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FI ELD OF | NVENTI ON [ 0001] The present invention relates to nethods of

pr epari ngwpl2antossieei ved virus-1like particles (VLPs). BASKERAINDOHsSHE

| NVENTI ON [ 0002] Current reconbi nant expression strategies in host cells
such as E. coli, insMETHQDIOERRERPARIN %NMEBWEBIQVLB& ture express
and secrete proteins at very high level in the culture nedia. Using these
systens high |l evels of expression, proper protein folding and
post-translational nodification of proteins, is achieved. Furthernore,

purificatl essed protein is sinplified since intracellular
prot ei nwoﬁlﬁﬁﬂﬁwﬁsegregat ed from other conponents (DNA, vesicle,
menbr anes i gments, and _so on). For p]ant or yeast expression systeps, the
cel | vel000F Eikepresens inveniorbisiages temﬁt@é PPATIRg laptydestve e ke Pariclea; a.

[ 0003] 6ﬂﬁ%8f the primary nethods to conbat viral infections is by

vacci nation’” Production of vaccines in response to an outbreak or epidemc,
or to neet seasonal demands (e.g. the annual 'flu season' occurring in the

fall, oBACKGROWND OFWHE INVENTIONOr eaks observed worl dwi de) requires the
generation of sufficient quantity of vaccine given the short notice period.
Cur rent [0900] AwirER redoRbifdnt eXpredsidnifakigan oK CENEsUTR Ys e co /N Shkett dellenttuten
the face of a worldw de flu pandem c. Furthernore, dom nant influenza

st r ai nsawhaagealiaoelledture expyesaand sérnete praseikRpit venghigh 1¢vslumtbe dulturaezedian t he
year is_nhot practical.. Econom_cal, large scal e .praductiqgn of an effective
T ueny 3P dREF St Bieh ORIt eRmht e POt folTEed PR R o
(VLPS) [iR¥ifRGti ¥esthst B aBREPA, & feer?‘r@Z G666th SkfeaRl pHALHES such
as VLPs niﬁ?%lt e @frugiufé]og fhergﬁra égb5| , but Fack a ggno&ef and

t hus casinplifieé pince att@cdlulgrpomente nayrheaasiilycegrgaed fronaotheri cofrpohean(DNVAPS

offer an inproved alternative to isolated (sol uble) reconbinant anEians
for sti HeMAeimenbraagsy Biggenimesorw p SasRlantar ygash eeprsssinypisshg sell wall
expr essj i fi j i nt an external surface
resenblFﬁgm?%§$9§§hfﬁgf¢£%%gﬁgtgkswgzgggg?ggﬁﬁﬁgke true viral particle, do
not incorporate genetic material. The presentation of antigens in a

parti cu[g] end ofithetprinedre retiolds teéaniteat Siral infectioms ik batvaadindtioa. Radduetorvof us
achi eves an enhanced stinul ati on of the i mmune response with bal anced

hunor al Vafsines &1 Tespanse utrporsels or guidemicnerte yrask srasenabAempndsde.gnilie aenush by
| sol at ech AL RS ns YO ML LORRIRERETATAPRIOL0IARE el Levsttarehe

particular?_ ue Tor-enve oped Viruses as envel ope S presen
sur f acerayiirbOMo gehdatidid isuffadidht dhadiBy B PiRemB e thd sHoet e perdicd. aDétrent
Ander son, 2006, Methods 40, 60- 65). Furthernore, Influenza VLPs, with

t hei r nanddarde moductipyahinflaenzarvactiae maydennssiffdeienttio thedfateeaftaewondwide Ml
candi dat es, co red to reconbi napt he | ut i ni HA) (i.e. non ri.c HA,
or A oPERRTIS feiepn Pt Rent RDkenta g Saenge foffbiser by RaT P HEg hr o
abl e toj@REhéiatRedIRle VAR g?d&gcél.eﬁédﬁbﬁﬁcdl,%‘i’g_?ﬁcaﬂ@ﬁﬂ)@ﬁétﬁ)_n diBhicgREivR A
et. al.,. 2007, Vaccine 25, 3371-3878). [0005] "The vast mgjority of the

i nf | uenmdlueszaciageise crfrsegmifiganovalohie nar ket are conposed of viral particle
or virus antigens obtained from egg-grown virions. The production of
egg-derijyv ccines reli the culture of |ive viruses i.n enbryonated
hen eggLO.O%g}aW 5 Pﬁ@ﬁ%ﬁ‘?&ﬁ&fﬂ%vsbea?aplsmdaﬁoméﬁpaa? HERASRFEEFS i nact i vati on
and di sgupbiARnEs RYH dsi BOPMhIrhiRARe Whichird ofifle 849 PHpsidREGAII Laibnlenidd/enza
antigens are an effective alternative to virus-derived anti gens as pandem c
vacci nethus cahrot sepliRge ombiovaleta mextns jernssecamdaoginfeadicu c &0 Psrodfer amfropnoeed on on
t he geneti c nmakeup, of n strain once.this information i s, nade avail abl e,
and al | BVEREEARIIateq Eolubley Fecsmbingel SHisami br SHMBlURBaSToRp WRTERS BT e
reconbi BB oFdhsSUMIB hﬁo@ﬁﬁﬁ&%ioh%?%&iﬁd R pRHSInG %f’d‘?ﬂe%? b ¥>?tE§QI surface

split-influenza vacci nes I gher” antigen conte S required to generate
a pot entesembhimethaesitheis eognateaansbug tunbike (ru@0ival padticiedao nvethcomdrde gerefld,
1577-1582%¥FL0006] I nfl.uenza VLPs have been obtained in cultured manmal i an
cel | s f PHiahd he pressppiaspinntigensipa ppetiquipte ardaltiyalonkstrstyrs/simlas to diat of
1996, J . . 70 -5 ral vieral. proteins are.dispensable for
t he pr 0813 }:ﬁtal{lg‘]ﬁwo > Wb%g%é%nn%%?ﬁdﬁgﬁ@éﬁ\? sf t}i?énm\g/)%@% rﬁ%"’é‘g?/‘é”rtgé’ H?edgr ogr ans
have bepimpfdswEedlufar @Bﬂlﬁ&ﬂan@QSﬁ&p{nﬁfrﬁv&ﬁb&fovéﬂﬁe giff@laf6n B iso e i@k ope
proteins (HA and NA) with ML or fromthe co-expression of and ML only
(Kang et al., 2009, Virus Res. 143, 1403;46). Chen et al. (2007, J. Virol.
81, 7111-7123) have shown that HA alone is capable of driving VLP formation
and buddi ng and ML co-expression could be omitted in their system However,
since HA was found to bind to sialylated glycoproteins on the surface of
the manmmal i an cells producing the VLPs, a viral sialidase was co-expressed

. o S "o~ r - Y T F A/~




WO 2011/ 035422PCT/ CA2010/ 001488 [0012] It may be desirable to separate the
VLPs from sone, or all of the proteins, carbohydrates, etc. present in the
pl ant or wbanti/maizker before the VLP is used in vacci nepCoramzbmttooss A
met hod for extractin gotei n fromthe intercellul ar space of plants,

#

conpr i belinyed ta/ecpatie wenitor erveradsirusescsenclopedyY bUs preseah therfueiaed i ti al

fluid extract comprising th t gi i nt. s d ' '
bubl | c SUISSRS (B8 Pl At es b S sy GriaRbi S P hniyacif 2006 Menbay Do ¢
smal | gsptrirhemi&t, mAué2d Varpss whligdi) nzin'%?&rti@@%?gddﬂiaﬁ@ﬁ,ma‘}@ be&h $HaGRIto peCcUUM

and centrifugation, but is not suitable tor larger superstructure proteins
or pr obetien veon emdislates compared totePomp@antjentdgGontininoftl Ak (i.a mag9ericAd Acomat |
Acad S¢i, USA 96; 703- 708) di sc] os se of rice | ase si gnal tide
fueed P Faahide Blrodrirs s eaeiot b rrusso P dngahos e ouis o7 adualy Wby o 1
to the LB AR B&?&t‘? d by, v } 0f 1L lyler 8410 | eaf
and stgﬁﬁ%{ag%ﬁdeé#lggrrlecgvg%s 0 t%%r%shlt:’%ﬁﬁoelpyaplié%??g’g%{.cwlc\’}lggﬁhzglce)%B?gF'., 2008
(Bi otechnol Lett 30:1259-1264) describes use of the vacuuminfiltration

met hod[@05Mite vast alajdrity obtheiinfl@enze e actiriens @antrenglyaont thalmagkey are dongrosédbiacad

usi ng an ,aéopl astic extraction. PCT Publication WO 2003/025124 (to Zhang et
al) di Beiglees vaup ptigens pbtamed &om cEmgrAwgIVamRNs: Adeiproducton of egedegived ng t o

ih > . i .
Conpt e rdis? BR W At o Me RS Ao SAHAIRE Reeg SRR b0
et hodsrefbtdifieeter OfenMciSinidtidhtiad ehdsdibispask b epdrificdrvagordfwittdd deasiehty

separated fromplant proteins, yet retain the structural and i nmunogenic
char acRee¢mbines influenze ariigens asad officetife Aematizs i wirus-BUvRARYiZORS THE

| NVENTI 0015]. Th toi ti | t hod f i
ot BEeaa T ing o Rl REF iR Gt o b Pt oin afo i Bk g ot
i nvent ig@rfétih?néﬂ:?ﬁ@f £heW gtrﬂﬁghémisq]glfd@frﬁaaﬁ IsMHadéldvail ARERRA 2116@s b Mdisenza

antigens. [0016] It is an object of the invention to provide an inproved
met hod iofiatpmeyddhé prgdpdtamtproess. viddwevar usirified eeqparttinant &6\ sybdoty jppehelepy esent

i nventi rovides a.nethod. ( of preparing, plant derived VLPs conprisin
e B e TP TR st iRt A Bh i b v wguir oy | o
W N ol @R8I AP mmBACRYSIY FroRic PRl 3867 304 NRPIRIBSI07! 1AL B, the

apopl ast fraction conprising plant-derived VLPs; and recovering t

apopl ast fraction. The nmethod may further conprise a step of purifying the
pl ant @e0o6y &dlw¢hRsViPohaveteerpbainedtin tulactd mamnidhian ptldnfrort elie smekprésSionmy be
a chineric $| ant-derived VLP. The gl ant derived VLP nay be selected from

the gr 86@ &9 influenta projoied Miong salp 1806, Ickpmt (00BN 2dny Be s vVisrberetains,
viral stry eHga%lle d@bﬁfggrﬁ%}:ﬁég ro?l\/.L(l\Dg,pa%dﬁPiﬁ)ﬁe%Eg VI i O?cc%’n:e:](fl%lhle':lgﬁlgt P! oteins.

The pl ant derive nprise rnfluenza hemagglu 8‘18] The
apopl aptogeditk Rivetbept pdtludddadrh eHtscol@prdiSioR P eheCEehafRy ahti @At @REI0pE pkdtdnd! ant
or plant matter by an enzyne conposition. The enzyne conposition nmay

conpr i $BAgnd M) Vridh Mk orfroro tlee greetnressiva of §ie amt Mivmdy (Kang evak, 208P) lirase, or

Fur t nefapras. TEMBs B s B e e Pel sl BB vt B HE8%e s pase
Or protgRdR of ArivieVEP MRARkibh ARd BaREndRld M1 %Lgigre%ﬂoﬁ‘ggtgg bk ORAR& R'their

protease. [0019] ant or plant matter may be obtail ne gr ow ng,

har vessystgn.oHogrewen sigeeaiid wesrfoast fortgnd toesigdlylandgd. glidoprapdianon thetsuefacenafithe
conprise so or all .of the nt,.ope ore nore than one plant cell,

| eaves Wa&%ﬂgf‘ CPB%F@%‘F‘“%&%@%GJ%’FQ ‘alE%F‘F was eQEIPSSe i %Jroé‘%@‘ﬁtrelle?ﬁ‘?é)ﬁt i on
provi deg pa g RGr&uchlBRAMRSLRIGY derived VLPs as described above
(Method A), wherein a nucleic acidencoding the VLP selected fromthe group
of viral envel ope proteins, viral structural proteins, viral capsid

pr ot ei H¥07hAdsimplealVIPombdptionsystem| ©r exampldusedhatmeloestonehgbxmession of only
transi ent mapner.. Al ternati velly, .t.he nucl eing%taci dis st ablly i nt egrated

wi t hi n®4° §ehbsiteV gt Projeinp PAP Ut EaRERE exIFESSnedIon-S W VAl BPIIsdes a

met hod jaf; ' I ' : ' 0 .

Fur t et Bl e (R SRy (Toenfy FEREHOREE DDA e

apopl aMLPsriagldnd systeieprdtizies of aguantaky forcoroduction A thE ehdyirhdyehd grgwhhea

apopl ast fraction using depth filtration to produce a clarified extract,

f ol | owgteerRpuse potielt oid:Aemyt requiterasepticatissre ewltusk methods ard hapdlingat i on exchange
resin. [0022] Wthout wi shing to be bound by theory, proteins obtained from
the apopl ast are nore honpgenous, as the internediate forns of
post-translationally nodified proteins, or proteins conprising other types
of processing that occurs in various intracellular conpartnents are not
co-extracted. A higher degree of honpbgeneity of a reconbinant protein
typically results in a higher quality of a preparation conprising the

. .



[ 0026] The plant derived VLPs may include VLPs conprising one or nore

i nfl uenza HA pol ypeptides. The influenza HA pol ypeptide may al so be a

chi meri c W 2pologpepti de. The plant-derived VLPs nay f ur PoercAzoropmoi4se
hemaggl utinating activity. Plant or plant matter nag.be obt ai ned by

gr owi ng[00A8) REE tPiuhbcasiondV OVA00g/ 14 Adll thize Yeblianrsgntahé Rybwkit) disFsepéxpnessiontof er
may co i.se so or all of t | ant r re than on cell
eaves, RugR SR spacofid tutancsodgh oBmized HA1B T 1n Bide s0PmRBs (Bl a8s
[0027] Jihis PTRS Bhcat M QMLIRR 12%S heth QUbARS afthOBRPAGmER) 19k HiyHRRAr i ng pl ant
derived VLPs, conprising obtaining a plant or plant matter conprising

pl ant - derccumathtivh BS H Adpgesit imag obthmeq matht comstricts thastarggted to éid ERvaConsingtsadi ng
enzyme conposition to produced a digested fractjon, and filtering the

di gest e@ckipg amesnbrans targsHng domainidiq fl%trse%iﬂidfe%’{a ’Srﬁén d he graglyetiomef Yls was
plant-dﬁtgﬁ&gwMLPs fromthe filtered fraction. [0028] The enzyne
conposition nmay conpri se one or nore than one pecti nase, one or nore than
one cellul ose, or one or nore than one pectinase and one or nore than one

cel | ul ag®o9F arhe pesdmtien of infldesiarteal VItHeha raypeEs€ o tipdsdnielope Hadseenot | ncl ude
a |lipase or protease, or the composition does not 1nclude an added |ipase

or pr ot BgEeuslyesqsibadh by e inyentoryirpWia y0pUu009& Riand W © 290%97 6 Ui (e PaAsasbet The

pl ant der.i,ved VLP .be sel ed.from.d he group of viral envel ope
Pt ot ei it eof o Ve R forPSiuRE e O iR ied Y By Moo SRR a1 coa
pr ot ei Ngdvahta@edtsdB a BFIEI1MRE oMBMbIERY t6 BERIAAIAE byfhkWaiig areaRpakitibh OF the

[ 0029] The present invention provides a nethod of preparing plant derived

VLPs aslipidsuay \reyiwith sheesysiobt (el a@jant-phetueetheryeloped ®irgs would ieciudaiplan lifids VLP
sel ected fr mthle. rog:g qf eéi ral] envel OlFe Prot.ei ns, viral structural
prot ei n&P |‘?Séfir°8éfg§’ie yeiape el may,conprbute to PLIMRIPYaddmpaunedespaiGduced i nt o

the plant in a transient manner. Alternatively, the nucleic acid is stably
i nt egr ajRdoPrhdaReRbYITRATeIGped VEPPInainscdnROBBAcc REpRESEEMNE HEBN SMfhRN
provi des a met hod of "preparing plant derived VLPs as descri bed above
( Met hodarfjgeh (HBkAg) wanguscsbaddyaMasonpet of.(198hatrat.i Myl t4eed \AAPL/SN89,Ha 7454 t er ed
fraction fromltge cellul ar_debris and insol abl e materials. The step of

a

separ at § hiff%rallaptriodpsed HRY P scusre showip i indnce nojeri Byapd drecllnmmusg  or

bot her ' ' fi ' d a iofal f i on.
The. pl anPorse; HaRicb Wef M AEER iRl AT b BB R0, e 20n S5 1 [B9)
exanpl ebuttdisl ifamifatied testgafebdiip ¥tudies puly ihie@dd WshadesBintdineaBs RS @ntith et
resin. [0031] The plant derived VLPs may include VLPs conprising one or

nor e i nfll.2OR%.a q4sing 3y Helgtr42d3. Crace (201 Heecine T 8338+ éPrshdwedrthat human be a

chi meri¢c_HA ppl-ypepti.de. ant - deri ved s, may further rise
nermool (PR RERHR TV Bel oy i gt S B £ iyl iE b F RER S5
gr oW NQexpads¥@h triidgdic SbaNonad s N E Stdafifg h BRaRNAVLP VEBEne! ant matter
may conprise sone or all of the plant, or one or nore than one plant cell,

| eaves, stens, roots or cultured cells. W) 2011/035422PCT/ CA2010/ 001488
[0032] AGhbErprgssitn eighe yirtlecabsid mepteip (NWEGY yn trphsganic tetdeco/uspatgmpiangs ng

pl ant deri li pi ds,, may. i nduce a nger i n action than V| Ps de
in ot heFCSWX%P&%D%?F%@@§%‘ﬁBV§%Fdf‘%%fs aesof’%njgl[?éaé’cho afl et

t hese pba VI [ r : j Lon

i nduced b’;j 3???2@(()% h‘g?gg%%se}%qgﬁgﬁn\g}gﬁcﬁg%%@ﬁgg@t&{g&%i iﬁgﬁtgge%%ssi tion
of a pr Gtwing eexlt 2%, Bawedinnk Bidangnl (B, AO617 14)ednd thar momphegenmitgd upypomil | y
conpri se(ir{lj ntercellular and i ntracel |l ul ar conrpon_ents along with a protein
or supr & V‘Eﬁéﬁaﬂ?‘éd?ﬁmﬁtﬁa R Mieheanti &t 1lo 2885, iasr e 26. [ 0eirr bt Admingstragion
apop! asbf £of § B6dct Bftrawd HhRUE N2 SBrsY Qe RN PEPLPulc/iSimd BF VREELd it
proteins and conponents Is advant aéeous since the protern or suprastru%ture

of i nt endidt valentedre r@nhtédineldvelnpmemafas st rapemne)in whd b5% of tieinh@dked | ng
process. Havi n% a_sinpler gr ocess, risi nggfewer efficient steps, may

co
resul t YolustegrsiiFackshet ai2808, 4 herealiss 18302508) Newtarvdalened VitPsHwse alsso been

found t r f _digesti the cell |, usjng cell | degrading
enzymes O RE B PG B HordhRF Y B8 aFeen o Buble 5ol e
intact gitédngol BReR%tIBCYORN 4! Afady h@ma%&&n%amnm)tn%j@&@%@%t@ﬁﬁ
theory, the step of cell wall digestion nmay | oosen the polyneric conponents

of the be(Yarsamlet ala2@03saicht Virel. 148,d5336-1886)t he VLPs ot herw se associ at ed
within the cell wall. This protocol may al so minimze contam nation of the
VLPs within intracellular conponents. [Q034] Methods to digest plant
cell-wall are known, and enzyne cocktail m xtures that digest cell walls
may vary. The present invention is not limted by the cell wall digestion
nmet hod used. [0035] The net hods described herein result in | ess disruption,
and contam nation of a plant-derived VLP extract when conpared to net hods

o o -



[ 0041] These and other features of the invention will becone nore apparent
fromthe follow ng description in which reference is nade to the appended
dr awi ngs wbeneia3s4220042] Figure 1 shows a schematic repPreTam2atoionssf
CPMVHT- based expression cassette (construct 685) for the expression of H5
A/ | ndon6812y/16na% bh dasigpylcutbisepanate HI@OYMBPs Fomusome2osdiboisth@praotéins, cabbbydratasi d
sequence (SEQ ID NO., 1) of a portiaon of construct for . expressi.n /1 nd
(const rEPrRERRMGRBY o Pint platier f(%@ﬁ@%é(ﬁ»?d? ugeddn ¥Bing Hﬂvlémﬂg-t Sohed
(1 mredi £ 3N Phhet ] : i of H5 from
Al ndonfg}s %%ﬂ g%@g)ttﬁms? undtf(!,\lfi Itulnﬁré%% &llt 3?%8%9@%1’00\?5%%@%5;&%%%% sequence
( SEQ | ReNdfugitioafprddesstol proidde sn afterstiiial aibegtaut comprishipcthe pebtdiy of onatstuct
nunber 685, WD 2011/ 035422PCT/ CA2010/ 001488 [0044]  Figure 3 shows

char actdeserzhediip RCItPublisetinn WQ 80/A91234)e Eemenrtalng Thisrappragel i syifablp for

excl usi gn.chromt o SEQ) . | | owin entrif tion of ,the di ed

ol ant SR EPRIRGPIERDY of Slrete L BRLRER R o g S8R ARRY
3A shovsytiheotls@itale fRll4BérSupérSirdtire GRONLRI bor PRiciA CambleRss {uRhs 8l VIIP. angl es; %
of maximum |eft-side Y-axis; determ ned using the Bradford nethod). The

hemaggl utinating activity of the collected fractions (solid bars;

ri ght - sio@&3]YMakpmick st 211989 $ProamNatiFAepdrSei BB AHO TS - HIB-dissteBesmsiof girseof  SEC
eluted fractions, Fractions were precipi d by acetone, and re-suspended
i 17 40T PG Cr 1S Al B B PP B2t e ShRIFER STOTGBIO was
st ai ne L 0 @Ré‘g}ﬁﬁé i hi | [ as a
contro Flth %%tgacggﬁg? corresp o n’dtiﬁz{lé@?doﬁ}?k%&lﬁ&gnﬁgﬁg Ré, P?iﬁzg yéfﬁglsit%gtng%lde;@r an

arrow. mbUverof the s¢Erpolsgieptitiess tMoehmicel st {1k DAY (Blotechhnl iLkit80: IE®H 2640pnt r ol ) ;

| anes 7 through 10 and 14 through 16 corresgond, to fractions nunber el uted

fr om Sedeseas st of the Nagym iikrajionanethod pig¥esprmick i ebtainassRmBinay Mk i son
of PI OGP i tbac I\ RbLSSc SRALIRL! S 'ng%tfaﬂ W} 8h0BY 038EIAR) Cal

honogeni zat1 on using a onogeni zer. es were tréa in
denat ur ziggaalp dclosesdixpeeskivh bescRntnunopRbiBnsaptakE Rapétimpdo e sJoptaliéE
anal ysis of elution fractions. Gels were stained with 0.1% Coonmassi e R-250
sol ut i ofPacoRsing myrine sizegl soRucypes: st andards (kDa); lane 1 - 25 0 enzyne

m xture; lane 2 - 25 ill enzymatic digestion of plant tissue and lane 3 - 5

0 extr bt.aj n i i.he jtral, hoamogeni zer .. .[0046] Figure 5 shows the
nucl el OREPROREh Bt el g AR B RO IR et
conpr i sinB@odd dRr @rﬂ%/&ﬂIF%QMﬁr&ré\sﬂfsﬁﬂﬁMW fr@d 6k, 8r eadsllRsepaRNRDBbH! ]Iblﬁht'})r&@ﬂis,ng
sequence of H5 from A/ I ndonesi a/5/ 2005 (Construct # 660), alfalfa

pl ast ocyerdtainhe WIRtuaddind émmiunagenic shagaotartstiss of the dimleldried ires Bregiesingd. t he
capture of HA-VLP on cationic exchange resin directly form separation of
HA- VLP | I G iQn. Sanples were treated in non-reducing,
denatur$ﬂ¥@§ﬁ%@ﬁ%"%ﬁﬁ@&qand protei ns were separated by SDS-PAGE.
Gels we tained with 0,1% Coonmassi e R 250 solution, Lane 1. Apopl.astic
fracti onOTk Bhe wresent v ERfian Tlates g methods of ppseprngplart-deriyed vishs-like particles
succesSime i Clopd Lebirdhi® M . - catihoni ;plLane 5:
Fllow  adsh, ToRc Tieamean e préh fruch@ s Brel AP CALNBR G ERARS RS

cat i oni @ngpthngduerzansigdnsat ed 10X; Lane 7: Mol ecul ar wei ght standards
(kDa). [0048] Figure 7 shows the Nanoparticle Tracking anal ysis (NTA)
profile 8f I—ﬁé\!@nd .VLP é@), and H/Cal VLP (B) after clarification wthout
addi ti dif0&¢] n qhjechphstin Rty 14 Bovidsandmpiqvedaetdot pegpaging plapfrierived
addi ti of}pys¥i %ReLd nents were carried out with NanoSight LM0 -10- WO
2011/ 035422PCT/ CA2010/ 001488 (NanoSi ght, Anmesbury, UK). The instrunment is
equi pped with a blue laser (405 nm, a sanple chanber and a Viton

f 1 uor oell08$7 joher present imyentidndeosidess metleddAJ eflp@parigppluttelepecdViPe cangrising

anal ysed usj ng the NTG@Z.O software. The sanples were recorded for 60 sec.
The shu@REPINGAPIYHiOR PlAeE Batier fompripngiaislenyed KEPs selized| wigun theapeplast;

