I nfluenza virus-1like particles (VLPs) conprising
hemaggl uti nin produced withm a plant FlIELD OF
wo bdeNAd6@N [ 001] The present invention rel at esP¢DCNR@®S/071987
production of virus-like particles. Mre specifically,
the present invention is directed to the production of
virus-li ke particles conprising influenza anti gens.
[ 002] BACKGROUND OF THE | NVENTI ON [003] Influenza is
t he | eadi ng cause of death in humans due to a
respiratory virus. Common synptons include fever, sore
throat, shortness of_ breath, and nuscl e_soreness,
among ot her A Multieglared £E,Wateh angd Llogk uses
i nfect 10-20% of the popul ati on worl dwi de, |leading to
250 T=ohniedDFidbdht hs annual | y [004] Influenza viruses
are envel oped virus that bud fromthe plasma nmenbrane
(1] of i rfihe present patarteapplinatioetejates tormwptch prd dpeks QIM‘ mera Pialiﬁlﬂé}aﬂy toa
types A, d on the nucl eopr ot ei
ma .rrft&twﬁ}qsffdelr{%D St g chop watsombien FRBstt> 2 fspBRe iluminating
vir PL%%ther di vided into subtypes according
ina of henmagglutinin (HA) and
nequﬁkghQQﬁpAfpug surface glycoproteins presented. HA
governs e abrlity of the virus to bind to and
[2] penetAtgkasenthwith s (prapedsh of BihnblegPHeithé esnRiancimpsivainien of
acid residues fromglycan chains on host cell and
vi r @kopdeis fmatsaiakand celiure livipg stewasJISevﬂ@ml%klmlsmi |watch and clock are not
agg on ?{g&:e%gqi g‘()jm%g {llgsl at e?{}fv Ilqrg;fy B%D %)lg; dgti,ocelfltlroglse lTsted }éy
rec
typ R Rpwaiaf b B a‘a?“&k%?ﬁ%"f’ﬂé%ﬂf%? g} BEEHBuBftp wme
eac Regaatayid mo8ifithttink 5n SIRMEI HY pataasd (fdlﬁ ibhiyovefl6dk the improvement
exanple, all HA and NA subtypes are known to infect
bi r dsd imbivation onbtyucsutyt §yes cdshparihfp curkddt whighesamd clIBl@(S with
HO N, N2, N3 and N7 have been shown to _infe
h u narﬁémew PP?FD{*‘& mi5h elategakmgreszé'esyeen made- J‘e*ﬁilgllw?wésst upon
r si,n

a k ﬁ%nggaUOn qge struc re an nesdn ignctn r? l{iﬁl%{l%h t(l];e marKket is

hlg nic torns o FUenza A Vi ruses
ar e ﬁﬂpéftbehﬁdfsi WatbiRes GRHSScKk Lﬂuwhey PR Mhfifary ma&ﬁﬂm,g method.
I nfl uenza pandem cs are usual ly caused by hi ghly
t r aFeninktande| @iy tdacki color endisplayf theigunatsers areasatber thanchuodbers is
lead to elevated |l evels of illness and death gl obally.
Th e tren@a@eh OB UGINg HavPRrANt calon wedisklay, fhe gyselers and wsing aolvffpolors
demics in t 20t h cent ur
bR Ben Pen ot HomrLRs with s Gibtapeew LR Regpe e
dea {
and%ﬁ%?ﬁ%f%;téﬁ?%@"“%eﬂgvdﬁ’%ﬁé‘ﬁ?@% R T
NeWngettdldyiP ettty wetker 4@ weakasm ssi on to humans of a
subtype endemc in animals, is always present. O
par {Suowhary concern i s a highly virulent form of avian
influenza (also called "bird flu"), outbreaks of which
[3] have %e@msmé petpntea@phqanglevélp%\gneéémmdmé thegppe ¢echpdogy’s
wor |, d cases, .this bi can re
or thgmaflvn TR P O R0 R TR AR e
spr
E)?oqr]g i H{i‘n fo?ela (md% lavlﬂﬁﬁ' %gdgqb(! at(’;glam}es thlt‘, g.{rﬁéﬁons of
COU@@&kﬁﬁgaﬁduEMQppe has been postul ated to be |inked
to the migratory patterns of wild birds. [006] The
[4] cur r eAcomditgto thegiresemrpahi apgli¢atiph themmtidotored @R svatah dpg clock
annual vaccination. The vaccine is usually a
conbi nation of several strains that are predicted to
be the domi nant strains for the com ng "flu-season”
The prediction is coordinated by the Wrld Health
Organi zation. Cenerally, the nunber of vaccine doses
produced each year is not sufficient to vaccinate the
wor | d' s popul ati on. SUBSTERAREISHEER(RUBE26) t he
Uni t ed- St at es obtai n enough vacci nes doses to i muni ze
about ~one thlrd of thelr populatlon mhile only 17% of
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sequence of prinmer Sacl-PlasTer.c (SEQ ID NO 31).
FI GURE 10T shows the sequence of priner

