WO 2011/ 035422PCT/ CA2010/ 001488 METHOD OF PREPARI NG PLANT- DERI VED
VLPS FI ELD OF I NVENTI ON [0001] The present invention relates to

nmet hods of &(()aparl ng plant-derived virus-like particles iv %I)g
BACKGROUNDY OROTHIE4F2NVENTI ON [ 0002] Current reconbi nant PEXf 1888

strategies in host cg ﬁrébc&ﬁ@mmépmamekbwwe and
manmal i an cel |l culture expreSs and secrete proterns at very high

| evel in the culture nedia. Using these systens high | evel s of
expression, proper protein folding and post-transl ati onal

nodi fication of proteins, is achieved. Furthernore, purification of

t he exprEELEIOPrINVENTION sinplified since intracellular proteins may
be readily segregated from ot her conponents (DNA, vesicle, nenbranes,
pi gment sjooar]diteqresent. intantioptedands to meytees bf grparing plantrdayst erss-likhpargadtd
wal | prevents secretion of expressed protein into the culture nedia.
[0003] GY¥&F8) the primary methods to combat viral infections is by
vacci nation. Production of vaccines in response to an outbreak or

epi dem CBA@KGROW Qtpemgr]ﬁvEﬂﬁrmﬂds (e.g. the annual 'flu season'
occurring in the fall, or the recent 'swine flu' outbreaks observed

wor | dwi deyhosy e@t&ﬁéﬁ?ﬁ:{:&ﬂ@iﬂ%%ﬁﬁr@&sﬁ&ﬁtﬁf g@s‘ﬁrf Bt %S%%‘ kb, Qﬁse&%ﬁ tilture,
given the short notice period. Curren production of

i nf | uenzandvagoinAkdanmall chidure Aspréssiand evsrete pr0tdrr§ aft a@e h@‘h levehor the wiltiee fiedia.
pandem o Further nfl uenza strai hange fromyear.to
Dear .t HHEEHBR R e Y ey B Bes Rl Gl Y By MR
practi Catnodﬁ%ﬁkrtﬁmf%edtemt A 81 cF6R | Bureeb#s, Pudificon 3 tiRfekfrelded Brotein is

i nfluenza vaccine is of significant value. [0004] Virus-like

particl esrr(ptrﬁ%smmytrmﬂélmmr@tym may bgreaddly ecarepated dipppothercoimpesents (DNA,
Suprastruct ures as_VLPs t {5 iral i
but | ac kvesmgeer%r% rane%&: ' ués %ﬁz;gnno(gl)r E%" pﬁ}(‘:né%ggléé?t B re@%‘%ﬁsy\é{ennggﬁgggg{r&}i
secondar yreléttesedciefion oMixpses@idfpesteiarnnto gy @vtetd rﬁédizer native to isolated
(sol uble) reconbinant antigens for stinulating a strong inmune
response VLP assenbl ed upon expres cific vir

prot ei ns 09R4! P%gfgtht PARaRypReLhgely to %qrtxt?aéﬁgaslr@fg@w&r rSﬂﬂa YeRgiRatiop. ?Fﬂ@.urtlon of
cognat e yidihss Hﬁ%spoﬂéy th 68 olitbHaK Yt & rgtenmerarlt&hﬁa ségoﬂafdemaﬁdgrregnﬁt Snnyal
genetic nateria e presentation of antigens in a particul ate and

mul ti val éﬂuseasomﬂottwnmgsih el falk, of thetrbent Givirtey’ hatbraaés observed soHiwides an
enhanced st]j rruhatl on ﬁ g.Lmmune response b%{ranced hurmc{a(lj

cel | ul ar "GBHP ‘éﬁ‘t@rﬂt‘%{? ST BRI OlXASFIng Elé(e%thre ThEQUSH PRY° urftht
i sol at ed y3pkERPSodustion ¥ @tﬂﬂeﬁé@@a’é&%@E@b@ﬁ%@ﬁﬁ(aﬁ@%‘lﬁ@fa@@&fa%&@dvh@e bg
particularly true for envel oped viruseS as envel oped VLPs present the
surface a#denén §mthemtm rdomataur iaflugnzaBirainechisogmidon tyearéo yaar.ghies s@can!émg at

Anderson 200 I\/Eth rthe | nf | enza. VLP

G eh ¢ hele e i B Sttt Pt E RO RE, TRk eals o iSRG ot gpve
vacci ne m@nﬁaﬁa@n@@@pﬁgﬁﬁcmvﬂeeomr nant hemagglutinin (HA) (i.
nmononmeric HA, or HA organized into rosettes; assenbly of 3-8 tri rrers
of HA), and they are able to actlvate both hunoral, and cel | ul ar

i Mmune ré@&éhé’é’“s %‘?Pﬁh‘fles (KL Rs) may be epployed3p grepargpilyepga vascines.

3871- 3878)nrafiliARds SPE a¥ 93P AR the %nﬁturé b&nk Utfréllégﬁﬁ@ bUAGA! PESome, and

currently on the market are conposed of viral particle or virus
anti gens tl@bpmmewphrmreggvlgfr owransi foi a)wsondmeﬂfncwu CYLRyoftek an improved

egg-derived vacci ne n ture viruses.in

cnbr yonat L BR 1 Gl T fe RheriEnbla sl Reamyifings 4ORE mHppesesponse
chem cal ViIP e aedmibdedl o efbrodsitiptdfepecttic Al iokedsh ankl ?at-e@ét& aWek@rmal surface
detergent. Reconbi nant influenza antigens are an effective

al t er nat Fesemplingthat o thedrdogente WS bybrsliketrimyied Rereicip ot @cprp@mt%g@etw
Reconbi nﬁﬂterﬁp tT'hg ?&%en?ﬁﬂm%? a@[ﬁggy%eafdpaitgc%ﬁé %d%&‘i?%&%@ st%]ctlﬁ rln%?a@ ?o tlggt of

makeup a new strain once ormation IS nadé avai
the native virus achieves an enhanced stimulation of the immune response with balanced

humoral and cellular components. Such improvement over the stimulation by isolated antigens is
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[ 0015] The present invention relates to nethods of preparing
pl ant-derived virus-like particles (VLPs). Mre specifically, the

present invention is directed to nethods of preparing VLPs cog})ri Si ng
i nfl uenza Y8P2{1§E#422 [ 0016] It is an object of the inveRETEA24IYL01488

provi de Fpes]e . [ - ' ' i

Part 1 ol oo P paLH R B R oRlCERRN VRkal Bl VER: WelohPore fuce

pr epar i fgigphsain thekamatuteldndmhitanesorund state{ Grgdotcaind iAmdesom 2606, Mathqals &0 60-
matter conprising plant-derived VLPs |ocalized wiithin the apopl ast;
pr oduci ﬁ@@“ﬁh‘?ﬁ’@fﬂa fdtuengady T Wish S pEAls Wﬁ?“lﬁ’é’ne}%ﬁpﬁ@tsg"w“ to be
fractio i Sl : - i ; F O RPRE,
fracti oﬁeft& E%Chngtcﬂ%éﬂﬁ%y%?]gfﬁ%%gfgg%%rﬁ?% Zlglgaés eg’Y‘g?{%%‘P{?‘? ng t hzﬁi of
pl ant dHA orgghidddPsto froseties; hecrablyplf <8 triftressodfifbi), ankhtheypdraalble teadtivatd byihP

may be a chiperic plant-derived VLP. The, plant riyved, VLP

sel ecte umwaﬁ%@ws“@mww PP (lB\'f@htz &1+ 6‘3@42%%&%‘(%‘26 67 %312%338)-
envel ope proteins, viral structural proteins, viral capsid proteins,
and Vi r gdooSPetke WOhSoAS of TEnMedRl vaRhky adretiPen IRLRN RS e%ﬁhfposed of viral
i nfluenza hemaggl utinin. [0018] The apopl ast and protoplast fractions

may be patidaoruiniantigegohtaied diont ¢s-gsown vitons. plkeprogustionef dgg-derived

R e e
than ongrepB&fincdaser dhbsliANRa&IvalidH dtdigtiptiRefpefified Afiens Wit 4 f@srgBite,

if desired, the enzyme conposition does not include a |ipase or
pr ot eas Becaspbingné indypprosntigenn agsasiipgiveiaiematine ta viragdestyef pyfiasas oy

Porvest PRS=GTe eaby ARl MRt Rl florlh R SR RL AR B Re

conpri sgerdomakéupadfla nefv strhia aptauhts, infofationds Fadeadtailalile,ane abwdd rapid |
| eaves, .stens, roots or cultured plant Qfe,l | s. [0020] The present

i nvent i SRIIBE HePredugtionyacess DBrupwsr.nvgiisd waembiaant iy supupds gppear less

descri bef c%%s%h%&&ﬂgteé‘%plit: b AREC R hq%H%F bfli ol 8(99&%&? % rreg'lﬁre}{ltg

sel ected #romt e group of viral envelope protelins, viral struactural
pr ot ei ngenevdte aboteapsiohng rap@isa sl reannd evdlr, A007C dadm.pWal disvs. 195, 1577-1582).
introduced into the plant in a transient manner. Alternatively, the

| ei id s stahly.int d withi fot | ant . _

[0oz1) RS psRaRe ikt G BBt R TG Ao Brsppession

deri ved oVhiPso Aglugles prdtagd(nabReaI( NBOAId Y. Feirsones0EHMBEY Rl Qﬁal%réi_t%ﬁl@
e

of purifying the plant derived VLPs fromthe apoplast fraction.
st ep of amutispeydaply forthe prodpetios o MLIPs.cand drfluchze Bhdohaeeciferdegelppmenisi ng

depth filtration to produ a clarified extract, followed b .
chr ot BIEERH B bRl &E P St o b A 2 maionfEh brigus proteis
resin. [RAAZ2AH NA)WIGUL 1 ok SBinBe R etiresbiol 08 HBYankhe Doy (R £ BND009, Virus

obtained fromthe a]po

| ast are nore honbgenous, as the internediate
forms oftepddd. UPade). deheowhl CORD: FirabiShr i biTA2Y) have povmabardlA alone is

conpri si t - j t ] i Mar o1 .
i acol TP B ERAY Bl Al hE Bhdlhd A vE el BB mied n geir
honogeneystem.oHoweveeGirtbiHranhs found © bind wpidyhtey glyesiibttiss b th@ stifgReT the
quality of a preparation co ising the protein, and may result in a
pr oduct R RS Cmgrﬂbepngf«#’ﬁ,éé’lrﬁh%ﬁ@a%‘@asmomﬁewssgéﬁ%ﬂm the g7lepse of
hal f -1 f&.ps@onP@BE bRdudi PERPbGIdE@Paci ty. For exanple, bl ood

prot ei ns containi ng hi gh-mannose glycosylation are elimnated in

bl ood circulation nore rapidly than proteins conprising conplex
gl ycosyl[@R%7bA. simplgr YEB iadastian systemeion examite; oae that relies enpbp bxmgession of only

fractio | i . -1y | ation. Therefore, .an WO
2011/ 03015 s i VBl s e Aok Y ol st FebfiPisi s ng
t he met dedisbides atceleete the developmenyof wactigest Prddusadd ofdiiGB Sz, iRkl t
for exanple, a better half life in circulation. [0023] The present
LPs, in plant systems provides an advantage for production, in that théy may be grown in a

greenhouse or field, and don’t require aseptic tissue culture methods and handling.
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WO 2011/ 035422PCT/ CA2010/ 001488 [0032] Wt hout wi shing to be bound by
t heory, plant-made VLPs conprising plant derived lipids, may induce a
stronger i mune reaction than VLPs nmade in other manufacturin

systems an¥O2Ha{3% e i mune reaction induced by these PCAMAZHRNE$H Ps

at t enuat G0N oPITRRE S PaltTop BRRR RRSL AR ARG s e bl bnor

extract gitaigieshdth@enatad P@fin-&Rloh ohSmizedHSGKA a3NEhfThyth Adl]cyhaGP I 2968 in
intercellular _and intracellul ar conponents along with a protein or
supr ast r elénter Eharuncated enstruetiagks the memyand apsheringdlompine phiedighest of an
_apopl aSt+c% lfn[lﬁﬁ&ﬁ ﬂ.‘IAf (I-)Atglg%g og%in%d WitiRohd ﬁ&%a‘?g‘a e?edttgﬁle ER. ﬁonstructs

i ntracel Ul'ar protei nd an component's i's advantageous since the

prot ei n Rtkifgp raibdne tatpingfdomainali@asdt iad directstié Hah the pradiuttigr GasePs was
efficiency wthin a manufacturing process. Having a sinpler process,
conpri si PR} 'EROFES- ef ficient steps, may result in significant yield
increases, and cost reduction. It has also been found that the

process Rfooﬂjpgﬁé bioRfctioR @ GflubnaYA WP cht E&h;!aﬁs’é’%' I idj&m%l%gé & deBf Y TES
increases VLP protein yield even if protoplasts do not remain iIntact
duri ng t previensly desciibnl hyrtbe matenters VARG 30A9/AIO81 myl WO WEIHFGTIS (boyD’ Aoust et
t heory, th t of cell wall digestion may loosen the .polyneri
conponentls BB TRSgT wepipreted iRty Serfi EFCeBop yiRges faiybe

ot her Wi sgdaamesudtRa 1id Rl ok Rmbednk 106 fetainkd by Y BRRACTHe d¥RodtiSPof the
mnimze contam nation of the VLPs within intracellular conponents.

[ 0034] MipidarRy vary Witlyhs syshina fi-2. @allant-pridncedreavidapagryirua wouldringinde plant lipids

cocktail _m resent

xtures that digest cell wall.s may vary. The
ovent | ot PEsEl it ettBel alPmar P R g 8oy iR BT ke
[ 0035] The net hods described herein result in |ess disruption, and
cont am ngoil ONTiof assenil pof enstelopstEULRALR texigeattobdbenexpesngiag 6@ HBV siifireds
for preparjing plant-derived VLPs involvin Eg&fggnization, bl endi

3 , in
or gri ndfRftgen ftBs B rins descabethy Maspnsb Al A - Hetl afradptsp| st 89, 11745-
fraction h | ' SRR AR ' he ;i ' of
pr ot opl aé?fs4gsain§m?‘ﬁ§?&r“°%%§%§ﬁ‘é§?§@@ﬁfé° net Hg%lcgggﬂggts% :h?lgéfgéeﬁg{nﬁ&é s
ef f ect i vesspenspininfiyé wher\ddRsinietesd pafentebdlyfHodrpd: alst2905,0Fa@ine@3t 1 8M-1358)
the protoplasts, |ose their integrity and are no | qgnger intact. .
[0036] TEES HRFRBHENYL BlAvgR fedime ghidies pniy ipfuged VEde HRRURETPER e Spth et
met hods gf 2¥bE 10xLikas] 140m -4oo! vrag (%@[‘ﬁ%&%ﬁ%-@hﬁf %Q%@ﬁlaﬁuman
t echni ques, for exanple, honogeni zation, blending or grinding. e
gr eat er yhwlhgbdehgiely vilue (HIY) epropeain fusian mét kBdAgracoimulited sh¥hP whgn
forces that disrupt the structural integrity of, .the Ps and/ or the
li pi d enVHGBE mg\%ﬂﬁgﬁf]’ﬁtt? Coo?n%\fﬁ@g’df’ﬁsbs?rfrzfﬁg%lﬂP’iggriti\(hjf Y4588 -on nay
be advant ageous, as apoplastic fractions are significantly reduced,
or free QJ0l1TRkBIsRSIO] thePi@l QipBig.protBiaNVOPSin MrBzdheabatd &Y fdtfRplants
other proteins and matter, including HA nononmers, trinmers or

f r agment &seifedp the aisehly tesgelppeds Y aitst (Mson & abaki%y PragpNatl. Acad. Sci. USA
2011/ 035 / 0 ' . [ dvield
6@,25%) -5%&‘@.6 %@{3 } ﬂgégh?ﬁ%rb%neﬁﬂtg&%% F{;%@X@l@mteh. - rg%ﬁﬁ@;@%ﬁea\fes en

of VLPs may als ai ned using escri
i f the p(ittaapleast 2(80epiarairddBiools. 3)006-704) aad tHelrempiuvabgealox$tupon oral

preparati on, .is,noé intact., [0037] The VLPs of the present invention
bre al S0 CHEARE} derssGRicdCipimBS (St o6l P00 dhcdieritbF it | 5940 Agministration
activityothahs dhessr rQQ’tp%ta&ﬁeg cb’xﬁhilﬂ&g%ﬁ S‘Jﬁﬁgg of N9 e WhSHHRbF 9?1%’5 ¥°rh§ﬁ%t}g

techni ques. This 1 nproved hemaggl utinating activity may resu

gr eat er piwl haftearseadted U Ry e(opasetofldA imunosesgones intani 98V fitieiennumized

onvel opokoluleds ERckH LA 2B HaPLS Pl B a0 Vb0, NreEilaed i Rsgrove g0
provi de bag BEVRARGEhe WRABsFHITMIBA 410 aNBshi(N1BSAPRASNR bt MNObSY,

viruses, that they are non-infectious. Therefore, biologlca
Biotechnol. Bioeng. 103, 706-714), and the human papillomavirus (HPV) major capsid protein

