIISSIA regien podaman ¢ompmen Yo piatsmsf thepsamgesensrald t o
counteract_the ecific.degradatiop. of . transgene nR Br.l.gnet.i | .,
1008) - A v} Neorahe st e BT ARAR Rl Wy PR Ry R adenfly B
may be uski-lasstidp®edih B viaceits ddveda et al ., 2006, Virol ogy 346:7-14;

whi ch is incorporated herein by reference), for exanple but not limted to,
TEV-pl / HC-Pro (Tobacco etch vjrus-pl/HC Pro), BYV. -p21, pl9 of Tonato bushy
stunt vi rig814%Bsy ﬁP@F’}ar@%ﬁsai‘IHd {) &) BTN MEYRTRPTISE {TRRY oyt §Q7s tq atowt - cp) |

2b of -Cu i § : i PVX: . pll
2 of  ockphe o rIRAEIS M UK QU 2P sRESa 0l EOM MU BRD) - P
2010/ 1485hARET rEARETE 0ADRAAS hjmdrc, VI 6/hef exiressibrFoy esammple fram nlbisit 60B36V
-ple), 2 f .G trist i -p23), 4 of & i

R N T M g o L,
(G/A- P10)ggopidaih BBRaMnf Eudtk DI Babd FoPhenPLAR e MR EAE [eg%ega)df%eent

virus (HLV-pl0), or pl6 o ic conmon latent vitus (
Ther ef or egrotis uppressont herebetvenrti Aligrétely, 5&sgmpit er pdrtion may bt fnoint abdut o,

o g1 | 0B by SO & R el Rl hessReeqpmtiersbdive fion EEURERt 1A
GCLV- p16 gid geAdfflat tH@fadiferft Qareopth @S S8 ferd) WNB whtd Bxpr&i€ed) UG 8k fini6, 0

sequence encoding the protein of interest to further ensure high |levels of
prot ei n piregmast mew baifoa 1040 pbar 500 apjrocEeis] muny hepwitesrebgbpeenpirod abewt as

descri be rej L conprise neur am.ni dase . Ho r, . NA gy be
co- expr osiobo PR PR IR o LA s e 9 Ll 0B
[ 00184] Thanimbacids, dr Aky fhese MHerdbabaieh, fasin hbdut 060 td Abolitsi®orang shb@hl e vect or

conprising the chinmeric HA sequence suitable for use with either stable or
t r ansPent hesepetwsen. dipmsghoubdad to BB 08 amérq acidspergmprationr thergbdbwean Fem

provi ded wi thij r , eoti de
B quence oDy @EasolaE fo githrp B BARNELE Y w4 F1ATR0 508 oM 201 1 tct,
and a secancimtekdbotwede, depepdinpcwpoanicodiimeria@tpr adprovitdbdthanhe fhgraent can

gl ycosyl ation of th otein of interest y be introduced using.a separate
construcf&“?ﬁéggnﬁHSYﬁ%F&@éaggﬁﬁﬁg _ eﬁﬁ@ggﬁ@ﬁmﬁ%qéd£%§%ﬁ@§§é8aﬁPWhin a
pl ant. HONEYEby arfy RIIRE thEichetGBPILY bOnfveP RUMEOE I IGiRRIBE N kRGOS NI

both the profein’of interest and the protein that nodifies
20 both the N and C terminus of a chimeric HA protein, provided that the fragment can form a

chimeric VLP when expressed.

[00141] Numbering of amino acids in any given sequence are relative to the particular
sequence, however one of skill can readily determine the ‘equivalency’ of a particular amino
acid in a sequence based on structure and/or sequence. For example, if 6 N terminal amino

25 acids were removed, this would change the specific numerical identity of the amino acid (e.g.
relative to the full length of the protein), but would not alter the relative position of the amino

acid in the structure.
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gl ycosyl ation profile of the protein of interest may al so be used. In this
case the nucl eotide sequence would conprise a first sequence conprising a

first nucweizelca@ssiisequence encodi ng the protein of intecegtA2ompaoedssvel y

| inked to a pronoter or regulatory region, and a second sequence conpri Ssing
a second nucl ei ¢ acid sequence encoding the protein that nodifies the

25gl ycosyl ation profile of the protein of interest, the second sequence
operatively | inked to a pronoter or regulatory region. [00185] By
‘co-expressed” it is neant that two, or nore than two, nucl eotide sequences
are expressed at about the sane time within the plant, and within the sane

tissue of [00KEIpl antThe ppgsepionpgntiongeserbss: @&zemdﬂw@@gg, PiovRsHeR of 4 pcleic

nucl eoti d 10t

nue! oot | g EEIBRESTIDAGH MR DR RLESFEL Aln ALkl LRSS AER IR,

that the efubbdertt inflochze VI PR the phaat)Geitdbde fon v aucartproduotiore Xaxaples dflse::h
protein that nDdlflesg%uycosylatlon of the protein of interest

expr essed¥l§ihafdyerly exgiplen Butiaprnqsdimitd tumdrR I 0t R H31NC¥ 6i4nt er est
s expressed 1NN, sEpAD oAkt Ak Pin Noe 60! yio sy Y. 19 0580 DOT

i nt erest tag ?ace two or égﬁé thgg t eo??ggﬂgggag%cgg ggn be
co- expresE@d7m5ﬂﬁgﬂa}K)éES|ent expr essi on systen] mhere the two or nore
sequences are introduced mﬁthin the plant at about the same tine under

condi tion t bot ces . ar xpressed. Altern t|v | at.f orm
pl ant congp'é ng on nﬁﬂ%@&%?%ﬁgpee & FUBESSI §ﬁ%@8%fﬁ&“§@%%ence
encodi ng thmcAOPIOtS damhpetbuﬂﬂdui‘m@a b BEQAYGOS Y], AHPM ROPkLISE®D Nag

protein of i nt er est, % be transforned, either tran5|ently or In a stable

manner, WhLISEANINE): 68 I@é@éﬁc%}i@rﬂé(ﬂ@ nt, BEQ IPrN)@e?% S@Q IDWNer&t. In

this case NCE O ote| ha

egco?yIa? @Eﬁﬁfgf %Rm% (KP%% I%F lg?g§ BXﬂ%& reé%%%mﬁfthln a

desired tw&eﬁe,cm@ﬂjaatﬁgorae@eﬁts E@lﬂpﬁéﬁed@ﬁré@f)mdﬁl‘ﬁﬂﬂ 1ﬁﬂﬁﬁhﬂ£ strwturhlt;&otem@ fiessi on
may be induced using an inducible pronoter, and the 15additional sequence

encodi ng tdheasserBble o ynctippad ppd InpEpRogeRc élse@@e/@eéaa%elﬁcwrﬁwtam SHYPIHTESI ons
d th
o expr oo R HbAEH S SRS dB3hini e iEREOI P A EOHEARGE IR Eells.

introduced into plant cells using Ti plasmds, R plasmds, plant virus
vectors, {0ié4¢t DNATharefnsst thematention provcieoiar nhiemriic O, Psedrelct method &tri on,

infiltratio For reviews of su chni ques see. for exanple
J0vei Sopabi LR et VLS i DHELE PO OB I RO CEIe AR B O DG nE acerny
Press, NewifRFkeMddpe pRRein421- 463 (1988); Ceierson and Cbrey, Plant

Mol ecul ar Bi ol ogy, én (1988); and M ki and lyer, Fundanentals of GCene

Transfer in Plants. In Plant Met abol ism 2d Ed. DT. Dennis, DH Turpin, DD
Lef ebr ve, [Q%‘Lﬁayzel | Thegwsicic asgtinsedingyhel chimericdiméy wa influenza subapesofor pp.
561-579 ( r u R the

2511 posorreég ? S%?%p%@ﬁé?%%a Wbegﬁn%deﬁ?él ng péiﬂ{) dﬁg aQst6I§ SE@%DCNO

m cr o-i nj 62,tIRMID MG r7opsEf 0 NO:€2, SEQUDINKRET4 SEQD NocTdimay Bé byniiesized by
See, for exanple, Bilang, et al (GEne 100: 247- 250}&%99%% Scheld et al.

( Vbl . 209GenTevessh ganscripion %dzpomera%b%y reagfien Faping| nfS B PRIES, 52

111-116, §R8MA Mﬁe@ﬁoﬁng/ﬁEhﬁ@fBr} @%n%@ orgﬁlndgoorgﬁmi%éfgn Kl ein

et al., Nature 32 70-73 (1987 Howel Sci ence 20 1980),
Hor sch et idtcted &ih &mseorZﬁl?er irifA28za vil® tHet 61‘ ﬁm&@ti POT teUAR6 it ape83ant2 31,

igﬁg%ossoﬁgﬁgklg%Pa!wl Plaqgﬁggl'&gagg%H%é%Hg%;%ﬂ%ﬁ§a}gga&hﬂﬁig3%Qgﬂ@COSO
5, 036, 0064¢ja eﬁ&ﬂmé%hnﬁex‘i’coﬁz@ﬁgy beohBmalty Syntitedlzkd QfindMiemBdf4LwiIRE BOY

incorporated by reference).
25 known to one of skill in the art.

[00146] The present invention is further directed to a gene construct comprising a

nucleic acid encoding a chimeric HA, as described above, operatively linked to a regulatory
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[ 00187] Transi ent expression nmethods may be used to express the constructs
of the 5present invention (see Liu and Lononossoff, 2002, Journal of

Vi rol ogi oab 2vviaexis, 105: 343- 348; which is incorporat e@Cnara2brv/iogoss3
reference). Alternatively, a vacuum based transi ent expression nethod, as
described by Kapila et al. 1997 Plant Science 122:101-108 (i ncorporated
herein by reference) nay be used. These nethods may include, for exanple,
but are not limted to, a method of Agro-inoculation or Agro-infiltration,
however, other transient 10 nmethods may al so be used as noted above. Wth
ei ther Agro-inoculation or Agro-infiltration, a m xture of Agrobacteria

conpri si ngleMRRt thedds pregativigdn a plank dixpnmhesef regudatorsicloments| opprative ipagdant otll a

tissue, f . i i Q f th nt (i.ncl.udin
Stom 1 eadi EAATRY f 408 £2YRANCAAMH B pRI ianGin oAt pidEitelbler )
or the whplagtoptaaint reguihtbarregibn §S8 Mg 26 )9e8:ephiceisitherpdigedBERAS refeicdtd)] S £Ct
and transfer t-DNA copies into the cells. The t-DNA is episonall

15t r anscr F9SBI1O5R BPeianedt FiRposer Iadrhispiqsphate %B?W&SF/QXYWE%K&!E@@% Sof the

pr ot eisn of okMbes;SticH A ihddhRE ' & i it | nsi de
the nucleus is trarllcsilerllt . H‘[%O%%g}é %?6?%@%2n%??r%élpaztﬁ?%g@?g}ﬁn r‘é]\?f ded
by the préssgwniled atakdpB@rwnelyiseogseaed hereiamiyuefetenad), ST-LB 1 gas@xdt&t wil the

i nfl uenza vacci ngr1 .to SUEEE—QEP nt the vaccine, render it nore efficaci ous,

or to redOBPRENREIAME oyysieayi anddesethed by Stockhags gt gl B87k IS0 to a

20per son @hichki inkoﬂp&atéaqle@;ﬁby;e?&eﬁ@.ci ne may be directed agai nst one or
nore than one influenza virus. Exanples of suitable vaccines include, but

are not limted to, those comercially avail able from Sanofi-Pasteur, ID
Bi onedi cal®0lEr i al , Thsi 8569 senstrewiof g, privsahiayeritiod mayatre, coBpaxobminstitdivae,

Novart, s, i i no, Shire.Pharmaceutical s . and the |ike.
[00189] | fpﬁg@?gf@f}j{%\&?ﬁ% @Eﬁgg%%l‘g’h%‘%p%eé‘%@% R ioRGraRvab fitieasS the PielPtd wi th a
sui tabl e 2badhowteaht vakuwpartshilagli andicdnbinGasyothrokhdut piait velopkient, A
Furthernore, the VLP nmay be used in a vaccine conposition conprising an

ef f ect i veRUbLRIEIE XARPIgiobacapstifiive pramatern thap pssaciptad yith tey GaMVSPS as
defined a : t r.e, e B to th r.esen WO
2010/ 1485?%%17t%0%§lg%3 885%? h]\\/%/’lﬁ%’ R %é%g%a‘g%% %‘r%e‘g”?/ﬁr?‘ﬁd By BEERERY e
using different influenza proteins, for exanple, neuram nidase (NA).

[ 00190] ThEW&4&r e, thecpmadenta saquent comprsinya gistoayanint egudatborregiog ischa g

conpr s nsaue B BF P sty Rbted e dinga o B sia acisidhe: Bl §hgt ohe or
nor e t hanregolato BemERer Y&GHEH) réloh B8y &thahed Bin8hesh QF@ihL{cYeotihélfegﬂagﬁ% Ry,

intranasally, intranuscularly, intraperitoneally, intravenously, o
subcut anehishys it ppryatoe]xdinksdsvhere the naeleetidsi sequenee may Puvede epivdn vent s of t he

e O S o oo 8 B B G2,
10 or noregins af ths Corvpsalboggie Virud (EPMIM)akkish fay be used to preferentially translate
20 the nucleotide sequence to which it is operatively linked. This CPMV regulatory region is
exploited in a hyper-translatable CMPV system (CPMV-HT; see, for example, Sainsbury et
al, 2008, Plant Physiology 148: 1212-1218; Sainsbury et al., 2008 Plant Biotechnology

Journal 6:82-92; both of which are incoprporated herein by reference).

[00149] Therefore, an aspect of the invention provides for a nucleic acid comprising a
25 regulatory region operatively linked to a sequence encoding a chimeric influenza HA. The

regulatory region may be a plastocyanin regulatory element, and the chimeric influenza HA

may comprise subdomains from H5/Indo, H1/Bri, H3/Bri, HI/NC, B/Flo influenza types,

subtypes or strains. Nucleic acid sequences comprising a plastocyanin regulatory element and
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subtypes represented may be of a single subtype (e.g. all HIN1, or al

H5N1), or may be a conbi nation of subtypes. Exenplary subtype and strains

i ncl ude HsOIntol4sdl/ Bri, H /NC, H3/Bri, B/ Flo.The choi eeTafA2cmmiodgsat i on of
strains and subtypes may depend on the geographical area of the subjects
likely to be exposed to influenza, proximty of animl 15species to a human
popul ation to be imuni zed (e.g. species of waterfow, agricultural animls
such as swine, etc) and the strains they carry, are exposed to or are
likely to be exposed to, predictions of antigenic drift within subtypes or
strains, or conbinations of these factors. Exanples of conbinations used in
past year§‘§F@ﬁ5v5ﬂ¥%%@ﬁuﬁ%ePﬁﬁmdékﬁﬁﬁgﬁ%bmﬁﬁﬂggﬂﬁéﬂ6byndﬁ% Macleid agidal t h

Organi zat | : i /di eease/.i pf | uenzal vacci
reconnendggﬂggstgﬁ%ﬁgﬁ%g?é%f%ﬁgmgxgﬁ%%ﬁﬁ%pélst S GIRy e ?8§§§Haﬁkd
i ndi vi dualhksejn BNSEQ B NiOw: 68 69chndr71s®ii - puri fied VLPsS subsequently conbi ned.

Alternately, the VLPs may be co-expressed in the sane host, for exanple a

pl ant, praoti of plant, or plant .cell. The VLPs may be conbi ned or
produced ﬁﬁhgahesirbﬂmFﬁF¥ﬁﬁm@b CARERIPEPIRK G fo8 gunilgicasid comprisiag aor may be

o or 1 ry OF ety FBRGEind LthmeRCm AP ShRfiSlk S RRRIRTE M B ftsoes
[ 00193] Thé¥ B 83/BrinH 1iN,dHFlodn{lpmay types stlypes ompesing Nadisicon eipsinog VL PS

of two or nore .strai or bt ypes. 0194] A provided is an article of
manuf act ur& PEIHp? ?“?ﬁpgr 9 %{J?ébglg@%{f‘g PiCEH%ffB‘* are exemplifigkharsip Ry SERIP si ng
a VLP conmosbagoanghinsric HA. The conposition includes a 5physiologically
or pharmaceutically acceptabl e excipient, and the packaging naterial nay

include a | abel which indicates the active ingredients of the conposition
(e.g. thel®APY] [ookbsi-produgedchimariciniiggnaa YoRpbed fromrhecpapni wembraae mt| ei ¢

acid codli . i C - out ged qher el | o i.th jnstructions for
use of t h?ﬂ%&@g@gbg@{dg offltt;}r&aé %?%Q UCEYF(P)ShregF ¢ %ﬁ]laﬂgfrtﬁ% P %&t Cvé%lror Qlflfs USEHBPE si ng

t he chi mertiom which sheglasoprpdwed d&He VIRE ploldiicodr¥cdi@ing $€ihie lprekBithvepfigduct i on of
VLPs conpr|5|n%ﬁ{he chinmeric HA, and the instructions qu i nclude, for

exanpl e, PATRBRFFRHBFHIOAASL bV esmary thanetweapesios seltyres ohindlupizancompiexedpl ant
L1, i : i . o i . i i s from.t he plant or
S ant 11 ooy APBRSIAEREL VAR 1516 AR Rl SRl Ml {1 SO MRS 8o 0 %

medi canmentmmeoemspaisagdaced P conprising a chineric HA, along with
instructions for its use is provided. The 15instructions nmay conprise a

seri es, of for .t he.prepayat | of th dj.cane t he medi canent bei ng

usef u Sfolahﬁgﬁcing?%mfwg?%ﬁéﬁﬁ?tegﬂxﬁP%ﬁﬁyﬂg@bwsEWH%E%EE¥@§%EW§e ina

subj ect t ethahslBmink), ias wal @k BiysésphRgolipihechitind BT Pﬁlbf&@ﬁleéié%??éskéﬁoy

instructions addressing dose concentrations, dose intervals, preferred

admi ni st r Atansnalis imewse egllstsheh 49 datigen-presenting cells (APCs) like dendritic cells and
macrophages and other cells including B and T lymphocytes in the thymus and liver (reviewed

in Tsuji M,. 2006 Cell Mol Life Sci 63:1889-98). CD1 molecules are structurally similar to

20 major histocompatibility complex (MHC) molecules of class I and their role is to present
glycolipid antigens to NKT cells (Natural Killer T cells). Upon activation, NKT cells activate
innate immune cells such as NK cells and dendritic cells and also activate adaptive immune

cells like the antibody-producing B cells and T-cells.

[00153] The phytosterols present in an influenza VLP complexed with a lipid bilayer,
25 such as an plasma-membrane derived envelope may provide for an advantageous vaccine
composition. Without wishing to be bound by theory, plant-made VLPs, including those

comprising chimeric HA, complexed with a lipid bilayer, such as a plasma-membrane derived
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[ 00197] The present invention will be further illustrated in the follow ng
exanpl es. 20However it is to be understood that these exanples are for

i 1l ustratwoeopusgtises only, and should not be used to |ipaTricAzbhm/mwespe of
the present invention in any manner. [00198] The sequences descri bed herein
are summari zed below. SEQ I D NO Description SEQ ID NO Description 1 prinmer
Xmal - pPlas. ¢ 55 nucleic acid seq of synthetic Bglll - PDI SP-Hl/ NC SacUSt ul
(lacking TMD/CT) 2 primer Sacl-ATG pPlas.r 56 nucleic acid seq of Kpnl -

Hi / NC TnDY CT- Sacl/ Stul conprising the C-ter HL (A/ New Cal edoni a/ 20/ 99
(HLIN1) coding sequence including the TnD and Ctail fromthe Kpnl site to
the stop & e(ainREe 4 siroggerpipmymg geacticyibpn ¥LEs made i @heyexpspsion

Sacl - Pl as -sr}%{emcs, and may be similar to the immune reaction induced by live or attenuated whole virus

vaccines.

[00154] Therefore, in some embodiments, the invention provides for a VLP comprising
5  achimeric HA, complexed with a plant-derived lipid bilayer. In some embodiments the plant-

derived lipid bilayer may comprise the envelope of the VLP.

[00155] The VLP produced within a plant may include a chimeric HA comprising
plant-specific N-glycans. Therefore, this invention also provides for a VLP comprising a

chimeric HA having plant specific N-glycans.

10 [00156] Furthermore, modification of N-glycan in plants is known (see for example
WO 2008/151440; which is incorporated herein by reference) and chimeric HA having
modified N-glycans may be produced. A chimeric HA comprising a modified glycosylation
pattern, for example with reduced fucosylated, xylosylated, or both, fucosylated and
xylosylated, N-glycans may be obtained, or chimeric HA having a modified glycosylation

15  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 chimeric HA when compared to a wild-type

plant expressing chimeric HA.

20 [00157] For example, which is not to be considered limiting, the synthesis of chimeric
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

25 (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
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57 nucleic acid seq of protein disul phide isomerase Nucl eotides 32-103
encode the PDI signal peptide 4 primer EcoRI-PlasTers 58 nucleic acid seq
of pl ast ovpromoesii- PDI SP-Bgl | 5 priner Plasto-443c 59cmu?oalzelolmomsd seq
of construct 540 conprising alfalfa plastocyanin pronoter and 5 UTR

codi ng sequence of the signal peptide fromPD and of Hl form A/ New

Cal edoni a/ 20/ 99 (HIN1), alfalfa plastocyanin 3' UTR and term nator
sequences. Hl from A/ New Cal edoni a/ 20/ 1999 codi ng sequence is underlined. 6
prinmer SpHA(Ind)-Plasto.r 60 nucleic acid seq of Dral - Plasto

pronot er-HL/ By.i - Sacl conpri si ng the conplete HL (A/Brisbane/59/07 (HIN1))
codi ng r edPEIPs Neaceylehyyopanaingl gﬂﬁq’mﬁfﬁéﬁt(ﬁ@@-mhdonmtélgtedm: uci;:lﬁm)efd.rtb g?kgg , in
5 by alf : | 1 es.correspondi n e fir _

ucl bor i dam B RO oy e R S o R i L s of ¢
aci d seq ofdditwmtly, soGNT T4GnToHplybsidrRezyahd, abihpridh @t CTGMHEND! ABE &/GaNg 5
UTR, hemaggl utini n cgdi ng sequence of Hl form A/ Brisbane/59/07 (HINL),

al falfa pl @’t%%f{}?frﬂs UTR and term nat or sequences 8 prinmer HA(Ind)-Sac.r
62 nucleic acid seq of construct 828, from Pad (upstream of the pronoter)

to Asc (i[omesdat el YneRms oA int G IN% AL P9 cotpMYink Thiterid HA
sequenceg [undegl i ned \jdxlﬁgt h rrSt at ed lI,&TG ion %an&% SCO&B mlg_@ ene
having modified N-glycans.

[00159] Without wishing to be bound by theory, the presence of plant N-glycans on a
chimeric 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
10 by Saint-Jore-Dupas et al. (Trends Biotechnol 25: 317-23, 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.

[00160] By “regulatory region”, “regulatory element” or “promoter” it is meant a
portion of nucleic acid typically, but not always, upstream of the protein coding region of a

15 gene, which may be comprised of either 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 in expression 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” inciudes promoter elements, core promoter elements

20 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”, 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

25 repressors, upstream activating sequences, and mRNA instability determinants. Several of

these latter elements may be located proximal to the coding region.
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primer pBinPlus.2613c 63 nucleic acid seq of construct 690 10 pri ner

Mut - ATGL15.r 64 nucleic acid seq of construct 691 11 prinmer Mit-ATGL61.c 65
nucl ei c awodomegszafi construct 696 12 priner LG 05-1. 110rCegAromloom3aci d
seq of construct 732 conprising the Caw 35S pronoter, CPW-HT 5 UTR,
hemaggl uti ni n codi ng sequence of Hl form A/ Brisbane/ 59/07 (HLNl), CPWHT 3
UTR and NOS term nator sequences. Coding sequence of H/Bri is underlined.
13 primer El HIB-E1 H5l.r 67 nucleic acid seq of intermediate construct 787
14 prinmer El HS5N-E1 H1B.c 68

[oo161] 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
5 to start at a particular site. However, it is to be understood that other nucleotide sequences,
located within introns, or 3' of the sequence may also contribute to the regulation of
expression of a coding region of interest. An example of a regulatory element that provides
for the recognition for RNA polymerase or other transcriptional factors to ensure initiation at a
particular site is a promoter element. Most, but not all, eukaryotic promoter elements contain
10 aTATA box, a conserved nucleic acid sequence comprised of adenosine and thymidine
nucleotide base pairs usually situated approximately 25 base pairs upstream of a
transcriptional start site. A promoter element comprises a basal promoter element,
responsible for the initiation of transcription, as well as other regulatory elements (as listed

above) that modify gene expression.