LUt . . _ tract
of v b PystfiS BRIAIAE Ind ol SRk EhidPd BORAS AAHST LRI Lplapgdfiki e
buf f er sVLRPgnad tjcobetirg the apsflish &attidi\ BleanetBbdimba flirkiter chmPivd I¥HH 6L

Technol ogy, Corp. 1T-003-0042p) Lane 2 to 5 contain 7 pl of centrifuged
enzy mat PEifEiRg thecplagdlerisedrd &Pp frombe ppoplashifiagtionuf Frerdanttderized Y LBOBambe a

Mannitol, .+ 125mM ¢itr 75mM NaPO4 + EDTA + 0.04% hisulfite .pH6. 2,
Lane 3)C%Wﬁﬁ%ﬁqr{"gﬁﬁﬁlzﬁ}ﬁ\ﬁlﬁNrf%tdFQY%d&g%y pejpeiEd Iﬁ‘%‘\l&"fg".‘% %
bisulfite pH6.2, Lane 4) 200mM Mannitol + 125nMcitrate+ 75mM NaPO4 + 25mM
EDTA + 0.03% bisulfite pH6.2, Lane 5) 260nM Mannitol + 125nM citrate+ 75mM
NaPO4 + 50mM EDTA + 0.03% bisulfite pH6.2. The arrow represents the

i mmunodet ection signal of HAO DETAILED DESCRI PTI ON [ 0050] The present
invention relates to nethods of preparing plant-derived virus-Iike
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WO 2011/ 035422PCT/ CA2010/ 001488 [ 0053] Exanpl es of protein suprastructures
are structures conprised of two or nore pol ypeptides; the pol ypeptides nmay
be the saw®,20owo3dizkferent; if different, they may be presemtA20rv/o@i488ti o of
about 1:1 to about 10:1 or greater. The protein suprastructure may further
conpr ieaeclopeproteims) vall stqpctiisal ppdteiaphadal papdil, protgiisearel il dsat prteins.afiks or t he
like. The two or nore pol ypeptides may be connected by a coval ent bond, a
di sul fAlané dpriyedgell emay gempritedptiesnza hempgalutéBhobi ¢ attraction, van der waal s
forces, hydrogen bonds or the |ike. An exanple of a protein suprastructure
IS a \ j t ' I R ed,
For - el e BoRatiah pfobliOhac it B o B RS B ooy BE LRI RY BAREET,
capsi dnfite@b@ afl engyineconpoditioa Olie @z9in@icompb&05eHnay tempriSs@id orinivte fiidn@meal so
provi des a nethod of prepari nP pl ant-derived virus |ike particles (VLPs).
The mPCHFRSE.HAS 0V BWrohenon¢ fejludase) airame of mraithan pae pegtingssgnd; osic ipg more

pl ant -derived, VLPs Jogalized  w t.hi,n.the apopl ast; . propducing .a .

b1 ot ol e Htess BB RT i Sk AR AR iR RER B PerBis ¢ Hesonne
nat t efprotefiR, GRAL LaRpositiAdded RoLRERIAE 8h e 1RAte Steirbiegg. VLPs, and recovering
the apoplast fraction. If desired, the plant derived VLPs nmay be purified
fromthe apoplast fraction. [0055] The present invention also provides a
met hod00F9] gHap ar plagt wiawer ayntpr obtainegd by gloawig, denviestend drigrowingrand hapyestinphe

met hod, i ncl udes obtaining a plant, or plant. matter conpri si VLPs

treat Rh%glfiﬂte d@\ea{ﬁ?m gratisy g’ﬁi’ Cﬁ’_ﬁ?’f‘%ersome_tﬁ ?’gr?fél?f’z@lﬁ%t’ §09TF gR0ge Bladtiuce
one OrcelIDksves NAENO P60t BPAlIRSE ﬁaxﬁ’crc‘égé' n conplex and a

prot opl ast/ spheropl ast fraction, and separating the one or nore than one
apopl astic protein conplex fromthe protoplast fraction. The one or nore

t han dAe2Q pldel presentcinpensiosiproddes mrthod vppieparing lent\deBsed WiPs asdesgribedp! ant
derived lipid e | ope.. [ 0056] The present jnvention also provides a nethod
of pr éP8¥Y etBP‘g}éS’ ‘H}gerr?lvé‘dl“%eFfsa}C‘{?ﬂfﬁgin&t%V&BtSSIieﬁ‘ieﬁ5")&1 e gFupgH viiahnt
mat t erg t.f d $Ea1t 5 [ | destq nt - mat ter

usi ng eg cgﬁ% ’de%rsa ft%aqgkoztgﬁge \)é%?r%%lssﬁtsqrgﬁhgba@r‘g%&%g pgét%?%gst ed

fract iintnodu@adlinfte tHeqplamdn 4 trensikérg @snaer. fAlaghdtiRly thepluoRucaid B stdbly REcgehted
fraction .and recovering the plant-derived VLPs fromthe filtered fraction.

I n t hivithipegeeems akBgPlany of the protopl asts may not be required. [0057] A
protoplast is a plant cell that has had its cell wall conpletely or

ti . .ast AN th | 4 1.
A pr ottooy R RS, B SRORLARER's Ao RB fropBitd unc RAPUSLPY o dGeiBd ™
(pr ot epbasVMeahbeEA) flrdrt Yoripysibea sepOf porifafche PRt felved VLRMb® iR terns as

used herein are interchangeable. The cel|l wall nmay be disrupted and renoved
necharfiPeplpstyractiony The aem@fgmgéwmz adysemppise fillemg the mheplas ftactier wsimggentle

enzy e ' oRidote s PRI ittt oRE Y SRl T iAot ine

nmechani Gabn exchafgzésmt | ¢ met hods, for exanpl e honpgeni zation fol | owed by
treatnment with enzynmes for digestion of the cell wall. Protoplasts may al so
be obtained fromcultured plant cells, for exanple liquid cultured plant

cel | s,[0842] Withent ovishing ecbegdicant by dhdosy, pr@eins pbisined demdtheepeplestaes morek s

setti forth th eneral. principles of plant. tis cul ture, cultured

pl ant q‘%&%%‘}"“&n%ﬁh?ﬂ‘aﬂwﬁ@% %f‘%gt?%?fa@%t}onéﬂhswﬁ feddyratemsormete|isy e

| ncl ud8inphising @ehes typRBof SobdsBMb it SeLIRs N dridhs int¥el MiarRRARARRN Sci ence
Publ i sherps, 5003; .}}\Xpﬁi ch&i S i n%or por at Sed her el 1nn byeref er gﬁ%e?‘,%ngrgges%&et for
exanplce;extrieted.of | haglien degrt of homogeneity of a recombinant protein typically results in a

nol ecyl. r-gl nt bi. ot echnol og .info/plant-tissue-cul ture/ protoplast-isolation

_ht m WEFRBHETARE? PERHAN GUESTPEIRE e Pin ek BRY Eshl i PodHe I beficial

pr oduGibpianac @Al i r lEVed d ]%ﬁ]rgg e, y et al.,
2005 ?)Ei%?échnol og%a%g\%ta%(géehs@ %:n%(%\lﬂ-aﬂl;’%bieg Ioi|Ens I'n ollruggﬁﬁgtg' Egll?ei n by

r ef er ememple, Fpad gartcins efntairing dighomksnose istyicogyl ftiontare élhringRdeén Bloodet hods and

pri nci Ql s.of protej i ochem stry, nol ecul ar bi ol Oagié and the |ike include,
for efYRMpERONROIRIEPIdst thap proteins enfRpIsing eumplex giycoylation] AglyBosylagd prajeinn

Wl ey ; : I nts. t 001, whi I S. 1 ncorporated
ner o) R sy o PR SO AG PR GERIGS AP BB A i

Manual , 2d Ed., Cold Spring Harbor Laboratory Press, Plainview, New York,
1989 (which is incorporated herein by reference); Kaufman et al , Eds.,
Handbook O Mol ecul ar And Cel | ul ar Met hods I n Bi ol ogy And Medici ne, CRC
Press, Boca Raton ,1995 (which is inct?r‘porat ed herein by reference);
McPherson, Ed., Directed Miutagenesis: A Practical Approach, IRL Press,
Oxford, 1991 (which is incorporated herein by reference). [0059] Enzynes
useful for digesting or degrading plant cell walls for rel ease or
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Supplier Cellul ases Cel |l ul ase ONOZUKA R-10 Trichoderma viride Kinki
Yakult Mg. Col. Ltd. 8-12, Shinglkancho N shinomya, Japan Cellul ase
ONOZUKA RSoBouva3s4te Yakult Honsha Co., Tokyo, Japan Cel Ipalraseoit@of4ssi ri de
Sei shin Pharma Co. Ltd. 9-500-1, Nag are areyanma-shi, Chi ba-kan,
Japan 2p@lpsiidgEedgmptem prgparediasing Wet %ﬁﬁf‘d?@m% hergan, ingglviaggellmall usa

Cel | u'd}/g%kt'?on, exl\/lb{t, f%? e%;ﬁé, c&%g} hﬁ?pfe[?'n%ggulat%i. USA Drisel ase Irpex |octeus

[0023] The present invention also provides for a method (B) of preparing plant-derived VLPs
comprising a plant-derived lipid envelope, the method comprising, obtaining a plant, or plant
matter comprising VLPs localized within the apoplast; treating the plant or plant matter with an
enzyme composition to produce a protoplast fraction, and one or more than one apoplastic
protein composition; separating the one or more than one apoplastic protein complex from the
protoplast fraction, wherein the one or more than one apoplastic protein complexes comprise the
VLPs. The enzyme composition may comprise one or more than one pectinase, one or more than
one cellulose, or one or more than one pectinase and one or more than one cellulase.
Furthermore, if desired, the enzyme composition does not include a lipase or protease, or the
composition does not include an added lipase or protease. The plant-derived VLP may be a
chimeric plant-derived VLP. The plant derived VLP may be selected from the group of viral
envelope proteins, viral structural proteins, viral capsid proteins, and viral coat proteins. The

plant derived VLPs may comprise influenza hemagglutinin.

[0024] The present invention provides a method of preparing plant derived VLPs és described
above (Method B), wherein a nucleic acid encoding the VLP selected from the group of viral
envelope proteins, viral structural proteins, viral capsid proteins, and viral coat proteins is
introduced into the plant in a transient manner. Alternatively, the nucleic acid is stably integrated

within a genome of the plant.

[0025] The present invention provides a method of preparing plant derived VLPs as described
above (Method B) further comprising a step of purifying the plant derived VLPs from the
apoplast fraction. The step of purifying may comprise filtering the apoplast fraction using depth
filtration to produced a clarified extract, followed by chromatography of the clarified extract

using a cation exchange resin.

[0026] The plant derived VLPs may include VLPs comprising one or more influenza HA
polypeptides. The influenza HA polypeptide may also be a chimeric HA polypeptide. The plant-
derived VLPs may further comprise hemagglutinating activity. Plant or plant matter may be
obtained by growing, harvesting or growing and harvesting the plant. The plant matter may
comprise some or all of the plant, or one or more than one plant cell, leaves, stems, roots or

cultured cells.



Kyowa Hakko Kogyo Co. Ltd., Tokyo, Japan Meleelase P-1 T viride Meiji Seiki
Kai sha Ltd. No.8, 2-Chone Kyobashi, Chou-Ku, Japan Multifect CX GC T viride
Genencor WbOl2viffse422CX B T. viride Genencor Hem cel | ul asest/cAdeiolooase Hel i x

pomatia I ndustrie Biologique Francaise, Gennevilliers, France Hem cellul ase
Asper §0R7 LSheprgsnt BivgntiorCHemprosideCa metigd, () ofi prspanagy plagaerapd ¥éPBul ase
H 2125 Rhi zopys s i chen

. Si.gma . . . L
comprising o talni%g a plgnt or prll? matter comprising plant-derived VLPs, digesting the plant
matter using a cell wall degrading enzyme composition to produced a digested fraction, and
filtering the digested fraction to produced a filtered fraction and recovering the plant-derived

VLPs from the filtered fraction.

[0028] The enzyme composition may comprise one or more than one pectinase, one or more than
one cellulose, or one or more than one pectinase and one or more than one cellulase.
Furthermore, if desired, the enzyme composition does not include a lipase or protease, or the
composition does not include an added lipase or protease. The plant-derived VLP may be a
chimeric plant-derived VLP. The plant derived VLP may be selected from the group of viral
envelope proteins, viral structural proteins, viral capsid proteins, and viral coat proteins. The

plant derived VLPs may comprise influenza hemagglutinin.

[0029] The present invention provides a method of preparing plant derived VLPs as described
above (Method C), wherein a nucleic acid encoding the VLP selected from the group of viral
envelope proteins, viral structural proteins, viral capsid proteins, and viral coat proteins is
introduced into the plant in a transient manner. Alternatively, the nucleic acid is stably integrated

within a genome of the plant.

[0030] The present invention provides a method of preparing plant derived VLPs as described
above (Method C) further comprising a step of separating the VLPs in the filtered fraction from
the cellular debris and insoluble materials. The step of separating may be performed by
centrifugation, by depth filtration, or bother centrifugation and depth filtration to produce a
clarified fraction. The plant derived VLPs may be further purified by chromatography, for

example, the clarified extract may be purified using a cation exchange resin.

[0031] The plant derived VLPs may include VLPs comprising one or more influenza HA
polypeptides. The influenza HA polypeptide may also be a chimeric HA polypeptide. The plant-
derived VLPs may further comprise hemagglutinating activity. Plant or plant matter may be
obtained by growing, harvesting or growing and harvesting the plant. The plant matter may
comprise some or all of the plant, or one or more than one plant cell, leaves, stems, roots or

cultured cells.



Rhozyme HP 150 Aspergillus niger Genencor Inc., South San Francisco, CA,
USA Pecti nases MACERASE Rhi zopus arrhi zus Cal bi ochem San D ego, CA, USA
WO 2011/ O86482RGT426A2010/ 001488 MACEROQZYME R— 10 R arr rczica2vekooi 488 Honsha

Co., Tokyo, Japan Multifect Pectinase FE A % Genencor PATE Ba é:CI | us
pol ynipa2Fanithentoeishivgdnbe bagd tr theyplant-rmts YERS corepristagplagsideriyed s p.

lipids, may induce a stronger immune reaction than VLPs made in other manufacturing systems
and that the immune reaction induced by these plant-made VLPs is stronger when compared to

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

[0033] The composition of a protein extract obtained from a host cell is complex and typically
comprises intercellular and intracellular components along with a protein or suprastructure of
interest that is to be isolated. Preparation of an apoplastic fraction, followed by a step to
segregate the intracellular proteins and components is advantageous since the protein or
suprastructure of interest can be enriched and increase efficiency within a manufacturing process.
Having a simpler process, comprising fewer efficient steps, may result in significant yield
increases, and cost reduction. It has also been found that the process of digesting the cell wall
using cell wall degrading enzymes increases VLP protein yield even if protoplasts do not remain
intact during the extraction procedure. Without wishing to be bound by theory, the step of cell
wall digestion may loosen the polymeric components of the cells wall and assist in release of the
VLPs otherwise associated within the cell wall. This protocol may also minimize contamination

of the VLPs within intracellular components.

[0034] Methods to digest plant cell-wall are known, and enzyme cocktail mixtures that digest

cell walls may vary. The present invention is not limited by the cell wall digestion method used.

[0035] The methods described herein result in less disruption, and contamination of a plant-
derived VLP extract when compared to methods for preparing plant-derived VLPs involving
homogenization, blending or grinding. The methods described herein provide an apoplast
fraction of the plant tissue and that may maintain the integrity of protoplasts and their
components. The method as described herein is effective in purifying VLPs even if the

protoplasts, or a portion of the protoplasts, lose their integrity and are no longer intact.

[0036] These methods provide a higher yield of VLPs when compared to methods of VLP
extraction involving standard tissue disruption techniques, for example, homogenization,
blending or grinding. The greater yield may be due to, in part, a reduction of the shearing forces
that disrupt the structural integrity of the VLPs and/or the lipid envelope. Preparation of VLPs
from an apoplastic fraction may be advantageous, as apoplastic fractions are significantly
reduced, or free of, cytoplasmic proteins. Therefore, VLP separation from other proteins and
matter, including HA monomers, trimers or fragments of HA, in the apoplastic fraction is easily

-8-



Rohm and Haas Co. | ndependence Hall West, Phil adel phia, PA 19105, USA
Pect ol yase Y-23 Aspergillus joponicus Seishin Pharma Co. Ltd., Japan

Zynol yasewénotwobeaet er | uteus Sigma Chemical Co., USA [Pe0&W200oi438 of a
particul ar enzynme or conbination of enzynes, and concentration and reaction
condi ¢dreedournHotkewen thooeastdeldy pé VaPs playralsotiesdbtranedsesthg tho meplividsh t he

prot opl ast and .apopl ast fraction conprising the %é S 1S qQbtained.. A.m xture
of ceflgsgnbedcierdipgver i the RrkoniAy P&@é@ﬂa’s%,a HOBHOTLQIARH PEIORIAYh BEPRKLER 1
NACEaggﬁgg mor Miltifect, may be used in a concentration ranging from
0.01%1t02.5% (v/v), for exanple 0.01, 0.02, 0.04, 0.06, 0.08, 0.1, 0.2,

0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.1,.12.2, 1.3, 1.4, 1.5, 1.6, 1.7,
1.8, [0097] ZhOVLPs df th2 peseit. iByentiod arcals@ctathctarized as exhibitiyg argoeatdr

t her ebet ween, MACEROZYMETmM or Multifect may be_useg,alqne, r.in )

conbi hemagshitineting agtivaly thanhagecobtaingd wsang sipnderd tissue dispipign t?‘?@‘ﬁi%‘@?- | thigse, or

a conbi nat i pn t . / i.n: I gi ng

Fr om ron e RebetEhERbanE Rt B B 358y Bidds 6FREREYISH R LAY 70
2.0, #oBmer-0? trierFrecIn SoluordPa greater yidld/&Y inthcOV LHAs with iftad lipld eibveldpe§)%o
(w'v) or any anount therebetween. [0062] The enzyne solution (alternately

r ef er pealcambiastian thetepf.wal | degr adi ng conposition, digesting solution) will
generally conprise a buffer or buffer system an osnoticum and one or nore

t han ts, dival ent i ons. .or, other additives. The buffer or ffer
syot e BST Sapdnesaui it itk MO%AR NGt Ehals St “Bliprkie s e nis &t

acti Vigh¥ieaRfhstd) thab taphatd doh-afectibes. PR Bibloghtal ¥:dtainfrentid b ah isrand
exanple, within the range of about pH 5.0 to about 8.0, or ané val ue

t her eiies metenquitiddospodattiod. Phintswde viyPsvaoyidel e fotidr advangaga by ladowing the be
recovered, . for exanple the. pH may be 5.0,.5 2, 5.4, 5.6 .8, 6.0, 6.2,

G 4, GNPy by Expyin rpeguonse of fld dhiSheti eFc Bty i
Exanp Ubf &hf. buffer systens include, but are not limted to, MES,
phosphlg(lfse@aggtratg and the like. One or nore buffers or buffer systens may
be conbined in an enzyme solution (digesting solution); the one or nore

buf f efG038RAddBiopriks @hintado Botcompeint ersdyines irfvobred On svithesizapartd Rdhgeiglicor any
amount therebetween, for example 10, 20, 30, 40, 50, 60, .70, 90, 100,
T70. " gl Fooss Lo prgtcings G/ LES o D Awohiea bihe pbisnkp euamm%%@gl an

there eed B co- 4 - Ii N the

sui tagﬁ%{\ﬁg@ ngﬁ&g)s%%é%%%’%%g%ea‘gﬁgqgéﬁgég&g%g%%ﬁ% Xﬁé@?ﬁ(ﬁlﬁ ae osnoticum
and i (iseucamniatiabe)atol epsuraVLSgrodadtioa it plana se the osnotic strength of the
enzynme sol ution. Exanples of osnoticuminclude mannitol, sorbitol or other
sugar al cohol s, polyethyl ene glycol (PEG of varyjin ol yner_ | engt hs, and
the |iQ40] dhrcammaty phiieinyrgien dee oSt rEgpCelhs %1 %@B\@%ﬁfﬁ BRI p| ant
species, the type of osnoticumused, and the type of plant tissue selected

(speciasirq hel -lﬁuli?@ﬁ{ r sten) - generally the range is
from t@%@gwgﬁoﬁbgﬁgxamle G 5 0.1, 0.15, 0.2, 0.25, 0.3. 0.35,

0. 4, ' 6.. 0.7, 06 0 75 or. a a t o1 | e, O,
50, " 160711 dyesesiy o etybso e B AERRLmicIRORABbUER Trom Me MBVRE o
any aesiiptibh 8 Whikh Weferencd RenA&IRN6 Gilappbided defwiagdWwhéeinn may al so be

expressed as a percentage (wv). For sone plant or tissue types, it may be

beneficial to enploy a slightly hypertonic preparation, which may

faci | i[0Q#2% Figwrgrlahpwh a@ﬁhqﬂnaémremé$qntarglpwﬁﬁl’gfé\ﬁﬁidwéed exprgssion caselte wal | . The
osnoti cum ¢ 0.pe omtted I di gestion. [0063] Another paraneter to
set fcg?o %&%ﬁi*?orﬁ%gx Fo Os%}éﬂﬁ%oﬁlﬁg'@ ‘?Jf%?m*{ﬁéfr)%‘g‘é‘;“at ure may be
controlled if desired during the digestion process. Useful tenperature

r ange [G0u3Y IFigiie 208bwe e the natldic4RidseqlienkBYSEQMDEN@! Lirof atpdetichsticonatuct f or
exanmpl e from about 4C to about 15C, or an)[/) anmount therebetween, or from
about farexpeesaipg itS/Inde(constragh pumbeielSa tfivre Paeldppyeameadihe Beppioiatey) to t he

t enperat ur.e chosen,, the oth di.gestion experinental par ers may be
i heCol BT R B PR Re B GPUE BT B one. sl ts
or  bot)iBHedfs206 LR UnBerlitBd F4Euid) A5 TR WEHDLANMS RiPRLhéd¥ (SEQTDENED &

di val ent cations, such as Ca2+, or M2+, at 0.5-50mM" or any anount

t her elbEt AdednnesialSt (5, hedhmagghniamdreo@aldiy2conbimict nu@b&HES. KNO3, and the |ike,
fromabout 0 to about 750 nmM or any anount therebetween, for exanple 10,
20, 30, 40, 50, 100, 200, 300, 400, 500, 600, 700 or 750 mM O her
additives may al so be added including a chelator for exanple, but not
limted to, EDTA, EGTA, from about 0 t'o about 200 mM or any anount

t her ebet ween, for exanple 5, 10, 15, 20, 25, 50, 75, 100, 125, 150, 175,
200 mM or any anount therebetween, a reducing agent to prevent oxidation
such as, but not limted to, sodiumbisulfite or ascorbic acid, at
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Furthernore, cultured plant cells, either liquid or solid cultures, may be
used to prepare protoplasts or spheroplasts. [0067] It nay be desired to
use an ernxpreBliocssesi tion that |acks, or that has inactipeatedoioigpases or
proteases. In sone enbodi nents, one or nore protease, or |ipase inhibitors
nay bRO4AT Figsee 3 ishowhehaenzetivaticooplosnaggbninirEkdptadaining|sirpetuess biKIZBI t or s
i ncl ude RHC80267 (SigmaAldrich):. exanples of protease inhjbitors include
E- 64, exchpmyohromatograghy [SE@pr BeIiRg coNg ,gaiﬂé‘fgﬁfﬁlsg}g%‘&ﬁ BL@B% PHraChELS at i n

and the, Like. [0068], Any. Sk h 1% I LJigbik Rebitine pl ant
rratte?eq}eﬁwtaﬁéesh?zei}aéd %ngrr%ac?gf){‘elﬁg&ng%aggbbg “géeglglsﬁlg)?ggﬁat%%f;e, thg plant matter
may  bgodgftpel frgtion! (S6lidowiasFlak e of mainiunMefsidea agis; détantnedusimgthshaker
tunbled in a rotating or oscillating drum Precautjon should be taken in

or der Brasiforidrethed. {Tihe hemegglplinating gt thpprllestsd deciionslselidbasiightskley ar e
removed formthe di tion up. i gesti.on v I : ed
nccor & Huys by Adenrh b PR SAGEAMETs 4G Sy RAAORE rRc gl
Conpr iz ipRa -4 Q)40tufle 37 RUUNHEERK¥ Wabig buffid0 nM
manni ﬁf%ﬁépﬁﬁég’gwéﬁ%edgﬁ%% Sﬁc(léal—ll 5.6 rrayebe used for prot opgl ast (or
spher pfbastanalysiod Get wansthinedmsthrtel %iGroniassia R 2 WssobgionAd utdied MLFs vererusi n,
the concentration of manni tgilln maﬁ1 zﬁ;g be varjed,f ro(ﬂbabout 0 bout
500mvas aconir) Brahand coremropdingde te FnE mopower jsjindigated, By ap oy, MWVeq wi t h
the i I i / 422 S0 Ssc LRiN4 W1l be
abl e %‘%@é‘%%@@%ﬁiﬁﬁﬁé’ énsﬁ;{e conp%{s&tgﬁtgﬁﬁflgl#e%?ﬁgﬁ%gghgrﬁastrai n of

t he NitlgohglaRcdifespoid dFactony maibes pReddefor SEC dmiyspy slthwat indngwd 3. Ps.