L1 (Varsani et al., 2003, Arch. Virol 148, 1771-17%6).
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[ 0049] Figure 8 shows a Western blot of extract of H3/Brisbane VLP
generated by enzymatic digestion using different buffers. Lane 1)

Pure reconbinant HA standard (5 ng, from I nmmune Technol ogy Corp.
| T- 003- 002¥PPY43d2D to 5 contain 7 t1 of centrifuged ERIEHAE01488

t t f dint | | ow f - L 00mM. Mannj t.ol
o5t cilDP 20 Mmoo Sem B RN S/F05 ot B SLPF Pt RS, Shbgigfics
3) 600kl plABIMEL AL SRR VEPDh AORMRIT Ao Rincin

bisulfite pH6.2, Lane 4 )"M Manni tol + 125nmM citrate+ 75nM ai
25mM EDTi extigeid@oprbiesuftdm the iptegelular space & plapG0edvhivising & @kuwm aRb mvi

citrate+ 75nlvl NaPO4 50m\ EDTA +.0,03% bj sulfite. . 2. . The.arr ow.
Fepr oseriebriaRton et & R Ts i by BFieieRlsR pediorB P ol B Rl s
[0050] Tdeecrivee SEPLT PUMERALISOW T 80/ RS (10T IBén @ dER). OfhiPdpPRACK RGuitable for

pl ant-derived virus-like particles (VLPs). Mre specifically, the

pr esent smdlignieteion (990 dDa st smallarbthatenapvidizoush ppree M@U‘J’Eﬁﬁd_@mﬁ%@ﬁ?’g
a"pr ot or ol gt Aepboreti predd B o PRERSE BRI LTLP ©

met hod for obtaining a protein, or protein suprastructure of

i nt er est{00T eMel@indkret aff 1990t Rroe Matlrayid el (P8 296103703t dilBpopk ash riod
extracel lul ar conpaital ent, corresponding to the plant cell portion.
excl udi rFLHE sispRspldedived ina suglesapind s prifope tortarzehibe RERTcsse prR{gEL 0
renovin :

o ant ooy SUBFPfiSoREa RL, LOSRLbPGAR iRy Pl feh S8

wal |t heregokpndithesct o pplgpepitiss. dflodhinke etall.| 20081 BicatchndldegS80dd59-ap6h)t he

protein or protein suprastrugcture of interest y be nore readily
rel eas ed%sﬁﬁ’_eﬁg?erﬂg _ﬂi‘an @“%Pﬁﬁﬁ?“of‘H’éeﬂbq‘{;?fg‘ﬁ?pgoé?ﬁ%rt%?@?ﬁ %’G?ﬂ‘%@?ﬁﬂ_ﬁ ekl e
of i nt ergktgeh %oﬁﬂbbé‘é&(lé? dsifg apﬁmblnalgﬁdowﬁaawmidﬁmmmn@b 205824 123t fNt

that contains a nmajorly host-ce proteins and conponents is

segr egat Zung eloal) diblosapopiression oAscFvameninpglblowlins ithpants ttirgetingso preapbulesiic
her ei n iss setdsll eg;r;ecti Ve in obtaining a protein or protein

supr ast roet ure et TSR SN Sdur i ng the process, the integrity of

t he protopl ast/spheropl ast conpartnent is lost, if the

pr ot opl 9014 pkiesoht asthpleoitdet VIR Hnd itlse plad: tisstle A€ Which fitbyiriaydbepasduc@t) Of
host cell proteins and comﬁonent s fromthe protopl ast/yspher opl ast )
conpat t n‘ﬁﬁgo%ﬁr@ PEPadRhyY LY hihatase sisiantaly freeobtor gapily segarated from plant proteins,

2011/ 035)!‘]&%1?&?@ {h%%Q&Q{aP%&%Jnggé@J cl@‘a%%ﬂgtfc% oﬂhe%ﬁg’%@deﬁ virus are de ireg. )
suprastructures are structures conprised of two of re pofypep%l es;
t he pol ypeptides nmay be the sane, or different; if different, they

may be py¥EeXMARYNOE THHE ISVENTIOdUt 1:1 to about 10:1 or greater. The

protein suprastructure may further conprise one or nore |ipids,
phosphol [0f! JsTherpoeskriinveatoms)ateseorbrethods ofprepanag plakederiMed viruwlike pantivl €
pol ypept i des be connected by a coval ent baond, i sul fide bridge,
Crar ger | B R oA 5 N Bresens P Pabor orecas Meouhal BT BB AP
hydr ogencoapiiding ®ifluehs dnkib&s, An exanpl e of a protein suprastructure is
a virus like particle (VCLP), which may be envel oped, or

non- envel oPed,_ for exanple, a viral envelope protein, a viral

st r uct url@P1§ b an abiegt ofithednventips fupTpyige et improyedansthodef prepatingpleniedenived
[ 0054] Tha,sR4 Lnvention al so provides a nethod of preparing

pl ant - derlﬁl\ie&g\?lglrre%lseg'l i ke particles (VLPs). The method invol ves

obtaining a plant or plant matter conprising plant-derived VLPs
| ocal i zeld@0W]tTepreshed inysopdrapoyidps Dohetiod §A pofipretadpg platy deplhet YhPasdimprising

fraction, and an, apoplast fraction fromthe t matter, th

apopl astdbf?lélggf‘Sl?ng%rpr%ﬁ’q% g}a&tar ‘iﬂ"ﬁ’ﬁ‘t“-nﬁé’%n{cigﬂ“\?ﬁ@ Sé‘??&fl?%é’()‘%‘? ﬁﬁép‘?iﬂ@“;

apop! astprbdaig dftotoblastdad bk BbpldshBadtlonthe ARSI EFacHbIS i Idefid

fromt hepra ogltglaﬁhfoirj_g?:t i on. %5’055] aThe p? gg%nat i?\cveﬁt ?rgﬁysé@% etV

provi desYbPsratcisaovsting thepaepieg fivtig. dbapretwidnoayfuharnomdese aeep ofi pi d
purifying the plant derived VLPs from the apoplast fraction. The plant-derived VLP may be a

chimeric plant-derived VLP. The plant derived VLP may be selected from the group of viral
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WO 2011/ 035422PCT/ CA2010/ 001488 cel | ul ase; cellul ase A 3;

cel ludextrinase; 9.5 cellul ase; avicel ase; pancellase SS and 1, 4-0, 3;
1,4)- 0-D-glucan 4-gl ucanohydrol ase. Alternate nanes, and types of
pect i naseV@ pYIYF4t2act ur onases) i ncl ude pectin depol yngpygézowmunss

ecti nase; endopol act urqnase; pectol ase; pectin hydrol ase; pectin
Doy oa At oA s DRSSy garabs e s ad Pisshgs s G BEvaFo e

I al act uronase and
gl ycanoydnglas &iLre 9%?1‘3@?%&@2@%@&%&%{%&1%9

poI y(1,4-a-D gal acturon ase. Alternate nanes, and
pes of xyl anases include hem cellul ase, endo-(1-4)-13-xylan 4-
xyI anoh(@idoTas éPOPéﬁﬁtI@dJPTWiDRWtém@@S nwllnma@blcedjaﬂtremtmw afiths @Iant or plant

do-1,4- endo- | anase:
o D e R bn I S ERE B B ot i Fas R AR e
endo- 1,pdetdra¥ed/ bad@sBére thak-osy hﬁﬁﬂ@@ ordhé 6f Maie@hdhaTR Hect@Ask dnMRAS oPhore
chitinases include chltodextrlnase

1, 4- 13458 Spe Relidesey Fthsemangnit Apgizd the Wpoqpmmﬂeﬁn?as@udahm;m;r]
I I gl ucosam ni de
gﬁyzan 8r éloég}ge ?@g@ glji@(?%gmt IP,QILH% I'n Jdé%ﬁp?égprgg %}Om*rer cially

available enzymes for protoplast isolation Enzyme Source Supplier
Cel | ul 46@9] PlaGebt pjhramttél\lﬁ)zyl@ouﬁind:l]nyTgrbwtmgpﬂmmtmg ori gl@?zilﬁ'glrakd hafedsthg
. Ltd 2, Shi ngl kancho Ni shin a, . Japan Cel |l ul ase
NS KA THF PR SK DTy BRGS0 or aﬁg%sp 2B BROEaN N8 Ensgtant

viri do o501 18R1e8) SRARY B1s @R culhirh piSie 30 1, Nagareyama Nagar eyam- shi,
Chi ba- kan, Japan Cellul ase CEL T. viri de Cooper Bionedi cal Inc.

Mal vern, PA, USA Cellulysin T. viride Cal biochem San Diego, CA USA
Dri sel 48¢20] e present invarticamerdesarehetbofpem@ong pladt deriVekYbPs dsfeacribed

above (Method A), 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.

[0021] The present invention provides a method of preparing plant derived VLPs as described
above (Method A) 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 produce a clarified extract, followed by chromatography of the clarified extract using

a cation exchange resin.

[0022] Without wishing to be bound by theory, proteins obtained from the apoplast are more
homogenous, as the intermediate forms of post-translationaily modified proteins, or proteins
comprising other types of processing that occurs in various intracellular compartments are not
co-extracted. A higher degree of homogeneity of a recombinant protein typically results in a
higher quality of a preparation comprising the protein, and may result in a product with beneficial
properties including higher potency, longer half-life, or better immunogenic capacity. For
example, blood proteins containing high-mannose glycosylation are eliminated in blood
circulation more rapidly than proteins comprising complex glycosylation. A glycosylated protein

produce in the apoplastic fraction exhibits more complex-type glycosylation. Therefore, an
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[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 as 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 methed 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 filteting 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.
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or any anount therebetween ROZYMETm or Multifect nay be used
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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 protens 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.



[ 0062] The enzyne solution (alternately referred to as a cell wall
degradi ng conposition, digesting solution) will generally conprise a
buffer or buffer system an osnoticum and one or nore than one
salts, di %Pé%’“éﬁd}r{% ons or other additives. The buffer P§I/G5dP0@p1488

systemy : [ ' ' ' r me
et vi PR VAR AL Bl Bt BEbnk bkl BURs SHpbAR FRlac B0 T
exanpl @pidwinhdyiitdiche stramgeinufiuadreattiop Hhab VI Psonagb dubdthér. Banudactisimy sysidroe

t her ebet ween, The sel ected pH ysed nay var endi ng upon the VLP to
b’ eoaahe ToRuRsasrie ndveed i ey piret-giie VPSR Sy0et BRgn tdtapedion
6.2, 6y imfnfe rEé);écl%) izd&edg%%ve &r tentfat® wHolSvin Vccifds. @any pH

t her ebet ween. anpl es of buffers or buffer systens include, but are
not limted to, MES, phosphate, citrate and the |ike. One or nore

buf f er §0038] Bl ¢aemposijion efrs pretgin peracbeittinetdirom adnsteal rraemplsx pnd gypically

(digesting.sol uti - the. on r more buffers. . I n a
concenf?lgg'ilsc?ﬁ "??8%%?* fge @88‘{ ‘%’Ef’“ﬁ{%# ai;?rn & gﬁt)ga %&%ﬁlﬁtmg S?sté Sedn,
for exaumts tHd is 18 Be isdlhtedd PrepathtioR Of an/dhopRbic P4dtiod,G0llowlstihy alstd 10130,
140, 150, 160, 170, 180 or 190 mM or any anount therebetween. -15-
WO 201 3¢yesathemmaciinbs oragonyad comppesith ih g eRtagenss sinre BB Prateiy or an
osnoti gu Lfys ] - i i
concent 1SRRG eefelthal e ARG bl HERhdcicHey AR N A thSbess
enzy e Holngta sifiplefptaceet, eemefising fetet effivichintdpydeaynmeuii halignifeantyii¢idl or
ot her sugar al cohols, polyethylene glycal (PEG of varying pol r

| engt hatiCTeases, Pfkeost IR@uCtiopn R AT 75 besh f?lﬁlﬁ&@é tft?fp)r%%emf?d%ﬁﬁ%fge 9%[@&11
dependi ' ; j { ;
ype. of e e e PRSI A0 Rof gpin
or st erjtaet dggngthalektyactibe proaadyee. | Withowwiiihg o betboutd By Bedvy, thostepsbagll e
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o any Vs eRE Sarsapol R PR bfth%seﬁlsf@%i,aﬂiéﬁfs* SO lensd e
300, 350, pstrwite RusoaOd waBf hOQGL M. "BAH kel Biy AGYmANREB tontamination
t her ebet ween. The concentration of osnoticum may al so be expressed as
a per cerfithegéLRawithin inteeelibwneoppensitsor ti ssue types, it may be
beneficial to enploy a slightly hypertonic preparation, which nmay

facilit i t r . :

wal |, TR MERIEH e bl A Ak KROGR IR FEAR R0 AP ke
Anot herceparaiismiag a0 The prebedn irvigtiopl iandt Inhigd dyitlonceil svdllnidgdstomp@ethbd ned.
Tenperature nmay be controlled if desired during the digestion

proces ul te rature range shaul d.be between 4C and 4 or
Pyt oipets e enciiolt Soset ety v E Tl cismian 5 GOP AP AbbHRT s
or any QpaNVLP BarRPEhWESpaRid th hRMoAS Rl brepbrit OplaRQletivePE P OhvAing
tenperature therebetween. Igep_endl ng to the tenperature chosen, the
ot her diogegenigationxpendingotemindinar Fhemethodydepcriied ddicispredde an spepkestai n
optimal_.extraction conditi . [0064]. Cat.i ons alts.or bqgth.may be
Stdeq (B P 0L PARCERE dnd B et PR B R AR,

cat i ONSsonfpufidhtaSTHeddethods dvikZibed Bdrei i SefRRAM in@uridye ABUSen if the

t her ebetween, salts, for exanple CaCh, NaCl, CuSO4, KNG3, and the

li ke, fireleplags e a@otion gbBstorotapiasitvioss theiripteany it aemelengst wash, f or
exanpl e 10, 20, 30, 40, 50, 100, 200, 300, 400, 500, 600, 700 or 750
"M Q hgpz@ddictd MR AlSPhi iﬂéﬂ&gﬁlﬂﬁé WG npafel 8 ALBbId AvVLP
exanpl 2[? bﬁgt r?ot Ii(r)nd%% to, IEII?)@I[ , EGTA, _fror?l ag%ut Oto ab‘{)ut 200
MV  or extrgctmmonvilvinhsiemdaed tesandisfuptioretealmpiues,Jor ex@mpleshor2ggenizatios0,
75, 10 25, 150.. 17 200 or _any, apount therebet n,.a .
Feduot e P BUBE 0 M ERet CE i P8 eR Tt Pot,f B o orces
sodi um thhtstirbiptiiee sHfucast ait@irky althe VRS aft/80he Bpid W RllopRN PrepaRMBh of VLPs

t her ebet ween, for exanple 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07,
0. 08, 0@y an gpoplastic Factiop npay by agwantageaus, g @oplagicqoactions ansiseifieanty

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
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[ 0075] The separated fraction nmay be for exanple a supernatant (if
centrifuged, sedinented, or precipitated), or a filtrate (if

filtered), and is enriched for VLPs. The separated fraction nmay be
further prY¥8elLéd+4o isolate, purify, concentrate or a PEIHHHRIPLES

thereof, .the VILPs by,. for exanpl dditipnal centrifugatio t eps,
br o6 pFTH B, ToReRHpgTEMemsof YpBS may gho Bp oBERe e B metshs
exchang&cahddard v aPifhe préBMas Prdpatatibh, OWa bbitioh dF iR Drot@plad preparation, is
conbi nati on thereof The presence of purified VLPs may be com‘pl rmed

by, fonotértagipl e, native or SDS-PAGE, Western anal ysis using an
appropriate detection antibody, capillary el ectrophoresis, or any

ot her j e Ll i 0 r 0076]
The aphrabind TLEPH e it nSEMopaft fRFCHcbfbed s eRtybite B s 1
menbr ahemagghdinktirg] aeteisy thiwethosd dbtaiadd ustiptbtdndérd tisslel didraygtion pavhaigued Thive
plant. Wiile it is preferred that the integrity of the protoplasts
(and/ ofm&raﬁ%#lt?maa%lt@)aﬂﬁé gk Ay TeRitdtnm A greateruishd of mntagh o L ﬁ"(gP'@r HA