15 [00162] There are several types of regulatory regions, including those that are
developmentally regulated, inducible or constitutive. A regulatory region that is
developmentally regulated, or controls the differential expression of a gene under its control,
is activated within certain organs or tissues of an organ at specific times during the
development of that organ or tissue. However, some regulatory regions that are

20 developmentally regulated may preferentially be active within certain organs or tissues at
specific developmental stages, they may also be active in a developmentally regulated manner,
or at a basal level in other organs or tissues within the plant as well. Examples of tissue- |
specific regulatory regions, for example see-specific a regulatory region, include the napin
promoter, and the cruciferin promoter (Rask et al., 1998, J. Plant Physiol. 152: 595-599;

25 Bilodeau et al., 1994, Plant Cell 14: 125-130). An example of a leaf-specific promoter
includes the plastocyanin promoter (see, for example SEQ ID NO: 58); US 7,125,978, which

is incorporated herein by reference).

[00163] 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
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nucl eic acid seq of construct 733 15 prinmer E2 H51-RB H1B.r 69 nucleic acid
seq of construct 734 16 prinmer RB H1IB-E2 H5l.c 70 nucleic acid seq of

Dral I | - plwetoioprestot er - H3/ Bri - Sacl conpri sing the conmpCet@2813/000983

(A/ Brisbane/ 10/ 07 (H3N2)) coding region (including the signal peptide and
the stop codon) flanked, in 5 by alfalfa plastocyanin gene sequences
corresponding to the first 84 nucleotides upstreamof the initial ATG 17
prinmer El HIB-F'| H51.r 71 nucleic acid seq of construct 736 18 priner F
H5N-E1 H1B.c 72 nucleic acid seq of construct 737 19 priner F 2 H51-E2

H1B.r 73 nucleic acid seq of Dralll-plasto pronoter - B/Flo-Sacl 20 priner
E2 H1B- F' theabpenge phan 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

5 chemical agent such as a protein, metabolite, growth regulator, herbicide or phenolic
compound or a physiological stress imposed directly by heat, cold, salt, or toxic elements or
indirectly through the action of a pathogen or disease agent such as a virus. A plant cell
containing an inducible regulatory region may be exposed to an inducer by externally applying
the inducer to the cell or plant such as by spraying, watering, heating or similar methods.

10 Inducible regulatory elements may be derived from either plant or non-plant genes (e.g. Gatz,
C. and Lenk, LR.P., 1998, Trends Plant Sci. 3, 352-358; which is incorporated by reference).
Examples, of potential inducible promoters include, but not limited to, tetracycline-inducible
promoter (Gatz, C.,1997, Ann. Rev. Plant Physiol. Plant Mol. Biol. 48, 89-108; which is
incorporated by reference), steroid inducible promoter (Aoyama, T. and Chua, N.H.,1997,

15 Plant J. 2, 397-404; which is incorporated by reference) and ethanol-inducible promoter
(Salter, M.G., et al, 1998, Plant Journal 16, 127-132; Caddick, M.X., et al,1998, Nature
Biotech. 16, 177-180, which are incorporated by reference) cytokinin inducible IB6 and CKI1
genes (Brandstatter, 1. 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,

20 DRS5 (Ulmasov, T., et al., 1997, Plant Cell 9, 1963-1971; which is incorporated by reference).

[00164] A constitutive regulatory region directs the expression of a gene throughout the
various parts of a plant and continuously throughout plant development. Examples of known
constitutive regulatory elements include promoters associated with the CaMV 35S transcript.
(Odell et al., 1985, Nature, 313: 810-812), the rice actin 1 (Zhang et al, 1991, Plant Cell, 3:

25 1155-1165), actin 2 (An et al., 1996, Plant J., 10: 107-121), or tms 2 (U.S. 5,428,147, which
is incorporated herein by reference), and triosephosphate isomerase 1 (Xu et. al., 1994, Plant
Physiol. 106: 459-467) genes, the maize ubiquitin 1 gene (Cornejo et al, 1993, Plant Mol.
Biol. 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
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nucl eic acid seq of construct 739 21 prinmer El H51-E1 HINC.r 75 nucleic
acid seq of construct 745 22 prinmer El HINC-E1 H51.c 76 nucleic acid seq of
Msj | 23 pworrero/EH251HINC- RB H51 . r 77 nucleic acid seq of eomstaomioo®Be 24
primer RB H51-E2 HINC.c 78 nucleic acid seq of construct 860 25 priner

HA- Sacl .r 79 nucleic acid seq of construct 870 26 priner Apal-HLB.c 80

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 abundance is often observed. Constitutive regulatory elements may be coupled

5 with other sequences to further enhance the transcription and/or translation of the nucleotide
sequence to which they are operatively linked. For example, the CPMV-HT system is derived
from the untranslated regions of the Cowpea mosaic virus (CPMV) and demonstrates

enhanced translation of the associated coding sequence.

[00165] By “native” it is meant that the nucleic acid or amino acid sequence is naturally

10 occurring, or “wild type”.

[00166] By "operatively linked" it is meant that the particular sequences, for example a
regulatory element and a coding region of interest, interact either directly or indirectly to carry
out an intended function, such as mediation or modulation of gene expression. The
interaction of operatively linked sequences may, for example, be mediated by proteins that

15 interact with the operatively linked sequences.

[00167] 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, 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.,

20 alfalfa, potato, ginseng, pea, oat, rice, soybean, wheat, barley, sunflower, cotton and the like.

[00168] 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 comprising a DNA segment that contains a polyadenylation signal and any other
regulatory signals capable of effecting mRNA processing or gene expression. The

25 polyadenylation signal is usually characterized by effecting the addition of polyadenylic acid

tracks to the 3” end of the mRNA precursor. Polyadenylation signals are commonly
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Am no aci d sequence conprising an RB subdomain of H/Bri, an H5/1ndo signal
peptide, and a stem donmain conplex (SDC) conprising an H5/Indo F 1, El, E2,
F'2 and Pweuboomsiims 27 prinmer Stul-HLB.r 81 anmi no aci d PSEqAND@0CBEPr i Si nNg
H /Bri head domain conplex (HDC) conprsing El, RB, E2, an H5/1ndo signal
pepti de, and H5/Indo stem domain conplex (SDC) conprising H5/Indo F 1, F 2
and F subdomai ns 28 priner SpPDI-HLB.c 82 am no acid sequence of conprising
an RB subdomai n of H5/1ndo, a PDI signal peptide, and H /NC stem donai n
conplex conprising F1, El, E2 and F 2 29 priner Sacl-HLB.r 83 am no acid
sequence of conprising a PDI signal peptide, an ectodomain of H3

Al Bri shan&cegnizaihy thepresenvs/of wmelpgHs thg cangeisaldpan §7 24008/393paltheugh

Apal - SpPD| , ¢ ' | equence conprising an ectodomai n of

B/ Fl ori da}’%‘%ﬁ%ﬁ%%g]ﬁ@&é&%@%}o% of H5 A/l ndonesial/5/ 2005 encoded by the open
reading frame in construct nunber 745 31 priner Apal-H5 (A-1ndo).1 c 85
nucl ei ¢ afid68kq of Neadinliting ¢daaplaoyf antableD’ g B2rgthic 3@ tradddriped dane o) -

translated regions containing a polyadenylation signal of Agrobacterium tumor inducing (Ti)

5  plasmid genes, such as the nopaline synthase (NOS) gene, plant genes such as the soybean
storage protein genes, the small subunit of the ribulose-1, 5-bisphosphate carboxylase gene
(ssRUBISCO; US 4,962,028; which is incorporated herein by reference), the promoter used in
regulating plastocyanin expression, described in US 7,125,978 (which is incorporated herein

by reference).

10 [00170] One or more of the chimeric genetic constructs of the present invention may
also include further enhancers, either translation or transcription enhancers, as may be
required. Enhancers may be located 5° or 3’ to the sequence being transcribed. Enhancer
regions are well known to persons skilled in the art, and may include an ATG initiation codon,
adjacent sequences or the like. The initiation codon, if present, may be in phase with the

15  reading frame (“in frame”) of the coding sequence to provide for correct translation of the

transcribed sequence.

[00171] 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 include enzymes that provide for resistance to chemicals such as an antibiotic for

20  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.

[00172] Also considered part of this invention are transgenic plants, plant cells or seeds
25  containing the chimeric gene construct of the present invention. Methods of regenerating
whole plants from plant cells are also known in the art. In general, transformed plant cells are

cultured in an appropriate medium, which may contain selective agents such as antibiotics,
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86 nucl eotide seq of PDI SP-H1 Stul.1707r A/ California/04/09 Afalfa
protein disulfide isonerase signal peptide coding sequence is underlined
and mat urwoHbiocassiimg sequence is highlighted in bold. 3®CcprdAarero/oe@Bs SpPDI . r
87 ami no acid sequence of PDI SP-HL A/ California/04/09 Alfalfa protein

di sul fide isonerase signal peptide is underlined 34 primer SpPDl-113B.c 88
2X35S pronoter. 35 prinmer Stul-H3B.r 89 priner Pacl-MS-2X35S.¢c 36 priner
TnD H51-H3B.r 90 priner CPW 5' UTR- 2X35Sx

where selectable markers are used to facilitate identification of transformed plant cells. Once
callus forms, shoot formation can be encouraged by employing the appropriate plant
hormones in 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,

5 either from seeds or using vegetative propagation techniques. Transgenic plants can also be

generated without using tissue cultures.

[00173] Also considered part of this invention are transgenic plants, trees, yeast,
bacteria, fungi, insect and animal cells containing the chimeric gene construct comprising a
nucleic acid encoding recombinant, chimeric HA or HAO for VLP production, in accordance

10 with the present invention.

[00174] 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,
both monocots and dicots, for example but not limited to corn, cereal plants, wheat, barley,

15 oat, Nicotiana spp, Brassica spp, soybean, bean, pea, alfalfa, potato, tomato, ginseng, and

Arabidopsis.

[00175] 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 and regenerated plants is not critical to the present invention.

20  [00176] By “transformation” it is meant the 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 transfer of genetic information is not inheritable.

25 [00177] 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
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37 primer H3B-TnD H51.c 91 prinmer 2X35S-CPW 5' UTR. ¢ 38 prinmer HBF-SpPDI.r
92 primer Apal-Mprot.r 39 primer SpPDl -HBF.c 93 nucleic acid sequence of
const r uctwo4dio/degling sequence of chinmeric HA is underl| POECA22MNBB®SPr onot er
sequence is indicated in italics 40 prinmer Stul-HBF.r 94 am no acid
sequence of B-Florida 41 prinmer TnD 1151-B Flo.r 95 am no acid sequence of
B- Mal aysia 42 prinmer B Flo-TnD H5l.c 96 am no acid sequence of Hl -Brisbane

extracts of plants, or a combination thereof. Further, plant matter may comprise plants, plant
cells, tissue, a liquid extract, or a combination thereof, from plant leaves, stems, fruit, roots or
a combination thereof. Plant matter may comprise a plant or portion thereof which has not
been subjected to any processing steps. A portion of a plant may comprise plant matter.

5  However, it is also contemplated that the plant material may be subjected to minimal
processing steps as defined below, or more rigorous processing, including partial or
substantial protein purification using techniques commonly known within the art including,

but not limited to chromatography, electrophoresis and the like.

[00178] By the term "minimal processing” it is meant plant matter, for example, a plant

10 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 creating a composition comprising soluble plant components, and insoluble plant
components which may be separated for example, but not limited to, by centrifugation,

15 filtration or a combination thereof. In this regard, proteins secreted within the extracellular
space of leaf or other tissues could be readily obtained using vacuum or centrifugal extraction,
or tissues could be extracted under pressure by passage through rollers or grinding or the like
to squeeze or liberate the protein free from within the extracellular space. Minimal processing
could also involve preparation of crude extracts of soluble proteins, since these preparations

20 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 permit the direct use of the extract.

[00179] The plant matter, in the form of plant material or tissue may be orally delivered
25 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

excipients, as required.
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43 prinmer Hsp4OLuz. 1 ¢ 97 ami no acid sequence of H -Sol.Isl. 44 priner
Hsp4OLuz- Sacl . 1272r 98 ami no acid sequence of H -New Cal. 45 pri ner
Hsp4OLuz-wbaston485199 ami no aci d sequence of H2- Si ngapoPETAG2pI00eI83
Hsp70Ara. 1 ¢ 100 ami no acid sequence of H3-Brisbane 47 priner

Hsp70Ar a- Sacl . 1956r 101 am no acid sequence of H3A-WCN 48 pri ner
Hsp70Ara- Pl asto.r 102 am no aci d sequence of H5A- Anhui

[00180] 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,

5 livestock, rabbits, 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.

[00181] It is contemplated that a plant comprising the chimeric HA according to some
embodiments of the invention, or expressing the VLP comprising the chimeric HA according
10 to some embodiments of the invention, may be administered to a subject or target organism, in
a variety of ways depending upon the need and the situation. For example, the chimeric HA
obtained from the plant may be extracted prior to its use in either a crude, partially purified, or
purified form. If the chimeric HA is to be at least partially purified, then it may be produced in
either edible or non-edible plants. Furthermore, if the chimeric HA is orally administered, the
15  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 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

20 being administered is edible.

[00182] Post-transcriptional gene silencing (PTGS) may be involved in limiting
expression of transgenes in plants, and co-expression of a suppressor of silencing from the
potato virus Y (HcPro) may be used to counteract the specific degradation of transgene
mRNAs (Brigneti et al., 1998). Alternate suppressors of silencing are well known in the art
25 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-p1/HC-Pro), BYV -p21, p19 of Tomato bushy stunt virus (TBSV p19), capsid
protein of Tomato crinkle virus (TCV -CP), 2b of Cucumber mosaic virus; CMV-2b), p25 of

Potato virus X (PVX-p25), p11 of Potato virus M (PVM-pl1), pl1 of Potato virus S (PVS-
- 46 -



49 prinmer supPl9-plasto.r 103 am no acid sequence of H5AVi et nam 50 pri ner
supPl19-1 ¢ 104 am no acid sequence of H5-Indo 51 primer SupPl19-Sacl.r 52
nucl ei c awodomegssamce of conplete H5 (A/ I ndonesi a/ 5/ 05 @PEFNAR)10000kSE]
region (including the signal peptide and the stop codon) flanked, in 5 by
a Hndlll site and, in 3, by a Sad site 53 nucleic acid seq of construct
660 - an HA expression cassette conprising an alfalfa plastocyanin pronoter
and 5° UTR , hemaggl utinin codi ng sequence of 115 form A/l ndonesi a/ 5/ 05
(H5N1), alfalfa plastocyanin 3" UTR and term nator sequences 54 nucleic
acid seq of native H/NC (lacking TMD CT)

pl1), pl16 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), pl4 of Grapevine virus B (GVB-p14), p10 of Heracleum latent virus (HLV-p10),
or p16 of Garlic common latent virus (GCLV-p16). Therefore, a suppressor of silencing, for
5 example, but not limited to, HcPro, TEV -p1/HC-Pro, BYV-p21, TBSV p19, TCV-CP, CMV-
2b, PVX-p25, PVM-pl 1, PVS-pl1, BScV-pl6, CTV-p23, GLRaV-2 p24, GBV-p14, HLV-
pl0, 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.

10 [00183] 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.

[00184] Therefore, the present invention further includes a suitable vector comprising
the chimeric HA sequence suitable for use with either stable or transient expression systems.

15  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 interest may be introduced using a separate construct. These nucleotide
sequences may then be co-expressed within a plant. However, a construct comprising a

20 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 promoter or regulatory region, and a second
sequence comprising a second nucleic acid sequence encoding the protein that modifies the

25 glycosylation profile of the protein of interest, the second sequence operatively linked to a

promoter or regulatory region.

[00185] 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.
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WO 2010/ 148511PCT/ CA2010/ 000983 Met hods and Materials 1. Assenbly of HA
expression cassettes A- pCAMBI APl asto 5[ 00199] All mani pul ati ons were done
usi ng t hewgensv@asimol ecul ar bi ol ogy protocol s of Sanbr o®kTamto Ruweewss |
(2001; which is incorporated herein by reference). Table 1 presents

ol i gonucl eotide priners used for expression cassettes assenbly. The first
cloning step consisted in assenbling a receptor plasm d containi ng upstream
and downstream regul atory el enments of the alfalfa plastocyanin gene. The

pl ast ocyani n pronoter and 5" UTR sequences 10were anplified fromalfalfa
genom ¢ DNA using oligonucleotide priners Xmal-pPlas.c (SEQ ID NO 1) and
Sacl - ATG Peversr.rthg SE@otide pQuences Terd noé beiexpresgedhagkadtiydha same tpno Rathernwas
digested with Xmal and, Sad | and |igated into pCAVBI 0 Canbj g,

Canbor r o, Halde pEpphals ssalend Pt L AN LRI B, o C/ cate
PCANVBI Apr BBt Isdve a clhi¥e katnketact! FEr XabdpR, SR PAABIGIBat AT fieB bR Mion OF tHehe

pl astocyanin gene was anplified fromalfalfa genomc 15 using the

fol | ow ngprp‘ieim%frlstﬁl‘ega@ﬂ)?& aTessedeithegrmiem ondng thegerRddorenphepieinof SEQ | D

NO 4) . and. t he. product s. di ted w.ih .Sad d Rl_bef ore, bei

ot Pea TS PREPERE SR BoFta @l e SRR B BCbuBE Rt R AR st o
B- Pl ast opihad iTHe tEotHmofY thadnesicBloBiO8eqheBs tanise cordtfReded 06} a[tRAZER] A
fragnent encodi ng henaqglutinin frominfluenza strain A lndonesial/5/ 05

20( H5NL; $PECSSIRG SYStoRMWHeSTIRE PEB PRMOIssquapaes e infreduasy witharthe Blagt aisboutSugar

Land, TX, . e [l e e in
regi on i SaehE Radd BB ARG, ALY B BLRELTARRHRNE s MRS "
i mredi at eplyntupsiprisiagond of the nidlédtidalseqhthges Aotlexanipieiihe Séduendersiesting tky
downstream of the staop (TAA) codon, is presented in (SEQ ID NGO 52; Figure
7). Whe M9 OF1885 '9f SWaeSYEAI9R L PlolNa PR MY EHNERPRES si on
17). ¥ teih g odig lgasydat fil;ploths PEAteis phrapHtHnaysdrneiopreds

casset te UineZ Rl TR: gl Al Al Ot G PRSRLEU ABIRIERN R o2 -

(1995). Briefly cation was obtal ne riners
Pl ast 0- 44i3cer{sSER thid chia, the sequrdccSpkiddihg the-protei tR0 hid/difk8 SHl BEChs ZARRILRHH1098 3

Plasto.r (SEQ ID NO.6) and pCAVBI { as_tenplate. Il 1l el,
Cecand” arfi I PR B inlaet ey PoFHEEH PHEES Graral U (B AT SERIING 7)
and HA(Lngbvefedfmeht, b xpk:sbibh @ay?ﬁ"e?ix?&u‘cﬁi %ﬁﬁnﬁﬁ&ﬂ?ﬁf&n&é‘fﬁd@e NQ 52;

Figure 17) as tenplate. The anplificatio t al ned om bot h reactions were

m xed st ogatditemahsedudrice emiodingribe proteiredf in®rdést mapbatpréssed wndehsimdar eact i on

i i i . st 0-443 SE D.NO 5) and
(assenbl | cnc%d{tg)%(s: Elrll {Ill)theu ssalzrrpe 1s,|;)1|166:l fo ensure tﬁat (the n cieotlde seqzlences are co-expressed.

[00186] 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

20  Weissbach and Weissbach, Methods for Plant Molecular Biblogy, Academy Press, New York
VI, 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

25 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-
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HA(Ind)-Sac.r (SEQ ID NGO 8) as priners. The resulting fragnent was digested

with BanH (in the plastocyanin pronoter) and Sad (at the 3'end of the

f ragnment )wendioci4gsied i nt o pCAMBI APl ast o previ ously di gepCeaAzntonoodse sane

enzynes. The resulting plasm d, naned 660, is presented in Figure 18 (SEQ

I D NO 53). 10C Plasto-PD SP-111 A/ New Cal edoni a/ 20/ 99 (construct numnber

540) [00201] The open reading frane fromthe Hl gene of influenza strain

Al New Cal edoni a/ 20/ 99 (HLIN1) was synthesized in two fragnents (Pl ant

Bi ot echnol ogy Institute, National Research Council, Saskatoon, Canada). A

first fragnmen nt hesi zed corresponds to the w | d-tyEe H1 codi ng seguence
)

(GenBank &3é. f%ggl DxPiasap ., RmbPhpsiology U 09478Lr18890) Livsing demegosshl (5i gnal
tid di t ' d . . . di
bept! de C@gél[@gtﬁ%%?}é%@hzeédgs, ?n%‘e%?' 1?%.64,55'530% %Q%%%B?ré‘%o,‘?%ﬂ' n coding

sequence a ragnent "1's conposed’of the | ast
nucl eot i des03x86308]j608, 1 RI(SPof Which udiheg:bs iMdgldoratédisy fefceéricon site) and a dual
Sacl/Stul site was added i mredi ately downstream of the stop codon at the 3'

termnal end of the fragment, to yield SEQID NO 55 (Figure 20), A second
fragment [@RESi ng tTHansent erdtrssion né‘“ﬁ'&Pdéfth%é "ﬁ@\gyxwﬁ%@ Fopstesp Pt Ueng a
trans i : ) [ g f sto
codon " arCRTL AREHCR (41U ER AR 200, VoA df ikl PR A03PEs™" °F
3 ynt htes |dzm t f}vﬁgﬁ) 11:*_:L ﬁcdﬁ@graw; hlel%ixggy f::lfém)cg). [ ﬁmé}ﬁﬁ]hv'ﬂyeafvhmmp{[-mw tragieg_nt was

i gested wi ) nd Sac ned. i e.sane a bi nar
Veotor  ( PORNEHABTE) S PHACPRRc - Aop SelabsicE dRee B Bhas” 28 LT
fused to @&%@ra&ﬁheraﬁmglr&%reﬁéa%Jy%ef@e& Me6d iﬂeﬁlbéé’ﬂnﬁ%&%luﬁé,%éx%ﬁ@leﬁ bRl )
gene (nucl eotides 32-103; Accession No. Z11499; SEQ I'D NO 57; Figure 22)

resul t i ngare notdirPBid thlla wiethee of Ageinecuddionstr Agaerindfltrative, dvesyeo ofheniransient

| at | ts. JTh f th ani d te,
Cont dbn; eBRE BROTR &1 Sl BOFS Sregia LBt ERA SRR g BT ARG | on
site - 56a mixtle 2 ALULLARAL %El@%ﬁﬁﬁ%%@eﬁ%%@leﬁ%idt@%r eAsteRCY Rl $haces of

ac
term nator downstreamof a Sad site, is gresented in SEQ ID NO %8 (Figure
23). The adssue.ifonexampicibe Baves; airishporting oothe plat (Hicleding stemr legies and Bawerdli ng

t he transnenbr ane [y d the topl asm ¢ .t ail abt ai ned b .
nsert | ng R0 A AR, R LB R R 25 2GR B Bermis
di gest ed wet4drdfapleriamdnetthnditbset TBNHIcOpRX pite &Ricelts. Aha s MNA isldp&omaByl ti ng
construct, nanmed 540, is presented in SEQ ID NO 59 (Figure 24). D,

Pl astl§- Natrinperitgd-apd they pRNMHnslatg) lgadipg inibe productipmal diie protein of interest in

A Br i sbanty Sur g SRR ek e IR or L Hi B o R PR RR (et s

synt hesi zed 10conprising the conpl ete hemaggl uti nin codi ng sequence (from
ATG t o st [®0)88]l anketha VILE compraingahingeriol A posydediby tigepresegbpuearioe snay be
correspondieagnto.the first 84 nuc|eoti deseﬁul:lgestreag%of ttpe | ast ocyani n ATG
starting Wief A sorpymghipn withp exising Tlupiza Vasaue. I WPRSTIRR! Y eficise Endgr do
conpri sedpgreaflcdcicts i th PR AL QUM AMAST §&8RsHecdsBRy SAOR 0GRARKNWAL 4] The
synthetic fragment was synthesized by Top Gehe Technol ogi es (Montreal,

15QC, 20Canpatsdn of Fkigl intlegare he wyeinhesy bedirededngemerinedr imprShan b Nbuerga
(Figure 2\5/i)rlis. I:E,gcglr}ppe% of suitable vaccines include, but are not limited to, those commercially
available from Sanofi-Pasteur, ID Biomedical, Merial, Sinovac, Chiron, Roche, Medlmmune,

GlaxoSmithKline, Novartis, Sanofi-Aventis, Serono, Shire Pharmaceuticals and the like.