[ 0070] Upon disruption of the cell wall, or partial digestion of the cell

wal I, a protoplast fraction ,(co(gpri si ng Pr ot opl agtg and/ or .s&.hero I aat s),
and af0045 diigurerd shows gicomparsan ofiprefemdtoniles phltamge piiey spzymatiqiligestion fan

fraction” A obt ai.ned. o) . i i | ast

fract ibé’ﬁn‘f‘?gs‘ylﬁ%?mf}@ g?nelczqaﬁ}orn eu’(%‘?n[gga %(r?rgl %?e |%¢1é%}?lgf'géd}ﬁggsﬁyxr’%f@terlgﬁgggpdescri bed
her ei endthigh &l 1ABIMBMRAPLASIA frofedsi vite 8épatatell BESDEP AGBahAIgsis bylutien used
for the extraction of proteins, for exanple, but not limted to, VLPs,

viral fewtietsopelsprare eteined wiily Gl YosEoaneassie R-2 3t saletions, MY r AYlolegdas weighiot ej ns,

viral coat pr ins. [0Q71] By "apopl ast fr ipn" it .i|s. t action
e Rl A5 1 ooy ARRBA e o84 LBt BB R

di gest{Qm afn‘dslhr{% cel i ev@hd odReeadNthe TRTRS] WmddeRizet. ant matter in the
presence of an osnoticum and/or other ingredients that nay be used to
assist in maintaining integrity of the protoplast. The apoplast fraction

may cdifd6]dageerfeshoospbnamisc acid sequgnée (GRQITS NG9 of pr Brogipaession cagsette
spheropl ast s) . r exanple, the apoplast fraction.nmay conprise fr about O
to abd@MmPEEULE P&? p@?”%l WBH‘r?fertaﬁg PeE’ﬁmgﬁ?&’g‘ﬁ“‘?ﬂéo@t}%%%ﬂ?esof om t he
proto t /faBGdst4)s , lastb@yaniP3’ PR ahd terdfnatstd, 40, 45,
or 50‘%@#&&@%5?232%%&%8%%febg?vz\l/le%lrfa gfaStt E}éancorrponer?ts ?ronﬁ t he

pr ot opdegsdncéy. acti on. [0072] By a "digested fraction" it is neant the

fraction that remains follow ng enzymatic digestion, or partial enzymatic

di gestion, using cell wall degrading enzynmes of the Pl ant. rrgt er, however,
i nt egri0471Jfigurecd phovtsshe sapture OF Ry VIE AR Gaanicgxehange ‘?ﬁ?‘b‘%getc A9 hcti on may
conpri e i Nt i : ) asts. The
comossﬁﬁ?ggpﬁ&%%ér%‘?‘?\é?%gp ﬁ’%gp%@h&%i{apbge%r é%%erghéét‘rérgg@ﬁ%g{f%gg roduce the
di gest®flafuriag tample iddinpoiyiter asd protassweiecaparated by SOSeBAGEL Galmwiay stamed
present at a reduced ampunt when_ conpared to the ampunt present in sé%ndard
pr ocedviite 8. 1{s EaomassiR 20H splubenplans ks Anoplashe radingafien Aty epieon bajht->f r om
t he cogpositien. . .T i L S t 1y and
the provont TR s AERFre e AR TIRE 4= Ehd AT PBRR AR AR LR ¢

f ract i IFlMYhrotighRyctdatofite: datibaictexchibdnge.diage s eldtidn foim @rioniorkeliange,

intracel lul ar conponents and extracel |l ul ar conponents. Intracellul ar
conponemcentraiad W flgnad: Molewdarfverightstandargs 0dPast s/ spheropl asts i f an
osnoticumis used to nmaintain the protopl ast/spheroplast intact. If no

osnot i is. used .in the . digestion solution,. th

pr ot op@gg%]sfgﬂﬁee? Blqu%Fsth b%ﬁgpaﬁédﬁ i%g?'c Bﬁea&ag'ﬁlﬁ t(gﬁg) ipﬁ(ﬁ}lgg EHPdndg VERGAD)

ext r acglql iy /ah VEWBEQﬂ?ér%Iaﬁrﬁ%aQ@h GRAbktNadition of NRCd tcg@igés@i@nfbhﬁéﬁ Anof As

descri bed herein, the WD 2011/035422PCT/ CA2010/ 001488 VLPs, may be

separ al&@at Viulh (Co mpthribistagditibnt T iegperireehts warst daomedusit mgthaignoSight A0
techni que. Wthout wi shing to be bound by theory, the step of cell wall

di gestion nmay | oosen the polyneric conponents of the cells wall and assi st
in release VLPs, otherwi se trapped within the cell wall. This protocol also
m ni m zes contam nation of theVLPs, with the intracellular conponents. The
VLPs may be separated fromcellular debris follow ng enzymatic di gestion

.. Y R 1




[0079] Correct folding of viral structural proteins such as HA and
formation of trimers of HAis desired for assembly of VLPs. VLPs, and in
particul avovhAx3saeprising a plant derived |ipid envel opeT/amyiopoossde for
a superior inmmne response when adm nistered to a subject, relative to
admi niMNsno8ight Mmoésbtitye UKDr Tt nstamentas equipiedriites blup @@80§405 rms)oﬁﬁamp e

nbodi d b d | ul
ext r adRmT i S B8 RupioglasioRicE Sging VAts vre Gegftanet PR SraRA el cal fze
the exp a’%é«ﬁ ﬁgng P‘le\’l@?ﬂtﬂ F& thard ”[ﬁf%rshfnﬁl-éls Werd RLAIIES or GONRC.NHEl sBleramidd

encodi n pol ypeptide may be linked to a nucleic acid sequence encodi ng
a si ggah meq:)maﬁimlly,&hssegrsaIthqnepnmdbpanagleaésbbrtlnamlsy)btamerdef erred to as a
transit peptide or signal sequence. Signal peptides or peptide sequences

for directing | ocalization of a 35422P CA2010 001488 ressed
pol yp@&f‘?hlglgt%ée 3%0‘!’.!1%2)%&'(3&?&“ [’lr% Pﬁ%ra%@gﬁ&% EnstRtechby Q‘W‘@gxgrryls Zs e

signa ig GRLW %&gﬁmuﬁé sL93n 1)51519% E’%gﬁnbhav?ﬁA%q%] d‘}ﬁﬁ?gﬁg ?1%%1 K23 hne Protein

di sul & 'somer ase srgna pep ng t no aci d seqguence:
NAKNVN&Q@lo‘é§U@k;LVE’$@B FOREE)) ISiQ 2 B SNOntald7 ppbﬁmntrpfagéqumyﬁ&ns extedcat ed
protein (PRP; Szy tperskr et al. PNAS 95:2262-2262) or exarrple Tobacco
pl ant pgrfarmsgémthsi fellewingbaffers: bend N @Omamﬁahﬁﬁzm%@ﬁéﬁél SEN NS Sy

2 01 RER 350 S e B E AR | STabmBPB e o) I

i nt er saPOY -0V BEXEA 2aed4od basul fe pRS. 2 auﬂeru)azs)ohm Mmabastl)zsmm &&ae#l e or
tissue, for exanple when the pol ypeptide is expressed and secreted in the

absend@smdf NaP@i g 2&mMERNTAle 0i3% brnite pHES: Lake. 5)[ 200824 M?hl@lttﬂer M2INM us |i ke

particle" (M or, refers tructures
Phat - cwnrerbmthNa Qe beRpr L8 URDAl et o wo™ RoRstlafll o an

i nfl Uﬂﬁﬁlﬁnkﬁt&h‘é}flgfgﬁal AgLo.chineric influenza HA protein. VLPs and chineric
VLPs are generally norphol ogically and antigenically simlar to virions
produced in an infection, but |lack genetic information sufficient to

repl i OBTAILED PESCRIPTIOM - i nf ecti ous. VLPs and chimeric VLPs may be
produced in suitable host cells including plant host cells, and if desired
furthes OSIQFJ ThE b?fgent[rl(i)\%g])n Witk €tol tﬁéthb@‘l?ﬁ)réﬁaﬁ% %Mﬁt—@&h%ﬁhﬁlsll%'pﬁﬁm VLPs
are exenplified herein, the nmethods described herein may be used for any

pl ant {MEP$)v MorVIsﬁezlﬁMw, tﬂlepedsclzﬁenvamnom is direstedldo metleds of prephenggbpt ast .

[ 0084] By ."chi ot e chimeric polypeptide", it is neant a

pr ot eiCWHB’r‘SIB%F‘&E'@ Eb{]f{)’ﬂ ses amino acid sequences fromtwo or nore
than two sources, for exarrple but not limted to, two or nore influenza
types GUSI?%EX‘(Hﬁﬁvmé Bédcri ﬁ@n fslb?%g)r&%rr@d shbdifero! ypeptide. The chineric
protein of polypept y Inclu a signal peptide that is the same (i.
native) as, or heteroI ogous with, the remainder of the pol ypeptide or

pr ot er[@()SZTFRhe rpt'ﬂsatﬁnnvwnpompmvmiasra rodthodfor obpaaiiype ptatels, erepyotom pprdueddreas a
transcript fr a chinmeric nucl eotide se ence and ren%ﬂ intact, or if

m
requi P&y terefte T8 rﬂr%rlrlgff i ereimaygie RIRTERBH sm}pésr PHECHjanfomhrEmeaY
follo i of

the. oapRSeBABhREPUE plaktEcll BAEh oEIILIRE N RORDRLpHBoptlCaMRArRRAL| PHE
chr e methq iavelives @modinghdigesting op bbshpdpéstidg anm;enaivmg uhacbludemaptanmeélr n or
poI ypeptide conprijsing subunits that ar f%(él ated via disul pht e bri dges

. e. Wallfiptsurginds placelisy)By @B?St’é‘%é]i’ﬁﬁ“il Ficsompeasts gkt rising

am no | c Rt or nore
Ehan_ i dle REGURACAR (e Brorei B fidtEHh Hinddale (RN 9%%%%52‘%%12%
associréesdd VvBs uémgmlhlp hieﬁﬁ)dbfhqu@mntdi ppotemUsaprastradie®f interestds enrivhed sinbé ner i c

pol ypepti de. [0085] The pol ypeptide may be influenza hemaggl utinin (HA),
and edehpretoplassrhgropdast ersprartpeh thahsordannma maggrly kasgoelheroteinsand nake up t he

POl yPeRh eI, ls?éngal?éﬁ&&%ihé @PO%L%{ f&g@&@& bEfAiNS ilen& Q&Cgro%dgé‘h&%{m

or chirnefFrc in Fi'c o] |nc amno aci
SeqUERER eEREMe if bBAIMeE £pRIt&s o frotdis B@éraﬁﬁi@idrél 6f inBer&dh i AYBHirircz A pRScessP iRt ei n)
that is cleaved after synthesis. Exanples of HA proteins that may be used

i n t hentegrtgof ﬂmprd@slasr/&lvédropblsmqmpmtwepéISfleﬂnd therproopRedahoepsrs; WO

2009/ 076778; WO 2010/ 0032 (mhlch re cor or at d herein E ference). A
R R A R SR S e

"chi i i quence A virus-like
parti ‘gségﬁg ?%g%ﬁ&(gnﬁPﬁg$ﬁgnﬁgk%§§lﬁﬂﬁﬁ@bgﬁh U§§ a chineric VLP".
Chimeric VLPs are further described |n PCT Appl i cation No.

PCT/ CA2010/ 000983 filed June 25, 2010, and, U.S. Provisional Application No.
61/ 220, 161 (filed June 24, 2009; which is incorporated her ei n by
reference) VLPs can be obtarned fronrexpressron of natrve or chrnerrc HA

F AT 1A Y " o o o . o g



[0088] Cell nenbranes generally conprise lipid bilayers, as well as
proteins for various functions. Localized concentrations of particul ar

l'i pi ds nmayohkeifmissrd in the lipid bilayer, referred to a®CTldapin/ooadsss’ .
These lipid raft m crodomains nmay be enriched in ;(Phi ngol i pids and sterols.
W t hoab534 Bhinmngled of dreteinoupthstyycttive areystruciupgsd-omprs HRYVOHRIVROIE gni f i cant

les in endo and is, ent " of.. yi .
|t cralzmsetidefe regronmepudesansy b e uor BHERER: fTerpily B Bl B BEent 5 e
struct E(i?{ﬁ)lf COIRIANERL ol l[(%ggrg%%hﬂerofhé)ﬁﬁ?eﬁ‘ﬁ SUPrastiuetirémay RirthR€ edhptikronand

extrace ar matrices. VLPs conprising a |ipid envel ope has been
pr evi gabi 1Hedss phdd@Holipid \BuZeRACHIBIBTGPrane QDO BT 6 THEtwaerdny® 2010/ 003225
(which are incorporated herein by r th reference to influenza

ference '
vi r uspolyprptides may hepergrtad by PI?@V%?“tiﬁﬂd’ & s%]gg%\{)ﬂggeeppprg% Factog a
structural gl rotein of jnfl I i HB%ke. TRE kndk ofhe present
invenﬁﬁ%ﬂmﬁgyxgggﬁﬁ?aWﬁH%x F%%#§%€£g¥§?§%éP&E%$ﬁexanﬁle, fhe may be of
subt ygl%téﬂ% sugtastrucire 134 vitd likbartidle (VR), Wiich iy, betdhtelopth® or hihiBenitdlopedH15,
or Hlb, or of influenza types B or C. The reconbinant HA of the present
i nvenfirenample, avsd covelppé Broteim aavifahstretwial prothile oarabeansi RIALIHET a¥Hakence of
any hemaggl utinin. The structure of influenza hemagglutinin is well-studied
and dEPBREEt es a hi gh degree of conservation in secondary, tertiary and
gquaternary structure. This structural conservation is observed even though
the amp b Ar S 6 YRR o B0 YAIVYdcs 38Rethb Db Sr¥gdlgdlarbidetietd dnd likel ey, 2000
Ann Rggﬁgaqghgﬂ169:53l-%9; %gccaro'e; al 2&%5; which is incorporated herein
by r ebeaitiees €YLPHudhe otdtitel ineovenctssinmgooplant@r HRnhmattgtompessRladnd ar e
avai l abl e for exanple, fromthe BioDefense and Public Heal th (now
| nf | udasvedrékRalostized pathirs the apeplpsterrodpcing a Pfg%?lg)ﬁﬁ&ﬁraﬁ%“k‘éf@’ %ggggr ch
36: D49/~ i : last fracti ising plant-derived VLPs, and
bi ohe&l ?Iﬁ%sgz%?%%?@gg%)@ﬁ? oﬁe%btgggg%po?sat g(r: ;?nncfolrrlljpennza P or the databases
Mai Nt aédoQekidytht Ao\t ifrattkdn. Q€ désiredS the pBinotetied O/ [Ryymanbepuriieddront MEBI ; f or
exanpl e at URL:
ncbi . abeplastirageer. si t es/ ent r ez?db=nuccor e&cnd=sear ch&t er =i nf | uenza), both
of which are incorporated herein by reference. [0090] The present invention
al so s 19 ; | NGel bithg PLPOYHpiiGPApIaR and
i sol aﬁﬁ(ﬁéﬁ Jﬂhﬁ§ r esgﬁbﬂeﬁx?%a%isg ?(E‘gﬁézsa Etlgg& gtﬁlt\?kr usges whi crﬁp i ﬁ%q? humans, or
host aRiiv&l Bpideavelépanteang@hbdrichrles bisthinasy, a plhgs or plhntdsattes bemprisiag Vakswat er
fow, migratory birds, quail, duck, WO 2011/035422PCT/ CA2010/001488 geese,
poul t rtyeatinhihelpdant orplany matéginvitiean eay@e co@PPHEON @dlrg(,iuqeioéléro,r mogoPar 81 ci vet

m nk, stone.marten, ferret house t I C ) . whal e
and 1 HEOTPRIS PRSP AP S sRap e B T Ting Bictne S flore 101

[ 00911, AN ROy BFlaGtic/Hble bl bR e BEEblad fAEHBYITI driti dvsncrt thanfdnuenza
viruses. This variation provides for new strains that are continually being
i dent idpopldstid prb®eat complyx behpwises theheLPeeomprisingaplanidepiyeq lipidsnuclepe.
formation of hemagglutinin trinmers, which subsequently form VLPs is

i nt ai ) sent . i ti I i ncl.udes .met hods of i
o ant 4GSy roemeCoy s oo e hERA S RGBT ARk BIRE 10 2

HA CO'quﬂp?f's &b'fh?ni}{g%rp_lé?ﬁ oS PIght rﬁ§tté?fthaﬁ’rcbﬂ})flse {heQRRl-dGvaderLPd, algdithg thé t he

hemaggl uti nims nmay De i1 nportant for stability of the protein, formation of

nul t i e mdter nsing ekelbivalidPgrading ehzymt ampasitiante prlucedi Higested fraction, and
hemaggl utinate), a ot her characteristics of influenza h l.utj nins.
Fol d?g@t%wgéh"pﬁ)haﬁ%ﬁg%évnﬁ% pf%‘PF‘ii@%ﬁﬁE{ e@&'%‘h"él_ d rﬁ%QrVS“?%?t%’?%?%ugﬁ‘é‘%dudi ng,
but no{,%bé fﬂ)ltnetﬁe ﬁgerea REEGAURTES nfhdd) it & RY 8F the prdtBplagb alal \n8t Bdreqdiae of
the protein, the degree of intracellular trowding, the availability of

cofactors that may bind or be transiently associated with the fol ded,
par ti alon§7¥ Alpsedplast isimphintedl thatdtashad its hell pakk semplstedy ovpretidly remosedhAper one

proteins, or the |ike. [0Q093] shock protein Hs or, stress, proteins
are ex@Rploplasunay hasaeg ris%‘tasgﬁ@te Cﬁﬁl‘”@H PRITO a[sﬁ, '%ﬁ?@p]iaﬁt’ 9&’9%%65

cel I ul ' ' ' ' i At i cki ng,
o evert S A el B B B B B B el e e and
di sasserhd ¥ @kd ReRieird itebirgxatsle. Photel wall alagiibegisrapted aidotesioved

di saggregation. Exanples of such chaperone proteins ingc|ude, b%EU?re not
i m teme@ha,mcagp@. %]pagggengz@tlm,blepglggg),1 thﬂgfﬁ‘@@ﬂ n}qgrpgdulénpr ma 11gested
Hsp100- 200, Hspl1l00, Hsp90, Lon, TF55, gKBPs, cyclophilins, dpP, G pE,
ubiquitin, calnexin, and protein di sul'¥i de i somer ases (see, for exanple,
Macario, A J.L., Cold Spring Harbor Laboratory Res. 25:59-70. 1995;
Parsell, D.A & Lindquist, S. Ann. Rev. Genet. 27:437-496 (1993); U. S

Pat ent No. 5, 232,833). Chaperone proteins, for exanple but not limted to

ey e~ v o B 1T NI



(nucl eotide sequence) that is manifested genotypically, phenotypically or
both. The interspecific transfer of genetic information froma chineric
const ructwoaon/i3sek nay be heritable (i.e. integrated wpChiaa20teeogsaone of
the host) and the transfer of genetic information considered stable, or the
t r ansfearymaticalp arthmesllomall mag be maevednsingra coinbgaationiof nieghanmeshandn i s not

inheritable. [00101].By the term "pl ant tter', it is nmeant an terial
der | VLRI oI for espiRale Thiseshiztagn EOhBFA By khimisht B SBAe, % | ssue,
cel |'s,q; Qstign¥r the 361 WaN. PRE6AALts FAY L8 be dBtAMA 18k LEIurBBY1a6POEI! I%F»‘_ _

intracellular plant conponents, ekxtracellular plant conponents, liquid or

sol i d eexmpkdignidéulplraiplisnt cels, ar sanbeulatrédplattvell®eof . Furt her, plant matter
may conprise plants, plant cells, tissue, a liquid extract, or a

conbi i t hereof,, fromplant |eayes, stens, fruit, roots or a

conbi AT SEHBHEBfrense Yk sans: f%ﬁéﬁh"c%‘?’r‘ﬁﬁl gEngiples ghplapk tisses evlBe.t her eof
whi ch i t i . fon of a plant
may connoredter EER, Sy BEL A o R B DS ERE BB bRE R, e RIMEC, 00 o

obt ai Negolyctianyo PRinkOsud Ol BYPVE, Ridian eFEE (Pliante Publistes, 2063, wifich ishe

| eaves or other tissues specifically renmoved for use in the described

met hodBSOrnerated dersinebyreigrercedop sestor sxpraple, the éqlloming URLpenalegplastpdantbe used

{: i i f i S ib in, 0102] Th
conet PIapUgfb G atle RIQRT PRl M R ERR SR F Py CsPRREE ol | s
usi ng rdliatiRg ASErOEPlasfior BHIRSEPIES) prEdwiion \aha UfanWRC4tRh Sire k1@l iPNOY example,

transformation, mcro-injection, electroporation, infiltration, and'the

| i ke. Forey MRiceals 2005 SBiotechrdogy demcee2d: { bi-1 Bk avhptheis\ddosdyateth hereth by

Wi ssbach tho or. Pl ant | ecul ar . Bi ol o Acade Pr.ess, w Yor k
Vit TRy SigRerd Slsenct Harkd e fim i et reiRdr et e BiraplenD BBl 20
Ed. ( i i aTaF: I ferel lants. In
Pl ant Jt%gv?ag%%sl%?grg}Mé%%laEEQldg%%%%élﬁﬂﬂ?ﬁ%ﬁh%u@B%’ gﬂéelr{bg{;%vag,c%%n{)ayzel I

