I nfl uenza Antigens, Vaccine Conpositions, and Rel ated

Met hods Rel ated Applications [0001] The present
wappioests on is related to and clai ns priorityPOnds003803969

USC 119(e) to U.S.S.N. 60/773,378, filed February 13,

2006 (the '378 application) and to U.S.S. N

60/ 813,955, filed June 15, 2006 (the '955

application); the entire contents of the '139

application and the '955 application are incorporated

herein by reference. Background of the Invention

[ 0001] Influenza has a |l ong history characterized by

waves of pandem cs, epidem cs, resurgences and

out br z n

Chat arnd BhUHaRT ot dnd CHAHAAE PO RRMIEARTRAR,

and devel oped countries. The influenza virus presents

one of the major threats to the human popul ation. In

spi te of annual vacciggide@n sififcatibas ian uenza
nfections result in substantial norbid

00011 o ¢ Zhe piesenjapplisaian i rglaggst e claime BUPf‘Wé&dFS/3%V§Fy1 19(e) to

US.SN. %@ﬁm jﬁrﬁléH%ExluXryp@"dﬁm Ghe d@s’@bhs&mﬂy axv&foyutsfs ﬂn60/813 955,
er, recent strai ns_ have %gg such t hat

filed J un%\i% 2&39.%61“%%@%%’%@%6 smréﬁpmﬁptsaf 13 ApBlisgn and the ‘955

applicatiftPAd 88 orporAtél ABretr 'y M€f1gReevi rus of the type HSN 13
currently causing an epidemc in poultry in Asia as

wel | as regions of eastern Europe, has persistently
spread t hroughout the gl obe. The rapid spread of
infection, as wel IBmgeﬁmOsﬂeqhesnﬁmansm ssion from

birds to hu i ncreases the, potential .for,
[0001] Jf’gP@Kﬁé‘a? A %ﬁﬁ%ﬁ&y BT R DB ET & TAPLRAS: Spidemis.
resurgenib@ﬁdﬂ Butbreakb.elnfluehtsa ik @ ligtdP kyntagibhiodiesuse that eswiti b equally
devastr«mg\g3 pt rhta,g ldlfa%oqfxgévae ﬁflﬁyﬁ erge féé&%ﬁgﬁ S enbulggz,gglllrrug %reasgnts one of the
major thﬂeﬁi@ i tHel HREhanlpoptiagon.i InUpiter anul a@dgﬁremen bﬂ‘ﬁﬁﬁll ififluenza infections
man transpj,ssi i t. WO t otential to
result in PSP DTN (T oA PGS SR SO PPy every vear
t’ortunate[}oﬁ?ﬁ]am_fd%&lom Bécud eé@nﬁfénas}ﬂivv&br irédent!gn Z@am§ have emerged such that
vac 3 n Inf@%ﬁ? uses are seg ng
we are agiuly %"F é‘"tgttP%lﬂ‘&e 6?‘?’ DA Yﬂa'? uenza yigps of the type
H5NI, cﬁéd’ﬂ@mﬁﬁﬁﬁ kh EsiBemithif phShl‘u@J m AHid gewell & Rgling bF Yastern Europe has

prsisiny oo SRS SRR P o GR35 rss o

transmisdioh GSn1ISPRAE huinbm 'mtbj gdts/ GRfERketHR }:(ok'&‘ﬁhal for @ﬁiﬂb&k’a&ls inhuman
consi.dered the ortant Vi

en Wt
populatiqns aa dhg sk 9f@ rap ?F[h‘lcat ISP ISg llyaﬂaa?lg C’a"ﬁf‘flﬂ%lne%mma“ty rate
of over flYhotédE iMGirdiest lv@lll as TRefe BHAATEases wiich@lave been identified. If the virus
neuran1n|dase has been gvgxg to be | %rtantlfor id,

were to aghigue AFmAR Il 'f}n S 81T PRYFIAE PPEEE fgggult inrapi
w1despre§@ﬂ'lrfb‘s‘§ and@omhlitys. Antivirals which inhibit

ran1n|g e actjvity have beendevel d an
10002} 5 My daareccigeinst PHPSEASYREHEC o f PR G o segmented,
neganvelshhﬁdimmmbem bel6RIHE Etethe (faMﬂ?faPthdnﬁszhﬁd&e\fElhé)ﬂfﬁ Ahtigens are

i nfluenza antivirals. and vaccines.is the Lan
highly efgq.?éxﬁﬁ élprl’blfl%@élp,rf:apable of eliciting both systemic and mucosal antibody responses.
Influenza virus hemagglutinin glycoprotein (HA) is generally considered the most 1mportant viral
antigen with regard to the stimulation of neutralizing antibodies and vaccine design. The presence of
viral neuraminidase (NA) has been shown to be important for generating multi-arm protective

immune responses against the virus. Antivirals which inhibit neuraminidase activity have been



M2. [0003] Subtypes of the influenza virus are
designated by different HA and NA resulting from
wanigessic shift. Furthernore, new strains of POBUSZENB003969

subtype result fromantigemc drift, or nmutations in

the HA or NA nol ecul es which generate new and

di fferent epitopes. Al though 15 antigenic subtypes of

HA have been docunented, only three of these subtypes

H, H2, and H3, have circul ated extensively in humans.

Vacci nati on has becone paranmount in the quest for

i nproved quality of life in both industrialized and

under devel oped nations. The majority of available
developed gied imag degnjadilitiopsl| a@t/vvtrﬁérelgmw upei ifegions Apthird component
con&dere'a'I JELRK tm&e%QQSﬁxﬁﬁ of hr{ﬁtﬁg% mldlﬁlso‘{nggfac&ﬂeé E%Clgn @hannel protein

I mmune response that cou protect agai nst
M2. rel evant infection. However, generation of attenuated
[0003] v 'Sruﬂﬁg) S Bf th\é%ﬂt%lﬂga §il11tl?§ AP 88si gﬂ%edzgynlaffﬁ?éﬂt e aﬁcﬁﬂAq'@sultmg from
onsum ng and expensive. Energin

antlgenthbdh nioirthgraore, hew geginholithe sarve alniumgre@tﬂlt fopeantigguin dgift, or
mutationdTR tﬁg Wl by QA%BQX leP@L %H&ﬁte%e“?{}ﬁj A&féreh{‘é (%s[ '&ﬁ!}?ough 15

wth an Individ ne syste ave res
antigenicmehtyagﬂmfdééﬁ@se b@ﬁmgmnetedeqmy tpeeof thawcsubta/@es Hé, H2 and H3, have
ctrculate(ggiteys?v%y %ns\/\macoe PL‘(%H L lb%&')rﬁé ax%g\ gﬂ&%ﬁpé‘@eﬁ for improved