wee@Rl4gBb@sTer.r (SEQ ID NO 32). [0061] FI GURECT/EN2008/071987

[5]

[6]

[7]

[8]

[9]

[10]
[11]
[12]
[13]

[14]

shows a schematic representati on of several constructs

as used herein. Construct 660 conprises the nucl eotide

se C e d ype. H5 .at |

MBS, BT e EBE BT N Rl el on

t egagél LEN Qﬁﬁ Erc})hn&%aistb rtﬁ@§aic§é1@vé:8fﬂaft! %?ac&é?%ed in that there is a

nucl eot'i de sequence to encode the HA subtype In

COfiple Bt BBdWE LRd@Mthdd@lL.EB, Rhetedl Mulipkiilefib@Brs corresponding with
i sonerase signal peptide (SP PDI), and is operatively

| i tleagidtiaCR af @fin@ey amihe spidaséting (Ridasd o) and

term nator (Pter); construct 544 assenbled for the
explregsiabavemeritored mylpeolbled LIH: watehlasd tlodk, the suie meftector
encoding H is conbined with an alfalfa protein '

di Bgludesieetlestoreepadshedsing dlictpaipiiade of SR crasiel, glass, plastic,
GCN4pl | | eucine zipper (in place of the transnmenbrane
dofgfaharthtedieopl asmic tail of HI) and operatively

R B G S L O v
w PRBTR s ot vl Seliph el Bhew AP sud drigggireut

5' rethvely |inked with the double 35S
pr%%@%ﬁ%ﬁo@é*érm nator. [0062] FI GURE 12 shows

i W%@%B@&é—fn@ﬂti(ﬁfed 'ﬂ;ﬂtié@!)l%g 153)3) {Vh{'clﬁ aﬁé&ﬁkﬁ,%attery connected to

anti bodies, In protein extracts fromN. bentham dna

| eagidtdiRe SieniRhrh & PMskAHECHEH60 (1 ane 3).

Commercial H5 frominfluenza A/ Vietnanmi 1203/2004 was

us eThasudsidred ECOoWhER hndElodiebett ipeReftl par@t dpplicaich @&n achieve
protein extract fromleaves transforned with an enpty

v efifllowingeadyanmecbua sftoegeaiy paecicg ntareoials(suainas @pmoh@BBlal, glass,
FI GURE 13 shows characterizati on of hemaggl utinin

st plagtiaimetal byd diemenelog usdes theckBnwheythaphyD néads tebailluminated
extract from separate bi omasses producing H5, H, )
sofishthe displaygie sepmgpfg tuyn toae ansppignt thege Blpngaable or reflecting
filtration on S-500 HR. Commercjal H .in the form of ,

r og@vbe&@%\gﬂ%ﬁ%tgﬁ%t@ SR §OOt hisdRepasy theveggrend clock’s

13A shows el ut.i.on f%acti ons anal yzed for relative

pr SEYIE WYHABHENG PRFAP0SE Prot ei n Level - a standard
pratein Iutif r.of il e of a biomass fractionation is
sh@%ﬁ%ﬁﬂéﬁﬁé’—Mmoo (2 MDa reference standard)

el ut pgak i.s indicated. FIL.GJRE 13B sho | ut i gn

Fr aEb Bl ko G o rEEE ol TR AR gt Rpres and
by, | t ' A-H5 (Vietnan) anti bodies
(f%ét%?%H%&E@%%ﬁﬁ%%el ution fractions anal yzed

for F?gﬁ}é IA!'H ihE' %H’ﬁ@tuf_%l éﬂgfaﬁ%%‘ﬂ the nﬁl‘?tﬁcoﬂred _Eb%cﬁ-/%Bck;
shows el ution fractions analyzed tor anti-influenza A

ant kR €8 if @k s&@lonill \Bewlof el FRE183E LTS Vet Uddkon
fractions analyzed for anti-influenza A anti bodies for

H  Fosed 2 & thébdliraldkgiahoywshel . aD ¢mhé matticdonsd LCD watch/clock;
anal yzed for anti-influenza A antibodies for H +M.