( eds) ,Prédols dmMadadulzy Bidlagyg fains Witey.& Song dNew Yprk (3698 arkl/Suppléd®en)s toG00ey

met hods .i hcl .ude direct DNA uptake, the use of |iposones, electroporation,

for - 2BMCHS ineragratss Roreprty @ﬁglew corhseckestayialeqalrnglopingt A;J_Ialm%qr_y
See, T APNEE 20 R SERGOH B 560 Ao S Piny BB D IRGGRIF "y

(Mol . ifstportied dkrei?BBrefcrOrced; 1aufth® &) al , Bdel Hagdiriok Df. MéRb @Rt ARE Cenglar 52

111-116, 1987), Neuhause et al. (Theor. Appl Genet. 75: 30-36, 1987), Klein
et al MethpdyuindBiglory And Medicingg7R¢ RresaeBocadiaten ,19pS¢whish és no@pomEEEherdingo) ,

Ho | .. ' 7::1229: 1 198 Bl ck et . Pl ant

Py aPoyRaret SEERISEn oy Rt LRl s, M rart kGt AR BPSSgord

(Vi ssivacwhicH is\/{gb&?gﬁm,heegﬁbyra@@q ic Press Inc., 1988), Methods in
0

Pl ant Mol ecul ar Bi ol ogy (Schuler and Zielinski, eds., Academ c Press Inc.,
1989), Liu and Lononossoff (J. Virol Meth, 105:343-348, 2002), U.S. Pat.
Nos. 400%8 Hmgmesuptd foodigesing 00 dagading ploscdbsallssios kigas@6r protiplastsforwhi ch

ney bePieeens HeSpRuS png oL R iTRERL wh P AS MR, (BRIt BB, and
Lorronqseoa‘.i.,l.lagq?ﬂand&t{fmajf 2.913) Verinhagt eat 3W.m9ﬁem$&%l§ée§a§§@érgﬂm&t% s

incorporated herein by reference). Alternatively, a vacuum based transient
expr eshéreef. Miirh bidhiting exbegdes dfeditabie BEZnte b dlades iaomsti\WONPOH&G 24DaGne WO

00/ 03766 i ncor.por a herei.n reference) y be used. These ods may
i ncl udlé‘,xﬁIréFmB%ﬁ’bg %%lﬁ%ﬁ‘?ﬁmcﬂ@asﬁ tpéat“taé‘?’qgr ??@F‘I’Pi‘dh/b”fc%@gyil\ﬁngﬁcwul ation
or Agresdtaihinbt j 0 . gt t ' TRt I e used as
not ed (g%dégg%n%\}l\??{#xg?%tﬁlg r éﬁggﬁehgé l%g,l %ﬁrﬂ%&ﬁﬂésrég?izﬁgﬁg’%i%ﬁ?&ggm xture of
Agr obdxilémig. Otimprekanplgs bhepniesiciab dnayneds pérzyme intix eiésemndtshippliond e ¢ielell wh ar
space tissue, for exanple the |eaves, aerial portion of the plant

(i ncl ﬁr@g[?gf" Seediiredusies faaégmf fi ’6\?6(§"r§‘,‘lt‘6€aHﬁer§o‘?\ﬁdéh Z%fECI--h cignegfRublishessy

root, shhpyer), or the whole plant. After crossing the epiderms the
Agrobacteriuminfect and transfer t-DNA copies into the cells. The t-DNA is
epi sonmal |y transcribed and the nRNA transl ated, |eading to the production
of t h¢0Qi0tAdiennané nameseaebtypediofi defleat@dneedd endohQppvBrgludahgepgysage of t- DNA
inside the nucleus is transjent. [00104] The influenza VLPs prepared by

met hodducgnasehfés | fresleghucambydielasn; ceiylassed esBulosin Argndegiucanasedt dlkaln

exi sting influenza vaccine, to supplenent the vaccine, render it nore
efficacious, or to reduce the adm ni s_Hg_ati on dosages necessary. As woul d be
known to a person of skill in the art, the vaccine nay be directed against
one or nore than one influenza virus. Exanples of suitable vaccines

i nclude, but are not limted to, those commercially available from

Sanof i - Pasteur, |ID Bionedical, Merial, Sinovac, Chiron, Roche, Mdl mmune,

~ e~ " 4 1 . ~ ~ . -~ .



Nucl ei ¢ acid sequence (construct 685) 2A 2 Anmino acid sequence encoded by
SEQ ID NO 1 2B 3 pBinPl us. 2613c: AGGAAGGGAAGAAAGCGAAAGGAG 4 Mut - ATGLLS. r:
GTGCCGAAGZOCGEATIBILACAACGT TGAAGATCGCTCACGCAAGAAAGACAAGABAT/CA2MI00ABESLE 1. C:
GITGTCAGATCGTGCTTCGGCACCAGTACAA CGITTTCTTTCACTGAAGCGA 6 LC-05-1. 110r:
TCT CGROGHET; CAIDAGRCAGCGH [Hdex trindfea b SHel1(1Asd; nd@lade; @ancellase SS and 1,4-(1,3;1,4)-
TGTCGGICCCATCGAGAAAATAGTGC TTCTTCTTGCAAT _
B-D-glucan 4-glucanohydrolase. Alternate names, and types of pectinases (polygalacturonases)
include pectin depolymerase; pectinase; endopolygalacturonase; pectolase; pectin hydrolase;
pectin polygalacturonase; endo-polygalacturonase; poly-a-1,4-galacturonide glycanohydrolase;
endogalacturonase; endo-D-galacturonase and poly(1,4-a-D-galacturonide) glycanohydrolase.
Alternate names, and types of xylanases include hemicellulase, endo-(1—4)-8-xylan 4-
xylanohydrolase; endo-1,4-xylanase; xylanase; B-1,4-xylanase; endo-1,4-xylanase; endo-f-1,4-
xylanase; endo-1,4-B-D-xylanase; 1,4-B-xylan xylanohydrolase; -xylanase; p-1,4-xylan
xylanohydrolase; endo-1,4-B-xylanase; §-D-xylanase. Alternate names, and types of chitinases
include chitodextrinase; 1,4-B-poly-N-acetylglucosaminidase; poly-B-glucosaminidase; p-1,4-

poly-N-acetyl glucosamidinase; poly[1,4-(NV-acetyl-B-D-glucosaminide)] glycanohydrolase.

Table 1: Non-limiting examples of commercially available enzymes for protoplast isolation

Enzyme Source Supplier
Cellulases
Cellulase ONOZUKA | Trichoderma Kinki Yakult Mfg. Col. Ltd. 8-12,
R-10 viride Shinglkancho Nishinomiya, Japan
Cellulase ONOZUKA | T. viride Yakult Honsha Co., Tokyo, Japan
RS
Cellulase YC T. viride Seishin Pharma Co. Ltd. 9-500-1,
Nagareyama Nagareyama-shi, Chiba-kan,
Japan
Cellulase CEL T. viride Cooper Biomedical Inc. Malvern, PA, USA
Cellulysin T. viride Calbiochem, San Diego, CA, USA
Driselase Irpex locteus Kyowa Hakko Kogyo Co. Ltd., Tokyo,

Japan

Melcelase P-1 T. viride Meiji Seiki Kaisha Ltd. No.8, 2-Chome
Kyobashi, Chou-Ku, Japan
Multifect CX GC T, viride Genencor
Multifect CX B T. viride Genencor
Hemicellulases
Hellcase Helix pomatia Industrie Biologique Francaise,
Gennevilliers, France
Hemicellulase Aspergillus niger | Sigma Chemical Co., St. Louis, MO, USA
Hemicellulase H-2125 | Rhizopus sp. Sigma, Munchen
Rhozyme HP 150 Aspergillus niger | Genencor Inc., South San Francisco, CA,
USA
Pectinases
MACERASE Rhizopus Calbiochem, San Diego, CA, USA
arrhizus
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8 H5 (A-Indo)-Stul.1707r: AAATAGGCCTTTAAATGCAAATTC TGCATTGTAACGA 9 nucleic
aci d sequence (construct 660) 5 10 PDI signal peptide:

MAKNVAI FGEOBBLILIBENPSQ FAEE 11 Pl ast 0-443c 12 supPl9- plpa3taa2010/00 8488
supP19-1c 14 SupP19-Sacl.r

MACEROZYME R- | R. arrhizus Yakult Honsha Co., Tokyo, Japan

10

Multifect Pectinase A. niger Genencor

FE

PATE Baccilus Farbwerke-Hoechst AG, Frankfurt, FRG
polymyza

Pectinol Aspergillus sp. Rohm and Haas Co. Independence Hall

West, Philadelphia, PA 19105, USA

Pectolyase Y-23 Aspergillus Seishin Pharma Co. Ltd., Japan
Jjoponicus

Zymolyase Arthrobacter Sigma Chemical Co., USA
luteus

[0061] Choice of a particular enzyme or combination of enzymes, and concentration and
reaction conditions may depend on the type of plant tissue used from which the protoplast and
apoplast fraction comprising the VLPs is obtained. A mixture of cellulase, hemicellulase and
pectinase, for example, a pectinase MACEROZYME™
concentration ranging from 0.01% t02.5% (v/v), for example 0.01, 0.02, 0.04, 0.06, 0.08, 0.1,
0.2,0.3,04,0.5,0.6,0.7,0.8,09,1.0,1.1,.1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, 2.0, 2.1, 2.2, 2.3,

2.4, or 2.5% (v/v), or any amount therebetween. MACEROZYME™ or Multifect may be used

or Multifect, may be used in a

alone, or in combination with other enzymes, e.g cellulase, pectinase, hemicellulase, or a
combination thereof. Cellulase may be used in a concentration ranging from 0.1% to 5%, for
example 0.1, 0.25, 0.5, 0.75, 1.0, 1.25, 1.5, 1.75, 2.0, 2.25, 2.5, 2.75. 3.0. 3.25, 3.5, 3.75, 4.0,
4.25,4.5,4.75, 5.0% (w/v) or any amount therebetween.

[0062] The enzyme solution (alternately referred to as a cell wall degrading composition,
digesting solution) will generally comprise a buffer or buffer system, an osmoticum, and one or
more than one salts, divalent cations or other additives. The buffer or buffer system is selected to
maintain a pH in the range suitable for enzyme activity and the stability of the protein(s), or VLP,
to purify, for example, within the range of about pH 5.0 to about 8.0, or any value therebetween.
The selected pH used may vary depending upon the VLP to be recovered, for example the pH
may be 5.0, 5.2,5.4,5.6,5.8,6.0,6.2,6.4,6.6,6.8,7.0,7.2,7.4,7.6, 7.8, 8.0, or any pH
therebetween. Examples of buffers or buffer systems include, but are not limited to, MES,
phosphate, citrate and the like. One or more buffers or buffer systems may be combined in an
enzyme solution (digesting solution); the one or more buffers may be present at a concentration
from 0 mM to about 200 mM, or any amount therebetween, for example 10, 20, 30, 40, 50, 60,
70, 80, 90, 100, 110, 120, 130, 140, 150, 160, 170, 180 or 190 mM or any amount therebetween.
-15-
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further illustrated in the follow ng exanples. However it is to be

under st oostot2hato3s4zese exanpl es are for illustrative purpasaEa2omlopi4sand
shoul d not be used to |limt the scope of the present invention in any
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or the production of VLPs are described U S. Provisional lication No.
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wever

61/ 220,"161. ] ot her constructs conprising_known HA's, including but
not lanrthe pldnt speciesh deetype ofoueaticum usg aadzhe e OEBlany tiske %ﬁ??thds(iSPﬁCIleél‘gor

different regul ataory. el nts_an ro er I e

pr od lfégarno‘?fro 1R4-B. e%fsorﬁgeg{}r_i %eé‘afaﬂég%el rﬂaﬁéeﬁggﬂ'oﬁﬁ:&[ %ﬁgﬁlﬁﬁ %{?ﬁgr éex%gnr?%?es of
constq ¢ tos, bhat g0am25e siseth, bor, ofse 0BYQl7ubi M7 5 Maop diig hinOtint theaslsewten, farnber
Correspondi’'ng HA HA abbrevi ation 540 SpPDI-HL fromstrain A/ New

g% ggx%ez % D 1064180) 204, 25 F603 38 POD.-430, AP0, FeH0mM mpnpgolgof #y
- expressjon cassette H/Cal W 58 PDI - H1 Ne
Cal edBrual STt esn o s sopesiFaiign 8€M§P’6’ﬁn?>yag§§ﬁ? EXW%SR@SB%PV%rﬁ@t?ngO m

strai (Qv/ﬁ |FRIO06S b Lo RIRe fpENitmdy $d BenBflSial to employ a slightly hypertonic

preparation, which may facilitate separation of plant cell plasma membrane from the cell wall.

The osmoticum can also be omitted during digestion.

[0063] Another parameter to set for the plant digestion is the temperature. Temperature may be
controlled if desired during the digestion process. Useful temperature range should be between
4°C and 40 °C or any temperature therebetween, for example from about 4°C to about 15°C, or
any amount therebetween, or from about 4°C to about 22°C, or any temperature therebetween.
Depending to the temperature chosen, the other digestion experimental parameters may be

adjusted to maintain optimal extraction conditions.

[0064] Cations, salts or both may be added to improve plasma membrane stability, for example
divalent cations, such as Ca*, or Mg2+, at 0.5-50mM, or any amount therebetween, salts, for
example CaClp, NaCl, CuSQO4, KNOs, and the like, from about 0 to about 750 mM, or any
amount therebetween, for example 10, 20, 30, 40, 50, 100, 200, 300, 400, 500, 600, 700 or 750
mM. Other additives may also be added including a chelator for example, but not limited to,
EDTA, EGTA, from about 0 to about 200 mM, or any amount therebetween, for example 5, 10,
15, 20, 25, 50, 75, 100, 125, 150, 175, 200 mM, or any amount therebetween, a reducing agent to
prevent oxidation such as, but not limited to, sodium bisulfite or ascorbic acid, at 0.005-0.4% or
any amount therebetween, for example 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1,
0.15, 0.2, 0,25, 0.3, 0.35, 0.4%, or any amount therebetween, specific enzyme inhibitors (see
below), and if desired, an inhibitor of foliar senescence, for example, cycloheximide, kinetin, or

one or more polyamines.
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663 H5 A/l ndonesi a/5/2005 H/Indo 685 H5 A/l ndonesi a/ 5/ 2005 in CPW-HT
expression cassette H/Indo 686 SpPDl -H5 A/l ndonesi a/5/ 2005 i n CPMW-HT
expr essi onocasgstize H /1 ndo 690 HI A/ Bri sbane/ 59/ 07 r eceptrara2biondi4sg ( RB)
domain in H5 A/l ndonesi a/5/ 05 backbone H /Bris 691 HL A/ Bri sbane/ 59/ 07
est er 48@654d ritherdegespotosol Wiiomdinayalde nemhpse( EE-0RBIGES pf inanii] Ao atwvé §ita A0 5

backbo | [Bris 696 H5 A/l ndonesi r.ecenpt or-bi ndin ) dopain in
i A N e NG RaBPEd) BARBOND Mt B FPeotest Afeh AR ERa6sdgbse | n
CPW- Rl 2 XP58 984 @boasss tie p'él:ti]naécBFrbﬁn abaat 0 to about 1% v/v, sodium metabisulfite

from about 0.03 to about 0.04%, citrate from about 0 to about 125 mM or NaPO, from about 0 to

75 mM.

[0066] The plant matter may be treated to enhance access of the enzymes or enzyme composition
to the plant cell wall. For example, the epidermis of the leaf may be removed or ‘peeled’ before
treatment with an enzyme composition. The plant matter may be cut into small pieces (manually,
or with a shredding or cutting device such as an Urschel slicer); the cut up plant matter may be
further infiltrated with an enzyme composition under a partial vacuum (Nishimura and Beevers
1978, Plant Physiol 62:40-43; Newell et al., 1998, J. Exp Botany 49:817-827). Mechanical
perturbation of the plant matter may also be applied to the plant tissues (Giridhar et al., 1989.
Protoplasma 151:151-157) before or during treatment with an enzyme composition.

Furthermore, cultured plant cells, either liquid or solid cultures, may be used to prepare

protoplasts or spheroplasts.

[0067] It may be desired to use an enzyme composition that lacks, or that has inactivated lipases
or proteases. In some embodiments, one or more protease, or lipase inhibitors may be included
in the enzyme composition. Examples of lipase inhibitors include RHC80267 (SigmaAldrich);
examples of protease inhibitors include E-64, Na,EDTA, Pepstatin, aprotinin, PMSF, Pefabloc,
Leupeptin, bestatin and the like.

[0068] Any suitable method of mixing or agitating the plant matter in the enzyme composition
may be used. For example, the plant matter may be gently swirled or shaken in a tray or pan or
via a rotary shaker, tumbled in a rotating or oscillating drum. Precaution should be taken in order
to minimize the protoplast (and/or spheroplast) damage until they are removed form the digestion

soup. The digestion vessel should be selected accordingly.

[0069] As a non-limiting example, an enzyme composition comprising 1.5% cellulase (Onozuka
R-10) and 0.375% MACEROZYME™ in 500 mM mannitol, 10 m CaCl, and 5 mM MES (pH
5.6) may be used for protoplast (or spheroplast) production from some Nicotiana tissues. As
described herein, the concentration of mannitol may also be varied from about 0 to about

500mM, or any amount therebetween. One of skill in the art, provided with the information
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SpPDI - HL A/ Bri sbane/ 59/ 2007 i n CPM/-HT expression cassette H/Bris 734 Hl
Al Bri sbane/ 59/ 07 receptor-binding (RB) donmain in H5 A/l ndonesi a/ 5/ 05
backbone wo 2GRM3#549T expressi on cassette H/Bris 735 H3 ACBrdazbavei4e/ 2007
in CPW-HT expression cassette H3/Bris WD 2011/ 035422PCT/ CA2010/ 001488 736
SpPDI -diit:1dSeBheimnell bOARIBAY deterntib-stifabd« pizgaRi composisise féreh¢BgBindstran/
Assenbly of chinmeric SpPDI-H3 A/ Brisbane/ 10/ 2007 (ectodonain) + H5

A | ndo¥éks Xjcationnsy, @q'fﬁDaﬁOt@?l’t%Pe?lﬁfi pyedifpr mpinctiqn od¥difsssi on cassette
H3/Bris-H5/1ndo chinera 738 HA B/ Fl ori da/ 4/ 2006 i n CPMW-HT expression

cass et[bg7(ﬁ/ [%och Cilg%pf%&f) G thg%‘elﬁ(vﬁh%ri pqa‘{alf'/d?g%gtisoﬂ 8k tﬁ%agéﬁ' \w_ll,w{)&)f&gsp@a&ﬁﬁs ette

B/ Fl o
(comprising protoplasts and/or spheroplasts), and an “apoplast fraction” are obtained.

Alternatively, a “digested fraction” may be obtained. As noted below, integrity of the protoplast
fraction may not be required to produce high yields of protein as described herein, therefore, an
apoplast fraction or a digested fraction may be used for the extraction of proteins, for example,
but not limited to, VLPs, viral envelope proteins, viral structural proteins, viral capsid proteins,

viral coat proteins.

[0071] By “apoplast fraction” it is meant a fraction that is obtained following enzymatic
digestion, or partial enzymatic digestion, using cell wall degrading enzymes of the plant matter in
the presence of an osmoticum and/or other ingredients that may be used to assist in maintaining
integrity of the protoplast. The apoplast fraction may comprise some components arising from
disrupted protoplasts (or spheroplasts). For example, the apoplast fraction may comprise from
about 0 to about 50% (v/v) or any amount therebetween, of the components from the protoplast
fraction, or 0, 0.1, 0.5, 1, 5, 10, 15, 20, 25, 30, 35, 40, 45, or 50% (v/v) or any amount

therebetween of the components from the protoplast fraction.

[0072] By a “digested fraction” it is meant the fraction that remains following enzymatic
digestion, or partial enzymatic digestion, using cell wall degrading enzymes of the plant matter,
however, integrity of the protoplast is not required, and the digested fraction may comprise intact,
disrupted, or both intact and disrupted protoplasts. The composition comprising the cell wall
degrading enzymes used to produce the digested fraction may comprise an osmoticum, or the
osmoticum may be present at a reduced amount when compared to the amount present in
standard procedures used to obtain protoplasts, or the osmoticum may be absent from the
composition. The digested fraction comprises the apoplast fraction and the
protoplast/spheroplast fraction, however, the protoplast/spheroplast fraction may or may not be
intact. The digested fraction contains intracellular components and extracellular components.
[ntracellular components may be found in the form of protoplasts/spheroplasts if an osmoticum is
used to maintain the protoplast/spheroplast intact. If no osmoticum is used in the digestion
solution, then the protoplasts/spheroplasts may be disrupted and the intracellular and

extracellular components may be combined in the digested fraction. As described herein , the
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745 SpPDI - HA B/ Fl ori da/ 4/ 2006 (ectodonmain) + H5 A/Indonesial/5/ 2005 (TnD +
Cyto tail) in CPMW-HT expression cassette B/Flo 747 SpPDI - HA

B/ Fl ori dawe/2800834205 A/ | ndonesi a/ 5/ 2005 (TnD + Cyto t ai PLTION22NBHHSEPM/- HT
expression cassette B/Flo 774 HA of A/ Brisbane/59/2007 (HIN1) H/Bris 775
HA of vﬁlp§qh%nw?j§§ﬂawad%rﬁ/caﬁp&@u dfhthé digedtid Sadtomsingzey sMitable weBrijehane
10/2007 (H3N2) H3/Bris 777 HA of A/ Wsconsin/67/2005 (H?NZ) H3/Wsc 778 HA
of B/ Néitheys wishe0e/bedoundpyiieayys the steppf cell wall digestion may loosen the polymeric

components of the cells wall and assist in release VLPs, otherwise trapped within the cell wall.
This protocol also minimizes contamination of theVLPs, with the intracellular components. The
VLPs may be separated from cellular debris following enzymatic digestion using low speed
centrifugation followed by filtration, depth filtration, sedimentation, precipitation for example ,
but not limited to ammonium sulfate precipitation, or a combination thereof to obtain a separated

fraction comprising the proteins or suprastructure proteins of interest.

[0073] If an osmoticum is used, the protoplast/spheroplast fraction, or fraction comprising
protoplasts, may be separated from the apoplast fraction using any suitable technique, for
example but not limited to, centrifugation, filtration, depth filtration, sedimentation,
precipitation, or a combination thereof to obtain a separated fraction comprising the VLPs and/or

comprising protoplasts/spheroplasts that comprise the VLPs.

[0074] The protoplast (and spheroplast) fraction, or fraction comprising protoplasts, may be
separated from the apoplast fraction using any suitable technique, for example but not limited to,
centrifugation, filtration, depth filtration, sedimentation, precipitation, or a combination thereof

to obtain a separated fraction.

[0075] The separated fraction may be for example a supernatant (if centrifuged, sedimented, or
precipitated), or a filtrate (if filtered), and is enriched for VLPs. The separated fraction may be
further processed to isolate, purify, concentrate or a combination thereof, the VLPs by, for
example, additional centrifugation steps, precipitation, chromatographic steps (e.g. size
exclusion, ion exchange chromatography), tangential flow filtration, or a combination thereof.
The presence of purified VLPs may be confirmed by, for example, native or SDS-PAGE,
Western analysis using an appropriate detection antibody, capillary electrophoresis, or any other

method as would be evident to one of skill in the art.