uce 1 nproved 1 nf
quality ofélmﬁeug oath mé@&ﬂlﬂ@eé entbu@dqrdth)ped matiensy dinginmaiorityreé evritable vaccines
still folloair tﬂ¥ 'bgs‘?c ggél})ieg Qﬂmrﬁﬁwncg p&fts Xf”‘iﬁ?écﬂgﬁ irfh exnt%vt’nduce an immune
gens roduct vaccines to a
response etmé pgulld g)r@g@tagplest ther ebl@tanmniﬁ@tlonrrbiwdr, gmatm of@tepppted viruses
. fy

ovaron 8 A ERIERl B A7 SO, e n
technologies, irerlepth aindersdadingiof & pathpgean’ slmolasalep bivdome pathdgdmegihl and its
. . S . > i
mteractlogg %migxrdyktg gwfxﬁxg[ % ﬁ\ﬁ/rgtﬂl{nel %&F%%K% @%lﬁt&:l ift ggxg 81§h§/ﬂeeg @évaccme
developmenpendieaccinefdelivery a Tans, ivgeledechmglogiet adteme@maun enpr@ved the ability to
produce imrpqg\l'{e%e qﬂl.l z@laﬂﬁ éls g&@ng)&%f&gtldn glte r&%a?& g}ﬁ'egc?t%. ;?'E%de

or nore |n uenz ens genera as a ftusion w
additionahs¢uressmi yradihes qmd@tewl antigdisefor prednttiamoffvactihes topddressignerging
subtypes éf’i‘& gtkeﬁ?rgﬁrg%}?%a‘ va%ﬁ.f;g ﬁg&ﬁ%&"bﬁﬁ e dpg)fnle%? ﬁﬁ%@%&%@gﬁs subtypes, as
well as methngs iof imalyingtand eaisg Stwm)cqimtdsarcentof matteuan naededtvwhgenprovide
. (] nkhcl ude
e e S L e

are nethods for production and use of the antigen and

vacci ne conpositions of the invention. Brief

Descrl ption of the SwmamangpOdcIpventiene 1. Schematic
0004 SR thbiHdh feb e PhALELA ARGk Yt
[ ] nt_{% s gl i ’EI“ dh : % The Upper ge P at‘ﬂ Cgr rngé;gg'hnﬁentyﬂ?oduced in
plants. TJjg ipEg spat mverglon ;pmylgsd)@g ©F Mse| iIrilbeszapntipensagansrated a3 a fusion with a
thermost@d'fﬂggﬁelﬁ fTﬂE %\Iﬁ:ﬁg@{ ﬁ%e%&o@ﬁ%@@ccﬂé%@g&%@ﬁi’oﬂs &é@mmg influenza

IS a glo omal n ran
antigens. Furthermore, the invention provides mﬂuenza vaccmes comprising at least two different

influenza antigens. In some embodiments, inventive compositions include one or more plant
components. Still further provided are methods for production and use of the antigen and vaccine

compositions of the invention.

Brief Description of the Drawing



presented in itens 1-6 correspond to amno acid
positions of HA. [0006] Figure 2. Map of the pET32
w@b@snovdis The top |l eft indicates the regi on bep@EER200N@3969

T7 pronoter and the T7 termdnator |acking in nodified

pl asm d used for cloning target antigen. [0007] Figure

3. Schematic of the pET-PR-Li cKM KDEL and

PET- PR- Li cKM VAC constructs inserted into a nodified

pET32a vector. [0008] Figure 4. Schematic of the

pBl 121 vector organization. [0009] Figure 5. Schematic

organi zation of the derivation of the pBID4 plasmd

froma pBl vector after excision of the GUS gene and
[0005] t Hégaddi tSchematic of Memwugghitinine@lAp) protriniand POtD] dengins.eThe numbers
1,2, and jip BEURPRNIER cBhred %d%‘é&%n?ﬁ 340 ST R Herdil D%QmSI 2, and 2,

Fenhe equenc out targeti
1 fold togsthpuenoes amtm Iuloweme(S@)t Domain 3 isy@globplar fodain] (GENg LTrhG$angeS

presented71n ltemsl‘lI &8 n& n&%%;?osﬁ%{%o%&dﬁ?&%{toﬁg Srafy plants

expressi ng erns. (7A) Transient
[0006] eﬁfigms?L (Mapnbf thie 3133 plasinid. Nl eotopdeft inskenatdscthe mgmn Kepwgen the T7

promoter(a}{ng?r%vf'm w&qrh%ﬁ?ﬁ?ﬁ mh'@bcfl@é& ?{egsrﬁfﬁ\%sg{j ri}gr cggno ga)ﬁ(]%e? aagt%i %en.
[0007] ofFigirarit Schapatssf thy pETd’mwKMIéDE{ﬁxaﬁdei%PBsﬁ«inﬁM-VAC constructs
inseried i"ﬁ{ga'hhg@iﬂ%gg}ﬁ%a vgt lB anti bodi es. [0013] Figure 9.

chenase assays of éextracts of plants expressing
[0008] Lifizgm# UB;hermapc of &epBl1]10&twr oFgagiragon 0. Western

0009 BRSO Eorp 8 B RRLERT 5 M om o
vector aﬂee ﬂﬂggbmbf thatGlo gamsangd the acldlpwanf a ENPY-dexead! Higsmid.
[0010] | IIVC' 0 erg%s %S¢ gl%laﬁc op{h%tﬁ% & %f I[\}M‘Q?%&%'alﬁ g% Jaﬁ% P@JH lﬁﬂgﬁlase sequence,

onsé of 'm cé | nmuni ze enza
with and Mamoutrtergemng bec;uedcamwmdUWeladQmema veft0017] Figure 13.

" [0o11] g'eﬁfm 2 ns A3 ennaag:aflsirs 4o e&{‘rhét?o%hﬁﬂts%m%g}{g%ﬁfm and fusion

br'&I Ae nmce 1 mu
proteins. U@8J ITaansient é*prmmbnmﬂlimbeﬂasad] MNicatigna bOQABRiaka.g(iiBg Lymogram of

. A-D.. t.ons f.ol | H3N2 virus challenge in H3N2
hcmnaseﬂ‘%l‘ﬁséﬂr?éraq%‘g? n RIas aerroa d control treatnent groups.
[0012] ( ]IZlv'g«)rer eWasternnamaly siseofieruants efSplhtts eppresdinglicalA Sysipr proteins using

. SC erall nmean maxi mumresults of cell
anti-HA I'L'ICE aﬁlﬂ’g‘ﬁw\sﬂashes after virus challenge. (14C)

[0013] OﬂégﬂielQ I’iBah\enmanmyn ofestrhdts of)]ﬁlams iegpitesding BickNA fusion proteins.

nean
o1 R0, b Bt g PR UG IR fsion proteins
{0015] f Qfipawd Mg RédNHood celhagglugingtion asskiBNZhiphdnt eepressed &Y lichenase
fusion br f'a\cm ne and control treatment groups. Goup 1 depicts
PPS&U ts fromthe negative control treatnent
[0016] Figure 12. Antibody response of mice immunized with test HSN1 influenza vaccine,

with and without adjuvant.