DF 0CESS] e oo _ o N
b dor 115" emetsap PR R WG b bRk B AR 3 B3 et
Dur i ngosy cartgsiteon thdrded. are excreted outside of the plasma nenbrane.
VLPs are of an average size of about 20 nmto 1 um or any anount

t hereb for exanple 65 0, .75, 80,,85, 90, 95, 100, 105,
170, 196758 Faceindh gTacg Bng EPs raide fagtndVatsest, Whermiseniaine 9 vkt wadk of
t her ebhwREAusdsOhatal@aRb Borl AfedtibiB. BIRELFEBILHIBEIAEBnBinkieRi i§ nGBMISRB Gnd
Due to their size, once synthesized, VLPs may remain trapped between

t he pl ddfreotreaired ine peadyctécs. | Plomiiniada ivd-Pemyovivis a fidbeedwintdge by eHowing the
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lipid VﬁLR@E or meror aHe, met hods of disrupting the cell wal] to
"ol cas DURLAGEBERIGRIaRS A ApRempben eyt imuelied Syphesingpingragging sielic
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descri bed herein.” However, I's not required that the Inte

al | of theheispp atolgb asiespioss Nt @it edatdus prodpcingecells ocaxtiactovit] ©0id8§e A VLP
produced in .a .plant accarding.to. sone aspects of the invention may be
conpl e eb‘ra\ﬁl?’ﬁgsﬁﬁé%fllsaléer%e%Bl%fi}"gloaé‘.] PHAS VLP nay conprise an HAO
precursor form or the HAl or HA2 domai ns retained together by

di sul phocae] Dhis dgamafyTiine ihhentiph doés-mdehiécéearilyideiide AR YeahRed JT thd18vEnBOA
of alipid bilayer, and may further conprise an envel ope surroundi ng

t he VLPE. erived |l ipids._may conprise |lipid conponents of

t he pl M%mwmhl WeTlﬂpé?ﬁAmme VLP is produced,

i ncl udi_ng, t no imted t phosphat j dyl chol i ne (PO, )
phosphé@&ﬁﬁ%ﬁéﬂ%@%ﬁ@ﬁ@“@ the gnvgridwillisermemate apprrgRtdiae theifelleyying
conbi nakd : 8 - i | i : ely be referred
to as ggicgﬂéigﬁlﬁéhﬁe%&gﬁprﬁ% té({) Sh ?fgg‘% g@%f@gg@g&%ﬁom in the art,

and include, for exanple, stigmasterol, sitosterol,
24- met KYA42hBigase belsiwsarngheohaicaepresentatinbigh Vi Tebased expr@6iod casdetteBi ol

Chem 279; 6., 079] . Cor f ol di. viral.structural

prot ei @’“g"%g%sj %ﬁfhtgﬁ%fe%séornn%f{ﬁ%ﬂ% ong ??&851‘6’8%@‘%‘% desired for
assenbly of VLPs. VLPs, and in particular VLPs conprising a plant
der i ve{@U4BpFiguen shaxzeA) theyhuplei\acidecdwhea( SEQUIEr NOI 1) sTapORiohe T ROMEact
when adm ni sterggﬁq }J}%ﬁg subject, relative to adm nistration of the
st ruct GFEKPIST R ermstruct pEmBey 08P ) foghkack psararepittac 3 Porrpwmelsttae
eXpr eslsNitRYdiRely BYARHEH SanaNYS!BhliAfS. ctafte 0uRH sagehbyl ar
space, organelle or tissue of a plant. In or e 1 ocalize the
expr es sedposySe0b deurtdeorlmeg digure 2iBasholve tetairtim adihiequeick €SEQ 88 ND. 2) of

H5 A/Indonesia/5/05 hemagglutinin encoded by construct number 685.



279: 36277-86). As one of skill in the art will readily understand,
the lipid conposition of the plasma nenbrane of a cell may vary with

the culture or growth conditions of the cell or organism or species,
from whi cHVPREPEME2 i s obtai ned. [0088] Cell nenbranes PEEKREI0{0§1488

conprise lipid bilayers, as.well as proteins for various functions.
Cocal | H0g+:Bipuent it shsagrriagaps pEiReeh A AT BB GTHE R Y e
l'ipid b r S Folldwhl fugati igdsRl GlamBériract, th
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Wi shi ngelteo wherdsmpadiet ynd fredionated bpBHCr Eighee Iaghavwesvke oiad solible grotein ol es

in endo and expcyt osi ent r .egress of. vi,ruses qr. ot.her .
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intrace ular matrices. [0089] VLPs conprising a
i pi d &hadd) dpaschaiowhe Eigupe 3Bisburss SDBPIETE palysisiof QECZO08) BOY99TS Frapipns

2009/ 076778, . VO 2010/ 003225 h ' ted h 1N
ol or oREE FERip e B EP 4 6 SR a9 e e RNy pete RaliPbusrer
" hemagglibt ib'lhﬁl?si_@. I Gellhs stisned S8 1B €odmaicR 250 Golati s, Iieified ¥LPs were run

glycoprotein of influenza viral particles. The HA of the present
i nvent iapa comdsol Hidhebprdanesgpdnd g ta the HAbmppemerfipindicrigthbl an agp. MAVmay

b f H1 2 , . ~HS 7 | . |
s HAoTeotf o et o o Pyl VifRs (g Rlan Pardlen o ablt s

HA of ttﬂi}@u%{ ES@lespoiil @Nirh@ionSRymisd: sRitcdicrani SBEE anslyasisheovaimn gweqaence
based on the sequence of any henmagglutinin. The structure of

i nfluenza hemagglutinin is well-studjed aind denonstrat es
awﬁesfﬁi

A v a high
degr ee [8945¢ &g d shevsre sompsgesRfargreinpapfilpshyal [SHATAGT g,xggstlon and

struct [ i i T=TMY; ot he
et gl REhyBl SHISECHAlP™ bt S
2000 AnfenRenngSiaophdmd®d®y Hiffer 68 prvatsarae stpaated DYEHS-IGE Rnalgsis of clution

i ncorporated herein by reference). Nucl eotj de sequ es, ,.encqdi ng HA
o 6 waiah it Sy Fafh cooptsie Rt g PR f RoMBGEr Bl
and Puhjj 1kt 2D as 81 &DOWe hik tukie aa 2 Resgakplynldnt abasin o8@ltht €S
et al. %dgg%lg@ﬁﬁapte?? Aci dg Regﬂqurch 36: D497- Dggg) for e%nplne gt URL:

bi oheal tishizcand loveg/-Gophbextiattnbtrnadovitietbe Camitrat bampgenizes) or t he
dat abases mai ntai ned by the National Center for Biotechnol ogy

| nf or } . le; I t : i :

nobi . nig RIS Py S PE RIS Sfletlehes GEQIDNOL D LRR A BT PR Ea)
bot h of contprisingalfelfid platscpaiiaprthdi@raad 5> DYR! kdnefpgiucifin dofiBgG¢quEhe of H5
present invention al so pertains to nethods of preparing, isolating,

or bot YR épladenegaiP0r Lepnstied ap0pSlfalinplasieryainidn T Reitd dermaisdorof

Vi rusesseﬁggnggg.i nfect humans, or host animals, for exanple prinates,
horses, pigs, birds, sheep, avian water fow, mgratory birds, quail,
duck, WO 2011/035422PCT/ CA2010/ 001488 geese, poultry, chicken,

canel , ©a#TiEgutdgbows theicapturesdth - ViLPgarcatidreopashehgecesitedirectty ik st one

marten, ferrets e pets, livestock, mce, rats, seal al e and
The &1 iespae st B Aalabls Fashor i feS et edi B oS

ani mal . dn@RBAg sahPlORadia} Guffalahd pidddind Werk 0bpRraaddesl SIS -PAGE]) Geldtwed figined
influenza viruses. This variation provides for new strains that_are
cont i nugith {.1eCemnassie B350 sehitionpnLanst i vippplagis fpston eftrs cepdufugation, hanendgy:
vary. : ' - i . i. [ t
o o L BEo s SNk e VEHRIOIAAL Bald 4 TRbF ot HE A e SRR Tan
of pr eparklng taoyshiftatitn dithe vetnidleRehanpe dandb;edbgionffronheatibhic entitaygpe or
sequence, or chineric HA conprising the Vilj,P or species of origin.
[0092] esveestedrlgfalang orMpkenlpekagyseriain&Dahy be i nportant for
stability of the protein, formation of multinmers, formation of VLPs

and f ungioh@righre NGt HeaPnbbdrkclb TrRRIBAGAIN S BEEL) proRBRAGSALALVLP (A)
and H1/Cal VLP (B) after clarification without addition of NaCl to digestion buffer and of

H1/Cal VLP (C) with this addition. NTA experiments were carried out with NanoSight LM20
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DH Turpin, DD Lefebrve, DB Layzell (eds), Addison-Wsley, Langmans
Ltd. London, pp. 561- 579 (1997). O her nethods include direct DNA
upt ake, the use of |iposones, electroporation, for -26- WO

2011/ 0354 2%@eNA0FPE10/ 001488 exanpl e usi ng prot opl ast s PCT/CA2010/001488

. U . . ) 5l . whi sker s
¢ R Rang g ROt s B L o B RE U ). 2 syl
(1991) gha®heird at¥itedl fluotddPdstonfes B-rigEVRleos W& rechfiied i domliB@pgratutdmdche

et al. (Plant Science 52: 111-116, 1987), Neuhause etal._(Theor. Appl
Genet . amabysed3grirgphe NIA73.0 sodivearey Tde samples waregeqerdeg for ofgse.3The shgter and

Howel | e . ' ' : (Sci ence 227:
1229- 1%‘3?’%%6%433%?1“&&@?%%%&%? %éﬁé’fﬂ ‘%ﬁg‘%‘% reﬁﬁ%@o %Sgoi/bt@%d' 694- 701,
1989), Methods for Plant Ml ecul ar Bi ol ogy (Wi ssbach and Wi ssbach,
eds., RAoadleRigards ¢owskresterd BR8 YT exitfattod @S/ BuisbPhaViL.P hbieeged oy enBymbtogy
(Schul er and Zi el j nski ds., Academ c Press Inc., 1989), .Liu and
Lomonoggeon eans ieat Rt Lins s saambagA|A Sidgid s, fRpninine
4,945, 9o, OBBHoR 22 16 :5483aBPal oF:cBnfulbPendyMatic Straghi ch
are he?gﬁogﬁgggﬁo%?%ﬁe(ﬁ?%Ié%%rzetﬁgéc?. [OO%OB]CTr ajr:lu;gige(rjlt e%(r: esrsai on
met hodgerframed & the &dlopvingtxffess Sandity 660mdt Mactit] ¢f1 260 piretse 7fmM NaPOq4

bt hoad 2oreEEB7a Ba B s PR Line s RGoab aRiion 2 SR BRE Zymv
Al t er nghpBek ¥omi EB?H_UWJ.@@%%‘i’sulﬂtégg?%,gtaxﬁwQ@@ﬁimaﬂfﬁtbh@dQSIﬁM citrate+

described in PCT Publications WO 00/ 063400, WO 00/ 037663
(i ncor pondt HeP Grer 2ImMEDT &+ ie bisulfibgpie2 .Jged 5) THex Mannkold's L 1payM

07 o1 RBEETOh BF Ong MR R 50 Pk ok fs. TGRS Ramserye

met hodsmByodlesQob8eias 801 A6, not ed above. Wth either Agro-inoculation
or Agro-infiltration, a m xture of Agrobacteria conprising the

desired nucleic_acid enter the intercellular spaces of a tissue, for
exanpl ORTALEDREICRIBHON portion of the plant (including stem

| eaves and flower), other portion of the plant (stem root, flower),
or t he [90$6] Ehpprasant inkéntion reates ti mefhodsef preparngplantidedvorlgrinisdike paitigles

i nfect transfer.t - copies into t cells. Th -DNA. I

epi ot TE MIREteFiib s ToReT rigRith biGedpbl mp i drgRPaitdyLes

pr oductcb@Pﬁgﬁ ﬁlﬂam@mglﬁg%mfmﬂ gy est ininfected cells, however, the
passage o t-[%\IA inside the nucleus is transient. [00104] The influenza
VLPs prepared by nethods of the present invention nay be used in

conj und® %hTWfqy‘rlO&’Fﬂgéi@F%lﬁuﬁ@l%‘ﬁﬁlpa%fﬁ‘i%@W@@él%@t- to suppl ement the
vaccine, render it nore efficacious, or to reduce the adm nistration
d0Sa0eS005¢ 488 ot A eiRi HovifesltAAod Rr SRR brAbinSh! drbtcinfubi@rbre
the vaccine nay be directed against one or nore than one influenza

vi rus. oExderpdteShoprosui efablessiragchamssentiolthedmpoplasttor axteacaldilard domipaxtaiento,

those commerci.al ] y. avail apl e from Sanofi - Past.e | D. Bi onedi cal

Vor s o CORRRROE foknf v B <Bfuion SR R oot o o e R} e Rt Thes
Sanof i et iholveaeE@iaAng, ibektth %bmgégﬁﬁg:@id&eﬁadng bR ceiliBsic pM cell
2011/ 035422PCT/ CA2010/ 001488 [00105] I desired, the VLPs of the

pr esentwdllithasuremdpalintyells dRy tieesting the ogllgllithopdyaefaseamonens oobe eelbe

known t 0.0 i i . . sed in
o vacct RU S Btonsl bl ulcheortih of loreth W NEIBE ot i ol MERB B, 10
t r eat neelkased. By tsinggis methad) ilsrproii adefdteie duphmveturdafribthestipemichtdgnce
VLP produced accor di to the present invention may be coQ-expressed
with otth%vrowpgéf_zﬁphere SRBREn G TRECRIRF @ﬁ@&y\ﬂﬁ)itﬁfﬂg?%‘?ns\ﬂ_“ﬁs or

| nf | VST ApRR R ES SeefQIRARRR e af ilasEXAIRIE! bR BIIRILER oM pdiin i
and M2, . It can al so be co-expressed or reconstituted wth other VLP
made ofstill@ffedtivalin prtonmigagreeiotor astembeprastuetnte of enterestif, Yumg thg ersess, the

respir %t%éﬁ/ty %¥H1%%tr<§t31lﬂas\()slgh%%pqa%S c mp%rr]tgnle t? ig ?dst,?P tﬂe %);%(taopllt{sbg;ihelo%&%to 6] The
compartment is not intact, and if a portion of host cell proteins and components from the

protoplast/spheroplast compartment are present in the apoplast fraction.
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Mut - ATGL15. r: GTGCCGAAGCACGATCTGACAACGT
TGAAGATCGCTCACGCAAGAAAGACAAGAGA 5 Mut - ATGL61. c:

GTTGTCAGATCGT GCTTCGGCACCAGTACAA CGTTTTCTTTCACTGAAGCGA

LC- 05- 1. 1P ZU&WGaxGTCACAGACAGGGTGG 7 Apal H5 (A |Pﬁ’éi{9‘\2111@ﬂ001488
TGTCGGE0 AAMATAGTOC TTCTTCTT 1707r:
AAAT ACERETTTRRRTECARRTTE PEEATTET Syref it a bE "srg’f‘qdd%nce

(const é&i@ he pd! beSngyiad th ¢, AL di FRISNVI FrGehtESiley: briay BS Qi eFeNE R
11 P ali;sc![¥§(u;ﬁelﬂ)f43ct 5123&%18 pig)gsttoé)fezﬁltl 1 (Al B YOOl

a ratio of about 1:1 to about 10:1 or greater. The protein suprastructure may further comprise one

or more lipids, phospholipids, nucleic acids, membranes or the like. The two or more
polypeptides may be connected by a covalent bond, a disulfide bridge, charge interaction,
hydrophobic attraction, van der waals forces, hydrogen bonds or the like. An example of a
protein suprastructure is a virus like particle (VLP), which may be enveloped, or non-enveloped,
for example, a viral envelope protein, a viral structural protein, a viral capsid protein, or a viral

coat protein.

[0054] The present invention also provides a method of preparing plant-derived virus like
particles (VLPs). The method involves obtaining a plant or plant matter comprising plant-
derived VLPs localized within the apoplast; producing a protoplast/spheroplast fraction, and an
apoplast fraction from the plant matter, the apoplast fraction comprising plant-derived VLPs, and
recovering the apoplast fraction. I desired, the plant derived VLPs may be purified from the

apoplast fraction.

[0055] The present invention also provides a method of preparing VLPs comprising a plant-
derived lipid envelope. The method includes obtaining a plant, or plant matter comprising VLPs,
treating the plant or plant matter with an enzyme composition to produce one or more than one
apoplastic protein complex and a protoplast/spheroplast fraction, and separating the one or more
than one apoplastic protein complex from the protoplast fraction. The one or more than one

apoplastic protein complex comprises the VLPs comprising a plant derived lipid envelope.

[0056] The present invention also provides a method of preparing plant derived VLPs,
comprising obtaining a plant or plant matter that comprise the 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. In this method, integrity of the protoplasts may not be required.