[00189] If desired, the VLPs of the present invention may be admixed with a suitable
25 adjuvant as would be known to one of skill in the art. Furthermore, the VLP may be used in a
vaccine composition comprising an effective dose of the VLP for the treatment of a target

organism, as defined above. Furthermore, the VLP produced according to the present
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assenbly of the conplete expression cassette, the synthetic fragnment was
digested with Dralll and Sad and cl oned i nto pCAMBI APl ast o previously

di gest ed wot2bhivtagsigane enzynes to gi ve construct 774 (SBQridA2M0/00883 Fi gur e
26). E- CPW HT-LC CM (construct nunber 828) 20[ 00205] CPMW- HT expressi on
cassettes use the 35S pronoter to control the expression of an nRNA
conprising a codi ng sequence of interest flanked, in 5, by nucleotides
1-512 fromthe Cowpea nosaic virus (CPW) RNA2 with mutated ATG at
positions 115 and 161, and in 3', by nucl eotides 3330-3481 fromthe CPW

RNA2 (corresponding to the 3'. UTR) followed by _the | termnator. Plasmd
pBD- 05- 1L BVeRigy; Iﬂ@gfawn&nemﬂhz‘dbﬁé Olﬁﬁla?dfsz%‘?ﬁéf@@ewﬁ'\g%&? PIYRIRhAP 6: 82-92
and PCT P&Qxﬁéﬁﬁ%&&nﬂ@d&@?ﬂ%}.3548o)’ was used for the assenbly of

CPMW- HT- based Hemaggl utinin expression cassettes. The nutation of ATGs at
position 115 and 161 of the CPW RNA2 was done using a PCR-based |igation
met hod - BP190] WO 20had¢fong Bt PRSTAOARDLON OOOBRS 2 pretwdiforiddicingdamrenty tet  al .
(Met hods i Neurosci.rgn(%e 26; 77-8 (t199t5<2f%' .Two_se aratd'?q.P.CBs wer e

per f or med "USTHG PEOBELPRE 3%&%‘%‘&%‘?%{“&? U FHBPO GRS 87

anpl i fsi catframiviabe dTRivaRlittsScodttRmg(oREGr Mrd¥ihn She VB MY vAIR Aty be (SEQ | D
NO 10). The prinmers for the second anplification were I\/l_Jt-ATGlgl. c (SEQID
NO 11) anAdminstged qrally.ontrgdsmaliyDintanasgliy, tranfiyeulanhy itrapgmtentatlyobt ai ned wer e
m xed and. used tenplate for a third anplification using pBinPlus.2613c
(SEQ I D NBEra&nOg?\lﬁ’ f@%@gﬁ{eﬁﬂs&' (SEQ ID NO 12) as primers. The resulting
fragnment was digested wwth Pad | and Apal and cloned into pBD- 05-1LC

di gest ed yaihl} he s@ompesitiond@scording tCaiivis sfbodimeis af &d inveAN®OImE28, | S
presented in Fiqure 27 (SEQ ID NO 62). 10F- H A/ Brisbane/ 59/ 07
r ecept or - s?rﬁmﬁ?gﬂelﬁsaf% REIMATS IATYEZA s HRRATSEP PSS O WoLE RISH efetiRdtPuct

nunbey, 69 chi i . : i t : inin the
5 A mdonest B 08 v i ¥ s o TRt o B AR T SHINBER Dased

| i gati on m@ityyed rgpressend edy ba oDasiuglaguteypeale.g. {IVEL Noder alliINEDr asaaebice 26:
77-85(1995)),.In a first rqund of 15 PCR a se nt of th as nin

pr onot er F%}éré‘&atf%l ‘ffjﬁl%g%‘?su %ffmlg?%’ N4 tyEf'eﬂdl S&é‘,ns %ﬁg‘dﬁ}%/ I&H&%Ef/kﬁom of the
HS AV | ndopes2/f/MSTHRShARIfichinBRatis SiGuhink URE SubRiRS hy 44354 braR | D NO 5)
and El H1B-E1 H5l.r (SEQ ID NO 13) with construct nunber 660 (SEQ I D NO 53,
Fi gure 18peeusarthaapiras ef thasgrentnickely mdwenposed hpinfleénzg, proeinty of animal

T S e P By R0 PP AR e e P S oMy oy
const ruct amaREcl Zésvéiﬁé@td% thlF\me QainE @Y ERTY B APodeBMPbRLE likdly tdThd d

fragment conprising E2, F 2, F, transnenbrane and cytoplasm c domains from
H5 A/ | ndossxised & prsdigensafsniiganéadrifs wibinsublypessor RBaiks, Br Fambisatians OSherd D NO
16) and ) pSac I r 8). with construgt, nunber, 660 (SEQ I D NO
53; Fi gut@c h‘%g %s&?ﬂel?rgpcff%E g&%ﬁ%@%?‘%gﬁa&y e%rrsgr u?%:vtm(sia]?/lveelrnet ?H%tgba f%ed and used
as tenpl ahmidtgsinedbysthe Wistd Beant Goadizaipl(IMHOBGEOURL.Assenbl i ng reacti on)
wth fri mers Pl asto-443c (SEQ ID NO 5) and HA(Ind)- Saar (SEQ ID NG 8). The
r esul #9 ng VP dpjfrsHicsae ilugaze wgeipg rqommenglationl/¢he pl ast ocyani n pronot er)
and Sad | (after the stop codon) and cloned into construct nunber 660 (SEQ

| D NO 53podibgpre 18je w&%&ews%a@%%te%& Vel b did1Guat End RS hir ffld! 21

enzynes t ({) gi g]él construct nunber 6907 ( SE ICDCNQ 6% . @’?%e constr ucot i's

pr esent ed s¢émi-Rirgied &/ 128 subse§&nily cOGHinGA2ALOMOORIIBB VLPs may be co-expressed in
the same host, for example a plant, protion of plant, or plant cell. The VLPs may be combined
or produced in a desired ratio, for example about equivalent ratios, or may be combined in

25 such a manner that one subtype or strain comprises the majority of the VLPs in the

composition.
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WD 2010/ 148511PCT/ CA2010/ 000983 V821 97W) WD 2010/ 148511PCT/ CA2010/ 000983
G Hl A/ Brisbane/59/07 esterase and receptor-binding domains (EL1-RB-E2) in
H5 A/ | ndome=psa/E800% backbone (construct nunber 691) [ 0020T]cA2ctvwooesssc HA
was assenbl ed by replacing the El -RB-E2 domains in H5 AJlndonesia/5/05 with
those of Hl A/ Brisbane/ 59/ 07 using the PCR-based |igation method 5presented
in Darveau et al. (Methods in Neuroscience 26: 77-85(1995)). In a first
round of PCR, a segnment of the plastocyanin pronoter fused to the natural
signal peptide and the F'I domain of H5 A/l ndonesia/5/ 05 was anplified
using priners Plasto-443c (SEQ ID NO5) and El H1B-F' | H51. ry}(?SE | D NO

17) with ©9h%r uct Thertiere. e mvesEm proviey fos gompmsgipng cammprisiag VeRpPHWe or| n
parallel, t ot h nts were anplified. The second fragnent,

cont ai ni nﬂoﬁ\%rﬁgsaas%}%%ggbane/ 59/ 07 El -RB-E2 domai ns codi ng sequence, was
anplified with priners FFI HS5NEL1 HIB.c (SEQ ID NO 18) and F' 2 H51-E2
H1B.r ( SEQOIEAINO 1800 psivitipd doarsdrticie bf mandfecturéy donfisi@gl fackd@ingImatbiigané 26)
as tenplate. For the third fragment, F 2, F,  tran nbrane. and .cyt opl asm ¢
dormmi ns f # ARSI CREBHEEE &/ \H0R RSB ARSIy -ﬁgmﬁmwnsmﬁaé(%m F 2

Hol . c o Sggl}l(siég%(%lagg%éaﬁa{}&a&%ﬁm )acSdte dxelidnt Dnbihe &%)cplfz%/g%iﬂghn&téﬁﬁri'ﬁyr uct

nunber 6 53; Figure 18) as tenplate. Ication products
wer e t heningiuded ldebiwbisk thdistds alpdcsitye infgoadiaatssetloncbnmesitign ¢f.g.ahpVLP).cat i on
(assenbling reaction) with prinmers Plasto-443c (SEQ ID NG 5) and

HA( I nd) - Sagl| SEQ, LD NO .8). Th | ting f t di gest ed. with
Bartd (i nERE ol asthA AR RP8ASDEPy i oo e A e e BEIRF e
cl oned i NHA\ &QRSHALCHerdIb HXSTe WiBDinktRl@ohFoNEe §13he fichid &cid for pradfueidroers| y

20di gested with the sane restriction en_z&?s to give construct number 691
(SEQ | D Nchimeny HATioe VEBR semprising the ghigeais b isi alsomrgjided. Ade kitupay s useful

Al Il ndgnest.al [ e - bi ndi: in_j - . | @[ 20/ 99
backb@ne fo% %é#‘%ﬁ% %ﬁg}ﬁgé?&h@%‘{k{q&é?gﬁfﬁg%%&é |ﬁlg ' ﬁ/ﬁg\%}g na eIﬁ g&!r’ Z(é)rl aci ng
t he RB dosminipl¢, linfoligatidh oV kipssiinOak adeleic atidGh 9 Plant s fllad@tceldfindtuctions for

Al I ndonesi a/ 5/ 05 usi ng the PCR-based |igation nethod presented in Darveau
et al. (MBENeUagiapd RRiamsedheMERs bgm thoplgntorgasy §issugn a first round of PCR
a segnent of the plastocyanin pronoter fused to the signal peptide of
alfalfa PIRHG di sl bier éiNhER Ca kPR 8 p%ﬁﬁﬁlo@a nhRlicadebAé @nprising a
nucl eoti des 32-103 of SEQ ID NO 57; - 60 -

2010/ 1485V1PCHhpARIDE @/cbBIB I A, along with instructions for its use is provided. The

15 instructions may comprise a series of steps for the preparation of the medicament, the

medicament being useful for inducing a therapeutic or prophylactic immune response in a
‘subject to whom it is administered. The kit may further comprise instructions addressing dose

concentrations, dose intervals, preferred administration methods or the like.

[00197] The present invention will be further illustrated in the following examples.
20  However it is to be understood that these examples are for illustrative purposes only, and

should not be used to limit the scope of the present invention in any manner.

[00198] The sequences described herein are summarized below.
SEQ ID NO | Description SEQ ID NO: | Description
1 primer Xmal-pPlas.c 55 nucleic acid seq of synthetic Bgill -

PDI SP-H1/NC-Sacl/Stul (lacking
TMD/CT)

2 primer SacI-ATG-pPlas.r 56 nucleic acid seq of Kpnl - HI/NC
TmD/CT-Sacl/Stul comprising the C-
ter H1 (A/New Caledonia/20/99
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Fi gure 22),

the F'I

and El

H51- El

donmai ns of H1 A/ New Cal edoni a/ 20/ 99 were

anplified using priners Plasto-443c (SEQ ID NO 5) and El HLINC. r

(SEQ | D N@o 28fo)148d1th construct nunber 540 (SEQ I D NO 5®CTRiAZOTeo®sy as

tenpl ate.

A second fragnent,
codi ng sequence, was anplified with priners E

22) and E2 HINC-RB H5I.

anplifie

(SEQ I D NO 23) using construct nunber
NO 53; Figure 18) as tenplate.

HINGC- E1 5H5I

conprising the H5 A/l ndonesi a/5/ 05 RB domai n
.Cc (SEQ I D NO
660 (SEQ ID

Athird fragnment conprising E2, F 2, F,
transmenbrane and cytopl asm c donains from Hl A/ New Cal edoni a/ 20/ 99 was

Usi ng nrl ners. RB H51-E2 HINC ¢ (QFQ LD NO ?A\Jnd HA- Sac

I D NO 2bH) with construct number 5
ducts were 10 then
anplification (assenbling

Amplific
round of

at i on pr

anl

10 (SEQ IE
m xed an
reaction)

1)5"9‘“qu fiednchdive 5

L j %1;5:@)%’1“% 5

y
dual 1{ 61 4

ID NO 5
di gest ed
NO 59;

alta

Figure 2

previ ously diges

hd c|€

525)Th
ned into |G
ted with it

nhaayac}d OS¢ b @A TS ‘é"c
Qe hde Ukl HHERE N 03
eh&)démx kgl fepiiki ON €

gi ve consigruct nu

Fi gure 3(

D. 151 -

i th Bgzta“mef Slprisfl:

Nhaker RORA-Hasgtesek | D
Assen%ly of H1 A/Br

iGs ©65) .
i sbhane/ 59

clGORRAEQUE plastorddloRBLE ]
[EOOF-BEIn CPMWV- HT expr €

cassette
Al Bri sba
Apal (im
stop cod
a PCR am
(SEQ ID I
t enpl at e|
restricti
Fi gur e27)

gconstru
ne/ 59/ 200
redi ately
DN) were
ol i ficati
NO 27) u
The res

di geste

on enzym
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nucleic acid seq of construct 732
comprising the CaMV 35S promoter,
CPMV-HT 5’ UTR, hemagglutinin
coding sequence of H1 form
A/Brisbane/59/07 (HIN1), CPM V-
HT 3’ UTR and NOS terminator
sequences. Coding sequence of
H1/Bri is underlined.
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201D NO 68; Figu

re 33).

K- Assenbly of 111 A/ Brisbane/ 59107

receptor-binding (RB) donmain in 115 A/l ndonesi a/ 5105 backbone i n CPMW-HT
expr essi oNocargsile (construct nunber 734).
chimeric HA consisting in RB domain fromHL A/ Brisbane/59/07 in H5

A/ | ndonesi a/ 5/ 05 backbone was cloned into CPW-HT as foll ows.
(i mredi ately upstream of ATG and St ul

sites Apal

[ 00211] The ectiagomageusace of

25Restriction
(i mredi atel y downstream

of the stop codon) were added to the chinmeric hemaggl uti nin codi ng sequence

by performng a PCR anplification with primers Apal -

H5 (A-1ndo).1c (SEQ ID

NO 31) and H5 (A-Indo)- Stul.1707r (SEQ ID NGO 32) using construct nunber
690 (SEQ D NO 63’““1311‘@11}?1@ Bdblns - %2 - V\L)@Q%O?CM%I&IP@W@AZON/OOOQSS
tenpl ate syt rLf baﬂmat was—dirgest-ed—w-tH™ iction
enzynes akt—elonedP gt IODELIHES {1 03her gog nuds ongrct 7 e 27)
di gest ed F-th—the %‘E“?“E&ﬁﬁ{ BHLBY Do d 0P rg—cast ?‘Wid‘ﬁgk"f"%‘ﬂ@ﬁ 75'@95% ruct
nunber 782° ( SEQ | DR NeBEH Tilre 349 LelAs ] yg I HB
Al Bri sbane/ 10/ 2007 i n CPMV- HT expr dssi on cassfgcfni) TG Ef)rbﬁnber 736) .
[ 00212] A|sequence| encodi ng al fal fa |PDl si gnal(H gh‘é‘c fromH3
Al Bri sbane/ 10/ 200{7 was cl oned i nt o [CPMW- HT as; Qggpgmnd gg@tc@doﬁg syint heti c
fragment \was synthesized conprising the conplmhiedhesregdtmd jilbdafOdi NY
sequence|(from ATG to stop) flanked in 3' by ghdsajuéraespbrassionimganta gene
sequence|corresponding to the first| 84 nucl gdirstdesciidifsptangtni th a Drain
restriction site)| upstream of the gl ast acyaniiptiAR@EG ThGL synt hetic |f ragnment
al so compi] gprLa Saeper EI B Hihsdi at’a| y HfLPLnu?lﬁ@ajts 73 heti c
f ragn‘ent \I\&Q —synt U.ejZFehHmLE}FH}B Ce 2IF\thn| dﬂ?lﬁﬁacrde(mﬁWCt 73?: (‘anada) .
The fragihéht s synt h@%‘}e&%GH?IsEzﬁ?Eéent dd in SEQ W“Eb‘““?\i@‘dsem’f?ﬂlbﬂ?sé’ 35) and was
used as tepptate—fo r&mﬁé‘?ﬂzﬁs‘fc QﬁUﬁ H-gat Lp"“’m"tei’éﬁf@ﬁf‘i 3} Second.—t he
signal pepiide—of et alFas praan—dHat-fi-derRAHRICKsea o eaRpUEsy Y o el 6ot i des
32-103: vt . Rr}me@l Iﬁjﬁi Hh&(ﬁi ucgzcacﬁi of Construct!74
- » N9 ESST U ?ELE@EYE"-H(}‘U 57 ] wsleie acidséy of ME: , to the
HAO codi ITGs SEqUeNt i (af 1 NI A, BT 175 e 10t 4007, af O Wil sépat—]
restriction stte | RROkREHAIE {HRELT 68T of ATG @rd. Qg FrERlduliskd O |Site
downst r eaps of the| sh@pukegon as fol|lgws.  PD %Xi@éxdﬂc{%&ﬁstﬁﬂsﬁc e H3 coding
sequence| by the PGimkaspdnis.gati on et hod 20pA&aridiaSdudnit bafiéaah at al .
(Met hods |i n Neurosci ence 26: 77-85(|1995)). | |RBsubdomsih of tQlRTanaf5 RGR, PDI SP
si gnal péfpti de was anplified using |prinmers Apsha Spkidl &d b 8&AdEInNO,| 30) and
H3B- SpPDi.r (SEQ | D NO 33) with cgnstruct nuioglex (SAQ) cOfri@nd 4D NO. |59;
Fi gure Zlh) as tenplate. In parallel|, another|H¥ladpFnkl. EbhARaiddi ng g portion
of the C(;gjﬁnr{irsen lence-of H3 A/ Bridbane! ‘IﬂL?Cﬁqum#mSnm codon 17 tolthe stop
codon) wad’ anpl i f | EEUSHAIEE ner s Sp?IbDI - 25H%"‘l‘i’at‘$ﬁ@ev®cws@4 and
Stul -H3B{r (SEQ ID NO 35) using prewously )(SEQID
NO. 70; Figure 35) as tenplate. Anplification Frf)‘e 1e temﬁ M xed and
used as tenplate for a second round of arrpllfd0 p L&g rieaction)
with primers Apal}SpPDl.c (SEQ ID 30) anq{gﬁgl Fql-BijgF aﬁ% 35).
The results ng Wag;mﬂ{ai SpPDDPBIB.c 82 amino acid sequence of comprising
an RB subdomain of H5/Indo, a PDI
signal peptide, and H1/NC stem
domain complex comprising F'1, El,
E2 and F2
29 primer Sacl-H1B.r &3 amino acid sequence of comprising a
PDI signal peptide, an ectodomain of
H3 A/Brisbane/10/2007 and a
TMD/CT of H5 A/Indonesia/5/2005
30 primer Apal-SpPDI.c 84 amino acid sequence comprising an
ectodomain of B/Florida/4/2006 and
a TMD/CT of H5
A/Indonesia/5/2005 encoded by the
open reading frame in construct
number 745
31 primer Apal-H5 (A-Indo).1c | 85 nucleic acid seq of Sacl -
_plastocyanin 3'UTR
32 primer H5 (A-Indo)- 86 nucleotide seq of PDI SP-H1
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WO 2010/ 148511PCT/ CA2010/ 000983 was di gested with Apal

and St ul

restriction

enzynes and cloned into construct nunber 828 (SEQ ID NO 62; Figure 27)

di gest ed wot2hiwiagsigane enzynes.
nunber 736 (SEQ ID NGO 71; Figure 36).

Resul ting cassette was RamEA20m/H098BCt
M Assenbly of chineric SpPDI-H3

A/ Bri sbane/ 10/ 2007 (ectodormain) + H5 5A/ I ndonesi a/5/2005 (TnD + Cyto tail)

i n CPMV-HT expression cassette (construct nunber

encodi ng al fal fa PDI pepti de fused to the ectodonmain of H3

si gnal

737).

[ 00214] A sequence

Al Bri sbane/ 10/ 2007 and to the transnmenbrane and cytopl asm ¢ domai ns of H5

A/ I ndonesial/5/2005 was cloned inta CPW-HT as follows. PDI SP-H3 coding
sequence| was 10f ys¥d!1%r t he H5 tramsmenbrane %@W%Wtﬁﬁfelfmrbw ed
| i gation| method presented in Darveau et al. |(NEfiffougers sigglncoisiei ence 26:
77-85(1995)). Inja first round of PCR a fragileces F?@fﬂr‘fﬁdpél SP si gnal
peptide and ectodomain from H3 Brishane was |gERE .d §ﬂ“%{‘ﬁ?)‘F| fi ccxti on
(with AppfzTestricgh g pstreaqyof—the P ng
primers A3pa| SpPDI e €3 DHNO 3?) and T FBlxt q“f"c 2 h2NO| 36) with
construct 15nunber 736 (SEQ ID NO |71; Fi gur thgl@gel@&mgsgg@a%{e&ide niparallel,
anot her fragnent jcontaining trans Enbr ane andn&ph@pl asm ¢ domai ns jof HS
| ndonesi p3mas anplprifnkresgPDuH3B.cpr 1 mer $8 H3BTND |Hab5sGrdmoll) TD NO 37) |and H5
(A- 1 ndo) + Bt ul. 170mim&SEQHBDr NO.  32) 89Si ng cdnpshérPad-Musnddess.660 (SEQ | D NO.
53; Figur#® 18) as prieapdlrdt#I-HABp! i fijeati on pr eduetcsvwererr-1ees.m xed and used
as tenpl gl’e_for g rseedB8-Tndliifdcof afpl i fi cat|ipomer@X3sSarrbivi NgIR.eactijon) wth
20pr i mer 538Apal - SoPRMedIBFSPEPID NQ | 3D) and_HprifigkApsied proSt ul . 1707r |( SEQ | D
NO 32). She r esUlPimprfePRIE R ent was 98 gest ed nwididrcidpaieneernticoSiuudt 1 st ri cti on
enzymes and cloned into construct number 828 7¢BEQitgBeqN@ee @2himfFicgure 27)
di gested| with thd sane enzynes. Resul ting caé@é@‘ﬁf}éﬂbmémmdm@@hstruct
nunber 7B87—(SEQO-HD-NO-—72: Figure 37) . REqU ita HA
B/ Fl or i dbi%/ 2606 [{BA™ HBRL oy e540bn—cass ARigo ac W"‘?-@B By b 739) .
[00215] A%ﬁqd@"ib LR 'lrfggﬁﬁ?\*ﬂ o HBDF—si-graltPe i S%C’FEQHMMS‘MOfrom HA
B/ Fl o | drjat-2006- Masa e ab ke, cop) 1 oo ForPy Skscaupnes of Hi-Brishape [ o '
Aa3t s ’r(,T iﬂéﬁ&; el ~m %, A A ch ATINO “c+1 eqwnnceo HIS'B P
fragnment yas WO SO LG b 7o ¢ g 01 000983 &,‘“dsequmce ¢ stng the
; . Q cw,Cal,, .
conpl et e pemEggi Gt LTS SRPL s F UUSOEE (fror hb‘ja&(yse(?: banketin 3' by
al fal fa plastocydni n gene sequence correspor@;nggogeo |rst 84.
nucl eoti dgs (st ar|tprimg péhFoRrac Dr al T 1§€ST T Cli. Ao fid EJuekdPSH iEBELAL |t he
pl ast ocypam n ATG | pliher By RehIICoFF agoent al §ameOR tqele FHZa0vdN T @striction
site i Mmedi at el y |ghimerHsplocralaopr cOdare  The S wininb&lid sequbrct GFOMBNA nnWa S
synt hesi z¢d by EpacheBipdlapistorSugan 1e3and, Texamo addSAuencd STaIfA- agnent
synthesiged is prlesented in SEQ ID|NO 73 (FHivieee 38) and was used as
t enpl at el $%r_f ur tllpeperPaRihised || gatl®don amino acid sequence of H5-Indo
51 rimer SupP19-Sacl.r
52 nucleic acid sequence of
complete HS
(A/Indonesia/5/05 (H5N1))
coding region (including the
signal peptide and the stop
codon) flanked, in 5’ by a
HindIII site and, in 3°, by a
Sacl site
53 nucleic acid seq of construct
660 - an HA expression
cassette comprising an alfalfa
plastocyanin promoter and 5’
UTR , hemagglutinin coding
sequence of H5 form
A/Indonesia/5/05 (H5N1),
alfalfa plastocyanin 3° UTR
and terminator sequences
54 nucleic acid seq of native
HI1/NC (lacking TMD/CT)
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[ 00216] Second, the signal peptide of alfalfa protein disulfide isonerase
(PDI SP) (nucleotides 32-103 of SEQ ID NO 57; Figure 22; ; Accession No
Z11499) wae 2bimieesiit o t he 10HAO codi ng sequence of HA f romid@2bomodasa/ 4/ 2006
along with Apal restriction site imredi ately upstream ATG and St ul
restriction site downstream stop codon as follows. PDI SP was |inked to the
HA codi ng sequence by the PCR-based |igation nethod presented in Darveau et
al. (Methods in Neuroscience 26: 77-85(1995)). In a first round of PCR

