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

-1-



[0012] It may be desirable to separate the VLPs from sone, or all of
the proteins, carbohydrates, etc. present in the plant or plant
matter before the VLP is used in vaccine formulation. A nethod for

extracti ng"PrYL8 2% rom the intercel lul ar space of pl aRESCACUABYHES ng

i f ! . L ial i d
ot r aot TR0 638 pbliclAh L 98 o AGRSHR il QY blRIcRAL Vb EfrBlant ok
Publ i cairtigensW@ i) 28 2omdrhirae-isquad state (@irgacic ahlliAndapar, a6ed) Mahcsjs i40 a1l

for small rotel ns (of 50 kDa or snaller) t hat pass. throu res
under v EHTBTEROR FTRERAAG AR SOt 1th BT Nagoigic] IS reRagion ve 8 Bpwi to be

super st

Ve or i S (SRR Bl mﬂ%f@@#%‘%ﬁ%@%@%@%sﬂﬁ e Ras ol or
use of HArdrgmizedyhtasescaesyastmplept B darifnessad HA), andsthengdre aldh & actiFate both
(scFv) epitope to target the expressed protein e extr I '1_ul ar
conpar t &R af 19| R TN ZESEERE; @ﬂgﬁ% rRa“g Btnalof‘%q%ga}?acéﬁﬂ Zgﬂfb@%?gg%ue
for recovery of the scFv pol ypeptides. Mehnke et al., 2008

( Bi ot ec|gmob] & $asBBajdaB YT RGN ueS ¢4dcReS cutfet Pbn tHRnAfRE B Bomposed of viral

infiltration method of "McCorm ck to obtain a reconbinant plant
al ler genarfwlommmngena@btagleéuﬁ'oapmfmw Eir@m r Bt fireducti qegisdetived i on

WO 2003/ 025124..(t 0 d| scl Qs e s ion o

b6 fr EReSbi e & BIb
|mmnog|%°6iﬂefﬁé’ ?‘FP%F&H ¢ O IYeodp g™ FbRREs ‘%?ﬂe&%ﬁ 1%151 BRSPS
nurine gie@Befincd QtkEIheRScal h@&ﬁéﬂmrﬁmﬂsrﬁﬁ@n@wﬁ@eﬂ didlorf il Lgeterpehtt he
pl ant tissue in which they may beﬁpr oduced, nethods of preparing VLPs
t hat ar Beequmpdnanhinflyenap &nﬁ&@setfean@ ceiivsialtgmativedp Airayiderivefapisens as

protein I ti
o "t e Bl iRk Proks Rt on Bl AEPHAROSIES RO BB RO 15
The pr egeftic nﬁkaiptdf@memkrai&lmcé tistefonaasonds madepailblilg, apt answeerapided

virus-1ike partl cles (VLPs). More speci f| cally, the present invention
i s di r e8HENoRST FREPRMSHRH PTRFSH AP WeyeUDBE IE‘E)F?ﬁ?IPEIFlﬁ‘lj A pybyaliyappear less

ant i gengsrchQ0KGhad 1 n2d v

pr ovod et ned et e et AR EFlenp! vichfed NERAE Bl Bl el o
[0017] Ebrergpe epetott immoea tdspensp (Trearce st A., PRI ddd 7. AYed Hsqar 98 1 577 - 158Nt
derived VLPs conprising obtai ni ng a pI ant or plant matter conprising

| ant - d VLP i zed a | ast.. produci a .
b ot op Lot E g pasawd S Bblaish it uPERR AR R A% Srippressing
pl ant - dgf hlv edlinfuBFa padiéing @Ean4er hlnqggdn@ APEPYES0165654)] 9Bveral bﬁairﬁét%@
may further conprise a step of urlfyl ng the plant derived VLPs from

t he apopteaktpensapletipidhe prodectisnaf tVLEerand deflughf YeEs lneraq:nmrﬂenérmment
plantdrlv ived VLP ma

G oup. op A v psdfadibAlhod ek atiitio DB uEE "HvarUpe S appgotins

viral stHAGhYNA) withoteioh fromvthé &d- e}(;ﬁ@ssiloﬂ oPHAL £IdN31 oA UK Mgt bl C0BY, Virus
proteins. The plant derived VLPs nm nprise influenza

henaggl &es A, 14966@3] Chepet dp@fPash aﬁ@l Sbﬂdtl bl ¥ thare diewndlas Hiaglonis
produc eg ﬁ)ﬂiet({ifﬁﬁgﬂﬁ Q;Lﬁonﬁﬁﬁn%h?%dcﬂﬁ fﬂldem c S;Erggsmlﬂy ofild b MM i in the I
conposi ti'on e me co r‘ﬁa nore '{[

pect i nasgtenoNHowevenBinee HwaWamen@al Hind @Sﬁlylﬁtéd glyCo@Htcii® bR tHebaﬂadémﬁ the
pecti nase ancf one, or reéktlh}gg one ceI | ul ase. Furthernore, if
%

desi r ed MaTHRALER SelfsePr F dyEe! stdareitas e areryep 4 @y the release of
pr ot eaSQ/Lp@rfro;]h@egl angﬁggé]pﬁegg&ﬁlﬂ%)t i nclude an added |i pase or

prot ease. [0019] t or plant er may be obtained by grow ng,
har vest i n@ or grow g and harvesti n% the plant. The plant matter may
conpr i sé0BZhA sypplar vV Bprqdnéthmsaﬁ@m nexa@née mfe that telies onibe prressiooeif bply

| eaves, 81 6w BRI gropelir%s%c]loﬂ{ gmplhgrg%pﬁ%s% 0 %gtﬁc%/ué%lh\fﬁgggroggngtls

i nvention provides

descri beesimbleveadchiidiotic ApvelophemedbTvadcinese Im@ca@n &F AT atliges, tldRidMsP

selected fromthe group of viral envel ope dorot eins, viral structural
VLPs, in plant systems provides an advantage for production, in that they may be grown in a

greenhouse or field, and don’t require aseptic tissue culture methods and handling.
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cultured cells. WD 2011/ 035422PCT/ CA2010/ 001488 [0027] The present
invention also provides a nethod (C) of preparing plant derived VLPs,

conpri si nggobt aining a plant or plant matter conpri si n% El ant - deri ved
VLPs, di ge¥P2hig98Hé* pl ant matter using a cell vvaII degr& 4%0@492&%

conpo t a

o obot ect PSP RS BolABRR 15714 &F BlliAPsal P R lihokt Forrpstipnof
pl ant - defuiMedtVidisrinc @l hliar-¢ddog beEmfze@EISIHX of 1HO0&Th ATURHRAZ VIVE/2004 in
conposl tion ma conprise one or nore t han one peCtI nase one or nore

t han onePlaws| Theisencaisd cefserugiagks the remlansrrachesmgidemsi. Amg highestor nor e
t han °”eac%81‘n M &?&HKE) &t&ﬁm%ﬁm el &ﬂ%ﬁ&{&gﬂﬁ‘a‘?ta‘?@&é’@ O%ﬁ’oébﬁétr‘a&s
does not a I'ipase or pro ease € conposi oesS not

i ncl ude aﬂklﬁgldﬁdﬂbt@ﬁ%gﬂfngﬁbﬁhﬁ&ﬁ@naﬂi@d pétaciible HAL Vg pMidictiayoDELRR was
chinmeric plant- der| ved VLP. The plant derived VLP may be sel ected
fromt hen‘i}rfﬁﬁ?&e f viral envelope proteins, viral structural proteins,
viral capsid proteins, and viral coat proteins. The plant derived

VLPs mmay @@@P%@Sro'dﬁédoﬂ%‘?%ﬁlu@ﬁiﬁ% VA ke corh 12 Hrip Gy BloBS fiRlbeen

i nventi on provi des a met hod preparing plant derived VLPs as

descr i beprezioosig d¢subbdildyy ti) mthtensem W Q2090058 6 arci WOsHIOBHE 677 8t (leeD\AdRist et
selected fromt r oup of VII’ enve e prateins, vjral structural
o1 ot 61 e PPt UL PP Hatereihy FrPgIeC, it erylgpe] Vighses e i ve

intr Oducﬁ@aht’ﬁg&ug ke aﬁipﬁﬂtayérr(br hehtbBdhe 1 e P refRRA theVikR r’ﬂ@doﬁﬁb?ﬁtloﬁ b€ihe
nucleic acid rs stably integrated wwthin a genone of the pla

[ 0030] Thetdpinae@emwutfnthe AYstern (2. @\plae-groduendtange opsd wemnidngclpdﬂaﬂmt lipids
derived VLRs ed above risin step
of - sopar SPGTRRLS Viiek S BRR A PRE R L o PRy o PR CeRoftar

debris and |nsol ubl e mat erials. The step of separating may be

per f or mefhohg] Tieedskenitigaf ¢rﬁalppda:y\/’d&pih1hrahsgehfca®baﬁdfb expresking HRMHBYV surface
centrifugation and depth fjltration to produce a clarified fraction.

The pl anfnitgsR {WBA8)vs dRgelioeedy Matmest slddPI% iFeer- Byl ctagnid dgih $thy 174%r
I
CXAD o 10) PR HER AL Y B0 SRS PSRN a8l Smune

conpri si ngp@nes inmio®whern a*aiﬁﬂmteﬂem plai%nwﬁdllyrmﬁpingctesl 2008, Vindcinee3z B8 AL 858)

pol ypept' de al so.be a chineric e tide. The plant-derived
VLPs may e %*Fmeﬁﬁm @@us%ﬁ%&jlsﬁwﬁwawlﬁg Giced Y mpgest § PRERe rgypopsefmith et
matter npy Je3, q%ah@@ﬂ 4191/1 goﬂw BRecoN80/C LN 2T sﬁsoe@mﬂsh%gd d fhat hyman
harvesting the plant. The plant matter nmy conpfise sone or ol%m

t he pl antmmonodghaemy virps 81V &pitapee inpfusing mtelHBsAlmmarsulatsdl enELP mdet s

or cultured ce

ls. 1/ 0354 /[ CA2010/ 0 3 W t hout
SR 2 ek BN e o e S il ey E P R

derived lipids, nay induce a stronger immune reactl on than VLPs made

in other [crmmpﬁgﬁéssmnmgtiemsztaeé@s1arpaoteihqﬂva¢ inl AT EERId tBREED Y posly pRE:s
by these plant-made VLPs is stronger when conpared to the i mune

r eact i on'§SHgREdB thegysamblsoigionzanyelpprs CleP sAfytasen ¢tiak ud%afeon gt 4@@3@? US4
The CoMpgs!sssoRs ) RREOVELhREHEACkoARER I EROARMA N B8k GRtg loives

conpl ex and fypic I y conprises In

conponentBuaakend. MOQthazepﬁrQﬂ eRiver@t 163063 14)uad ted mfnuhng@tmtupbmwal i's
to be iso%gted Pr epar ati on. of. an apo Iastlc fraction, followed by

step to aupnsgatien “]‘?E’nﬁtlpﬁt? imarics (Sapt 6 v 2PORs Varraeackimpiife bt %)lédmmmﬁ%tmﬂ
advant agepls: SHAGEHAR B Lo BhirBURS 31 LUGENEHIh YRR BPYL PR RSty

enriched and increase efficiency wthin a nuf acturing proce
Havi ng aadiliisllerespr sodisd in dorjppinshing ah émemnefespaiseintand V8jsaf tinmlynmumzed

I f d
[ 6. beeno RS (1N e H 20 dbkooPEa R A0 R0 Al onLirmangaso
cel | wal becheBtachd TaneMhe LRRSssi I BPE SorVafti RhQHBE A VIS «EM R0,

protoplasts do not remain intact during the extractl on procedure
Biotechnol. Bioeng. 103, 706-714), and the hurnan papillomavirus (HPV) major capsid protein

L1 (Varsani et al., 2003, Arch. Virol 148, 1771-17%6).
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[0042] Figure 1 shows a schematic representati on of CPMVHT- based
expression cassette (construct 685) for the expression of H5

Al I ndonesi a/ 5/ 05 hemaggl utinin. [0043] Figure 2 shows A) the nucleic
aci d sequeh@éM8E#A D NO. 1) of a portion of construct PEHCASKBIELES ng

H5/ | nd f 685) f t t he 35S
br oot er 8 TG Sq SRR torEpdot imCHAiR ST, RESAGEHE BRI T papghydrates,
Codi ng %@&ﬁﬁﬁ@rﬁ_i@fhe BRin SRR MEONESL @4&&1&0@%&;@3&@%&;& foRRatidr. W hRthod

2B shows the amino acid sequence (SEQ I D NO. k
A | ndondei eytBLidE retemgipnuthenntarcelid aipecenf plrotis comprisinpanacpung8s WO

2011/ 035422RCT/[.CA2010/ 00148 0044]1.. Fi ; h .ch Al i )
o e ST ek Pt ROmrp Uide b ittbeefl il gattag) S Buisth? Bicfin SPnteRhe i
chr omat as@ell if BECPublicatib® W go/0eTrs(idf TIgadn @8l RITHNSpeiagieitsaaun fpt

extract, the pellet was resuslgqernded and fractionated by SEC. Figure
3A showssaliereteing (of S8 kips|oe sipaléarkthat pesniheayeh petes prdee VayHm(agd keritugation,

triangl as, ;. % . i - S] - axl. S, rm usi t

Br ot or Uk Tebct Bt P e, Sbrsce PrBhon GG Frbfine S Rt Ve
fractions (solid bars; right-side Y axis) is also shown. Figure 3B
shows S8 PAGHcGoraligksdt 3l 1909 SFGe dlatit/add Beidcs A 06503-F08icdiscties wek€a rice
preci pitated by acetone and re-suspended in 1/40 vol unme_of reducing.
sanpl e | FHHSRGEBUPERdeIeg o £ §ingleabpiei Fy (seky) eriipge in tarestihe grrressed n@a%m to
Coomassi > | ML 115 e
band c ortﬁeegg%g‘gihﬁfg c? %Ib%}ﬂgerll?fx%l l%%%ﬁ?‘é%ﬂ?@%@?%@ arg&r)\ﬂ%n? 9%)%\1/.3 HI\}/W -
Mbl ecul arcaverygifithesicBn dalyplaptifiésDa)lpehGke etfallr 2G08eBiowcReol (lea3Driaby-1264nes

7 through 10 and t hrough 16 correspo to fractions nunber el uted
{r om SEksfithes Bieg hahBHR T HRa IR ORGP Bp RGRbisaat Pl
conpar i soRrRh RRPbEBIRo RERE bl RHpRAREAERGEHR PRIT BRI Wod088ss 07 (Rnd
by mechani cal honogeni zation uSing a Com trol Tm honogeni zer. Sanples
wer e t r ezhaag ef 4)) detheseueipnepsion p baF viimandinaglotmling ar plants tpedingito thewpoplastic
separ at esdab uSSDS— PAGE. anal ysis of elution fractions. Cels were

st ai ned W h U8 ESSHRESTa R P50 sol ution. MV - Mol ecul ar wei ght
standards (lcDa); lane 1 -25 gl enzyne m xture; |ane 2-25 pi

enzymat i [Q0HH]geisér e cahplpkiandf VILIESine leyladt @Bgie 3n whih Bey@xdyaGhoduced,
obtained with the Com trol honogeni zer. %2046] Figure 5 shows the
nucl ei ¢ BENASHEGIRPARRE Y SEChpimragybsgntially fEas ofiAT sasiy sepgraser f&ws s¥ant groteins,

conpri si : f : i : . ' tJd Nl

codi ng Seuane g APk B Rl Rleri 3 s o g Sl

al falfa plastocyanin 3 UTR and term nator sequences. [0047] Figure 6
shows t hEUMMARYOBTHHANNVENINOMat i oni ¢ exchange resin directly form
separation of HA-VLP in the apoplastic fraction. Sanples were treated

i N non- r@ALYi Tig praematventiomgrebaespd enctlods bhygefmihf efanaddived olred-Tise paetictes

separ at e S- PA | s were stained with 0.1% Coonmssie R-250

sol ut i on&%@%’%‘* Sﬁ%ﬁ&ﬁ?ﬁﬁ%mﬁ%m@r 1§ grected i mefiogs el mipparipg Y- 3:
Apopl asté@ﬁgﬁgqgmnﬁ‘gﬂgge@pccessi ve mcrofiltration; Lane 4: Load of

t he cationic exchange; Lane 5: Flow through fraction of the cationic
exchange. Lane 6; elution from cationjic exchange, concentrated 10X;
Lane 7: BlIQdtmsan ohisrtg thesinygndian esproxide pn inmoves] methe pfprepashpplent desived
Nanopar ty:c).e: Kki.ng anal ysis (NTA) profile of H5/1ndo VLP (A) and

HI / Cal \)’I_II%JS?I!B()IE)%%?S? clarification without addition of NaCl to

di gestion buffer and of H/Cal VLP (C) with this addition. NTA

exper i meRf 7 Ivihegresentriivedtiguprovideha iNathoSi g hef prév@fng p¥nt derived VLPs comprising

2011/ 035422RCT/ 10/001488 ( NanoSi ght,  Ane I UK) .. The

i nstru ne(ﬁ’t%alwgg 3%@%‘&@&”&%&%%%@“53’?@}4?%3% ,locét%"gﬁf)‘ﬂ'é“ s aapppst;

and a VigreducidghiroebRsttafdBh afbpldsDiactidh 460 L 46R ESRpHA o SR NMerived

t enper atlfjre and anaID_ysed usi 1'(r,%’nt he NTA 2. dgga;st war e. Th%irl sagn% es e\%?e

r ecor dedY ki agbregesering He agppiatt &rctinnd Thainrethodrmeayrfariteichmpustoseep oo
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

4



[ 0053] Exanpl es of protein suprastructures are structures conprised
of two or nore pol ypeptides; the polypeptides may be the sane, or
different; if different, they may be present in a ratio of about 1:1

to about MO 3V1P3Yt%eater. The protein suprastructure mBGTCAZHEPIH8S
conprise gne or nore |ipids hasphol i pi d nucl ei ¢ aci ds, nenbranes
o T e ST P LS PR b S eSS i b A ER R Brig i, The
coval e f teraction, hydrophobic
attrac'?) Fagﬁ@&&g%@’é%’?%&/\éggblgﬁ?g%ggﬁzﬁﬁﬂﬂgg&nh onds or the like. An
exanpl e of a protein suprastructure is a virus like particle (VLP),
whi ch 831 8hdhe apaplaspand, prafpping diaetinre ingydd prd@nﬂiebodmatm@nt af thie plaint or plant
envel o raI struct ural oteln a vira sid ein
or 5 vt 8.8 Sife KrhsiBE B e Pt e rBrs b reft g
met hod peétinase pa¢ dmnforp kidRtond GEIINAE, otiohe!sr thblehdaink rpeémse(a\éulaaé or thBR
met hod i nvol ves obtaining a plant or plant matter conprising

pl ant - deamapegenless. Feghamowdildesisgrfhe preymsspmaeditionydass netiingude a lipase or
pr ot opl action fromthe

Dl ant  REpisp U R b e AR NGB AR E S T ",
and recovering the apopl ast fraction. If desi red the plant deri ved
VLPs naQoise lPﬁnmt of plad gfaltteﬂmnﬁbehd:gmp#m growingt h@ﬁhshﬁ@&‘i@&wﬂi@ enthz&ﬁ&;ﬂhg
i nvention als vides a nmethod of prep ng VLPs conpri sing
pl ant - 4R Plguq The a\%at TBHRE My SOmRe see@wsa?Pﬁ@P ales oef)wa.mﬂrﬁalaa ob«r alac,
or pl ank] NBlves stehRMBbis Bk BSltaYed PanclcE@at i ng the plant or plant matter
with an enzyne conposition to produce one or nore than one apopl astic
protein conpl ex and a protopl ast/spheroplast fraction, and separating
t he ond0@30] Ebﬁ@reﬁﬁ&mvsm@rap@pﬂwm@hm Im%mrlogpbhed@nfvmbﬂ?hﬁ described

pr ot opl td he one pr ot ei.n.
conpl exa%@}) r#feée?}goeds her\? nmlehgp?cf anﬁaélgg& Qﬂ‘(ep %5’2%9&9 ?%Blgﬁmg ﬁé&fﬂpe