[0057] A protoplast is a plant cell that has had its cell wall completely or partially removed. A
spheroplast may have partial removal of the cell wall. A protoplast, a spheroplast, or both a
protoplast and spheroplast (protoplast/spheroplast) may be used as described herein, and the
terms as used herein are interchangeable. The cell wall may be disrupted and removed
mechanically (e.g. via homogenization, blending), the cell wall may be fully or partially digested
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[ 00107] The present invention will be further illustrated in the

foll ow ng exanpl es. However it is to be understood that these
exanpl es a¥@2913{0354P3 uystrati ve purposes only, and shoul CREA2HE/0YIEEY

limt_the f th ent _inyention in an nner. Assenbly
of exprlREIaiADaBe i rel MR BF comoRt tips S FrEbin e 0531&5 il che

exprt . ! UH !
51/ 220, e ,é(h;ci | ed ﬁﬁﬁﬁge’%ﬁ 211609)%e o Tl 7?,”"\/\0%92683%%6&?78 and

W02010/dpsasoidhe ceffwallhiRyptoplasts mar elsp be abtaied fpmi oultivgd phecednder

Constr v . Al Lacl ude those.listed in Tapble 2. Assenbly of
these contp Pty RuisB B EIY WSS SHE8 mBeETR. o 2000/ 076778,
W)2010/ 003225 and US 61/220, 161. However other constructs conpri sing

known HBO3SS] Standhrddéfognamorkotettingiiottk thel @nerthRERIphs Q¥ bERCkidsie Aa@te 2,
and conbj negrﬁwi th simlar or different regulatory elenents and

pr onot éRduresplantgels, and prpduetiongd proierlesio srherapiistsend thepke drelwiss cr i bed
herei n.; lall-8oi0 PIORY Tids t ElLAGe | ©5a9] 22 1S Hé&éespu‘oﬂ%&ﬁs;?ﬂg?ﬁ&%‘c%?g

for hemaggl utinin production. ssette nunber rrespondi

abbr eviistormmatbdl Ber&p BRrefeibnée),omsead fonbrundyld\evw oAb eide NiRd/: 29 1at-pla-)
H / NC 56 PDI - HI Cal.i fom a/ 4/ 2009 in 2X35S/ CPW- HI expressi on
casset t%é‘gﬁﬁﬁegsy ' \Rf"/g%bt*@amulwief REPIBIRSIsp aisnitay Jdthersiagd techniques

2x 355/ GElg b peaBpIEs $orABh&ERERY BrSaddibNind manipulation are reviewed in, for example,
Davey MR et al., 2005 (Biotechnology Advances 23:131-171; which is incorporated herein by
reference). Standard reference works setting forth the general methods and principles of protein
biochemistry, molecular biology and the like include, for example Ausubel et al, Current
Protocols In Molecular Biology, John Wiley & Sons, New York (1998 and Supplements to 2001;
which is incorporated herein by reference); Sambrook et al, Molecular Cloning: A Laboratory
Manual, 2d Ed., Cold Spring Harbor Laboratory Press, Plainview, New York, 1989 (which is
incorporated herein by reference); Kaufman et al , Eds., Handbook Of Molecular And Cellular
Methods In Biology And Medicine, CRC Press, Boca Raton ,1995 (which is incorporated herein
by reference); McPherson, Ed., Directed Mutagenesis: A Practical Approach, IRL Press, Oxford,

1991 (which is incorporated herein by reference).

[0059] Enzymes useful for digesting or degrading plant cell walls for release or protoplasts or
spheroplasts are known to one of skill in the art and may include cellulase (EC 3.2.1.4), pectinase
(EC 3.2.1.15), xylanase (EC 3.2.1.8), chitinases (EC 3.2.1.14), hemicellulase, or a combination
thereof. Non- limiting examples of suitable enzymes includes a muilti-component enzyme
mixture comprising cellulase, hemicellulase, and pectinase, for example MACEROZYME™
{containing approximately: Cellulase: 0.1U/mg, Hemicellulase: 0.25U/mg, and Pectinase:
0.5U/mg). Other examples of commercial enzymes, enzyme mixtures and suppliers are listed in
Table 1 (see: Introduction to Plant Tissue Culture, by MK Razdan 2™ Ed.., Science Publishers,
2003).

[0060] Alternate names, and types of cellulases include endo-1 ,4-B-D-glucanase; p-1,4-

glucanase; p-1,4-endoglucan hydrolase; cellulase A; cellulosin AP; endoglucanase D; alkali
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660 H5 from strain A/ Indonesia/5/ 2005 (H5N1) H I /Indo 663 H5

Al ndonesi a/5/2005 H | /Indo 685 H5 A/Indonesial/5/ 2005 in CPW-HT
expression cassette H /lIndo 686 SpPDI-H5 A/l ndonesial/ 512005 in

CPW- HT expPetuditdi#2tassette H /Indo 690 H A/ Bri sbane/PEQI(INUIOJ;U;PNSEf
receptor-binding (RB) domain in H5 A/l ndonesial/5/ 05 backbone H /Bris
691 ﬁl CGA!PEF% %ﬁFs”g}'{P?”%@c‘mf@% Oarrdllivlases prienlass prarsligsaidhendk4-(1,3;1,4)-

22 oA o PSR of By s

Cal edomrlaio 0¢@i8 doped kibemes; bedtingdenetalop@PgdtictubdiBise: goavid PtARtFdiolse;

e B B P E e St Do sl nsse ools o 14 Balhctinomade Shyammohyasoiocs
endogalacturonase; endo-D-galacturonase and poly(1,4-0-D-galacturonide) glycanohydrolase.
Alternate names, and types of xylanases include hemicellulase, endo-(1-—4)-B-xylan 4-
xylanohydrolase; endo-1,4-xylanase; xylanase; 3-1,4-xylanase; endo-1,4-xylanase; endo-$-1,4-
xylanase; endo-1,4-B-D-xylanase; 1,4-B-xylan xylanohydrolase; B-xylanase; §-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; B-1,4-

poly-N-acetyl glucosamidinase; poly[1,4-(N-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 Mei Seiki Kaisha Ltd. No.8, 2-Chome
Kyobashi, Chou-Ku, Japan
Multifect CX GC 7. 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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734 H

A/ Bri sbane/ 59/ 07 receptor-binding (RB) domain in H5
Al 1 ndonesi a/ 5/ 05 backbone in CPMW-HT expression cassette H
H3 A/ Brisbane/ 10/ 2007 in CPMW-HT expression cassette H3/Bris

WO

2011/ 0354 2¥PEI1ERIB10/ 001488 736 SpPDI - H3 A/ Bri shane/ 1GLCIERZ010/01488

CPMV-
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(TnD
chi ne

739 S
745 S
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+ Q¥Po tail) in CPI

W- HT expressi

3 Vi Bk ROB MG Ro/ bBorriises odomin@}WI*r&b&ff!ila%hrT@beeéﬂ&ﬂS/ 2005

on_cassette H3/Bris-H5/1ndo

ra RAStifdé BEftase | d
pPDFEHA B/ Fl ori da/ 4

A4H206 | n Ch
1/ 2006 i n CPW

PKMnefCoexpr essi on cassette B/ F
-HT expression cassette B/ Flo

D PDIpAR B/ FI or 1 da/ /

13200k (ect odd

/Brig 735

D IR bR erice- et |Atel g kgl pRED0S

on cassette B/Fl'o 747 SpPDI-H

ROhin And Haas™ éb}inée%'eﬁden&:é 'Hall
hiladelphia, PA 19105, USA

:l\ﬁest,

Seishin Pharma Co. Ltd., Japan

+ Cyto tail) in CPI
n%pow A
- CPIW- expr essi of

Pectolyase Y-23

y‘@(pressi

Mgﬁe?f al 5121
ALt & i
Aspergillus
Joponicus
Arthrobacter
luteus

I
n

Zymolyase Sigma Chemical Co., USA

[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™ or Multifect, may be used in a
concentration ranging from 0.01% t02.5% (v/v), for example 0.01, 0.02, 0.04, 0.06, 0.08, 0.1,
0.2,0.3,04,05,06,0.7,08,09,1.0,1.1,.1.2,1.3,14,1.5,1.6,1.7,1.8,1.9,2.0, 2.1, 2.2, 2.3,
2.4, or 2.5% (v/v), or any amount therebetween, MACEROZYME™ or Multifect may be used
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 thercbetween.
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 bﬁffer 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 O 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.
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HA of A/ Brisbane/59/2007 (HIN1) H /13ris 775 HA of A/ Sol onon I sl ands
3/2006 (HINI') HI/Solomon 776 HA of A/ Brisbane 10/2007 (H3N2) H3/Bris
777 HA of A/ Wsconsin/67/2005 (113N2) H3/Wsc 778 HA of

B/ Mal aysi a¥9301803324 B/ Mal aysi a 779 HA of B/ Fl ori da/ 4/ Z200& ARPIPI0BI4FB0

HA of A/ Singapore/1/57 (H2N2) 112/ Sing 781 of hui /.1/.2005 .
( H5N1) Depssydrgnm fhe/@Etangwn MR PBoT Egglﬁ a@g%\@;le; A NS RO

and its concentration are selected to raise the osmotic strength of the enzyme solution. Examples
of osmoticum include mannitol, sorbitol or other sugar alcohols, polyethylene glycol (PEG) of
varying polymer lengths, and the like. Concentration ranges of osmoticum may vary depending
on the plant species, the type of osmoticum used, and the type of plant tissue selected (species or
organ of origin e.g. leaf or stem) — generally the range is from OM to about 0.8 M, for example
0.05, 0.1, 0.15, 0.2, 0.25, 0.3. 0.35, 0.4, 0.5, 0.6, 0.7, or 0.75 M, or any amount therebetween, for
example, 0, 50, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600 nM mannitol, or any
amount therebetween. The concentration of osmoticum may also be expressed as a percentage
(w/v). For some plant or tissue types, it may be beneficial 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 CaClz, NaCl, CuSQy4, KNO;, 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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HA of A/ Teal / HongKong/ WB12/ 97 (H6N1) H6/ HongKong 784 HA of

Al Equi ne/ Prague/ 56 (H7N7) H7/ Prague 785 HA of A/ HongKong/ 1073/99
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(construct nunber 685) . [00110 The assenbly of this cassette is

descr i fadthermoppcploget Dewsels, e ligoid/op 78 1raiitares, MOAB16EOBIBABre whi ch
are i ncorRAnal SANGLELA, PY reference.

[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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[00111] Briefly, the coding sequence of 145 from A/l ndonesi a/ 5/ 2005
was cloned into CPW-HT as follows: restriction sites Apal

(i mredi atelé upstreamof the initial ATG and Stul (immedi ately
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f Pot I 0 A i f
Pot at o E e B TS R s e nistsiR g
6), p23lisfptal proteplasisi(et spheroplastsls FoCTAAAS Yhe qpddlasiffraGiapeay coenprise from

| eafrol}, - ociated virus-2 (G RaVy-2 p24 0 of Grapevine virus A
(v o5y AT BabEH oA ot Bh B it eicblchn ol b sSapore Rt Teratoples
| at ent frictitis ot BILOE W1, 5,010, P3,©00%5, 86) 35, 60, A8IBOIML BB a¥y SbiGunt
(GCLV-pl6). Therefore, a suppressor of silencing, for exanple, but

not | i rierEREIYeEn Gl compyEspts 15010 e metoplaghfigcon,,  TBSV pl9, TCV- CP,
CW-2b, PVX-p25, PVMpll, PVS-pll, BScV-pl6, CTV-p23, G.RaV-2 p24,
GBV- pl Q. - » QI - . | Wi th
t he nung?ﬂé\%}g%giq%e%g%@iog e?nt(r:% |ngt t %a%%@?ﬁ%%n%@gogﬁgggnﬁg‘%%rt her
ensur e diggyhon, ev piriialehzymaticaiigesthor dsiag talhwail ddprating @lzanés oftRORint Theter,
construyction of pl9 tj ge desc[i bed in described in WO 2010/ 0003225
(whi ch "é”e?’?fcw‘*&EWa‘% 4B prefoplast ipyotregited ind the dgestad factinmay enmpiige intact,
sequenchsripie® b b i ; t l.j, ked
to the alr?ﬁa] f;?? pl&gglﬁ‘tg‘gegﬁiﬁﬁ )%J%%tgﬁgﬁé{cg{se?g%n éh lgﬁgﬁgﬁg@%—tﬁéﬁdb Zm(

| i gat i olegradingcdzypras sieg te groducOrhe degrsted fraction nfdybhpdse inpsivetites,oir @rc e

26: 77-8 95))..ln a first .,roynd of. PCR, a seqgnent of the .

20 st o SRty bt BrSerk ol Sleat il Mg Shy T oo Rl I Bt a@putt pyesent in
GTATTAGEASIrEAHdurdsEsbEI o SE RrdtépING, ddthe 88HOITMRTHRYY B AREA From the
CCTTGTATAGCTCA 1CCATTTTCICT GATG (SEQ ID NO 12) with construct 660

( descr i EWORHOR i gstyd daotan cofprises the apoplask fxestiar entl ther ei n by

referengs r.fr nt..cont ai nin e
codi ng hrgeqﬂencS Eﬁ%?dl%rigm\c/\%@ g%&p%e#’ ?Aeeop @B?%ﬂgf’ 1|l‘c"r’rr%pf] gsqgrﬁgﬁ’fég?cor thl)hot £
ATGCCAAGGAGCTA? AlgaAGT4Eia0 chRRaiNOintA)el il &t phikAts 98¢ bxtfacellular components.

AGT CGA CTTACTCGCTTTCTTTTT  (SEQ | D NO 14) [00112] usi ng )
const r UBYAS éérp%glpggeqj%gley P??gg‘ﬁgﬁl gﬁ%ﬁ’é}f pEatop{psts/gphpeppta Hian pomptiaum is

33 9495 PRANLiZADhA pRRopl R0PIhEoBlast AR frinG AbhH0% R ediSeck BN
m xed and used as telﬁrpl zIaJte for gagelcontd Pgaﬁég%u%%gﬁliﬁé%ﬁl eﬁh t
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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[ 00115] Agrobacterium strain AG1 was transfected (el ectroporation)

Wi th constructs as identified bel ow, using the nethods described by

D Aoust et al 2008 (Plant Biotechnology Journal 6:930-940).

Tr ansf ect 80 AY1B3HHct eri um were grown in YEB nedi um suBﬁT@ﬁ@Ht’fé‘W% th

10 mM 2- (N- nor phol i no) et hanesul foni c acid (NES)

acet osyLPsagmyé»e Sa@rqé (59 ICEIMBIRFEISD &Wdil@ﬁteﬁévaﬁtﬂondﬁ%é%é‘maélelfF‘ihﬁlq“e
et e

Ceni ri POGER BEpa i TLARER L ol e el o Bl ik e NG Bt BTt

MyC12 ohBnte MV MESeiphivdll M) .asdiQ0d febdakd UhPs otkervesamappid ithinrthe el wall.

d b D A 1 1 | f | t t

A"t undhisorainge! S8 pUHSTSR SO e e R pS guth et et errpna®. T
fil t Zjén(;t

: Ef: I tra I ony%%p?{ﬂ%r%ﬁgﬁ@?&%fgp%Bégﬁ| n 210 gﬁg%ﬁbﬁﬁ@ &%fﬁr?eeg and

al | owederitdfugation folkdvardery i ratiothdéph filtaniors scﬁlmhbtaﬂnen ptmmtatm fpeexample
pl aced upsi de down in the bagcterial sus nS|

ht
St ai nl basos Himised to-AmmeRierB su ity BReG R E, b LDl ol b sppamted

ot her WRER @@ﬁt@@g{md as co- WO
2011/ %aﬁ@%%g&ho%%i%gg %‘%F?ﬁ?gﬁpon lw? th a bacteri al

transfornmed with R472 (strain AGL I/R472) at a 1:1 ratio. Follow ng
vacuum0aih] Iftamazsmohcunpisalmds thﬂeﬁ@opléidﬁph%@plﬁéfr@ﬁ@ng@feféﬁﬁﬁﬁ‘h%@ﬁr@iﬂga 4-6

day incu o) tein
extrac#’fog?f’t[?sgsegﬁﬁh EW genl v ?élas’[%{%?!%&%{}[%ﬁg? S%B%gtéﬁ%%%h%g{)fon of
4, 5, B@xandplaBek it Haysd to} betifapatih, fldation deph dittsionasdinmnatst.ed and
used i medi ately. Total soluble proteins were extracted by

ho oger rpregimfgnw Bhe camlagaiionitheraot o paitia SPaTeie] Hason APPHies Blﬂ WP and/or
0.15 M NaGl isiffd #afogfh[sﬁﬂpﬂe{% Nhded hQ kol %.Q&h@ pd- 004% sodi um

met abi sat-Pr 2 er e mechani cal y honobgeni zed using a
POLYTRONTm grinding with nortar and pestle, or with a COM TROLTm i n
1 vol ureo7ad Taebobidglasnidnd Bpt&rq;ﬂrhsa fradtidib oMINaiCh comMpisifgifrotoplagts odaybea h

t he COM TRC]_T al so co 04% so t abi sul f|t Fol
orogSrPBERF O RO PRATOPRR Aeton ok A SHSHE eI B Syars e ot PG
at o, OQ@mafJg(aﬁoé Milatidh &ﬁm&aﬁ&ﬁ s&hélRatint ﬁx@&fnﬁatﬁ)ﬁbtﬂfardﬁﬁlbﬁﬁhbn erbf
for analysis. The total protein content of clarified crude extracts

was dettenhmmepgraitﬂ\&a@mdf ord assay (Bio-Rad, Hercules, CA) using
bovi ne serum al bum n as the reference standard. VLP extracti on by

cell estion [ :