[ 006#jurd-B GURE stivktehbdisgraondeahd redlectry mbdulabt the mndti¢dBored LCD
structures by sucrose gradient centrifugati on and

el wetchtocki cr oscopy exani nati on of

hemaggl uti ni nconcentrated fractions. FI GURE 14A shows
chBetailedk Desgripfionf fracti ons from sucrose density
gradient centrifugation. Each fraction was anal yzed

f or It piglepioedeankyalegionsBate thei teghurrgbpigbleih deohsicalsodirion-ang
(Vi etnan) anti bodi es (upper panel), and for their
relative protein content and henaggl uti nati on capacity
(graph). FIGURE 14B shows negative staining

transm ssion el ectron m croscopy exam nation of pool ed
fractions 17, 18 and 19 from sucrose gradi ent

centrifugation. The bar represents 100 nm [0065]
FI GURE 15 shows purification of influenza H5 VLPs.
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by SEQ ID NO 23), H15 (encoded by SEQ ID NGO 24), H16
(encoded by SEQ I D NO 25), or a conbination thereof.

w@2@auIep®r e that one HA fromthe one or nore PCEAOND0IE/071987

[15]

[16]

i nfluenza subtypes may be cb-expressed within a pl ant
or insect cell to ensure that the synthesis of the one

or bémfi@iai ‘lgﬁa&t %ﬁ% réen at(t)%t i&&ﬁ%ﬁoﬁ letée}glts .?(9 Qdcﬂéss ,Viluﬁﬁer details of

conprising a conninatio taln romone or

Mofe prdiant 2RG b1 CHEHT fre PHRLiYREo e3¢ itk icBMbRTatibASS figures and
conbi nati on of may be determ ned by the intended

uSexa@iplésN & s%8@1aibe QoRUGRATRAddsEOPidnRoMUEN hdreinteRMPkLplain the
a vaccine for use in inoculating birds may conprise
anpresenvpateadt dpplicafonHAutswbliyped o imifblowhexamgéul f or

i nocul ati ng humans may conpri se subtypes one or nore

t hafigune 1 Afand uBtshpeshddnultied]or¢d3l . CHSyatélvcloblo acaekddpg il the present
N2, N3 and N7. However, other HA subtype conbi nations
mapatpi applkgssicadt deppns adgorigst It hdotiea sbell £hePCB 3 and a LCD 4

i nocul um [00134] Therefore, the(gresent invention is

di E@E@é@%@f‘é R t@‘?_]ﬁleﬁldnﬁ?q tep slelbhancpthe ﬁeﬁ@?ﬁh%w éw@;e.gn@ted by a

S] T ' ' ' . .
R S IRIEN RS A T N L
VL . ' 00136]. I.nfl
or BE L SRR E A LB oy a7 Pt he FEPFR 190 Batery
.dl %f%é‘j)tﬁl&ﬁéeséﬂo {Fﬁﬁ]ﬁ)}g g)fthé ri%%%%ﬂlcgfne%l i IiJCB 3., According to the

i soe ric poin ¢ ycan conplement and the
i f%%tur%mﬁ_tﬂ@ %b&@y&ggrﬂggﬁéatﬁﬁoﬁf‘e@e& %&dﬁl@g 1§&kdsQtder the LCD

hemaggl uti ni ma eful toallow

di 4 f R r&ctarbABpoRIINE RNtht the abthe-RXRI0RES EAD NiRateb BRthe reflecting
i nsect cell or yeast system and nmay be of particul ar
usmowtiiers. he ebdveanerivBediflestoe treiips @R SRaminabR pilyhgl®ns made
system Exanples of such physico-chem cal properties