[ 0056] ehbitops ok, vinyafiched paht&ias, ﬂrErQNda{dﬁ& protdIR, BRlviedl colt BRAERNY

plant derived VLPs, conprising obtaining a plant or plant matter that

conpr i darqdygediintarhe glantmy édfa%PB magneye <Yliermgtivels the susieinanid isrstablyiiniggrated
cel | conposition to produced a digested
fract:Ng‘lﬁ&mgggérgj(qu terl ﬂﬂég{{ﬁe di gested fraction to produced a filtered
fraction and recovering the plant-derived VLPs fromthe filtered
fracti da021) Ahe h'resemiatww@bn providgyra mgth@d oftgrepaping biapl desitved WBYPs madesdrtbed
require toplast. is a cell at hasy’uad its cell
wal | c&ﬁﬁé@&%@dﬁ %ﬁﬁ?l W?SIP%%@% PW@B%&F@B?“&Q‘F”‘WQ \f@“b@?tl al
r enovalapepladt Macid] ITha@leh of AurfyR 2dthpride MRRE Shlast

pr ot opl ag{, and spheropl ast (proto %mlyast Ielpher opFasta? l%’rgs ag use epth
descr i Hduativarte prpduearoclarifeedteatras, falowekly ¢heoraitography df rﬂteeﬂm-tfwdgeadtﬂt esing
The cel ] e.di srupted and renoved nechanically (e.g. via
homgenﬁcfgﬁ%xﬁﬁgréeg??w ng), the cell wall may be fully or partially

di gested -12- WD 2011/ 035422PCT/ CA2010/ 001488 enzymatically, or the

cel | wdb022iraWithoet wemgeelbusaumgbgtmm:)pﬂﬁémmbtﬁﬁemﬂﬁwa% 8plastAfk more
enzymati ¢ net hods, for exanple hopogeni zation foll owed t r eat ment

with erfPiRgenopy,as H}ed%?’?“éifﬁt%ﬁ)r@ﬁéfl?}ei'ira‘%?lﬁpﬂalbﬁmcb@?ddwf@lm piteios be
bt . 1 t
cel | . Combliariy G Yo ol iRk Bk B Facell ) ol € loF Y
setti ngOfeetr@Qied h@h@éﬂeiegdee pf hoeogehety afa rpdoantiinant metetn wpichlby @sults in a
| t d ducti f t opl ast h | .ast d
the |1 Lo BRiniet ashineBliGe OB The BF aiieil 00 B8 Gl in &gy wrires e

2nd  Ed.prépsaties atudiipi g1l 8618 ncy2 8 36r h\aﬂuff@ ok Betted eaﬁlﬁﬁéﬁﬁﬁ@aﬁh‘%{&' ForbY

reference), or see for exanple, the follow ng
mol eculsxpmplediead riptsts a@rﬁa@g»g hngiar@armoamglycqssbw m bhmmlqinmblopdl ast-is

glpﬁ; gp rgﬁslﬁon'\{ﬁ&gqgﬁdlg%%gt %;gér] ?bgfﬁnsinegl)cﬁa{gpeg g&)éc\c)?yé%gg ycp%yﬁ)ated protein

produce in the apoplastic fraction exhibits more complex-type glycosylation. Therefore, an




Cel I ul ase ONOZUKA R- 10 Trichoderma viride Kinki Yakult Mg. Col.

Ltd. 8-12, Shinglkancho N shinomya, Japan Cellulase ONOZUKA RS T.
viride Yakult Honsha Co., Tokyo, Japan Cellulase YC T. viride Seishin
Phar ma Co.WP2HINHIEN0- 1, Nagar eyamm Nagar eyama- shi, ChiPERIGAZHIUEERN

Cel I ul - WA - Bi | cal Ve PA 13

Col | ul Joohyieted b Rl B PHTRAGR actcRfiod MR R BB S b VA e

| oct eudigéstmnacHhiaik forkkagyple Cobettet nhlf lifE okyieculaliapan Mel cel ase P-1 7:
viride Meiji Seiki Kaisha Ltd. No.8, 2-Chone Kyobashi, Chou-Ku, Japan

[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.



Multifect CX GC T viride Genencor Multifect CX B 7'. viride Genencor
Hem cel | ul ases Hel | case Hel i x pomatia I ndustrie Biologique
Francai se, Cennevilliers, France Hem cel | ul ase Aspergillus n
Sl grra CheM@2MIBF422 5t [ouis, MO, USA Hemicel | ul ase I—I—@F’f@”ﬁﬂﬁ"%‘é%s

nchen HP. 150 As
sout b B MEERER VRN Behbrot s R HRH0H'C) tprlpafi pfERNRRGEL VLPE,
comprising obtaining a plant or plant matter comprising plant-derived VLPs, digesting the plant
matter using a cell wall degrading enzyme composition to produced a digested fraction, and
filtering the digested fraction to produced a filtered fraction and recovering the plant-derived

VLPs from the filtered fraction.

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

plant derived VLPs may comprise influenza hemagglutinin.

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



MACERASE Rhi zopus arrhi zus Cal bi ochem San Diego, CA, USA WO

2011/ 035422PCT/ CA2010/ 001488 MACEROZYME R- 10 R arrhi zus Yakult

| 4onsha Co., Tokyo, Japan Multifect Pectinase FE A. niger CGenencor
PATE Bacciwgg‘”ﬂ@%’d%za Far bwer ke- Hoechst AG, Fr ankf ur t FCER@A2BE0P18D)

Asper gj : [ | fig plant derived

Py agli e VPRI R AR GRIRE TR sopiShs la derve

Sei shi fpidhatidyeindi@e alstrohger impare réymioh yasd/ IRstinde hactherminufatumg systems
and that the immune reaction induced by these plant-made VLPs is stronger when compared to

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

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

of the VLPs within intracellular components.

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

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

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

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

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

-8



Sigma Chemi cal Co., USA [0061] Choice of a particular enzynme or
conbi nati on of enzynes, and concentration and reaction conditions may
depend on t he tégr_e of plant tissue used from which the protoplast and
apopl ast V28 *¢onprising the VLPs is obtai ned. A miPEi{iAg0igf001488
cel lul ase, , hem cel | ul ase and. pect.inase, for, ex | e, .a pectinase
VACERCEFRE it ORI ¥ 1 Eetsc Mgt s diey AT PE BHEBRR Faivs BR gh ng
from 04&d4bddaRra el if the fr&bplat FPhkitifn, Gl a SQrtiQR of eQPotoflad? grepgrag&i, is
0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.1,.1 .2, 1.3,

1.4, 1n@gmtactg, 1.7, 1.8, 1.9, 2.0, 2.1, 2.2, 2.3, 2.4, or 2.5%(v/v),
or any anount therebetween. MACEROZYMETm or Multifect may be used

al one, i | i 1 . ]

pect nita7! TaffoR] i Rt ool ARFHERSI Fechs bbb BB arer e
used i herAaggbhnibenig @tiviontheathgbaghtdina@imsthglstntard suefdvruoanghaigQes] , This
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, inpovey heglagglugnating pefivity may rgsujtdfronsa grppienyichd of intagh y Lesblgwer HA

t her ebgt, [gg,%g e : I ¥ S
a cell m\q@ﬁ&aggr a |%lgg%or$§%§¥§ﬁ?%%@%% g‘g@toi(f?{{gtgcgg/lrl 3{5 ?Jé%)lﬁtg\% tﬁfpf‘g%’r‘{%@g%r y
conpr i sea eotihififten tloredfuf f er system an osnoti cum and one or nore
than one salts, divalent cations or other additives. The buffer or
buf f er mis sel.ected maintain a pHin the ran suitable fo
enzyme (D8] T a Rt haveyLbs pvife dhe hefatise, Purmcarario Vissindy piade of
puri fy whbRrvi¥anBhtaheyWré RbMint& B oA AR Fre QYL chlldortaPindeft R ROUN i&uf and
or any value therebetween. The sel ected pH used may vary dependi ng

upon t féds ntpequired &t prasyvieere d’larftaorade WA Fs Ipeovidee fuitheraivantass by allGyving the
5.4, 5. . 3, . .4 , . 8, 2. (. A 7.6, 7.8 8.0
o any Rl el o e o il pdestiop el g beigpieneaoageé omomic

i ncl udend fuiblafer soale-upl mted to, MES, phosphate, citrate and the
like. One or nore buffers or buffer systens nay be conbined in an
enzyme lution (djgesti solution); the one or nore huffers may. he
pr esen@ﬁ?féd@&ﬂéaglm 3 BR P SmPGS CHBYRR COBGYRRESIBRE HyAddimg tiatic

t her ebetiweahiued Qpr&¥BIPEPs hay ehrodied Hhe ARenddOf ndBamBihas @lA)}%
110, 120, 130, 140, 150, 160,” 170, 180 or 190 nmM or any anount

t her ebdteneieno nedio coVEPI2GINA DS54 R2POTY 1TARCHF BDd 488 traddeyitndtilidgseon t he
suitability, an not i c onmponent. can be added if desired. The
osnot i (@TFH{%IHHﬁ?SLBg%8’?‘?5%%@?5%5}\&5’%“ B@Ptéct ed to raise the osnotic
strength of the enzyme solution. Exanples of osnpticuminclude

manni t g0040% Thibistrmagrof dlidiaventiod dbesalot Bétedsarilyeteridt bY FanResH eihvdnBESD
of varying polyner lengths, and the |ike. Concentration ranges of

osnot i v ependi ng_on the plant species, the type of

osnot i m&%@@ﬁlﬁﬁ“ Wp@ﬂgf})lﬁ*ﬁ @3 ssue sel ected (speci es or

or gan Lgin e | eaf or stem - generally the range is from OM
to abo @0485 @g*me a%gth%fﬁa%!eé opthg gvegtion will bpsomgmore apparent frpnythedolimying
0.4, OgascriBtidh inQvhieh ferdhed R Mde8 121 ween, for

exanpl e, CB,Bh 50, 100, 150, 200, 250, é%%@%%ﬁ%%?@%&b, 500, 550, 600
nM mannitol, or any anount therebetween. The concentration of

osnot i ¢Wfi2hliigung tehayes aseperedivaedpressniatipe o CEMVINGE -bastd yxpréseion sowetepl ant

or tis } he.be i chal to oy a.slightly hypertonic
pr epar g‘t&?lsot%l%re\s\gﬂl)c# Wag%x?rg%sf NYa éeﬂé%%élf%ﬁjs)ﬁ%%a%ﬁlémgcel | pl asna

menbrane fromthe cell wall. The osnoticum can al so be omtted during
di gest i{a943] Fine63? stArot ApthematlaiatrsedensefSEQOID Nbe1 ydfafortthnagsbisaict S
t he terfr%eratur.e. ;’E@?ature mag be controlled if desired during the
di gest G PreEEY fapstract RRRPeR A%5 b foahkps! Gmsiinam Hehe2iSrremor0 tand

40 C oms@MyinkedRer AoWnSrda mgf&ws&mmr).mmg sg%qjegleg@% 4C to

about 15C,° or any anount therebetween, or from-a o about 22C,
or any Aledpesatii08s iherdetimedviigure DBphods thg ahind dvid seqnare &SEQ €D OlMIPHE

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



[ 0070] Upon disruption of the cell wall, or partial digestion of the
cell wall, a protopl ast fraction (conpri 5| ng protopl asts and/ or

spher opl asts) and an "apopl ast fractl on" are obtained.

Al ternati \}@139011%93’4% gested fraction" may be obtai ned. ARETKH2EEIPERDHW,
|ntegr|ty of , the proto | ast .fract] uired to produce
hi gh yl@rEkFigprre? o sharecigrizatipy Bt‘benr?g% fipn @%ﬁﬁ@?t g SHHC%EBY A&y
fractignyQ onachgdrgaﬁéérgﬁlyf(éﬂé {] P %Qﬁm'i'ﬁﬁﬂlofn%'ftﬁellﬁ o6l hagt &RAcOThe

pr ot ei ns, or exanp not Iimted to, VLPs, viral envel ope

pr ot ei palet wias skuspbnded bud Ehctipnatee bnSECVFigate Hagsive thy otad soisble piotein

t t .. [0071]..By." last fractiqn" it i t.
Chat | EoRY RerEpblPRAi BN GRePEr b ISt rgh -t FERRIaR SR RGe i
di gest ippfiford Hhdhd§ EThe MldzaRBARYIABEYIBA YRR 1168¢ted ﬂ&tl@hﬁ%&hd@dﬁ @ight-glde

t he presence of an osnoticum and/or other ingredients at may be
used t & assiistlsd showai Eiquthmm $PB-PAGExdnatylais oﬁSBC@bltgisﬁracnwe Fractions

I f
o of op PAE ey Bl G R RIAS RRedy 8 TAPa0 ks apbisPd e PP s RS

conpri $fof t'bQth?QQ uceﬁvés@.taaﬁa wlthﬁﬂ?% (ObikssR R2BY sATRH L kifed ek wegstun
of the conponents fromthe protoplast fraction, or 0, 0.1, 0.5, 1, 5,

10, 15as 2000t TI@(bancB@meappndm 1o ge H0amEpPmgGH xbmdwﬁvdaw@mﬁltmw Mw-’
thereb he ¢ ts, f a 2]
M b e Sl R A e S
foll OWtFﬂ@uQﬂ?@éﬁﬁfebIﬁmdIt(gﬁ‘ﬁdtioﬁﬁlnurﬂlﬁerﬁﬁﬁddl fadm SBZ)aﬁﬂyslﬂ Sﬂ[bv@ﬁﬁltﬁlgﬂ‘ﬁ 3Asi ng
cell wall degrading enzymes of the plant matter, however, integrity

of the Eroto last is not required, and t cgmeSt dfractlonrra
conpr i 48045 Figure 4 ghasys measepansin fgirefeinprofies TRt %5%%&{1%
The co to

o oduc e R D e e e
osnot i aigmatasiy daenpprlestng bulter and potedmovaespattedive SDSoPhEEadalyws ofwution

e os R aTint Ay B ABRLHEL P Gt T R DGR Y oS e

fracti %'fhn@%?{} WG adde- 8P APLBFhe Mlidbld, ARe 20054 1@nzymatic digestion of plant
pr ot opl ast/ spheropl ast fraction, however, the prot opl ast/ spher opl ast

fract i dissueeapddanerdays nlotxtiges qbtﬁtumﬂtwﬂlﬂmgcdmgteﬁ,ﬂlemogm| on cont ai ns
intracel | ul ar corrponent s and extracel lul ar conponents. Intracellular

conpon [ { S&\S r n
oot dpitditudd hg¥ e bl SiuatileRte BEENPRGEONISRIG! SLASHS cler?
NO 0SNDdoinfplising alf&l&ﬁﬂadtdtyﬁﬂiﬂ pdjngﬁ&tahdl 5’ 9ORUhdntagghitin@rcotling sequence of H5

pr ot opl asts/sp eropl asts ma i srupted and the |ntracellul ar and
ext r aceffemAdind (ERP éc%ﬁi}“ﬁé EONBiiRGPlaToyARN G/ Hd & a0d t$TPURAGTon.  As
descri bg g"%’l‘ Lein, the WO 2011/035422PCT/ CA2010/ 001488 VLPs, nay be
separate rom conponents of the digested fraction using any suitable
techni que. Wthout wi shing to be bound by theory, the step of cell

wal | di [@641]i Kigureshyshbes therapthe of (IA-VEPi an cotiorpo ershangeoésin &ieeccimfdrm wal I

Thi s pr BOUE SIS E i ireS D A DR el HELRL" P (AR

I Nt r acedidniufihg SARMOREAHSE buffrany bisei iByerd Sepatital Bt SOB-PAGE. Gelslvidr@stained
debris followng enzynmatic di gestion using | ow speed centrifugation

f ol | owewith{.194 WCﬁ%ﬂSﬁiéﬁ 23 fesptution; Lenedk: iApaplagisdrastion after sentrifugation, Lane 2-3:
pr ec! p! {-\E(%ﬂl%ﬂcffr%tio%)% w cas%i% mi ﬁI xjafgi}r}; ?%néofﬁ L%mmhg gﬁtﬁ)ﬂ fe@(éﬁange Lane

preci pi I'on, ofr a conbi na |on taln a separate

fracti oft Remgrosghrfgactireofthe taionk: emchasgep Lasd 6;whitivhdropr aitiehioexdfange,

interest. [0073] |f_ an osnoticumi.s useg t he ot opl ast/ spher opl ast
A

fracti ofPheerafeddOe5 b#neds %P’ieg‘i‘li’ﬁj‘” ‘Bﬂkﬁts@ﬁ dt @Da y be separated from

t he apopl ast fraction using any suitable technique, for exanple but

not i moogs) FiGur<CPbivk tHeRnopaHiclk ThdcdkAlelaQRlysi d@PEAY frbfife bRtrsARdo VLP (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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[ 0082] The term"virus | i ke particle™ (VLP), or "virus-like
particles” or "VLPs" refers to structures that self-assenble and

conprise viral surface proteins, for exanple an influenza HA protein,
or a chi né’?"i’&"lll"ﬁ?“l"%?enza HA protein. VLPs and chineric VETJ@A&‘PI@/””“SS

o oauc o STRAR AR aet T TR Pl G Bk v EP e Ak e

repl i CadafbaifhdlaVigondmrdt@Btonith 6GingOVRleoskE18 révdetied fat @M tempbriararmy be
produced in suitable host cells including plant host cells, and if

desi r exhatysed wréns theNTA 2@ soffwue Fhevpmples warirerried fy Psseq e shptis And

i nfl uenz P r tfigscribed herein
may be® u’gegllefr;ﬁ)arn%%/%?ap%o t%‘h% mlﬂgl Bﬂe{ E‘ﬁgﬁq# adaﬁ)ze I'n, or are
secreted to, the apoplast. [0084] By "chinmeric protein" or "chinmeric
pol ypemondleFiguid 8 st wsndiéstaan ploobBextracrof pi3l Bsbpte WP génwtaterblvmemzsmsuc

d f t th
D oRiersien oaas faerenBUgrs-hare ) ITFT trepainay A Sttt o i o Bihes, o
fused eifo ﬁg{n lgvhgﬁobo@ongpea e PG SCBLARIT £ ROtRRRePEnRRadPSREAe

may inc pept | at is the sane (1 e native) as, or
het er opafiomsd wi thb follohéng tedigrsn dere 23f6001|nM Mohyipd ﬁtllmelvbcltrpﬂeeﬂémm Nbles

Cr ansor o FBTR:” b i b s PFite) SomRbem B T/aR Gnft 20mv o

i reawapegds+ sbiAf1 EDTREY b.649RLRLE S pAb.2CDnRY DEORNI MRaRib! d825mYi deate+
cl eaved followi ng synthesis. The intact chineric protein, or cleaved

porti oﬁi&rnM Neih@: chimi ERT Hrdt@7hbisniije eiGddiaae &) 2 HLM AManaitehut 125mYl ¢
Phel uaates sriF NP ShOMEBT Ac- @@%ﬁ‘é%'%. G PRI LR RS ftne

associ ﬁh@dndaeaacmleggl-@hbﬁeAbrl dges (i.e. a nmultimeric protei n) For
exanpl e, a chineric pol ypeptide corrprl sing am no acid sequences -21-

WO 2011/ 035422PCT/ CA2010/ 001488 fromtwo or nore than two sources may
be pro@ETABEPRESCRIRHON, and the subunits associated via

di sul phi de bridges to produce a chinmeric protein or chineric

poI y pepeas@e The pESH} lnvmlopmlytpemmﬁbom plepating pluéfdza‘-ffrdermlg@kg phrtiches

ke o SOERS Shrs sttty s Frosm v ibis e i o o B SRR gErs ™

pr oduc@oRpadthgRifluénzhifemss cfhﬁmmmp i nfluenza HA. A chineric HA may
al so include a am no aC| sequence conpri si ng heterol ogous signal

peptide (a ch| meric pre-protein) that is cleaved after synthesis.
Exanpl ¢4053 Thﬁ\f%lpmre%gcrtmam%y%%feweenhwm% i nvention descri bed
herein may be found in WD 2009/ 009876; WD 2009/ 076778; WD 2010/ 003225