PDI SP si gnal peptide was anplified using priners Apal-SpPDl.c (SEQ ED NG
30) and HBF-SpPDI.r 15(SEQ ID NO 38) with construct nunber 540 (SEQ I D NO
59; Figure 24) as tenplate. In parallel, another fragnent containing a
portion of the coding sequence of HA from B/ Fl ori da/4/2006 (from codon 16
to the st . lified with primers SpPDIHBF.c (SEQ I D NGO 39)
and St ul Q%@@Q?ggge?%nﬁ%p 40) using previously synthesized fragnment (SEQ
ID NO. 73; Figure 38) as tenplate. Anplification products were then m xed
20 and used lasAssemblwefdHAexpressien oasdettesund of anplification (assenbling
reaction) with priners Apal-SpPDi.c (SEQ ID NGO 30) and Stul-HBF.r (SEQ ID
NO 40). The,r i,ng fragnment was digested with Apal and Stul restriction
enzynes a%ap‘ér“i‘igwlﬁ% construct nunber 828 (SEQ ED NO 62; Figure 27)
digested with the same enzynes. Resulting cassette was named construct
nunber 7300(BEQ | D AlDmaripuldibgiweredBhe udipdthe Aoiseeatinholeantar biulopyrpretoGRFET - HA
B/ Fl ori da/ 4/ 2006 (ectodonmain) + H5 A/l ndonesia/5/ 2005 + Cyto tail) in
CPMW- HT ex{rreek apd 1&%%@{21081;(%% {SrREAP QS B?rerrﬂziﬂéom erﬂ@éf-g@able %fesents

2010/ 1485 ’ . i DI signal
pept i de 1 LR S o Lt e oAl 2l Some an ™t At e

t r ans menbeasstedninl agsymblihgs raceptoigpiaimid coftaiigAbstnehonas! dWs2Gdbregalstocy oned
into CPW-HT as I_‘%Iglaf . PDI SP- B/ FI o(r,][jhdai 4/ 2006 ect odoflng}aé?, di ng sequence
was fusedelfgerifg frlig iastiotypaingenn d e Plasiorgin RIORSIE FHESER- based
| gatjoon wetnpthiiteg SO/ Afhlfh Bedshi¥ ENA Gbing bligdniBleBQESprinterNR 0.5 P18 B ¢SEG6:
77- 8%)( 19g}§)). In a first r%und of PCR, % f%agrrent conpri si ng§PDI Sg s(iggnal
pepti de f U3&W:mndfacksT Gedtas n{SEQIM WA 2B/ Plegesulitneanaidicatensprodusé vas ed by

(SEQ 1 b nedeea) i e BE 7t B sttt Sy Bl A A gy B, '

tenpl at e. pleRiopdlyAldested with b Qinefenagn®@Nto Geulé BCAMBIADR M a0 Sasilaly, the
t ransnenbr ane and cytopl asnmi c donmains was anplified with priners B Fl o-TnD

H51 . ¢ ( SEGUER reauenspy anthigrmimatopod the plasteeyanimeeny wag appified fem alislfa geappmic
t t : ) ; i . 3 L fd ti
consLAC! PR, AR il i Er QP R0 SRR P AR [ 1 o0

anpl i fi catlh ND:§ R asethbprotigct eacdigstel with SucpindBroR]1 Apate g hsated GHQtHeD NO.
30) and H5 (A-IndQ)-Stul.1707r_ (SEQ ID NQ. 32). The 15resulting fragment
was di gestaee wies B PpAMBIAgromellastetorrsats l%%- and cloned into
construct nunber 828 (SEQ ID NO 62; Figure 27) digested wth the sane .
enzynes. Bepilsid-NQHGASPSI K/INASH A0S RS 4 Gunbirasn) 745 (SEQ ID NO 75;
Figure 40). P-Assenbly of chineric SpPDI -HA B/ Fl ori da/’4/ 2006+ H5

Al I ndonesi a/ 5/ 2005 (TnD + Cyto tail) in 2X35S-CPMW-HT expression cassette
(const ruc{0030fber 7A7#yagment encoding hemagglutinin from influenza strain A/Indonesia/5/05

20 (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
signal peptide flanked by a HindIll site immediately upstream of the initial ATG, and a Sacl
site immediately downstream of the stop (TAA) codon, is presented in (SEQ ID NO:52;
Figure 17). The H5 coding region was cloned into a plastocyanin-based expression cassette by
25  the PCR-based ligation method presented in Darveau et al. (1995). Briefly, a first PCR
amplification was obtained using primers Plasto-443c (SEQ ID NO:5;) and SpHA(Ind)-
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20[ 00218] A sequence encoding alfalfa PD signal peptide fused to HAO from
HA B/ Fl ori da/ 4/ 2006 and to the transnenbrane and cytoplasm c donain of H5
Al | ndoneswe/28102@881was cl oned i nto 2X35S- CPW-HT as f ol lPomgcA20tvomssnot er
switch was perfornmed using the PCR-based |igation nethod presented in
Darveau et al. (Methods in Neuroscience 26: 77-85 (1995)). A first fragnment
contai ning 2X3 5S pronoter (SEQ ID NO 2588; Figure 50A) was anplified by
PCR with priners Pacl-MCS-2X35S.¢c (SEQ ID NO 89) and CPW 5' UTR- 2X35S. r
(SEQ ID NGO 90): Pacl-MCS-2X35S.¢c (SEQ ID NO89)

AATTGTTAATTAAGT CGACAAGCT TGCATGCCTGCAGGTCAAC -

2010/ 148F1aETSEEL NODcnd pCAR R Dromellass 5@6?@4%@ P@al{l@ aggpond

he 2xs5 TR RRat e A el [ QNI P A e

usi ng pru(gEQs[Dm&smaﬁms Eo iRy n(eS EQBQ@INGO: 2% JFigunel | Aps tendplpte oTher  ( SEQ | D
NO 92): 2X35S-CPMV 5' UTR ¢ (SEQ I.D NO 91)
TTGAGAGETRITisatoaTbtarmeireshathr ww@emwp@@manhwm@ S§VRdSo | D

(SE0 1o R B g A L BRI A< e

m xed andiAdad)-S®.ri(BEQIIBMNORBY s @Erisas.ofte resmiting fofgnfeoRv{sadi gesiddl wittgBareHEt | on)

wi th Pacl X35S.¢ (SEQ ID 1 89 an D .NO 92) as
priners. %%@ﬁisioﬂ?@m PIAERER: ck @t haﬁgeé‘gpglﬁ\ﬂe%aﬁﬁleﬁﬁéqu& &fl 19 ;nd
cloned I i\ GBRRPIMS hreb sl AebdsteR R tKésanEé QY5 8edGhe ?ésgﬁ%% ?f&sﬂ’ﬁ& Hahie same
restricti'on enzymes. "The séquence of the expression casse nanmed

const r uct66P4is pf<SEQed b F@me 3P (SEQ IPMe@SAL.ed in Figure 50B. 2. Assenbly of

chaperone expression cassettes [00219] Two heat shock protein (Hsp)

expre sio S |, ed. st 250 SS expressi on of
t he A abi @thiﬁﬁfﬁm f% /Zb}r?g?‘éﬁns r)?tc B‘%rf@fbm (Athsp70-1 in
Lin et al. (2001) Cell Stress and Chaperones 6: 201 208) is controlled by a
chineric [jpozomt er Cihlvpen rgdiap famieSrond thell gent af influbiarsirhia A/Ndwct ase (Nir)

and alfalfa Plastocyanin promoters (Nir/ Pl asto% A second cassette
conpri si r@alf:ch@wé%? @N@l"‘@ﬁ syrthgsized in two fragments (Plant Biotechnology Institute,

National Research Council, Saskatoon, Canada). A first fragment synthesized corresponds to
the wild-type H1 coding sequence (GenBank acc. No. AY289929; SEQ ID NO: 54; Figure 19)

15 lacking the signal peptide coding sequence at the 5’ end and the transmembrane domain
coding sequence at the 3’ end. The 5° end of the fragment is composed of the last nucleotides
encoding PDISP (including a BgllI restriction site) and a dual Sacl/Stul site was added
immediately downstream of the stop codon at the 3° terminal end of the fragment, o yield
SEQ ID NO: 55 (Figure 20). A second fragment encoding the C-terminal end of the H1

20  protein (comprising a transmembrane domain and cytoplasmic tail) from the Kpnl site to the
stop codon, and flanked in 3’ by Sacl and Stul restriction sites was also synthesized (SEQ ID
NO. 56; Figure 21).

[00202] The first H1 fragment was digested with Bglll and Sacl and cloned into the
same sites of a binary vector (pCAMBIAPlasto) containing the plastocyanin promoter and 5’
25 UTR fused to the signal peptide of alfalfa protein disulfide isomerase (PDI) gene (nucleotides
32-103; Accession No. Z11499; SEQ ID NO: 57; Figure 22) resulting in a PDI-H1 chimeric
gene downstream of the plastocyanin regulatory elements. The sequence of the plastocyanin-

based cassette, containing the promoter and PDI signal peptide up to the Bglll restriction site
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WO 2010/ 148511PCT/ CA2010/ 000983 al fal fa cytosolic HSP40 (Ms.11; Frugis et
al. (1999) Plant Mol ecul ar Bi ol ogy 40: 397-408) under the control of the
chi meri c wWorbRl@siie pronoter was al so assenbl ed. [ 00220pam/Geemmyas3pl asm d
containing the alfalfa Nitrite reductase pronoter (Nir), the GUS reporter
gene and NOS term nator in plant binary vector was first assenbled. Plasmd
5pNi r 3K51 (previously described in US Patent No. 6,420,548) was di gested
with HindLIl and EcoRI. The resulting fragnent was cloned into pCAMBI A2300
(Canbi a, Canberra, Australia) digested by the same restriction enzyne to
gi ve pCAMBI A- Ni r 3K51., [ 00221] Codi ng sequences for Hsp70_and Hsp40 were

cl oned sepsithy Bpsogyanip fgmipai@stognstream oky Sackpite, pansmnistin 3K DO 138

PCR- base j ' ~To I - .10 t in

Neur osci 35%%9%%3)%&@?%%903§%%%§%i Eor tﬁé%ﬂ@?&wg}rﬁgl(%no%ﬁ%g E}%eq%ence ( SEQ
ID NO 7 granfm?mbmnéﬂam?mgmm dﬁ@ﬁﬁmmnamrwﬁkﬁﬁii&m;?hé?ﬂisﬂ%hf gj&ﬁ%ﬁﬂ% ) g
Range' ander e t ot using. priners p uz.lc I i an
Hsp4OLuz -é"’é&‘}e.nig‘ﬁﬂ P[Z %@Qsﬁ'{f‘&]@? ﬁhmewﬂuféé gisgriediwph Kpnkand sl waie thsdi or ned
with pri = ] = | D NO
1545) " ERbfetb A an A P %ég%g%ﬂ%‘@ct%mﬁg% i 15%%@351% e r%?%ﬁ?z Rer
product s (Wesuee 249en m xed and used as tenplate for a third anplification
(assenbling reaction) with prinmers Plasto-443c (SEQ ID NGO 5) and

Hsp4OLuz- .1 r( I 4 The resul ti gnent was di gested
with Hpalﬁ?fﬁs?ﬁig‘bﬁe@t@g&y’gﬁﬁ%weﬁ%We& “%ﬁ‘b&c’f‘i“ﬂﬂ%&%‘ﬁt 0 pCAMBI ANi r 3K51,
previously digested with Hpal (in the Nir pronoter) and Sacl, and filed
20w t h T4008]pol ympassioh casg@ttatuaiter P4 ativendise exptedsies oOBI &boRed were
screened for correct orientation and sequenced for sequence integrity. The
resul t i ng\Hirebacdd (amasiarenbled ps fohlows oh serhstis fazgerevessypdeizadD N 77) .

The di i _ - i fi Wi = P ! bj dopsi s
et a el ineondte A3 it Y00 Rl PR ATE e SRR CH 1D er
(SEQ | D N(Ifalfd p)astobysecgumed sequehdck icomtspondim@ iy the fifso B4raakclsutidbs wistramn of the

25P| at 0-443c (SEQ | D,NO. . 5) .and 70Ara-Plasto.r (SEQ.ID NO 48) with
constr yctéWYE@E@qcﬁtﬂﬂng%@ %:szlﬁ) esigflon site. éﬁﬁ? .l?.tlc!ﬁ@ﬂnﬁ?téélﬁﬁt s were
then m Xe&n?ﬁmed@sgcl%ﬁefn%ﬂpdistkrj(éo%s@ea&rhwtﬁe apptdddncat i on (assenbl i ng
reaction) with priners Plasto-443c (SEQ NO 5) and Hsp70ARA- Sacl . 1956r ( SEQ
ID NO 47). The resulting fragnment was digested with Hpal (in - 68 - WO
2010/ 1485 P0PFT/ CA200®/spabet8aragmenp ivas synthesiaechbyp Femoeme YechmaogitoMaentical o

P R I Bt Rl i SRS SR B

screened is@émlq9bfﬁfétco@1ﬁaieeerﬁ:<gtésgian anetRe e en@Reicl fRlgnRAEWE G Sestddtvaitd DiYI The
resulting plasmd, naned R860, is presented in Fi(gure 43 (SEQ I D NO. 78).
5[ 00223] Andue! ashslened ivte pLHMBIARteiPigEiOUL ¥ digasPEwith hefseme seymaRES 8ive SEQ

ID NO 78;  FEl i-ges: ith BsrBl (downstreamthe NOS

t erm nat oef n!g{n?#zz%@%mn?ﬁ(#ﬁ[ﬁk&%&%mr ase to generate a blunt end, and
digested with Sbfl (upstreamthe chineric NLR/ Plasto pronoter). The

r esul t i ngE CRYMe BT-L.ChC fe(consthiat/nialngteet 828y onot er - HSP70 codi ng

20 [00205] CPMV-HT expression cassettes use the 35S promoter to control the expression
of an mRNA comprising a coding sequence of interest flanked, in 5°, by nucleotides 1-512
from the Cowpea mosaic virus (CPMV) RNA2 with mutated ATG at positions 115 and 161,
and in 3’, by nucleotides 3330-3481 from the CPMV RNA2 (corresponding to the 3° UTR)
followed by the NOS terminator. Plasmid pBD-C5-1LC, (Sainsbury et al. 2008; Plant

25  Biotechnology Journal 6: 82-92 and PCT Publication WO 2007/135480), was used for the
assembly of CPMV-HT-based hemagglutinin expression cassettes. The mutation of ATGs at
position 115 and 161 of the CPMV RNA2 was done using a PCR-based ligation method
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sequence-Nos term nator) was cloned into R850 (SEQ ID NGO 77; Figure 42)
previously 10digested with Sbfl and Snal (both located in the multiple

cl oni ng swoeouwpsssiegam chineric N r/Plasto pronoter). Thecrasuebtoaogespl asm d,
naned R870, is presented in Figure 44 (SEQ 1D NO 79). 3. Assenbly of

ot her expression cassettes HcPro expression cassette 15[00224] An HcPro
construct (35HcPro) was prepared as described in Hamlton et al. (2002).
Al'l clones were sequenced to confirmthe integrity of the constructs. The
pl asni ds were used to transform Agrobactei um tunmefaci ens (AG.1; ATCC,
Manassas, VA 20108, USA) by el ectrqporation (Mattanovich et al., 1989). The
i nt egri t ProFntsf m Rarveapiph dMethnds wilNerossicngs 20: déridi(F9d)- Byvorserarstr #CRsN

mappi ng. S cAsSeht . j

rorel n of 't Bashel 855 PADEGP 1Pk S e PEN R R e TR A ot e

pl ast ocy piinPlexPilés $$EQ [0 AF3:e) tand MutiARG RCR-(BBEQAD NOgHY) The prehdrofbr ieesent ed

in Darveau et al .. (Methods in Neuroscience 26: 77-85&&95)). In a first

round of , t I 15 r 3 ' - ng
Spierc SEmPUBEAHE Y 5F Mot LS P bhonal Crid i (SHCE O

i | - ) . s
W th bonarTact 8 AseRR ARl Vel iR S B AS R Al PRI )

fragment uwmgtpBinRlng2d18e (WA D NG und EE-CF-1 410 (MEQ MO 12)ed prik¥ers. The
2010/ 148511PCT/ CA2010/ 000983 wi t h i mers supPl9-1c (SEQ | D NO. . 50) . and
SupP19- sé&%"glltgéﬁémebt s 15%}6%%5&5 BRb Pl s@%’s.@%w RRUd s Lk diggstrdy

Voi nnet  &fifhe s&{é‘ﬁ%z?l;éaﬁhé%ﬁéﬁ%lzt ghRerafddnARe &%P@%}éserﬁiéd ﬁﬁﬂglrr 2% (SEQ

Amplification prod were then m xed and used as tenplate To second
round of IBMPDi63)cati on (assenbling reaction) with prinmers Plasto-443c (SEQ
ID NO 5) and SupP19- 5Sacl.r (SEQ ID NO 51). The resulting fragnment was

di gested W nHl (] he pl ast.ocyani ronpt er ad . the end of
the’ T o a5 a Bk sh iReRipehiBaa R Boment s MfnseRewtighsseo 1o o
53; Fi guriickBine @6 RYHNDLE gept ed with the sane restriction enzynes to
gi ve construct nunber R472. Plasm d R472 is presented in Figure 45.

Construct nunber 443 10[ 00226] Construct nunber 443 corresponds to
pCAMBI A2300206¢ mpt y Avetiesic Bgpsamade by replasing thedth demppimidedlused for

‘("‘g,s ?@gy)%ﬁﬁ%ﬁ%k Wi AR H158/BriskRe/59/07 slrG 2 PERBYSIARLGEmERAYENCe

presented in Darveau et al. (Methods in Neuroscience 26: 77-85(1995)). In a first round of

15  PCR, a segment of the plastocyanin promoter fused to the natural signal peptide, the F’1 and
E1 domains of the H5 A/Indonesia/5/05 was amplified using primers Plasto-443¢ (SEQ ID
NO: 5) and E1 HI1B-E1 H5Lr (SEQ ID NO:13) with construct number 660 (SEQ ID NO:53,
Figure 18) as template. A second fragment,comprisihg the H1 A/Brisbane/59/07 RB domain
coding sequence, was amplified with primers E1 HSN-E1 H1B.c (SEQ ID NO:14) and E2

20 H5I-RB H1B.r (SEQ ID NO:15) using construct number 774 (SEQ ID NO:61; Figure 26) as
template. A third fragment comprising E2, F*2, F, transmembrane and cytoplasmic domains
from HS A/Indonesia/5/05 was amplified using primers RB H1B-E2 H51.c (SEQ ID NO:16)
and HA(Ind)-SacLr (SEQ ID NO:8) with construct number 660 (SEQ ID NO: 53; Figure 18)
as template. Amplification products were then mixed and used as template for a second round

25 of amplification (assembling reaction) with primers Plasto-443c (SEQ ID NO:5) and HA(Ind)-
SacLr (SEQ ID NO:8). The resulting fragment was digested with BamHI (in the plastocyanin
promoter) and Sacl (after the stop codon) and cloned into construct number 660 (SEQ ID NO:
53; Figure 18), previously digested with the same restriction enzymes to give construct

number 690 (SEQ ID NO: 63). The construct is presented in Figure 28.
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Xmal - pPl as. ¢ AGTTCCCCGGGCTGGTATATTTATATGITGIC 2 Sacl - ATG pPl asS  per/caz010/000983
AATAGAGCTCCATTTTCTCTCAAGATGATTAATTAATTAATTAGTC 3 Sacl - PlasTer . ¢

AATAGAGCTWG BT AMASSIGCT TCTTCGTCTCCTATTTATAATATGG 4 EcoRI - PCagFan®)/000983
TTACGAATTCTCCTTCCTAATTGGTGTACTATCATTTATCAAAGGGGA 5 Pl ast o- 443c
GTATTAGTAATTAGAATTTGGTGTC 6 SpHA(Ind)- Plasto.r
GCAAGAANBRBERWIATTTTCTCCATTTTCTCTCAAGATGATTA 7 Pl ast o- SpHA. ¢
TTAATCATCTTGAGAGAAAATGGAGAAAATAGTGCTTCTTCTTGC 8 HA( I nd) - Sac. r
ACTTTGAGCTCTTAAATGCAAATTCTGCATTGTAACGA
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9 pH nPl us. 2613c AGGAAGGGAAGAAAGCGAAAGGAG 10 Mut - ATGL15.r
GI'GCCGAAGCACGAT CTGACAACGT TGAAGATCGCTCACGCAAGAAA GACAAGAGA 11

Mut - ATGLOWOoBITEETCAGATCGT GCl TCGECACCAGTACAACGT TTTCT TTCRACT@AR0 (60CH983
LC- 05-1. 110r TCTCCTGGAGTCACAGACAGGEGTGG 13 EI HIB-E1 H5l.r

TCATAGT CAGCGAAAT GCCCTGGGTAACAGAGGTCATTGGTTGGATT GCGCCT 14 EI

ATGACCTCTGT TACCCAGGGECATTTCCCTGACTATGAGGAACTGAGG G

10

15

20

25

G- H1 A/Brisbane/59/07 esterase and receptor-binding domains (E1-RB-E2) in H5
A/Indonesia/5/05 backbone (construct number 691)

[00207] A chimeric HA was assembled by replacing the E1-RB-E2 domains in HS
A/Indonesia/5/05 with those of H1 A/Brisbane/59/07 using 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 fused to the natural signal peptide and the F’1
domain of H5 A/Indonesia/5/05 was amplified using primers Plasto-443¢ (SEQ ID NO:5) and
E1 H1B-F’1 H3Lr (SEQ ID NO: 17) with construct number 660 (SEQ ID NO: 53; Figure 18)
as template. In parallel, two other fragments were amplified. The second fragment, containing
the H1 A/Brisbane/59/07 E1-RB-E2 domains coding sequence, was amplified with primers
F’1 H5N-E1 H1B.c¢ (SEQ ID NO: 18) and F’2 H5I-E2 H1B.r (SEQ ID NO: 19) using
construct number 774 (SEQ ID NO:61; Figure 26) as template. For the third fragment, F’2, F,
transmembrane and cytoplasmic domains from HS A/Indonesia/5/05 were amplified using
primers E2 H1B-F’2 H5L¢ (SEQ ID NO: 20) and HA(Ind)-SacL.r (SEQ ID NO: 8) with
construct number 660 (SEQ ID NO: 53; Figure 18) 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:5) and HA(Ind)-Sacl.r (SEQ ID NO: 8). The resulting
fragment was digested with BamHI (in the plastocyanin promoter) and Sacl (after the stop
codon) and cloned into construct number 660 (SEQ ID NO: 53; Figure 18), previously
digested with the same restriction enzymes to give construct number 691 (SEQ ID NO: 64).
The construct is presented in Figure 29.