ar by previatiedch as dialbed, Lrxégil 271688 pIRsth, enetal and their analogs. When the
Physi co- chem cal properties of influenza

heh&gieads 9 bes[looigwrd andahgdisglening iseareants @m i begransparent, these

i ncl udes nucl eoti de sequences SEQ | D NG 28; SEQ I D )
ml@pnrgé@ pgeﬂ@tmg]ppl}éwéwﬁ h\gll pehlect ]éghtHn, Vapzlguﬁgolpps; thus increase

respectively, a nucl eotide sequence that hybridizes
untfsrvaieh *F%%‘é‘?ﬁk hyBV i BN BRI ETBHE £ 6 SEQ ID

NO 28; S ID NO 3; SEQ.ID NO 1 1 r nucgl.eot i
SeqbEHEST Sh BB et HORGERE B i GRuRd £GP
condj t}.0n . | I nen f SEQ I D.NO 28; SE D

o Bleh B o W Bl FERhe PR P 5 o U Figwre 2
en : : LNl r.ot @i g .
;PR ORETRSHHAN Rl Ay B S i

of AP aftRkARPEYT Yﬁ%eﬂ}es%gnl‘[)ﬂérﬁtaﬁﬁl%iﬁbﬁ, AdIHRE &RlltiplE@lsplaying
exanpl e, expression of the nucl eotide sequence mntﬁln

a § tsC@h lfornP6ther Pattvkds, T atdoedivE B theyrdientyaest hplication,
produce an anti body that is capable of binding HA

I nplavdillnenimaleipayiddrotdAddeiHAE displayhéeghemtngo diat tieriBuminable

i nfluenza types or subtypes. The VLP, when
adpolphstrersedilltreflect shebljghts fromnbidesisaied divplaging esgogrgewhen the
[00138] Hybridi zati on under stringent hybridization

cofidying onk coprirdtn tgmumeral Wegitycorrespoading withxthergdisplaying segments of
Current Protocols in Ml ecular Biolog Ausubel et )

al the L&d3 thus g dlumpigats lights B cRigR;- a¥$3§8 epatigrn can gply display

B R TR BRECHTE: 1 B ekt i oﬁﬁﬁfﬁg%é{ f el %hen the
'\/b ¢ s i 10 - c g 3 . .
000 an Do 0, 8RARG B Rlb¥e R ae il Arhothem. cach

reference). An exanple of one such stringent
hybri di zati on conditions may be about 16-20 hours
hybridi zation in 4 X SSC at 65°C, followed by washing
in 0.1 X SSC at 65°C for an hour, or 2 washes in 0.1X
SSC at 650C each for 20 or 30 minutes. Alternatively,
an exenpl ary stringent hybridization condition could
be overnight (16- 20 hours) in 50% forman de, 4 X SSC
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sequence of the cysteines that participate in
di sul fide bridge network is conserved anong the HAs.

waEx@onhess of structures illustrating the char aB€BCNS10B071987

[17]

[18]

intra- and internol ecul ar dé sul fide bridges and ot her
conserved am no acids and their relative positions are

1§g1§g gggfgﬁg f&{[__})(enp al e FAYLduRt &1 a dmglglgféa&&f:fn%%e by

ry structures and sequences

' n%rﬁg Gf)affalﬂglzandl n&%eaﬁﬁ@ntrbﬂ%y t:hBleEwe @M@\h{ Akl eCD 4 will

fromthe Protein ta Bank (URL: www.'rcsb.org).
W&l@ﬂh@ﬂm&)rﬂe%dndm tthege.maj ority of hermggl utini ns

conpri se 3 cysteines at conserved positions. One or

nor Eigafe B hiases y streitmabdingynbe thalefiettng @béde 3 f ghe multicolored
post-transl ational nodification. [00178] Am no acid

vabL.Cht wanh asd tlotlemathe dresent rpewaggipllit::iltmnn €on’ésp0nﬂilng evihathe
viruses. This variation provides for new strains that

ar @ispleying padgrny shayeniniHigwe 2, thafredtiple iillymipablaelyhedrens attached

new strains may vqke%/. However, formation of
he%ﬁ’ﬁlr@ﬂ‘?‘?ﬂiﬂﬁ njqdufee} 8lso {iimcthe sefRseaUERE Pytterty: hheAepeflecsing