(whi Cmgédsé *rﬂ@ ek ﬁﬁ@&zo‘ﬁ @Jx&ks%étﬁé@ﬂ‘o?@lﬁ%m %ﬂ?&%ﬂnebﬁpr%in%uﬁﬁ&%hﬁg

a chineric’ pol ypepti be described as a c Imeric nucleic acid”
or a "off lmerestcmmom mfdetewetquanmﬁai‘resen: witieuapoblakterr pairaceiduler crompprtms:ed

o e T urBhepontad B he R refetRg sfiudles Bt oREoP SRR DO | T
June 25etRdililvoldRdGekbydng, igvting 2 haih dﬁ\%ua{mg:e{dl eoMag e beRidBsid flhnt(deill ed

June 24, 2009; which is incorporated herein by reference). Ps can

be obt avaicHatrimends pleakesily anfhgﬁﬁmE\ﬂ@ H veah thepelymegg copmse]ts crﬁrfée r-w
of the v}’énpﬁe RJ ge%g{ﬁé%ﬂd i V\%%tgih%gﬁ}o?eu"ils S%Qluféro%h%% b%*}ﬁorg 1t

i nventi on, sequences a vari ant ences
be deveble@edi By uiinkethid hetaet], tlﬁprrbﬂamrdnprceem Vd:;l?sStqnbmchnfentemt mle:&rmhed)ﬁdce

herein do not c ri se neuram ni dase (NA) or other c nents for
exanpl éhvarorpl f?sgﬁemlﬁst prarm?ﬁ%ﬁet F‘rﬂiﬂll’ﬁ) ealoﬂ%méﬁl?n%&fw dM may
be co- %Hyﬁ@é&%@s %éé@a@&ﬁ%ﬂp&lé 9po\§'}el°§ &Qﬁﬂ%&d SdIRg, hidmedd la\k“?@%dg@ﬁérélﬁqs
[0087] Cenerall the term"liprd refers to a fat-solub
(i pophtlille&)aqtlvnatt ehtalhing-aqmtmmor pg}tmbmas}tmeturemfmhemﬁnf duMILg?hppm;teBsethe
in a pl.ant ace rdlq ects of tt]'u tnYlentio
mtegntyo epro ccr'plast/sp eroplast ompartment is lost, if the protop ast/s;}fxeroplast
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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WO 2011/ 035422PCT/ CA2010/ 001488 [ 0094] Once recovered, VLPs may be
assessed for structure, size potency or activity by, for exanple,
hemaggl uti nati on assay, electron m croscopy, |ight scattering, size
excl usi on ¥RPHHBYE aphy, HPLC, Western bl ot anal ysis, PEI/CA2010/001488

O R G R e s i S

[ 0095] pdifephdQPRE @bllygﬁ,tiabmgﬁwﬁlu §drid) of Bifferemt; oulifprayt, they prag bapasénd im
conprising VLPs nay be obtained by the nethods described herein,. and

i nsol ubtago whaleaut b1l tp abayy &0 1oy grealst r THURIRCINGHP 2SRRI HIMEY TR SRRHISPRES
may al so be.of. b g r i i et héted using
convent %?{Slhpﬁiest%@g‘;sﬂoflf’%%mglﬁ%%%@’ gg%?@%?%si%% I%I:%EC::A), and t he

ext r acpolprpaiesh rhdyeughneicdibya coxadén dond) aciiduifitde, bridge, rberfomteadiop) e
SEPHACRYLTM = SEPHADEXTM or sim | ar rr;di L]I{:B Snd thF fracti or[r@ £

col | echwliophabisattpastien. yan dgomalsiones fyfasmeopfopdinlikaapn fLaREgt as o
cal i br gt | ; ATl PY SRcPBaPBS SRMIOhEL, QHEh-areRbEaN
exchan e%eglg Lgﬁn%ﬂgﬁggaisc it}l\%sqp(%ﬁ%%ns (I:)g’l lected Fol| g\E/)vi ng %
chr onafagkanly, a firaheivelips promsin revifalisttuvanalpnatbinzevrd) gapgsidopretein, or a viral

el ectrophoresi s, inmunoblot, or both, to confirmthe presence of VLPs
and t heogPoi@din conpl ement of the fraction. [0096] A henmggl utination
assay may be used to assess the hemagglutinating activity of the

VLP- cofj@is Vi pres e inl 8on alkd ipheides s hidliso dvéTiptepinayPlattrictingl wfds like

Wt hout w shing to be bound by theory, the capacity of HA to bind to
RBC f r pantidlies (\6Rsivt Thaninathbd invelves dhyainingy: plane oppligtmatipr epmprainglandi al i ¢

acids a2,3 3..and t.he .presence of these siali i -t h

S S R e A T
aggl ut iapeidt BaotoR HREY e pldit Aafte] the sgoptisefraciog eo@prsinggihmctieriged VLR ysd
chi ckens, ducks, guinea pigs, humans, sheep, horses and cows;. whereas

human Eevedng theanealastdrastion. nif desied he plapt degizgd VERS @pepepurdisd iom the
gui nea _pi gs, h ns and sheep (Ito T. et al, 1997, Virol ogy,

527 40 3PS FRERY L oc R et al. 2001 Virology 289 74.88) . [0097] A
hemaggl utination inhibition (H, or HAl) assay nay also be used to
denons{aeEise Thi eresdnt irvantjonaflsogmo vitsdi reghedefipcedriby VAPy eorapriseng aoplant-

i bi CeRHE GBFUEHGT | B B0 L OO B S pRAL By NS S bk VRS
Hermagg 'téé%tiirgg%é Blni SHYAL ERRY: VAR ARBSlYmb bBpckitRh t6 BlodiReSRERE ABrd B Bif
y

eval uat ed mcrotiter HAl (Aymard et al 1973). Erythrocytes from
any of apeplestizlprgpechmslenayd bprotapiast/spheroglastfegactien. and pipatating Hiedke Ar gere

the like. This gssa i.ves indi.rect info iQn o senbl f HA
e rer (B TRepalFRRRIH TR aaRy s BRI ERIP O, SpE R Bk Men b1,
ant i genipspldticgsotein chiplex [cORPBles HeOBESPY @aiptikivk bpldnderivied lifid efdlom. SO
be used to denonstrate the efficacy of an i mmune response to ot her

strains of virus related to the vaccin upt ype. For exanpl serum
from a [0096] Zbs preses apepieen @mmﬂmmetg?@%?rwns ﬁ}%ﬂhi?%@) Mﬂ’fy a
vacci ne QS L, OF [ 1 o Sdi
G R T AR S L L R R S T
Wit h a patanmnttestsimg aced fwallittelading cosyne conposisiop tr prodiced a digastell frimsioniand

tit determ . 99] Met hods f t f. i : - at,i
of T ardisgnB e shissied Satontp praired <t Wicoh R tsfuenBB e R R, "
VLPs ar¢ estahhieslifed thclife BIthis Hehdd @ity aeorolopRlts ay nbt Behequareti.

The net hod of obtaining transforned and regenerated plants is not
critical to the present invention. [00100]By "transformation” it |

t
meant  (RESTr Brespb FiegiaN sbbarmas hadisilliet sompisialy PopPriaiveraeTae
The i nt BresBEkhdy HPERRR G, AFBOLKRLPRN a SRNGRRh MR Bt OB
const r usrbtoblsteanh @plierapiast eotbplaitisplidrepl{st). rray benised)ssedesdibaid hixen, tiethe

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
-12-



invention (see Liu and Lononossoff, 2002, Journal of Virological
Met hods, 105:343-348; which is incorporated herein by reference).
Alternatively, a vacuum based transient expression nethod, as
descri bed WﬂZ'iﬂ@‘P?q?ePol i cations V\o 00/ 063400, WD 00/ 0376EET/CA2010/001488

(i ncor por at ere fer be used. These nget

ol oaRER A he g o8 o ek OR S i sing  E3 Rbiaathsy "Eamcafjand'm
Agro-i ﬂ:ﬁ@)l#ﬁaﬂffcln%ih(m’s P& hdrhdoBhiz&bn RNy, treainlf@ﬁ wlitfl%

met hods_may al so be used as noted above. Wth either Agro- |nocu atl on

or Agr éligepfian efrthe ¢elinvall Rrpteplaste map alagbobbieined framauhtypred plantcefihdfor
desire n he i nt eIIu ar aces of a tissue, for
exanp %Xé}ﬁ@e%ggldgsﬁitﬁireg fan{ce I?irotrlsqhﬂe ‘Eeﬁé’ Sﬁi (i ncluding stem
Ieaves and flower), other portion of the pI ant (stem root, flower),
or the [0658] «smuaxﬂtrefen%ﬁeeam&g estngorth e g%ﬁmdlqmncﬁﬂésmpl%ﬁr t@.@@@émwm

r ansf rtDNAcoplesmtotheceIIs The t-DNA is

infect a

epi sorré’P{]tVe% PRSI ed Peadctie! pratpplestsa prhicrpigts apd ilikg “!Céudehe

pr oducty ] [ i he
passagem @%&%ﬂ?ﬁ%}tﬁ!ﬂ (éﬂ%bﬁ'lg{ﬁ usﬁﬁgﬂ%! %hains?g n({s‘é‘é?‘%glf%ﬁ fl u (%‘2%
VLPs prlaqudebyermatbhmd‘srea&e),tdieetpfoee;eiiﬁplct Iﬂ\befﬁﬂd)mgw lﬂﬁ}iét&ﬁd-piaﬁt-

L t fl t pl t the
vacki ndiotrEptis o B e Py bRt aﬁ?l%t%f@@m Mehelsaasiossarat i on
dos age%elﬂﬁ%%%@ét&piaﬁ%or%%r 188) DR ok InPmBEHS n fre Rlewled | f(gr}@{aﬂﬁfe’

t he vacci ne may be directed agal nst one or re t an one | nf'luenz
vi rus. vasﬁMPest abf Z(Elﬁl(BathﬁtCertwlagcAch\ascesr?& 1Gdie,71 b\uhlciarsenarw[ﬁorhted’rhérad blyo,

t hose co iall val | abl e from Sanof i - Past eur Bi onedi_cal
Merial ,* %“’f)a?!a“é{? F%Jﬁe“‘ﬁo%?{ ¢ S R e Soed o TR e PRECPIRERAFeteis,
Sanof i b@c}cﬂ&hls&y AN bichiy Bd E’lli@'u{éﬁﬁ&wé fileSarAple Albhel btk - cuni\eQ

2011/ 035422PCT/ CA2010/ 001488 [00105]If désired, the VLPs of

pr esentPrptagRn i Mﬁleﬁ‘ﬁgﬁ Bielogyio @WIW%S@SSNWWIQ(I&W avbSippmentsud A0de

2 vaoo e baibled nocl b Fefbleo S AbREIT v alaiiantIon e ooy e

t r eat mevidnuel, 24 EHQCQRE Sping dRirsoNLabsrad8f ProfdPaRoiet: NeW 4Rl 180 ewhith &
VLP prqduced tg{fcordl ng to the present i nvention nay be co- expressed

wi t h ot'FHOFPI5HER BITRAn Oy RefeisatR:Karmpreiah s Eds. Handbaaki Of MoleerlanAmisCdlular

i nflue u dase .
! veVaNRL T, S EORTRI e CRE (RS rB AR MRS Cpl o
made ofbyvefercinen) MpPlet®nnBd. sDirbctasMuoaperesia: APtdcgeN Sppidadh, AL PERADxford,

respir ncyti al us (RSV), antigens, and the i ke. [00106] The’
sequengég{ é@?éﬂslﬁ%ﬂrﬁ?&t@{ herejp by &¢fprsRe9)-zed bel ow. SEQ I D NO
Description Figure 1 Nucleic acid sequence (construct 685) 2A 2 Am no
aci d sqmmﬁﬂzﬁﬁ'&;(l@@t’dl ﬁyd EQnkBr Maradin?Bat BBWARE H5

AGGAAGEGAA o et S B e e resRe ey
TGAAGA TR 'uw.u.;a h 'u;u.m g,nu'- f;d@Am 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

CD

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

-13-



5 Mit- ATGL61. c: GTTGTCAGATCGTGCTTCGGCACCAGTACAA CGTTTTCTTTCACTGAAGCGA
6 LC 05-1.110r: TCTCCTGGAGTCACAGACAGGGTGG 7 Apal -H5 (A-1ndo). lc:
TGTCGGGOCCATGGAGAAAATAGTGC TTCTTCTTGCAAT 8 H5 (A-1ndo) - Stul . 1707 :
AAATAGGCCTYG AMAEHMAATTC TGCATTGTAACGA 9 nucl ei ¢ aci d PEBHiASHO@01488

10_PDI. signal peptide: MAKNVAI FALLFSLLLLVPSQ FAEE
g-gogls;r g}lagreggg ulgse A 3; celiudex?rinase; 8.5pcellulase; avicelase; pancellase SS and 1,4-(1,3;1,4)-

p-D-glucan 4-glucanohydrolase. Alternate names, and types of pectinases (polygalacturonases)
include pectin depolymerase; pectinase; endopolygalacturonase; pectolase; pectin hydrolase;
pectin polygalacturonase; endo-polygalacturonase; poly-a-1,4-galacturonide glycanohydrolase;
endogalacturonase; endo-D-galacturonase and poly(1,4-0-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
arrhizus

Calbiochem, San Diego, CA, USA

-14-




12 supPl19-plasto.r 13 supP19-1c 14 SupP19- Saar o _
2011/ 035422PCT/ CA2010/ 001488 [ 00107] The present invention will be

further illustrated in the follow ng exanples. However it is to be
under st oodVPR&HBHEse exanples are for illustrative puPSESAVIBMNISS
and should not be used to limt the scopne. of the present invention in

any nnnMACRROENME Rof | Ex@irbisus on cayekelt HenshaGrodioksmdenaact s t hat
may be_uded for the production of VLPs are described U.S. Provisiopal
Appl i cat ivudtifdor Pe6tiddB20, 181night | ed Jun&eRdnco2009), WO 2009/ 009876, MO
2009/ D76 FE8 and W2010/ 003225 al | of |which are incorporated herein| by

refergnceatgonstructs maggadis® 1| Nl udeaiieRaR.-Héh8 A d FridRRIE FRG
Assenply of these constiughs,is described in V\D 2009/ 009876, WO

OO0 dl\d

2009/ D76%L8; 201070032 US 617
1
const ruct()é&coyrrgrl si ng knd % ﬂ% 50 ne ;ﬁé@ %lag: igﬁgf%l

pr OV| v-lnrl N Tnhl_n 2 nd conhi narl \vnvn 1

L) MII\J CUOITOT 1TC

regul At orpﬁc%llyésr?e%‘tzé and | s BF s, mqse‘éhléld) hﬁ@lﬂg‘é&"‘i o}ap%rhe
produgtion of VLPs as d depopiset her eiln._Table 2: Non-limting :
exanp| es Zofmobyesest r uct s | Hatradfmntebe ugSigrioChdmgnd gyl diS4i n producti pn.
Casseite nunber Correspokdersg HA HA abbrevi ati on 540 SpPDI -HL fron
strain A/ New Cal edoni a/ 20/ 99 (HI NI') HI/NC

U

se

[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.
-15-



560 SpPDI-H A/ Califom a/4/2009 in 2X35S/ CPW-HT expression cassette
H /Cal WI 580 SpPDI-H1 A/ New Cal edoni a/ 20/ 99 in 2x35S/ CPW- HT
expression cassette H/NC 660 H5 from strain A/lIndonesia/5/2005
(H5N1) H IW9RHA#3HR HS A/ | ndoneS| al 5/ 2005 H | /1 ndo es’smazowmﬂuss
Al I ndonesi a/ 5/ 2005 i.n Xpressi on casset

SpPDI - [HsPeRdinga{Be suilabi @eeﬁsosrrﬁot@womﬁ%%%% a&ﬁ ‘559%%?3 |°SPPH%}B“
690 HI i

o | nacndsPEARRARROR HelLicb £ RAAE w0 Rh S MBI Oediion. Bxamples
and r edeptaticubi indudgmeamil, ssrb{tellorRBeERN)gar alcoi®isipolpetbyles giy®l FEG) of

backbon
Va?ymg 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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H /Bris 696 H5 A/l ndonesia/5/05 receptor-binding (FtB) domain in H
A/ New Cal edoni a/ 20/ 99 backbone H I /Indo 732 H A/ Brisbane/59/2007 in
CPMW- HT expression cassette H /Bris 733 SpPDI-HL A/ Brisbane/59/2007
in CPW- HWV@APLEESon cassette H/Bris 734 H A Bri shaRETS2QY/001488

- hi i RB) d i i H5 Allnd i a/ 5/ 05 backb i
o L0037t ket ioE <o BaTT ity 1% Bty B5° PR ORI Hogh Be forpbout
CPMW- HE0@ X1N 89&t13bnt f5on e 1Pt 3801 reM, WOTAOIH Q8R4 8 4P 50H AR AP/ L0 E4R3

736 SpPDI -H3 A/ Brisbane/ 10/ 2007 in CPMW- HT expr essi on cassette
113/ Br ifspny@puptisdorphapt 3t whipaeiinase BppBboutS tAniRE $Bawte/sedin@onatabisulfite

(ect odomal oufdod B B WORE R4 hERAMBol U abod?l a8 minBlot Nab 8, YT 0 to

expres
75 mM.

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

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

protoplasts or spheroplasts.

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

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

soup. The digestion vessel should be selected accordingly.

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

500mM, or any amount therebetween. One of skill in the art, provided with the information
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H3/Bris-H5/1ndo chinera 738 HA B/ Fl ori da/ 4/ 2006 i n CPMW-HT expression
cassette B/Flo 739 SpPDI -HA B/ Fl orida/4/2006 in CPMW-HT expression
cassette B/Fl o 745 SpPDI - HA B/ Fl ori da/ 4/ 2006 (ectodonain) + H5

Al | ndonesﬁ’!ﬁ‘P?ﬂlQ’@%”( TnD + Cyto tail) in CPW-HT expres8CHiFAZHEGH %
B/Flo 747 _Sp FI rlda/4/2006+ H5 A/ I ndonesi a/ 5/ 2005 (TnD +
Qyto t aﬁlﬁiC}OSF 62%95@ le iy detersniag & syiblesageng eonrositign for4he-pgegnd strain

ABris 'ﬁ%’f@%ét%gl @ (¥ anothlkr ﬁég &Xﬁ o Idf!ﬁdugglor%ff\gﬂo%mn | sl ands

3/ 2006 (HINI) o’I onon /76 ane 7 (H3N2) H3/Bris
777
{0070] Upon disruption of the cell wall, or partial digestion of the cell wall, a protoplast fraction

(comprising protoplasts and/or spheroplasts), and an *“apoplast fraction” are obtained.
Altemnatively, a “digested fraction” may be obtained. As noted below, integrity of the protoplast
fraction may not be required to produce high yields of protein as described herein, therefore, an
apoplast fraction or a digested fraction may be used for the extraction of proteins, for example,
but not limited to, VLPs, viral envelope proteins, viral structural proteins, viral capsid proteins,

viral coat proteins.

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

therebetween of the components from the protoplast fraction.

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

solution, then the protoplasts/spheroplasts may be disrupted and the intracellular and

extracellular components may be combined in the digested fraction. As described herein , the
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HA of A/ W sconsin/67/2005 (113N2) H3/Wsc 778 HA of

B/ Mal aysi a/ 2506/ 2004 B/ Mal aysia 779 HA of B/ Florida/4/2006 B/ Flo 780
HA of A/ S n&apore_/ 1/57 (H2N2) 112/ Sing 781 HA of A/ Anhui/ 1/ 2005
(H5N1) 118YQARHYPSSHE2 HA of A/ Vi et nam 1194/ 2004 (H5N1) PETAATHARKSEES3
HA of A/ Teal / HongKong/ WB12/ 97 (H6N1) H6/ Hon%Kong 784 HA of :

A Equi MEPRraryhe/seBri¢d7 iy CPW‘P‘P‘@&@G’@ the digested fraction using any suttable technique.