N cot | AR e e B hr R e Y3Soch g Bl B A B0R hpentcd o
pi eces prediitascdpked filtat& QO ndvedypMRl it ohriched fo8 ¥ LPs nThes:parated dantion may be
tenperature (RT). The marm tol solution was .then re nged

with t rferthqsmsww isotntgs RHTEY. GPneeairpty Pﬁ%%ﬂ#ivﬁmﬁwﬁgﬁ b}%&?
(NACERCBIE s gTintloehritiitn R, ieBpRuiP olipRac Eaolit MRy pbs P
pr ot opl exshusiog, 8o kxithiange MtWMh margential ﬂ@wﬁlmﬁhzormnﬁlnmmeﬁm
o1 uti oM rieGcastaaREt | bR WAL PRI e TG THLREl Towr 0Sse
tnd 260 Y EDauEDSs LG AN ibpf”@ffé‘*?;’??ﬁi‘?."g‘? By s e TPoltb

f ol | owsmethpdiag wowlé beevdensindrielaf skillde theiarth AGL1/ #685 as described in
exanple 1. Leaf tissue was collected fromthe N bentham ana plants

pect | naoange by SR B BESL bl oubi e BeiERembishs o fituce

added t he telDaikashinfevdeliplat spaaes&@ (ﬂwmmmzam&mﬂ is preferreItiGit theantegntg) o0to
sodium bisulfite pH 6.0 r a ratio of 1: fresh,

bi omas sprOH’iPE‘é@t(‘i‘ rEEﬁeF@SaStSEE% "éjsd‘\ﬂﬁg @Fﬁ@gtaéé ﬁfrg’&'r RISFessipe hi§ APt
tenper affifed HatdnOfBiopbts %?ﬁ’zhﬁ{ntact WR4Q3d 4R 432PCH{ CA2010/ 001488
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WO 2011/ 035422PCT/ CA2010/ 001488 the final washes, the plates were
I ncubated with SureBl ue TMB peroxi dase substrate (KPL) for 20 m nutes
at roomtenperature. Reaction was stopped by the addition of I N HCL

and A450 VAP dR/OREP%e neasured using a Ml tiskan Ascent PEIIABa0I08RI4ER

Thernp Scientific). Exanple 1: Enzymafi ¢ extraction of t tissue

el 0asllT P GHIRART S0 Th PR IR e R B s DTRGES SA

[ 00123} LA GUBBE okt B il A, ¥PadChlotht merei)etw@ent;mr%km@e 60.99%, vers,
et d wth

present emzymatic extractio Wer e conpare hat” of HA
obt ai n&] 86; o8P IDSMEDh AR0,dAD, ket FeHck60oH Orb3th d8&,.or RDO hmnereaptasuant
pl ants \A%e infiltrate \ghth AG.1/ 685 andl.t@e qu%ves re . harvest ed
af ter erepeReen i sramale 190 oy 3pd B Pl is a P Lamhiaito JEdr BiEgeeeonce
pr epar g4 1asizE @M P4enay rdWiln %ﬁﬁ’é& vefweeR G 3asHRMErNRIRAAN icgle alah dmay be
Pol yt ron honogeni zer; 4g of leaves were ground with a nortar and a

pest | ejnaeressiib Ky isiatios av &sthaepusi fisemugeirigstandeid mechanB@bmErkodTwsed to

processor. (Urschel. Laboratories).in. extraction buffer.(5 Tris,
50" P RBEPIPE TR TR PTG o P BDOHG chEPRRiaERs by WhEdractor
carri edidsellhd PWeind WBRhNMinGhSiEeghly JTAke/PEREShd RAVRE cHBbENRHR] et ed toO
di gestion with Macerozyne pectinases and Onozuka R-10 cel |l ul ases as

descri bedciabdlipid ervtlopndrmemdirgnesmebads ¢fabsruntiop thescellerall tp elense thep{LPs

filtration.(nylon filter 5 rot | [

were. r ERODREM et F e TS E0ks (PR SPIFOSeh e N BT, flo 2,
f ur t hetheGhayrhdticembtiyis deRtibed higehi Bowater S0RMsPreqlitedthat)he inRRARA Tdleof
quantity and relative activity of HA in each of these plant extracts
i s shotlis orefomiass be mtaimpd dugpaieipfeeedde.HA obt ai ned from the enzymatic
extraction nmethod is significantly greater than that obtained from

o | | : ! at !
e MeehARy O?\/%E?%ﬁﬁ% %agqugaﬁg%@%wmé Asg&tmm fn%rﬁﬁng%g ve€b@Able¥&i

activities ani cal and enzymatic raction of

pl ant méthypdsit-dédiveddipids. Mhe ¥ LBeeay cadjprist ®dHAD ptealusor fotre, ardieodal ot HA2
di fferences in.vo] une, of |I.i quij dded for each extraction nmethod,, The
Com + 1 GPmeins ket PETrtly Histiohils PGS Ay I R e D AT epern e
pur pos %ﬁ%ﬁhﬁnfﬁ%@@%&ﬁ&%&@&i MenpR@hy &lvelopEXirfading e LN OThe plant

Rel ative activity . antity Comtrol Tmextract 100% 100% Pol ytron

ext r ac derb Gl ipEBIaymomarisehiaid sompagoso foyasng eaanbsanesy theadant 3denthe 0%

Quant | LY PR SR AR » B P ARR o BhotphalfByichotine (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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Exanpl e 2: Enzymatic digestion of plant tissue rel eases HA organi zed
into VLPs. [00125] A conbi nation of differential centrifugation and
si ze excl usion chromat ography (SEC) was used to denonstrate that the
HA obt ai n&¥0 B PHd2%enzymat i ¢ extracti on met hod descri b&ETKAPEPAIARS e
organi zed as_ VLPs. N. bent ham ana plants were _agr oinfiltrated with
AGL1/ 6ressedied dreptidsctoithe apeplapiteelyde, bt aprrot Haried (b pinise paylass B8Rt he

pl ant s =11 Mol i ol ~7ha W=Ya

i gost B HETEERE] [, HoENs Il Ik U8R Qo 700 308, PoREE - AN SR rase
[ 00126}ighe peptatei(PDBdasiagiecaminesdd tdyeenceent ri f uged at 70, 000xg to
all ow for segregation of VLPs. The centrifugation pellet, containing

t he VLPs, ' X of Phosphate buffered
sal i ne (PB%@%%@W@%SQ@E%WBH 7.2) before being
| oaded on a SEC columm. [00127] SEC colums of 32 m SEPHACRYLTM S-500
hi gh r emai Mﬁc%@né@%&éﬁteﬂ Provdif) (FiR; Shparidabd DTN LS 98PPER762), FyedampleCat .
No. 17-0613-10) were prepared with equilibration/elution buffer (50
mM Tr i $obacsoplam mettoizenesisgglateSpotedn? Yobraphyongetonglantibedyesiignal paptidee

| oadi n f . I .the equilibrated colum, and its
el uti ogSla/i ?rﬁaniggtr@hgﬁg%%ﬁﬁgﬁg%é@%ﬁt}%{ ution buffer. The eluate was
collected in fractions of 1.7 nL, and the protein content of each
fracti gr03WAR wel cxamplds, by expressad pdlPgepdle mhe acummatace ihspad ficointevdetlhla2&O
M. of dil ut Bi o- Rad protein dye reagent (Bio:Rad, Hercules, CA)..
Each ssﬂaacaflﬂafrﬁpms(%héééw 012}93413 BN SroRt RS F P EhERE PalhpeRid
(GE Head BRALA o QecrtPRGR: rRLBfAbEMEN i Conpari son of
t he el utfitx n pr(§l %llees of bot%g%rﬁag %elgﬁ}gn (%h%mnsét s(%e'prot ei ns was
perfornmed for each separation to ensure uniformty of the

separ af?$2% Theteon vimsAikaippgick” §V1.Pher SiGs-dikepaticles'aat'VORS' refers to

[00128] Total protein content of .clarified crude extracts wa

ot er oy PP Tigbscbhs soRing e Bfab afie Platiifh, Rbh 605 o Bl 0HA ne
serum akdaeif] di adhinkdiR iffbfcar ARG rStMNdaPd andPERiRHO YRS &% %eherdly SEC
eluate fractions were precipitated with acetone (Bollag et al.,

1996) , mcsrhpdgmerdsand snteenipdly sonda ty wingrerdued dsaniofaghien. dit ldengangti¢ ng

sanpl e j f . i .8, 05% henol . hlue,

15, 5ot g1 bR sl e Sha BBl o B BB R P BRI moy be

anal ysipsoduted ifnuirdbid laist @iiainehiding plas heg elehnd if Sapad airthenpufiedDS- PAGE
was perfornmed under reducing conditions, and Coonassie Brillant Blue

Do1ar 0SaTkah Mottt YEh S Py fatas ST Pt soplificddain dre pashogss
per f or g BabRSeifthad HEREOE: d8Shid et aw Nanak 1gad.Ss! &%e( s(e%%fé;&)t , the

Briefly, successive double dilutions of the test sanples (100 pL
wer e nmapeplash V- bottoned 96-well nicrotiter plates containing 100 Ga
PBS, |eaving 100 pL of diluted sanple per well. One hundred

T s p0 e o e SR s R R AR g Pl
I ncubatcegipfises adfinctdeid RQRBrce R adl6Emorkligin 46 ispie&ator ekartIEbRInBhB&lted
di lution show ng conpl ete hemaggl uti nati on was recorded as

hemagg!utWVASLE M Bl egngs types ansublipesi that are fsebesontinglapelypeptide. stherchimeric

Al Vi e ] J of I tion. riden, CT
\(NaS di fpﬂ‘?gﬁ J"? ﬁ&%%ggﬁ 5@{\'&1})#‘%5 EE@%‘*%‘?"G‘E%‘?%% ﬁgg% gf‘e‘%ﬁ"@%éﬁf] Fi gur e)
3A showstetdiegous hathhbeagglinder ofthe polygptidy ot profes:. Clhechinieriatpedeih br tHimeric
fractigns cqrresponding to the void. volune of the columm, confirmn
that -t REDREISS SRICERIRAUEH TR BPPG RETRL TPEATSE RAUHORBRSET
wei ght isthétUstiEFeahir@, %Qihi%ﬁe&*ik%ﬁateﬁ@xsé}ffﬁgﬁcﬁ& _ébﬁhémﬁfg?clel hf&ﬁ%ﬁ@%ﬂed

that those sanme void volunme fractions (fractions 7- al so pres

t he hi gimethesis-Aheantacs shimenic proteinbasttavet poetips oftheghintericipeot AN apavsoate

bei ng qg %o%%taargllxi%mae%c %P c—:rircl).xhrcr:gltrr%ﬁ% ngieilé[g?a c 1m%% lpglygéptilfzfg %?é?%fsh ?nclude 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
21



[ 00134] The nmaj or contam nant present in lane 3 was found to be

Rubi sCo (Ribul ose-1,5- bisphosphate carboxyl ase oxygenase), which is
made of two types. of protein subunits: a large-chain (L, about 55
kDa) and a¥QAd'{*3¥Hain (S, about 13 kDa). A total of e|P5i’i’t‘:*“2“1‘”"“1488

| arge-chain diners and ei ght small-chai ns. usual | nble with each
ot hor  ITRETLO PRITRTS B30 540 SOUERES Pt GB PIOSBTTEH 140 SURHTISe S SYPLEN asseeh'el
cont amyiadibulpiidd BHEs IobrbdHcd g cﬁiml’l?grdtan Bt aﬂ&mﬁé@%ﬁﬁ;ﬁd@r i gi nating
from mechani cal extraction nethod ee arrow i n e 4), it is
virtual ly absent in plant extracts obtained by the enzymatic

di gest il¥#BSirdhnpel yprotide inbw te nfluenza hemhggletinin ¢HA) Had packsitite twetdn otbre than
allows for the elimnati of th ant tel

2 ronget SRl ieidiel B e ke P RipRE B ehelo R e R ARl o

Enzy matprgdueé 9ESHicROHS, opbiibrid inBEsRa 1R, eALRPHC M Ral Bls6 ﬁfaﬂidb h@RSno
where it can be di rectl§ captured on a cation exchange resin.
A

[ 00135 aRidisettchemsompaisive Anterplagone sigep aemlrdra |(a ehamenc HiAt fre-p@Eitdin)6B8 ingeaved

descri Ve

oot ek b P fnoles ar POV St s i b8 Ao Bt 188hin fosprigeg pesgin may
room t eepeindtit MEO RO0SOVRrRi Wal 2039@1;@78 W@Z@l@%tﬂ%@hﬂr@fnc@@ﬂﬁa@dned
1.0% (v/v) Miultifect Pectinase FE, 1. 0%(v/v Mul t ct CX CG orand

1. 0% ( Ve Wimefernsel Aoxidivie agi¢ ecoding ashisreismplypertidh may bg dessribed s of
60.0 mw"k@ﬂx@h& Hélclelz gmg ésﬁ onﬁtﬁ} frglcl%’t[i/ € s%%ﬁeﬁg%'b 'éfgllrés' ke)p%rtlcise corrq)rlsed3 of

usi ng a bl onass : er ra
[ 00 136]cE‘mhdrm\Mm g1a§| ibg e&hnmi, astahehifiReep VAP’ ] ChifneAle VILOB arddbrtlicr HéeriBel in
t hroug Ion lter to remove coarse undi gested vegeta

(s ueq’@m IR R G LS8 flsd fine 23y ¢l Coad Ut Preasicmlon
centri fAgaeRh NPBILEE g@]e(tﬁédjﬁlﬁe bOHAS vmﬂ] tlnc§pp%93f&i ﬁe&\é\ﬁype\f%%nce% es.

protopl dsts and intracellular cont’am nants (protein
vesi cl é4,Pspagbeoitainedtron expiessign dimetigupehinadrizrHAVWas dept h-filtered
(for clarification) using a 0.65pmglass fiber filter

(Sarto di nd 0.45/0.2 p.mfi te bef or e bei ng
subj ecﬁ&ég%f ﬁ%ﬁi‘?‘o‘?ﬁéﬁ%&ﬁgﬁwp e% 9%%/%% @rﬁpggmvennon,

[ 00137]iddMededndiwh isefenadp o AsahCHA agileh@R t%ﬁl&k/@@@&‘i‘l@\é@f}r ﬁeﬁﬁ'feﬁon
exchan%e col um (Poros HS Applied Biosystens) equilibrated wth an

equi | i Bugherswwrel @wdgeﬁdfaérdeqcabedmmp@not mnﬁmm@mpld@sdm@%ﬂ’mémn
80 pH h t
Wi tﬁ tﬁg% P‘Qﬁ ’{g%gn/ e prgt% e?r c n?ih ﬁikﬁg%ﬁ’%‘f%g@?‘ﬁ@éﬁﬁ may b

conce ntcbaatcpmmd @Jﬁthﬂﬁ@%duﬁﬂ@LHMomﬁﬂ@ﬁng{m BAENATeesitdde chr omat ogr aphi c
fractions were concentrated 10 ti rres usi ng Am conTM devi ces equi pped

with 1 Pr ot e| anal ysi s rforrred as described in

previ ogg@% “de R s fsctﬁ I iRepialie gnatAldN-e4CBRINE nost

enzyneshAagidR! Iy

whet eag.§ he "-EA?‘SE‘B“&?%W G’d“?“d&é*taﬁ%f@?#dlﬁ%ﬁé%ﬁ%. B F BR R Ty

i n HA- VeRsmplexedreitleplantederivedipide nTl(eﬁnltgm-rdm&)i lipids raayctietin €ire, foms ofshignia

in Fi g%re 6, l.ane 4 and 5, .the cell ul ases an bgﬁgé ﬁgses d(id not .bi nd
t quénP

to t he CHAYGHY Fey fUrliss CUBPHsHA SEvelaRe sHgaynding fayt derixedlinids,
of 1A \ﬂ;d?co{@x%ﬁ%jh}ﬁﬂ\ céﬂpd}ﬁﬂﬁﬂﬂ{h‘ét}ﬂd@ﬁxﬁh%tﬁ‘&k'o‘f'tﬁ%ﬂad@%eﬁftheq@ﬂ?W' or to

| oadi ng on e cation exchange colum %in the eluted

fract i eFedugedsinciudingsghoamholinids,of-, 8- andmovealyeesdereuelbes fahwhelusten! or

fracti X tion of NaCl
%tibroﬁ{&: Egkﬁ%ﬁsﬁééﬂé}[ag %Q &s %gﬁlfiﬁghos ﬁ%gcﬂ{ng'bg@”

to the digestion
agr oi nfphbsphaldydjatMnblamA@r(@Eb@hb@hatwyhﬂﬁuﬂ;l @hdis@hﬁt&lytsaxﬁxﬁa( ERBosphis ?(Blﬁﬁdlémt
express;{ g pema%g@gtl ni n of '%anerest (111/Cal W, B/ Fl o, | ndo or
Hi / Cal PRIVYAPISLL agRupinapenthergoi pignted qlveihad@sam@ﬁ@a@b«heé@ﬁe@eﬁ rasday
6 post4 IQIflIH JatEhan Hé:fbts rding to
Exanpl e b : gicep‘lf lgér:g[t §r01§-ﬁnglﬂge o?%ﬁgﬂ%sgn %u%‘gr |Pon and
brassmasterol delta-7-stigmasterol, delta—?—avenasteroi daunosterol, sitosterol, 24~

__)

methylcholesterol, cholesterol or beta-sitosterol (Mongrand et al., 2004, J. Biol Chem
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Concentration in HA (dil /ml) Yields (dil/g) Yield increased (X-
fold)' H5 Indo/05 (#972) 0 NaCl 4608 12,430 1.2 500 nmM Nan 4608

14,921 111 CAO7 WI (#604) O NaCl 384 1,206 2.1 500 nM
WO 2011/035422 PCT/CA2010/001488

279:36277-86). As one of skill in the art will readily understand, the lipid composition of the
plasma membrane of a cell may vary with the culture or growth conditions of the cell or

organism, or species, from which the cell is obtained.