[0017] Figure 13. Hemaggultination activity inhibition by serum dilutions obtained from mice
immunized with H5N1 test vaccine, with and without adjuvant.

[0018] Figures 144-D. Symptoms following H3N2 virus challenge in H3N2 influenza test
vaccine and control treatment groups. (14A) Overall mean maximum results of clinical symptom
scores. (14B) Overall mean maximum results of cell counts in nasal washes after virus challenge.
(14C) Overall mean maximum results of weight loss in animals. (14D) Overall mean maximum of

temperature change in animals.



group; Goup 2 depicts results fromanimals treated
wWth Test article 1 (CMB Fl ) Goup 3 depicts results

wo e@mogasisal s treated with Test article 2 ( CVBPERYS2007/003969
Goup 4 depicts results fromanimals treated with Test
article 3 (CMB F3); and Group D depicts results from
positive control treated animals. N refers to the
nunber of aninmals assessed in each group (8 in each
group). [0020] Figure 16. Characterization of °
i nfluenza A/ Wom ng/ 3/ 03 virus antigens produced in
pl ants. (16A) ELI SA anal ysis of LicKM (SD) and

Li cKM (GD) using sheep serum raised agai nst &%ri fied
[0019] HAFigwenAS: firusesshedding Wglnwing HBNS3vinisrchel lenge i H3pBuinfluenza test

vaccine z%xi(c)i;(:?{citréﬁx]e\é\{rgéng ééoal.?:@d Cm)%li ?%ﬁgg%@ﬂ:ltgﬁ'o%@ln}%gﬁg'eicéggml treatment

Ive an lve C . respec_t lve
group; Gronpihdsdpicss reswlitd yenanghals treitksl MBSt 4rtigled @MBrid ); Group 3 depicts

i : LS NG Rk 1 | i
et LR PR TGRS om nivl
treated withdljestsartipha 3i (CMI FBJs anfd Gnofip Bedepictsepyltnirony/rRs03 e ¢ontiy treated

it (9845 S SO 1A ORI AR

[0020] uskiggrestfe dphasastaizativs eflinflyanzast/ Wy BREe/B/@ Yiessatigenscproduced in
plants. (Y%%ﬁg%%a]ﬁ% F%g%ggb\%%LZcha(%%ﬁ%ssééés@%éum raised against
purified Hai fngm $ifbuspza 4/ Woroming(b/BRGIre8 Hamologegirusiets WISH3) amd plant-
prod ucec@lﬁﬁ?&g WY& a%gngtsirtl‘?«le g.{‘]lé \;}?%xv?tgf)ﬁ%'&sf@%%km’e(f%'C{}ibbﬁ :I%:hn%oblot analysis

eur am ni sSe a owng pre-i
of LicKNHA(SENdlape $panchLLickiN d8AXHR) flarte NUBIRG ralshi semuim-raistNRainst LicKM

o5 AL K s BT AN s o
HA). Lick0\@ 2izje B} apdriwniclogdds vinyg (labé hawemmnisedin drintiotsn (1 6CEEEISA analysis

; . . . ~ . )
orsin e 557 BRI S o e b1
reassortedeyirgs (okitldEN Bd Hornologows vitus (AV/W43/08oaseest® esingrsheep $etum to

. i .alt {. .
oR-RaFeD S e ofine: Lty (BRI Pl o
neuramimdate 4ctifapysfofowinggirediha@ibgor( PaB shédip)seruge oriwragainseldIBRG-18 (anti-
1) of RS- oA ARAR 8 s KIRERL e shovrm it
standard deymatmérsed with VA plus adjuvant, VC2 no adjuvant, or

VG2 pl u I : . ' t . . .
00211 el R inalBRRRIELHTRM o 0! AR g rppizeq with v
plus adjuwast, ¥63dwcdptans onY CANMN adjirednt.t SeruBomafmplesondre collected prior to the

s dos AL 1 59 oMy B go£210110 LS Bons g . 10
after the thirdudoss (123), pub4 days pst-cloallengd Gpt-Oh) | Geometdt giean ltiges's with standard

deviatioR&ed sHolfection. (18C) Peak tenperature rise
ewa'm%os%sﬁoﬂfpectlon. (18D) Peak of synptom scores

[0022] posigurentSe RoseehallenginoPiaingdif feweta !imhmuk_od With YG_&J pls adjuvant,
VC2 no ﬁgvam, Q f\/d}&}ﬁﬁé ﬁ\ﬁﬁ@%ﬁﬁs f{‘fg%l] QaRE &rgth's&fngngd'd%(}iagg}isaérle %ﬁiown, and

crirption o vention
statistical analysis of data was conducted using ANOVA with the Bonferroni correction for multiple

testing. Statistical significance was defined as a p < 0.05. (18A) Peak of virus shed post-infection.
(18B) Maximum weight loss post-infection. (18C) Peak temperature rise post-infection. (18D) Peak
of symptom scores post-infection. (18E) Peak of total leukocyte counts per ml of nasal wash samples

post-infection.



[0023J The invention relates to influenza antigens
useful in the preparation of vacci nes agai nst
WO pdo0essza | nf ecti on, and fusion proteins conpPCHURLP07/003969

such influenza antigens opetably linked to
t hernostabl e protein. The invention relates to nethods
of production of provided antigens, including but not
l[imted to, production in plant systens. Further, the
invention relates to vectors, fusion proteins, plant
cells, plants and vacci ne conpositions conprising the
antigens and fusion proteins of the invention. Stil
further provided are nethods of inducing inmune
response agai ndletrilgd Deseriptionieddthe Bpvention subj ect

10023} CaHRGihvhilEn P@&bﬂoﬁhﬁﬁé&g a}{fﬁ%&'isr\‘ﬁefﬁpmﬁ§ bkb%ﬁgngg)]f {QRines against

invention to a subject. InfTuenza Antigens [0

influenza inflettinm 2ed fwidnguatepserriprisingfsuethinfiyerzaantizprs,enerabin linked to
themostabpk%%.awe IJEHIRGRAIE BHRARIA P brddeBlid 5t 580k Sntifens,

e |C|t|ng an |nnung response agail st I nf yenzg VI Trus.
includingGah setdihiped foppuedogion io plans sesters.of uriher.dhe iventies 1gdpses to vectors,

fusion prégrgigx%,:;?%gt?:e@%] glf?sna%d(\%cgine cgﬂEBHﬁmoﬂ{p(Pﬁgliggg? ?ﬁtgg%lhg Bnd fusion