Without wishing to be bound by theory, the step of cell wall digestion may loosen the polymeric
components of the ceils wall and assist in release VLPs, otherwise trapped within the cell wall.
This protocol also minimizes contamination of theVLPs, with the intracellular components. The
VLPs may be separated from cellular debris following enzymatic digestion using low speed
centrifugation followed by filtration, depth filtration, sedimentation, precipitation for example,
but not limited to ammonium sulfate precipitation, or a combination thereof to obtain a separated

fraction comprising the proteins or suprastructure proteins of interest.

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

comprising protoplasts/spheroplasts that comprise the VLPs.

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

to obtain a separated fraction.

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

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

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

required that the protoplasts remain intact in order to enrich for VLPs.
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785 HA of A/ HongKong/1073/99 (HON2) H9/ HongKong 787 H
Al Bri sbane/ 59/ 2007 H /Bris 790 113 A/ Bri sbane/ 10/ 2007 H3/Bris 798 HA
B/ Fl orida/ 4/ 2006 B/Fl o [00109] CPW-HT expression cassettes incl uded

t he 35S prdfBtR{3% e control the expression of an nRNA E6MSARELHKHLES
codi ng_sequence of interest flanked

] , HP ?' by nucl e tidegv -512 from
the Coll9éd wang ey LEepmsr oGl vFdeP mﬁlﬁ%@ﬁ %er%’raﬁe- PO ISAIHNN1 15
and 16 ' : ' = HRNA2
(corr eévp’a gé%g Fir:f 8 C’tg&(‘)bo%I E%O %}HQ{E_%& g ﬁﬁ: ovveg nﬁ@%ﬁ%&%&ﬁ?g?{%@l{% or.’ |73?a7§ md
pBD- 05801186, 94, 84j 196bLISy 1 K, 120,.132,0068; 1591 166t 178, 68 ¢ Bhok 369 ndoerrangameunt
82-92 and, PCT Puyblicat] WO 2007/ 135480),. was used for .the. assenbl
o CoVbebeEeh Ao rabls 00 M, At ckioh it Rat. Thiced M atRcTS!
ATGs a§ynﬂf?:§i:‘zéd, &1.pd %ﬁy"i‘&ﬂaiﬁ @r&p&ﬁ bteﬂ@eﬁ:ﬁ‘[i f %}éi@%éﬁﬁﬁaﬂqﬂﬁ cHS WAl aid may be

PCR-based |1 gation nethod presented ‘Darveau et al. (Methods in
Neur os tizegessblg Gor isolati®s of figds) purifitatorsspe tandarB@Rshagegab methofivvses ¢

i BD- 05- 1LC as t te. Th ' for the first i ticati
wer o 850 st 5510 48 ABS P e Gl U B Rt o Y i
3) andyhitcehibelststeins, (RifdainbhdNGtegfily of REVDPY 4RI ® sb@k einBEdifREG e
anplification were Mit-ATGL61.c (gEQ ID NO 5) and LG 05-1.110r (SEQ

| D NO: aspeiatfih Hpidwovelepepremambransy methadsofistenting e e avpllde releaspthgtdBsor

athir l.Lification ' L Pl 3

. 05 ol g gk R Aol i oty e b . st o
di gest a@ ek frhaticaskiid déRabedingeia) BoRGvdr/it B npBidqitedlth4t ek igrgtigc vl df
the sane enzyne. The expression cassette generated was naned 828.

As s enb g psgtoplastnbs et SluEns e PO edye.CPMY- HT expressi on cassette
(construct nunber 685). [00110] The assenbly of this cassette is

sesc | 9P| .V FOORLORPETE VRN PP R SRLERa Bl

sequenedthgilant-d&rifeddipidd/ Thel ¥ihesnay/ GHRESSanHdA) preonmor forb,or the HA1 or HA2
domains retained together by disulphide bridges form. The plant-derived lipids may be in the
form of a lipid bilayer, and may further comprise an envelope surrounding the VLP. The plant
derived lipids may comprise lipid components of the plasma membrane of the plant where the
VLP is produced, including, but not limited to, phosphatidylcholine (PC),
phosphatidylethanolamine (PE), glycosphingolipids, phytosterols or a combination thereof. A
plant-derived lipid may alternately be referred to as a ‘plant lipid’. Examples of phytosterols are

known in the art, and include, for example, stigmasterol, sitosterol, 24-methylcholesterol and

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

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

to administration of the structural protein monomer.

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

peptide or signal sequence. Signal peptides or peptide sequences for directing localization of an
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CPW-HT as follows: restriction sites Apal (immediately upstream of
the initial ATG and Stul (inmediately downstream of a stop codon)
were added to the hemaggl uti nin codi ng sequence by perform ng a PCR
anpl i fi catYOR WM H2%ri mers Apal -H5 (A-1ndo). 1 ¢ (SEQ PETIARVIYP0I4E
H5 (Al ndo)-Stul.1707r QSEQ I D NO. 8). using construct, nunber 660

(D Aoustpressedpolypephideyp s spolatintl sy bY AR #ra limated 4 2gigp 2pylgersygnals

t enpl at. g : i § S i

and 5 POHE Chocomar (18, BOERGHEEaq 30 B4 36 pPLB pommaLiret RERLAL.
Al | ndorigsal abild2@PB)(heoing thewatind &bdIequedckal f a pl ast ocyanin 3' UTR and
term nator sequences (SEQ ID NO 9; Fig. 5). The resulting fragnent
was di geste | 1681 mes and cl oned into
construct n@H§g$Ué@gﬁhﬁggg@£&§$§ﬁ§§%é§§%%ﬂ&?@ﬂ%¥he same enzynes. The
resulting cassette was naned construct nunber 685 (Fig. 1, 2).

Suppr esrat Fatitfgesdsls@El6ie Grotdif) OFH P; Rogherdki 8N N S bON262-UENT 6 dx@Mpiend
(PTGS) may be involved in limting expression of transgenes in )
pl ant s Tobasgo pleninadiogenssisrelated prosemp humgn mpnasieilagtibedyraigngbpeptide

pot at 0, Miyr Y. (HeR .pe. counteract the specific
degradg¥¥6ﬁ%g n@?&ﬁ%ﬁ%ﬁéﬁ%¥ﬁggﬂ%%§?%ﬁ%ti et al., 1998). Alternate
suppressors of silencing are well known in the art and nay be used as
descri peo8lher ente dk@nples attexprkssed ElGEeptiNe may eqymathbe in-spekifioteedellular or

i ncor por at reference), for_exanple_ but not |imted to,.

h inb
TEV- pl FH@C&%%(%%&&@ ag fherapoplasih opanelie asfigue, foygrampie whentge Belvneptids o

bushy Jal. j i rinkle virus
(TCV -%%%?Egﬁﬂgﬁé8ﬁ§§§§gﬁ&%%§gﬁgeg?%gg?%%ab@fﬁ%?Jpggbg#fPotato Vi rus
X (PVX-p25), pll of Potato virus M WD 2011/ 035422PCT/ CA2010/ 001488
( PVM pl[00BR] The terrof viRest liepasticteli§ VEPY, PvSdms-liky parpdles"ofr "BLBgefersytoscor ch

i , BScV - , f. Ctr. gri i CTV-p23), 24
& ooy s il seftasseB s St srpTivEiatad ot af Pepliinet T pramngR a1 fnoBia 1A
G apeViphgeiM| druShinerlc@fucadON A Rdin0TVIB:aREVAIRRHAY VLES alé gef¥Bw14) , pl0

of Heracleum |l atent virus éFLprIO),_pr ple of Garlic common | atent
vi rus (omhplegia)ly arhaigenealy ssmiarppvisosoprogeced in eminfasgon, ot ladxearplic,

but not_d im . Pr o, =Pl [ HC- Pr. YV- TBSY pl CV-

b, Dot bl el B L Lt e 52 TR R TS
GBV- p14rodataddip 10itablaiodt @lib iRtuddplant Bost GElYs, biel i€ Gestep fiegeegrdeang Wit h
the nucleic acid sequence encoding the protein of interest to further

ensure _hi | evel s of tein production within a plant. [002] The
const r 6Dl ot FhBs et wletc e D biar oy B betsio Sl msiods
(Whi ch geseribBERSBA R BE uBRS B %}Qﬂarft-%ﬁ{]esr\@@s-thﬁrléc%fiieyi?,ré%% s%glgkseag?, the

sequence of pl9 profein of tormto bus stunt virus
t o t he apdlastf a pl ast ocyani n expressi on cassette by the PCR-based
i gati on nmethod presented in Darveau et al. (Methods in Neuroscience

26: 77- )1 PR £ Sty oL, f PCR., a. f. th .
&?8(43‘ %?r ):Pume{lg Plaotelrll rosrt C}Iéllg#zl’,:ljlg Bgagﬁpﬁgé p%il%glg%}% Eltpaog?lgfoﬁﬁtggpeptlde that

plastoéyan n-prono was anp é

GTATTAGEA A oA GANDTab{dSEGldacésTrseh b HiGhdrkkhaatoho SHREHIfoR kRSAAS but not limited
CCTTGTATAGCTCG 1CCATTTTCTCTCAAGATG (SEQ I D NO. 12) with construct 660

( descr i'HEWO PR P BugEa bpsLasUbtpschal age fisebigrorieglerrmepbden e chimeric
f - : | f t_containing th
ot S PO e B RES S o ISISE L SOATE GBI 0 (7

codi ng "sequen riners
ATGCGAAGEeERTRTAGKAGE: {SEEQideDoiNEE: fdYypeaptide GupBtEB: Fhelchimeric protein or chimeric

AGT CGAl CIT CTCG%lTT TTIT G (S | D,NO 14 00112 i .
const r &8 ypgg@e&ag ST 5@3%&@“?%@%&%\9@“@@ u.C{e(*ﬁFese U%IH{}%B‘BW
33! 949nta@5& if RANA) tRTh QIR PR t8in oABMRInkfié ﬁ@%éﬂﬂ?@@g }:‘J& %1_%&%@ FQIWAED

m xed and used as tenRIape for a second round o I fication

(assentsyithgsis: ddetintaeichinerin pptéingorslepyalgtontians 8¢ themtinBuisP@ein Saay associate

The r ) %c;[rr'nnagmfxﬂia He g}otéli\ﬁsA%hgr?e%Ic%gotg\fntopa c 1m_e"ric })I?/péprtll e la?%ltsg (1; c urglleg
protein or polypeptide comprising subunits that are associated via disulphide bridges (i.e. a

multimeric protein). For example, a chimeric polypeptide comprising amino acid sequences
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Preparation of plant bionmass, inoculum agroinfiltration, and
harvesting [00114] Ni coti ana bent ham ana plants were grown from seeds
inflats filled with a conmercial peat npbss substrate. The plants
were al I ot 1S i n the greenhouse under a 16/8 phé’F&’;S‘éP?l&/@“]d?ﬁj a
t enper ure regi me of 25C day/ 20 Three weeks r seedin
vt G 8 R OTE 101 S5k B DLt U TG B SHe G e
t0 growid disdIREdOERRBIRYREILR chi-RE pRAG 5&&&@ H&@'er the same
envi ronFren% ﬁhﬁcondl ti ohbz C?tgr1 Sel xpweet ant's %%\I/)e an aver age

wei ght of 80 g and 30 cmin height. [00115] Agrobact eriumstrain AG.1
was tr é@%éahedolmp@dc m@pbtp atﬂlumz)a heinggelhatonis t(Hdg tand &achi afdiet thsoi og dhore than
bel ow, ,usin

Bi ot ect?id F@gvt %?bdlﬁg ﬂ%l e S‘B% rﬁlﬁg’) MS?@%S’E% b%é)rbgmlé%f%%} ?ﬁ t‘jtlﬁ'f%ff{é‘ sto

gr own ipfodyEBa bEeheHHAY BPERMBRE Rudzh M ALOA RMmeric HA may also include a amino
2- (N-nor phol i no) et hanesul foni ¢ aci d (MES), 20 AM ace¥osyr| ngone, 50

pgi m  lReidsAguEnes mriz@g@gtﬁmogws gandh pentide (4 ¢MmpsHA ro-pentei@DBA0s cleaved

bet wee C nsi s were ce

bef or egﬁg‘é?%ﬁ‘ag? é%)gaén ! ??ﬁ\ %r% :Ih a& onY Blﬂﬁfrﬂl{'ef% ﬂ{t\‘ﬁ%%%%‘fé%mfb
mvi VES bg tbumdGy W Qoammg@mnw 2009/6760F8OWT 24 TOF BB 2L @fhiGHaSE Ink&Pbratdd

D Aoust et al (supra) Brleflg for vacuuminfiltration, A.

t umef adPEEHEbYEERRIGE: dhsucte aci @wémg@gbwem@@b@mswa@wbﬁ degegibed as a

infiltm n h .

i1 oy B AT £ R EleRt i Kool R AR Shompeseoty
al | O\Necthhmnuammﬁgfoadescﬂ&&l as\Ahohimept 3PS @ilni&-lc Vert bafiugiva d¥RiBed in

pl aced down in the bacterial suspension in an air-tight

B ot X AbTiarSarinig RTden 20/ HREh A5 Taes 2o 28ich mnd Wox Praviicgal Uni ess
ot herw i i gt

2011/ 03 %gg%%/ﬁéjég/%%%%ll% J:uh %tzggl%lﬁéﬁsﬁﬁ; é"% gl eﬁ%ﬁyrcfﬂme)'

t r ansf ofirisdambe bbtRAIDré1nter priessioh@f nhfi W4 2hinadricddA: 1 rati o. Fol | owi ng
vacuuminfiltration, plants were returned to the greenhouse for a 4-6

day in til vest eaf sanplin nd, total protein
ool ¢ holtR) A8 pRC BV LR heendiR SR S R A fesin e P B R on0r
4, 5, Gmcwdeamwa s€layBocs hiEvaARAI RA sﬂ?f hce@ftha@hﬁ%é d%p@@&vﬁéﬁtmdand
used i nmedi at el gﬂﬂ)sot al sol ubl e eins were extracted

honogefivzthergop, 1PI'0§1§€@ as ﬁegﬂbﬁﬂ hareis doﬁowrd)ﬂse)nmﬂ‘mldssqiﬂﬁa o pther
0.15 M /0 di
et abt SO RES LA ML e 12 5 B oo SR RRmALR Mgy be

POL YTRGIERpregyed mathria mdulu WDP{ @mpRidthg BB bAENAGe des&éa a COM TROLTm i n
1 volume of cold 50 MM Tris pH 8, 0.15 MNaCl. The buffer used wth

th T T t 04% sodi tabisul fit Fol |
orog eV a) CERA R SIEh iprg i e oMMe WaPa i napess e g og
at 5, 0Q@&ufr @e%lﬂleﬂé\fi et a Iéﬂ@cc%?cﬁﬁ?ﬁtsﬁw(:ﬁ%ﬂzg{s 3 h@rﬁ\)engc?rﬁtnay

for analysis. The total protein co tent o Fude extra
was detbe ICnmnl@dt’:dJ‘:yltln plentBteaictédlipida SBeeypl{rBideri RaldipiddenaHeds the&‘éx)n otsd gd

b th f t and P by,
ol | AP GRS He BB e eI nu e s YLPoADE P deraed pds

Ni cot i amg cbﬁi@hblﬂlﬁﬂ@ﬁ@n%irﬂﬂﬁs Sf R GlBhh meMtRare bf HED1R: YHER theMPEP b af
pi eces were soaked in 500 MM mannitol for 30 mnutes at room

t enper Rrffueed; mudlwomphp@wns gi-and mnvﬁscenﬁa]asr‘eﬁbaﬁédt -siublesenbed
with t*&?et%ramoég%%rggﬁs/u\%@t %x% 1%? bbb ase thag?cgoglnggg erima viride

(Onozuka Rture o *Rhi zopus sp.

( MACER@EMVEMyIdﬂnaﬁB%Wd&(PE}J(phbsphﬂtﬁlyh?(@dﬁtul bhﬂﬂﬁﬁtm&tﬂid g@b@s))hm%él ids,
prot opl asting, sol uti ‘%ﬁg\/émanm tol, 10mM CaC 2 and é)
(pH 5. é’ﬁ ﬂ*%é* ¥ aCrYy ii’é op o\ plaptrderived lipid arayltematelyds referred to asa

sol uti @ an{[ & PLspaabt = || essel
(-1 1 Rﬁ and |@cubéﬁl2tc?\§% iéi%{élﬁﬁ%ur gtjﬁ%é’ Sﬂ%‘%&&eﬁpﬁrgﬁ%&)gt 40 rpm
brassmasterol delta-7-stigmasterol, delta-7-avenasterol, daunosterol, sitosterol, 24~

methylcholesterol, cholesterol or beta-sitosterol (Mongrand et al., 2004, J. Biol Chem
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[ 00121] A henaggl utination assay for H5 was based on a net hod

descri bed by Nayak and Reich! (2004). Briefly, serial double
dilutions of the test sanples (100 gl) were made in V-bottoned

96- wel | m¥EP AHPEH2| at es contai ni ng 100 AL, PBS, | eavPRYCAHIVYH4Ef
diluted sangl e )per well. One hundred mcroliters of a 0.25%turkey
red bl YFPEET8)- sAsperndslgh i thie grtwiH geadhy undessfande the dipideeynpaaitien aithed
to eac i f ture.
The r e bl B Aol LR URALRHe pEkrotth Sndl AL AETAl &
hemaggbrginismat drepecimsiram edichatle el ihebmged.ut i nati on activity. In
parall el, a reconbinant HAS standard (A. /Vietnanf 1203/2004 H5N1)

Pr ot g] J ti Mer i v CT iluted in PBS d
bo o cleseelheatmeh SRl e oG LIS naS Sl wroptr ed
Wi th prbddmed Lyddlivas éo}nlﬁﬁtﬂ%%r&siog)&;%cwgﬁ ShdBEEhHoBRMRLERARAY blisRAL Ment

with 1% Triton X-100 fo _ mechani cal agitation in a Ti'ssue
Lyser i refqr@dagen’ipidoefisl. ihese ligidyaftngmogemeies maybe eroichedin sphiagdpideemd

coated_w th /nl of .captu nt i bod | mune Technpol :

Cor por el wiReRS s gla RN By it e A Hos Hemares® Slenin o and
buf f er e{cR¥lofs, Gehtrl 6F eghéis dBviARES & Mherfectidub a%éﬁ’ésbﬁl&r%l!l Sigh i RIdBEbnM t h
0. 01 M PBS (phosphate-buffered sali neﬁ, pH 7.4 containing 0.1%

Tween- Dterachipn @ithjotten Bauotusal, copipanents aidhecellens heginishy; sushiaf indrecelluthr and

bl ockeg t}’é{i élnala%(yagr?cseei nin PBS for 1 hour at 37C. After the bl ocking
st ep, p}? Ates  Mere Washed three times. The HAS standard was diluted in
a nock extract (prepared fromleaf tissue infiltrated with AGL |/R472
al one) {0089 EDRY @nepriding tadipitherdlelopé s Helip pic®idlsly desofibetih MO 2809YpOEBI 61 O

guant i W were treated in 1% Triton X-100 prior to | gading the i
m cr opMEe d009Y 78y &% ape WD 2T 918223 trdtiehatre ipcpppratedisgin By referenicelns Pdh

washi n : I I ggltnll bx?:ﬂ%g Lsed A : EDA)

di | ut eg:fefé%ggcgm&gg&ggggﬁ ﬂém the p gitﬁ ienzlﬂmgf‘g@én%%g%\ Eedélﬁg}&glf tﬁg\ur at
37C.  AfttetursleghitbprgieitholiisBuanda ginal pertioles. d@seH Aarfhegatsedt inednkibh may be
e S S B R e
2011/ 085438 R /HIH2Q1 01001488 H e 5 N3 IH MesSntidchS: Rh&ES: @.’egﬁe _
incubated with SureBlue TMB per O0xi dase substrate (KPL) for 20 minutes
at r oorecompmentdiA pethe Reeaert iientivsmay dppesdnipe ainamnddiidisoquente babbdHEl
and A430 val ues were neasured . ysi a | ty skan Ascent .pl at e reader
(Ther o SH R o ARy R’ 142 S ety wrluie P Demaesionnif 5 vl il ang
r el eas eBmbhghited udidh delsRS 0O Eorsiviadl i GeRAd LY, QMBS Ind QhAhME sBedrird] tTHi
[ 00123] Trr?e uant i t[g)}/i g_ﬁﬁéroel(;ti ve aclti{\a/i ty#%f HA" obt gi ned%?rsom t he *
pres enﬁfﬂ@ﬁﬁérﬁﬁﬂﬁeﬁﬂéﬂ tsewssrved gver Houshheeminpngsid sedusaice may Mary (gsk, foin

ol ant s Eoumel® T EROWIRS. 2000 SR BRSO T PE T diea i bR W B

after mcbipueatddhesdixbgi@erérrey NaideddPsiuedes &Radind PIIPGE AR &EoWel8d are
prepared_as follows : of | eaves were honogenized with a