[0088] Cell membranes generally comprise lipid bilayers, as well as proteins for various
functions. Localized concentrations of particular lipids may be found in the lipid bilayer,
referred to as ‘lipid rafts’. These lipid raft microdomains may be enriched in sphingolipids and
sterofs. Without wishing to be bound by theory, lipid rafts may have significant roles in endo and
exocytosis, entry or egress of viruses or other infectious agents, inter-cell signal transduction,
interaction with other structural components of the cell or organism, such as intracellular and

extraceliular matrices.

{0089] VLPs comprising a lipid envelope has been previously described in WO 2009/009876;
WO 2009/076778, and WO 2010/003225 (which are incorporated herein by reference). With
reference to influenza virus, the term “hemagglutinin” or “HA” as used herein refers to a
structural glycoprotein of influenza viral particles. The HA of the present invention may be
obtained from any subtype. For example, the HA may be of subtype H1, H2, H3, H4, H5, H6,
H7, H8, H9, H10, H11, H12, H13, H14, H15, or H16, or of influenza types B or C. The
recombinant HA of the present invention may also comprise an amino acid sequernce based on
the sequence of any hemagglutinin. The structure of influenza hemagglutinin is well-studied and
demonstrates a high degree of conservation in secondary, tertiary and quaternary structure. This
structural conservation is observed even though the amino acid sequence may vary (see, for
example, Skehel and Wiley, 2000 Ann Rev Biochem 69:531-69; Vaccaro et al 2005; which is
incorporated herein by reference). Nucleotide sequences encoding HA are well known, and are
available for example, from the BioDefense and Public Health Database (now Influenza
Research Database; Squires et al., 2008 Nucleic Acids Research 36:D497-D503) for example at
URL: biohealthbase.org/GSearch/home.do?decorator=Influenza) or the databases maintained by
the National Center for Biotechnology Information (NCBI; for example at URL:
ncbi.nlm.nih.gov/sites/entrez?db=nuccore&cmd=search&term=influenza), both of which are

incorporated herein by reference.

[0090] The present invention also pertains to methods of preparing, isolating, or both preparing
and isolating VLPs, including influenza VLPs of viruses which infect humans, or host animals,

for example primates, horses, pigs, birds, sheep, avian water fowl, migratory birds, quail, duck,

23-



NaCl 768 2,481 H CA/ 07 X-179A (#605) 0O NaCl 96 299 8.1 500 niM
NaCl 768 2,419 B Flo/4 (475) 0 NaCl 16 52 7.5 500 nmM NaCl 128 392

WO 2011/035422 PCT/CA2010/001488

geese, poultry, chicken, camel, canine, dogs, feline, cats, tiger, leopard, civet, mink, stone
marten, ferrets, house pets, livestock, mice, rats, seal, whale and the like. Some influenza viruses

may infect more than one host animal.

[0091] Amino acid variation is tolerated in hemagglutinins of influenza viruses. This variation
provides for new strains that are continually being identified. Infectivity between the new strains
may vary. However, formation of hemagglutinin trimers, which subsequently form VLPs is
maintained. The present invention also includes methods of preparing any plant-derived VLPs,
regardless of the HA subtype or sequence, or chimeric HA comprising the VLP, or species of

origin.

[0092] Correct folding of the hemagglutinins may be important for stability of the protein,
formation of multimers, formation of VLPs and function of the HA (ability to hemagglutinate),
among other characteristics of influenza hemagglutinins. Folding of a protein may be influenced
by one or more factors, including, but not limited to, the sequence of the protein, the relative
abundance of the protein, the degree of intracellular crowding, the availability of cofactors that
may bind or be transiently associated with the folded, partially folded or unfolded protein, the

presence of one or more chaperone proteins, or the like.

[0093] Heat shock proteins (Hsp) or stress proteins are examples of chaperone proteins, which
may participate in various cellular processes including protein synthesis, intracellular trafficking,
prevention of misfolding, prevention of protein aggregation, assembly and disassembly of protein
complexes, protein folding, and protein disaggregation. Examples of such chaperone proteins
include, but are not limited to, Hsp60, Hsp65, Hsp 70, Hsp90, Hsp100, Hsp20-30, Hsp10,
Hsp100-200, Hsp100, Hsp90, Lon, TF55, FKBPs, cyclophilins, ClpP, GrpE, ubiquitin, calnexin,
and protein disulfide isomerases (see, for example, Macario, A.J.L., Cold Spring Harbor
Laboratory Res. 25:59-70. 1995; Parsell, D.A. & Lindquist, S. Ann. Rev. Genet. 27:437-496
(1993); U.S. Patent No. 5,232,833). 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.



Yield (dil/g) wth NaCl divided by Yield (dil/g) w thout NaCl

[ 00142] Addi tion of 500 mM NaCl during the digestion further resulted
in an increase of the release of HA-VLP during digestion, which in
turn resulW8d"M8Y?3 ncreased recovery rate after clari PEEAARHA0914$8
both H/Cal WI and H /Cal X-179A strains (Table 5), but not for the
H5/ | nd§084lr@mas recpyered VELs mry be pssgised s SEFARIE 76 RotenNagriactiyity e for

di gest +}%P1Ip§et %m%@%ﬁmti%és\é%ﬁ iete)gﬁ\'tgt?/ 1?1&:%‘05%5{2@, gﬁk(tﬁ},é%t{%g?,léfz%(éxaﬁsion HA

henmagg nation-activity ar | i on step.

st r ai ncHobges friaphy, EiPL.A] Westem bl&temalyeis,yor afeteophdepish Thedetandibihermethods for

Increase inr ,ec!over ytr% X- f Oltid ), Ial / Inrlldo_ _%#%g%)wgare C&w&?noto%%ﬁ.o 500 MM

NaCl 1869 nBISIZBAONRATALAIH AGHVItY ARG S MBISHIOR |
[0095] For preparative size exclusion chromatography, a preparation comprising VLPs may be
obtained by the methods described herein, and insoluble material removed by centrifugation.
Precipitation with PEG may also be of benefit. The recovered protein may be quantified using
conventional methods (for example, Bradford Assay, BCA), and the extract passed through a size
exclusion column, using for example SEPHACRYL™, SEPHADEXTM, or similar medium, and
the fractions collected. Blue Dextran 2000 or a suitable protein, may be used as a calibration
standard. The extract may also be passed through a cation exchange column and active fractions
collected. Following chromatography, fractions may be further analyzed by protein
electrophoresis, immunoblot, or both, to confirm the presence of VLPs and the protein

complement of the fraction.

[0096] A hemagglutination assay may be used to assess the hemagglutinating activity of the
VLP-containing fractions, using methods well-known in the art. Without wishing to be bound by
theory, the capacity of HA to bind to RBC from different animals is driven by the atfinity of HA
for sialic acids 02,3 or 2,3 and the presence of these sialic acids on the surface of RBC. Equine
and avian HA from influenza viruses agglutinate erythrocytes from all several species, including
turkeys, chickens, ducks, guinea pigs, humans, sheep, horses and cows; whereas human HAs will
bind to erythrocytes of turkey, chickens, ducks, gninea 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 vaceine subtype. For example, serum from a
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500 MM NaCl 75% HI/Cal X- 179A (#605) O NaCl 50% 2.0 500 nmM NaCl

100% Recovery is expressed in percentage of hemaggl utination
activity obtained after depth filtration conpared to the activity
found in t"h32UdEF?% uged digested extract. WO PCT/CA2010/001488

2011/ 035422PCT/ CA2010/ 001488 [ 00143] The associ ation state of the .
HA- VL P SURipS AMENAIZGE HB A1agaHS cQBRPIhCsrPNER HP‘?"P‘EQ}‘eE’iﬁ%lH%‘PP&O‘“p“S‘“g
di gest iQypMBE, fits ﬁlliﬂﬁgkzﬁ R G NEARAA Ay el BedTian k] ﬁ?%ms%& il 7
H5/Indgggind Hf? Cafj W (Fi uré 7A"an aty?bCBé r%specﬁ@g‘lsy ) 1A noﬁorgli-rsplgrse
pr epar athobrwvinfs opairts mirtedeswasd thiedbkMier demrmid#ddwhen di gesti on was
performed in absence of NaCl, while the H/Cal preparation showed

h | f ticle species. .The..addition of Cl.to,the
i gest 10Mb AT a3 B dtugho, TGRSt Pt thpRaLel Bl o
by the phitef bisebRNOHpSNAE V2.PP afeles@bished i the Bt bh Dot dné Bt FilDMIRe A
The nunber of particles at 150 nmfor H/Cal W-VLPs was enhanced (ca

5- f ol d)Thgynatins of@biaining{rapsfosoed #rd rRgegerated plants g hefeositicamo Befpiesent
Exanpl E{n"@é ti(C)Iont rolling the rel ease of pignents [00144] N. bent ham ana
pl ant s Wer'e 1%igroi nfiltrated with Agrobacterium AG.1 strains carrying
a construct expressing a hemagglutinin of interest (H5/1ndo) as

descri [eeiGon Exampleadsforiradse’st wanaanciht itaiedifionraddyr & genetic information
post-infiltration, cut into -1 cn2 pieces, and digested as descri bed
i n Exaripraetide fiqupnceytipt is granidested gepeypisoly, pwnRErpicalby osuth. nffienglerspemitc
25 mM - d] ! i i (A i,on, and
chart 1 ronpieh ST ERRICABRRA ATk binert Ly 6 Buof By bl AR,

[ 00145]iReaasdevitin the gpomenifshdiast)ngd tegraasir afgendticdutbimgionhensidered
enzymati ¢ digestion step led to purified preparation of VLP having a
gr eeni SHOl, DG rBter cdiRpediang die tepsieref seattic mﬁwatmng%%qtil ritable.

solution was therefore investigated and adjusted to obtain a VLP

purifi gdofgpar atgygRe RAY MAht SndiREUSE @OmEHHE BFY AL ALH R, frdDd plabi B1adh
i ncreased purity. Wthout wishing to be bound by theory, since Ca2+

pl ays ander mag gpmprideanientitepiant.dissust falls, wfany Gagiontthasentstusther, plantwbtter

wall's m.ddle | anell t oget her, and aiven.the fact tha here i
Uaual |y Seiipisd Biacdfiiek BRGH bfpondlt, oRtcdftu e i Riopantits, Glfd ol o1
of Ca2-+exgheb af slintE BT Ace@bingtidntbredft FughéhBlaRNEWERInLE cHRRNC YIRS, fiahd on
of the cell wall, ther Ebé preserving intact intracellular organelles,
such ascelpitissuspd Hawid exteach opp eummbinating thereoty Bpmplaat lavasnstemy At ©ots or a

Conponent Ssination thereof, Plant matter may comprise a plant or portion thereof which has not been
subjected to any processing steps. A portion of a plant may comprise plant matter. Plants or
plant matter may be harvested or obtained by any method, for example, the whole plant may be
used, or the leaves or other tissues specifically removed for use in the described methods.
Transgenic plants expressing and secreting VLPs may also be used as a starting material for

processing as described herein.

[00102] The constructs of the present invention can be introduced into plant cells using Ti
plasmids, Ri plasmids, plant virus vectors, direct DNA transformation, micro-injection,
electroporation, infiltration, and the like. For reviews of such technigues see for example
Weissbach and Weissbach, Methods for Plant Molecular Biology, Academy Press, New York
VIII, pp. 421-463 (1988); Geierson and Corey, Plant Molecular Biology, 2d Ed. (1988); and Miki
and lyer, Fundamentals of Gene Transfer in Plants. In Plant Metabolism, 2d Ed. DT. Dennis,

DH Turpin, DD Lefebrve, DB Layzell (eds), Addison-Wesley, Langmans Ltd. London, pp. 561-
379 (1997). Other methods include direct DNA uptake, the use of liposomes, electroporation, for
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[ 00146] As shown in Table 6, the addition of 25nM EDTA to the _
di gestion buffer all owed for the reduction of the green coloration of

the purified H5-VLP preparation, as evaluated by neasurin he
di fference WO 30 %’B?d?zpt ion of the preparation (01) 672nm FC ORDpHEs
When th en const tuents were rel eased jin hi uan@img/ or not
sui tabF f°‘9E tErr"é‘ﬁ'é’r’laFF%‘fP EB%‘HPHPFQEIIE%\O% T g ¥cUipD

2011/ O3 entiDleT é%%?!irg@%%ﬁmgaéﬂ Le (@cneﬁ‘bf)%’/ ?.if() (5 ﬁﬂ) %ﬁélﬁ 'epﬂ m(}]Zéel{’r‘M

EDTA to the digestion buffer on green coloration of H5-V
pr epar GtredriR8: 1180622 he# 1 DB EOhmeOalnffldka Sdignd@ 52V BHBITA, mm,JNexma@e Bt :BOO

7 N IR AR GrBodst ShoGUPE By Kl fali bibis 7 oBEIRD: HenelArA o

pl ant s 3Mpimee SEH: @m‘ h b0y al Geenit bl (S’&é&@@@“ﬁ qbhal @ﬁ@ésﬁtménmas &al rplhig
H5/ 1 ndo) as

a construct expressing a hemagglutinin of interest /
descr i BexidlegyEN afpt-é011 194B.MetbodweoePlani Meletwar Binlogp{Weissbach and

t-i '.I ti , t.ipto -1 ed_accor
Pl eissbigh s aakdeinic Pheds ot Fley RugFR 8 Bl SRS RrRREE Gopifer b
0.25% ZQ:hﬁ% ds./ Rbhademiclifes/ e MogY), L aCindReidnb@e & (FE/irdvildih f1@§I34%48 CG
cellulase and Multifect CX B cellulose as noted in Tables 7-

Fi | t r a2, UdeRet Nosdel45 $0ameB6cd08: iS5t 10002 0nd0aet6s; &QZﬁé?éc(alhe”&vhltrh are

Exanpl n followi ng tables 7 and 8, pectinase has
been dgerlr'%b s%‘ r% gt]e@%y %rﬁ%cr‘? essential in the digestion buffer.

Simlar levels of H5/Indo or H/Cal WI' VLP can be extracted with the

presenfoore3jhod eTrhimdnt expréssion pictisels ey O usddIe BLReRithd@MbiUBSH the present
Furthernore, it has been found that reducing the concentration of

cel I ul H%’é“%’i‘é??eéé‘l‘rﬁ%fjrWQWSW%@?%@%%V&IOB%I Methaqsy b5 343a38; which
| npact jqp. atg&'ﬁérbﬁ% %fex%?éeklagghr?lﬁté\(nq‘?}gglv ?u%}n-ba-g@&’ szant &%&%Qﬁﬁ} m% hod

H5/ 1 ndo VLP by di gest on 0 na [ eaves. I ONS

t est edas deserépt |1mHC7é§’ubl@<ﬁ0museW0(Hh'®&3H0® Mamm%m&mmtﬁyherem by

C/e\r/r;a 99, Ltl?rlaxcht Jég;? bg gstehvjl‘}lgse method.s mrag(i:r{cg)lirdgcf%r examp eI: lbllil‘;[ alrg l‘rll())t iIFr)ne}getdltg 6}186 (%
method of Agro-inoculation or Agro-infiltration, however, other transient methods may also be
used as noted above. With either Agro-inoculation or Agro-infiltration, a mixture of
Agrobacteria comprising the desired nucleic acid enter the intercellular spaces of a tissue, for
example the leaves, aerial portion of the plant (including stem, leaves and flower), other portion
of the plant (stem, root, flower), or the whole plant. After crossing the epidermis the
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.