. : |nnunogen|c portlons t S i .
proteins afifieinygatiine Spdirfustherprovided afe methodsorflingdusin Hinymurie rgponse against

inﬂuenzaqlgfegt!'i] {noar &9 .cﬂ&)rw.{irgs(i)géldr}\ﬂﬂt& o&ht lc&ﬁﬁé’snfx s diﬁﬁ'e inYention to a
accordance wth the présent 1 nvention may I nclude
subject. fulllength influenza proteins or fragnents of

i nfluenza proteins, and/or fusion proteins conprising

fulllength influenza proteins or fragnments of
bﬂhwnnmﬁﬁkmehza proteins. \Were fragnents of influenza
[0024] P25 aftf nﬁ;‘i#tt:fn% %gthe gge“?fnv@x!lt%ein%(ldé Qn)f H#ithf¥bgenic protein or

proteins, such fragnents retaln I nmunological activit )
peptide c@mbge_ of e.dictjgxg.anemqn@ircgpom:;q agaist in.ﬂiugmzau@nxga Generally, immunogenic
proteins Gt ThieR8FHnERbe iffRRALk BtickREld e CARAEAZYrdink HIUEE proteins, erc.),

I "munopr o ective response 5%a|nst viral I'nfection,
immunogheicaggtiansitrecfaodimmeuneeenivi issats heseqfrandeembimatippeeicany of the
interest in generating vaccines. Additiona
i gens, such as the menbrane ion channel M2 may be
[0025] udefluinzk antigend frtuseim adfcondroce wish tifeprgsent gorhiioramap include full-

. ccin e J ic . . . . )
ength inf 55 BENGpk B Bgfine 8 BRERK TSPl Bugon proteing sopprsing ful
length infhheanzt poetihs onfiaknmdnano SinBrenzgsoipsa Wiere fragrogute of influenza proteins

- i . . i ol | ..

are ut!hztgdrr g{hgh%r é]r%hg bI]: lrngﬁg]%ﬁﬁal'(#%gg,gsggl? hjggl?g%tlg ger%QB rug{rﬁé{ngl’b%%?actwnty (e.g.,

cross-reactoviyr wih muti-anfluentd m@pdiepx (;Ba;'pc!h on theﬁr.rcagn@mtotimé;ce .('yi‘lmunoprotective
A | . .

esponse A5 RS ALl LRELRYARI O PRRRTIRIRRy ofmrest

generatingivatdinek. tAdditdorad gitigensisnclf #dhe mranbramd ioh ¢harme] NI®) may be useful in

. ' . . i
prodv IR @, SR GH LR 70 L e o
immunopgetgcdorpor ti on of nmenbrane i on channel (M), or fusion

[0026] pr—ﬁﬁ&l #E inJeB@WLﬁl’es Bfang Qmiagaibia?l&sexﬂessing a heterologous protein

(e.g., an influenza antigen (e.g., influenza protein or a fragment thereof, a fusion protein comprising

foregoinggL t

an influenza protein or fragment thereof). A heterologous protein of the invention can comprise any
influenza antigen of interest, including, but not limited to hemagglutinin (HA), neuraminidase (NA),
membrane ion channel M2 (M2), a portion of hemagglutinin (HA), a portion of neuraminidase (NA)
and a portion of membrane ion channel (M2), or fusion proteins, fragments, or combinations of

hemagglutinin (HA), neuraminidase (NA), membrane ion channel M2 (M2), a portion of



hemaggl uti nin (HA), neuram ni dase (NA), nenbrane ion
channel M2 (M2), a portion of hemagglutinin (HA), a
w@eooriogss1of neur am ni dase (NA) and/ or a porti oPCDS2007/003969

menbrane i on channel (M2). §0027] Am no aci d sequences

of a variety of different influenza HA, NA and M2

proteins (e.g., fromdifferent subtypes, or strains or

i solates) are known in the art and are available in

publ i c databases such as GenBank. Exenplary full

| ength protein sequences for HA and NA of two

i nfl uenza subtypes of particular interest today, as

wel | as sequence for M2 are provided below. V: Vietnam
hemagglus vl (HA)Y 28jortiéh ¢ipaudanBri@asel{NYC) andfor a portion of membrane ion channel

AKAGVQSVKNEKI VILLFAI VSLVKSDQ Cf GYHANNSTEQUDTI MEKNVTVTHA
M) DI LEKTH

[0027] NGHhiGDIaDIE\4<Ru¢ncRDIS VB AL GNRREREE InvEEABYAVEKANR\MDIpEXeins (e.g.,

rom et GER WElpeRy RAERT B FPREE SN SR A SRRl e O

databaseslMblSavEEnBank. Exemplary full length protein sequences for HA and NA of two
influenza W&%t@é@b@%@g &eﬁqglglc]-%lréev %I §B‘ eré(ﬁ &Nelow:

SGRVEFFWI'T LKPNDAI NFESNGNFI APEYAYKI VKKGDSTI MKSELEYGNCNT

y‘ﬁ@%%aﬁ#iﬂ GECPKYVKSNRLVLATGLRNSPQRERRRKKRGLFGAI AG
[0028] FIHZGOMWE) SEQIDNO.:1

mev%ﬁ%ﬁ%ﬂ?ﬁ@%%@%ﬁ%%ﬁﬁbmmm

NGKLCMLENMWMEMM@EGM&ENER]MEPHWWME@MPGDF ND

YEELKHi SN K QK SS W SSHE ASL GV SSAGP Y QGK SSEERNYV WLIKKNSTYPTIK

RSYNNTNGEPASSL WIGAHHMPAR/SA BRISNCERTERTG ISVAGTAILN@RTL MRRJATRSKVNGQ

SRR AT NG VAR A S T RSB A ST QTP MG

INSSMPEHRKAPREIVBE CRENSS{ SIPR NGMA TGLRNSPQRERRRKKRGLFGAIAGFIEGGWQG

oSS D R SR R G RVcrr.e

RIENLNKKNMEDSERIDNGH 'I\WAEMNV(EII\IIEN]ERKEB,DF HDSNVKNLYDKVRLQLRDNAKELG

NGCFEF&%Y s
ALALMPRI@%[XEIWMCSNGSLQCRICI

[0029] %gw%g%m\s\m GRTKSTNSRSGFEM WDPNGWIETDSS

ECSFXSINPED KB DS RE ST LITRORPHES EPVSISTSEL SEBG VASVKL
AGNSSL%%Wﬁﬁé%DWFWﬁ%é‘ﬁf)%ck%%ﬂlrd&LLNDKHSNGT

VKDRSPHRTLMSCPVGEAPSPYNSRFESVAWSASACHDGTSWLTIGISGPDNGAVAVLKYN
GITDTIKSWRNNILRTQESECACVNGSCFTVMTDGPSNGQASHKIFKMEKGKVVKSVELDA
PNYHYEECSCYPDAGEITCVCRDNWHGSNRPWVSFNQNLEYQIGYICSGVFGDNPRPNDGT
GSCGPVSSNGAGGVKGFSFKYGNGVWIGRTKSTNSRSGFEMIWDPNGWTETDSSFSVKQDI
VAITDWSGYSGSFVQHPELTGLDCIRPCFW VELIRGRPKESTIWTSGSSISFCGVNSDTVGWS
WPDGAELPFTIDK