[0076] The apoplast is the portion of the plant cell outside the plasma membrane, and includes
the cell wall and intercellular spaces of the plant. While it is preferred that the integrity of the
protoplasts (and/or spheroplasts) be maintained during digestion and further processing, it is not

required that the protoplasts remain intact in order to enrich for VLPs.
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HA of B/ Fl orida/4/2006 B/Flo 780 HA of A/ Singapore/1/57 (H2ZN2) H2/ Sing 781
HA of A/ Anhui/1/2005 (H5NI) H5/ Anhui 782 HA of A/ Vi etnanf 1194/2004 (H5N1)
H5/ Vi et nawo288/0320f A/ Teal / HongKong, / WB12/ 97 (H6NL) H6PHorapdorvgo7Bd HA of
Al Equi ne/ Prague/ 56 (H7N7) H7/ Prague 785 HA of A/ HongKong/1073/99 (HON2)

HO/ HomgHonDuri By syrthedis BV LB aRkekbi2tcdQfiifside of the plasma membrane. VLPs are of an

average size of about 20 nm to 1 pm, or any amount therebetween, for example 60, 65, 70, 75,
80, 85, 90, 95, 100, 105, 110, 120, 130, 140, 150 160, 170, 180, 190, or 200 nm, or any amount
therebetween, for example 100 nm, and may include a lipid membrane. Due to their size, once
synthesized, VLPs may remain trapped between the plasma membrane and cell wall and may be
inaccessible for isolation or further purification using standard mechanical methods used to
obtain plant proteins. In order to maximize yields, minimize contamination of the VLP fraction
with cellular proteins, maintain the integrity of the VLPs and, in some embodiments, the
associated lipid envelope or membrane, methods of disrupting the cell wall to release the VLPs
that minimize mechanical damage to the protoplast (and/or spheroplasts) may be useful, such as
the enzymatic methods described herein. However, it is not required that the integrity of all of

the protoplasts be retained during the procedure.

[0078] A VLP produced in a plant according to some aspects of the invention may be complexed
with plant-derived lipids. The VLP may comprise an HAO precursor form, or the HA1 or HA2
domains retained together by disulphide bridges form. 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 produced, including, but not limited to, phosphatidylcholine (PC),
phosphatidylethanolamine (PE), glycosphingolipids, phytosterols or a combination thereof. A
plant-derived lipid may alternately be referred to as a ‘plant lipid’. Examples of phytosterols are
known in the art, and include, for example, stigmasterol, sitosterol, 24-methylcholesterol and

cholesterol (Mongrand et al., 2004, J. Biol Chem 279:36277-86).

[0079] Correct folding of viral structural proteins such as HA, and formation of trimers of HA is
desired for assembly of VLPs. VLPs, and in particular VLPs comprising a plant derived lipid
envelope, may provide for a superior immune response when administered to a subject, relative

to administration of the structural protein monomer.

[0080] In some embodiments, polypeptide expression may be targeted to any intracellular or
extracellular space, organelle or tissue of a plant. In order to localize the expressed polypeptide
to a particular location, the nucleic acid encoding the polypeptide may be linked to a nucleic acid
sequence encoding a signal peptide. A signal peptide may alternately be referred to as a transit

peptide or signal sequence. Signal peptides or peptide sequences for directing localization of an
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Mut - ATGL15. r EQ | D NO. . . The .pri for the second.. li.fication were
Vit - ATEEREo IR EsRes reffred A2 BRES. hfian et RAAEBER Sided Pluggle

frag ; ] : : tenplate for a third anplification
usi ng?%115 ; ﬂ%ﬁ@aggﬁg%ﬁ%%%%uﬁ%gﬁ%ae%fﬁgend LC-05-1.110r (SEQ ID NO 6) as
prinmers. The resulting fragnent was digested with Pacl and Apal and cl oned

i nto PEB1)Ia o exaggdése an exprbssed polypentide mmayrascurhlated R spasfic imtercaisibator e
gener at ed name 8&8. Asserroli of Al l ndogesi al 5/ 20@5 t:l’,lg C{DI\N I-(g‘r?
expr eS&irenslipiag space ueh antieaperlagl opsaneliney tisspg danerpmple WadLthsPglyBeptids s
casset j rd i / . ; nd W2010/ 003325,
i oh s Ppr A RRICARle R SO E 0P IR p B AR RE R D (e cod ng
sequence of H5 from A/l ndonesi a/ 5/ 2005 was cl oned into CPW-HT as foll ows:
r est r i{00829 Theitéras"viyaa lliké pamiedl’ {VEPY, ou Peituseldina piktidlés or NWLPs! refsfo and St ul

(i medi ately downstream of a stop codon) were added to the hemaggl utinin

codi ngtraetuigs Ha seilrassemblerand cgmpriperiral wptfage prateinsnforexample paluepgnil
A- . S I . - | 17 r 8 i

((: ons '? gg%t?l%?l% r%gl%nglgﬁ N?Be@oau@{i%é{;éh(' A,}E%O%lﬁl t% hﬁ?%%egﬁg%érg g\/%‘lj’bal r nal 23 : g:s),bn 840

( 2008 )orpEolb&ballyedd. anfeédllyGim B Ao &R ipsRRicadinddnf iafebAom bas laek parutia
pronoter and 5 UTR, hemaggl utinin codi ng sequence of H5 from

Al | ndarfegnatiosy spfiddent Goreplicate andithes e, ncmrih&lcfiauqﬁl‘élsﬁm@axhimer?: VUTRmay te
i SEQ | 9. Fig. . Tk '
o ges PEER 1 SAGANE Bt camnode it seltbynda e FtrBEr i Const r vct

nunber 828, previously digested with the same enzynes. The resulting
cassefpEs3naphileinBdeAANSLFUnHd RHAGRY infiféhzh W I0Ps ate exomplPARERSS WSmethods

silencing. [001] Post-transcriptional gene silencing (PTGS) may be invol ved
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suppressqr .of silencing fromthe potato virus Y (HcPro) nay be used to
count &PRSt he specific degradation of transgene mRNAs (Brigneti et al.,
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s 1 maor e L S AR ORI e pibpftider dER sk & Proe of Peberi (v
TEV- plcbhpriResan{itobeid cequenhcds fudim tige pt mbife tRarmwo BYivcespidt exqmifle bhit oo timiitedbushy

stunt virus (TBSV pl9), capsid protein of Tomato, crinkle virus (TCV -CP),
2b of "GUBQBET BZ4 fyPRROr Seiwp%ﬁl,at predusse apasigls Ralyreptise. (Peetpmsyic p11

of POt a%@inVdr PURpMhtide may include a signal peptide that is the same (i.e. native) as, or
heterologous with, the remainder of the polypeptide or protein. The chimeric protein or chimeric
polypeptide may be produced as a transcript from a chimeric nucleotide sequence, and remain
intact, or if required, the chimeric protein or chimeric polypeptide may be cleaved following
synthesis. The intact chimeric protein, or cleaved portions of the chimeric protein, may associate
to form a multimeric protein. A chimeric protein or a chimeric polypeptide may also include a
protein or polypeptide comprising subunits that are associated via disulphide bridges (i.e. a

multimeric protein). For example, a chimeric polypeptide comprising amino acid sequences
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| atent virus (GCLV-pl6). Therefore, a suppressor of silencing, for exanple,
but nota dipgphide bridgesip praglucergchimeric prteipos chimepicpplypera®y p19, TCV- CP,

CW- 2b, PVX-p25, PVMpll, PVS-pll, BScV-pl6, CTV-p23, G.RaV-2 p24, GBV-pl4,

HLV-p i&%ﬁgbgﬁzggﬁfde%{f" lg)ej‘lgﬂu h‘%%gﬁ@%ﬁ?ﬁ%r @fgf gn {ejzg:?%f \%et tlavot oq‘%nﬂrlg gllha%i ¢

aci d sequ I 'ng e protein o ere her ensure

| evel swohmddOAced SeqREREY Bilat BRAkYA Ifﬂd'p(ﬂ)(r)&gﬁﬂ@ may 80 3btaille@ foRifektt HAs ©f P19
is described in described in 2010/0003225 (which is incorporated herein

by r efpeedsge @ rhinBricdiA yor chiteeraniciflngnze dtve ActhiméripHa papaled mcbidetagmeine bushy
stunt virus (TBSV) was linked to.the alfalfa plastocyani n expression
casseabid iuenpoper s b figals sralerrisl 6 CoButkadt e pibtGRRHEER cfvea

( Met hogsy %yﬂﬂl}!ﬁw E§&{h§1@§ 6 B& préiidTha $9R) be usla{i' Inftlhg gﬁw%hti&%&griﬂéd &8 rfay

segnent of the plastocyanin pronoter s anp usi ng priners

Pl ast de4ddcl in NATDASVANTTOARFODITBETEAS; (WBEQO L MOORR 251 Whivhchrs inpbi@rgiedast o. r
CCTTGTATAGCTCGTTCCATTTTCTCTCAAGATG (SEQ | D NG 12) with construct 660

( descrEsaydy reieagncsy 16/mvelsiaes! engeding & dimeropiimreptide maz beidasasped as &r ence)

as tenpl. rahl el w r nt ai .pLNG:t codi nce
o p1olhifteRe nleRARY & RIS DRI RAY, B A e G REAEL T
NO. 13 )chiaetic3uR - toatekcribeAGT @CAGREET VAPTCORIA VTR Seither SBRrbERI MO 14)

[ 00112] usi ng construct 358:(;)119 as described in Voinnet et al. (The Pl ant

Jour n&CT34pploggon dosPCP (L8301 040008hPledtJane A0 0 andtV.SnProvisthmet s were t hen

i xed | at e f d yound of |i.fi i nbl i
react OeHREN G 2P o Glerdindal SRR Wil onteamiitd neriEhy ity
f r agmantpswas bl bBfasieadrom EXhrBaTH ofbafivd echihasd Aayani n pronoter) and Sadl
(at the end of the pl9 codi ng sequence) and cloned into construct nunber

660, previously -32- WD 2011/ 035422PCT/ CA2010/ 001488 di gested wth the
same @386 iTdeitbh ofthe Wi frepagéd/accomling towanethodprvided by .thdpresqnt assentien, wer e
used t'ohtécf nsformé\e?ﬁrcobactei.um mef aci ens (AG.L; , ATCC, I\/&iﬁassfas, VA 20108,
UsA) ERFlMetopagissusiesAndnRriaatde isegpeaeshat m evelpped prydemfitiady of all A

t umef agj| Ay I f Ny LGL] I T

B T A
const rosipotSiH-oPexgmplad p(M pactein),ad2 ¢S canidhkellike) Hoaweter,0NAa@hd M1 ma802) .

Al'l clones were sequenced to confirmthe integrity of the constructs. The
pl asmcaExpEsssed ey Ashppld \SkRsy somugisuigdd A and A berdesiteflens (AGL1; ATCC,
Manassas, VA 20108, USA) by el ectroporation (Mattanovich et al., 1989). The

SOl B 08 RIS AL TEAR SESEHAE o,

har vesiidleglds00A bhinhroV LRprodaesd inarplanacraing 3o Y&hi€ agpeowof fieQhv¢n@ea sayn
flats filled with a comrercial peat noss substrate. The plants were all owed

to gr bwcpmplened yithphangdsBvedienids. al hegplentpsiesivedh ipids masbe imthedapr phit livd r egi ne
of 25¢. / i .. Three weeks after seeding,fndividual  plantlets were
pi cke llgﬂ%’, %[%?%Ar}'s%ﬁaﬁﬁcé)g’ Rrie 6%?2"%??(? ﬁugPPf“ﬁBg o%ﬁnﬁ%&aardeegwﬁ‘ghg Stor
t hr ee nayokripeié lipidapkipoHaiedf the §lSHAen SRMAOHNEE bRt #A8dithd VNP is After six
weeks, plants have an average wei ght of 80 g and 30 cmin height.
produced, including phospholipids, tri-, di- and monoglycerides, as well as fat-soluble sterol or
metabolites comprising sterols. Examples include phosphatidylcholine (PC),
phosphatidylethanolamine (PE), phosphatidylinositol, phosphatidylserine, glycosphingolipids,
phytosterols or a combination thereof. A plant-derived lipid may alternately be referred to as a
‘plant lipid’. Examples of phytosterols include campesterol, stigmasterol, ergosterol,

brassicasterol, delta-7-stigmasterol, delta-7-avenasterol, daunosterol, sitosterol, 24-

methylcholesterol, cholesterol or beta-sitosterol (Mongrand et al., 2004, J. Biol Chem

0.



[ 00115] Agrobacterium strain AG1 was transfected (el ectroporation) with
constructs as identified bel ow, using the nmethods described by D Aoust et
al 2008 (Wbanti/Bseeechnol ogy Journal 6:930-940). Transf ectrah2égroobmst eri um
were grown in YEB nmedi um suppl enented with 10 nmM

2- (N- oo pont7i869) s loab 65 sifl anthe adGlidl reAdEs) undéRtant Mha tipidosriiposdienef tld j i g/ m
kanamycin and 25 jig/m of carbenicillin pH5.6 to an 0D600 between 0.6 and
1. 6. Pgsobasmbringraf awwsh aryivonswitk the adipre orfgigwth doatlivioas asdegaldi oF esuspended
ininfiltration nedium %‘0 qul I\%E 2 ?nd 10 mM MES pH 5.6). [00116] Pl ant s
ver e YSPBFTY PY PESER TR Wb Py pabSiOR @A ust et al (supra). Briefly, for
vacuumrinfiltration, A tunefaciens suspensions were centrifuged,

resus Fw_séf_den thehiWarled lbhdrAlRf édprise iptt bty ersS 40K 8 aPMBfceMsabt vatodC. On the
day of intiltration, culture batches weré diluted in 2.5 culture vol unes
and afunotiems. tl@calegethcbedantretiorsef patichkar pprlstmydfe dundarthébpiddnlaysver e pl aced
upsi de down in the bacterial. suspension in an air-tijght. stainless steel
k. (FEEER 1 59 ARG AIDY. SOERGIPRORITBICTOAOmaAnS TR ResrshrbingD weohaids fadd, ar
infil | - :

i1 CERE SRR SR By Sor, MU Y TSR R Ay o

1: 1 r atdc9tosispedtovirrgregactivimsendr dthérdhifeotiouspigants sinwelcell sighalrtraasddedon he
greenhouse for a 4-6 da%1 i ncubati on Iperi od until harvest. Leaf sanpling and
t ot al intera¢tinvidy ethacstiusirdlpeatpaneiut the sellenergaripmnyuchee itaErellaradng
incubatti onlﬂf 4 t5e 6, 7 and 8 days, the aerial part of plants was
harvegyféa(feé 8”8%518 ¥ medi at el y. Total soluble proteins were extracted by
honogeni zi ng plant tissue in 3 volunes of cold 50 MM Tris pH 8.0, 0.15 M
NaCl powsbpVIIPSdorhppiding hilipil efrvélRPe Albddn PPAA0EDLddsBribERlia W owoDbie9s 1Y, ant

ti ssue were nmechani cally honogeni zed using a POLYTRONTm grinding with

mor t aW@RE0YBEAT78, arsk Wid 2(h 00U32RAH TWROKCIT e incarpetetedrngrent by pitere6@®).mWithi s pH
8, 0.15 M NaC...The buffer used with the,, TROLTm al so. cont ai ned 0. 04%
cod uiHERSP SRz YT Fle b e AR 2T B BB herPig Bt oound pi ant
mat er ihcrabelGEIpkbtbiUaeRRhz2 VA GalidQr TREIHN BF thbraatk ihfntoh s wext ract s
(super nat ant% kept for analysis. "The total protein content of clarified

cr ude obtained dtosn amyssutinper Fomnedniple, theeH Braalf e of sabtypy H1BHE; RAdH4 HéS,dHd,es, CA)
usi ng_bovi ne serum al bumin_as_the reference g{q ndard. VLP extraction by

cel I W H3dHGet .5 I 6d2118] 1.4k H1sereH imeor e EdYP§sdiPt he IREcot i ana
bent ham t A - i T f1 i soaked
' 500 b el AR BEfreEyh ivBhfor thaf o BhRBRR an'ifind S8 S RAEE LA B =00
sol ut itersey@nce beany eragghitiand THeatgedrevtihflidhea Gemyg@utivin i welkbtudRd ahd
cellulases from Trichoderma viride (Onozuka R-10; 3% v/v) and a m xture of
pect i risgwastateny Ivgh degrae obgpnsevaCEROBYNETATY, Brirsyand quaterpaty struefreyaldus t

C ot REGE Bl Sb9RL AR g hd b 39 RO by AT 5062 2
sol ut eRfnpld IBI&hEIrBR AW Ay, 2000MASin RV FASCHRYES: ¥3 1-59:0v stcaldah hoYoosesarh i§ - 11x18

cm) and incubated for 16 hours on a rot ary shaker at 40 rpm and 26C.
[ 0011 &jcatnoeatechhertin byveferance)x adudlemtideagqueacesentalimet Aame frellikoosn, pideare s wer e

i nfi. d with AG 1/ #68 d i i le 1. Leaf ti
Bl e A SR g B BBAe v e 25,
i Nto Rbsdabth DARSRS SUitkd etfﬁ.géo@wcr@éﬁcﬂaﬁae%&éﬁ JeBhofNs @9&%@1& % ect

CX B (CGenencor) were added to 1.0% each (v/v) in a 6%% nmv Manni t vl
G t r aURL: biddw8kdask. ongl GBS eandhfhidnee. pd1d6c@atouflfi Buenzs) orghadatabbdses mbinfai@ddy W v)
fresh _bionass; digestjion buffer. The bio s digested for 15h at room
t errpeF*%ﬁI?ﬁtlé’“P‘nC%{lt%rng b%ﬁtecgﬂ‘alfeg}l Inforggstisp AN G150 ST AL E Kb 001488

[ 0012 1 ki j [ 10 i ! (nyl on
A o S T G A L L S
cent r irffcogmtratedhhatin2QGxfgr¢nt® min), foll owed by centrifugation of the
supernatant at 5000xg (15 min) to further clarify the supernatant.

Al ter t%Hé a single centrifugation step at 5000 xg for 15 m nutes may be
enpl of)@?. b BrFSGR! HEVegHioR lso gﬁ\%é%@traﬁbo Premspngdpelating ge Bothtpramring ox g
for 3 j . |t I in 1.7 f PBS and
anal y STsOHHEEVL PR b3t et AL EUTPEIES phBpre. AhaS grbbihac i on
assay fér@xamplevpriindiess Borsey) ngsmﬁtrds(,) she@p,SidnDestelf wiNaidataRyhifda] @all, §2k04) -
Briefly, serial double dilutions of the test sanples (100 pL) were made in
V-bottonmed 96-well mcrotiter plates containing 100 pL PBS, |eaving 100 pL
of diluted sanple per well. One hundr-&l mcroliters of a 0.25%turkey red
bl ood cells suspension (Bio Link Inc., Syracuse, NY) were added to each
wel |, and plates were incubated for 2h at roomtenperature. The reciprocal
of the highest dilution show ng conpl ete henmaggl utinati on was recorded as

T IR PSS a2



ELI SA [00122] HAS standard was prepared with purified virus-Ilike particles
whi ch were disrupted by treatnment with 1% Triton X-100 fol |l owed by

mechani cavoagittmsi2en in a Ti ssue Lyser TM (Q agen) for 1prorcA2bkomoi4sem
96-wel |l mcrotiter plates were coated with 10 Ag/nL of capture anti body

(1 mugesel potilng] edykeaoEmusl adanie, dos; R0de, Qa6 igdrnlebfhrdiiva hinkastendi car bonat e
coating buffer (pH 9.6) for 16-18 hours at 4C. Al washes were perforned

wi t h 1Dagen, mrmﬁmemmpﬂn hV@SIQﬁKf migee it geal nehale png the dikeo fomicanfiiupnga yiyses
Tween- 20, After i.nc Iates were washed three tinmes and bl ocked with

fec ugah st ahi
1% ca‘?@ﬁl?ﬁ%%hfa&p 1'% P "37C. After the blocking step, plates were
washed three times. The HAS standard was diluted in a nock extract

(pr epmood] An@id dk@{aridtiog Uetoldrhted i RéretheWtinthsABidfhRAZ2 vidhRPeThisa@er ate a
standard curve from500 to 50 ng/nlL. Sanples to quantify were treated in 1%
Tri t oproXide®®rpewetraing thap arti qogtinkedlyrhetngodeniified. Pafaetbatyvbstweenihe new siraigsibat ed

for 1 hour at 37C. After. wa shee Iy n ant i r ed agai nst
HAG (EBEHH RO MR P R atTaon BE B ke o ety THED f}fbei?‘&‘fna)é%“ﬁ it
hour

B R %“%8’%%%%% e LR AR RLEVRY ot e
for lrchardtesadf théHA Aftitgre or 36queni) o OHihdedid TR 26&6&1@&@ eV DR, o4 8Bedidsen T i nal
washes, the plates were incubated with SureBl ue TMB peroxi dase substrate

(KPL)O®@BR- 20 minutes at roomtenperature. Reaction was stopped by the
addition of 1IN HC1 and A450 val ues were rreasur ed using a Miultiskan Ascent

pl at e ae]p:g}t Eﬁ@{m! ortn Y of pl ant
ti ssugedorggfgggééc-s[qﬁ?{gﬁﬁ Ot?ggn I Jggﬁ&m havi g an ef@t%lp fd&f{t I{Olke\?ﬁle? activity.
[ 0012f}rhigortie@rftitinerq fétniatibatbl Ve Paahd Ridcho®bf tHA HD {ailitgdo hémagdltap)esent
enzymatic extraction nethod were conpared with that of HA obtained from

C omMmOAMAREPTheN] QbaIaC@Xlﬁtrl%dIﬂl@ﬂile@é% h@d%ghmlnllnﬁe rfolding ahaproteinmayleriefluenced
infilirated W|t a n%thﬁ t‘iﬁs wer e haer edtat Ilveto

si x-d ‘?%%YJB%‘F OTB’e‘PFb‘ ing; RumOR BRgE P s eiRye 8 @ﬁﬂ%ama efr8 s © Two
gr amsaiindhiRR\E SO Rir) ARG RicZT ‘i‘ntYHcEl'I'ulﬁr & QMHnrg e'&@ﬁ%ﬂﬁy éELofadBrsQhat! €aves
were ground with a nortar and a pestl e; | eaves wer e honobgeni zed
Wi t h saCovid ROE Trang e yesssami at¢dUwsth e foILctddopzatmii)'r f@k)edmm vafoldedtpraein, tre buf f er
(50 MM Tris, .150 n1\/|Na%I pH 8.0, ratl&g ﬁg 1:1 wv). Enzymatic extraction
was cRESPEEE 0RQNg QJIeRR chargEsh e)Prﬁ'ieHﬁsor fvested | eaves were subjected to
digestion with Macerozyne pectinases and Onozuka R-10 cel |l ul ases as

descr b

ity e et | (P R e O, e Sy A R s which,

r enovesdy pyrticaterin fvagats wilulat p@@esses (nil:lﬁdmgr@rotem‘sjmﬂieas,supakﬂalaatThfﬁ‘ckrntgher
clarified by cent @ugatl on at 5000xg (15 mn). [00124] The quant| ty and
rel at P%er&@p.qm@ N IRIGVENEAR G mpt%@zséea@tl%tasm%e@ disassembxef PFPtYEDI e

3. Th b | f IS
R R R L R
3: Cofiphida but aretivd iibiifed @5, Hypao) 1@p®i5| Mep a@tmsp@t)lle@mt) H¥ép20BaEReTL,f r om
mechani cal and enzymatic extraction of plant |eaves. Al data ave been

adj usHepl 002005 Klep] HSB%MHITE%F&HPFS@}@MEIIHS;CKPBL Gk, atbiquiitipuicelnexided f or
each

St anaSPrOf B TR FRlenspE ot Tor Sl FERGRS A ST e ShamEarpe e = '

Ext r achbsrprompRAODS Bol 7 11 985, ®atseN] DA, @ BHdghdt, SCOV.tRR! GEM:eXt4PC496100% 100%
Pol ytron extract 50% 150%
(1993); U.S. Patent No. 5,232,833). Chaperone proteins, for example but not limited to Hsp40

and Hsp70 may be used to ensure folding of a chimeric HA (PCT Application No.
PCT/CA2010/000983 filed June 25, 2010, and U.S. Provisional Application No. 61/220,161,
filed June 24, 2009; WO 2009/009876 and WO 2009/076778, all of which are incorporated
herein by reference). Protein disulfide isomerase (PDI; Accession No. Z11499) may also be

used.
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Mortar extract 100% 220% Di gesti on extract 440% 570% Quantity was eval uat ed
by ELI SA analysis WD 2011/ 035422PCT/ CA2010/ 001488 Exanple 2: Enzynmatic

di gesti orwohoplasi22t i ssue rel eases HA organi zed i nto VLPsT/JA201hA6] 488

conmbi nation of differential centrifugation and size excl usion

chr onw9gr ORbYretetdd, VBBs ks He hdesledbnstrinatuge, izapotehey bifactibitabpeddr by t he
enzymati c extraction nethod descri bed herein were organi zed as VLPs. N

bent hexaimpia hrmagghitinetien asgay, slectren axieeasaapy.Hightscaitewne, szegselasipbed in

Ex le 1. L | | ect ed th | ant s 6 t-infil tion,
B ey O R R R
as de éésﬁgf&iie[\ccﬁ%&éﬁpiu%nlacti[vﬁ 2R8LIhBosHicH df VIERL S8 RRbWE i@k artt hen
centrifuged at 70,000xg to allow for segregation of VLPs. The

centrifugation pellet, containing the VLPs, was gently resuspended in 1/50
vol unf9085] Poroeppeaitevelsidefcaxckidion ahromeat¢BSy, 0 plaprabidn eemprising iydie may. bes5M NaCl

] ;
0 e S BT
ey PO 5 Ryt e i
Wit h theehtadl REtls gol exaniple, \Brid HadrbayoRCA ) tdne tioexttacbpaseithomighasjzeand

its elution with 45 nL of equilibration/glution buffer. The el uate S
col | eexcepiomedlumpy ysingsfonexampie FEPHACR Yhe  SESHAINEL onta stmidr ngediymsandet i on

was eyal uat.ed by, m xi I L h . e cti i all. of
ai 1 ut 06 SR st et o Pledfhalona 2bad ¥y BhBhyOfefE M be bl PR
separ ghh®id Vahke BXtRCEMAH aRY b padkd BiraidhoNcatioh Rx Elauge ESKInhaARAd 0D fr4dtions
Heal t hcare Bi o- Sci ence Corp., Piscataway, NJ, USA). Conparison of the

el ut i oollqotedf iRoHeworlg dhoarhatBgraphyDdsactiens maos: artetanslyzed by piotinwas per f or ned
for each separation tq.ensur ni f or m of the ratipons. Protein

Anal y§ egtr‘lﬁiof%@ %@u’é(ﬁﬂ?tearu?oﬁlég? iCBPIémF B‘éﬁ?ﬁ‘ﬁﬁ | VIS the RS Rt of

clari E&ﬁﬂle o fj@ftﬁéhﬁﬁlﬁﬁé was determ ned by the Bradford assay (Bio-Rad,
Her cul es, §I usi ng bovine serum al bum n as the reference standard.