: . Two grans
Pol yt r BYFAMASJesnrmple; from t}ﬁngiPBSf%%? apd Pablig Beatth Ratabasenpwdrtiyenzd a
pest | e; f ek £ @’b
pr ocesis{ 8@%&%&%@ ’ Egvﬁ%%gfa&f"?gs Ea‘];agl‘%%n}ljdéxt r asé\étl%ﬁc:?r’\égu fe;g%gmrﬁ@fn? Il’cl %,
150 mVURAChiopedlBbie.orgGBeardithdtnedoRsdoratdrrinfhmatdal oetht datchdsesmaif@ined by
carrie follow nt rans qof harv | eaves were subjected to
di gest &S?ﬁ"ﬁ\ﬁof‘ﬂ C%B@EE‘;\S%}?%C}%B@W Hg‘%‘g?n%giggf?ﬂ?émﬁmfét EBLt ul ases as
descr i e nBRaNtioviRtd e Abdnaest ke d=deaRh &L HRREInFIYEA S bE@IPELNYe
filtration (nylon filter, 250 um nesh). Protoplasts in suspension

wer e r BigpRperRtaherceinby fefasgeei on at 200xg (15 mn), and the supernat ant
further clarified by centrifugation at 5000xg (15 mn). [00124] The

o aholaoPh P pEhLKCerREh kb bl B R R ety BRI B oG st

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,
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50% 150% Mortar extract 100% 220% Di gesti on extract 440% 570%
Quantity was eval uated by ELI SA analysis WO

2011/ 035422PCT/ CA2010/ 001488 Exanple 2: Enzymatic digestion of é)l ant
tissue rel3eUIPA Y gani zed into VLPs. [00125] A conmbi RSEICARVIB01488

differential .centrijfugation and. sizg _ exclusjion chrqmatography (SEC)
Wes USEE BOUEHOHEKFhEanE NGB S S8 yFOPHG: CHyRER Yore

ext r achh@dh, fRleROBLHEEFEE, 1RBHoREMRle N raVEEA1, WrdRMnd B 1R, b8 infltenza viruses
bent ham ana pl ants were agroinfilftrated wth AG.1/ 685 as dnescrl ed In
Exanpl may infdcememshaveore hostidnendled from t he pl ants 6 days
post-infiltration, cut into -1 cnR2 pieces and then digested,
coarse-fhhitered and centr.i ed.as, descri.bed j.n.Exanple 1...[.00126] The
ol ar rIORAILERER AN aRERA L IO1EERe FnrBREhLRRs ot BOtET Pt ThF Pt
segr eggtbiides of ndi Reainsha eettintihilgating iddpafit®tinfee@tydieRided thd@ewdtRns
was gently resuspended in 1150 volunme of Phosphate buffered saline

( PBS; 0ay ¥arsotpyinyepHonpiien of benaggitingarimers, whh sphsegieatly irmgv LRsdgled

Cesal urrnalThe g AaHtn 8 HERehepEd b i S R VLR

17- 06 13ga@)essefithe BARDBREBelonseiiened ot tiibeas Hanoalpriking NI ¥ & sfdolds BM
Tris, 150 mM Nad, pH8). SEC chromat ography was performed wth the
| oadi n¢f'®®- a 1.5 nL VLP sanple onto the equilibrated colum, and its
elution with 45 nL of equilibration/elution buffer. The eluate was
col l ec [ i o i gach
Fract oo e e RO (] e ey e B A e ol 200
M. of firmaticechfBiudtiRerd, forradtion o WLEs erbipaciion(dBitiee RA dabikig te dreazghuGAdte),

R B LR St B S o Y
the el pf bibr PARE fale®Bs, el b BIndehRXd foaihe 2QREnQNA tﬂ'é]ﬂj?%tﬁieﬁ[ Bk ediRNas

perfornmed for each separation to ensure uniformty o
separ atiuodance pf tie prateimtbe §egree offinttace WBECratding thefavaitabilopef cofactors that

[ 00128] Tot al otein content of .clarified crud xirac S .

et er nrhoa P Pkl BisEtueiny S 18 5ldef poSialy TiFELo Vet ne
Ser um glekuibd 6f @S ot hRrd @hpirenCiotinanstandlikesr ot ei ns present in SEC
eluate fractions were precipitated wwth acetone (Bollag et al.,

1996), resuspended in either 0.25 volunme or 0.05 volune of denaturing

sanpl elQ08ald #ry shnsk prgteipp(Hpy arstresspptging arepxamplen p haprietrdIrotsingevhich

12. 5% - g g TBLG: . £, PAGE... . .
anal yera BtiCipate f7hertdas Ay thoelsal ARLEAPHARLASAMCLis! frcdhie digciine .
was pepreeentied ofimidoldingdrevengorc of ioteinupgregativa, Soaniis anddiBrskdrhiEanbf Botetn

R- 250 was ,used for otein stajnjng. -37-
complexes, protein t‘g{dmg, and prote{n cllsagggregataon. 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.
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WO 2011/ 035422PCT/ CA2010/ 001488 [ 00129] Henaggl uti nati on assay for H5
was performed based on a nethod described by Nayak and Reichl (2004).
Briefly, successive double dilutions of the test sanples (100 plL)
were nmade WA 25 oned 96-wel | mi crotl ter plates contZFHICAG1900148%
PBS, |eaving 100 pL of diluted sanp per well. One hundred

ni cr ol {0084] mer@poaerzé%wamaéye ?@ESSBCF %atwrpe%eu@&élﬁsévrcﬁ?ﬁ(l@rw 9Tk

I nc
incubaé%gﬁﬁy%ggﬁyg%m%@éﬁﬁﬁgﬂ%&?ﬁ@bﬁggamﬁ51 ggﬁggﬁggggg? wﬁﬁﬁﬁlghest
di | ut i ciroraioptapigy, EIFIQL Weetehﬂrralg@blytas rtmteleoﬂnophmseszsed‘heaéadd ather methods for

hemaggl uti natjon activity paral | el r%ggnblnant 1- 5 st andard
(A Vi eﬁ%%smz%/%mﬁﬁmwwm Somngsition ok P FSraryo! ¢ e den, CT)

was diluted in PBS and run as a control on each plate. [00130]Fi gure
3A shopwoshedr éb‘ﬁrah%@%éﬂéldsﬁﬁtch%a?&éﬂp‘ﬁ&ta\’prbﬁarét%%@ﬁbﬁﬁh@‘iLPE‘nfapﬁe

fractions correspondlng to the void volune of | urm, “confirmng
t hat t bigainehogyk oicthods d@nnbndthemm,yand) msginhl&m@éerfai mnoaembxgtﬂnnﬂhg&mnar
wei ght _str ctural anlz tion eal ed

Urnlt LR, bR DL hee R P pret ot g be R BE Edns
the hi gheshtidill rﬁ&ﬂé@qu eﬂrﬁ}he Bradoh £Q6Y, mn@hcnﬁe brdchifs 0GRS IBEe

bei ng detectable at ap rOX|nateIé 75 qu 31 Enzymati c
di gest mmhlscqn qoluge, usmsﬁm@xmleﬁg HAGR BsSWfﬂ Dﬁ&morémﬁiaameﬁalm gnd
500134 ”t h%ﬂlc?%aia?u 0L Sraft 060 8 QU t %oéeaﬁ Gt "i%e uéedA Aoty
escri Le8veEd Tner & o e
post - i Etfixhdat'd afhecﬁitra(ﬁ @tiaylafsbfbepﬂss%&r@lgﬁ@&anmﬁé)@ﬂ@igedoluﬁ;@&ﬁ& getfvielftaeti@d
and centrifuged as described in Exanple |. [00132] The controlled
enzy matelkecign gBeHqvang erompiesiapky, dachonssias de fHeher ardlyzedby ROt | east
partia nent s
b esentictrophPiaSs o bRG, bbboth, If LEUFAE ptherkl 4 PLACH RN GOTRECED
into tb@nﬂ&h&ﬁ@f&@ﬁﬁﬂﬁhUﬂ] Since nost intracellular proteins and
conponents were still undamaged and contained within the nostly

i ntact _pr ast an initial centrifugati.on step all.owed. for .their
- orrows 008 8 eRaidian Bsku Sy e st Lo SRk o heBieeipShaige Bt REE
degr adiyqg. c%ﬁ?amﬁgsmdnen@qm h@&o@é whRn & [naREhk. UiWatho k! vﬁgﬁm@{oocte%nﬁd by
and conponents (apoplastic fraction), as shown in Figure 4

[ 00133JiRputhe capashpofHA teDed RMRBC et ;wfesenoammnb i dreniyrthe sinity bHHA

obt ai ned faoll awi ng.t he on ol |l ed en mat i. stion of | .
i ssue SaIE2EHT 523 Opf PR RS i RO g WS RAE. Bauine
m Xt ur gndisigsh Hﬂcfrdx@ﬁﬁu&aawgme@g ghihinak dc?ﬁs £oMUr se%riz@bé&w ReubRE
enzymati c digestion. The proteln conten a crude extract from

Conmi t r Birkaysi chighewsy ilerks, gymeh pigs, IBmiws shead, E@&eﬁ/aﬁ@w& ROTfea 2010V 1084 488
conpar ti,o for the extract.presented,in
e 2 o{iddo eoFocdi<d TR iRk Potriciend, BbaiR, ool plEy Eihdriahe Riee GRLT S biatoyr
of | an&SrolegnEh 7498 @Dl ieddros RNt ai, DOPT, @/t@lcrg? 2gderigeyl from an

equi val ent quantity of starting materi al or approximately the sane
buffer: &Iant rati g, .a nechani cal _plant extract contalned a protein

concent¥07] Arhempegiiiinaton mbihatign GilsordLivh prmey magalse b % Heedd demensirate fheant
ext r ac kRt Al MR HL RS G HicBfby @v&c@ﬁe %%ﬁ@ﬂf Oég%}sngﬁi § Bt hAnd QL oP

concentrati‘on of approxi nately fie na or —cont am nant
pr esenthimenk M€ @nwialsbit dlmﬁghmndiemlaﬁmddﬂhpd(dailme)d}yjrsﬁ)inﬁnmmpﬁes phat e

cabur HeRSgeIRtHRa R Hhrory 1 Bl SR eebinsshRlg® HRE B Yol B Y lerotisou
13 kDaHAI/E\AS/ﬂbﬂ'et @IflgeB}Jf'Erﬁ‘ﬁhﬁfcg@s G0 dhy OF SEvEsm1 &e@inggbe §§Eﬁue'g3 Raises

usual |y assenble with eac er into a Rubls 540 kDa arg
conpl exurkepyphigkenipr shemkantﬂm B3 gw@omlmﬁ ipfonmatian dnagsrintilnod the glé trimer

amunt %%‘le%hﬁgée O%Vﬂfﬁgtg Tgur e g%kl ngIIO I'GSB 10!1 pﬂ?ﬂ!%%lil %{Eé(%na t I on

nmet hod (S€e arrow I n i's V|r Sant

[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

-25-



WO 2011/ 035422PCT/ CA20101001488 [00137] The clarified apopl astic
fraction was | oaded over a cation exchange colum (Poros HS Applied
Bi osystensdz, equilibrated wwth an equilibration/elution buffer (50 nM
NaPO4, 100VARMINEES22 0. 005% Tween 80 pH 6.0). Once the BUT{AVIBARKSY o
zero, the extract s step-eluted with the equilibration/elution .
buf f er SE‘B?&‘&PH&“W&W&P@&@@H& CBweHHe? PRI ehrEe eggeelHiyn coferdng
necess i r i I t o

s g A B P R b e e e
was perfleiaracisas videsmrtidiesd andtherib\i toersieexametles. [ 00138] Under the
above- nentioned conditions, nost enzymes and plant proteins did not

bi nd t tio xchange. resi.,n whereas the HA-VLP di i nd, ,thus
ot ovi A0S MR R AR F R o A Betere e il T on
(Fi gur endier of Re@dQidpkising VaPs aRQMAbLIThc irOHE rt Bad ki@ t4 oAOSY skill 1R art.
cel lul ases and pectinases did not bind to the cation exchange col um

at pH Uhgerctiod dfohtdnstmnsiprmedansegenerafed|plants iPnotiraisied to Fhempesent

hemaggl.ut | artli on activity, was of 92% prior to | oading on the cation

exchand%vegd um, and of 66%in the eluted fraction. A purification
factor of 194 was neasured on the eluted fraction fromthe cation
exchandeor@si n. Byaamisorimatididt isintsantthe Madchpetifictihasiel feshdtionnfothdtion

[ 00139] N. bent hami ana _plants were agroinfiltrated with Agrg bacterium
AGL1 st(puglentidg é"rquﬁll'“ﬁbthét i& Hieatfesifd ge@%ﬁ?‘é@@i’ H@“ﬁ%@ﬁ%}g@q eth- nihs pterspecific

intere : IR E : ribed in
Exanpl Z;afgé{%{a%?géncv\é\ggogﬁ étﬁn%ogygéﬁ1gﬁﬂgg§nsgh é)tgg '%1 b g)%ﬁ%? %Dﬁ gltg ?tgﬁl,é(flééut into
-1 cn? ipiegaed vathth the gestmechfaloclarst)iand tHearahytangf genetic irfionepionwbasidrabt ed
below. Filtration, centrifugation and clarification were perfarned as
descr i B¥PlS: AT B8 FApfer may Gegpsigtinady B et 1@’5[35@§tqndﬁn%a$ffeéﬁa%%%
evaluate its potential effect on the HA-VLP recovery rate. The

suspectagi@gvant agase 148 eplhdienRietd AbanP LAVAREHEN AePfedTRIM & PRI Piadt
association of HA'with plant cells or withparticle in suspension

t hat arraaties Fay eempligei sngnidteatant.itisaue enlls mdnyp Saeionithdreads Fusther, plant matter

achi evenent and/ or I nt enance and/.or i ve t of collpidal .
Srabi 1 0 opte Mt B SO AT e SRR el B sota
di gest i @erafts bf Slants, @8 b ebaBinhtioraRere 6 IFRAEE, PlhntiatteV iRy E&ﬁ]lﬂ’Vs@eranVsi, Slagk
per gram of biomass after renoval of protoplasts and cellul ar debris

by centgeills.tigste vhavidigyieash er a eombinatinsytaereed. péant ipaypst semsaifiuit, oAt of ar
the HI/ -\ R i i]let i
note Si gér??rﬁ"}c%ﬂ P‘%‘ﬁ%ﬁc#@‘é@éﬁghg‘%{” ﬁel!@bllé%ﬁrpgaglé EF‘\%@%‘%{ tée%?f\!v%%s Ao pdfS

2011/ 0n8R2ed1d ADAREBIADS. Aqlertordola phirh atly corhprideeiad dhattéro Plais daCl
to the ﬂi qesti on step on the HA-VLP recovery yield (as neasured by
hemagg! RIgTt AaleoRanke hayyesipd oppbtaingd by anyraethesh dersxampledhe whplgpjantmay be

? ;[j |r ?'/ 8) g s Eﬂquavgé)&ddtﬁérQ@&e%ﬁﬁi@&ﬁyaltein% Oed 3r b if el debdfbba Heflods

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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Yield increased (X- fold)' H5 Indo/05 (#972) 0 NaCl 4608 12,430 1.2
500 mM Nan 4608 14,921 111 CA/07 WI (#604) O NaCl 384 1,206 2.1

500 nM )
WO 2011/0335422 PCT/CA2010/001488

example using protoplasts, micro-injection, microprojectiles or whiskers, and vacuum
infiltration. See, for example, Bilang, et al. (Gene 100: 247-250 (1991), Scheid et al. (Mol. Gen.
Genet. 228: 104-112, 1991), Guerche et al. (Plant Science 52: 111-116, 1987), Neuhause et al.
(Theor. Appl Genet. 75: 30-36, 1987), Klein et al., Nature 327: 70-73 (1987); Howell et al.
(Science 208: 1265, 1980), Horsch et al. (Science 227: 1229-1231, 1985), DeBlock et al., Plant
Physiology 91: 694-701, 1989), Methods for Plant Molecular Biology {Weissbach and
Weissbach, eds., Academic Press Inc., 1988), Methods in Plant Molecular Biology (Schuler and
Zielinski, eds., Academic Press Inc., 1989), Liu and Lomonossoff (J. Virol Meth, 105:343-348,
2002), U.S. Pat. Nos. 4,945,050; 5,036,006; 5,100,792; 6,403,865; 5,625,136, (all of which are

hereby incorporated by reference).

[00103} Transient expression methods may be used to express the constructs of the present
invention (see Liu and Lomonossoff, 2002, Journal of Virological Methods, 105:343-348; which
1s incorporated herein by reference). Alternatively, a vacuum-based transient expression method,
as described in PCT Publications WO 00/063400, WO 00/037663 (incorporated herein by
reference) may be used. These methods may include, for example, but are not limited to, a
method of Agro-inoculation or Agro-infiltration, however, other transient methods may also be
used as noted above. With 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.
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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) O NaCl 16 52 7.5

WO 2011/035422 PCT/CA2010/001488

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

>

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

[00106] The sequences described herein are summarized below.