V

W: Wyoming H3N2
[0030] HA (HAW) SEQ ID NO.: 3:
MKTIIALSYILCLVFSQKLPGNDNSTATLCLGHHAVPNGTIVKTITNDQIEVTNATELVQSSST




MKTI I ALS YI LCL VFSQKLPGNDNSTATLCLGHHA
VPNGT| VKTI TNDQ EVTNATEL

w&/eEeS8I3EH CODSPHQL L DGENCTLI DAL L GCDPQCDG-QNKKWDL FREERBRA07/003969
YSNCKPFZ) VPDYASLRS
LVASSGTLEFNNESFNWAGVTONGT SSACKRRSHSFFSRL NWLTHLKYKYPALN
VTMPN NEKFDKLYI WG |
HPVTDSDQ SLYAQASGRI TVSTKRSQQTVI PNI GYRPRVRDI SSRI SI YW
TI VKPGDI LLI NSTGNLI APRGYFKI RSGKSSI MRSDAPI GKCNSEC!I TPNGSI
PNDKPFQNVNRI - UUGNCPRYVKONTLKLA
7OVRNVPEKQTRG FGAI AGFI ENGNEGWDGW G-FRHQNSEGT

GQAADL KSTQAAI NQI NGKLNRL | GKTNEKFHQ EKEFSEVEGRI QDLEKYVED
GGICDSPHIDLPSENCTLIDALLGDPQCDGFQNKKWDLFVERSKAYSNCYPYDVPDYASLRS
! =N

Lvass AL ENGTL A TERRMC CER MRS KRGV TP

\V YKDW L
NEKFDRISFAY SORHEVADISE GISUNACIX SRR USTER J@UBY [PNG YRRRYRDISSRISTY W

TIVKP GRS T R G RS G AR S DA R RS E G NP KR F QN VNRI

TY GACPRYVERNTLEIMYGMRNVPEKQTRGIFGAIAGFIENGWEGMVDGWY GFRHQNSEGT

GQAAD%%&K%ﬁﬁ%@%ﬁ%ﬁ?ﬁ%@%@ﬁﬁ%ﬂmﬁhmww
NAELL\GRBESQEITI QL R ATPMERGABKIVEISSSEBTIESIRNG

T DHD R R B S B KRVB SEA SE Y ALF SRR QK ONTR

CNICI SASGKAD

[0031] L%@E\E?ggggaqgﬁg%qwﬁcscvpRYPC,\/RCVCRDNV\KGSNRPl VDI

MNPNQKVATIGE VEDTPRRNIISSEQEATIL DPNVEHEEHCYEENAPPDGNIVMLCEPTIIERNITEIVY

LN TR R S R QN A RS RN S R S AGGD NG BERY VSCDPDKCY

QFALGRRIUELENWH SSNSIWNPREP HILGPKQVOB2YWSSSSCHDGKAWL

avev TG AR RN P Bk R TGRS Ee NG e TV TRGs AsGiAD
TKILFIHEWKRBIHT ST G5 AIQH CRBOSCHERIYE G YRICV URIPY WK GSNRPIVDINIKDY SIVSS

YVCSGQ?E?%?%@E?%E@@@M%@%Y §%b%ﬁBWﬂéﬁﬂ§%KLRSGYE

SOne-e one  ofr
TFKVIEGMQ[NENSKLQNRQVD@BEGNRS@%SGETSVEIEKS@M@F ¥ VEMBGRKQETEVLW

|Iized as one or nore
TSNSIV&E%??% T‘g@@g&gﬁg’@)ﬂﬁ i'nked together in one or
[0032] nUn8uéiraiHmgdOdbnaeRtprotes: SEQIIIDNG) éxenpl ary
| ide influenza antigen conprising full
LTEVE%%%gngg%bg and domain 2-1 (referred to herein
as HA1 2), or domain 3 of HA. [0034] HA

Inﬂuenza\érogerzlr%m [HoNI]:

Hemagglutinin
[0033] In certain embodiments, full length hemagglutinin (HA) is utilized in vaccine

compositions of the invention. In some embodiments one or more domains of HA is used. In

certain embodiments, two or three or more domains are utilized, as one or more separate
polypeptides or linked together in one or more fusion polypeptides. Certain exemplary embodiments
provide influenza antigen comprising full length, domain 1-2 and domain 2-1 (referred to herein as
HA1_2), or domain 3 of HA.

[0034] HA Vietnam [H5N1]:

[0035] HS5N1 HA signal peptide SEQ ID NO.: 6: AKAGVQSVKMEKIVLLFAIVSLVKS



[0035] H5N 1HA signal peptide SEQ ID NO : 6:
AKAGVQSVKMEKI VLLFAI VSLVKS[ 0036] H5N1 HA domain 1-2 SEQ
wo Do@s318: DQ Cl GYHANNSTEQVDTI MEKNVTVTHAQDI L BT HING07/003969

10037] H5N1 HA domain 3 SE@ID NO : 33:
CDLDGVKPLI LRDCSVAGW.LGNPMCDEFI NVPEWSY! VEKANPVNDL CYPGDF
NDYEELK HLLSRIMnFEKI Q
p PKSSWESHEASL GVSSACPYQGKSSFFRN*WALI KI O'STYPTI K- RSYNN
TNQEDLLVLWE HHPNDAAEQTKLYOQNPTTYI SVGT STLNQRLVPRI ATRSKVN
GQRSGRMVE
FFWI'T LKPNDAI NFESNGNFI APEYAYKI VKKGDSTI MKSELEYGNC [ 0038]
H5N1 HA domain 2-1 SEQ ID NO.: 8:

[0036] NH@QTHN@Mﬁ@SMJNDHDLND@ECPKWKSNRLVLATGL RNSPQRERRRK

DQICIG YN N D ME NV T QRILEITENGKY 1 NS | DKM

[0037] NTQ?EAH)O(@?EF&XNB ESRIQY HNINGKK33:

CDLDG YRP] %@%ﬁ D&FW&?VNDLCYPGDFNDYEELK

HLLSRINREEBEGARK KRR SAVASESVE SATP Y OCHS FHBNIY WWLIKKNSTYPTIKRSYNN
tr : I

QDA N G LN QB P RIA TRSKVNGOS GRME

FFW TILISPYuANRE SNEENBIA R0 A YK IMIRG BATEVEISELEMEGNCde  SEQ | D

[0038] glggw,égﬁdmggﬂé\gsgéé%\ﬁg [£042] H3N2 HA domain 1-2
NTKCQTIRYVPANSNS MPHHON GHMHAVMCNESTE K/K VKK PVANGT RNGIEIRERRRKKRGLFGAL