H- H5 A/Indonesia/5/05 receptor-binding (RB) domain in H1 A/New Caledonia/20/99
backbone (construct number 696)

[00208] A chimeric HA was made by replacing the RB domain in the H1 A/New
Caledonia/20/99 with that of H5 A/Indonesia/5/05 using 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 fused to the signal peptide of alfalfa protein
disulfide isomerase (PDISP; Accession No. Z11499; nucleotides 32-103 of SEQ ID NO: 57;
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15 E2 H51-RB HI B.r CCAATTCACTTTTCATAATTCCTGATCCAAAGCCTCTACTCAGTGCGA WO
2010/ 148511PCT/ CA2010/ 000983 SEQ ID 16 Title RB H1B-E2 H5l.c

A i gonuclwotner48aquence (5 ---3") PCT/CA2010/000983
GCCTTTGGATCAGGAATTATGAAAAGTGAATTGGAATATGGTAACTG 17 EIl HIB-F 1 H5l.r
GCCTATTCCTTTTAATAGGCAGAGCTTCCCGTTGIGTGTCTTTTCCAG 18 F 1 HS5N-E1 H1B.c
AACGGGAAGCTCTGCCTATTAAAAGGAATAGCCCCACTACAATTGGG T 19 F'2 H51-E2 HIB.r
GGAGTTTGACACTTGGTGT TGCATTTATCCATTGGTGCATTTGAGTTG 20 E2 HIB-F' 2 H5l.c
AATGCACCAATGGATAAAT GCAACACCAAGT GTCAAACTCCAATGSG G

Figure 22), the F’1 and E1 domains of H1 A/New Caledonia/20/99 were amplified using
primers Plasto-443c¢ (SEQ ID NO: 5) and E1 HSI-E1 HINC.r (SEQ ID NO: 21) with construct
number 540 (SEQ ID NO: 59; Figure 24) as template. A second fragment, comprising the H5
A/Indonesia/5/05 RB domain coding sequence, was amplified with primers E1 HINC-E1
5 H5Lc¢ (SEQ ID NO: 22) and E2 HINC-RB H5Lr (SEQ ID NO: 23) using construct number

660 (SEQ ID NO: 53; Figure 18) as template. Athird fragment comprising E2, F’2, F,
transmembrane and cytoplasmic domains from H1 A/New Caledonia/20/99 was amplified
using primers RB H5[-E2 HINC.c (SEQ ID NO: 24) and HA-SacLr (SEQ ID NO: 25) with
construct number 540 (SEQ ID NO: 59; Figure 24) as template. Amplification products were

10  then mixed and used as template for a second round of amplification (assembling reaction)
with primers Plasto-443¢ (SEQ ID NO: 5) and HA-SacLr (SEQ ID NO: 25). The resulting
fragment was digested with BglIl and Sacl and cloned into construct number 540 (SEQ ID
NO: 59; Figure 24) previously digested with the same restriction enzymes to give construct
number 696 (SEQ ID NO: 65). The construct is presented in Figure 30.

15  I- Assembly of H1 A/Brisbane/59/2007 in CPMV-HT expression cassette (construct
number 732).

[00209] The coding sequence of HA from H1 A/Brisbane/59/2007 was cloned into
CPMV-HT as follows. Restriction sites Apal (immediately upstream of ATG) and Stul
(immediately downstream of the stop codon) were added to the hemagglutinin coding

20 sequence by performing a PCR amplification with primers Apal-H1B.c (SEQ ID NO: 26) and
Stul-H1B.r (SEQ ID NO: 27) using construct number 774 (SEQ ID NO: 61; Figure 26) as
template. The resulting fragment was digested with Apal and Stul restriction enzymes and
cloned into construct number 828 (SEQ ID NO: 62; Figure27) digested with the same
enzymes. Resulting cassette was named construct number 732 (SEQ ID NO: 66; Figure 31).
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21 El H51-El HINC. r TCTTCATAGICGITGAAACTCCCTGGGTAACATGTITCCATTCTCAGGA 22 H
HING- E1 H51.c CTGAGAATGGAACATGITACCCAGGGAGI TTCAACGACTATGAAGAA C 23 E2

HINC- RB H80.2010AH85SIGAGGT GATGATTGCTGAGI CCCCTTTCTTGACAATT TPCTARG 04049824 RB
H51- E2 HINC. ¢ GTCAAGAAAGGGGACTCAGCAATCATCACCTCAAATGCACCAATGEAA T 25 HA- Sacl s
TTAACTTAGAGCTCTTAGATGCATATTCTACACTGCAAAGACC 26 Apal -H1B. ¢
TGTCGGECCCATGAAAGTAAAACTACTGGTCCTGTTATGCACATT 27 Stul -H1B. r

J- Assembly of SpPDI-H1 A/Brisbane/59/2007 in CPMV-HT expression cassette

(construct number 733).

[00210] A sequence encoding the signal peptide of alfalfa protein disulfide isomerase
(PDISP; nucleotides 32-103 of SEQ ID NO: 57Figure 22; Accession No. Z11499) was fused
5 to the HAO coding sequence of H1 from A/Brisbane/59/2007, and the resulting fragment was

cloned into CPMV-HT as follows. The H1 coding sequence was amplified with primers
SpPDI-H1B.c (SEQ ID NO: 28) and Sacl-H1B.r (SEQ ID NO: 29) using construct 774 (SEQ
ID NO: 61; Figure 26) as template. The resulting fragment consisted in the H1 coding
sequence flanked, in 5°, by the last nucleotides encoding PDISP (including a BglII restriction

10 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: 59; Figure 24) previously digested with the
same restriction enzymes. The coding sequence of intermediate cassette, named construct
number 787 (SEQ ID NO: 67), is presented in Figure 32. Restriction sites Apal (immediately
upstream ATG) and Stul (immediately downstream stop codon) were added to the

15  hemagglutinin coding sequence by performing a PCR amplification with primers Apal-
SpPDI.c (SEQ ID NO: 30) and Stul-H1B.r (SEQ ID NO: 27) using construct number 787
(SEQ ID NO: 67; Figure 32) as template. Resulting fragment was digested with Apal and Stul
restriction enzymes and cloned into construct number 828 (SEQ ID NO: 62; Figure 27)
digested with the same enzymes. Resulting cassette was named construct number 733 (SEQ

20 ID NO: 68; Figure 33).

K- Assembly of H1 A/Brisbane/59/07 receptor-binding (RB) domain in HS
A/Indonesia/5/05 backbone in CPMYV-HT expression cassette (construct number 734).

[00211] The coding sequence of chimeric HA consisting in RB domain from H1
A/Brisbane/59/07 in H5 A/Indonesia/5/05 backbone was cloned into CPMV-HT as follows.
25 Restriction sites Apal (immediately upstream of ATG) and Stul (immediately downstream of
the stop codon) were added to the chimeric hemagglutinin coding sequence by performing a
PCR amplification with primers Apal-H5 (A-Indo).1c (SEQ ID NO: 31) and H5 (A-Indo)-
Stul.1707r (SEQ ID NO: 32) using construct number 690 (SEQ ID NO: 63; Figure 28) as
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AAATAGGECCTTTAGATGCATATTCTACACTGTAAAGACCCATTGEAA 28 SpPDI - H1B. ¢
TTCTCAGATCTTCGCTGACACAATATGTATAGGECTACCATGCTAACA AC 29 Sacl -H1B.r
CTTAGAGCC™IOD RABATESXIATATTCTACACTGTAAAGACCCATTGGAA 30 Apal PEmRIA201H/000983
TTGTCGGGECCCATGCCCGAAAAACGT TCCGATTTTCGCCTTATTGT 31 Apal -H5 (A- I ndo). 1c
TGTCCGGCCCATGGAGAAAATAGTGCTTCTTCTTGCAAT 32 H5 (A-Indo)- Stul.1 707r
AAATAGGCCTTTAAATGCAAATTCTGCATTGTAACGA 33 H3B- SpPDI . r
TGTCATTTCCGCGAAGT TTTTGAGCGAAGATCTGAGAAGGAACCA 34 SpPDI - H3B. ¢
TCTCAGATCTTCGCTCAAAAACT TCCCGGAAAT GACAACAGCACG

template. Resulting fragment was digested with Apal and Stul restriction enzymes and cloned
into construct number 828 (SEQ ID NO: 62; Figure 27) digested with the same enzymes.
Resulting cassette was named construct number 734 (SEQ ID NO: 69; Figure 34).

L- Assembly of SpPDI-H3 A/Brisbane/10/2007 in CPMV-HT expression cassette

5 (construct number 736).

[00212] A sequence encoding alfalfa PDI signal peptide fused to HAO from H3
A/Brisbane/10/2007 was cloned into CPMV-HT as follows. First, a synthetic fragment was
synthesized comprising the complete hemagglutinin coding sequence (from ATG to stop)
flanked in 3’ by alfalfa plastocyanin gene sequence corresponding to the first 84 nucleotides
10 (starting with a Dralll restriction site) upstream of the plastocyanin ATG. The synthetic
fragment also comprised a Sacl site immediately after the stop codon. Synthetic fragment was
synthesized by Top Gene Technologies (Montreal, QC, Canada). The fragment synthesized is
presented in SEQ ID NO: 70 (Figure 35) and was used as template for further PCR-based

ligation.

15 [00213] Second, the signal peptide of alfalfa protein disulfide isomerase (PDISP)
(nucleotides 32-103; Accession No Z11499; SEQ ID NO: 57; Figure 22) was linked to the
HAO coding sequence of H3 from A/Brisbane/10/2007 along with Apal restriction site
immediately upstream of ATG and Stul restriction site downstream of the stop codon as
follows. PDISP was linked to the H3 coding sequence by the PCR-based ligation method

20  presented in Darveau et al. (Methods in Neuroscience 26: 77-85(1995)). In a first round of
PCR, PDISP signal peptide was amplified using primers Apal-SpPDI.c (SEQ ID NO: 30) and
H3B-SpPDLr (SEQ ID NO: 33) with construct number 540 (SEQ ID NO: 59; Figure 24) as
template. In parallel, another fragment containing a portion of the coding sequence of H3
A/Brisbane/10/2007 (from codon 17 to the stop codon) was amplified with primers SpPDI-

25 H3B.c (SEQ ID NO: 34) and Stul-H3B.r (SEQ ID NO: 35) using previously synthesized
fragment (SEQ ID NO. 70; Figure 35) as template. Amplification products were then mixed
and used as template for a second round of amplification (assembling reaction) with primers

Apal-SpPDLc (SEQ ID NO: 30) and Stul-H3B.r (SEQ ID NO: 35). The resulting fragment
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35 Stul-H3B.r AAAATAGGCCTTCAAATGCAAATGITGCACCTAATGITGCCTTT 36 TtnD

H51- H3B. r ATTTGGTAAGI TCCTATTGACTTCAGCTCAACGCCCTTGATCTGG 37 H3B-TnD HSI . c
TGAGCT GAABD CANTIASSEAACT TACCAAATACTGTCAATTTATTCAA C 38 HBIPCHERRD10r000983
GITATTCCAGT GCAGAT TCGATCAGCGAAGATCTGAGAAGGAACCAA CAC 39 SpPDI - HBF. c
CAGATCTTCGCTGATCGAATCTGCACTGGAATAACATCTTCAAACTC ACC 40 Stul -HBF. r
AAAATAGCCCTTTATAGACAGATGGAGCATGAAACGT TGTCTCTGG 41 TnD H51-B Flo.r
TGACAGTATTTGGTAGT TATCCAATCCATCATCATTTAAAGATGC 42 B Fl o- TnD H51 . C
GGATTGGATAACTACCAAATACTGTCAATTTATTCAACAGTGECGAG TTC

was digested with Apal and Stul restriction enzymes and cloned into construct number 828
(SEQ ID NO: 62; Figure 27) digested with the same enzymes. Resulting cassette was named
construct number 736 (SEQ ID NO: 71; Figure 36).

M- Assembly of chimeric SpPDI-H3 A/Brisbane/10/2007 (ectodomain) + H5
5 A/Indonesia/5/2005 (TmD + Cyto tail) in CPMV-HT expression cassette (construct
number 737).

[00214] A sequence encoding alfalfa PDI signal peptide fused to the ectodomain of H3
A/Brisbane/10/2007 and to the transmembrane and cytoplasmic domains of H5
A/Indonesia/5/2005 was cloned into CPMV-HT as follows. PDISP-H3 coding sequence was

10 fused to the HS transmembrane domain 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
fragment comprising PDISP signal peptide and ectodomain from H3 Brisbane was generated
by amplification (with Apal restriction site upstream of the PDISP initial ATG) using primers
Apal-SpPDI.c (SEQ ID NO: 30) and TmD H5I-H3B.r (SEQ ID NO: 36) with construct

15 number 736 (SEQ ID NO: 71; Figure 36) as template. In parallel, another fragment containing
transmembrane and cytoplasmic domains of H5 Indonesia was amplified with primers H3B-
TmD H5Lc¢ (SEQ ID NO: 37) and H5 (A-Indo)-Stul.1707r (SEQ ID NO: 32) using construct
number 660 (SEQ ID NO. 53; Figure 18) as template. Amplification products were then
mixed and used as template for a second round of amplification (assembling reaction) with

20 primers Apal-SpPDI.c (SEQ ID NO: 30) and HS (A-Indo)-Stul.1707r (SEQ ID NO: 32). The
resulting fragment was digested with Apal and Stul restriction enzymes and cloned into
construct number 828 (SEQ ID NO: 62; Figure 27) digested with the same enzymes. Resulting
cassette was named construct number 737 (SEQ ID NO: 72; Figure 37).

N- Assembly of SpPDI-HA B/Florida/4/2006 in CPMV-HT expression cassette (construct
25 number 739).

[00215] A sequence encoding alfalfa PDI signal peptide fused to HAO from HA
B/Florida/4/2006 was cloned into CPMV-HT as follows. First, a synthetic fragment was
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43 Hsp-40Luz. 1c ATGITTGGGCGCGGACCAAC WD 2010/ 148511PCT/ CA2010/ 000983 SEQ
ID Title Aigonucl eotide sequence (5 ---3") 44 Hsp4OLuz- Sacl. 1272r
AGCTGAGCMORAONAEISIGAGCGCATTGCAC 45 Hsp4OLuz- Pl asto. r PCT/CA2010/000983
GITGGTCCCCGCCCAAACATTTTCTCTCAAGATGAT 46 Hsp70Ara. 1 ¢ ATGICGGGTAAAGGAGAAGCGA
47 Hsp70Ara- Sacl.1956r AGCTGAGCTCTTAGICGACCTCCTCGATCTTAG 48
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synthesizéd comprising the complete hemagglutinin coding sequence (from ATG to stop)
flanked in 3’ by alfalfa plastocyanin gene sequence corresponding to the first 84 nucleotides
(starting with a Dralll restriction site) upstream of the plastocyanin ATG. The synthetic
fragment also comprised a Sacl restriction site immediately after the stop codon. The synthetic
fragment was synthesized by Epoch Biolabs (Sugar Land, Texas, USA). The fragment
synthesized is presented in SEQ ID NO: 73 (Figure 38) and was used as template for further
PCR-based ligation.

[00216] Second, the signal peptide of alfalfa protein disulfide isomerase (PDISP)
(nucleotides 32-103 of SEQ ID NO: 57; Figure 22; ; Accession No Z11499) was linked to the
HAO coding sequence of HA from B/Florida/4/2006 along with Apal restriction site
immediately upstream ATG and Stul restriction site downstream stop codon as follows.
PDISP was linked to the HA 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, PDISP
signal peptide was amplified using primers Apal-SpPDI.c (SEQ ID NO: 30) and HBF-SpPDLr
(SEQ ID NO: 38) with construct number 540 (SEQ ID NO: 59; Figure 24) as template. In
parallel, another fragment containing a portion of the coding sequence of HA from
B/Florida/4/2006 (from codon 16 to the stop codon) was amplified with primers SpPDI-
HBF.c (SEQ ID NO: 39) and Stul-HBF.r (SEQ ID NO: 40) using previously synthesized
fragment (SEQ ID NO. 73; Figure 38) as template. Amplification products were then mixed
and used as template for a second round of amplification (assembling reaction) with primers
Apal-SpPDI.c (SEQ ID NO: 30) and Stul-HBF.r (SEQ ID NO: 40). The resulting fragment
was digested with Apal and Stul restriction enzymes and cloned into construct number 828
(SEQ ID NO: 62; Figure 27) digested with the same enzymes. Resulting cassette was named
construct number 739 (SEQ ID NO: 74; Figure 39).

O- Assembly of chimeric SpPDI-HA B/Florida/4/2006 (ectodomain) + H5
A/Indonesia/5/2005 (TmD + Cyto tail) in CPMV-HT expression cassette (construct
number 745).
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Hsp70Ar a- Pl asto.r TCCTTCTCCTTTACCCGACATTTTCTCTCAAGATGAT 49 supP19-plasto.r
CCTTGTATAGCTCGITCCATTTTCTCTCAAGATG 50 supP19- 1 ¢ ATGGAACGAGCTATACAAGG 51
SupP19- Saw0.2010M@GFAGAGCTCTTACTCCCTTTCTTTTTCGAAG 89 Pacl - BCT&A2010/000983
AATTGTTAATTAAGT CGACAAGCTTGCATGCCTGCAGGTCAAC  2X35S. ¢ 90 CPW 5 ' UTR-
2X35S. r TCAAAACCTATTAAGATTTTAATACCTCTCCAAATGAAATGAACTTCC

[00217] A sequence encoding alfalfa PDI signal peptide fused to the ectodomain from
HA B/Florida/4/2006 and to the transmembrane and cytoplasmic domains of H5
A/Indonesia/5/2005 was cloned into CPMV-HT as follows. PDISP-B/Florida/4/2006
ectodomain coding sequence was fused to the HS transmembrane and cytoplasmic domains by
5 the PCR-based ligation method presented in Darveau et al. (Methods in Neuroscience 26: 77-

85(1995)). In a first round of PCR, a fragment comprising PDISP signal peptide fused to the
ectodomain from HA B/Florida/4/2006 was generated by amplification using primers Apal-
SpPDL.c (SEQ ID NO: 30) and TmD HS5I-B Flo.r (SEQ ID NO: 41) with construct number
739 (SEQ ID NO: 74; Figure 39) as template. In parallel, another fragment containing HS

10 Indonesia transmembrane and cytoplasmic domains was amplified with primers B Flo-TmD
H5Lc (SEQ ID NO: 42) and H5 (A-Indo)-Stul.1707r (SEQ ID NO: 32) using construct
number 660 (SEQ ID NO. 53; Figure 18) as template. Amplification products were then
mixed and used as template for a second round of amplification (assembling reaction) with
primers Apal-SpPDI.c (SEQ ID NO: 30) and H5 (A-Indo)-Stul.1707r (SEQ ID NO: 32). The

15 resulting fragment was digested with Apal and Stul restriction enzymes and cloned into
construct number 828 (SEQ ID NO: 62; Figure 27) digested with the same enzymes. Resulting
cassette was named construct number 745 (SEQ ID NO: 75; Figure 40).

P-Assembly of chimeric SpPDI-HA B/Florida/4/2006+ H5 A/Indonesia/5/2005 (TmD +
Cyto tail) in 2X35S-CPMV-HT expression cassette (construct number 747).

20 [00218] A sequence encoding alfalfa PDI signal peptide fused to HAO from HA
B/Florida/4/2006 and to the transmembrane and cytoplasmic domain of HS
A/Indonesia/5/2005 was cloned into 2X35S-CPMV-HT as follows. The promoter switch was
performed using the PCR-based ligation method presented in Darveau et al. (Methods in
Neuroscience 26: 77-85 (1995)). A first fragment containing 2X35S promoter (SEQ ID NO:

25 88; Figure 50A) was amplified by PCR with primers PacI-MCS-2X35S.c (SEQ ID NO: 89)
and CPMV 5°UTR-2X35S.r (SEQ ID NO: 90):

Pacl-MCS-2X35S.¢ (SEQ ID NO:89)

AATTGTTAATTAAGTCGACAAGCTTGCATGCCTGCAGGTCAAC
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91 2X35S- CPW TTGGAGAGGTATTAAAATCTTAATAGGTTTTGATAAAAGCGAACGTE G 5 "UTR ¢
92 Apal -M prot.r TCTCCATGGGCCCGACAAATTTGGGCAGAATATACAGAAGCTTA
Tabl e2: Ayoabset4gsiium strai ns used for expression of i nfPCwam2a10/000983

hemaggl utinins with native or PDI signal peptides Agro strain HA expressed
Signal Peptide Expression Cassette

CPMV 5’UTR-2X35S.r (SEQ ID NO:90)

TCAAAACCTATTAAGATTTTAATACCTCTCCAAATGAAATGAACTTCC

using a plasmid containing the 2X35S promoter as template. In parallel, a second PCR was
performed using primers 2X35S-CPMV 5’UTR.c (SEQ ID NO: 91) and Apal-M prot.r (SEQ
ID NO: 92):

2X35S-CPMV 5’UTR.c (SEQ ID NO:91)
10

TTGGAGAGGTATTAAAATCTTAATAGGTTTTGATAAAAGCGAACGTGGG

Apal-M prot.r (SEQ ID NO:92)

15 TCTCCATGGGCCCGACAAATTTGGGCAGAATATACAGAAGCTTA

using construct 745 (SEQ ID NO 75; Figure 40) as template. The two fragments obtained
were then mixed and used as template for a second round of PCR (assembling reaction) with
Pacl-MCS-2X35S.c (SEQ ID NO:89 and Apal-M prot.r (SEQ ID NO:92) as primers.

20 Resulting fragment was the digested with Pacl and Apal and cloned into construct 745 (SEQ
ID NO 75; Figure 40) digested with the same restriction enzymes. The sequence of the
expression cassette, named construct 747 (SEQ ID NO:93), is presented in Figure 50B.

2. Assembly of chaperone expression cassettes

[00219] Two heat shock protein (Hsp) expression cassettes were assembled. In a first
25 cassette, expression of the Arabidopsis thaliana (ecotype Columbia) cytosolic HSP70

(Athsp70-1 in Lin et al. (2001) Cell Stress and Chaperones 6: 201-208) is controlled by a

chimeric promoter combining elments of the alfalfa Nitrite reductase (Nir) and alfalfa

Plastocyanin promoters (Nir/Plasto). A second cassette comprising the coding region of the
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AG.1/ 540 H1 (A/ New Cal edoni a/ 20/ 99) PDI Pl astocyanin AG.1/774 HL

(A/ Brisbane/ 59/ 2007) native Plastocyanin Plastocyanin 35S CPW-HT AG.1/ 787
H1 (A Briwbans/E812007) PDI AGL1/ 732 H1 (Al Bri sbane/ 59p,20@AR00&N0988
AG.11736 H3 ( A/ Brisbane/ 10/ 2007) PDI 355/ CPW-HT AGQ.1/ 660 H5

(A/ I ndonesi a/ 5/ 2005) native Pl astocyanin 35S/ CPW- HT

alfalfa cytosolic HSP40 (MsJ1; Frugis et al. (1999) Plant Molecular Biology 40: 397-408)

under the control of the chimeric Nir/Plasto promoter was also assembled.

[00220] An acceptor plasmid containing the alfalfa Nitrite reductase promoter (Nir), the
GUS reporter gene and NOS terminator in plant binary vector was first assembled. Plasmid

5  pNir3K51 (previously described in US Patent No. 6,420,548) was digested with HindIII and
EcoRI. The resulting fragment was cloned into pPCAMBIA2300 (Cambia, Canberra, Australia)
digested by the same restriction enzyme to give pPCAMBIA-Nir3K51.

[00221] Coding sequences for Hsp70 and Hsp40 were cloned separately in the acceptor
plasmid pPCAMBIANIr3K51 by the PCR-based ligation method presented in Darveau et al.
10  (Methods in Neuroscience 26:77-85 (1995)).