SEQ ID | Description Figure

NO:

1 Nucleic acid sequence (construct 685) 2A

2 Amino acid sequence encoded by SEQ ID NO: 1 2B

3 pBinPlus.2613c: AGGAAGGGAAGAAAGCGAAAGGAG

4 Mut-ATG115.r: GTGCCGAAGCACGATCTGACAACGT
TGAAGATCGCTCACGCAAGAAAGACAAGAGA

5 Mut-ATG161.c:
GTTGTCAGATCGTGCTTCGGCACCAGTACAA
CGTTTTCTTTCACTGAAGCGA

6 LC-C5-1.110r: TCTCCTGGAGTCACAGACAGGGTGG

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

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

9 nucleic acid sequence (construct 660) 5

10 PDI signal peptide: MAKNVAIFGLLFSLLLLVPSQIFAEE

11 Plasto-443c

12 supP 19-plasto.r

13 supP19-1c

14 SupP19-Sacl.r




500 mM NaCl 128 392  Yield (dil/g) wth NaCl divided by Yield
(dil/g) without NaCl [00142] Addition of 500 nmM NaCl during the
digestion further resulted in an increase of the release of HA- VLP
during di QESENHHSEhich in turn resulted into increase8CTECHIEPYHSat e
after flcat on for both H/Cal nd H /Cal X-179A strains
(Tabl ei%gf bh Tbut G PRSPRtRER e wﬂﬁ@ ’@f\{g%w%usﬁ#fas peths follomprg gxagpleshe

addi ti gaweer HaCh bteQmBé}Ftogd &ﬁ%b&réx% s &4 f(glhﬁu%l_ﬁ' }Véﬁ]rﬁﬁﬁé’éﬁﬁ& Yandl Wil
(as measured by henmgglutination act V|ty unit

cl ari f nat bt neml teﬂleptthw‘;ose pthe plsge stveationdoady tiaares. Recovery after
depth filtration' Increase in recovery (X-fold) I115/1ndo (#972) O

0,
NaCl 1 Qsé)m})ly of e?&%nges%i(\)ﬂn 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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736 SpPDI-H3 A/Brisbane/10/2007 in CPMV-HT expression H3/Bris
cassette

737 Assembly of chimeric SpPDI-H3 A/Brisbane/10/2007 H3/Bris-H5/Indo
{ectodomain) + H5 A/Indonesia/5/2005 {TmD + Cyto tail) in | chimera
CPMV-HT expression cassette

738 HA B/Florida/4/2006 in CPMV-HT expression cassette B/Flo

739 SpPDI-HA B/Florida/4/2006 in CPMV-HT expression B/Flo
cassette

745 SpPDI-HA B/Florida/4/2006 (ectodomain) + H5 BfFlo
A/Indonesia’3/2005 (TmD + Cyto tail) in CPMV-HT
£Xpression cassette

747 SpPDI-HA B/Florida/4/2006+ H5 A/Indonesia/5/2005 B/Flo
{TmD -+ Cyto tail) in 2X358-CPMV-HT expression cassette

774 HA of A/Brisbane/59/2007 (HIN1) H1/Bris

775 HA of A/Solomon Islands 3/2006 (HIN1) H1/Solomon

776 HA of A/Brisbane 10/2007 (H3N2) H3/Bris

777 HA of A/Wisconsin/67/2005 (H3IN2) H3/Wisc

778 HA of B/Malaysia/2506/2004 B/Malaysia

779 HA of B/Florida/4/2006 B/Flo

780 HA of A/Singapore/1/57 (H2N2) H2/Sing

781 HA of A/Anhui/1/2005 (H5N1) H5/Anhui

782 HA of A/Vietnam/1194/2004 (H5N1) H5/Vietnam

783 HA of A/Teal/HongKong/W312/07 (H6N1) H6/HongKong

784 HA of A/Equine/Prague/56 (H7N7) H7/Prague

785 HA of A/HongKong/1073/99 (HON2) H9/HongKong

787 H1 A/Brisbane/59/2007 H1/Bris

790 H3 A/Brisbane/10/2007 H3/Bris

798 HA B/Florida/4/2006 B/Flo

[00109] CPMV-HT expression cassettes included the 35S promoter to control the

expression of an mRNA comprising a coding sequence of interest flanked, in 5’ by nucleotides
1-512 from the Cowpea mosaic virus (CPMV) RNA2 with mutated ATG at positions 115 and
161 and in 3°, by nucleotides 33303481 from the CPMV RNA2 (corresponding to the 3° UTR)
followed by the NOS terminator. Plasmid pBD-C5-1LC, (Sainsbury et al. 2008; Plant
Biotechnology Journal 6: 82-92 and PCT Publication WO 2007/135480), was used for the
assembly of CPMV-HT-based hemagglutinin expression cassettes, The mutation of ATGs at
position 115 and 161 of the CPMV 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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EDTA 0.071 0.061

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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Exanple 7: Alternative digestion buffer conpositions [00147] AI

bent ham ana_pl apts were agroinfiltrated with Agrobacterium A
strains car? 5%‘@3 H*?Zonst ruct expressi ng a hemaggl utini HCBﬁCAFWP@?lé%

H5/ I n r were c
Lot A 1585 bt Bt P o by p LS b Sl uRRL B DB s
Exanpl ef ditrudtrdskezBRitd dCRL-hD3), 24 cdm@@kzir@mealﬂ@flfaegocia&dlmbad@me@va p24),
0.25% 0.5% O0.75%or 1%v/v Multifect Pectinase FE, Multifect CX-

cel | ul abkotipr@paving virséy. (EXAR 108101606 Seapgying yiresB l@VEaﬁﬁwlﬁo’éHeracleum

xanp S FHOTT A o8 of QS PRI R AI  BRIREA S o

been dempﬁeswr@lfei@bnmgmr mmplsassﬁm hﬁlhtedl tb HbBrodTEVS’pl/HE-MI Bﬁmpﬂ

Simlar | evels of do or an be extracted with the
presentl Bﬁéftni@dTGVt%rCMW?tthVﬁrrgée%‘éM-ﬁlrl Bb’§el=HéeB%ﬁV Pt GTYa8 8, Gl Rav2
Furth

cor | orBER i 8 BES e SV AL S RD b L ROREEILI AR Bt

| mpact adid séduenapieatading thé pmxdxm afihtepsst (o fabhe eBjure Highleelf of pleteiraredadtion
H5/ 1 ndo t11\:fLP by di gestion of N bentham ana | eaves. Al conditions were
t est ed ™! mr%lﬁ}P‘F cates. (Concentration in HA-VLP neasured by

hemaggl utination activity, dil : reciprocal of dilution) Pectinase (%
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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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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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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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Exanpl e 8: Enzymatic digestion in conditions near to neutral pH
[00149] Control ling the pH during the digestion can be critical for

the extraction of sone VLPs. Taking into account that the
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6 1o 51070l ne. P SLRAREA YRR s el S| Do e S0 B

(such agoLhoseshy. PRRbpIatH SuddeBsibs waftttoBédid dbyhtrifdseiod kt BBLY (15 min),
denonstrated a strong sensitivity to mldly acidic conditions, inpact

of suc rfolép\v@ttéfﬁpmafuga%@rmfi‘thwmp@ﬁtaafnatt‘iﬂ@ﬂwéﬁ ghirgfio mrﬁewlmfuélw was

|nvest|?gé§ wth
Agr obac %anl%t K%Le]f?&%l al n@%‘g&ﬁ@fp élglé%geg’ ga%( g? g‘sﬁsdlt‘%\s n?é,eo% .
hemaggledipioyet. Sévehtytnell efSthe fpefdatant Wad ﬂh&d@antrﬂﬁéeﬂr dt 30 OG@KgdB}SIU inbBReks] The
Exanple 1, Leaves were collected on da% 6 post-infiltration, cut into

1 cnp 'peltingdellel v adrgusendedde d i o B orrdhanalyrsd immediataly pifizencat i on
of digestion conditions to include 500 mM NaCl; 25 or 50 nM EDTA

0. 03 orp BieitXsgRekkum bi sul fite;, 0, 100, 200 or 600 mM marm tol, 75,
125 or 1563 rr1\/lcl|9trate and/or 75 nmM NaPO4; with the pH of the

di gestion buffer WD 2011/035422PCT/ CA2010/ 001488 adj usted as set out
i n Tabl[8@121D- 14. Aiemaggiviintion essay furfiiigeasi tepedarick oethed ddscratied by Neyalearsis

wor ot SRR @wez*ﬁwloi%h‘ﬁbowwﬁﬁs% 1 5eTs (B w R SRR e

enzy nathofioflbd) 86 weld ticrofi@t pldied GoritfiGnEa8e QL(P@SC RAVina 0®pL of difitéd s’ﬁh@le per
(buffer effect between pH 3.0 and 5.4) and addition of sodi um

phosphdtdl- Opg F@re%mfcéﬂtterapf @)912é%dwécejerf-‘d)blovﬁacml%sumnsxh@@oﬂmgt Ing Ps
f t t tr fficient ost ;- di tlon
o s S N LB LRENEE MRS Wb et AT B el

conposiTheaerigncdl bethe xighag dilatiorysheivthg@ompldis endgbiBtinddioh fuak recorded as

conposition'  Concentration of B/Flo VLP (dil/m) Protein
concentheBREYHiNakgn agtvityHin pawstlel, gresembingpt Hisd wct@ré PV etnang BURHARACL +

25 MM L:I%%)Qﬁo@mrg’ Sdiefe %%r;ﬁ)-r&o?l?l\/@%éﬂ Eﬁﬂxﬁs 5’1'1_1[,1‘59{1 1@1 F%S 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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elevated relative activity.
{001231 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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H5/1ndo VLP (dil/m) Protein concentration (ng/nml) pH post- 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

2.095.736.1 .., ...... )
WO 2011/035422 PCT/CA2010/001488

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

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

in Example 1.

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

loaded on a SEC column.

[00127] SEC columns of 32 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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recorded as hemagglutination activity. In paraliel, a recombinant HS standard
(A/Vietnam/1203/2004 H5N1) (Protein Science Corporation, Meriden, CT) was diluted in PBS

and run as a control on each plate.

001301 Figure 3A shows that the hemagglutination activity is concentrated in the fractions
corresponding to the void volume of the column, confirming that the hemagglutination activity
originates from a high molecular weight structural organization. SDS-PAGE analysis (Fig. 3B)
revealed that those same void volume fractions (fractions 7-10) also present the highest HA

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

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

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

coarse-filtered and centrifuged as described in Example 1.

[00132] The controlled enzymatic digestion of the leaves removed the cell walls, at least
partially, thus allowing for the release of proteins and components presents in the space between
the cell wall and the plasma membrane into the extraction medium. Since most 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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comparison. The biomass:buffer ratio for the extract presented in lane 2 was 1:5 (w/v) while it
was 1:1 (w/v) for that in lane 3. Each of lanes 2 and 3 therefore contain proteins derived from an
equivalent quantity of starting material. For approximately the same buffer:plant ratio, a
mechanical plant extract contained a protein concentration of approximately 3.5-4 mg/ml, while
the enzymatic plant extract obtained according to the present method presented a protein

concentration of approximately 1 mg/ml.

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

stage of the process.

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

be directly captured on a cation exchange resin.

[00135] N. benthamiana plants were agroinfiltrated with AGL1/685 as described in
Example 1. Leaves were collected on day 6 post-infiltration, cut into ~1 cm? pieces and digested
for 15h at room temperature in an orbital shaker. The digestion buffer contained 1.0% (v/v)
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.



600 125 75 25 6.2 192 1.81 5.5 600 125 75 50 6.2 96 1.26 5.4 200 125
75 25 6.2 384 1.05

WO 2011/035422 PCT/CA2010/001488

[00137] 'The clarified apoplastic fraction was loaded over a cation exchange column (Poros
HS Applied Biosystems) equilibrated with an equilibration/elution buffer (50 mM NaPOQy,, 100
mM NaCl, 0.005% Tween 80 pH 6.0). Once the UV was back to zero, the extract was step-eluted
with the equilibration/elution buffer containing increasing concentrations of NaCl {500 mM).
Where necessary, the chromatographic fractions were concentrated 10 times using Amicon™
devices equipped with 10 kDa MWCO. Protein analysis was performed as described in previous

examples.

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

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

[00139] N. benthamiana plants were agroinfiltrated with Agrobacterium AGLI 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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measured by hemagglutination activity unit, dil : remprocal of dilution)

Digestion Concentration Yield
HA strain 1BSSION | inHA(dil | Yields (dil/g) | increased (X-
conditions 1
/mi) fold)
H5 Indo/05 ;éﬁi}l 4608 12,430 .
(#972) NaCl 4608 14,921
H1 CA/07 @ NaCl 384 1,206
WT 500 mM 2.1
(#604) NaCl 768 2,481
H1 CA/07 @ NaCl 96 299
X-179A 500 mM 8.1
(#605) NaCl 768 2,419
@ NaCl 16 52
21’7F 5';” 4 500 mM 128 392 7.5
NaCl

"Yield (dilg) with NaC! divided by Yield (dil/g) without NaCl
[00142] Addition of 500 mM NaCl during the digestion further resuited in an increase of
the release of HA-VLP during digestion, which in turn resulted into increased recovery rate after

clarification for both H1/Cal WT and H1/Cal X-179A strains (Table 5), but not for the H5/Indo

strain.

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

measured by hemagglutination activity unit) after the clarification step.

HA strain Digestion | Recovery 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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[00143] The association state of the HA-VLP, with and without the addition of NaCl
during enzymatic digestion, was studied using Nanoparticle Tracking Analysis (NTA) for
H5/Indo and H1/Cal WT (Figure 7A and 7B respectively). A monodisperse preparation of
particles was observed for HS when digestion was performed in absence of NaCl, while the
H1/Cal preparation showed much larger array of particle species. The addition of NaCl to the
digestion buffer reduced HA-VLP self-association for H1/Cal, as shown by the fairly
monodisperse particle distribution found in Figure 7C. The number of particles at 150 nm for
H1/Cal WT-VLPs was enhanced (ca 5-fold) by the addition of 500 mM 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.
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-46- WO 2011/ 035422PCT/ CA2010/ 001488 Tabl e 14: Rel eased of H5/1ndo
VLP from di gestion of biomass perforned in buffers with different

concentration of mannitol. ODé720m - ODgs0am
0 mM NaCl, 0 mM EDTA 0.071 £ 0.061
500 mM NaCl 0.087 = 0.060
500 mM NaCl + 25 mM EDTA 0.010 = 0.002

Example 7: Alternative digestion buffer compositions

[00147] N. benthamiana plants were agroinfiltrated with Agrobacterium AGL1 strains
carrying a construct expressing a hemagglutinin of interest (H5/Indo) as described in Example 1.
Leaves were collected on day 6 post-infiltration, cut into ~1 cm? pieces and digested according
to Example 4, with modification of digestion buffer to include 0%, 0.25%, 0.5%, 0.75% or 1%
v/v Multifect Pectinase FE, Multifect CX- CG cellulase and Multifect CX B cellulose as noted in

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

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

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

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

reciprocal of dijution)

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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Manni tol concentration of the digestion solution | Concentration of
1-15/1ndo VLP (dil/m) Protein concentration (ng/m) 2Trial 1:

wi t hout ito] 2304 1.62 2Trial I: with 600 nM mannitol 3072 1. 73
2rrial 2 WP UM manni tol 4608 177 " Trial 2wt RCB6OROS

mannitQl . 4608 2. 0 ont.ai ni | e :

sodi um%ﬁlé‘fegbﬁglﬁﬁgioif Eﬁ@%ﬁ @#\?\jﬂ%fgrglgtgqngd f\%grb é’ﬁ\ff\@r}{1 g%o%% o'r%rgg|0 1?1(1)90:1 were
conpar esfeBén Rplicaas! iCRconteliisinGfA-VILPsmudsted by hemappittiohtidiTactisity, 8jl :and
w th 100mM mannitol (Trial 2) versus 600 mM mannitol. Exanple 9:

Sui t abrdciprgeabef dltigmat i ¢ di gestion to a broad variety of HA-VLPs

[ 00156] The enzymatic digestion nethod for plant bionmass described

herein has the pote1!%3{%.‘%&e be anMhisEd T O] e¥hiaakhig iRf 1@ broad
= WEPS

vari ety of HA-VLPs. | to t extractio conpri si ng
H5/ I ndo, HI/Cal W WA ‘,’V&.g/ Br-s @?‘.V YBi Fro DE\}&;‘%—EI%@W ous exanpl es,
| helein

the nmet hod descri beg nlwas—also-shown-tobesuitablle for the
extraction of HAVLPs fr@m seasonal?H | /Btis ant4/NC las shown in
Tabl e 15. Tabl e 15 :*1Reichafdrligict CoES a1 BkPs and H / NC VLP from

di gesti on of aqr oinfiltrated N. bentham ana | eaves. (conceﬂt rat.ion in
HA neadiabled vRelenspraiigl/Gel Wat Yo badigessioppt Napgnhamiagng lggvse afill gpnditions

diluti Qvne}e 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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HA strain Concentration in HA (dil /ml) H /Bri 1536 H/NC 384
[ 00157] AIl citations are herein incorporated by reference, as if each

i ndi vi dual _publication was specifically and individuall indicated to
be incordeﬁF@HﬂBVu?eference herein and as though it wetd/GAPINPOLIEE

forth herein. Citati of .ences herein.is not to be construed
o condi el a3k b SRR kP RRES. o Mot w et Ripnopora s dgstrineg
the presBmimpleyention. [00158] One or nore currently preferred

enbodi mrents of the invention have been described by way of exanple.

The invention includes all enbodi ments, nodifications and variations
subst ahtGlal] y asVAGeusidigsatiay kufige sampasitignawereusstad tp e¢hievsraqdd o t he

o appapaaRihad 935 B ne dlor g Amtste SRR Tl RSP Eonaplia s
and noditfatebtiffarestectbetviren pRide0 whd HoLdnddadisioh bfl@dhﬁzpﬁﬂdsﬂﬁ_t@cbﬁﬁ@r_ Gectdie
in the clains. Exagyles of such nodifications

I nvent i as defined , [

i ncl ud@@%@v%gﬁk tlEblgtl P shover thatnOvits feuhedt greinswers @xaﬁgyedagfpre@ifﬁlcwﬂmﬁ Men
i nvent i,Q8_d: ' he sane result in substantially the
sane mggg(h%@&%ﬁﬁgwéggﬁﬁggﬁﬁg?&l.A net hod of preparing plant derived
virus-like particles (VLPs), conprising: a. obtaining a plant or

pl ant rkableckO: ESwptrof dierligeaiiopbueit coopamitionen thd Bseaction ¢l JOBIFYVEPs.

act 1

/el ol oot f 5A—ahd—an—-apeplast—fraction by treating
protopl ast7rsphneroprast—ractHph—ant—ai-apoprast—+act Y g
t he pl an[% r cgl{qant TREter with gofehirativmldf degbRMl DdEcRRENSE | pH post.
conposi t ‘Hg‘? BN y ecover i haymibeTanamkas] | raciofy the apgplash
fractign conprising the pranttderived VCPs. 27 Tie met fodofeharnT -
wherein'FH@£E€F$WW%§QOU36 i hg enzyjre conpbsltlonoggnprlseT 50

+25 mM EDTA pH 6.0 ) )

75 mM Citrate pH 6.0 0 1.43 5.6

125 mM Citrate + 500mM NaCl

+25 mM EDTA pH 6.0 L5 1.07 >4

150 mM Citrate + 500mM NaCl

+25 mM EDTA pH 6.0 L5 107 >4

125 mM Citrate + 75mM

NaPOgs + 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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one or nore than one pectinase, one or nore than one cellul ase, or
one or nore than one pectinase and one or nore than one cell ul ase.

3. The net f claim2, wherein the cell wall degrading _enzyne -
conpositi(r){ﬁga‘glé@&ﬁﬁ i nclude one or nore of a lipase, ggarc&zéﬁ@%“ﬁ‘r a

pectin 4.Th t hod of  claim.] W9 i_nj_ng
(step B T5The ' poiiE arpfac T tPT it vt Mo SioRR Gbe Athitiable
encodi Wihcut RERLGEN afFedtiag tietkxira@ivntylvid 6 WLRs. OfabR 12 illadtraee iekifieations that
protein, a viral structural protein, a viral capsid protein, and a

viral eodeappliadde the digstiemwlusionim order tgleahanceihercairastion wisld fH/Ele VIPsthe
met hod_ of ' : I ckei | Oh:d Syl Nt ed, 1 he
o ant RIS d oqt Ak, bge T2 iR A b R IRMARG el g 12
nucl ei gone&itAtibs oSdindtk ynd midagy BR@obufiet. hit hasbege foun® tlof incteasipg tiat . 7. The
met hod of claim 1l wherein in the step of obtaining (step f%f t he

pl ant fEcErEiAn ahBDT Aecpraliit leg fo pmarstacidifidextrad ppd o layer LAREraTEehod
of cl a'rbrig?[déﬁl wherein the nucl eic acid encodes influenza hemaggl uti nin.
9. The od of claim1l wherein the plant derived virus-like
particles (VLPs) do not include neuram nidase or Mprotein. 10.The
met hod TabledRaEffect ofrveioas digedtion phifert compbhants érsthe ettectiadyitidmiBlfe ViuPoup
of leaves, and cultured plant cells. 11. The nethod of claim1 further
conpri si ng—a—stepgaf—d—purthyir-ngthe ptant—dert+yed—virus=—H
parti cl e9—(\VLPs) PPEEAOMPASURL 51 act fra&ticn£t12.'heﬁn?1hod Of—e-ak{m
11, wherei S of rifyrAg conprPREBERMPt er | AFPFRe a At
fl-action M%?I\ESI g‘%ﬁﬁj f(ff\% a%{%gg t8 pr o BeVEP c| aeprceRiEptiont %ﬁggition
f ol | owed bt‘ chr ojmat odrlaphy’ bf the cl arif{ddmBxtract (mginhg a cation
exchange resdh. {1374 net bod; ok5priepari ng pkant - deri ved7vi r us- I5ikke

particles (¥bis)| compr|i spng| az2pl dng.+ {derivied |i pid epwel ope, 5.7

[
RT

I

conpri sing. ¢op 125 75 25 |62 192 1.81 5.5
600 125 75 50 |62 96 1.26 5.4
200 125 75 25 162 384 1.05 5.7
200 125 75 50 6.2 96 1.04 5.4
200 125 75 75 | 6.2 96 1.55 5.4

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

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

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

on the extraction yield of H3/Bris VLPs.