AGFIEG%é%%@ﬁ?ﬁ%&%'TQ?{?&IDGVTNKVNSHDKMNTQFEA

VGREFNMIL DIGHMENGIWEYNVAELL VLMENER TLDFHDSNVKNL YDKVRL
QL@N%@%MMWW@%%M%?&MESIGIYQ1

[0039] FDKINA KB\trirBhiEDSDEIeSo@ASERI IDUSDKRSQOTVI PNI GYRPRVRDI S

LSIYSTTSIS%%%%{;ﬁ%%Héan ; %g@@gp RSCKSSI NRSDAPI GKC

[0040] RBECIRNGEE EREXBFQNVA M TYGACP F

o411 R S e R AN AP ks N R VB e

[0042] EKERSHEA domain 1-2 SEQ ID NO.: 11:

oot E NI B B ) AR BT

[0043] VAARDEALNNRFEQ KOEE) KSGDIW L [ 0045] H3N2 HA

cpsPHJILHEEREPL A58 L5 E BN R R DL AER SK AYSNCYPYDVPDYASLRSLVA
SSGTLEFNNESFNWAGVTQNGTSSACKRRSNKSFFSRLNWLTHLKYKYPALNVTMPNNEK
FDKLYIWGVHHPVTDSDQISLY AQASGRITVSTKRSQQTVIPNIGYRPRVRDISSRISIYWTIV
KPGDILLINSTGNLIAPRGYFKIRSGK SSIMRSDAPIGKC

[0044] H3N2 HA domain 2-1 SEQ ID NO.: 13:
NSECITPNGSIPNDKPFQNVNRITYGACPRYVKQNTLKLATGMRNVPEKQTRGIFGAIAGFIEN
GWEGMVDGWYGFRHQNSEGTGQA ADLKSTQAAINQINGKLNRLIGK TNEKFHQIEKEFSE
VEGRIQDLEKYVEDTKIDLWSYNAELLVALENQHTIDLTDSEMNKLFERTKKQLRENAEDM
GNGCFKIYHKCDNACIESIRNGTYDHDVYRDEALNNRFQIKGVELKSGYKDWIL

[0045] H3N2 HA transmembrane domain SEQ ID NO.: 14:
WISFAISCFLLCVALLGFIMWACQKGNIRCNICI




W SFAI SCFLLCVALLGFI MAACCQKGNI RCNI CI [ 0046] In certain
enbodi nents, full | ength neuram nidase (NA) antigen is
waiRooziogsds i N vacci ne antigens of the inventi onPCT/NSBOM®3969
enbodi nents, a domain of N®is used. In certain
enbodi nents two or three or nore domains are provided
in antigens of the invention. Certain exenplary
enbodi ments provide influenza antigen conprising full
I ength NA, | acking anchor peptide sequence.
Neur am ni dase [0047] NA Vi etnam [0048] HS5N 1NA anchor
peptide SEQ ID NO. : 15: MNPNXKI I TI GSI CWTd VS [ 0049]
H5N1 NA SEQ ID NO.: 16: ‘
[0046] L A Gir@ii/EBbWiSHStsHIGNSHOE BRhShid hSERRAY ASUEENNSNEEEE&PInNaccine

anigens QR eI, o rims e Sed P PR YRR R g osiments

two or thied/BERVGEAORSRY NSRFESYABABHNESEDGITINYE ivetBEPH@EAIn exemplary

embodimgt pAES Rt AP e P R R S bR sequenee:

Né&ikhihinidase
[0047] %WNRPV\X/SFNQHLEYQ GY1l CSGVFGDNPRPNDGT GSCGPVSSNGA

[0048] S EPNGRSERH MDRPNGWIEVBSSHFIVRQNUMITIOIBSYS

10049) ST SERIDRIO Rd oK esTI WISGSSI SFOGVNSDTVGBWPDGAEL P

LMLQIGNMIX W 0SBS]H FGND H@S EPIShNIDEPEK 48/ AWK L BGHFSLAMNG WA VYSKD

NSIRIGS%B%U,{%E%ﬂﬁ%ﬁﬂ@réﬁﬂﬂﬁﬁ%ﬁ%@%%sCPVGEA
PSPYNSKEEENMNSPEANACVMIDEPS WIERKHSGPIN AV AVIREY NP ETRSNBRPONILR TQES

L e T e

CVCRD NLENGRVDBISGVBRRNPRPNDGTGSCGPVSSNGAGGVK GF
SEKY GNEERTGR S TR S M PR TETb S S ES AR QB AITHiweE o sFvanp

ELTGL BIFNWHISE SYSBYGYSEDDGEFRWMPEEBESSERE IDK
P E(

10050) AR ORIBRAARTERTT SER IREATHRVI EGWSNPNSKLQ NROQVI VDRG

MNPNQKRIBSSVSLIFBHGEEM QRIEYVEN TRERKQETEVL

= TGSWPDGADI NLMVPI [ 0052] Wi | e
[0051] \S’%%S 5 WG F8

exenplary influenza antigens are provided
KQYEFNTHRNINQ VAIACEBRHERNITEDY ¥ LN TIUEKEHCPK DA ERRIWE K @NUT'GFAPFS

consiE AR B B TR POl P
ELG VPFER G BK Q31CIAIW 8SS SCHRGEKOAWLH BE VAIGRIDEIN AT ASKENGRIE VIBIVS WSKKI

LRTQES\;EM’EWéf&@fﬁf&%ﬁa@%ﬁﬁ@%@ﬁ&w%ﬁﬂﬁ%§?L§&sk'Eﬁq@ﬁECSCYPRYP

capabl e
GVRCVCRDNWKGSNRPIVDINIKDYSIVSSY VCSGLVGDTPRKNDSSSSSHCLDPNNEEGGH

GVKGWAFDDGNDVWMGRTISEKLRSGYETFKVIEGWSNPNSKLQINRQVIVDRGNRSGYS
GIFSVEGKSCINRCFYVELIRGRKQETEVLWTSNSIVVFCGTSGTYGTGSWPDGADINLMPI

[0052] While sequences of exemplary influenza antigens are provided herein, and domains

depicted for each of HA and NA and M2 have been provided for exemplary strains, it will be
appreciated that any sequence having immunogenic characteristics of a domain of HA and/or NA
and/or M2 may alternatively be employed. One skilled in the art will readily be capable of
generating sequences having at least 75%, 80%, 85%, or 90% or more identity to provided antigens.
In certain embodiments, influenza antigens comprise proteins including those having at least 95%,