[00222] For Hsp40, Msj1 coding sequence (SEQ ID NO: 76; Figure 41) was amplified
by RT-PCR from alfalfa (ecotype Rangelander) leaf total RNA using primers Hsp40Luz.1c
(SEQ ID NO: 43) and Hsp40Luz-Sacl.1272r (SEQ ID NO: 44). A second amplification was
performed with primers Plasto-443¢ (SEQ ID NO: 5) and Hsp40Luz-Plasto.r (SEQ ID NO:

15 45) with construct 660 (SEQ ID NO: 53; Figure 18) as template. PCR products were then
mixed and used as template for a third amplification (assembling reaction) with primers
Plasto-443c (SEQ ID NO: 5) and Hsp40Luz-Sacl.1272r (SEQ ID NO: 44). The resulting
fragment was digested with Hpal (in the plastocyanin promoter) and cloned into
pCAMBIANIr3KS51, previously digested with Hpal (in thé Nir promoter) and Sacl, and filed

20 with T4 DNA polymerase to generate blunt ends. Clones obtained were screened for correct
orientation and sequenced for sequence integrity. The resulting plasmid, named R850, is
presented in Figure 42 (SEQ ID NO: 77). The coding region of the Athsp70-1 was amplified
by RT-PCR from Arabidopsis leaf RNA using primers Hsp70Ara.1c (SEQ ID NO: 46) and
Hsp70Ara-Sacl.1956r (SEQ ID NO: 47). A second amplification was performed with primers

25 Plato-443c (SEQ ID NO: 5) and Hsp70Ara-Plasto.r (SEQ ID NO: 48) with construct 660
(SEQ ID NO: 53; Figure 18) as template. PCR products were then mixed and used as template
for a third amplification (assembling reaction) with primers Plasto-443¢ (SEQ ID NO: 5) and
Hsp70ARA-Sacl.1956r (SEQ ID NO: 47). The resulting fragment was digested with Hpal (in
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AG.1/ 739 B (B/ Florida/4/2006) PDI AG.1/828 CPW HT-LC C51 C51LC

35S/ CPMV-HT AGI/690 H/Bris RB + HS/Indo SDC native Plasto AGI/691 H /Bri
El- RB- E2 woBbB108BE>mat i ve Pl asto AG.I /696 H5/ 1 ndo RB+H / RCTSRACoBDIOMBE ast o
AGLI 1733 H I /Bri PD 35S/ CPW-HT

the plastocyanin promoter) and cloned into pPCAMBIANiIr3K51 digested with Hpal (in the Nir
promoter) and Sacl and filed with T4 DNA polymerase to generate blunt ends. Clones
obtained were screened for correct orientation and sequenced for sequence integrity. The

resulting plasmid, named R860, is presented in Figure 43 (SEQ ID NO: 78).

5 [00223] A dual Hsp expression plasmid was assembled as follows. R860 (SEQ ID NO:

78; Figure 43) was digested with BsrBI (downstream the NOS terminator), treated with T4
DNA polymerase to generate a blunt end, and digested with Sbfl (upstream the chimeric
NIR/Plasto promoter). The resulting fragment (Chimeric Nir/Plasto promoter-HSP70 coding
sequence-Nos terminator) was cloned into R850 (SEQ ID NO: 77; Figure 42) previously

10  digested with Sbfl and Smal (both located in the multiple cloning site upstream chimeric
Nir/Plasto promoter). The resulting plasmid, named R870, is presented in Figure 44 (SEQ ID
NO: 79).

3. Assembly of other expression cassettes

HcPro expression cassette

15 [00224] 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.
20 P19 expression cassette

[00225] 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-443c (SEQ
25 ID NO: 5) and supP19-plasto.r (SEQ ID NO: 49) with construct 660 (SEQ ID NO: 53) as

template. In parallel, another fragment containing the coding sequence of p19 was amplified
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AGI1734 H/Bri RB + H5/Indo SDC native 35S/ CPMW/-HT AGLI/ 737 H3/Bri

Ect odonai n+H5/ 1 ndo TDC PDI 35S/ CPW-HT AGQ.I/ 745 B/ Fl o ect odonai n H5/ 1 ndo
TDC PDI 356/2CHRMSHT WO 2010/ 148511PCT/ CA2010/ 000983 AGeT//CA2BI0FI0as3

ect odomai n_ H5/1 ndo TDCPDI 2X35S/ CPW-HT 4. Preparation of plant bionass,

I noculum agroinfiltration, and harvesting [00227] Ni coti ana bent ham ana

pl ants were grown fromseeds in flats filled wwth a commerci al peat noss
substrate. The plants were allowed to grow in the greenhouse under a 516/8
ppot operi gd and a tenperature regi me of 25C day/20C ni ght. Three weeks
after seeding, individual plant]lets were picked o transplanted in pots
and 1 et Lty pginsis b L1 (o ARG 0) B Sanp b Sl S bRt et S ader ¢ he
sane envj | L ti-ons: . t | o0, ' axi |l ar
Bads. ver P (BB o o e P (e i ng
t he budstehrplare.tAveplpfication podudty weteghtrcmixey atd estlian ¢enifiae fidrarsecond round of

redi i < BBV GBAR GO e TR D BTSRRI AR T RS By Nes) .
20 uM acelasY§EQInNO: 9. n&/rgallth%lmw&hﬂww%&&d%marﬁﬁl gafRenicillin

pH5. 6 until they reached an 0D600 between 0.6 and 1.6. Agrobacterium
suspensi plstowenm wembter)fand Sdclief the endisfshapty ¢alngssavased and cloned inte at i on

medi um (10 Cl2 d ES, pH 5. % Syri = 15infiltration was
per f or rreaor!af'gl‘\‘/l‘éfg/g‘gﬁ’le’fag(g) @9{@%@5&3 Iﬁ%ﬁg )SB?‘%’ loﬂ"gggiég,egtﬁ%&?thé ©B1"Vi r ol ogi cal
restriction enzymes to give construct number R472. Plasmid R472 is presented in Figure 45.
Construct number 443
10 [00226] Construct number 443 corresponds to pPCAMBIA2300 (empty vetor).

Table 1. Oligonucleotide primers used for assembly of expression cassettes.

SIE]:)Q Title Oligonucleotide sequence (5'---3")
1 Xmal-pPlasc | AGTTCCCCGGGCTGGTATATTTATATGTTGTC
2 | Sacl-ATG-pPlasr | AATAGAGCTCCATTTTCTCTCAAGATGATTAATTAATTAATTAGTC
3 | Sacl-PlasTerc |AATAGAGCTCGTTAAAATGCTTCTTCGTCTCCTATTTATAATATGG
4 | EcoRLPlasTerr | TTACGAATTCTCCTTCCTAATTGGTGTACTATCATTTATCAAAGGGGA
5 Plasto-443c | GTATTAGTAATTAGAATTTGGTGTC
6 Spgfsg‘f)‘ GCAAGAAGAAGCACTATTTTCTCCATTIICICICAAGATGATTA
7 | Plasto-SpHA.c |TTAATCATCTTGAGAGAAAATGGAGAAAATAGTGCTTCTTCTTGC
$ | HA(nd)}Sacr |ACTTTGAGCTCTTAAATGCAAATTCTGCATTGTAACGA

9 pBinPlus.2613¢ | AGGAAGGGAAGAAAGCGAAAGGAG

GTGCCGAAGCACGATCTGACAACGTTGAAGATCGCTCACGCAAGAAA
GACAAGAGA
GTTGTCAGATCGTGCTTCGGCACCAGTACAACGTTTTCTTTCACTGAA
GCGA

TCTCCTGGAGTCACAGACAGGGTGG
TCATAGTCAGCGAAATGCCCTGGGTAACAGAGGTCATTGGTTGGATT

10 Mut-ATG115.r

11 Mut-ATG161.c
12

LC-C5-1.110r

13

El1 H1B-E1 H5Lr

GGCCT

14

E1 HSN-E1 HIB.c

ATGACCTCTGTTACCCAGGGCATTTCGCTGACTATGAGGAACTGAGG
G

15

E2 H5I-RB HIB.r

CCAATTCACTTTTCATAATTCCTGATCCAAAGCCTCTACTCAGTGCGA
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40

Stul-HBF.r
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41

TmD HS5I-B Flo.r

TGACAGTATTTGGTAGTITATCCAATCCATCATCATTTAAAGATGC
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HA sub- type Influenza strain El ectrophoresis condition Primary anti body

Dilution Secondary antibody Dilution Hi
10- 1WO 241041l Goat anti - _
Cal edoni a/ 20/ 99 (HLN1) Reducing FIT 10- 150 4 ug/nl CGoat anti -

Fl |

115-

Al Bri sbane/ 59/ 2 007 (HLN1) Reducing
nmouse (JIR 115- 035-146PCT/C200006483 A/ New
nouse (MR

SI];Q Title Oligonucleotide sequence (5'---3")

Hsp40Luz-
44 AGCTGAGCTCCTACTGTTGAGCGCATTGCAC

Sacl.1272r
45 | Hsp4OLuz-Plasto.r | GTTGGTCCGCGCCCAAACATTTTCTCTCAAGATGAT
46 Hsp70Aralc | ATGTCGGGTAAAGGAGAAGGA
47 Hsp70Ara- 1\ (< 1 G AGCTCTTAGTCGACCTCCTCGATCITAG

Sacl.1956r
48 | Hsp70Ara-Plasto.r | TCCTTCTCCTTTACCCGACATTTTCTCTCAAGATGAT
49 | supP19-plastor | CCTTGTATAGCTCGTTCCATTTTCTCTCAAGATG
50 supP19-1c | ATGGAACGAGCTATACAAGG
51 | SupP19-Sacir |AGTCGAGCTCTTACTCGCTTTCTITITCGAAG
89 P;;’(I;;—’IS%S AATTGTTAATTAAGTCGACAAGCTTGCATGCCTGCAGGTCAAC
90 CPI\Z’I;(;SSSU:R' TCAAAACCTATTAAGATTTTAATACCTCTCCAAATGAAATGAACTTCC
o1 | ZX355-CPMV |ITGGAGAGGTATTAAAATCTTAATAGGTTTTGATAAAAGCGAACGTGH

5"UTR.c G
TCTCCATGGGCCCGACAAATITGGGCAGAATATACAGAAGCTTA

92 Apal-M prot.r EEE—

Table2: Agrobacterium strains used for expression of influenza hemagglutinins with

native or PDI signal peptides

Agro HA expressed Signal | Expression
strain Peptide | Cassette
AGL1/540 H1 (A/New Caledonia/20/99) PDI Plastocyanin
AGL1/774 H1 (A/Brisbane/59/2007) native | Plastocyanin
AGL1/787 H1 (A/Brisbane/59/2007) PDI Plastocyanin
AGL1/732 H1 (A/Brisbane/59/2007) native | 355/CPMV-HT
AGL1/736 H3 (A/Brisbane/10/2007) PDI 35S/CPMV-HT
AGL1/660 H5 (A/Indonesia/5/2005) native | Plastocyanin
AGL1/739 B (B/Florida/4/2006) PDI 35S/CPMV-HT
AGLI/828 CPMV HT-LC C51 CS1LC | 358/CPMV-HT
AGLI/690 H1/Bris RB + H5/Indo SDC native | Plasto
AGLI/691 H1/Bri E1-RB-E2 + H5 SDC native | Plasto
AGLI/696 H5/Indo RB+H1/NC SDC PDI Plasto
AGLI/733 H1/Bri PDI 35S/CPMV-HT
AGLI/734 H1/Bri RB + H5/Indo SDC native | 35S/CPMV-HT
AGLI/737 H3/Bri Ectodomain+H5/Indo TDC | PDI 35S/CPMV-HT
AGLI/745 B/Flo ectodomain_ H5/Indo TDC PDI 35S/CPMV-HT
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035-146) 1:10 000 H3 A/ Brisbane/10/2 007 (H3N2) Non-Reduci ng NI BSC 08/ 124
1: 4000 Rabbit anti-sheep (J1R 313- 035-045) 1:10 000 H5 A/l ndonesi a/5/2 005
(H5N1) Restocnrgi4siC | T- 003- 005V 1: 4000 Goat anti- rabbiPCT(CH2R 010020988 35-
144) 1:10 000 B B/ Fl orida/4/200 6 Non-Reduci ng

[AGLL/747 | B/Flo ectodomain_H5/Indo TDC [ PDI | 2X35S/CPMV-HT |

4. Preparation of plant biomass, inoculum, agroinfiltration. and harvesting

[00227] Nicotiana benthamiana 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
5 16/8 photoperiod and a temperature regime of 25°C day/20°C night. Three weeks after
seeding, individual plantlets were picked out, transplanted in pots and left to grow in the
greenhouse for three additional weeks under the same environmental conditions. Prior to
transformation, apical and axillary buds were removed at various times as indicated below,

either by pinching the buds from the plant, or by chemically treating the plant

10 [00228] Agrobacteria transfected with each construct were grown in a YEB medium
supplemented with 10 mM 2-[N-morpholino]ethanesulfonic acid (MES), 20 pM
acetosyringone, 50 pg/ml kanamycin and 25 pg/ml of carbenicillin pHS.6 until they reached
an ODggg 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-

15 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, 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

20 suspension in an air-tight stainless steel tank under a vacuum of 20-40 Torr for 2-min.
Following syringe or vacuum infiltration, plants were returned to the greenhouse for a 4-5 day
incubation period until harvest. Unless otherwise specified, all infiltrations were performed as
co-infiltration with AGL1/35S-HcPro in a 1:1 ratio, except for CPMV-HT cassette-bearing
strains which were co-infiltrated with strain AGL1/R472 in a 1:1 ratio.

25 5. Leaf sampling and total protein extraction
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NI BSC 07/ 356 1: 2000 Rabbit anti-sheep (JIR 313- 035-045) 1:10 000 5FII
Fitzgerald Industries International, Concord, MA USA;, N BSC. Nati onal

I nstitut ewbanioBi4edtogi cal Standards and Control; JIR Ja®k3am2010/000983

| mmunoResear ch, West G ove, PA, USA; |ITC. |nmune Technol ogy Corporation
Whodsi de, NY, USA; 10 7. Carification and concentration prior to SEC

[ 00233] To i nprove resolution and increase signal in elution fractions,
extracts to be | oaded on size exclusion chromatography, crude protein
extracts were clarified and concentrated using the foll ow ng nethod.

Extracts were centrifuged at 70 000 g, ,AC f 20 15mm and t he pel | et was
washed t W&2%y r e S0LyBRE ingHbationg e%ﬂlr@ar(cegﬁlaaﬁsé‘es%wew frﬁm 8%t r act

cant 11 FughtTanaroeh RsP et e etbr B s Rog Al b oM et 00

The r esulstmplg o;ﬁﬁioket—cm&&dm@hmp@ndled 3ivolumd ofobldrf® npleioimearte 8, G.t5 MkaClni ti al
extract vo nd s [ n | u Ps) eci pptated by the

addi ti on 0(#49)%2%1 f‘%?? f‘g\fllpg g‘“ﬁb eﬁ‘é%ﬁw‘&’?dﬁﬁgﬁfe for Ih.

Preci pi t afofi-Ri2kRhNBe WakRs Rw%?@é’&ﬁﬁﬂ Qat 06006 b iro It hidh: 3¢C HU HAQ Gritd 20
mn, and restspended in 1/15 vol une % (conparéd to the initial extract

vol ume) ofudexiiraats (soperpatirftekept Afrtagalysssifiedoiel protirspatrak ofnlmiﬁqdrcmm@ ns, a

final centrifugati nat er f el | et

ool ubr esrgrYanatEritar e Priul Rl P dtl BeBates S A b e ooy

chr omat ogiimphy 29theReRt8ENstahFaCct [ 00234] Si ze excl usi on chr omat ogr aphy
(SEC) columms of 32 m Sephacryl TM S-500 10hi gh resol uti on beads (S 500 HR

CE Heal thcare, Uppsala, Sweden, Cat. No. 17-0613-10) were packed and
equi | i br at ef+ HrpteieAnplypis and Tmmunoblating puf fer (50 nM Tris pH8, 150 nmM

NaCl). One and a half mllilitre of crude protein extract was | oaded onto
t he | upod+lh | owee H il el ution
![Ro 39 ¥in?B H&ﬁd?x dby i Beh &'éind ?ay? jeRY
buffg(? putl onrvvalé1 C% ecte ractl%;bon of 1. m_ reS t?\?e protein

cont ent diodientieds, Roakyoriong. Rmtemmm:rd epadte py IBDSFPYGE@nder reducing
conditions and stained with Coomassie Blue. Stained gels were scanned and densitometry

analysis performed using ImageJ Software (NIH).

[00231] Proteins from elution fraction from SEC were precipitated with acetone

15 (Bollag et al., 1996), resuspended in 1/5 volume in equilibration/elution buffer and separated
by SDS-PAGE under reducing conditions and electrotransferred onto polyvinylene difluoride
(PVDF) membranes (Roche Diagnostics Corporation, Indianapolis, IN) for immunodetection.
Prior to 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.

20 [00232] 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
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).

25 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
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15iL of the fraction with 200 pi., of diluted Bio-Rad protein dye reagent
(Bi o-Rad, Hercules, CA The colum was washed with 2 colum vol unes of 0.2N
NaCH f ol Iwoediongssi® col unm vol unes of 50 MM Tris pH8, 1POTrAM20EDD99820%

et hanol . Each separation was followed by a calibration of the colum wth
Bl ue Dextran 2000 (GE Heal t hcare Bi o-Sci ence Corp., Piscataway, NJ, USA).
Elution profiles of Blue Dextran 2000 and host sol uble proteins were
20conpar ed between each separation to ensure uniformty of the elution
profil es between the colums used. Exanple 1: Domai n swapping strategy for

RB and/ or_Esterase ins on influenza subt ns 0235] The RB
Subdonmi WERY TS TG iy BeT Pl dge o SO e VI8 s or B
HA. The ?@ﬁ:ﬁﬁsteﬂ MO RhGHa] Gttt PB ]G caR StanPiradtdl difrol ?\IIB@UYJ VLPs and
present the RB subdonmain conprising imunogenic sites of Hl, "H3 or B. The
H5/ 1 ndo RB subdomain may be inserted on an HL stem (H /NC). Figures 15A and
15B i | | usiabla 3 Elpesrophorexis @nditpms. piibodxs.oncl diboyes femimmunnblettisggliences at
t he fusians_of dt k}eti.ndi cated subdomai ns, and the am no acid sequences of
the resp&RTVERIBEEHai ns is provide in Figure 2 (constructs 690, 734, 696
and 691) and Tables 4 (contructs 900 and 745) and 5 (constructs 910, 920

and 930) | HAsubO | &dluehzs eepite Ndd&ctiopHotsis r|diriadiryt n| Pilgishe| Rcoming Tallheés 4 and 5
do not i nebede $ignal pepti|dendigguencesntilliagbl e 4 Subaebamiyns |and chilneric
i nfluenzadtA. ChiAr®dsbenel 502! (URsdgandHA CcOriar i0si NP4 hgher pGegeits RB:1swbeomai n.
Const No! N-ter mi pat (iIStNem  -|F1+E 1 RB haagl C-term nal | @bwen E2+F 2-Stop 900
H5/ 1ndo 113/ Bri sbane H5/ 1ndo (JIR 115-
035-146)
H1 A/New Reducing FII 10- 4 ug/mt | Goatanti- | 1:10 000
Caledonia/20/99 150 mouse
(HIN1) (JIR 115-
035-146)
H3 A/Brisbane/10/2 | Non-Reducing | NIBSC 1:4000 Rabbit 1:10 000
007 (H3N2) 08/124 anti-sheep
(JIR 313-
035-045)
HS A/Indonesia/5/2 | Reducing ITC 1:4000 Goat anti- 1:10 000
005 (H5N1) 1T-003- rabbit (JIR
005V 111-035-
144)
B B/Florida/4/200 | Non-Reducing | NIBSC 1:2000 Rabbit 1:10 000
6 07/356 anti-sheep
(JIR 313-
035-045)

5 FII: Fitzgerald Industries International, Concord, MA, USA;
NIBSC: National Institute for Biological Standards and Control;
JIR: Jackson ImmunoResearch, West Grove, PA, USA;
ITC: Immune Technology Corporation, Woodside, NY, USA;

10
7. Clarification and concentration prior to SEC

[00233] To improve resolution and increase signal in elution fractions, extracts to be

loaded on size exclusion chromatography, crude protein extracts were clarified and

concentrated using the following method. Extracts were centrifuged at 70 000 g, 4°C for 20
15 min and the pellet was washed twice by resuspension in 1 volume (compared to the initial

extract volume) of extraction buffer (50 mM Tris pH 8, 0.15 M NaCl) and centrifugation at
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(SEQ D DQ Cl GYHANNSTEQ YDVPDYASLRSLVASSGTLEFN

| MKSELEYGNCNTKCQTPMGAI NSSMPFHNI HPLTI GECP KY NO  105) VDTI | VI EKNVTVTHA

NESFNW GWVQNIEIAS#TI RRS VKSNRLVLATGLRNSPQRESRRKKRGLFGAI ABGETTEAZNQB00983

QDI LEKTI TNI GKLCDL NNSFFSRLNW.THLKFKYP ALN

MVDGWY GYHHSNEQGSGYAADKEST(QKAI DGVTNKVNSI | DGVKP LI LRDCSVAG

VTMPNNEKEDKLYI WGVI | | | PG DKIMNTQFEAVGREENNL ERRI ENL NKKMEDGEL DVWT'YNA

WLLGNPMCDEFI NV TDNDQ FLYAQASGRI TVSTKRS

ELLVLMENERTLDFHDSNVKNL YDKVRLQLRDNAKELGNG  PEWSY! VEKANPTND

QQTVI PNI GSRPRVRNLPSRI SI'Y CFEFYHKCDNECF‘IVESI RNGT YNYPQYSI;.EARLKREEI SGVKLE
3 volume (compared to

70 000 g, 4°C for 20 mn. The resulting pellet was resuspended in 1
the initial extract volume) and proteins (including VLPs) were precipitated by the addition of
20% (w/v) PEG 3350 followed by incubation on ice for 1h. Precipitated proteins were
recovered by centrifugation at 10 000 g, 4°C, 20 min, and resuspended in 1/15 volume

s (compared to the initial extract volume) of extraction buffer. After complete resuspension of
proteins, a final centrifugation at 20 000 g, 4°C, 5 min was performed to pellet insolubles and

the clear supernatant was recovered.

8. Size exclusion chromatography of protein extract

[00234] Size exclusion chromatography (SEC) columns of 32 ml Sephacryl™ S-500
10 high resolution beads (S-500 HR : GE Healthcare, Uppsala, Sweden, Cat. No. 17-0613-10)
were packed and equilibrated with equilibration/etution buffer (50 mM Tris pH8, 150 mM
NaCl). One and a half millilitre of crude protein extract was loaded onto the column followed
by an elution step with 45 mL of equilibration/elution buffer. The elution was collected in
fractions of 1.5 mL relative protein content of eluted fractions was monitored by mixing 10
15 pL of the fraction with 200 uL of diluted Bio-Rad protein dye reagent (Bio-Rad, Hercules,
CA The column was washed with 2 column volumes of 0.2N NaOH followed by 10 column
volumes of 50 mM Tris pH8, 150 mM NaCl, 20% ethanol. Each separation was followed by
a calibration of the column with Blue Dextran 2000 (GE Healthcare Bio-Science Corp.,
Piscataway, NJ, USA). Elution profiles of Blue Dextran 2000 and host soluble proteins were
20  compared between each separation to ensure uniformity of the elution profiles between the

columus used.

Example 1: Domain swapping strategy for RB and/or Esterase domains on influenza

subtype stems.

[00235] The RB subdomain of H5/Indo may be replaced by an RB subdomain of H1,
25 H3 or B HA. The resulting chimeric HA provides an SDC H5/Indo to form VLPs and present

the RB subdomain comprising immunogenic sites of H1, H3 or B. The H5/Indo RB

subdomain may be inserted on an H1 stem (HI/NC) . Figures 15A and 15B illustrate the
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LCYP WI'I VKPCDI LLI NSTGNLI APRGY SI GTYQ LSl YSTVAS SLALAI MVAGL SLWMCSNGSLQCRI Cl
FKIRSGKS S 745 H5/1ndo B/ Florida 115/ 1ndo (SEQ D DQ Cl GYHANNSTEQ

| MHDRTI URQDRMNLORSMENI RL | MKSELEYGNCNTKCQTPMGAI NSSMPFHNI IBPILTTIACEHORIKYIE3 NO. 106

VDTI MEKNVTVTHA STONVI DAEKAPGGPYRLGTSG
KSNRLVLATGLRNSPQRESRRKKRGLFGAI AGFI EGGNMGW QDI LEKTHNGKLCDL
SCPNATSKSG-FFATMAVWAVPK  DGWYGYHHSNEQGSGYAADKESTQKAI DGVTNKVNSI | DKM

amino acid sequences at the fusions of the indicated subdomains, and the amino acid

sequences of the respective subdomains is provide in Figure 2 (constructs 690, 734, 696 and

691) and Tables 4 (contructs 900 and 745) and 5 (constructs 910, 920 and 930). Amino acid

sequences illustrated in Figure 2, and Tables 4 and 5 do not include signal peptide sequences.