Buffer composition
Mannitol Sodium EDTA pH 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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a. obtaining a plant, or plant matter conprising apopl ast-|ocalized
VLPs; b. treating the plant or plant matter with an enzyne

conposition to produce a protopl ast/spheroplast fraction and one
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19. The nethod of claim 18, wherein the nucleic acid is introduced

into tp@ipbpnt i Theenbyrmsd @dstiRmenbd fo2Qiahhbiofatseeerided Gérainhad fhe
wherein, the nucleic acid is stably integrated within a genome of the

pl ant . otentigh & hrearmed Brexipeingof 8 bgad vaiisty PHHARNG By Addiag tolbe axtrrckgn of
I {. t ed.
05" The MV o8 ofibling Bs A8 RAOWTLP, ABrRlunB bR i B orifitey " ©

conpr i seampiéd, demzahod 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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hemaggl utinin. 23. The nmethod of claim 13 wherein the plant matter is
selected fromthe group of |eaves, and cultured plant cells. 24.The

nmet hod of\g*ain)ls wherein the virus-like particles (VLPs) do not
i ncl ude nelY &Mid%se or M protein. 25. A nethod of preBSHGAGIBPYES

R R S I o M A e e R
or pl apd mA®d WRKou Spading it heWedpe ofl 8RN ARNRGh SRR HARPASis! WkafiPles
produce a digested fraction; c. filtering the digested fraction to

pr oducef sch mogdidicatipng ingbide dhe sahglitvtoafénpwig equre] pitsiot argerspect df 4k Ps
fromthe filter fraction. 26.The .nethod. | ai m 25 wherein the

cel | wAIFIsa4y gfgilgﬂta aglﬁf‘f/er@e 8%%%%‘}?} Iﬂéﬁbsg%wg‘h ti‘gga%%‘é{%r nore than one
pecti nase, one or nore than one cellulase, or one or nore than one
pecti nase and one or nore than one cellul ase. 27. The nethod of claim
25, wherein the cell wall degrading enzyne conposition does not

i nclude one or nore of a |ipase, a protease or a pectinase. 28. The
nmet hod of claim25 wherein in the step of obtaining (step a), the
plant is transformed with a nucleic acid sequence encoding a protein
selected fromthe 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 nethod
of claim 28, wherein the nucleic acid is introduced into the plant in
a transient manner. 30. The nethod of claim 28, wherein, the nucleic
acid is stably integrated within a genone of the plant. 31. The

met hod of claim 28, wherein the plant derived virus-like particles
(VLPs) conprise influenza hemaggl utinin. 32. The nethod of claim 25,
wherein the plant matter is selected fromthe group of |eaves, and
cultured plant cells. 33. The nethod of claim25 further conprising
a step d) of separating the virus-like particles (VLPs) in the
filtered fraction fromcellular debris and insoluble materials. 34.
The nethod of claim 33, wherein the step of separating is perforned
by centrifugation. 35. The nethod of claim 33 wherein the step of
separating is performed by depth filtration. 36. The nethod of claim
25, further conprising the step of d) purifying the plant derived
virus-like particles (VLPs) fromthe filtered fraction.
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37. The
depth f
extract
cati on

met hod of claim 36, wherein the step of purifying conprises
iltration of the filtered fraction to produce a clarified

, followed by chromat ography of the clarified extract using a
exchange resin. SEQUENCE LI STI NG <110> Medi cago | nc. VEZI NA,

Loui s-Phi |l i ppe DARA S, M chel e COUTURE, Manon PAQUET, Dany D ACUST,

Mar c- An

dre <120> METHOD OF PREPARI NG PLANT- DERI VED VLPS <130>

V82324W) <150> 61/ 244, 786 <151> 2009-09-22 <160> 14 <170> Patentln

ver si on

<220> <223> Synt

cacccac
t ggacac
aaaagtg

1> 3067 <212> DNA <213> Artificial Sequence
V@HﬁTT@é@ﬁg@Fgg “construct 685 gtcactttat ataaaggaaa

ag attgatgtga acccttcctc tttgataaaa tctcttaaag tcgtgettcg
gt a cﬁt%@%&garep:er!rtgdﬂ?gléé@rwé&imsf:lthemertiaba@a@lsl,tcompm‘nmat ttg
atc g, obtaining a plant or plant matter comprising apoplast-localized VLPs;
b. producing a protoplast/spheroplast fraction and an apoplast fraction by treating
the plant or plant matter with a cell wall degrading enzyme composition; and,
c. recovering the apoplast fraction, the apoplast fraction comprising the plant-
derived VLPs.
2. The method of claim 1 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.

3. The method of claim 2, wherein the cell wall degrading enzyme composition does not

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

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

plant matter is harvested.

5. The method of claim 4, wherein the nucleic acid is introduced into the plant in a transient

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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t gagaagat a ggccatcgtt gagcatcgtg tatctccact tatataagga gcgaacgtgg
caaacttctc gcaccagtac gtgcggcgcc gaaagcttge ttcggegggt ttcttcttct
cccgtggttt tcgggeccat agatttgcat gt ggaaaagg gaagat gcct gaaaaagaag
gacgt-aaggg agttcatttc ggaaacccga tcttgtcttt aacgttttct attaaataac
t.ggaggct gc gcaatatctc tgctgattgg tcgaacttgg ggagaaaata tggttaccat
aaggt ggctc ctgccgacag acgttccaac atgacgcaca atttggagag accaaacctt
cttgcgtgag ttcactgaag gtgtacttgt tgttcagccc tacttctget ttctataaga

agaaagattg gtgctt att c t.cccaaa cacgtcettca
at cccac?gt gtrg? F‘Sﬁ‘gél?f% af‘é’ ﬂl:eg"g?‘“g %‘5 E%%g’gtﬁ@é"a e&’é’ﬂlﬁto%l?ﬁ‘fe@ and
cat acat tcaltwrtdplagagit a aat ctagtat ttaagcttct ttgcaatagt caacagagca
cat cattgcg gatggacccc aagcaagtgg ccttcgcaag cttaataggt ctct ctcatc

otat att ato cagt eergr of gERPL AnBR cdphing aa ot Emulgen B nppd ag bl dirs

at agt ggéagapgaalga@ﬂﬂg}afraaal&g@bmwﬁ@g@ﬁgtccct acaat aaaga caccatccta
t ccattggga gtaaacgggc atcaacttcg aaaggggact caaact ccaa at cggggaat

aat agccge t ata aatttaata ctagatgtct
Gacttioaty aageaaadas S0RTA0290 5 LENIRT0 HAH tfid MBHR 4R flprtan
agttt gaétat:u@avgpaz;t@p@tﬁluaﬁimaagmacegaahﬁhga&aact Aghacgt yabr@egaishaga the

t cgggaa caat cc aagacct ccgatca ccttttttag aaagctacaa
at gat gc%%élfca caacace “aaagt ¢ §§a§‘§eggﬁgt aat gg cagcaattat tgggggcgat

gccccaaat a aaagagagag gaggat ggca gt gggtacgc tcaactcaat acttagaaag
ggactt atlda aét nathad gf regetigy gleddrized aoecle pabtlaadilfy) cagpitiegagplant-
ccaat gg%ﬁvetdqﬁc?&}%%% o Lhaltdtat g ggacacaaaa tcaagettat tgttacacat

t ggagt g 'aaccaatgac gagcagaata t gaagcct ca aaat gt ggt a

t aat accaac agagca@ﬂmmngagtm'aglqgmtgﬂﬁg@a@bhﬁnmphttaadallz@ia\ﬂa&gt gaa
aaact ctagt tgtgaa a aaa agacaaa catt acaa
gagaat aggg tgcggalg #?g%ﬂga glagtgéf‘?edt %BG&I?C&%P"@@P% A dreqice &
ttccctagca gttac a;ab@pla@t@;ghdj&;g&atﬁ k@t taﬁdi@hé oRgadit t tha&a bn€ ApGAsHE aGotein
cccaagaca tact ggaa tctaattt .t agat t aattcatca atgtaccgga

gt ct gttgacc caggggﬁﬂp?exaf 88‘??‘5%‘6'@&5?2‘%59 cg tgcaggagtta gctgcagcgtgg
tggcttatca asaagaapagtinAdBagUAbE ridit BGL 864 APEURHALRNSInOGRMECEBM the
tt ggt accaa aaat agct ac éécﬁeggﬁcag ttttaaaacc gctccagaat atgcatacaa

8 +E

ttggaatatg gtaactgoegRl aclitBacat aca aacagattag tccttgcaac
aagagaggac tatttggagc gatggttggt atgggtacca gaatccactc aaaaggcaat

at gaacadt#c aght hgtgdof ahim tldadesinga agahggcntosighl edig@istggasaah@a than
tacgacaag g%?ct acamga tct at caaatg a tatcc cagt att cagaaga
ot oo e Py o O DT i et g O Rt b DRGReGliTe6s Shag Smore
tt ct at gtthdn cpgeghfeggt tctttgtgag ctcecctgttta tttattaaaa aaaaaaaaaa
atcgttcaaa catttggcaa gacacacaac tagtgtagct atggtcttac caacgact at
aatcatcgeec tegat cataccca. aatt cacct tatt tagatccaaa
Caat gat dda adlt GELSd %fs Eaﬁ‘a 1“3%%%?!@58%%{& Hi9e oSt i e gt more
ccat agcaﬁahma,taggaxgasaocgpécgigﬁsagg agacgggttt gagaactcta gcttagggat
t aat gaat gt agcaagatta aatactgtca tctatcttta tattttcttt tttctgtgct

Ptangcatgt aoraarrac sPRRcs hter pARHEHE ARl F il Meptpd e

aggat aaaits-bkegeidedyLYs)dtonate bae gagagthen 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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tgattatcat ataatttctg ttgaattacg tgacgttatt tatgagatgg gtttttatga
cgat agaaaa caaaat atag cgcgcaaact tgttactaga ttctagagtc tcaagcttcg
<210> 2 <211> 568 <212> PRT <213> Artificial Sequence <220> <223>
Synt hesi zed ami no acid encoded by Seq Id No: 1 <400> 2 Met G u Lys
Ile Val Leu Leu Leu Ala Ile Val Ser Leu Val Lys Ser 151015 Asp Gn
Ile Cys Ile Ay Tyr Hs Ala Asn Asn Ser Thr Qu G n Val 202530 Asp
Thr Ile Met Au Lys Asn Val Thr Val Thr Hs Ala Gn ésp IIF 354045
Leu u Lys Thr, Hs Asn Gy Lys Leu Cys Asp Leu Asp y Val Lys
505560 BF quaf @‘T&Wqﬂfﬁ%%%l@w?géprw, apgl & viglypoatppptgins, andsihe glagt or
Asn 657Q1a8Rat s MelesteS Asp G u Phe Ile Asn Val Pro Gu Trp Ser Tyr
Ile Val 859095 A u Lys Ala Asn Pro Thr Asn Asp Leu Cys Tyr Pro Ay

AQu Leu Lys H's Leu Leu Ser Arg Ille
ESL ﬁlh:‘ lﬁ 2 égg %%%éjilgﬁﬁégm-rﬁ, \a%elgein the micleic Aad 18 infroduced into the pla.n? 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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Lys

Ile Gnlle lle Pro Lys Ser Ser Trp Ser Asp His Gu Ala Ser

130135140 Ser dy Val Ser Ser Ala Cys Pro Tyr Leu Gy Ser Pro Ser Phe

Phe

Pro,

Len
Thr
Ser
Lys
Ile
Phe
Ser
Lys

145150155160 Arg Asn Val Val Trp Leu Ile Lys Lys Asn Ser Thr Tyr
Thr 1le 165170175 Lys Lys Ser Tyr Asn Asn Thr Asn Gn Gn Asp Leu
Val Len Trp 180185190 Ay Ile H's Hs Pro Asn Asp Ala Ala Gu Gn
Arg Leu Tyr G n 195200205 Asn Pro Thr Thr Tyr Ile Ser Ile Gy Thr
Thr Leu Asn G n Arg 210215220 Leu Val Pro Lys Ile Ala Thr Arg Ser

L5 S R SR S R M T

Ile “Mlaa Eﬁcﬂelﬁaﬂd'ﬁydjueﬁd:eaen'wdmé_y%)rdtélﬁ s@lefted §3rmOthyatou )b? aldifal Ghveldpep
yr @y 275280285 Cys Asn Thr

A
qu PP R P Pfﬁ’fi}ﬂ’/ﬁ el e85 A gTpteRp i P G0 9 A the plant o

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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Met Pro Phe

H s Asn

305310315320 Tyr Val
Asn Ser 325330335 Pro G n Arg Qu Ser Arg

Gy
Asp
Tyr
Thr
Phe
du
Thr
Leu
Arg

Gy Trp
Ala Ala As
Asrittlrs
Au A a
Asn Leu
Tyr Asn
Asp Phe
Leu G n

<120>

<130>

Ile Hs Pro Leu Thr

Lys Ser Asn Arg Len Val
Arg
Ala Il e 340345350 Ala Ay Phe Ile Gn

Tyr 355360365 GERQURYCE HITSTHIG

Lys
V519A§ﬁ

Nf}fyL

b“ﬁbuéﬁp

370375380 G n Ser Thr
Tgsy 385390395400 Ile
.Rigl YiPfe 405410415

; §u Len Val
M3k - Ashe Val

'E'_l—'

Leu Met 43

Asn
S.Met G u Asp 420425430

Lys
Ay
Asn
Lys
Asp
Asn
Ay
5440445

Gy
Ser
Gn
I'le

Arg
Gn
G n

Ay
dy
dy
Asp
Asn
Arg
Leu Asp
Asn Gu
Tyr Asp

Met
Au

Leu Arg Asp Asn Ala Lys G n Leu Ay 465470475480
METHOD OF PREPARING PLANT-DERIVED VLPS

V82324WO

<150>
<151>

61/2

<1l60> 14
<170>
<210 1

«<211> 3087
<21l2> DNA
<213>

«220>
«223>

<400> 1
ttaattaaga

gtcactttat
ataaaggaaa
cacccacgag
attgatgtga
acccttecte
tttgatazaa
tctcttaaag
tcgtgetteg
tggacacgta
cttgggaaaa
tctgctgact
tacttettte
acagagtttt
cccaaatttyg

aaaagtgatc

44,786

2005-09-22

attcgagctc
tgagaagata
ggccategtt
gagcatcgtyg
tatctecact
tatataagga
gegaacgtay
caaacttcte
gcaccagtac
gtgcocggocgoco
gaaagcttgce
ttcggegggt
ttecttettet
ccecgtggttt
tcgggeccat

agatttgcat

Patentin version 3.5

Artificial Seguence

Synthesized construct 685

caccgcggaa
gtggaaaagqg
gaagatgcct
gaaaaagaag
gacgtaaggyg
agttcatttc
ggaaaccocga
tettgtettt
aacgttttct
attaaataac
tggaggctgce
gcaatatectc
tgcetgattgg
tcgaacttgyg
ggagaaaata

tggttacecat

acctcecctegg
aaggtggctce
ctgccgacag
acgtteccaac
atgacgcaca
atttggagag
accaaacctt
cttgcgtgag
ttcactgaag
gtgtacttgt
tgttcagccc
tacttectget
ttctataaga
agaaagattg
gtgcttcttce

gcaaacaatt

attccattge
ctacaaatgc
tggtcccaaa
cacgtottea
atcccactat
gtattaaaat
cttctaaact
cgatcttcaa
cgaaatcaaa
cctattettg
catacattac
tgacgaggta
aatctagtat
ttaagettcet
ttgcaatagt

caacagagca

ccagetatet
catcattgeg
gatggacccc
aagcaagtgg
ccttogecaag
cttaataggt
ctctcteatce
cgttgtcaga
gatctctitg
teggtgtggt
ttgttacgat
ttgttgectyg
tttctttgaa
gtatattctg
cagtcttgtt

ggttgacaca

lle Ay Gu Cys Pro Lys
Leu Ala Thr Ay Len Arg
Lys
Trp
Au
Ala lle
Lys
Leu
Phe
AQu
Lys Asn Leu 450455460

Len
Met
Ser
Ay
Thr
Arg
Val

Arg
Lys

Phe
Val
Ay
Val
Gn
Ile
Trp
Thr
Val

60
120
180
240
300
360
420
480
540
600
660
720
780
840
200

960



Asn Ay Cys Phe G n Phe Tyr

485490

495 Ser

Ile Arg Asn Ay Thr Tyr Asn Tyr
Al a 500505510 Arg Leu Lys Arg Au Gu Ile Ser

Ile Ay 515520525 Thr Tyr G n Ile Len Ser

Ser

Cys Ser Asn dy 545550555560 Ser
<210> Z9LFPPLSCH ACEPUFIIDNNIPUR3T Apttickpatithl tBegatHTetagB039E2 23> 1080

Synt he
gaaagc

si zed

JRAF G0
atagtggaga
gaagaactga
azaagttctt
ggaagtcoct
acaataaaga
caccatccta
tccattggga
gtaaacgggce
atcaacttcg
aaaggggact
caaactccaa
atcggggaat
aatagccctce
tttatagagg
gagcagggga
accaataagg
gaatttaata
ctagatgtct
gactttcatg
aatgcazagg
atggaaagta
aaaagagagg
atttattcaa
tggatgtgct
agtttgaatt
cagagtgtgt
ccttcagcaa

gaattcgata

Iigpnucleot

FILFRGS°

aggccaatcc
aacacctatt
ggtccgatca
cctLttttag
aaagctacaa
atgatgcgge
catcaacact
aaagtggaag
agagtaatgg
cagcaattat
tgggggcgat
gccccaaata
aaagagagag
gaggatggca
gtgggtacgc
tcaactcaat
acttagaaag
ggacttataa
actcaaatgt
agctgggtaa
taagaaacgg
aaataagtgy
cagtggcgag
ccaatggatc
tactgttatt
ttattttatg
ggacacaaaa

tcaagcttat

i de

Lys Len

Il'e Tyr Ser Thr Val

Hs Lys Cys Asp Asn Gu Cys Met Qu
Pro Gn Tyr Ser du Qu
Ay Vval

du Ser
Al a Ser

LentAtagb30 58854 thertohkacdche ddetcadpticatactGhyadacyaGencdau Tr pobkt

Len Gn Cys Arg Ile Cys Ile 565

Bi nPl us. 2613c <400> 3 a

PR g T e potaceds

aaccaatgac ctctgttacce cagggagttt

gagcagaata
tgaagcctca
aaatgtggta
taataccaac
agagcagaca
aaaccagaga
gatggagttc
aaatttcatt
gaaaagtgaa
aaactctagt
tgtgaaatca
cagaagaaaa
gggaatggta
tgcagacaaa
cattgacaaa
gagaatagag
tgcocgaactt
taagaacctc
cggttgttte
aacgtacaac
ggtaaaattg
ttccctagea
gttacaatge
cggtgtgeat
taatttaatt
agattttaat

cgacctgcag

aaccattttg
tcaggagtta
tggcttateca
caagaggatc
aggctatatc
ttggtaccaa
ttctggacaa
gcteocagaat
ttggaatatg
atgcecatteoce
aacagattag
aagagaggac
gatggttggt
gaatccactc
atgaacactc
aatttaaaca
ctggttctceca
tacgacaagyg
gagttctatc
tatcecgcagt
gaatcaatag
ctggecaatca
agaatttgca
ttctatgttt
tctttgtgag
tttattaaaa

atcgttcaaa

agaaaattca
gctcageatyg
aaaagaacag
ttttggtact
aaaacccaac
aaatagetac
ttttaaaacc
atgcatacaa
gtaactgcaa
acaacataca
tccttgeaac
tatttggage
atgggtacca
aaaaggcaat
agtttgaggc
agaagatgga
tggaaaatga
tcocgactaca
acaaatgtga
attcagaaga
gaacttacca
tgatggctyg
tttaaaggcece
ggtgagcggt
ctcectgttta
aaaaaaaaaa

catttggcaa

IR
caacgactat
aatcatcecce
tccatacctg
tacataccca
gtggggaatt
cacctatatt
tagatccaaa
taatgatgca
aattgtcaag
caccaagtgt
ccctcteace
agggctcaga
tatagcaggt
ccatagcaat
agatggagtc
cgttggaagg
agacgggttt
gagaactcta
gcttagggat
taatgaatgt
agcaagatta
aatactgteca
tctatcttta
tattttettt
tttctgtgect
gcaggtegtc
aaaagaccgg

taaagtttct

1140

1200

1260

1320

1380

1440

1500

1560

1620

ie80

1740

1800

1860

1920

1280

20490

2100

2160

2220

2280

23490

2400

2460

2520

2580

2640

2700

2760

2820



<213> Artificial Sequence <220> <223> Synthesized oligonucl eotide
Mut - ATGL15.r <400> 4 gtgccgaagc acgatctgac aacgttgaag atcgctcacg
caagaaagac aagagab56 <210> 5 <211> 52 <212> DNA <213> Artificial
Sequence <220> <223> Synt hesi zed ol i gonucl eoti de Mut-ATGL61.c <400> 5
gttgtcagat cgtgcttcgg caccagtaca acgttttctt tcactgaagc ga52 <210> 6
<211> 282321234 DAL EZS JALEEFICOR algaSkeafiraficetarR RO g<RXBBE ISR hesi2Béd
ol i gonucl eotide LC-05-1.110r <400> 6 tctcctggag tcacagacag ggtgg25