Proteins present in SEC eluate fractions were precipitated with acetone
( Bol | §2p9¢é] AdhemagiB@iGhtion assayspey tiedsedrio essebthe DeRagghainating activityds thol| ume of

denaturing sanple | oading buffer, (0. 1M Tri.s pH 6.8, 0.05%.bro henaql, bl ue,
12. 50vgiFyeqantaining dpstagss, usiee methods Qﬁﬂéwe‘é(aﬂ% tHeraty o‘?’}th?%}rmg%s&&@ép B%H@;P% s or
i mmun i i i : - d
under e ARG HARPERL 1 REC oRRRAEEh RS RIFRATY WBAnREY FHIRD |
pr ot eifér ssdliRiadidd@2,3 /2,3 KA 21 biésenGAdt2iisE s1aA2@dias OR ItSfirface 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).

[0097] A hemagglutination inhibition (HI, or HAI) assay may also be used to demonstrate the
efficacy of antibodies induced by a vaccine, or vaccine composition comprising chimeric HA or
chimeric VLP can inhibit the agglutination of red blood cells (RBC) by recombinant HA.
Hemagglutination inhibitory antibody titers of serum samples may be evaluated by microtiter
HAI (Aymard et al 1973). Erythrocytes from any of several species may be used — e.g. horse,
turkey, chicken or the like. This assay gives indirect information on assembly of the HA trimer

on the surface of VLP, confirming the proper presentation of antigenic sites on HAs.

[0098] Cross-reactivity HAI titres may also be used to demonstrate the efficacy of an immune

response to other strains of virus related to the vaccine subtype. For example, serum from a

5.



[ 00129] Hemaggl utinati on assay for H5 was perfornmed based on a net hod

descri bed by Nayak and Reich! (2004). Briefly, successive double dilutions
of the tes022mmpBsR3 (100 !'.LL) were nmade in V-bottomed ®6TMA2b10m0Cs8t it er
pl ates contai ning 100 uL PBS, |eaving 100 pt of diluted sanple per well.
One hygbieadmigidivie! $vadkin® Bmpositibal ck@yrising a bhiatgicdehlagelatifinensipeiBingBi 0
Link Inc., Syracuse, NY) were added to each well, and plates were incubated
for 2rndIDE ebmirsipdiearahee orpubtyneanpy broeed i1 an HAlapsghiagth asacomrd SriBAbwi ng

conpl et.e. hemaggl utinati on was.,r ed.as _hepmggl utination activity. In

par Bl oL SR AR A o B B PR S 203/ 004 FNL)  ( Pr ot el 1

Sci ence Corporation, Meriden, CT) was diluted in PBS and run as a control
on eaghogy] M&hod OB FRddfdrebtion FNdTERMNEratiBA LS irhes BB PLats) biaRpddIRNplagt i vity is
concentrated in the fractions corresponding to the void vol une of the

col unmatteonf $eeds eqmprirang VhEs mrereaigblished natheant andtkinoivnyo on¢ gif skall sstherom a

hi gh | ecu] a ight structural organizajion. . SDS-PAGE analysis (Fig. 3B)
o oalt Tthed ol HenslGime SandThecraat g i Har sEhrBAS R AT BF Gl o

pr ese%v%;'ﬁ%n.hi ghest HA content, with a band corresponding to the HAO
nononer belng detectable at approximately 75 kDa. Exanple 3: Enzymatic

di gestion of plant tissue releases HA-VLPs with fewer contam nants

[ 00131PpOl00hent hBy ‘@ransiolaaionweis enaagdihe fintetsped fctranstfdr oAgkiddtis8bfoanati@scr i bed
in Exanple 1. Leaves were col | ected on da post-infiltration, cut into -1

: y 6 : . :
cne pilBedeotidgisgaueneq) that snmardestqd genatypically. pderqtynical biprdethy cbhe infsagperific
Exanpl . I enz: i j tl e, es renoved
t he cetﬁn}fv?/é{jﬁge@é% I‘Iqeas %Blgar H g?‘l“;ﬁ{} ﬁ[¥ Egégng]lc?{g%erﬁogs{ ?%Y 8{3 Hé&?%]lezgés{'e of
pr ot eiifggRARd WiSHTR BeTths mBloE BRIHOSt) lafid tHiaramBRe 6f béere aifoiniRioa&bohsidéetkd and t he
pl asma nmenbrane into the extraction nedium Since nost intracellular
pr ot eistebleandthedrapslisemay batreesientiand theirhmster etigenstic odomadtioads nettinharitatile
nostly intact protoplasts, an initial centrifugation step allowed for their

CroymaRor s PR B Bt Bt i Bl 57 i EeR] ety e p B BB o' 1
(apoplagtdr %aprceﬁfph@aan eritfre PRI séUR, EdIBUSEArY - fradcHOH 83 1dolf Ftir@edt pERPWRitter

SDS- PACGE analysis of the resulting solution obtained follow ng the

cont r chdyeehnaprmsy mitdcelldagpsiticompoherts axtracel lukis pinhsorpmenispleqhigp oesdliglus| y,
with lane 1 ow ng the enzyme m X e used and | ane 2 show th

resul tRHECE 07 LA Skt ntth%e%ff]%ryﬁtaﬁﬁ, sty BALETTBRY COMRITE RIS Rldgbnt ent
2011/ 0SS B O e ran oSO IRHOIAR AR, Foraf e Bosora g
ext r achnmbimsientietdedfn Plaun matemasy dorhprissl avplamttor pertioh thasoflwHich Wasmotbeen t hat
in lane 3. Each of lanes 2 and 3 therefqre contain proteins derived from an
equi valBigeted (ary RIPCESFING Si8Ps-i APORRANRT aanlantmegy copprise plaat Bxatfer Fdaniapie

buf fer i LGal [ ac nt al ned rotein

concerfi Pt Bpl 8e sERES AR GRLeEbG Ry REOR Thy FAMRE BEu PRy e

ext r aaised kir @dieghed o 6thel AGutLspebificAlERYedBried ithe 9esthiBed meliods.ei n
concentration of approximately 1 ng/m . [00134] The maj or contami nant

pr esenkrapsgenigmants eypsespiog aad sesrsmgRIbP s@ay 41Rp behssdas 2 skarting wpteoishioat e

car boxyl ase oxsy&;enaﬁ%) which is made of two types of protein subunits: a
| ar ge-TREFHE P deSHRSY DDy and a snal I-chain (S, about 13 kDa). A total
of eight large-chain diners and eight small-chains usually assenble with
each qbbr2]i Nt 0 EheRoRitHfeds S4Re ffeSert Hiv@atior BN rotel entb Plant BAIRMEiNRr@t ei n
contam nant is found in large anmount in plant extracts originating from
mechartlesmideRi plasmidsn pleat Yioe \estoes, dirc PN A tRingformation, niicrorigjeviion, ual | y
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of the process. Exanple 4: Enzymatic digestion of plant tissue rel eases
HA- VL PV il pp.ot?d 4630 98 3 Erierson and € obey, @lane dfdlscubaRioloer, 2drEd (Le88);emdeMikhange

resin. 013 . bent ham an | ant.s re agoinfiltrated with AG1/ 685 as
descr iat‘.?bgyffrnIES @ﬁ%?@{sf%aeéﬁﬁég’sgﬁ%ﬂ%l)%ﬁf éﬁ% t dfetehapise. 2SEL-PRs Perst i on,
cut i . i i . r r [

orbi t o AR PO R R LV AATHRS, ARl ORRHETER Fhitich B, -
Pect i rE7og199). Dt oniethods iMIhdd dieet DRVA Gk, a}mhsk.o@z/géwas, bttt dporion For B
(all from Genencor), each in a solution of 600 mM Mannitol, 75 mM G trate,
0.04% sodium bisulfite pH 6.0 buffer ¥&i ng a biomass : digestion buffer
ratio of 1:2.5 (wv). [00136] Fol | owi ng di gestion, the apoplastic fraction
was filtered through a 400 pmnylon filter to renpove coarse undi gested
vegetal tissue (<5% of starting biomass). The filtered extract was then
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WO 2011/ 035422PCT/ CA2010/ 001488 [00137] The clarified apoplastic fraction
was | oaded over a cation exchange col um (Poros HS Applied Bi osystens)

equi | i br avedow/asbs2an equil i bration/elution buffer (50 ncRaAR410/000068 mVi
NaCl, 0.005% Tween 80 pH 6.0). Once the WV was back to zero, the extract
was Seeinplé disg pritdplastd) énieguihjectioa niopadjedtilaroritfiflers, andivaiuninng i ncr easi ng
concentrations of NaCl (500 mM. Were necessary, the chronatographic
f r act indiltsatigar Seedatexample.diilang, etiahgSengs| Gy 2Aﬁ12ééhh%1éteiﬁl@é§t é’q&}/lﬁg@&nw th
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fract (Smer(cEizg&rlé%; 1980y Hutskiht 6t @h (Scasncsti?dﬁmz}? F3duit 858, DéBloek 4t AnBlapt t he
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expressi ng a herj%%gb ut |fn| n interest (HL/Cal WI, B/Flo, H5/1ndo or H/Cal
X179A) &Y HEEPPIHE Y 1y Ie 1. Leaves were col l ected on day 6

post-infiltration, cut into -1 cn2 pieces and digested according to Exanpl e
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t he HeefefieRce) [rmiy]b@ﬂsé\ﬂdrhesemetﬂiod'é(ﬁﬁhyanﬁMQfoxtmzanﬂplf Hug&ehotdnnbcd foea resulted
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addition of NaCl to the digestion step on the HA-VLP recovery yi el d (as
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Agrobacterium infect and transfer t-DNA copies into the cells. The t-DNA is episomally
transcribed and the mRNA translated, leading to the production of the protein of interest in

infected cells, however, the passage of t-DNA inside the nucleus is transient.

[00104] The influenza VLPs prepared by methods of the present invention may be used in
conjunction with an existing influenza vaccine, to supplement the vaccine, render it more
efficacious, or to reduce the administration dosages necessary. As would be known to a person
of skill in the art, the vaccine may be directed against one or more than one influenza virus.
Examples of suitable vaccines include, but are not limited to, those commercially available from
Sanofi-Pasteur, ID Biomedical, Merial, Sinovac, Chiron, Roche, MedImmune, GlaxoSmithKline,

Novartis, Sanofi-Aventis, Serono, Shire Pharmaceuticals and the like.
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Yield increased (X- fold)'" H5 Indo/05 (#972) 0 NaCl 4608 12,430 1.2 500 nmM
NaCl 4608 14,921 HL CA/07 WI (#604) O NaC 384 1,206 2.1
WO 2011/035422 PCT/CA2010/001488

[00105] If desired, the VLPs of the present invention may be admixed with a suitable
adjuvant as would be known to one of skill in the art. Furthermore, the VLP may be used in a
vaccine composition comprising an effective dose of the VLP for the treatment of a target
organism, as defined above. Furthermore, the VLP produced according to the present invention
may be co-expressed with other protein components or reconstituted with other VLPs or
influenza protein components, for example, neuraminidase (NA), M1, and M2, . It can also be
co-expressed or reconstituted with other VLP made of vaccinal proteins such as malaria antigens,

HIV antigens, respiratory syncytial virus (RSV) antigens, and the like.

[00106] The sequences described herein are summarized below.
SEQ ID | Description Figure
NO:
1 Nucleic acid sequence (construct 685) 2A
2 Amino acid sequence encoded by SEQ ID NO: 1 2B
3 pBinPlus.2613c: AGGAAGGGAAGAAAGCGAAAGGAG
4 Mut-ATG115.r: GTGCCGAAGCACGATCTGACAACGT

TGAAGATCGCTCACGCAAGAAAGACAAGAGA
5 Mut-ATG161.c:
GTTGTCAGATCGTGCTTCGGCACCAGTACAA
CGTTTTCTTTCACTGAAGCGA

6 LC-C5-1.110r: TCTCCTGGAGTCACAGACAGGGTGG

7 Apal-HS (A-Indo).1c:
TGTCGGGCCCATGGAGAAAATAGTGC
TTCTTCTTGCAAT

8 HS5 (A-Indo)-Stul.1707r: AAATAGGCCTTTAAATGCAAATTC
TGCATTGTAACGA

9 nucleic acid sequence (construct 660) 5

10 PDI signal peptide: MAKNVAIFGLLFSLLLLVPSQIFAEE

11 Plasto-443c

12 supP19-plasto.r

13 supP19-1c

14 SupP19-Sacl.r




500 M NaCl 768 2,481 H1 CA/07 X-179A (#605) 0O NaCl 96 299 8.1 500 nM
NaCl 768 2,419 B Flo/4 (475) 0 NaCl 16 52
WO 2011/035422 PCT/CA2010/001488

[00107] The present invention will be further illustrated in the following examples.
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.

Assembly of expression cassettes

[00108] Constructs that may be used for the production of VLPs are described U.S.
Provisional Application No. 61/220,161 (filed June 24, 2009), WO 2009/009876, WO
2009/076778 and W0O2010/003225 all of which are incorporated herein by reference. Constructs
may also include those listed in Table 2. Assembly of these constructs is described in WO
2009/009876, WO 2009/076778, W02010/003225 and US 61/220,161. However other
constructs comprising known HA’s, including but not limited to, those provided in Table 2, and
combined with similar or different regulatory elements and promoters, may also be used for the

production of VLPs as described herein.

Table 2: Non-limiting examples of constructs that can be used for hemagglutinin

production.

Cassette | Corresponding HA HA

number abbreviation

540 SpPDI-H1 from strain A/New Caledonia/20/99 (HIN1) H1/NC

560 SpPDI-H1 A/California/4/2009 in 2X35S/CPMV-HT H1/Cal WT
expression cassette

580 SpPDI-H1 A/New Caledonia/20/99 in 2x35S/CPMV-HT H1/NC
expression cassette

660 HS5 from strain A/Indonesia/5/2005 (H5N1) H1/Indo

663 H5 A/Indonesia/5/2005 H1/Indo

685 H5 A/Indonesia/5/2005 in CPMV-HT expression cassette H1/Indo

686 SpPDI-H5 A/Indonesia/5/2005 in CPMV-HT expression H1/Indo
cassette

690 H1 A/Brisbane/59/07 receptor-binding (RB) domain in H5 H1/Bris
A/Indonesia/5/05 backbone

691 H1 A/Brisbane/59/07 esterase and receptor-binding domains | H1/Bris
(E1-RB-E2) in H5 A/Indonesia/5/05 backbone

696 H5 A/Indonesia/5/05 receptor-binding (RB) domain in H1 H1/Indo
A/New Caledonia/20/99 backbone

732 H1 A/Brisbane/59/2007 in CPMV-HT expression cassette H1/Bris

733 SpPDI-H1 A/Brisbane/59/2007 in CPMV-HT expression H1/Bris
cassette '

734 H1 A/Brisbane/59/07 receptor-binding (RB) domain in H5 H1/Bris
A/Indonesia/5/05 backbone in CPMV-HT expression
cassette

735 H3 A/Brisbane/10/2007 in CPMV-HT expression cassette H3/Bris
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7.5 500 nmM NaCl 128 392 VYield (dil/g) with NaCl divided by Yield (dil/qg)
w t hout NaCl [00142] Addition of 500 nmM NaCl during the digestion further
resul t ed wo 2an/isseeease of the rel ease of HA-VLP duri ngpdirgazbiomoj4sehi ch in
turn resulted into increased recovery rate after clarification for both

H /Cal W aid H / CabPIA-HB79Rrisbane/d0/B7 (nkbie/Byxprefisn nqtH¥Bis t he H5/|I ndo
strain. Table 5 : |Ffsfetet of the addition of NaCl to the digestion step on
the HA- VLP7¥ecover ysyinbly df chasrin¥sdBliHa d/ Boybaheti®ed¢l ut i naIBriv-Rddndovi tly uni t)
after the|clarifi ¢éiclogmmagy &b Atindonesiadi2A0NIT yBStGyeeriai nchbiniesns Recovery after
depth fil trationi [[AMVoAkeapiessiopessssiery (X-fold) H5/1lndo (#972) Q NaCl 100%
738 HA B/Florida/4/2006 in CPMV-HT expression cassette B/Flo
739 SpPDI-HA B/Florida/4/2006 in CPMV-HT expression B/Flo
cassette
745 SpPDI-HA B/Florida/4/2006 (ectodomain) + H5 B/Flo
A/Indonesia/5/2005 (TmD + Cyto tail) in CPMV-HT
expression cassette
747 SpPDI-HA B/Florida/4/2006+ H5 A/Indonesia/5/2005 B/Flo
(TmD + Cyto tail) in 2X355-CPMV-HT expression cassette
774 HA of A/Brisbane/59/2007 (HIN1) H1/Bris
775 HA of A/Solomon Islands 3/2006 (HIN1) H1/Solomon
776 HA of A/Brisbane 10/2007 (H3N2) H3/Bris
777 HA of A/Wisconsin/67/2005 (H3N2) H3/Wisc
778 HA of B/Malaysia/2506/2004 B/Malaysia
779 HA of B/Florida/4/2006 B/Flo
780 HA of A/Singapore/1/57 (H2N2) H2/Sing
781 HA of A/Anhui/1/2005 (H5N1) H5/Anhui
782 HA of A/Vietnam/1194/2004 (H5N1) HS5/Vietnam
783 HA of A/Teal/HongKong/W312/97 (H6N1) H6/HongKong
784 HA of A/Equine/Prague/56 (H7N7) H7/Prague
785 HA of A/HongKong/1073/99 (HON2) H9/HongKong
787 H1 A/Brisbane/59/2007 H1/Bris
790 H3 A/Brisbane/10/2007 H3/Bris
798 HA B/Florida/4/2006 B/Flo
[00109] CPMV-HT expression cassettes included 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 33303481 from the CPMV RNA2 (corresponding to the 3° UTR)
followed by the NOS terminator. Plasmid pBD-C5-1LC, (Sainsbury et al. 2008; Plant
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 RNA?2 was done using a PCR-based ligation method
presented in Darveau et al. (Methods in Neuroscience 26: 77-85 (1995)). Two separate PCRs
were performed using pBD-C5-1LC as template. The primers for the first amplification were
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1.0 500 mM NaCl 100% H/Cal WI (#604) 0 NaCl 25%3.0 500 mM NaCl 75%
H/Cal X- 179A (#605) 0 NaCl 50% 2.0
WO 2011/035422 PCT/CA2010/001488

pBinPlus.2613¢ (SEQ ID NO: 3) and Mut-ATG115.r (SEQ ID NO: 4). The primers for the
second amplification were Mut-ATG161.c (SEQ ID NO: 5) and LC-C5-1.110r (SEQ ID NO: 6).
The two fragments were then mixed and used as template for a third amplification using
pBinPlus.2613¢ (SEQ ID NO: 3) and LC-C5-1.110r (SEQ ID NO: 6) as primers. The resulting
fragment was digested with Pacl and Apal and cloned into pBD-C5-1LC digested with the same

enzyme. The expression cassette generated was named 828.

Assembly of H5 A/Indonesia/5/2005 in CPMYV-HT expression cassette (construct number
685).

[00110] The assembly of this cassette is described in WO 2009/009876, WO
2009/076778 and W02010/003325, which are incorporated herein by reference.

[00111] Briefly, the coding sequence of H5 from A/Indonesia/5/2005 was cloned into
CPMV-HT as follows: restriction sites Apal (immediately upstream of the initial ATG) and Stul
(immediately downstream of a stop codon) were added to the hemagglutinin coding sequence by
performing a PCR amplification with primers Apal-H5 (A-Indo).1¢ (SEQ ID NO: 7) and H5 (A-
Indo)-Stul.1707r (SEQ ID NO: 8) using construct number 660 (D’Aoust et al., Plant
Biotechnology Journal 6:930-940 (2008)) as template. Construct 660 comprises an alfalfa
plastocyanin promoter and 5 UTR, hemagglutinin coding sequence of H5 from
A/Indonesia/5/2005 (Construct # 660), alfalfa plastocyanin 3° UTR and terminator sequences
(SEQ ID NO: 9; Fig. 5). The resulting fragment was digested with Apal and Stul restriction
enzymes and cloned into construct number 828, previously digested with the same enzymes. The

resulting cassette was named construct number 685 (Fig. 1, 2).
Suppressors of silencing.