5 Table 4 Subdomains and chimeric influenza HA. Chimeric influenza HA comprising

heterologous RB subdomain.

Const N-terminal RB head C-terminal stem:
No Stem: -F’1+E1 E2+F2-Stop
900 H5/Indo H3/Brisbane H5/Indo
(SEQ 1D | DQICIGYHANNSTEQ| YDVPDYASLRSLVASSGTLEFN | IMKSELEYGNCNTKCQTPMGAINSSMPFHNIHPLTIGECPKY
NO:105) | VDTIMEKNVTVTHA | NESFNWTGVTQNGTSSACIRRS | VKSNRLVLATGLRNSPQRESRRKKRGLFGAIAGFIEGGWQG
QDILEKTHNGKLCDL | NNSFFSRLNWLTHLKFKYPALN | MVDGWYGYHHSNEQGSGYAADKESTQKADGYTNKVNSII
DGVKPLILRDCSVAG | VIMPNNEKFDKLYIWGVHHPG | DKMNTQFEAVGREFNNLERRIENLNKKMEDGFLDVWTYNA
WLLGNPMCDEFINV | TDNDQIFLYAQASGRITVSTKRS | ELLVLMENERTLDFHDSNVKNLYDKVRLQLRDNAKELGNG
PEWSYIVEKANPTND | QQTVIPNIGSRPRVRNIPSRISIY CFEFYHKCDNECMESIRNGTYNYPQYSEEARLKREEISGVKLE
LCYP WTIVKPGDILLINSTGNLIAPRGY | SIGTYQILSIYSTVASSLALAIMMAGLSLWMCSNGSLQCRICI
FKIRSGKSS
745 HS/Indo B/Florida H5/Indo
(SEQ ID | DOQICIGYHANNSTEQ| IMHDRTKIRQLPNLLRGYENIRL | IMKSELEYGNCNTKCQTPMGAINSSMPFHNIHPLTIGECPKYV
NO: 106 VDTIMEKNVIVTHA | STQNVIDAEKAPGGPYRLGTSG | KSNRLVLATGLRNSPQRESRRKKRGLFGAIAGFIEGGWQGMYV
QDILEKTHNGKLCDL | SCPNATSKSGFFATMAWAVPK | DGWYGYHHSNEQGSGYAADKESTQKAIDGVTNKVNSIIDKM
DGVKPLILRDCSVAG | DNNKNATNPLTVEVPYICTEGE | NTQFEAVGREFNNLERRIENLNKKMEDGFLDVWTYNAELLV
WLLGNPMCDEFINV | DOQITVWGFHSDNKTQMKNLYG | LMENERTLDFHDSNVKNLYDKVRLQLRDNAKELGNGCFEFY
PEWSYIVEKANPTND | DSNPQKFTSSANGVTTHYVSQI | HKCDNECMESIRNGTYNYPQYSEEARLKREEISGVKLESIGTY
LCYP GSFPDQTEDGGLPOSGRIVVDY | QILSIYSTVASSLALAIMMAGLSLWMCSNGSLQCRICI
MMQKPGKTGTIVYQRGVLLPQ
KVWCASGRSK
[00236] Amino acids 1-92 of SEQ ID NO: 105 are an F’1+E1 domain of H5/Indo;

amino acids 93-259 are the RB head domain of H3/Brisbane; amino acids 260-548 are the
E2+F’2 domain of H5/Indo.

10 [00237]

Amino acids 1-92 of SEQ ID NO: 106 are an F’1+E1 domain of H5/Indo;

amino acids 93-276 are the RB head domain of B/Florida; amino acids 277-565 are the
E2+4+F’2 domain of H5/Indo.

Table 5 Subdomains and chimeric influenza HA. Chimeric influenza HA comprising

15 heterologous RB subdomain.
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DGVKPLI LRDCSVAG DNNKNATNPLTVEVPYI CTEGE
NTQFEAVGREFNNLERRI ENLNKKVEDGFLDVWIYNAELLY  WLLGNPMCDEFI NV

DQ TVWGFHR8DNKIAQENL YG LM ENERTL DFHDSNVKNL YDKVRL QL RDNAKEPGIREAEEF0%000983
PEWSY! VEKANPTND DSNPQKFTSSANGVTTHYVSQ

HKCDNECMESI RNGTYNYPQYSEEARLKREEI SGVKLESI GTY LCYP GSFPDQTEDGE.PQSCRI VWDY
Q LSI YSTVASSLALAI MVAGLSLWMCSNGSLQCRI Cl

MVIQKPGKTGTI VYQRGVLLPQ

KW CASGRSK
Constru N-terminal E1-RB-E2 head C-terminal stem:
ct No. Stem: F’1 F’'2- Stop
910 H5/Indo H3/Brisbane HS5/Indo
(SEQ ID | DQICIGYHANNSTE | DSPHQILDGENCTLIDALLGDPQCDG| CNTKCQTPMGAINSSMPFHNIHPLTIGECPKYVKSNRLV
NO:107) | QVDTIMEKNVTVT | FQNKKWDLFVERSKAYSNCYPYDV | LATGLRNSPQRESRRKKRGLFGAIAGFIEGGWQGMVD
HAQDILEKTHNGK | PDYASLRSLVASSGTLEFNNESFNWT| GWYGYHHSNEQGSGYAADKESTQKAIDGVTNKVNSII
LC GVTQNGTSSACIRRSNNSFFSRLNWL| DKMNTQFEAVGREFNNLERRIENLNKKMEDGFLDVW
THLKFKYPALNYTMPNNEKFDKLYT | TYNAELLVLMENERTLDFHDSNVKNLYDKVRLQLRDN
WGVHHPGTDNDQIFLYAQASGRITV | AKELGNGCFEFYHKCDNECMESIRNGTYNYPQYSEEA
STKRSQQTVIPNIGSRPRVRNIPSRISI | RLKREEISGVKLESIGTYQILSIYSTVASSLALAIMMAGL
YWTIVKPGDILLINSTGNLIAPRGYFK| SLWMCSNGSLQCRICI
IRSGKSSIMRSDAPIGK.
920 H5/Indo B/Florida HS5/Indo
(SEQ ID | DQICIGYHANNSTE | PDCLNCTDLDVALGRPMCVGTTPSA| CQTPMGAINSSMPFHNIHPLTIGECPKYVKSNRLVLATG
NO: 108 QVDTIMEKNVTVT | KASILHEVKPVTSGCFPIMHDRTKIR | LRNSPQRESRRKKRGLFGAIAGFIEGGWQGMVDGWYG
HAQDILEKTHNGK | QLPNLLRGYENIRLSTQNVIDAEKAP | YHHSNEQGSGYAADKESTQOKAIDGVTNKVNSIIDKMN
LC GGPYRLGTSGSCPNATSKSGFFATM | TQFEAVGREFNNLERRIENLNKKMEDGFLDVWTYNAE
AWAVPKDNNKNATNPLTVEVPYICT| LLVLMENERTLDFHDSNVKNLYDKVRLQLRDNAKELG
EGEDQITVWGFHSDNKTQMKNLYG | NGCFEFYHKCDNECMESIRNGTYNYPQYSEEARLKREE
DSNPQKFTSSANGVTITHYVSQIGSFP | ISGVKLESIGTY QILSIYSTVASSLALAIMMAGLSLWMC
DQTEDGGLPQSGRIVVDYMMQKPG | SNGSLQCRICI
KTGTIVYQRGVLLPQKVWCASGRSK|
VIKGSLPLIGEAD
930 HINC H5/ndo H1NC
(SEQ ID | DTICIGYHANNSTD | DLDGVKPLILRDCSVAGWLLGNPMC| CDAKCQTPQGAINSSLPFQNVHPVTIGECPKY VRSAKL
NO:109) | TVDTVLEKNVTVT | DEFINVPEWSYIVEKANPTNDLCYPG| RMVTGLRNIPSIQSRGLFGAIAGFIEGGWTGMVYDGWYG
HSVNLLEDSHNGK | SFNDYEELKHLLSRINHFEKIQUPKSS! YHHQNEQGSGY AADQKSTQNAINGITNKVNSVIEKMN
LC WSDHEASSGVSSACPYLGSPSFFRN | TQFTAVGKEFNKLERRMENLNKKVDDGFLDIWTYNAE
VVWLIKKNSTYPTIKKSYNNTNQED | LLVLLENERTLDFHDSNVKNLYEKVKSQLKNNAKEIGN
LLVLWGIHHPNDAAEQTRLYQNPTT | GCFEFYHKCNNECMESVKNGTYDYPKYSEESKLNREK
YISIGTSTLNQRLVPKIATRSKVNGQS| IDGVKLESMGVYQILAIYSTVASSLVLLVSLGAISFWMC
GRMEFFWTILKPNDAINFESNGNFIA | SNGSLQCRICI
PEYAYKIVKKGDSAIMKSELEYGN
[00238] Amino acids 1-42 of SEQ ID NO: 107 are an N terminal F’1 domain of

H5/Indo; amino acids 43-228 are the E1-RB-E2 head domain of H3/Brisbane; amino acids
229-507 are the F’2 domain of H5/Indo.

[00239]

Amino acids 1-42 of SEQ ID NO: 108 are an N terminal F’1 domain of

5 H5/Indo; amino acids 43-281 are the E1-RB-E2 head domain of B/Florida; amino acids 282-
556 are the F’2 domain of H5/Indo.

[00240]

Amino acids 1-42 of SEQ ID NO: 109 are an N terminal F’1 domain of

HI1/NC; amino acids 43-273 are the E1-RB-E2 head domain of H5/Indo; amino acids 274-548
are the F’2 domain of H1/NC.
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[ 00236] Ami no acids 1-92 of SEQ ID NO 105 are an F 1+E1 domain of H5/1ndo;
am no acids 93-259 are the RB head donmi n of H3/Brisbane; an no acids

260- 548 awe wtve1489+F 2 domai n of H5/1ndo. 10[ 00237] Ami necaaiats10lo®B3of SEQ
ID NO 106 are an F' 1+E 1 donmain of H5/1ndo; am no acids 93-276 are the RB
head domain of B/ Florida; am no acids 277-565 are the E2+F 2 domai n of

H5/ | ndo. Tabl e 5 Subdomai ns and chimeric influenza HA. Chineric

i nfluenza HA conpri sing 15het er ol ogous RB subdomain. WO

2010/ 148511PCT/ CA2010/ 000983 Constru et No. N-termnal Stem F'! - RB- E2

head C-t F.2- St D NO 107 /I d Cl NNSTE
QVDTI MEK | HAQDl R*FHQ(H?“E?:PW!@? MR nﬁ%ﬂrgébﬁ%gé
FQNKKWDL %K&%gﬂgichtF}Da b%%%hﬁ%%%m subdomains — without

GVTQNGTSSACI RRSNNSFFSRLNW. THLKFKYPALNVTMPNNEKEDKL Y1
V\G\/HFP?GmNm beAQustRy heoSTHRSGUIIVIPNECSERFRARN ESRInSKkimize the stability of

mk\ég Ll}{ggﬂr)%h‘\l PRGYFK | SGKS% %%ﬁgllcgéonservap 100 is observed at the N-

LATG—RNSR@EﬁB%fM%&%hE@W@D EMBO J. 21:865-875; which is incorporated

GWYGYFI HSNEQGSGYAADKESTQKAI DGVTNKVNSI |~ DKMNTQFEAVGREENNL ERRI ENL NKKIVEDGEL DVW
TYNAEL L VIeENERT e MMy Iass. vaniabiR regiRmie. IR PHOROCEEnEK soivEdvit S ey PQY SEEA
RLKREEI SQYKHok G X Qpbaiimt e 35 et MRtk WY RN B R0 &h. A0l iP NO

108

involved in disulfide bridge #3, which is conserved among HAs (see Figures 46 and 47). A
junction at this Cys may provide for suitable, or superior, stability to the chimeric HA relative

10 to the native sequence. The C-terminus end of the RB provides conserved features: for
example, a conserved Ser residue at position -1 and the E2 subdomain starts with a beta-sheet
observed in all HA on the alignment (Ha et al. 2002, EMBO J. 21:865-875; which is
incorporated herein by refernce). Therefore, the C-terminus of this RB may be fused to the
initiating amino acid of this beta sheet structure of the E2 subdomain. Further, the disulfide

15 bridge pattern is not changed, or is not substantively changed, for the chimeras comprising RB
subdomains of H1/NC, H1Bri, H3/Bri, or B/Flo on an H5/Indo SDC, and for H5/Indo RB
subdomain on H1 SDC (total of 6), but a disulfide bridge will be added (bridge #8) on the
hybrid HA of B RB on H5 stem. This addition of disulfide bridge should not interfere with the
folding of the HA (because it is located within the RB domain and the Cys are adjacent on the

20 sequence), and may be produce a even more stable hybrid HA.

[00242] The E1-RB-E2 subdomains of a first influenza type were replaced by E1-RB-

E2 subdomains of a second influenza type. Such an arrangement may present a greater

number of amino acids of the second type at the surface of the H5-VLP. In this example, the

HDC of H1, H3 or B was placed on an H5/Indo SDC, and an HDC of H5/Indo on an H1/NC
25 SDC (Table 5).

[00243] The junction of the HDC was defined with a conserved cysteine residue
(comprising disulfide bridge #6 of HA type A and #7 in HA type B). The junction of the HDC
at the C-terminus of the E2 subdomain was defined with another conserved cysteine residue

comprising disulfide bridge #6 (the second amino acid of the F’2 subdomain) of influenza
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H5/ 1 ndo DQ Cl GYHANNSTE QVDTI MEKNVTVT HAQDI LEKTHNGK LC B/ Fl ori da
PDCLNCTDLDVALGRPMCVGTTPSA KASI LHEVKPVTSGCFPI MHDRTKI R

QLPNLL RGWENI2RGTENYI DAEKAP GGPYRLGTSGSCPNATSKSGFFATM  PCT/CA2010/000983
AWAVPKDNNKNATNPLTVEVPYI CT EGEDQ TVMGFHSDNKTQVKNL YG

DSNPQKFTSSANGVTTHYVSQ GSFP DQTEDGGLPQSGRI VWDYMMOKPG

KTGTI VYQRGVLLPQKVWCASGRSK VI KGSLPLI GEAD H5/ | ndo

CQTPMGAI NSSMPFHNI FI PLTI GECPKYVKSNRLVLATG

L RNSPQRESRRKKRGL FGAI AGFI EGGWQGMWDGW G YHHSNEQGSGYAADKESTQKAI DGVTNKVNSI | DKIVN

e T e e STt et
| SGVKL ESELFLYRI LIPLmbYA Bl kAo W MAG sthiilidee SINGEb XS at IROfSERKIMNO.  109)

HI / NC DTI Cl GYHANNSTD TVD VLEKNVTVT HSVNLLEDSHNGK LC 05/ 1 ndo _
DL DGVKPL coRpGSvAGT sutiivE i dae F NP Ev S evEONRIBNBlag vP@Ge F°2 subdomain, and

V| KIKNSTRBHRRSPRREREEA | UE UEEERERREB ARy ERF s sleaton in dislfde

Yl SI Gr ST%%L HA TRRISYNERE FYVE (PO NG BENENEb A ges and the B hybrid
PEYAYKI VKKGDSAI MKSELEYGN H / NC CDAKCQTPQGAI NSSLPFQNVHPVTI GECPKYVRSAKL

RWTGL RN heSREpFan AGE I EGGWTGWDGW G
YHHONEQGSGYAADQKSTQNAI NG TNKVNSVI EKMN TQFTAVGKEENKL ERRVENL NKKVDDGEL DI WI'YNAE

LLVLLENE I = . . ae
L NPT (0 or o inin nd

| DGVKLESNIEVRB-EA) MbdARATL O ITSAGALSRAIMZS/B8\GHhQERE 611 H1 AIBASBINAS0200%Ci ds
1-42 of SEQ ID NGO 107 are an N termnal F | domain of H5/Indo;, am no acids
43-228 afePmpgisgn of Rxpressionuion chimericand nawedpihane: amino aci ds 229-507
are the F'2 domain of H5/1ndo. [00239] Amino acids 1-42 of SEQ ID NO 108
are an Nrp@na nal  Foleog8iRithe Bbh addamhltfion 181 SOV fism #3- 28 Honéstn/3/08 _
El- RB- E2 head domain of B/Florrda; am no acids 282- 556 are the F' 2 donmin
of H5/ | nddth the emigghiaity plearaatéristicsloidRl AfBreband/ §9/387, domere beragggiutinmspyasal F |

domain of, HH/NC am no acids .43- [. - i
1) I nlo; SSTENS cspfbising ARfadts o Af Ay Bfshgoiabor iedp AR fERLu Shs
2010/ 14854hPEdh A0 RE. FRPASI0h 034k} Tdiehd ¢kprassiopof tie $1@I héthazghamirous
chinmeras were selected so as to be as close to (but. not necessarily

di rect | y fasiynstanereprespriedon iagyre A jangd pmineaacishseperpscsaifiromatufistusion ottt

w shipng t ﬁg'[(‘i -t , these fusions were selected so as to

maxi rlnpze p? Cgl%g(?g I |t?%moﬂfq§?hg' chinmeric HA. For exanple, structure and
sequence conservation is observed at the N 5 termnus of the RB subdomain
(Ha et al[p02302, ENBOohpa@lth8gsuduBtionteveloiilts/Hhcbinmsor dtwagdheimahswigy

refence). A l.ess variable region.in . the prinmary sequence .S f at the
R bl egeuRutRinS JiETie papar ek Pl oS SRUEREEKIF AP |
subdomai G661 GXEAGLNBOD Sand MOleMRE weft hirsddictiiadler Diéik-dapintdbatiohbefod. To
conserved anong HAs (see Fi g;res 46 and 47). A junction at this Cys may

provi de fdstermirictthbiasumplation frael efreachskiadpin inythe agroinéilteatedeyes. npicins Merq ve
101 0 hNe QRLLUErSBANARGRA 1 Tisdte Wl N2 B) Wlort BB RIG Uk TR CONSEr ved

feat df es:
monoclonal antibodies. A unique band of approximately 75 kDa (Figure 3), corresponding in

size to the uncleaved HAO form of influenza hemagglutinin, was detected in extracts from
leaves infiltrated with AGL1/690 but not in AGL1/774 or AGL1/691, indicating that the
chimeric hemagglutinin comprising the receptor-binding region of H1 A/Brisbane/59/2007
25 fused to the H5 A/Indonesia/5/05 backbone accumulated to higher level than both the native
form of H1 A/Brisbane/59/2007 (AGLl/ 774) and the chimeric hemagglutinin combining the
esterase and receptor-binding regions of H1 A/Brisbane/59/2007 with the H5
A/Indonesia/5/05 backbone. The whole inactivated virus (WIV) (H1 A/Brisbane/59/2007)
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exanpl e, a conserved Ser residue at position -1 and the E2 subdomain starts
W th a beta-sheet observed in all HA on the alignnment (Ha et al. 2002, EMBO
J. 21:865w82%B10/mii1ech i s incorporated herein by referncepcTihersioos3 the
C-termnus of this RB nmay be fused to the initiating amno acid of this
beta sheet structure of the E2 subdomain. Further, the disulfide 15bridge
pattern is not changed, or is not substantively changed, for the chineras
conprising RB subdomains of H/NC, HL1Bri, H3/Bri, or B/Flo on an H5/1ndo
SDC, and for H5/I1ndo RB subdonmain on HL SDC (total of 6), but a disulfide

bridge will K6 be added (bridge #8 n the hybrid of B RB on H5 ste Thi s
addi ti on "8t HRAFHE &l &%_é dgt_ﬁéﬁff & H lp{éﬁ)@e?% ik Gich bamLALRBPRIIRADY ¢ he
HA (becagsgDal cdrieshRfeite thd hblleBllhVRei SR of IR uPRF HNDG IS ar e adj acent on

t he 20sequence), and nay be produce a even nore stable hybrid HA
[ 00242] TheBEkbarRES58/2081Hdoseaicsidts dfmandtiatedtthat iid ngplageanany petheveaceptpepindiogd by

El - RB- E2 subdonsi of a.s nd..i pf | e, an_arrangenent my
pr esent ée%?%g?lg?h#%%‘i?neﬂ%g@%wgl @‘8& %35&0& ‘ﬁga‘?@mﬁ% atﬁ‘?a? fir f ace
of the H%Mhé’gluﬂirﬁnwﬂﬁe%é@&@ﬁﬁéh ¢he dnflerfitlegih dfiH1 dﬁ@vﬂﬁch&c@@ﬁulﬂieé%ﬁﬂgﬁkﬂ an
H5/1 ndo SDC, and an HDC of H5/1ndo on an H /NC 25SDC (Table 5). [00243] The
j unct i on lovel thae thepativia B 1 deBriphancmpR2A0Aingdenis Hoswvery Sreshimericdsnggglutinin
(conpri si.ng,di i i of.. HA 1. Ay A0 L0 e he
fGncti on BvriHIN e Mo BB PP R SRt BN Tsh i o 48R sBnesli® i ¢
anot her a9nB®ReWEH 1Y/Blishane/5p280T 0 roo AR S abdtod detdctablideVdl irtigie pkapts( t he
second am no acid of the F 2 subdomain) of influenza - 79 - WO

2010/ 148511PCT/ CA2010/.000983 type Hl or. H3 on an f. H5/|.n r for
i nfl uenzdO¥4A8¢ Hs %iée &viosret thy repﬁp.tor]ﬁa?&%s]@gmffr%%%n lrﬁnﬁ)éPégof WetLe

junc ti? on g/, Iﬁ&&r@QMSmedicﬁﬂbge 49199 ReAHol @R iRtealif® aéciuﬁﬁlgart]i?( ET I;Iil RRHEAPr i sing of

disulfide bridge #4 (locate am no aci ds away on subdonmai n, and
conser vedpresenimng Yhs inAdnts Wisareregslubted mgler Hieroontasl afe strong €ERMVeHT -tangd

alteration in.disulfi .SEuridgL(gr atterns - the(ﬂl/l—B/lHS bri]g HAs wi | |
contai n & 8IEUMT %Péseﬁﬁe?ﬁaé S P‘%%Y B2hET A RATY CREE PP %{e FREMME Al e 2:
Repl acengidanQf incPGSRE AbcudhitondedeRIERpre@ion 481 Forlthd Whiphdsian df @s tBVse

(E1- RB- E2) subdommi ns of 115 A/Indonesia/5/05 with that of HL

Al Bri sbarenmseglpton fussospadersdiMyTHErprreprsscatediin Figurd $rand amiap @cid sequgece or ns.
10[ 00244] conbi the hi.gh l.at | level of VLPs from H5

All ng%neso}gl}?flﬁr%mv%s tRY ? Wée“giﬁ".%g‘éé%q%}’ ]{%%/éng%allngé@é? ?’st ics of H1

Al Bri sbane/ 59/ 2007, chimeric hemaggl uti ni ns were desi gned conpri sing
domai ns fOOMTHL A/ BlitslaanébinaBd2iabd plans ecbrd mbftratddowit AGHA1782) AGHA 033 st em

domai n cluster, Expression cassette or the expression. of the H5/H
hemaggl utzi‘xﬁmf%@@ﬂ?laws PEfst shedane g BUPLRPEHAh 50 QEtFng‘ééﬁences
of the "faheﬁrﬁulaﬁ@i Q0IRE QARINR lfaigfﬁlaﬂﬁ%e&nﬁidmtléﬁgg%édtan%&@@ﬁﬁt &irabRR245] To

conpare the accunul ation |eve 1 chineric h gglutinins with that

of their foeminf@trited heef tisdhe and anbyzékint Wastcrrdotphansisg ewir-H1i(Bfisdane)at ed wit h