96%, 97%, 98%, or more identity to a domain of HA and/or NA and/or M2, or a portion of a domain



generating sequences having at |east 75% 80% 85% or
90% or nore identity to provided antigens. In certain
wenlwoadizent s, | nfluenza antigens conprise protBCTIES2007/003969
i ncluding those having at [east 95% 96% 97% 98% or
nore identity to a domain of HA and/or NA and/or M,
or a portion of a domai nof HA and/ or NA and/or M,
wherein the antigen protein retains inmunogenic
activity. For exanple sequences having sufficient
identity to influenza antigen(s) which retain
I mrunogeni ¢ characteristics are capabl e of binding
wi th antibodi es which react with domains (antigen(s))
of HA angyiooNAdantl/orelM@i whereimithe egfégenroteiy retains ingnunogenit metvity. For
i.onal ' I
example éeﬁ}ﬁéﬁ&g hhy QBS guﬁi’c!@ggﬁlgﬁt'ggf r‘)ﬁg B{f%%g%s %H %%gg%hfc‘ﬁ r@t\éﬁlnitmmunogemc

no acrl ds*or In the art
characteriséeghire papabdnof Hipdige githrrntibodies whivhdest “dihfdomaem,{eetlgem(s»
provided ﬁ&%}‘he rl?rﬁnlgl% hic c rtapteﬂktggs%[ﬂ%[} (fr?clucn: lh%léllﬁI%Flle?&la? %/sa{tation of

one sequen e aI er natil ves nonet €ess p eserve
relevant ammq adige pt side lgequpst Ong skilled in thE@rt can s¢adily édentifnsegness with
U r e
modest dl\gt%?eﬁ%eg 121 %g‘%ﬂfg%% % ﬁv&&ac@ff drtegce(ig bg\ﬁ]n%ﬂeg %%0??0%& se%ll ence
alternative itlch_g,, no:m:ﬂ'g:inss] preamv_d snmifogeminchasastadsticy. ot instaacs, dgquences whose
boundarie%ca?%nggai tg?f]lf- g.gwggfngﬁsg,oﬂgl i%%ng% a%x%rq l]grgﬂ)%l a@isds ?3 gtgln%oacnds 12 amino
acids, 11 amém anidsad D dmind aaidﬂ;rﬁiamm@amdaﬂl aemnd esldg,ﬁaaremohelde Bramino acids, 5
amino ac%"s 4e RS %Fds Hhinded|d rﬂrﬁﬂmaamcﬂomaﬂrﬂm%%%}bj 3¢ QoM t}%%ndanes
der ed' 0 conprise rel evant tdonmal n accor danc

desi gnateqlnhetem heeihee smhef designated eminolmid §equh(gce| manchbg ccmsldered to comprise
relevant cﬁ)?ljllzt & Eméc%%?d%n dﬁ}s&rltgﬁhe&é?eqy g‘R’%ﬁtl 'h'mél e %nﬁm h&'ﬁé}nﬁlgtes use of a

Mpri se residues approxi mati ng
sequence @é‘ mfgn:aza artigeRO0 ceMprigs re$1duhsrmpn(>@)1amfg tﬂake\dhm\am designation. For

example, %g%aﬂq‘?@r%ef%ﬂﬁ\qv?%%ﬁee%g%@m% afifle J(J}eis%@xg?arf 1415%9 ?Js% EhiBtein as an

antigen oﬁmeenvﬁ)nnoﬁlﬁsetelﬁqempbﬁeatwrﬂ hergpprlam‘,]‘at,@n’e et aap;yccxate that any domains,
[ [ [ 0
partial do%%r%'ecgn}irgglgﬁg Bf %ulrjxg%gg sgﬁlfe%ce OF ﬂ%gﬁza %x_ﬁg%\& %EﬁA A I11\42) which
are 1mmuaogemm@memt@mi@mﬂaﬁah@maﬁlodgpmmﬁ thectins &ddfurther
domains érrﬁ sgjgggrtgxlaﬁ\é %\érléﬁg go %{ij@ n%aggeey and"j rr:cg §/ebut§i\9 ?%k‘or%r&[uctlon of
influenzactigasut i vel y for productlon of |nfluenza anti gens.
[ exen | ar [ u ..
[0053] S eAqsu%ncA? eﬁns 'xe ﬁ? € &qngd’l se ﬁn(ge\rén%ron%ié%néaggﬁaiut dnweldqfamlmdase,
and M2 gf gatticolar anbtgp&stay ;destcrmsd dredatail heehm v atmualsdlbthlmsmf nfluenza virus
. i u infl i.ru n
exist and :égﬁﬂéngl%ﬁag)nﬁé%&gﬁgd gg néﬁﬂ ubl{glg%% eegéeeﬁ% §)‘n 8t Pﬁ‘& stfii%‘%)é B8 skilled in
the art thatrtkemsthodd ahxy campositkanls Ipetd/lderd ltdnen anay lielmiaptteﬂleo nelidecdguences of
.. I i . I
:«,1dd1t10naj’l t pgegp%«l;}b g%g%@of X@g%??l?%ﬁg}'ﬂs ypp gse%q%@%clﬁ%e Methods and
compositixmspammbaﬂ heselnont enpl ated and enconpassed within the
nmet hods and conpositions provided herein. Influenza
Popl ypepti de Fusions with Thernostabl e Proteins [0054]
Inﬂuenzalﬁvmepadeaspmvﬁh DherostablevRrotdinn, provi ded are

[0054] i ri cgr%lm asge% S cg’%ﬁé Sl"n)ventpor}xPHo I’d?ag areui%lﬂuenza antigen(s) comprising fusion
polypeptides which comprise an influenza protein (or a fragment or variant thereof) operably linked
to a thermostable protein. Inventive fusion polypeptides can be produced in any available
expression system known in the art. In certain embodiments, inventive fusion proteins are produced

in a plant or portion thereof (e.g., plant, plant cell, root, sprout, ezc.).



pol ypepti des which conprise an influenza protein (or
fragment or variant thereof) operably linked to a
wo b@voestabl e protein. I nventive fusion pol ypeptT/ds®07/003969

can be produced in any availlabl e expressi on system

known in the art. In certain enbodi nents, inventive

fusion proteins are produced in a plant or portion

thereof (e.g., plant, plant cell, root, sprout,

etc.).[0055] Enzynmes or other proteins which are not

found naturally in humans or aninmal cells are

particularly appropriate for use in fusion

pol ypepti des of the present invention. Thernostable
[0055) p rﬁmtzyahasorc dther, pmkaém; \ﬂuisle gre nob fifupd natveal bbistiwixian pyanimahcells are
pamcular p¥ %pd)on ?%fl}ese ?]lnr o:f?{pe}ot-rweggn Oﬁ f%g%énlt r%ef# édp YPhermostable
proteins thvat, whem fuspd annﬁ&rdhqzrmstablﬂnt)ato a fosion tpeodist abuxsefuﬂ'hThﬁrmostablhty
allows prg&lfcggr le(btgel%r c%af}]gt?%scos?os dél‘il rggd %ialm mﬁ{:‘gcclj&%g 'Rgoqg’ (‘\ at room
temperaulre prles ératat Ifamlnfamehgy, Uhetelﬁ@:nmlsmd bbﬂ efliegtjvrescarsey of a fusion
' polypeptxdl: ]S %ﬁr damq%tllve%élmlr'xllg ol%§h }Il:%nb]e A, In’?er?e uggt;ul énc?c*fcordame with the
mventlorr:lls G&vgéuc‘hnéhjzﬂrglase ﬁesmty cTHmemdszyMwSpemﬁc@ldj ceawntl 4P glUCOSKilC bonds