[001] Post-transcriptional gene silencing (PTGS) may be involved in limiting expression of
transgenes in plants, and co-expression of a suppressor of silencing from the potato virus Y
(HcPro) may be used to counteract the specific degradation of transgene mRNAs (Brigneti et al.,
1998). Alternate suppressors of silencing are well known in the art and may be used as described
herein (Chiba et al., 2006, Virology 346:7-14; which is incorporated herein by reference), for
example but not limited to, TEV-p1/HC-Pro (Tobacco etch virus-pl/HC-Pro), BYV -p21, p19 of
Tomato bushy stunt virus (TBSV p19), capsid protein of Tomato crinkle virus (TCV -CP), 2b of
Cucumber mosaic virus; CMV-2b), p25 of Potato virus X (PVX-p25), pl1 of Potato virus M
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500 mM NaCl 100% Recovery is expressed in percentage of henmaggl utination
activity obtained after depth filtration conpared to the activity found in
t he cent rwbuegad3gizgest ed extract. WO 2011/ 035422PCT/ CAPOT@/A201A8 8488

[ 00143] The association state of the HA-VLP, with and wi thout the addition
of Na@VMuslilng le rof \Poedto eirad §ERVS-h]), pds oS Budberdy storehgviNanditaM +xlleg, p2hacki ng
Anal ysi s (NTA) for H5/1ndo and H /Cal WI (Figure 7A and 7B respectively).
monodp%@é%éniﬁ?@p\am&%w-w)ﬁ%qf@régeml%fs@kaveaawérVIrHs-M@rlg%N gd¥th-on

was I : o [ - t | much
o ooP G GBbs e AP ATE EAaED 4 Moy s R BRSPS R,
buf f efatére diraeHIEApYDF, 08 Bl 6 0ASEDICIcBinnwh 1aRAt VitdsCEICL VAP 16 OMerdRyret e fairly
nonodi sperse particle distribution found in Figure 7C. The nunber of

part i sippsesaer afsdennng, dor edamply, byymoylimitedde, ethente -p KHOsP1opBAWV-pY1,:t he

addi ti f 5 -0 | O e : t i, ng the
el cadBRPIST QAR E: £ DAl RY et AAM-Rhk hy SRl & BREED Mo iy PPn Ry ¢
Agr Qb?ﬁi,%Bwﬁllﬁ‘ﬁ{ﬂ;VSﬁ 1@?@@@-@16 ¥t Q¥ Rp £ edy' Bé%-é‘(?pés@&ﬁdl&% Ritheaagldy i nin
of interest (H5/1ndo) as described in Exanple 1. Leaves were collected on
day 6agdsequentd éricpding ol protein ofh@rest tociuRthed esers higinkdvels géproen psddetsar | bed
in Exami)ll,e 4, with addition of either 500 mM NaCl or 500 mM NaCl and 25 nM
EDTA #dthinaplntyesti on buffer. Filtration, centrifugation and clarification
were perforned as described in Exanple 4. [00145] Rel ease of conponents

havi n g g ' . ' Is [ purified
ot epaf ) e Bo G o 0 B R R e SR o B B Pt ¢ e
cel | wablpoditgehéreidrbysefetdnco)) Bratlyl Herelimgsequiesdi ot goteanef taghatosiighly t 0
obtain a VLP Eprified preparation having a reduced green coloration, and
t hus &Rt vieysddBSY ) pipsiliniied tgythe alfalfaplasioeygninexpecsyion aessefie HaePER-Bisade Ca2+

plays.a critical role in . the retenty f.constituents, ] RS
i o G8pinanrR0 plsSufab i Datfeh G SLKMBhet: iEREFRHRR P8 Q8RNI 4P
concerbunatdfPUROf se@Rdntiof the Pikio§Ahin prGthbter WASadpidd @ gfrihéd Pi&RekdOr
EDTA could facilitate the enzymati c depol yneri sation of the cell wall,

t her eby preservrggTintact intracel lul ar organelles, such as chloropl asts,

and pr evenG Iy TAETAN TEACANTEd @I GREBEQIDMIOENt s. [ 00146] As shown in
Table 6, the addition of 25mM EDTA to the digestion buffer allowed for the
reducti(gnpgjgt he (green coloration of the purified H5-VLP preparation, as
eval udted 3} r*?é L I|"ing the difference in absorption of the preparation
(0D672nm - OD650nm) . When the green constituents were rel eased in high

quantity, Q@CTIGTAVAGENCGTEOORGETTEIR TCLREAAG (SE@XDINDYef a ACD > 0. 040.
WO 2011/ 035422PCT/ CA2010/ 001488 Table 6: Effect of the addition of 25 nmM

EDTA to the digestion buffer on ?r een col oration of H5-VLP preparations.
with construct 660 (described in WO 2010/0003225, which is incorporated herein by reference)
as template. In parallel, another fragment containing the coding sequence of p19 was amplified

with primers supP19-1c
ATGGAACGAGCTATACAAGG (SEQ ID NO:13)
and SupP19-Sacl.r
AGTCGAGCTCTTACTCGCTTTCTTTTTCGAAG (SEQ ID NO:14)

[00112] using construct 35S:p19 as described in Voinnet et al. (The Plant Journal 33: 949-
956 (2003)) as template. Amplification products were then mixed and used as template for a
second round of amplification (assembling reaction) with primers Plasto-443¢ and SupP19-
SacLr. The resulting fragment was digested with BamHI (in the plastocyanin promoter) and Sacl

(at the end of the p19 coding sequence) and cloned into construct number 660, previously
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oD672nm CD650mMm 0 mM NaCl, O mM EDTA 0.071 0.061 500 nmM NaCl 0.087 0.060
500 mM NaCl+ 25 nM EDTA 0.010 0.002 Exanple 7: Alternative digestion

buf f er comnpasitdsens [ 00147] N bent ham ana pl ants were agrairrfAzbtovoai4se wit h
Agrobacterium AGL1 strains carrying a construct expressing a hemagglutinin
of i ntlieesed withifiid sude) restsicti@sarzyinesitd givEramnsphet iimbee R4@3. Verpdasnalls weteed on

day 6 post-infjltration, cut into -1 cn? pieces and digested according to
Exanp P40 WP AR IATaRE s st acirg dADLAR AB GG Marpesa e dIB0B IS ) 0%,

0. 5% % i fe | : : [.5] t - - [ 1 ul ase
and MErEFSk flont Mttt bl = Siso G ARBRL GRald il Al e

cent r cdnfiyaicd ®F reshdctidhangpingat THeM . wemefaasndarin thinptising RAzRItentd [ 00148] As
shown in following tables 7 and 8, pectinase has been denonstrated to be
non- eAS&ARHEI2 . n the digestion buffer. Sinilar levels of H5/Indo or H/Cal
WI' VLP can be extracted with the present nethod either in the presence or

' . it h f d . duci h
concertiae] b’ ofeREfcanrilc PR Brwinpreite SR e MR an i EE .00
si gni fAllicastes wWwiR@Sdqueritell i@ cati thy iféerfty bf ﬁ&%bﬁﬂr&@@@h%ﬂ%};midg%@r@us@i tiel ease

of H5/Indo VLP by digestion of N bentham ana | eaves. condi tions were
t est etansfomegdgiabatiedim u@sfacéns (AGLONATR CHMavafRaseds 20 E0B, BiS A)dnymggl ut i nati on

c o St . . ‘ ) o . 10
stll) v IelteXt’ropc(l)lrzlitio'n (E\fa(t:tla%\ggl? L:t a?.t lgéd)u{” llleoirrllkegg?yc(gtl arillai E;urgle/ a\c/i/ex strcz:a.?rllsl vlvjelrrgs er (%

confirmed by restriction mapping.
Preparation of plant biomass, inoculum, agroinfiltration, and harvesting

[00114] 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 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. After six weeks, plants have an

average weight of 80 g and 30 cm in height.

[00115] Agrobacterium strain AGL1 was transfected (electroporation) with constructs as
identified below, using the methods described by D’ Aoust et al 2008 (Plant Biotechnology
Journal 6:930-940). Transfected Agrobacterium were grown in YEB medium supplemented with
10 mM 2-(N-morpholino)ethanesulfonic acid (MES), 20 uM acetosyringone, 50 pg/ml
kanamycin and 25 pg/ml of carbenicillin pHS.6 to an ODgg 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).

[00116] Plants were agroinfiltrated as described in D’ Aoust et al (supra). Briefly, for
vacuum-infiltration, 4. tumefaciens suspensions were centrifuged, resuspended in the infiltration
medium and stored overnight at 4°C. On the day of infiltration, culture batches were diluted in
2.5 culture volumes and allowed to warm before use. Whole plants of N. benthamiana were
placed upside down in the bacterial suspension in an air-tight stainless steel tank under a vacuum

of 20-40 Torr for 2-min. Unless otherwise specified, all infiltrations were performed as co-
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harvest.

Leaf sampling and total protein extraction (mechanical homogenization)

[00117] Following incubation of 4, 5, 6, 7 and 8 days, the aerial part of plants was
harvested and used immediately. Total soluble proteins were extracted by homogenizing plant
tissue in 3 volumes of cold 50 mM Tris pH 8.0, 0.15 M NaCl containing 1% Trition X-100 and
0.004% sodium metabisulfite. Plant tissue were mechanically homogenized using a
POLYTRON™, grinding with mortar and pestle, or with a COMITROL™ in 1 volume of cold
50 mM Tris pH 8, 0.15 M NaCl. The buffer used with the COMITROL™ also contained 0.04%
sodium metabisulfite. Following homogenization, the slurry of ground plant material was
centrifuged at 5,000 g for Smin at 4°C and the crude extracts (supernatant) kept for analysis. The
total protein content of clarified crude extracts was determined by the Bradford assay (Bio-Rad,

Hercules, CA) using bovine serum albumin as the reference standard.
VLP extraction by cell wall digestion

[00118] Leaf tissue was collected from the Nicotiana benthamiana plants and cut into ~1
cm” pieces. The leaf pieces were soaked in 500 mM mannitol for 30 minutes at room temperature
(RT). The mannitol solution was then removed and changed with the enzyme mix (mixture of
cellulases from Trichoderma viride (Onozuka R-10; 3% v/v) and a mixture of pectinases from
Rhizopus sp. (MACEROZYME™: 0.75% v/v; both from Yakult Pharmaceuticals) in
protoplasting solution (500 mM mannitol, 10mM CaCl, and 5 mM MES/KOH (pH 5 .6)).. The
ratio used was 20 g of leaf pieces per 100 mL solution. This preparation was spread evenly into a

shallow vessel (~11x18 cm) and incubated for 16 hours on a rotary shaker at 40 rpm and 26°C.

[00119] Alternately, VLP extraction may be performed as follows: plants were
agroinfiltrated with AGL1/#685 as described in example 1. Leaf tissue was collected from the N.
benthamiana plants at day 6 post-infiltration and cut into ~1 cm” pieces. Multifect Pectinase FE,
Multifect CX CG and Multifect CX B (Genencor) were added to 1.0% each (v/v) in a 600 mM
Mannitol, 75 mM Citrate, 0.04% sodium bisulfite pH 6.0 buffer using a ratio of 1:2.5 (w/v) fresh

biomass; digestion buffer. The biomass was digested for 15h at room temperature in a orbital

shaker.
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'n H 4\(% F;)im xcrlllelsﬁ)nl’x)oto%)lz?stsjin suspension were collected by centrifugation at 200xg (15 min),

followed by centrifugation of the supernatant at 5000xg (15 min) to further clarify the

supernatant. Alternately, a single centrifugation step at 5000 xg for 15 minutes may be

employed. Seventy mL of the supernatant was then centrifuged at 70,000xg for 30 minutes. The

resulting pellet was resuspended in 1.7mL of PBS and analyzed immediately or frozen.
Protein Analysis

[00121] A hemagglutination assay for H5 was based on a method described by Nayak and
Reichl (2004). Briefly, serial double dilutions of the test samples (100 pL) were made in V-
bottomed 96-well microtiter plates containing 100 pL PBS, leaving 100 pL of diluted sample per
well. One hundred microliters of a 0.25% turkey red blood cells suspension (Bio Link Inc.,
Syracuse, NY) were added to each well, and plates were incubated for 2h at room temperature.
The reciprocal of the highest dilution showing complete hemagglutination was recorded as
hemagglutination activity. In parallel, a recombinant HAS standard (A/Vietnam/1203/2004
H5N1) (Protein Science Corporation, Meriden, CT) was diluted in PBS and run as a control on

each plate.
ELISA

[00122] HAS standard was prepared with purified virus-like particles which were
disrupted by treatment with 1% Triton X-100 followed by mechanical agitation in a Tissue
Lyser™ (Qiagen) for 1 min. U-bottom 96-well microtiter plates were coated with 10 ug/mL of
capture antibody (Immune Technology Corporation, #IT-003-005I) in 50 mM carbonate-
bicarbonate coating buffer (pH 9.6) for 16-18 hours at 4°C. All washes were performed with
0.01 M PBS (phosphate-buffered saline), pH 7.4 containing 0.1% Tween-20. After incubation,
plates were washed three times and blocked with 1% casein in PBS for 1 hour at 37°C. After the
blocking step, plates were washed three times. The HAS5 standard was diluted in a mock extract
(prepared from leaf tissue infiltrated with AGL1/R472 alone) to generate a standard curve from
500 to 50 ng/mL. Samples to quantify were treated in 1% Triton X-100 prior to loading the
microplate. Plates were further incubated for 1 hour at 37°C. After washing, sheep polyclonal
antibody raised against HAS (CBER/FDA) diluted 1:1000 was added and the plates were
incubated for 1 hour at 37°C. After washing, horseradish peroxidase-conjugated rabbit anti-
sheep antibody diluted 1:1000 was added and the plates were incubated for 1 hour at 37°C. After
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subjected to digestion with Macerozyme pectinases and Onozuka R-10 cellulases as described
above. Following digestion, leaf debris were removed by filtration (nylon filter, 250 um mesh).
Protoplasts in suspension were removed by centrifugation at 200xg (15 min), and the supernatant

further clarified by centrifugation at 5000xg (15 min).

[00124] The quantity and relative activity of HA in each of these plant extracts is shown in
Table 3. The quantity of HA obtained from the enzymatic extraction method is significantly

greater than that obtained from the mechanical methods.

Table 3: Comparative quantities and relative activities of HA obtained from mechanical
and enzymatic extraction of plant leaves. All data have been adjusted to take into account the
differences in volume of liquid added for each extraction method. The Comitrol™ extraction

method was chosen as the standard value for the purpose of the present comparative analysis.

Extraction method Relative activity Quantity*
Comitrol™ extract 100% 100%
Polytron extract 50% 150%
Mortar extract 100% 220%
Digestion extract 440% 570%

Quantity was evaluated by ELISA analysis
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B/Flo VLP (dil/m) Protein concentration (ng/m) pH post- digestion 75 mM
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mMMCitrate + 500nM NaCl + 25 mM EDTA pH 6.0 1.5 1.07 5.4 125 nMCitrate +
75mM NaPO4 + 500nmM NaCl+ 25 nmM EDTA pH 6.5

Example 2: Enzymatic digestion of plant tissue releases HA organized into VLPs.

[00125] A combination of differential centrifugation and size exclusion chromatography
(SEC) was used to demonstrate that the HA obtained by the enzymatic extraction method
described herein were organized as VLPs. N. benthamiana plants were agroinfiltrated with
AGL1/685 as described in Example 1. Leaves were collected from the plants 6 days post-
infiltration, cut into ~1 cm? pieces and then digested, coarse-filtered and centrifuged as described

in Example 1.

[00126] The clarified samples were then centrifuged at 70,000xg to allow for segregation
of VLPs. The centrifugation pellet, containing the VLPs, was gently resuspended in 1/50 volume
of Phosphate buffered saline (PBS; 0.1M sodium phosphate, 0.15M NaCl pH 7.2) before being

loaded on a SEC column.

[00127] SEC columns of 32 ml SEPHACRYL™ S-500 high resolution beads (S-500 HR :
GE Healthcare, Uppsala, Sweden, Cat. No. 17-0613-10) were prepared with equilibration/elution
buffer (50 mM Tris, 150 mM NaCl, pH8). SEC chromatography was performed with the loading
ofa 1.5 mL VLP sample onto the equilibrated column, and its elution with 45 mL of
equilibration/elution buffer. The eluate was collected in fractions of 1.7 mL, and the protein
content of each fraction was evaluated by mixing 10 pL of the eluate fraction with 200 pL of
diluted Bio-Rad protein dye reagent (Bio-Rad, Hercules, CA). Each separation was preceded by
a calibration with Blue Dextran 2000 (GE H¢althcare Bio-Science Corp., Piscataway, NJ, USA).
Comparison of the elution profiles of both Blue Dextran 2000 and host proteins was performed

for each separation to ensure uniformity of the separations.
Protein Analysis of the SEC eluted fractions

[00128] Total protein content of clarified crude extracts was determined by the Bradford
assay (Bio-Rad, Hercules, CA) using bovine serum albumin as the reference standard. Proteins
present in SEC eluate fractions were precipitated with acetone (Bollag et al., 1996), resuspended
in either 0.25 volume or 0.05 volume of denaturing sample loading buffer (0.1M Tris pH 6.8,
0.05% bromophenol blue, 12.5% glycerol, 4% SDS and 5% beta-mercaptoethanol) for SDS-
PAGE analysis or immunoblot analysis, respectively. Separation by SDS-PAGE was performed

under reducing conditions, and Coomassie Brillant Blue R-250 was used for protein staining.
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sample per well. One hundred microliters of a 0.25% turkey red blood cells suspension (Bio Link

Inc., Syracuse, NY) were added to each well, and plates were incubated for 2h at room

temperature. The reciprocal of the highest dilution showing complete hemagglutination was

recorded as hemagglutination activity. In parallel, a recombinant HS standard

(A/Vietnam/1203/2004 H5N1) (Protein Science Corporation, Meriden, CT) was diluted in PBS

and run as a control on each plate.

[00130] Figure 3A shows that the hemagglutination activity is concentrated in the fractions
corresponding to the void volume of the column, confirming that the hemagglutination activity
originates from a high molecular weight structural organization. SDS-PAGE analysis (Fig. 3B)
revealed that those same void volume fractions (fractions 7-10) also present the highest HA

content, with a band corresponding to the HAO monomer being detectable at approximately 75

kDa.
Example 3: Enzymatic digestion of plant tissue releases HA-VLPs with fewer contaminants

[00131] N. benthamiana plants were agroinfiltrated with AGL1/685 as described in
Example 1. Leaves were collected on day 6 post-infiltration, cut into ~1 cm” pieces, digested,

coarse-filtered and centrifuged as described in Example 1.

[00132] The controlled enzymatic digestion of the leaves removed the cell walls, at least
partially, thus allowing for the release of proteins and components presents in the space between
the cell wall and the plasma membrane into the extraction medium. Since most intracellular
proteins and components were still undamaged and contained within the mostly intact
protoplasts, an initial centrifugation step allowed for their removal, thus providing a resulting
solution comprising cell wall degrading enzymes, in addition of the extracellular plant proteins

and components (apoplastic fraction), as shown in Figure 4.

[00133] Figure 4 shows a SDS-PAGE analysis of the resulting solution obtained following
the controlled enzymatic digestion of leaves tissue as described previously, with lane 1 showing
the enzyme mixture used and lane 2 showing the resulting solution following the enzymatic

digestion. The protein content of a crude extract from Comitrol™ is provided on lane 3 for
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[00134] The major contaminant present in lane 3 was found to be RubisCo (Ribulose-1,5-
bisphosphate carboxylase oxygenase), which is made of two types of protein subunits: a large-
chain (L, about 55 kDa) and a small-chain (S, about 13 kDa). A total of eight large-chain dimers
and eight small-chains usually assemble with each other into a RubisCo 540 kDa larger complex.
While this plant protein contaminant is found in large amount in plant extracts originating from
mechanical extraction method (see arrow in Figure 4), it is virtually absent in plant extracts
obtained by the enzymatic digestion method described herein. Therefore, the present method
allows for the elimination of this major plant protein contaminant, amongst others, at an early

stage of the process.

Example 4: Enzymatic digestion of plant tissue releases HA-VLP in conditions where it can

be directly captured on a cation exchange resin.

[00135] N. benthamiana plants were agroinfiltrated with AGL1/685 as described in
Example 1. Leaves were collected on day 6 post-infiltration, cut into ~1 cm? pieces and digested
for 15h at room temperature in an orbital shaker. The digestion buffer contained 1.0% (v/v)
Muitifect Pectinase FE, 1.0% (v/v) Multifect CX CG orand 1.0% (v/v) Multifect CX B (all from
Genencor), each in a solution of 600 mM Mannitol, 75 mM Citrate, 0.04% sodium bisulfite pH

6.0 buffer using a biomass : digestion buffer ratio of 1:2.5 (w/v).

[00136] Following digestion, the apoplastic fraction was filtered through a 400 pm nylon
filter to remove coarse undigested vegetal tissue (<5% of starting biomass). The filtered extract
was then centrifuged at room temperature for 15 min at 5000xg to remove protoplasts and
intracellular contaminants (proteins, DNA, membranes, vesicles, pigments, etc). Next, the
supernatant was depth-filtered (for clarification) using a 0.65um glass fiber filter
(Sartopore2/Sartorius Stedim) and a 0.45/0.2um filter, before being subjected to
chromatography.
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[00137] The clarified apoplastic fraction was loaded over a cation exchange column (Poros
HS Applied Biosystems) equilibrated with an equilibration/elution buffer (50 mM NaPO,, 100
mM NaCl, 0.005% Tween 80 pH 6.0). Once the UV was back to zero, the extract was step-eluted
with the equilibration/elution buffer containing increasing concentrations of NaCl (500 mM).
Where necessary, the chromatographic fractions were concentrated 10 times using Amicon™
devices equipped with 10 kDa MWCO. Protein analysis was performed as described in previous

examples.

[00138] Under the above-mentioned conditions, most enzymes and plant proteins did not
bind to the cation exchange resin whereas the HA-VLP did bind, thus providing a considerable
enrichment in HA-VLPs in the eluted fraction (Figure 6). In addition, as shown in Figure 6, lane
4 and 5, the cellulases and pectinases did not bind to the cation exchange column at pH under 7.
Consequently, recovery of HA-VLP, based on HA hemagglutination activity, was of 92% prior to
loading on the cation exchange column, and of 66% in the eluted fraction. A purification factor

of 194 was measured on the eluted fraction from the cation exchange resin.
Example 5: Addition of NaCl to the digestion buffer

[00139] N. benthamiana plants were agroinfiltrated with Agrobacterium AGL1 strains
carrying a construct expressing a hemagglutinin of interest (H1/Cal WT, B/Flo, H5/Indo or
H1/Cal X179A) as described in Example 1. Leaves were collected on day 6 post-infiltration, cut
into ~1 cm? pieces and digested according to Example 4, except where noted below. Filtration,

centrifugation and clarification were performed as described in Example 4.

[00140] NaCl was added to digestion buffer to evaluate its potential effect on the HA-VLP
recovery rate. The suspected advantages were the potential prevention of non-specific association
of HA with plant cells or with particle in suspension that are removed during clarification and

potential effect on achievement and/or maintenance and/or improvement of colloidal stability of

the HA-VLP.

[00141] Addition of 500 mM NaCl to the digestion buffer resulted in an increase of HA-
VLP recovery yield per gram of biomass after removal of protoplasts and cellular debris by
centrifugation. However, this increase was only noted with the for the H1/Cal WT and B/Flo

strains, while the recovery yield for H5 was not significantly increased by this approach (Table
4).
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Table 4 : Effect of the addition of NaCl to the digestion step on the HA-VLP recovery yield (as

measured by hemagglutination activity unit, dil : reciprocal of dilution)

Digestion Concentration Yield
HA strain gest in HA (dil | Yields (dil/g) | increased (X-
conditions 1
/ml) fold)
H5 Indo/05 gé\iﬁl 4608 12,430 .
9 .
(#972) NaCl 4608 14,921
H1 CA/07 @ NaCl 384 1,206
WT 500 mM 2.1
(#604) NaCl 768 2,481
H1 CA/07 @ NaCl 96 299
X-179A 500 mM 8.1
(#605) NaCl 768 2,419
0 NaCl 16 52
57F 51‘)’/ 4 500 mM 128 392 7.5
NaCl

"Yield (dil/g) with NaCl divided by Yield (dil/g) without NaCl

[00142] Addition of 500 mM NaCl during the digestion further resulted in an increase of
the release of HA-VLP during digestion, which in turn resulted into increased recovery rate after
clarification for both H1/Cal WT and H1/Cal X-179A strains (Table 5), but not for the H5/Indo

strain.

Table 5 : Effect of the addition of NaCl to the digestion step on the HA-VLP recovery yield (as

measured by hemagglutination activity unit) after the clarification step.

HA strain Digestion | Recovery afterl Increase in
conditions | depth filtration’ | recovery (X-fold)
H5/Indo @ NaCl 100%
(#972) 500 mM 1.0
NaCl 100%
H1/Cal Wt [—2Dacl 25%
(#604) 500 mM 3.0
NaCl 75%
H1/Cal X- O NaCl 50%
179A 500 mM 2.0
(#605) NaCl 100%

"'Recovery is expressed in percentage of hemagglutination activity obtained after
depth filtration compared to the activity found in the centrifuged digested extract.
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[00143] The association state of the HA-VLP, with and without the addition of NaCl
during enzymatic digestion, was studied using Nanoparticle Tracking Analysis (NTA) for
H5/Indo and H1/Cal WT (Figure 7A and 7B respectively). A monodisperse preparation of
particles was observed for H5 when digestion was performed in absence of NaCl, while the
H1/Cal preparation showed much larger array of particle species. The addition of NaCl to the
digestion buffer reduced HA-VLP self-association for H1/Cal, as shown by the fairly
monodisperse particle distribution found in Figure 7C. The number of particles at 150 nm for
H1/Cal WT-VLPs was enhanced (ca 5-fold) by the addition of 500 mM NaCl to the digestion
buffer.