AGL1/ 774, AG 1/691. and AG.1/690 d the | h ted aft
i - dly meumHe SRl atomese o 3 e PR E A el e FRver B e Ha
formin tdhe wuidfdaldd BAGtorhPiBSucnBa REBAJISutINET, Sad BesdteBimtREtadts 88

infiltrated | eaf tissue and anal yzed by Western blotting using anti-HA
leaves infiltrated with AGL1/732, AGL1/733 and AGL1/734. However, although

hemagglutinin was detected in all extracts analyzed, important differences in accumulation
could be noticed. While H1 A/Brisbane/59/2007 expression was barely detectable under these
25 conditions when using its natural signal peptide (732), replacement of signal peptide with that
of PDI resulted in higher accumulation of mature H1 A/Brisbane/59/2007 (733), and the
chimeric H5/H1 hemagglutinin (734) accumulated to the highest level. Taken together, these
results show that the fusion of the receptor-binding domain from H1 on a HS backbone leads

to high accumulation of H1 antigens-presenting hemagglutinin and that the accumulation level
- 81 -



nonocl onal anti bodi es. A unique band of approximtely 75 kDa (Figure 3),
corresponding in size to the uncleaved HAO form of influenza hemaggl utinin,
was det ecweaoiom4extir acts fromleaves infiltrated w th ABCT/@2010M009880t | n
AGQ.1/ 774 or AG.1/691, indicating that the chineric hemaggl utinin conprising
t he receptor-binding region of HL A/ Brisbane/ 59/ 2007 25fused to the H5

Al I ndonesi a/ 5/ 05 backbone accunul ated to higher |evel than both the native
formof H1 A/ Brisbane/59/2007 (AG.1/774) and the chineric henmaggl utinin
conbi ning the esterase and receptor-binding regions of HL

A Bri sbang/ 59/ 2007 wi.th the H5.A/.Indonesjal/5/ 05 backbone. The whol e

hact v BamST RIS UL p IR PR B GBS gBtAmed Tg6 (he R 10 Wi of

2010/ 148%&8@@%&{9@9g§§n£%§&i&5 a positive control was detected as
mul ti pl e bands wth a najor band at approxi mately 80 kDa, corresponding to
t he nol ecul ar wei ght of the precursor HAO of Hl A/ Brisbane/59/2007. These
resul ts daampit 3:aReplacementiofi ceqepioir Hinding (RB) subdemair ofdA/Newidi ng r egi on

fromH5 onesi,.ad 51 it t ,of H i sbane( 59/ 2007 .geperated a
chimer s c CORRRRTAVE PR Tt ddes AhaBlokls R dmpRitn R AR ACRF 1 °0 0
whi chs acehimiérat @ sitiveifghry, | evel than the native HL A/ Bri sbane/ 59/ 2007 in
pl ants. However, the chinmeric hemagglutinin in which the esterase and

receptor-bindi ng regions from | ndonesi a/ 5/ 05 epl aced by those of
o B | S2A8) 59/ Dbyt hBrokhend rprat e e et Fadh o Pe pescnoned

pl ant s. L | f = i Adi i i

A B sbans BRI E e e ] R ear A O R Fpe oo T IR fLuts

i ncr easi hgmaggtutinih Atsicorarofeptdtermet indagure prasd enirorngiddeReenceoftha ntagurgvas

re-eval u%ed under the ﬁontrol e\% 2 strong CPW-HT- based expression
casset t e USi9f} FORHLPIGAUCS PSRTEYPIRAR M & conpar ed to signal pepti de

repl acenent as nean of increasing accunul ation | evel. Expression cassettes
for fhe eymuepsi onTelkomparet ddtuhigaBggleudlioniH/HishigRtc haagieltiidi I tiat e
represented in Figure 8 and ami no acid sequence 150of the _mature fusion

prot ei n Pf 80 Hen,dYieariane daniemipng laatsovere pdutedv b AL O hami ana

| ants we i néd | i . . | eaves
here nar qsa i ppd Bedint Shedvhads dher A e Mg iptiol o 400N
accumul atac@nintlgtsl lewdl ofech HAMfdrmrimthengrdinfilagredileaved, pratiedwereayesctedoit@b ei n

were first _extracted frominfiltrated | eaf tissue a nal yzed stern
bl ot ting fdltrated deaf fisyue a?%ﬁ%&ﬁéy %ﬁfﬂ %F’&ﬁé‘ﬁmgﬁf“i’%%@@p&,@@ﬁ%h’g band of
appr gxl W%gwdigéA t&%‘a?(!’&ﬁﬁ?noxirﬁ&éfy%mcw%ﬂ_ré ), &ré8pddideNg siped @aved HAO

formof influenza hemaggl uti was "detected in extracts fromleaves
i nfiltratuadlenadHAGIOEMAE 2 lueG B gbitidinA®as AtS4ed inewesass fromlleaverigh

hemaggl ut.i pi n s . d i t.racts lyze i ant differences
in accuwP@ﬁa@\ﬁaV@M{af%gﬁﬁ?cﬂég}M/ 6%1 ik lcwgiﬁ%%éﬁg?w&?‘%ﬁ%m expr essi on
was bar el y/ifih&sd/805 andReL1/Hb eRitheAd GOME it RNS a S| AdSat Mgsh bl Raplkmital
signal peptide (732), replacenent of signal peptide with that of PDI
resulted in higher accunul ation of mature Hl AJBri sbane/ 59/ 2007 ﬁ733 and
t he chi ndixampleAHReplagrment of the estqdpmain gbHS A\ndopgsiy/s/ 05yt thak a5 H3 |05 | |
Taken.to . . - Lon of the receptor-binding
domaig(r)l f%géﬁgﬁén%%hogseggregggig%n%ﬂagéégﬁé gaﬁﬁgl{?p%%curml ation of H1L

anti gens-presenting hemagglutinin and that the accunul ation level - 81 -

WO 2010/ {86530 PCT/ GARusi¢r0AlBS & todummimiam ity Aghrsharfe(l¥ 897ionBpl ant s i s
g:c 9{1 ﬁ; tsnga%‘ﬁa?%é%(%b ttagflent?gnsyﬁne& re{[nre1 Gnd! gygtcl)ﬁigsn];ig o) d\IOMrI;[alt}lS rom\,\h% IX?HltdoﬁeesPal/ 65 ment
was evaluated as a strategy to present hemagglutinin antigenic regions from H3 and B strains

while increasing their accumulation level in plants. Expression cassettes for the expression of
25 the H5/H3 and H5/B hemagglutinin fusions are represented in Figure 10 and amino acids at
the border of the fusions are presented in Figure 11.
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Exanpl e 3: Repl acenent of receptor binding (RB) subdomain of H A/ New

Cal edoni a/ 20/99 with that of H5 A/Indonesial/5/05. Conparison of expression
for 5chi meoi2e10ems5mat i ve forns. [00248] Use of an Hl baclkboma2(fooomss/ New
Cal edoni a/ 20/ 99) for the presentation of H5 antigenic region was al so

eval uated. Expression cassettes for the expression of the Hl/H5

hemaggl uti nin fusion are represented in Figure 1 and am no acid sequence of
the mature fusion protein produced is presented in Figure 2. 10[00249] To
conpare the accunul ation level of H /H5 chinmeric hermagglutinin with that

AGL1] 560 AT ThL 1/ BS8imAAECH Rl FELU 8RB HaPissBtn G Les-Gimprsdayit

i ncubat i Ry RERARL-HAB (89)8h WidkRiahd BerhbMiN) Blah@PIhGY SeredhfiR@fd wih formin
the agroinfiltrated | eaves, proteins were extracted frominfiltrated | eaf

ti ssue amdGlala}SasloAGl 1S tapd thedkayves imarg hasientgd afitri & $#6-d¢y inddratisi pdriod. To

pol ycl ona) , 15anti bodi es. ,.A uni.gue of approximately .75 kDa (Figure 7),
correspo gfeﬁalnler’ihesafcf'ém'tﬂ(%n?rhfévﬂg’z F%CE\?_Z‘% f%nfﬂg? WB‘I%FW‘IY(}L%%V?& H’i(ét%r‘ﬁéjg'le{ﬁi nin,
was det edtrgdxirict@K k6@ Giifltrhie@eak 856 Snd Malyzbd BY Sebstthd BlofiYak 14186 Aniapd

AG.1/ 696, indicating that both the native H5 A/lndonesia/5/ 05 and the H/H5
chi meri c (Rleadggrolclonahamibedies | avaqes banil gih appsgeimaiely B b gligure 14), Exanpl e 4:
Repl ace f t.he.ecto i i Wt h.that .of . or B.
20€:orrpamsc gl(;)rﬁéf)g%l&lgg bnr %Esesﬁgon %}e%g%ﬁn‘é@i/ﬂé&gﬁpgﬁa%légéelgﬁ%%\gl%{.}mt’@@ﬁgﬁt]ecltﬁemf usi on

of the eckaganBom lévenvitheAidi irliraed Jah 2007 /789 ikl ¢ B @ands/ in@Ratet avithhe
t ransnenbr ane _and cytopl.asm c subdonains from H5 A/l ndonesi a/ 5/ 05 was

|
eval uat ed\@kl/A+3thoxted gositiys penad epirespendirgtodemagsiutinin, igdsrtng it /B om H3

and B, St Ii G Bk 6f b ihMohcbiihibted SRt HoRah B i | RarPl
Expr essi on cas?settes e?lga[rggtﬁx?u‘e excpr esstleon o%%S%hggl-%%{gvglnlcm ?%Béveform
hemaggl utaf @ enfaggiuvonm. are represented in Figure 10 and amino acids at the

border of the fusions are presented in Figure 11. WO

T M R

Ni cot i anaochpatehanihana dvhitdfkive fBIR(13%) WENRodidHal Behinalnfmha\Wldnks. Mlaad/w3® and
AG.1/ 745, and the | eaves were harvested after a six-day incubation period.

To det er nifilérated aviticaGhl(73¢ peshAGENVEB 7 ofnd dicleaea wees haryasied piermaysisniday i | t r at ed

| eaves, I: r i . I [ i nf ) t l. | d
anal 3 e Pt GdPRsHRO o e bblin €kl AR AN B dach S Bty s B bl RHRBAS
A uni que learsl ppdteiap perxdxiradted fromSnfiiRate(] Féaf tisstie hdd anatwed bg PostimploitingSi ze to
t he uncl eaved HAQ form of influenza hemaggl utinin, was detected in extracts
from | easgANtidhb(HsisaRe) PoIBFIOR A0 aRPSt A UGS PrSboLARPTOS TRy 35 sPant s

011 r 2l 1), AGHLER ShOYER BOShULNEL AW Bl GPLRERANIE Bn, |

hemaggl utinin, i'ndicating that the H5/B 10chinmeric formo
accunul atwess detected e guttaats| fyonateahdsghfilireted iwithhaGL1/M26 mat AGE1/787.ihod reBult

h | ut.inin. [00252]Sim.larl | atipn | f H5/ hi mer i
nomadtl utindeles banie fBn Al St st b B ot vt Ren i (756
Ni cot i anas eihBasa8 3 BleaBlbdemBhdINHS AVMBFiShdnBf10h0RL@eey\: EhinmARE 1/ 736 and

AG.1/ 737, and the | eaves were harvested after a six-da
hemagglutinin that accumulates to a similar level as the native H3 A/Brisbane/10/2007.

[00253] The production of VLPs from expression of the H5/B chimeric hemagglutinin
(construct no. 745) was evaluated using size exclusion chromatography. Concentrated protein

25 extracts from AGL1/745-infiltrated plants (1.5 mL) were fractionated by size exclusion
chromatography (SEC) on Sephacryl™ S-500 HR columns (GE Healthcare Bio-Science
Corp., Piscataway, NJ, USA). As shown in Figure 16, Blue Dextran (2 MDa) elution peaked
early in fraction 8. When proteins from 200 pL of each SEC elution fraction were

concentrated (5-fold) by acetone-precipitation and analyzed by Western blotting using anti-B
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15i ncubation period. To determ ne the accunul ation | evel of each HA formin
the agroinfiltrated | eaves, proteins were extracted frominfiltrated | eaf
ti ssue amsloanslpgaad by Western blotting using anti-H3 (Bcraiaanm)oomssycl onal
anti bodi es. A unique band of approximately 75 kDa (Figure 15),
corresponding in size to the uncleaved HAO form of influenza hemaggl uti nin,
was detected in extracts fromleaves infiltrated wth AG1l/ 736 and
AG.1/737. This result 20 indicates that the fusion of transmenbrane and
cytoplasm ¢ subdomains fromH5 A/l ndonesia/5/ 05 to the ectodormain of H3

A/ Bri sbane/ 10/ 2007 creates _.a chinerjc hemaggl utinin. that acc | ates to a
1 ar - (08A0 2ehe gt podics ol ) PmERS BSOS BBt  on of
VLPs {1 0omaeahf £$5diORing thed ilCorbRafbre st IR fiktS nipRTRAS! didriwti ght CERASES, WPlhdip-  745)
was eval uat ed using sifze exclusion chronmat ography. Concentrated protein
25ext r actwgshingim baGotnd’dbthienryi thisrsapgsdtsphat theschimberte I )preteinehafl enledri onat ed by

si ze excl usi chr onmat ogr aph SEQ),, an .Sephacryl TM.S 50 col s (GE
Heal t hcataéseﬁi%&dé’&ﬁoéiﬁ%ge gﬁ’re%t%cgfes%r)é}tmgw a%ﬁ%&ﬁ%l%ogﬁgg%uwf H{;ingur e 16,
Bl ue Pextfratue2TRRIuIBloblaiRA iRBetethatRt hinicic HAREIsRAnSin Mbedodunaliei ns from
200 'L of each SEC elution fraction were concentrate (5-fq|§%ﬂb¥§

mry - 83 -

acet one- prostHpi B/glarigde/ 48086 diradl yorbd tiagsmygsahraterpog cgtoslisgubdanpan
WO 2010/ 11P 010/000983. ( E i . i j. € i
16) - chi ARG IR M tien roRchP B MG APt OIS dBRT ®

t he i ncorpaiead high ndfectlir iveight frirfdleso liglistingtishublOotths of tlu2sVIPA t hout
wi shing to be bound by theory, this suggests that the chineric HA protein
had either assepbled into a | arge superstructure or that it has g,tltached to

a hi gh noPesmles: GoreRressiop of HS(f ghimeris hemagehutingn (copsERetingies’d s hat t he
Chi Mg | C coipERAY B ADCald SDETHRIATRA fn HPMIITIRC WRE TR0k Biaphained t 0

the trans e and cytosolic subdomains from H5 A/l ndonesi a/ 5/
assenbl exombimtivngrithrsigeadieptidewiogificagiant i cl es and that the elution profile
of these high nol ecul ar weight particles is indistinguishable to that of

i nfluenz . Ex le.5: - [ i I J: inin
(const r a0 Fiber  PAReSso o) ahE BSpn Slandnd <Ry ARG

H5/ | ndo THohgmititind s RiéstridBdlintepddding applidati o PCOrCAL00B/09002a Cyegiid e 70

nmodi fication. %900254] Expression of Hsp40 and Hsp70 in plants and. .

co- expr esafl GIFpH toRNStIICT Rsphes R§EMeRf plant PREIRNYSI9dE CPIBRESH “egl- ding
appl i,cati - - o ): nunber
B0} of B o e T R Ry
15henmagglpetfomeishy dgeoinfiktintas ef N.henthaaiouamldrés with a besterial swsppistont eontafiveg

CO- expressi on e rfaqr by agroinfiltration of N..pentham.ana.plants
Wt B bapena 4] suler At retind igeiets fo BiesRpreeionyor B fsyredARgsd
bearing thig Hass6LIRsT04nd RE18BKRESEION of the desired chineric HA with
AG.1/ R870 and AG.1l/35SHcPro. [00255] Accurnul ation | evel of H5/B chineric

hemaggl utinin (B/Flo HDC and SDC 20fused with an H5/1ndo TDC) was _eval uated
in co-exdfe§lon wiAdsumsron tevel a5EH78 chimeric hempgghutinge FB/FionklRR 208 SRt s.

Plants were infilt e i v AG THAGHL ctor) or
AGL17947 +‘i{§§ﬂ%%ﬁ%§%4m%§%’%§ﬁé§ 7 ﬁée E?ﬁeréséle"é’ \Aerégﬁﬁ)r %/ngrsftmg{fo\é? ter a
Si x- day i Mevaid kenthpeidratlanto Ptatsevere idiltrdied aith WaGll1&T470AGLAVET+AGLHIAB

‘ m)melr e qléaplg{] @P@gﬁf@ﬂ@g@%‘ C R B F a0 RIS hod 1Syt Tl 1etLAg 1 ed

after a six-day incubation period. To determine the accumulation level of H5/B chimeric HA
in the agroinfiltrated leaves, proteins were first extracted from infiltrated leaf tissue and

25 analyzed by Western blotting using anti-B (Florida) polyclonal antibodies. A unique band of
approximately 75 kDa (Figure 50), corresponding in size to the uncleaved HAQ form of
influenza hemagglutinin, was detected in extracts from leaves from 3 plants infiltrated with

AGL1/747+AGL1/R870 while the 3 plants infiltrated with AGL1/747+ control vector (443)
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25anal yzed by Western blotting using anti-B (Florida) polyclonal

anti bodi es. A unique band of approximtely 75 kDa (Fi gure 50),
correspomaiprglo/asdilze to the uncl eaved HAO form of i nfl eemzxa2bhmvoaggbut i ni n,
was detected in extracts fromleaves from3 plants infiltrated with

AQ1/ 747+AGL1/ R870 while the 3 plants infiltrated with AGL1/ 747+ contr ol
vector (443) - 84 - WD 2010/ 148511PCT/ CA2010/ 000983 showed no si gnal
(under the exposure condition used) indicating that the H5/ B chineric form
of hemaggl utinin accunul ated at high | evel when co-expressed with the HSP40
and HSP 70 chaperones. [00256] All citations are herein incorpaorated b

r ef er encéhowd 19 signpd RdRnG PERAAITCSORHBPT Beee) BAICHERS Spidhe Hﬁ@dq‘—hivﬂa'ﬁ@my
i ndi vi dugle F?r)r}ééséglt\tﬁx?% g{éﬁﬁﬁlea?eg a H&%ﬁ&%{ %gxgcc?gx éf‘sg&f SIE Bl R p2RH L hough

it were fu tation o rences herein 1s not to be
const r uedhamroreensi dered as an adm ssion that such references are prior art

to the present invention. [00257]In the description a nunber of terns are
used ext jvely ang, def.initions. are provided .to faci.litate,.understanding
of “var 1 oql0zbher: o ArIEHum ot B dhObira o Y sttt o phelupigiod

speci §i cubRéhtioh Rak YsHcaBY Aih8i%idblly RGMBted t&bé ﬁllboﬂpbﬁatéﬂtb?@éﬂei«éﬁc@h@raﬁs €s

only and is not intended to |imt the scope and neaning of the enbodi nents
of the i rrnenas thonghib merafullKaetdenti heraingeatipneofirefelcnesis iereny is nhito g wbrstrged
defining the r L kn speaci fi ion.  the rd. "conprisi-ng” s used as
an open. dRagae e sl PRAPRER) WATHDlou bl BRI B, 1
not limted to," and the word "conprises" has a correspondi ng neani ng.
15[ 00258][@a579pr noiletheulesceiptibly a puabaraf &ahme alrodedretttisively dddelefinivient aron have

been descri hed, by w of _.exanmpl e. _The invention includes_al]| enbodinents,
modi f i cath"®H SindeedpearigREnens ot ‘éﬁﬁofl%lﬁﬁipﬁ“ag? Hhemieniie igokeSERBaa. and
Wi th § ef 6 g8 feRidnD BicRUMIUXERpRIES fehBY i€y illdstrivel pullRs@RRAS £Rfis b Per sons

skilled in the art that a nunmber of variations and nodifications can _be
made wi t Hotgtdedgp dintif thg séape and trearsnp pithe Embodimients of theanveationlkdreine dNuimeric he

20cl ai ns. Exag%pl.e?j of s gh rmglifi cfati Otﬁ? i ncl.ude thefs bst'tutiCPn of known
equi val erdf¥F 8° Bry™ %%‘ta{ ¥ PEROTRECTIRETE FeSi I U et 1?%1081: FEVE t he sane
result i n‘c&ugﬁﬁaglt ik abddyastah @p&RaRich@tm, s8R/ HARAARC ThEAREEMMRARGES WHAT
IS CLAIMED I'S: 1. A pol ypeptide conprising a chineric influenza HA

conpri si rigt Rotdineitaddemand the werd Egonmpey” hag alvemespdedtag meatingt er (HDC) and a
transnenbrane domain cluster (TDC) wherein: a) the SDC conprises an F' 1,

the Toc dsRices Snraprsacu il BEIRLRGRoRiGH ofthe AR sabRRAR! 1
described by way of example. The invention includes all embodiments, modifications and
variations substantially as hereinbefore described and with reference to the examples and
figures. It will be apparent to persons skilled in the art that a number of variations and
modifications can be made without departing from the scope of the invention as defined in the

20  claims. Examples of such modifications include the substitution of known equivalents for any

aspect of the invention in order to achieve the same result in substantially the same way.
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wherein at |east one subdomain is of a first influenza HA and the other
subdomai ns are of one or nore second influenza HA 2. The pol ypepti de
of cl ai mwowhavessiithe first and second influenza HA ar ecrrdepsndesss| y
10sel ected fromthe group conprising Hl, H3, H5 and B. 3. The pol ypepti de
of claim2 further conprising a signal peptide. 4. A nucleic acid encoding
the pol ypeptide of claim1l. 5. A nucleic acid encoding the pol ypeptide of
claim 3. 6. A nethod of producing chinmeric influenza virus like
particles (VLPs) in a plant 15conprising: a) introducing the nucleic acid
of claim5 into the plant, or portion thereof, and b) incubating the

pl ant, OWW!$§H‘M RJIP: under conditions that permt the expression of
the nucleic acid, thereby. producing the VLPs. . 7. The nethod of claim
6, wher el nnolxPRRtdg @PPEFINE drehBRRIte IRfuqnge B epmprising arftcan demaig ¢lugter s |
20intro j j i My .claim6,
wher ei n,ctglﬁ)?it }Eakag!ta g%’gﬂé‘?cm Sﬁétr :(‘%g&g ?‘ﬁ%g gﬁanﬁ a ,%tdﬁlg%hnu%{gsz?rg? gg’? g/h?lfsem'
introduced in the plant so that it is stable. 9. The nethod of claim®6
further conpr) dierfPGcanprseptn €)1, K& anddt subdorhiie; host and purifying the VLPs.
10. A virus like particle (VLP) conprising the pol ypeptide of claim1. 11.
The VLP of claim further c rd,Si pl ant - speci fic N-glycans, or

nodi fi ed N-gIbglct:}éen%].gc§f§{pn§\esca8qn%sﬁ11tainr61r%2csgﬁ€°rl?a§ﬁﬁ)’ng an effective dose of the
VLP of claim 10 and a pharnmaceutically acceptable carrier. 13. A nethod of
i nduci ng i Mmen iteyTDO campriseh b d@ii2 and/ Ctailsubdinesid;iagd i N a subj ect, conprising
adm nistering the virus like particle of claim20. 14. The net hod of
claim 13, wherein the virus. ik arti.cle is admnister t 0. a suhj ect

oral 1y, esfif pElge il rpebRmisica B ntita i Buling oMyt SopaipS et a8 1 y,

i Nt r avenpusdry sec8hd siRestaangeously. 15. A plant, or portion thereof,
conprising the pol ypeptide of claim1.

2. The polypeptide of claim 1 wherein the first and second influenza HA are independently
10 selected from the group comprising H1, H3, H5 and B.

3. The polypeptide of claim 2 further comprising a signal peptide.
4. A nucleic acid encoding the polypeptide of claim 1.
5. A nucleic acid encoding the polypeptide of claim 3.

6. A method of producing chimeric influenza virus like particles (VLPs) in a plant

15 comprising:
a) introducing the nucleic acid of claim 5 into the plant, or portion thereof, and

b) incubating the plant, or portion thereof, under conditions that permit the expression of
the nucleic acid, thereby producing the VLPs.
7. The method of claim 6, wherein in the step of introducing (step a), the nucleic acid is

20 introduced in the plant in a transient manner.

8. The method of claim 6, wherein, in the step of introducing (step a), the nucleic acid is

introduced in the plant so that it is stable.
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9. The method of claim 6 further comprising a step of

¢) harvesting the host and purifying the VLPs.

10. A virus like particle (VLP) comprising the polypeptide of claim 1.
11. The VLP of claim 10 further comprising plant-specific N-glycans, or modified N-glycans.

12. A composition comprising an effective dose of the VLP of claim 10 and a

pharmaceutically acceptable carrier.

13. A method of inducing immunity to an influenza virus infection in a subject, comprising

administering the virus like particle of claim 20.

14. The method of claim 13, wherein the virus like particle is administered to a subject orally,

intradermally, intranasally, intramusclarly, intraperitoneally, intravenously, or subcutaneously.

15. A plant, or portion thereof, comprising the polypeptide of claim 1.
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