foP‘; i ﬁl%da}ggf bR MoeHE o Sk ANeR. el R eplgSic, meta
£ it PR ARIORpV TR gﬁsﬁlﬁi’i?l'ggﬁ%%ﬁ%Pﬁﬁsf«Ciﬁ%ﬁp inated, these
C oRE5H s Bl RLAPl T OB Tyl e IR SN Bl Bfhving sgments

vaih&, 'd@[ﬂ:ndm' V§hl£}ll Hlﬂlﬁﬁnﬁh@}g@yﬁecﬁ&p rafPiPis %Hb%@d qgﬁrﬁma‘te lights in
sequence HA of the follo

st gidfcRsit Ce%f\g_ew Cal edoni a/ 20/99 (HHNI') (encoded by SEQ
ID NO 33), A/Brisbane/59/2007 (HN) (SEQ ID NO 48),
A Saheapsvelab@ivisd 3/ Y6 pldftridd) erftoidnéld didie pt8enapdlent
SEQID NGO 9. XI (position 3) is Aor V, X2 (position
52)pplisatidmo and\jt ivd3ot(pesdedi to hinB0X. Asy HodificRionX4quivalent replacement
(position 99) is Kor T; X5 (position 111) is Y or H,
X6ardiogireyeprent #4thin the YommepTandyringipbes i the pres&at)paiest &pbication
K; X8 (position 161) is Ror K, X9 (position 181) is V
or sheulddaanciyded in tha prrgayiop seqpesy the pryjent pgipspplication.
205) is Ror K, X12 (position 210) is T or K; X13
(position 225) is Ror K X14 (position 268) is Wor

R, X15 (position 283) is T or N, X16 (position 290) is
E or K, X17 (position 432) is | or L; XI 8 (position
489) is N or D. [00180] As another exanple of such
vari ation, a sequence alignnment and consensus sequence
for HA of A/ New Cal edoni a/20/99 (H Nl) (encoded by SEQ
ID NO 33), A/Brisbane/59/2007 (HN) (SEQ ID NO 48),
Al Sol onon 1slands/3/2006 (HHN') (SEQ ID NO 49),

Al PuertoRico/8/34 (HN) and SEQID NGO 9 is shown

bel ow in Table 3. Table 3: Sequence alignnent and
consensus sequence for HA of selected H N strains SEQ
I D NO. Sequence 1 50 75 MKAKLLVLLC TFTATYADTI

Cl GYHANNST DTVDTVLEKN VTVTHSVNLL 9 MKAKLLVLLC
TFTATYADTI Cl GYHANNST DTVDTVLEKN VTVTHSVNLL 48
MKVKLLVLLC TFTATYADTI Cl GYHANNST DTVDTVLEKN VTVTHSVNLL
49 MKVKLLVLLC TFTATYADTI Cl GYHANNST DTVDTVLEKN
VTVTHSVNLL 76 Consensus nkxkllvllc tftatyadti

ci gyhannst dtvdtvl ekn vtvthsvnll 51 100 75 EDSHNGKLCL
LKA APLQLG NCSVAGW LG NPECELLI SK ESWSYI VETP 9
EDSHNGKLCL LKG APLQLG NCSVAGW LG NPECELLI SK ESWSYI VETP
48 ENSHNGKLCL LKA APLQLG NCSVAGW LG NPECELLI SK

ESWSYI VEKP 49 EDSHNGKLCL LKGE APLQLG NCSVAGW LG
NPECELLI SR ESWBYI VEKP 76 Consensus exshngkl cl

| kgi apl gl g ncsvagwi | g npecellis. eswsyive.p 101 150 75
NPENGTCYPG YFADYEELRE Q.SSVSSFER FEI FPKESSW PNHTVTGVSA
9 NPENGTCYPG YFADYEELRE QLSSVSSFER FEI FPKESSW
PNHTVTGVSA 48 NPENGTCYPG HFADYEELRE QLSSVSSFER