-27-



(% v/v) Concentration in H5 VLP (dil/m) 1 1 1152 0.5 1 6144 0 1 768
0 2 1536 *Mulufect CX GC WD 20111035422PCT/ CA2010/ 001488 Tabl e 8:
Rel ease of H/Cal WI VLP by digestion of N bentham ana | eaves. All
condi ti onsVRePd8H¥e ed in replicates. (Concentration i RCHAARIBO01483

measured b herrak%%l utination activity, dil : reciprocal of dilution)

Pect i n&¥80hs v/ Vit desited fhe Y&Ps Qﬁ/@imﬂfer@:awe@tmma@x Rerpdpyixedvith psyiighle/ i )
2 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 supP 19-plasto.r

13 supP19-1c

14 SupP19-Sacl.r
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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 WQ2010/003225 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) HI/NC

560 SpPDI-H1 A/California/4/2009 in 2X355/CPMV-HT H1/Cal WT
expression cassette

580 SpPDI-H1 A/New Caledonia/20/99 in 2x355/CPMV-HT HI/NC
expression cassette

660 H3 from strain A/Indonesia/5/2005 (H5N1) H1/Indo

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

685 H3 A/Indonesia/5/2005 in CPMV-HT expression cassette H1/Indo

686 SpPDI-H3 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/Brs
(E1-RB-E2) in H5 A/Indonesia/S/05 backbone

696 H3 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 i

734 HI 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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[ 00149] Control ling the pH during the digestion can be critical
Taking into account that the
occurring during the digestion step
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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 RNA2 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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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 CPMV-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 HS (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 HS 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 cassetie 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-pl/HC-Pro (Tobacco etch virus-pl/HC-Pro), BYV -p21, p19 of
Tomato bushy stunt virus (TBSV p19), capsid protein of Tomato crinkle virus (TCV -CP), 2b of
Cucumber mosaic virus; CMV-2b), p25 of Potato virus X (PVX-p25), p11 of Potato virus M
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p24, GBV-pl4, HLV-pl0, GCLV-p16 or GVA-pl0, may be co-expressed along with the nucleic

acid sequence encoding the protein of interest to further ensure high levels of protein production

within a plant.

[002] The construction of p19 is described in described in WO 2010/0003225 (which is
incorporated herein by reference). Briefly, the coding sequence of p19 protein of tomato bushy
stunt virus (TBSV) was linked to the alfalfa plastocyanin expression cassette by the PCR-based
ligation method presented in Darveau et al. (Mecthods in Neuroscience 26: 77-85(1995)). In a first

round of PCR, a segment of the plastocyanin promoter was amplified using primers Plasto-443c:
GTATTAGTAATTAGAATTTGGTGTC (SEQ ID NO:11)

and supP19-plasto.r
CCTTGTATAGCTCGTTCCATTTTCTCTCAAGATG (SEQ ID NO:12)

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 358: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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digested with the same restriction enzymes to give construct number R472. The plasmids were
used to transform Agrobacteium tumefaciens (AGL1; ATCC, Manassas, VA 20108, USA) by
electroporation (Mattanovich et al., 1989). The integrity of all A. tumefaciens strains were
confirmed by restriction mapping. The 4. tumefaciens strain comprising R472 is termed

“AGL1/R472 «,

(00113} HcPro construct (35HcPro) was prepared as described in Hamilton et al. (2002).
All clones were sequenced to confirm the integrity of the constructs. The plasmids were used to
transform Agrobacteium tumefaciens (AGL1; ATCC, Manassas, VA 20108, USA) by
electroporation (Mattanovich et al., 1989). The integrity of all 4. tumefaciens strains were

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 ug/ml of carbenicillin pH5.6 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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infiltration with a bacterial transformed with R472 (strain AGL1/R472) at a 1:1 ratio. Following

vacuum infiltration, plants were returned to the greenhouse for a 4-6 day incubation period until

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 | 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)).7 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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Manni t @O pm mesh). Protoplasts in 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, #1T-003-0051) 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 HAS 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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the final washes, the plates were incubated with SureBlue TMB peroxidase substrate (KPL) for
20 minutes at room temperature. Reaction was stopped by the addition of 1N HCl and A4so

values were measured using a Multiskan Ascent plate reader {Thermo Scientific).

Example 1: Enzymatic extraction of plant tissue releases high quantities of HA having an
elevated relative activity.

{00123] The quantity and relative activity of HA obtained from the present enzymatic
extraction method were compared with that of HA obtained from common mechanical extraction
methods. N. benthamiana plants were infiltrated with AGL1/685 and the leaves were harvested
after a five to six-day incubation period. Leaf homogenates were prepared as follows : Two
grams of leaves were homogenized with a Polytron homogenizer; 4¢g of leaves were ground with
a mortar and a pestle; and 25kg of leaves were homogenized with a COMITROL™ processor
(Urschel Laboratories) in an extraction buffer (50 mM Tris, 150 mM NaCl pH 8.0, ratio of 1:1
w/v). Enzymatic extraction was carried as follow: Twenty grams of harvested leaves were
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 cvaluated by ELISA analysis
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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 m! 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 uL of
diluted Bio-Rad protein dye reagent (Bio-Rad, Hercules, CA). Each separation was preceded by
a calibration with Blue Dextran 2000 (GE I—Iealthcare 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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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 intraceliular
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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wher ei n t lfeg)n[? gi‘l’l ved virus-like particles (VLPs) do not include
neur am ni dase or Mprotein. 10.The nethod of claim1l wherein the

pl ant nExaneyle dSEngynegicatigdstionrof ﬁangmupméasbmne@mmsbmamr“gﬁr@it&ﬁ

S i a1 B . o 78 & 1 O
[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)
Multifect 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, efc). Next, the
supernatant was depth-filtered (for clarification) using a 0.65um glass fiber filter
(Sartopore2/Sartorius Stedim) and a 0.45/0.2pum filter, before being subjected to
chromatography.
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| i ke particles (VLPs) fromthe apoplast fraction. 12. The met hod of
claim11l, wherein the step of purifying conprises filtering the
apopl ast fl-action using depth filtration to produce a clarified

extract, fOPPOMEF*RY chromat ography of the clarified efRCEEAROGEPHER a
ti in..13. A et hod, .of [ | ant - deri ved
o e BEEITI0T, TRE R GRPupo i PhyRE SRR v BBl atfPhngcgtomn Poros

envel opgs A@ﬁlﬁ@ﬁ@i@éy@ﬁmsﬁﬂuﬂﬁﬁd‘ﬁig aRedli@thtionilutRIndeBH eV NaPO,, 100
i zed VLPs; b. treating the plant or plant

conpri si ng{ﬁaaé;ogl ast-1oca
mat t er "WV NeCEn0.802¢ fveern#fhpid i610D.dPnae theid ¥ dvas dack tprzeroothk astrdcs phesteptlatsd

fracti > Of. re t.h one .apopl ast.i c protei.n c I

compr | DR B es@lonlon 38 Sy RRe RN oo P B T L b
apopl asWhére pe@b&iy) tHeUNRImodriphio frit€oil Wée RbRBhUARNRY ©RéARIng ARRbATON.
14. The npethod of claim 13 erein the enzyne conposition conprises

one or desices emimwedih 8 &DaMYE0. Freicip anstptieweteenooned walesaribad in preyious
one or &%ﬁleghan one pectinase and one or nore than one cellul ase.
15. The nethod of claim 13 wherein the enzyne conposition does not

i nclude one or nore of a lipase, a protease or a pectinase. 16. The
met hod [66138] ai m 1Rdéntht heve-amnponedi conditibre, sibatenofme Jand plahf prbtes dienot
pl ant derjved virus-like particles (VLPs) fromthe one or nore_ than
one apoPPLSiREeabPp FrangedRpR Rereasihe BA-WLP Wistpiad. tysarovidins a gpnsidsrable
the steprigfmaidid ﬁxmgpslr:m& LRRS ﬁé@@éqﬁg&é 5@1& agpit{oﬁ,e &gﬁ%}ﬁ lggure 6, lane

clarified extract, foll owed by chromat ography
ext r act4 argli S theaelbdtges andepechizasgedid @sf ind L3hdbutiomesdhadgeafolntmatpHhdhder 7.

wherei n.in the,step of t aj.ni st , the plant is tran foorma,d
W th Gl et Sy g Bk Ristingta B eashinbd dec B ek Ghe Do o
group Gbading/dr Ak cAMHRKERBeOuRA,HHE L6697 i1Y ihedlutdl 44651 burRl A& Actof
viral capsid protein, and a viral coat proteins, and the plant or

pl ant redtiPévas mepmredensttbelelued frmptiondfearh g cofiorcdxghangt &sinnher ei n t he
nucleic acid is introduced into the plant in a transient nmanner.

20. The %@g%dﬁﬂtﬁh%’fﬁ%a m%%ﬁg%ﬁi‘%lhﬁﬁucl eic acid is stably

I nt egr at hi'n"a genone of nti "1, The nmethod of claim 13
wherein in the step of obtaining (step a), the plant is grown and the
pl ant dROW%nt naéd benhdmitneslbes 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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22. The nethod of claim 18 wherein the virus-like particles (VLPs)
conprise influenza hemaggl utinin. 23. The nethod of claim 13 wherein

the plant matter is selected fromthe group of |eaves, and cul tured
pl ant cel %9 294034 et hod of claim 13 wherein the vir G§TIARYI001488

particles (VLPs) do not,.incl ram ni dase o ein. :
et hod Tl ¢ E6H onsinon ae Rt b 0 Plor B3 pR et Red e oRes Vid s
conpri gleidreddby KM ALRAMIA RiARun®! diP| RBfprodatdfailugsyypri sing
pl ant - deri ved K/LPS; b. digesting t he pl ant or plant matter using a
cell wall degrading enzyme conppesition to produce a-digested
fraction; c.[filtering esgjnPes@@@eﬁtF%@ﬁi on to c‘;;ro uce Yaeldi | t ered
fracti on and| HActra@r i ng tlﬁ ant ididAi(didd | \Wiplds (dildgy |t ineressed (¥ ed
fraction. 26} The methqgd® i m 25/mrer eijn the cell vvalfcbld}ieqr adi ng
enzyme conpofition conpraes]ong or4gmgre tlhanompe pectinase, one or
more than ongHe&ndatuge s pr %e Or more Than one pecti nagse and|one or
/e

1i(1%
C

nmore than ong#8&)l ul age y/ met #@8 of |cl ali4f225, wmherein the cell
wal | degr adi pg—enzyre1ce SttHph—dgeshot—inclde—onre—or—morejof a
| i pase, a pr D‘ﬁé or |a EANCTEMA A \jg‘;ﬂ. The methodlof clai m 2%
wherein in th&Etep of oB0anMi ng (stgp a),| thegplant]is erlansf or med
with a nucl el (768¢) d sequeNe@ encoding a prlotein sel ected fromthe
group of a vimalcenvel op@dyaciteln, avdviral| straf@tural protein, |a
viral capsid|gtploai n, [an¢hpauNd r &l coat prateins, and theggl ant |or
plant matter | joBpr vest edy,cp9. | The 7Bt hod of 2811&i m 28, wherein the
nucl ei ¢ aci diTs—Tntroduc z'i(ﬂtu tte H‘} anmt— dsﬁrdns' ent—mannern.  30.
The net hod of Baflaidm 28%{ en—the—puelete—attra—+s stagld,i%/

i ntegrated w{dvsn a genot® BM the pilafit. |31 e mef hod cl ai m 28,
wherein the plant deri vedNett usili ke partilcles (VI Ps) conprise
i nfl uenza hemafg (#Ye)ivisy NaClgipidedipyigkblidil{e)vitut ¥aChi m 25, wherein t he
plant matter is selected fromthe group of |eaves, and cultured pl ant
cells. 33. The nethod of claim25 further conprising a step d) of
separ atfdig21 he viaddisieh bk#E0pamM Nallemrify/thes]) gestont foghdriresubiedid ahizstaseof

fromcell u] ar ris and insoluble materials. .34.,The t hod of
cl ai m 3% re{ﬁﬁ?e?rog M Lirigg digstoapshis g esyliett 89 ipSEFagy Fecovery rate after
cent i THGRLIQR for Bt HTRGy Wt Q%Qtaﬁ(ﬁﬂ%%ﬁam@%ﬁle?%}ﬂﬁ? nSt8Ihe H5/Indo

separating 1s performed by depth filtration. e nethod of claim
25, fursttmier conprising the step of d) purifying the plant derived
virus-like particles (VLPs) fromthe filtered fraction. 37. The

net hod ,0f, , cl aj wher.ei n f purifyi i 1
Tt rac BN S et Sr f GG IR0 R e Pl AT b RSPl s
f ol | owagleabyred vy GembggitaRlyn adtivithanie) aftet fhie eRri€ixdtioactepusi ng a cation
exchange resin. SEQUENCE LI STI NG

v

HA strain Digestion | Recovery after Increase in
conditions | depth filtration' | recovery (X-fold)
H5/Indo @ NaCl 100%
(H972) 500 mM 1.0
NaCl 100%
H1/Cal WT |—2Nacl 25%
(#604) 500 mM 3.0
NaCl 75%
H1/Cal X~ © 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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<110> Medi cago I nc. VEZINA, Louis-Philippe DARA S, M chel e COUTURE,
Manon PAQUET, Dany D AQUST, Marc-Andre <120> METHOD OF PREPARI NG

PLANT- DERI.VED VLPS <130> V82324W) <150> 61/ 244,786 <151> 2009- 09-22
<160> 14 AV B EntIn version 3.5 <210> 1 <211> 3067 PEHLA0IBN488

<213> LficCi Sequence <220> nt hesi z ruUcCt

PG CLILL BRER VL s T ol (i i R G DR
t ct ct YadagekoalRCdib@dol, 988 cRARH asial NaggRaate TRtgsE gagysit @CTAxhEt C
acagagtttt cccaaatttq aaaagtgatc tgagaagata ggccatcgtt gagcatcgtg
tatct g@éleéo sk Bt/galgWa (Fieyeath ety B saprctively)e Ageenodispera rrgpaietisgcc c
gaaaggaﬁi%s Whe 99699 {fortﬁs%ﬁé%ﬁéigésﬁ&&&% #9fobhed ﬁ%@&%‘&{?ﬁw&ﬂ%ﬁﬁ%@t
gt ggaaaagg gaagat gcct gaaaaagaag gacgtaaggg agttcattftc ggaaacccga
t ct t giHIrC4l prspagtion ttotved A ddrpaarhyg obgeid gspegea ahatdditor gtz té tg

t cgaactt aaaat a taccat aaggiggctc ctgccgacag acgttccaac

at Sac &&&%&ﬁ?ﬂ?‘&%@ﬁg@% féﬁg-g}é‘gée@taﬁsoeﬁl@béf giagcql,taéahqvg‘b%%a ?@3&ct t gt

t gt t C3Qr68ishded dafif Hedisthib i BN FIAREIE FIR bt §1GahifcI A GAPRARA T
H1/Cal WT-VLPs was enhanced (ca 5-fold) by the addition of 500 mM NacCl 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 compesition 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 2 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.



ctacaaatgc tggtcccaaa cacgtcttca atcccactat gtattaaaat cttctaaact
cgatcttcaa cgaaatcaaa cctattcttg catacattac tgacgaggta aatctagt at
ttaagcttct ttgcaat agt caacagagca catcattgcg gatggacccc aagcaagt gg

cctt cgcaadvR VA4t gt ctctctcatc cgttgtcaga gatct ctttg@@’é‘@@@t’@@)‘t‘ss

at Sat oAk Ggdabiu LY AT 2 STy B i bt debnRei o

ggaagt mchlagfgggr@a@;ga caccatccta tccattggga gt aaacgggc at caacttcg
aaaggggact caaactccaa atcggggaat aatagccctc tttatagagg gagcagggga

accaataagg gaatttaata ctagatgtct gactttcatg aatgcaaagg atggaaagta
aaaagagagg atttattcaa tggatgtgct agtttgaatt Bagegt@Pgiumcctt cagcaa
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gagcagaat a tgaagcct ca aaat gt ggta taataccaac agagcagaca aaaccagaga
gatggagttc aaatttcatt gaaaagtgaa aaactctagt tgtgaaatca cagaagaaaa
gggaat ggt a t gcagacaaa cattgacaaa gagaat agag tgccgaactt taagaacctc

cggttg gt.acaac ggta ttccctagca gttacaatge cggtgtgeat
taattt é‘f‘{“l’ggﬁt ‘??5%""38 E’Bﬁ 38’3 8a tactggaaaa cctctaattt
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<220> <223> Synthesized am no acid encoded by Seq Id No: 1 <400> 2

Met GO aby@ IR@eaVabf Hﬁ/[ndbe\(LH_WJdléésaoﬁ bENMadn/iSekaratebvial AN YendHifins were

151015 sIIe IIX Hs Ala Asn Asn Ser Thr Qu Gn
val 2058 in rephcates oncentration in HA-VLP measured by hemagglutination activity, dil :

reciprocal of dijution)

ﬂ

Pectinase Cellulase* Concentration in
(% viv) (%o v/v) HS VLP (dil/ml)
1 l 1152
0.5 1 6144
0 1 768
0 2 1536