Example 6: Controlling the release of pigments

[00144] N. benthamiana plants were agroinfiltrated with Agrobacterium AGLI strains
carrying a construct expressing a hemagglutinin of interest (H5/Indo) as described in Example 1.
Leaves were collected on day 6 post-infiltration, cut into ~1 cm” pieces, and digested as
described in Example 4, with addition of either 500 mM NaCl or 500 mM NaCl and 25 mM
EDTA to the digestion buffer. Filtration, centrifugation and clarification were performed as

described in Example 4.

[00145] Release of components having a green color during the enzymatic digestion step
led to purified preparation of VLP having a greenish coloration. The composition of the cell wall
digestion solution was therefore investigated and adjusted to obtain a VLP purified preparation
having a reduced green coloration, and thus an increased purity. Without wishing to be bound by
theory, since Ca** plays a critical role in the retention of constituents of the cell wall’s middle
lamellae together, and given the fact that there is usually a high concentration of Ca*" in plant
cell wall, the addition of Ca**-chelator EDTA could facilitate the enzymatic depolymerisation of
the cell wall, thereby preserving intact intracellular organelles, such as chloroplasts, and

preventing the release green-pigments components.

[00146] As shown in Table 6, the addition of 25mM EDTA to the digestion buffer allowed
for the reduction of the green coloration of the purified H5-VLP preparation, as evaluated by
measuring the difference in absorption of the preparation (ODg720m - ODgsonm). When the green
constituents were released in high quantity, or not suitably removed, VLP preparation exhibited a

AOD > 0.040.
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0 mM NaCl, 0 mM EDTA 0.071 + 0.061
500 mM NaCl 0.087 + 0.060
500 mM NaCl + 25 mM EDTA 0.010 = 0.002

Example 7: Alternative digestion buffer compositions

[00147] N. benthamiana plants were agroinfiltrated with Agrobacterium AGL1 strains
carrying a construct expressing a hemagglutinin of interest (HS5/Indo) as described in Example 1.
Leaves were collected on day 6 post-infiltration, cut into ~1 cm” pieces and digested according
to Example 4, with modification of digestion buffer to include 0%, 0.25%, 0.5%, 0.75% or 1%
v/v Multifect Pectinase FE, Multifect CX- CG cellulase and Multifect CX B cellulose as noted in

Tables 7-9. Filtration, centrifugation and clarification were as described in Example 4.

[00148] As shown in following tables 7 and 8, pectinase has been demonstrated to be non-
essential in the digestion buffer. Similar levels of H5/Indo or H1/Cal WT VLP can be extracted
with the present method either in the presence or absence of pectinase. Furthermore, it has been
found that reducing the concentration of cellulase when compared to previous examples had no

significant impact on the quality of extraction (Table 9).

Table 7 : Release of H5/Indo VLP by digestion of N. benthamiana leaves. All conditions were
tested in replicates. (Concentration in HA-VLP measured by hemagglutination activity, dil :

reciprocal of dilution)

Pectinase Cellulase* Concentration in
(%o v/v) (% v/v) HS5 VLP (dil/ml)
1 1 1152
0.5 1 6144
0 1 768
0 2 1536
*Multifect CX GC
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Table 8: Release of H1/Cal WT VLP by digestion of N. benthamiana leaves. All conditions were
tested in replicates. (Concentration in HA-VLP measured by hemagglutination activity, dil :

reciprocal of dilution)

Pectinase Cellulase* Concentration in
(% v/v) (% v/v) H1 VLP (dil/ml)
1 2 2304
0 2 3840

*19, each of Multifect CX GC and Multifect CX B

Table 9 : Release of H1/Cal WT VLP by digestion of N. benthamiana leaves. All conditions
were tested in replicates. (Concentration in HA-VLP measured by hemagglutination activity, dil:,

reciprocal of dilution)

Pectinase Cellulase* Concentration in
(% v/v) (% v/v) H1 VLP (dil/ml)
1.0 1 384
0.75 1 480
0.50 1 480
0.25 1 480
*Multifect CX GC

Example 8: Enzymatic digestion in conditions near to neutral pH

[00149] Controlling the pH during the digestion can be critical for the extraction of some
VLPs. Taking into account that the depolymerisation of the cell wall occurring during the
digestion step can release acid sugars that could acidify the solution (i.e. from pH 6 to 5) in the |
presence of appropriate buffers, and that some VLPs (such as those comprising H3/Bris and
B/Flo HA) have already demonstrated a strong sensitivity to mildly acidic conditions, impact of

such a potential acidification on the yield of VLP produced was investigated.

[00150] N. benthamiana plants were agroinfiltrated with Agrobacterium AGL]1 strains
carrying a construct expressing a hemagglutinin of interest (B/Flo, H5/Indo, H3/Bris) as
described in Example 1. Leaves were collected on day 6 post-infiltration, cut into ~1 cm’ pieces
and digested according to Example 4, with modification of digestion conditions to include 500
mM NaCl; 25 or 50 mM EDTA; 0.03 or 0.04 % sodium bisulfite; 0, 100, 200 or 600 mM
mannitol, 75, 125 or 150 mM citrate; and/or 75 mM NaPOQy; with the pH of the digestion buffer

44-



6.2 1.89 5.7 200 0.03 50 6.2 1.24 5.6 '"All buffers containing 125 nmM
Citrate, 75 mM NaPO»4, 500 mM NaCl . [00155] As shown in Tables 12 and 13,
manni t ol woneani3setki on coul d be reduced to 200 nmM wi t horCTAIAgDiOfG0CEARt | v
affecting VLPs extraction yield. Further reduction of mannitol

conceadjusttd anset bot ihdAbRMI 0Oddd Felvration, rentriditgilion ahd sladficarfonvesrahd ddscfiben t he
di gestion sqolution, did not significantly affect the | evel of HA-VLP

obt ai Hb@xa(f%lﬁl“e 14). WD 2011/ 035422PCT/ CA2010/ 001488 Tabl e 14: Rel eased of
H5/ 1 ndo VLP from di gestion of bionmass performed in buffers with different

concesyiati on o8Nl Alion WIAE ERloRARRENIALLET L sdhigspt i on sol uti on

ntr tlono el n concentratlon(rrg/n1)
2Tr i abpproxindtdl@ 815 byetheteidbf the enzymatic digestion, including increased concentration of

citrate (buffer effect between pH 3.0 and 5.4) and addition of sodium phosphate (buffer effect at
pH above 6.0). Table 10 shows that VLPs from the B strain were extracted more efficiently when
post-digestion pH was close to pH 6.0.

Table 10: Effect of the digestion buffer composition on the extraction yield of B/Flo VLPs.

Buffer composition' Concentration of | Protein concentration | pH post-
p B/Flo VLP (dil/ml) (mg/ml) digestion

75 mM Citrate + 500mM NaCl

+25 mM EDTA pH 6.0 ! 0.92 >0

75 mM Citrate pH 6.0 0 1.43 5.6

125 mM Citrate + 500mM NaCl

+25mM EDTA pH 6.0 L5 1.07 >4

150 mM Citrate + S00mM NaCl

+25 mM EDTA pH 6.0 15 107 >4

125 mM Citrate + 75mM

NaPO; + 500mM NaCl + 25 4 2.19 5.9

mM EDTA pH 6.5

'All buffers contained 600 mM mannitol, sodium metabisulfite 0.04%

[00152] Next, the effect of initiating the digestion at a higher pH in order to reach final pH
value close to pH 6.0 was tested. As shown in Table 11, the digestion of plant cell wall with

such near-neutral conditions was possible, and did not impaired the extraction yield for H5/Indo

VLPs.

Tablel1: Effect of the initial pH of the digestion buffer on the extraction yield of H5/Indo VLPs.

Initial pH of Concentration of Protein concentration | pH post-
digestion solution' | H5/Indo VLP (dil/ml) . (mg/ml) digestion
6.5 2304 2.79 6.08
6.4 1536 2.31 5.93
6.3 2304 2.40 5.81
6.2 2304 2.09 5.73
6.1 2304 1.72 5.61

'All digestion buffers contained 600 mM mannitol, sodium metabisulfite 0.04%,125 mM Citrate +
75mM NaPO, + 500mM NaCl + 25 mM EDTA
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2304 1.62 2Trial 1: with 600 mM mannitol 3072 1.73 2Trial 2: with 100 nmM
mannitol 4608 1.77 2Trial 2: with 600 mM mannitol 4608 2.0 "All buffers
cont ai ni iyo2b1wdskGetrate pH 6.0 + sodi um netabi sul fite @COAA20R000488r i al s
were were performed to conpare the extraction yields of VLPs w thout

manni ol 53] Tr i al Other esttpotients of Gindikestiomisolotionf Wereadls@3howarts be nBEINabil4
mannitol. Exanple 9; Suitability of

of HAWg‘lfPﬁ npgRsSe) affrstingihg ﬁﬁtrw‘éloaﬂgeég of ﬁ’ﬁ’tﬁ%?h@aq? &ﬁdsggﬁtﬁ?n@ifg%ﬁggs tha :r ! e;y
var et Bro R BBkt n SR Ebrd P AR O RGPRREN DAL L P PG

H / Cajyhi¥ odhiningH3pdae-t E%eémﬂl;ﬂl 6t 94850\/\&udhrmmlﬁvatmms igtadgihasasingtbe met hod
descri bed herein was so shown to be suitable for the extracti on of HAVLPs

f r om swaeuration i ciBratesandraddisig/aNk)s uffeshBbas beeriappdthatincrragng thes Rel ease
of seasonal H/ and Hi.,/ NC,VLP fro St.i o I t
bent h‘é‘?ﬂcﬁlﬁéﬁt’logé\? EPSF‘A( geheral I (YI}IP%H %‘ﬁlof%acﬁgh Qg{ﬂpg@(fn&?qﬁ‘g ]{C)# t|rrérfjllca | on

actlv%q dil : reciprocal of dilution) HA strain Concentration in HA (dil
/ ) ’/Bri 1536 H /NC

Table 12: Effect of various digestion buffer components on the extraction yield of B/Flo VLPs.
Buffer composition'

Mannitol | Citrate | PO4 | EDTA pH Co()r}cgngit;’on conlc):::lt; ;I;ion pH pqst-

(mM) | (mM) | (mM) | (mM) (dil/ml) (mg/ml) digestion
600 75 0 25 | 6.1 2 1.07 5.0
600 125 0 25 (6.1 192 0.83 5.7
600 125 75 25 162 192 1.81 5.5
600 125 75 50 | 6.2 96 1.26 5.4
200 125 75 25 |62 384 1.05 5.7
200 125 75 50 162 96 1.04 5.4
200 125 75 75 162 96 1.55 5.4

' All buffers contained 500 mM NaCl and sodium metabisulfite 0.04%.

[00154] Buffer composition was further modified to improve the extraction yield of
H3/Brisbane VLPs (Table 13)

Table 13: Effect of the concentrations of mannitol and sodium bisulfite in the digestion solution

on the extraction yield of H3/Bris VLPs.

Buffer composition

Mannitol Sodium EDTA pH Conizlt; I;ion pH post-
: 0 L

(mM) bisulfite (%) | (mM) (mg/ml) digestion
600 0.04 25 6.2 1.87 5.7
600 0.04 50 6.2 1.62 5.6
200 0.03 25 6.2 1.89 5.7
200 0.03 50 6.2 1.24 5.6

'All buffers containing 125 mM Citrate, 75 mM NaPO,, 500 mM NaCl.

[00155] As shown in Tables 12 and 13, mannitol concentration could be reduced to 200
mM without significantly affecting VLPs extraction yield. Further reduction of mannitol
concentrations to 100 mM, and even the total omission of mannitol from the digestion solution,

did not significantly affect the level of HA-VLP obtained (Table 14).
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conposition conprises one of
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cell u'ILlaAf-?/LPs comprising H5/Indo, H1/Cal WT VLP, H3/Bris and B/Flo shown in previous

625

examples, the method described herein was also shown to be suitable for the extraction of HA-

VLPs from seasonal H1/Bris and H1/NC, as shown in Table 15.

Table 15 : Release of seasonal H1/Bris and HI/NC VLP from digestion of agroinfiltrated N.
benthamiana leaves. (concentration in HA measured by hemagglutination activity, dil :

reciprocal of dilution)

. Concentration in HA
HA strain (dil /ml)
H1/Bri 1536
H1/NC 384

[00157] All citations are herein incorporated by reference, as if each individual publication
was specifically and individually indicated to be incorporated by reference herein and as though
it were fully set forth herein. Citation of references herein is not to be construed nor considered

as an admission that such references are prior art to the present invention.

[00158] One or more currently preferred embodiments of the invention have been
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.
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4. The nethod of claim3, wherein the cell wall degrading enzyne conposition
does not include one or nore of a |ipase, a protease or a pectinase. 5.The
met hod ofwolz2aim3i4zaherein in the step of obtaining (stepcacatwopisant is
transfornmed with a nucleic acid sequence encoding a protein selected from

t he grmowjll &f appatent @l peesovie bidfied fartht ait that @ nuimbat ofStariatibny @ld medifiedtions aawvi r al
capsid protein, and a viral coat protein, and the plant or plant matter is
har vebe made withrpit deparHag fiom @r spapesf theHavantiontas dehigd inithe elaims- | Bxampleoduced
into the plant-in a transi.ent nner...7. The nmethod of claim wherein, the
nuct el Eosh rRladDof b AE HECHRTRARG onti i g IREREE P! ¢eRBRRE 8% " The

et hogvedhtidi igiofdek tvh@i&iethé Sinid@st RPsuBita@lIFithé fnd Whep @) . the plant is
grown and the plant or plant matter harvested. 9. The method of claimb5
wherein the nucleic acid encodes influenza hemaggl utinin. WO

2011/ 035422PCT/ CA2010/ 001488 10. The nethod of claim 1 wherein the plant
derived VLPs do not include neuram nidase or Mprotein. 11. The nmet hod of
claiml1 wherein the plant matter is selected fromthe group of |eaves, and
cultured plant cells. 12. The nethod of claim1 further conprising a step of
d) purifying the plant derived VLPs fromthe apoplast fraction. 13. The

met hod of claim 12, wherein the step of purifying conprises filtering the
apopl ast fraction using depth filtration to produced a clarified extract,
foll owed by chromat ography of the clarified extract using a cation exchange
resin. 14. A nethod of preparing plant-derived VLPs conprising a

pl ant -derived |ipid envel ope,
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conprising: a. obtaining a plant, or plant matter conprising

apopl ast-1ocalized VLPs; b. treating the plant or plant matter with an
enzyne cownpasiiti3ss2t o produce a protopl ast/ spheropl ast PcaatAzon/mmisone or
nore than one apoplastic protein conplex that conprises the VLPs; and c.
separ AVHATT I €IAMED ISore t han one apopl astic protein conplex fromthe
protoplast fraction. 15. The nethod of claim 14 wherein the enzyne

conpogi ti o\ gRffidHiof peepaify PlanfdiEed NAIPs Ot RRGIg: nase, one or nore than one
cellul ase, or one or nore than one pectinase and one or nore than one

cel lul ase. 16. The nethod of claim 14 wherein the enzyne conposition does
not i ncl ude2ormbtaningspland pr plany paties compppiog epemaghocglipedViRdse. 17. The
met hod of claim 14 further conprising the step of d) purifying the plant

derived f h f ien.. 18 Th h . ¢l al , Wh [
the step of Spupiduii ESRBIRE et sk Biiphind R sBRAR ol uei g dept

filtration to produced a clarified extract, foll owed by chromatography of

the clarifigd xdveas m&df' Belast fERtibRThEXFopRROLadtRR Bmpri¥¥Ag the plant-derived
2011/ 035422PCT/ CA201%/ 00 4%18 19. The nethod of claim 14 wI%er ell)n in the step

of obtaining V&Pep a), the plant is transfornmed with a nucleic acid
sequence encoding a protein selected fromthe group of a viral envel ope

tein, i I t. I t ei i I i d t ej d i I
Coat Py ot eitte mede pridein) BB 5ttt pQeGiEe Ficn Bt BedbOwa® e et hod of
cl ai m&&op%k%&itiﬂnst e ?fBél‘ﬁEé‘d Sy@@itﬂeﬁt%ﬂﬂ% ﬁl@&l&%%nit Magted ﬁ}ea alipphnin a
transi ent  manner. 21. The net hod of claim19, wherein, thHe nucleic acid is

st abl yepratlagreazyde vorhpositian. genone of the plant. 22. The nmethod of claim 14
wherein in the step of obtaining (step a), the plant is grown and the plant

or plgnt ter harvest.ed : . . .
P % rrall;he metho ofe cialm 2 wherein the cell wall degrading enzyme composition comprises
one or more than one pectinase, one or more than one cellulase, or one or more than one

pectinase and one or more than one cellulase.

4. The method of claim 3, wherein the cell wall degrading enzyme composition does not

include one or more of a lipase, a protease or a pectinase.

5. The method of claim 1 wherein in the step of obtaining (step a), the plant is transformed
with a nucleic acid sequence encoding a protein selected from the group of a viral envelope
protein, a viral structural protein, a viral capsid protein, and a viral coat protein, and the plant or

plant matter is harvested.

6. The method of claim 5, wherein the nucleic acid is introduced into the plant in a transient

manner.

7. The method of claim 5, wherein, the nucleic acid is stably integrated within a genome of the

plant.

8. The method of claim 1 wherein in the step of obtaining (step a) , the plant is grown and

the plant or plant matter harvested.

9. The method of claim 5 wherein the nucleic acid encodes influenza hemagglutinin.
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23. The nethod of claim 19 wherein the VLPs conprise influenza

hemaggl uti nin. 24. The nmethod of claim 14 wherein the plant matter is

sel ect ed woamitdses2gr oup of | eaves, and cul tured pl ant celciracA20@m0T488 net hod
of claim 14 wherein the VLPs do not include neuram nidase or M protein.

26. A et hod@hemefiodpdiciang phhertindke pMatdevives VP dp mosindlide acurabiididiseng a

pl ant _or plant matter conprising plant-derived VLPs; b. digesting the plant
matt eM Dt64® a cel | wall degradi ng enzyme conposition to produced a
digested fraction; c. filtering the digested fraction to produced a
filtened f I I L - Lved. VLBs from filtered
fraction, 39¢ paeRRLERIAVERL AN B ARl R il oRESE Miver oy me
conposgitiredpang@llsses one or nore than one pectinase, one or nore than one
cellul ase, or one or nore than one pectinase and one or nore than one
cellul ase. 28.The nethod of claim 27 wherein the cell wall degradi ng enzyne
conpos?t i odhegreradgdslasnd rtherromprising aotiep pledinunfideg therpbanydemvadeViPan one
cel | ul ase, or gne.or.nore t han one pectinase and one or nore than one

col | ufiRabthe H1a fIRiRtk 400 pCT/ CAZ010/ 001488 29. The method of ol ai m 27
wherein in the step of obtaining (step a), the plant is transfornmed with a
hucl ei|g. aciTde SRENGANTRIMACNvRErem hE HeBioh peelyRiy @thrsedTikdithedhOYpopMst a Vi r al
envel ope protein, a viral structural protein, a viral capsid protein, and a
vi r al fraotéan yeing diptisfiltration tdpropicedta abari fiadamtractafollewed by lchronegdgraphy 6he The
met hod, of. ¢l ai m 29, wherein #%éeg nucleic acid is introduced into the plant
in a Plragﬁgggﬁfacﬁﬁﬂﬂ%'f‘.cau%"le.xc °ethod of claim 29, wherein, the nucleic
acid is stably integrated within a genone of the plant. 32. The nethod of
cl ai m29, i : j: i LU . ut i nin.
o The et P oL o o 2 R L et e
gr oupcahptisages, and cultured plant cells. 34. The nethod of claim 26
further conprising a step d) of separating the VLPs in the filtered
fraction fromthe cellular debris and insol uble ma}terj als. 35. The net hod
of clai m 343 RABTH$H2 PRREL OF BignpRaden semprsing apepladrieelized ViFscent ri f ugat i on.
36. The nethod of claim 34 wherein the step of separating is perfornmed by

depth filtr@tiQhing the plant or plant matter with an enzyme composition to produce a
protoplast/spheroplast fraction and one or more than one apoplastic protein complex

that comprises the VLPs; and

c. separating the one or more than one apoplastic protein complex from the protoplast

fraction.

15. . The method of claim 14 wherein the enzyme composition comprises one or more than
one pectinase, one or more than one cellulase, or one or more than one pectinase and one or more

than one cellulase.

16.  The method of claim 14 wherein the enzyme composition does not include one or more

of a lipase, a protease or a pectinase.

17. The method of claim 14 further comprising the step of d) purifying the plant derived
VLPs from the apoplast fraction.

18.  The method of claim 17, wherein the step of purifying comprises filtering the apoplast
fraction using depth filtration to produced a clarified extract, followed by chromatography of the

clarified extract using a cation exchange resin.
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37. The nethod of claim 27, further conprising the step of d) purifying the
pl ant derived VLPs fromthe filtered fraction. 38. The nethod of claim 34,
wher ei n twe 2st1aps4k purifying conprises depth filtrati orcofcabm/obidsser ed
fraction to produced a clarified extract, foll owed by chromat ography of the
clariflbed &hemnaetiodustidaimal 40ahdrein ieXedwdpoef dbefhing (step a), the plant is transformed

with a nucleic acid sequence encoding a protein selected from the group of a viral envelope
protein, a viral structural protein, a viral capsid protein, and a viral coat proteins, and the plant or

plant matter is harvested.

20.  The method of claim 19, wherein the nucleic acid is introduced into the plant in a

transient manner.

21.  Themethod of claim 19, wherein, the nucleic acid is stably integrated within a genome of the

plant.

22.  The method of claim 14 wherein in the step of obtaining (step a), the plant is grown and

the plant or plant matter harvested.

23, The method of claim 19 wherein the VLPs comprise influenza hemagglutinin.
24.  The method of claim 14 wherein the plant matter is selected from the group of leaves, and
cultured plant cells..

25.  The method of claim 14 wherein the VLPs do not include neuraminidase or M protein.
26. A method of preparing plant derived VLPs, comprising:
a. obtaining a plant or plant matter comprising plant-derived VLPs;

b. digesting the plant matter using a cell wall degrading enzyme composition to

produced a digested fraction;

c. filtering the digested fraction to produced a filtered fraction and recovering the plant-

derived VLPs from the filtered fraction.

27.  The method of claim 26 wherein the cell wall degrading enzyme composition comprises
one or more than one pectinase, one or more than one cellulase, or one or more than one

pectinase and one or more than one cellulase.

28.  The method of claim 27 wherein the cell wall degrading enzyme composition comprises
one or more than one pectinase, one or more than one cellulase, or one or more than one

pectinase and one or more than one cellulase.
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29.  The method of claim 27 wherein in the step of obtaining (step a), the plant is transformed
with a nucleic acid sequence encoding a protein selected from the group of a viral envelope
protein, a viral structural protein, a viral capsid protein, and a viral coat proteins, and the plant or

plant matter is harvested.

30.  The method of claim 29, wherein the nucleic acid is introduced into the plant in a

transient manner.

31.  Themethod of claim 29, wherein, the nucleic acid is stably integrated within a genome of the

plant.

32. The method of claim 29, wherein the plant derived VLPs comprise influenza

hemagglutinin.

33.  The method of claim 27, wherein the plant matter is selected from the group of leaves,

and cultured plant cells.

34.  The method of claim 26 further comprising a step d) of separating the VLPs in the filtered

fraction from the cellular debris and insoluble materials.
35. Themethod of claim 34, wherein the step of separating is performed by centrifugation.
36.  The method of claim 34 wherein the step of separating is performed by depth filtration.

37. The method of claim 27, further comprising the step of d) purifying the plant derived
VLPs from the filtered fraction.

38.  The method of claim 34, wherein the step of purifying comprises depth filtration of the
filtered fraction to produced a clarified extract, followed by chromato graphy of the clarified

extract using a cation exchange resin.
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