FEI FPKESSW PNHTVTGVSA 49 NPENGTCYPG HFADYEELRE
Q_SSVSSFER FEI FPKESSW PNHTTTGVSA 76 Consensus
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reference) [00204] As described herein, pronoters

conpri sing enhancer sequences wth denonstrated
webdmwaimney i n | eaf expression, have been founeBCT/QNb@®S8/071987

effective in transient expression. Wthout wishing to

be bound by theory, attachment of upstream regul atory

el ements of a photosynthetic gene by attachnent to the

nucl ear matri x nmaynedi ate strong expression. For

exanple up to -784 from (MEAIMS! ation start site of

the pea pl astocyanin gene may be used nedi ate strong

reporter, gene.expr Lon 0205] Ta aid i
11 gont i f ilcATGF _ e‘f‘?@h é”raiff‘;r?g"&%xﬁ%?{“‘e%? ?°§, shelf ), a bottom shell
constru )oa &ivetcﬂjccﬁf %r@\éae[%‘[‘lb %8 vﬂ:ﬂ?ﬁ ip ﬁ)cgtlu(ﬁ bie lgaid top shell (1) and is

mani pul at’ed to i nc ant sel ect abl e markers.

Usef ul salmeatdil the T debleSirt it Chiatgcteizzy iilBat iiead is@rrefectitg
for resistance to chem cals such as an antibiotic for
exanpl e modelnt(@mpdérnhe daidr@PDi wherkia menitjpdé refleesprs corresponding
her bi ci des such as Phosphinothrycin, phosat e,

. gl
chl or os it theoraid LR (4 aes arapged ogjthg %%?9%6"@&23%‘% ®).
[2] provi di Qgrﬁe%ulﬁéo?%% Lt%?{hé& c?(%g?oqam to tﬂg Qltdfn; i,acmugcterzed in
col our Change such as e?a-g ucuroni dase),’ or
| um nesgRNEE said KR cBdSintMadsirelR ARy ﬂ{ly%s FRich R HERGS
[ 00206] Al so considered part of this invention are
t r ansgediamopd,ants&), giisa plastie Inletal and thebkks cont ai ni ng t he
chimeric gene construct of the present invention. o
[3]Met hods 3ofheragjusndered 1oR wakdydogk agenrding fadhs plpighi. chpeterized in
are als n i\n the art. hi general ransf.or ned
ol ant odil PGP O el HERE G srel @ G e boreom
Whi ch M GO WAkRinAe &fd AR RBEMoSat& Unthésid PCB (3).
antibiotics,” where selectable markers are used to
[41f aci | i t atEhel mh@ti¢dldred BCDOMataclbokaosdrdingreckthptlaim 3,chhh&erized in
Once callus fornms, shoot formation can be encouraged
by enpl &l mbattetye(6aeqmnegied tatthe saidedsive iseuito s asanged on the said PCB
accordange wi th known nethods and the shoots
transfefPed to rooting nmedium for regeneration of
plants. The plants may then be used to establish
repetitive generations, either from seeds or using
veget ati ve propagati on techni ques. Transgenic plants
can al so be generated without using tissue cultures.
[ 00207] Al so considered part of this invention are
transgenic plants, trees, yeast, bacteria, fungi,
insect and animal cells containing the chineric gene
construct conprising a nucleic acid encoding
reconbi nant HAO for VLP production, in accordance with
the present invention. [00208] The regulatory el enents
of the present invention nmay al so be conbined with
coding region of interest for expression within a
range of host organisnms that are anmenable to
transformation, or transient expression. Such
organi snms include, but are not limted to plants, both
nmonocots and dicots, for exanple but not limted to
corn, cereal plants, wheat, barley, oat, N cotiana
spp, Brassica spp, soybean, bean, pea, alfalfa,
pot at o, tomato, ginseng, and Arabi dopsis.[00209]
Met hods for stable transformation, and regeneration of
these organi sns are established in the art and known
to one of skill in the art. The nmethod of obtaining
transfornmed and regenerated plants is not critical to
the present invention. [00210] By "transformation" it
is nmeant the stable interspecific transfer of genetic
i nformati on (nucl eoti de sequence) that is nmanifested
genotypically, phenotypically or both. The
interspecific tr f LE ry@tion froma
chinmeric construggﬁﬁgﬁlﬂﬂggt %fg%ﬂ;g abl e and the
transfer of genetic information considered stable, or
the transfer may be transient and the transfer of
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