<210:>-7taagcatgt aataattaac atgtaatgca tgacgttatt Catgagatgg gfttttatdga 2940
ttagagtcecec gcaattatac atttaatacg cgatagaaaa caaaatatag cgcgcaaact 3000
aggataaatt atcgegcegeyg gtbtgteateta tgttactaga ttetagagte teaagctteg 3060
gcgcgeco 3067
«<210> 2
<211l> 568

<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized amino acid encoded by Seq Id No: 1

<400> 2

Met Glu Lys Ile Val Leu Leu Leu &la Ile Val Ser Leu Val Lys Ser
1 5 10 15

Asp Gin Tle Cys Ile Gly Tyr His Ala Asn Asn Ser Thy Glu Gln Vval
20 25 30

Asp Thr Ile Met Glu Lys Asn Val Thr Val Thr His Ala Gln Asp Ile
35 40 45

Leu Glu Lys Thr His Asn Gly Lys Leu Cys Asp Leu Asp Gly Val Lys
50 55 &0

Pro Leu Ile Leu Arg Asp Cys Ser Val Ala Gly Trp Leu Leu Gly Asn
65 70 75 80

Pro Met Cys Asp Glu Phe Ile Asn Val Pro Glu Trp Ser Tyr Ile val
85 90 95

Glu Lys Ala Asn Pro Thr Asn Asp Leu Cys Tyr Pro Gly Ser Phe Asn
100 105 110

Asp Tyr Glu Glu Leu Lys His Leu Leu Ser Arg Ile Asn His Phe Glu
115 120 125

Lys Ile Gln Ile Ile Pro Lys Ser Ser Trp Ser Asp His Glu Ala Ser
130 135 140

Ser Gly Val Ser Ser Ala Cys Pro Tyr Leu Gly Ser Pro Ser Phe Phe
145 150 155 160



<211> 39 <212> DNA <213> Artificial Sequence <220> <223> Synt hesi zed
ol i gonucl eoti de Apal-H5 (A-1ndo).1c <400> 7 tgtcgggccc at ggagaaaa
tagtgcttct tcttgcaat39 <210> 8 <211> 37 <212> DNA <213> Artifici al
Sequence <220> <223> Synt hesi zed ol i gonucl eoti de HE
(A-Indo)-Stul.1707r <400> 8 aaat aggcct ttaaatgcaa attctgcatt

gt aacgd37? A sl Yak2orp>Lad Tle YE2 Sy PRAN <EEIFhATYE fRxei dhr Séquence
<220> <223> Synt hest®ed ol i gonucl eot!ffle contruct 660175

Lys Lys Ser Tyr Asn Asn Thr Asn Gln Glu Asp Leu Leu Val Leu Trp
180 185 190

Gly Ile His His Pro Asn Asp Ala Ala Glu Gln Thr Arg Leu Tyr Gln
195 200 205

Asn Pro Thr Thr Tyr Ile Ser Ile Gly Thr Ser Thr Leu Asn Gln Arg
210 215 220

Leu Val Pro Lys Ile Rla Thr Arg Ser ILys Val Asn Gly Gln Ser Gly
225 2390 235 240

Axg Met Glu Phe Phe Trp Thr Ile Leu Lys Pro Asn Asp Ala Ile Asn
245 250 255

Phe Glu Ser Asn Gly Asan Phe Ile Ala Pro Glu Tyr Ala Tyr Lys Ile
260 265 270

Val Lys Lys Gly Asp Ser Ala Ile Met Lys Ser Glu Leu Glu Tyr Gly
275 280 285

Asn Cys Asn Thr Lys Cys Gln Thr Pro Met Gly Ala Ile Asn Ser Ser
2890 285 300

Met Pro Phe His Asn Ile His Pro Leu Thr Ile Gly Glu Cys Pro Lys
305 310 315 320

Tyr Val Lys Ser Asn Arg Leu Val Leu Ala Thr Gly Leu Arg Asn Ser
325 330 335

Pro Gln Arg Glu Ser Arg Arg Lys Lys Arg Gly Leu Phe Gly Ala Ile
340 345 350

Ala Gly Phe Ile Glu Gly Gly Trp Gln Gly Met val Asp Gly Trp Tyx
355 360 365

Gly Tyr His His Ser Asn Glu Gln Gly Ser Gly Tyr Ala Ala Asp Lys
370 375 380

Glu Ser Thr Gln Lys Ala Ile Asp Gly Val Thr Asn Lys Val Asn Ser
385 33890 395 400



taagttagca atcattatta tgacaacaat aaaacaatag gaaagttgta aagctacaca
taccattaga aaagttgagt aaagttgtat atatattgcc ataacggtat cacgtaggag
aatcctgatg atcacacatt ttctataaaa agaagagact cttgcaatag tcaacagagc

at act ggaaa ttaagagatt aatgtaccgg ccagggagtt gagaaaattc agctcagcat

aaaaagaaeadlet pid gyt At-tcamadbecia Bemalagdhavalaglgtigbach: aaeat t agag
tttgttgcaa agagagaaadd®s>caaaagttgt aat ddfggtt gaatttttg¢iatttgatta
tagtaattag ccatagagtc attaatccct gataacagga agataaccca cttccacaca
aatcacactt aaftaattaa tcagtcttgt aggttgacac.agacacacaa gtagt gt agc

aat ggt %f tatc };é%% %téfé ?X £y ga}g%?%g? c(’géA @fﬂg &5? acét ™ éfgﬁtﬁgc%l“? &Fggggaat

ccacctatat ctagatccaa tttttacttg taaagaaata catttgagaa aggaagaggg
accaaaatag aattgctgta caagtcatta aacatgtgat aatttggtgt agttaactca
CCaaaaaagarHeCLaC@LR0GICTE] angee L6t gagcnacrdgigadizgt ged Maat cat ct

t aaaagt gat aatrat ggaa cgggaagota® tggat ggctc cakagt ggag tgaagaactg

caaaagttct gggaagtccc aacaataaag tcaccatcct ttccattggg agtaaacggg

aacaaaaata ttcacctact tggatgataa gaacaagagt aattttgttg ttctctcttt

agaat a§aadCaf Haty? gat 8@1 AR BiTAFP giggrantahdtvAalsyatyacgcat

aaaagaaaga ataaattatt tatttdatga attgatgaaa*thaatttaat ttgacatttg

tttttatatt tcatagatca aaaacggtat atttactaaa aggataacat ccaatccaac

acgcat gl gtr HIEAL L E LA ALARRIAACEA ALL GG AL afACLL QA LefGEL L CARAC

t gagagaaaa tggagaaaat cagatttgca ttggttagea aagaacgtta ciyghtacaca
tgcgat ctag at ggagtgaa ctcgggaacc caatgtgtga aaggccaatc caaccaatga
aaacacct at tgagcagaat tggtccgatc atgaagcctc tcctttttta gaaat gt ggt

aaaagctaedlat ot dbedd vabitgdvydlyg boyayge dgachac §fledasakett gdaccagag

caaagt ggaa ggat ggagt4®> actgttataa agtifatattt tcattggté® gt at gagaga
aatttgacaa tagagagatg tttaaaatta gagttggatt atcttttcct aataagagaa
aaat ct a aac cattatctaa ttatcaceca_acatacaaag, agtgcttctt

fgoanasoar Fghttastdav B VERR B 0er? O R A RS (1

atcaggagtt atggcttatc ccaagaggat aaggctatat attggtacca cttctggaca
attttaaaac tatgcataca ggtaactgca cacaacatac gtccttgcaa ctatttggag

t at gggirag C.=taBAa@ge aAuCayt itgaly angaayatyggrat gyaaaat gigicggact ac

cacaaat gt g tafttagaag ggaactt & at gatggctg atttaagagc gttaattttg

at gagat gaa cctccataac taaaattgaa caagttcaat acgttattaa ctaatgatgc
aaattgtcaa acaccaagtg accctctcac cagggctcag ctatagcagg accat agcaa
t agat ggagt - Y¢chtt &ég&ge“aﬁﬁécgggﬁyﬁ ﬁﬁgggéc‘fa&tg‘ SET afggaattadt gaat g

aagcaagatt aaatactgtc gtctatcttt tctaagttaa tlcttgtaga ctggtgtaat

taactagaca catcttttgc agattaataa ctactaattt aatcaacttc gaaaggggac
t caaactes amcaAt COYAR ARAL 396 Oty bt hat agaguiUays aggys. L agsaat aag

ggaatttsaat tctagatgtc agectttcat taatgcaaag tatggaaagt aaasagagag

aatttattca atggatgtgc aatgcttctt agagcttaat gtaattcatt tgaagacctg

cacaacttta tggaaatatc tatatcatcc gagagtaatg tcagcaatta atgggggcga
t gcccc&sattraaty&Yaga gy §Hf gg¢ agt gggt acg gt caact caa aactt agaaa

t ggacttata gact caaatif>gagct gggt a at aagaaacg gaaat aagt g acagt ggcga

tccaatggat cgtctcctat taatcgttgt tacataagtg ccgcgtacaa taagtggtta

agttatggag cgtttgataa gaaatttcat tgaaaagtga taaactctag atgtgaaatc
gcagaagaaf, agggaat ggt ct gcagacaa tcattgacaa ggagaat aga at gccgaact

tt aagaaeci- apggtt gttt gaacgtacaa gggtaaaatt gttccctagc cgttacaatg

ttat aatal®y t gitiatigasa sgagineagaat ttgtcttata atatagctca attcattaac

atgatagtac tgctccagaa attggaatat tatgccattc aaacagatta aaagagagga
agat ggrﬁg? agaatccact aat gaacact gaatttaaac tctggttctc ctacgacaag

cgagt t CBAt> cPRREEHERRY Gharreaticriae (RjgeRiarc2tdgaat ttge gtttgttatt

tactatttgl cagaatgttt tttgaacaac aatatatggt aatcaactta a

aggaagggaa gaaagcgaaa ggag 24

<210> 4

<211> 56

«212> DNA

<213> Artificial Sequence



<210> 10 <211> 26 <212> PRT  <213> Medi cago sat va
Met Al a

«<220>
<223> Synthesized oligonucleotide Mut-ATG115.x

<400> 4
gtgccgaage acgatctgac aacgttgaag atogetcacyg caagaaagac aagaga

«210> 5
<21l> 52
<212> DNA

<213> Artificial Seguence

<220>
<223> Synthesized oligonucleotide Mut-ATGi6l.c

<400> 5
gttgtcagat cgtgcttcgg caccagtaca acgttttett tcactgaage ga

<210> 6
«21i> 25
«212> DNA

<213> Artificial Sequence

<220>
<223> §Synthesized oligonucleotide L{-C5-1.110r

<400> 6
tetcctyggayg tcacagacag ggtgg

<210=> 7
«211l> 39
<212> DNA

<213> Artificial Sequence

<220>
<223> Synthesized oligonucleotide ApaI-HS5 (A-Indo).lc

<400> 7
tgtcgggecoe atggagaaaa tagtgcttet tottgcaat

«230> 8
<2il> 37
<212> DNA

<213> Artificial Sequence

220>
<223> Synthesized oligonucleotide HS (A-Indo)-Stul.l707r

<400> 8
azataggccet ttaaatgcaa attctgeatt gtaacga

«210> S
«211> 3111
«212> DNA

<213> Artificial Segquence

<220>

<400> 10

56

52

25

3g

37



Lys Asn Val Ala Ile Phe Gy Leu Leu Phe Ser Leu Leu Leu 1 5 10 15 Leu
Val Pro Ser Gn Ille Phe Ala GQu Gu 2025 ¢210> 11 <211> 25 <212>
DNA <213> Artificial sequence <220> <223> Synt hesi zed ol i gonucl eoti de
Pl ast 0- 443c <400> 11 gtattagtaa ttagaatttg gtgtc25 <210> 12 <211> 34
<212> BRP=<2$Bothasizdd of tdonselppende «o@20=t<@98> Synt hesi zed

ol i gonucl eoti de supPl19-plasto.r <400> 12 ccttgtatag ctcgttccat

tttctctréd® %8t934 <210> 13 <211> 20 <212> DNA <213> Artificial
SGQLKBH&gaggt ccC cgggctggta tatttatatg ttgtcaaata actcaaaaac cataaaagtt 60
taagttagca agtgtgtaca tttttacttg aacaaaaata ttcacctact actgttataa 120
atcattatta aacattagag taaagaaata tggatgataa gaacaagagt agtgatattt 180
tgacaacaat tttgttgcaz catttgagaa aattttgttg ttetctettt teattggtca 240
aaaacaatayg agagagaaaa aggaagaggg agaataaaaa cataatgtga gtatgagaga 300
gaaagttgta caaaagttgt accaaaatag ttgtacaaat atcattgagg aatttgacaa 360
aagctacaca aataagggtt aattgctgta aataaataag gatgacgcat tagagagatg 420
taccattaga gaatttttgg caagtcatta aaaagaaaga ataaattatt tttaaaatta 480
aaagttgagt catttgatta aacatgtgat tatttaatga attgatgaaa gagttggatt 5440
aaagttgtat tagtaattag zatttggtgt caaatttaat ttgacatttg atcttttect 600
atatattgecc ccatagagte agttaactcea tttttatatt tcatagatca aataagagaa 660
ataacggtat attaatccct ccaaaaaaaa aaaacggtat atttactaaa aaatctaagc 720
cacgtaggag gataacagga tceoccgtagyg aggataacat ccaatccaac caatcacaac 780
aatcctgatyg agataaccca ctttaageccce acgcateigt ggcacatcta cattatctaa 840
atcacacatt cttccacaca tctgagccac acaaaaacca atccacatct ttatcaccceca S00
ttctataaaa aatcacactt tgtgagtcta cactttgatt cccticaaac acatacaaag 960
agaagagact aattaattaa ttaatcatct tgagagaaaa tggagaaaat agtgcttcett 1020
cttgraatag teagtcettgt taaaagtgat cagatttgea titggttacca tgcaaacaat 1080
tcaacagagc aggttgacac aatcatggaa aagaacgtta ctgttacaca tgcccaagac 1140
atactggaaa agacacacaa cgggaagctc tgcgatctag atggaghbgaa goctctaatt 1200
ttaagagatt gtagtgtage tggatggcte ctogoggaacc caatgtgtga cgaattcatc 1260
aatgtaccgg aatggtcetta catagtggag aaggccaatc caaccaatga cctetgttac 1320
ccagggagtit tcaacgacta tgazagaactyg aaacacctat tgagcagaat aaaccatttt 1380
gagaaaattc aaatcatcecc cazaagttct tggtccocgate atgaageocte atcaggagtt 1440
agctcagcat gtccatacct gggaaghtcoce tcectttttta gaaatgtggt atggcttate 1500
aaaaagaaca gtacatacce aacaataaag aaaagctaca ataataccaa ccaagaggat 1560
cttttggtac tgtggggaat tcaccatecct aatgatgegyg cagagcagac aaggctatat 1620
caaaacccaa ccacctatat ttccattggg acatcaacac tazaccagag attggtacca 1680
aaaatagcta ctagatccaa agtaaacggg caaagtggaa ggatggagtt cttctggaca 1740



<220> <223> Synt hesi zed ol i gonucl eoti de supP19-1c <400> 13 at ggaacgag

1

5

10

Leu Val Pro Ser Gin Ile Phe ARla Glu Glu

20

25

15

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 ttactcgett tctttttcga ag32
attttaaaac ctaatgatgc aatcaacttc gagagtaatyg gaaatttcecat tgctccagaa 1800
tatgcataca aaattgtcaa gaaaggggac tcagcaatta tgaaaagtga attggaatat 1860
ggtaactgca acaccaagtg tcaaactcca atgggggega taaactetag tatgccattc 1920
cacaacatac accctctcac catcggggaa tgccecccaaat atgtgaaatce aaacagatta 1580
gtecettgeaa cagggctcag aaatagccct caaagagaga dcagaagaaa aaagagagga 2040
ctatttggag ctatagcagg ttttatagag ggaggatggc agggaatgght agatggttgg 2100
tatgggtacc accatagcaa tgagcagggy agtgggtacyg ctgcagacaa agaatccact 2160
caaaaggcaa tagatggagt caccaataag gtcaactcaa tcattgacaa aatgaacact 2220
cagttitgagg ccgttggaag ggaatttaat aacttagaaa ggagaataga gaatttaaac 2280
aagaagatgg aagacgggtt tctagatgte tggacttata atgeccgaact tetggticte 2340
atggaaaatg agagaactct agactttcat gactcaaatg ttaagaacct ctacgacaag 2400
gtcocecgactac agettaggga taatgeaaag gagctgggta acggttgtbtt cgagttetat 2460
cacaaatgtg ataatgaatg tatggaaagt ataagaaacg gaacgtacaa ctatccgcag 2520
tattcagaag aagcaagatt aaaaagagag gaaataagtg gggtaaaatt ggaatcaata 2580
ggaacttacc aaatactgtc aatttattca acagtggcga gttocctage actggcaatc 2640
atgatggctg gtectatcettt atggatgtgc tccaatggat cgttacaatg cagaatttge 2700
atttaagagc tctaagttaa aatgcttett cgtetcoctat ttataatatg gtttgttatt 2760
gttaattttg ticttgtaga agagcttaat taatcgttgt tgttatgaaa tactatttgt 2820
atgagatgaa ctggtgtaat gtaattcatt tacataagty gagtcagaat cagaatgttt 2880
ccteccataac taactagaca tgaagacctyg cegcecgtacaa tigtcettata ttigaacaac 2540
taaaattgaa catcttttgc cacaacttta taagtggtta atatagctca aatatatggt 3000
caagttcaat agattaataa tggaaatatc agttatcgaa attcattaac aatcaactta 3060
acgttattaa ctactaattt tatatcatcc cctttgataa atgatagtac a 3111
<210> 10
<211i> 26
«212> PRT
<213> Medicago sativa
<400> 10
Met Ala Lys Asn Val Ala Ile Phe Gly Leu Leu Phe Ser Leu Leu Leu



<210=> 11

<211> 25

<212> DNA

«213> Artificial sequence

<220>
<223> Synthesized oligonucleotide Plasto-443c

<400> 11

gtattagtaa ttagaatttg gtgtc 25
<210> 12

<211> 34

<212> DNA

<213> Artificial sequence

<220>
<223> Synthesized oligonucleotide supPl%-plasto.r

<400> 12

ccttgtatag ctegttccat tttetctcaa gatg 34
<210> 13

«211> 290

<212> DNA

<213> Artificial sequence

<220>
<223> Synthesized oligonucleotide supPl9%-1c

<400> 13

atggaacgag ctatacaagg 20
<210= 14

<211> 32

<212> DNA

<213> Artificial sequence

<220>
<223> Synthesized oligonuclectide SupPl9-SacI.r

«<400> 14
agtcgagctce ttactcogett tetttttcega ag 32