*Multifect CX GC
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Asp Ala Ala Gu
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. Al 130135140 Ser Gy Val
d yecepcappigliigéipn)Phe Phe 145150155160 Arg Asn Val Val
Lys Asn Ser Thr Tyr Pro Thr Ile 165170175 Lys Lys Ser

Ser Ser Al
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The

IR i i

a Cys Pro
Trp Leu
Tyr Asn

sn Pro Thr

AR
RO NRP Rt PR Ry R R i e

Trp
Tyr
Ile
Asn
Pro
Thr
Pro

val Ip 180 [Me His Hi
cggﬁ?ii}_’r . é?ﬁ’c%ﬁﬂatgnﬁnk I S
2

T CT LBLILLI ™1 LAY L Hrg 2 ULJ.JZ::O Leu Val
serllys|y ' 2 230235240
0 3840

*194 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 1 430

*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 AGL1 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 NaPOy; with the pH of the digestion buffer
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Arg

245250255 Phe A u Ser Asn Gy Asn Phe Ile Ala Pro Gn Tyr Ala Tyr

I'le
Tyr
Asn
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Thr
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Gn
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Met
Au
Leu
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oy SBFE B e agas TSt Dle oo SeifdaapShnd ooy e o drseried”
A yn Eedinple 9. Asn Ser 325330335 Pro Gn Arg Qu Ser Arg Arg Lys Lys
Gy Len Phe Ay Ala Ile 340345350 Ala Ay Phe Ile Gn Ay Ay Trp
GiOMBt Val Asp Ay Trp Tyr 355360365 Ay Tyr His His Ser Asn G u

Hall gy Yyroysdaeeaion udisr eqmpositigay wemestidrio @@nevararpfta)ﬁ\ Lys AI a

ac PRty St Rl 6R e el e e Rt R0t EomserhERoL Y

Ar gltmqbuffer efHect basreeh @m 368 Bnd9.$) dadaddeibn 6F sodAGPpIbR aﬁeﬁfsécme

Thr Tyr. Asn Ala G u Leu Len Val Leu Met 435440445
Asp pH\é%love 6. 8) Table lg shows that VLPs from the B strain were extracted more efficiently when

260265270 Val _Lys Lys Ay Asp Ser Ala Ile Met Lys Ser
ay 27‘3’% 3’%/%

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-
omp 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

+ 25 mM EDTA pH 6.0 15 1.07 >4

150 mM Citrate + 500mM NaCl

+25 mM EDTA pH 6.0 L5 107 >4

125 mM Citrate + 75mM

NaPOy + 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 NaPQ, + 500mM NaCi + 25 mM EDTA
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Gu Asn Qu Arg Thr Leu Asp Phe His Asp Ser Asn Val Lys Asn Leu
450455460 Tyr Asp Lys Val Arg Leu Gn Leu Arg Asp Asn Ala Lys G n Leu

Ay 46547 480 Asn Gy Cys Phe Gn Phe Tyr Hs Lys s, Asp Asn (3 u
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Len G n Cys Aﬁ Il e Cys

Leu Trp Met Cys Ser Asn Gy 545550555560 Ser |
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concentration of citrate and adding a PO, buffer. It has been found that increasing the

concentration of EDTA generally led to a more acidified extract and to lower VLP extraction

yields.

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

Buffer composition’
Mannitol | Citrate | PO; | EDTA Concentration |~ Proteln | py o
mM) | (mM) | (mM) | (mM) pH of B VLP concentration digestion
{(dil/m]) (mg/ml)
600 75 0 25 | 6.1 2 1.07 5.0
600 125 0 25 16.1 192 0.83 3.7
600 125 75 25 162 192 1.81 5.5
600 125 75 50 6.2 96 1.26 54
200 125 75 25 6.2 384 1.05 5.7
200 125 75 50 162 96 1.04 5.4
200 125 75 75 |62 9% 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 conl::iittiz:ion pH post-
. 0 L

(mM) bisulfite (%) | (mM) (me/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 NaPOQ,, 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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<213> Artificial Sequence <220> <223> Synt hesi zed ol i gonucl eoti de
Mut - ATGL15.r <400> 4 gtgccgaagc acgatctgac aacgttgaag atcgctcacg
caagaaagac ag@aﬂg% <210> 5 <211> 52 <212> DNA <213> Artificial
Sequence %% ME> Synt hesi zed ol i gonucl eoti de Mit - APEVEA2HVUASS 5

gttgtc g ctt C tttt t tcact 0> 6
I 15 BRSO SO AN B A o SE SRR s ORRESIRT O,
ol i gonuiglent téiRerltfati0B oflmdkBiol, <400> 6 tctcctggag tcacagacag ggt gg25

<210> 7 <211> 39 <212> DNA 213> Actificial Sequence .<220>

Mannitol concentr:;ttlon of the Concentration of conl::f:r’ltt?'::mn
digestion solution H5/Indo VLP (dil/ml) (mg/ml)
*Trial 1: without mannitol 2304 1.62
*Trial 1: with 600 mM mannitol 3072 1.73
*Trial 2: with 100 mM mannitol 4608 1.77
“Trial 2: with 600 mM mannitol 4608 2.0

'All buffers containing 75 mM Citrate pH 6.0 + sodium metabisulfite 0.04%.

Two trials were were performed to compare the extraction yields of VLPs without
mannitol (Trial 1) and with 100mM mannitol {Trial 2} versus 600 mM mannitol.

Example 9: Suitability of enzymatic digestion to a broad variety of HA-VLPs

[00156] The enzymatic digestion method for plant biomass described herein has the
potential to be applied to extracting of a broad variety of HA-VLPs. Adding to the extraction of
HA-VLPs comprising H5/Indo, H1/Cal WT VLP, H3/Bris and B/Flo shown in previous
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 H1/NC VLP from digestion of agroinfiltrated V.
benthamiana leaves. (concentration in HA measured by hemagglutination activity, dil :

reciprocal of dilution)

. Concentration in HA
HA strain (dil /mi)
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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<223> Synt hesi zed ol i gonucl eoti de Apal-H5 (A-1ndo). 1lc <400> 7

t gt cgggccc at ggagaaaa tagtgcttct tcttgcaat 39 <210> 8 <211> 37 <212>
DNA <213> 6tif}qjal Sequence <220> <223> Synt hesi zed ol i gonucl eoti de
HE (A-| ndd’?— WM P07r <400> 8 aaataggect ttaaatgcaa afFELGRUPPoILsE

gtaacga37.,.5210> 9 <211> 31 <212> <213> Artifi.cial Se nce
22905 Tosye BOHEHLSPIRYS aﬁﬁa%wf}ﬁ? ek PRt PhAnage e i 19%csgn
at cat t gé hadd Wlia8eakind TRt hid ke 92 8RGh fedlich AMBFhACAGRe JARGBAIERER]es
aaagt t gagt aaa%%tgtat atatattgcp ataacggt at cacgtaggag aatcctgatg
at cacaefueh mpditigatioma inchusla dapesghg ttutiont of kaewm gqui ventsiga gy aspet vfjihaaa
ttaagagatt,.. aat gt.acc .CC agtt aaaat t.c.. agct cagcat aaaaagaaca
ctttt g%t" ‘é%‘ogé‘ég%d%?@%gh‘ﬁ‘éeg‘g?gﬁ‘g‘iT§S‘g§1§§§?sg%“§81§ %88%{?‘?%%9 tttgttgcaa
agagagaaaa caaaagttgt aataagggtt gaatttttgg catttgatta tagtaattag
ccatagagtc attaatccct gataacagga agataaccca cttccacaca aatcacactt
aattaattaa tcagtcttgt aggttgacac agacacacaa gtagtgtagc aatggtctta

t caacgact a aaat catccc gtccatacct gtacataccc tgtggggaat ccacctat at
ctagatccaa tttttacttg taaagaaata catttgagaa aggaagaggg accaaaat ag
aattgctgta caagtcatta aacatgtgat aatttggtgt agttaactca ccaaaaaaaa
tccccgtagg ctttaageccc tctgagccac tgtgagtcta ttaatcatct taaaagtgat

aat cat ggaa cgggaagct c t ggat ggctc cat agt ggag t gaagaact g caaaagttct
gggaagt ccc aacaat aaag tcaccatcct ttccattggg agtaaacggg
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aacaaaaat a
agaat aaaaa
aaaagaaaga
tttttatatt
acgcat ct gt
t gagagaaaa
t gcgat ct ag

ttcacctact tggatgataa
cataatgtga ttgtacaaat
ataaattatt tatttaatga
t cat agat ca aaaacggt at
ggcacat ct a acaaaaacca
t ggagaaaat cagatttgca
at ggagt gaa ct cgggaacc

aaacacckpliat48esagaRb 1509t ccgat ¢

aaaagct aca
caaagt ggaa
aatttgacaa
aaat ct aagc
t gcaaacaat
at caggagt t
attttaaaac
t at gggt acc
cacaaatgtg
at gagat gaa
aaatt gtcaa
t agat ggagt

at aat accaa aat gat gcgg
ggat ggagt t
t

gaacaagagt
at cat t gagg
att gat gaaa
atttactaaa
at ccacat ct
ttggttacca
caat gt gt ga
at gaagcctc
cagagcagac

aattttgttg
aat aaat aag
caaat tt aat
aggat aacat
cactttgatt
aagaacgtta
aaggccaat c
tcctttttta
acat caacac

ttctctettt
gat gacgcat
ttgacatttg
ccaat ccaac
cccttcaaac
ctgttacaca
caaccaat ga
gaaat gt ggt
t aaaccagag

actgttataa agtgatattt tcattggtca gtatgagaga

X grepuingdent daivgd gitusdiha pertiales (ltPsE compii@agagaa
CEoco AR o bR ] SR SR A BRI QRS L T

tgcccaagac gcctctaatt
a o

ggctiredueing caprgggstispaoat dncttonamnt! ggtapciast Ciatitinggateating

at tccttgcaa ctatttg
R A R
t@t t cagaagringgectoalest Ataiah,gthet gpopihdit Ragaycogbligad tild glant-
aattgaa caagttcaat acgttattaa

tat gcaf
caaaaggc

ant3d

a Ca

cctcc

ct aat gat gc

acaccaagt g acécctctcac cagggctcag ctatagcagg accat agcaa
ccgttggaag aagacgggtt agagaactct agcttaggga ataatgaatg

aagcaagatt ahenmethed of ¢eiot hvdierin the tehyill deprading ¢ngyrag aomp@giiogtcamprises

t t 1 t tac ttt t tt
{canact C E A a0 Baecht °f CE et Ayt SaUERu 0 : At bas dag one

ggaat t t aectingsetaadjencyirencagtien ttecatlultseat gcaaag t at ggaaagt aaaaagagag
aattta{gfa ?tgga;gé?c Ea;ggttgtt agagct t aat gtaattcatt tg?agacctg
cacaact gt a tggag, 6r Ly a cagcaatta a cga
t gccccaaat _caaagagaga ggagg’;\?geg‘%n é%‘t %gg%%@%e%&d@ aé‘%%né%"%’é%"g’%ggga% not
tggacttﬁFh!QQEQ@@E@Pgf@bmwmgggtwmabaagaamsg gaaat aagt g acagt ggcga
tcE?aEggat cgg;;ggéat taatgg;;gtgtgfataagtg ccgcgt?c?a taagtggtt?
agttatcgaa ce BE clFRA iR aaat ¢
ek okl L
aagaa al gyuiaaasiedtedirero 2gep \glope
L ot po ol 0! RGROBINGE AN Lbdh B et A ANGHTuBl RSB or
atgatagtac 'tgctccagaa attggaatat tatgcCartc aaacagatta aaagagagiy
agatggtP@@“@@Hﬁﬁd@a@ﬂﬂhatgaacact gaatttaaac tctggttctc ctacgacaag
cgagttctat ctatccgcag ggaatcaata actggcaatc cagaatttgc gtttgttatt
tactattbgt cagaalild i ddih9236286 iRALBLRIGANs RRLARAFIANE planiSh 4 Pand

<211> 26 <212> PRT
manner.

6. The method of claim 4, wherein, the nucleic acid is stably integrated within a genome of
the plant.

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

the plant or plant matter harvested.
8. The method of claim 4 wherein the nucleic acid encodes influenza hemagglutinin.

9. The method of claim 1 wherein the plant derived virus-like particles {(VLPs) do not

include neuraminidase or M protein.
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<213> Medicago sat va <400> 10 Met Ala Lys Asn Val Ala Ile Phe
Gy Leu Leu Phe Ser Leu Leu Leu 1 5 10 15 Leu Val Pro Ser G n Ile Phe
Ala Gu Qu 2025 210> 11 <211> 25 <212> DNA <213> Artifici al
sequence <220> <223> Synt hesi zed ol i gonucl eoti de Pl ast 0-443c <400> 11

10.  The method of claim 1 wherein the plant matter is selected from the group of leaves, and

cultured plant cells.

11. The method of claim 1 further comprising a step of d) purifying the plant derived virns-
like particles (VLPs) from the apoplast fraction.

12. The method of claim 11, wherein the step of purifying comprises filtering the apoplast
fraction using depth filtration to produce a clarified extract, followed by chromatography of the

clarified extract using a cation exchange resin.

13. A method of preparing plant-derived virus-like particles (VLPs) comprising a plant-
derived lipid envelope, comprising:
obtaining a plant, or plant matter comprising apoplast-localized VLPs;
treating 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/spheroplast fraction.

14.  The method of claim 13 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,

15.  The method of claim 13 wherein the enzyme composition does not include one or more

of a lipase, a protease or a pectinase.

16.  The method of claim 13 further comprising the step of d) purifying the plant derived

virus-like particles (VLPs) from the one or more than one apoplastic protein complex.

17. The method of claim 16, wherein the step of purifying comprises depth filtration to
produce a clarified extract, followed by chromatography of the clarified extract using a cation

exchange resin.

18.  The method of claim 13 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
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gtattagtaa ttagaatttg gtgtc25 <210> 12 <211> 34 <212> DNA <213>
Artificial sequence <220> <223> Synt hesi zed ol i gonucl eoti de
supPl19-pl asto.r <400> 12 ccttgtatag ctcgttccat tttctctcaa gatg34
<210> 13 <211> 20 <212> DNA <213> Artificial sequence <220> <223>
Synt hesi zed ol i gonucl eoti de supP19-1c <400> 13 at ggaacgag
ctatacaagg20 <210> 14 <211> 32 <212> DNA <213> Artificial sequence
<220> <223> Synt hesi zed ol i gonucl eoti de SupP19- Sacl.r <400> 14

agtcgagctc . ttagtcgctt tctttttcga ag32 . .
gtcoag protein, a x?lra? gﬁucturai protein, a vgljral ca%sui protein, and a viral coat proteins, and the plant or

plant matter is harvested.

19. The method of claim 18, wherein the nucleic acid is introduced into the plant in a

transient manner,

20.  The method of claim 18, wherein, the nucleic acid is stably integrated within a genome of

the plant.

21. The method of claim 13 wherein in the step of obtaining (step a), the plant is grown and

the plant or plant matter harvested.

22.  'The method of claim 18 wherein the virus-like particles (VLPs) comprise influenza

hemagglutinin.

23.  The method of claim 13 wherein the plant matter is selected from the group of leaves,

and cultured plant cells.

24.  The method of claim 13 wherein the virus-like particles (VLPs) do not include

neuraminidase or M protein,

25. A method of preparing plant derived virus-like particles (VLPs), comprising:
a. obtaining a plant or plant matter comprising plant-derived VLPs;
b. digesting the plant or plant matter using a cell wall degrading enzyme
composition to produce a digested fraction,
c. filtering the digested fraction to produce a filtered fraction and recovering the

plant-derived VLPs from the filtered fraction.

26.  The method of claim 25 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.

27.  The method of claim 25, wherein the cell wall degrading enzyme composition does not

include one or more of a lipase, a protease or a pectinase.
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28.  The method of claim 25 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.

29.  The method of claim 28, wherein the nucleic acid is introduced into the plant in a

fransient manner,

30.  The method of claim 28, wherein, the nucleic acid is stably integrated within a genome of

the plant.

31.  The method of claim 28, wherein the plant derived virus-like particles (VLPs) comprise

influenza hemagglutinin.

32. The method of claim 25, wherein the plant matter is selected from the group of leaves,

and cultured plant cells.

33.  The method of claim 25 further comprising a step d) of separating the virus-like particles
(VLPs} in the filtered fraction from cellular debris and insoluble materials.

34.  The method of claim 33, wherein the step of separating is performed by centrifugation.
35.  The method of claim 33 wherein the step of separating is performed by depth filtration.

36.  The method of claim 25, further comprising the step of d) purifying the plant derived
virus-like particles (VLPs) from the filtered fraction.

37.  The method of claim 36, wherein the step of purifying comprises depth filtration of the
filtered fraction to produce a clarified extract, followed by chromatography of the clarified

extract using a cation exchange resin.
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