that are aé{aceqt% to ll,?g@ ge%rglgg mmﬂg)ieeg lmk acgly %Pﬁ@l&"de_lef‘%i 1;§SblnProc Natl.
Acad. Schme @ﬂzlmg) Bwehfenuyrded are G@mdah sgareslucsuchas oattandrpdrley, and are also
found in 8 ggxpg%/rl’ oafﬁﬂ aal‘ arid %acsterxal %ﬁ%ges n ud% nge[hgrgnlﬁqc%%{}g%bo%ggkova etal,

eC| es, Incl
2002, Mo(l @bt 66l6®8}a 'Ehusa kies:raB&GEerrﬂbﬂsiableB]rotlems&'ﬁr @&@8h fusidrupglypeptides of the

present 1rbv8r|{}r abl ‘1:3 c,rosnt %e eﬁlrzé r Ot *eﬁn&e%%rthgén%s{a]%le O%iyco%ldase proteins
include tiggsy C&}ﬂbsféﬂﬁfl by@gnBEmk aEmsrph anmbékaelevisd a‘:h»hethose set forth in Table A,
v o B R R B RGEPRLAT AL Feiprnion r
GenBankf médslolnﬁnfbaﬂnhﬁod\fortehd'n edatert sunbee dexengflamgttherimoatable enzymes of
ncor por at here ref n ent |

use in oL BERTLR B O PR MR BT AR S G e B PRST I rrfacitus
brevis P390T3) ahéfl%bﬂ’madumnﬁeﬂs P/E)?Q&‘palaaln gf wwhizhraps trmb#per&a]zl)ﬁms by

of use.in,f rotelns L on_incl
referencClp A PERIK AtGFROREI PN I PIBO AP LG i TG Gieied in he
ExampleP3illizEdnodifidd Bieotbhablwazyme isolatedRdin @Bosnadiuh t@érmdwlihn however,
oy e LIRS ASAEA B 5 RS L PR .

illustrated in the Exanples utlllze nodi fi ed

th t abl t
et mocet | um TROKEG PR Ay LR P RESATA P oi n may be

P29716 si m | arly ut| (Ba&gdhicanae Cissdadias: t%kﬁnl‘bcteﬂmpr esent

P37073 1 nvention. Ta{&a-Alicarldie Brdshal.e igbyigos| dase

IMVE Ar ot ei ns[ 005p{BfheNicdest FiraBadrélSobinpgdies) Ns and

P07883 POT ypepti des| (Bxtacemilthaddefis¥Sir-BorbMPcdstoeiddieny, 1t 1S

P23903 desirabl e, Of (CGREAS&ndol B-BtL3RICH S dASIANBIENEENMlBs)

p27051 the antTgen. | gadibloldcHhdsB Blaciltul lither#BphisfO1 € Th Ccertain

P45797 aSPECTS OT TNeRdt\RIELALE PulniBhaMubol el (BAetiBis Wohhhxa))

P37073 P1 OVI Ue TeT TSt A b A e Brefod s B PL eI M- TS

P4579?| gature faci tﬁ&b-‘éﬁlc'ﬁﬂ%gﬂhbHHﬁer%Js'rﬁ %anﬁ LUS.li

P38645 © 1 CCUT Ve TeLEEL V10l il ade 70 ho B d I Bibpold], CET a1

P40942 2SPECt ST Tt e GV i S L N ectedwhich

P

P14002 P1 OY' de—addi (Beta-ghicasidase Clostridium thermocellum 'a"ti":'”

L aa-Ha-a-Ea-B

£
033830, ..o o, | (Alpha ucos)daseﬁgr/nofoga marit ma'}c A Tpre

043097 '~ T U7 V| (Xylanase Theérmomyces lanuginosus)




prior inmunogeni c exposure to vacci nation subjects.
Further beneficial qualities of fusion peptides of

WO paoe0est8 | ncl ude proteins which provi de ease BET/US2007/003969
mani pul ati on for incorporatiton of one or nore
antigens, as well as proteins which have potential to
confer ease of production, purification, and/or
formul ati on for vaccine preparations. One of ordinary
skill in the art will appreciate that three
di mensi onal presentation can affect each of these
beneficial characteristics. Preservation of inminity
or preferential qualities therefore may affect, for

P54583 exanpl e. chol GndotgleeroasaE bdridatermusiiedploditsusle of

P14288 f usi on | ocat | @Betf-galgctosibasechifplnbgs aGdoarddangs |

052629 i nt er nal , cohBenapalactesitiherBoedJoccl wersat i vel y or

P29094 addi ti onal | y| (Qlig)-eé-ghcesdae\Gabhatustheanaglicaidasius)

P49067 segnment sel ectalghi-amyldss iPoprucovhistingssust be | ength of

JC7532 antigen, or | @klaseBatillk opeciny t ner sel ected. [ 0057]

Q60037 The present | amife Wermofipannginmged successtul

P33558 Tusion of a VeXyliedadke A CRRIIBEAS NI Brigm) Ner nost abl e

PO5117 protein. For| exNallRiurBRasBdVfied 8} Sollfih/pEsPrSEAP) €

P04954 carrier nol eCtluldse B CRIsHRUiIh thdriBleih)asS 11 Chenase,

Q41929 T OT ProductT PGl LTI RES BSidodd i@ty 1 3 L, 4D

033833 01 Ucanase (| gk, FLEk [ Ab1 e Tum
49425 ( CCTTBANK ACTER I 14&!&@%}6‘%&%%&%

P06279 L0 & t anmi v Ofa@h DUH flse Clbatillas, stbegomerm bl L ee

P45702 BHSTEYPHOIR!_PEXVEAdL eBhaddri tedrbiebig il (LT

q
4
o

P09961 &1 € S ttrat cu {IBRE amYla thermopjffg e hn:
Q60042 ctose pr oXt nylina,SgAA ar oy

l Ao ot

AAN0523FITANOILS, T (heidk

AANOSATET 1O e

AAN054Z‘Ufla::rn ni n: a‘ert\?'g (o ks

sy}

AAD4313§[ inf Lng_n,j

pol ypepti des can beexpressed asN- or | Ct erm naI
[0056) fUWh@lﬂ&e RS fus{bnerbRirsthe pbl'i?eﬁﬁﬂ'egﬁ?ﬁcdo%ce with the invention, it is
n&?rtan y, LicB maintains its enzymatic activity at
desirable; ghpqyricatocPraterts gimunaaseichy of the@gpeed tHtiurthenisis dggeable in certain

aspects o@fhe'—nhﬁﬁn@ﬁ t@ﬁﬁﬁ?‘i&é st EGH] 8 p?&ﬁ&é ih@%@ﬁa@ﬁt;{/ad?{a@gﬁém protein.
i ncl udi ng el y €en hancenent of tar get specitTlC

This featprerfpiligtsgicant ymegdtisisnt 2nd qost sffrctrpescarey efip targetantigen. In certain

aspects, éfé\i%% ARi A LthBIsNARS Be scditedSivhidh BRIVIdY mmﬂoﬂ‘apaamhatgeso theluding
vacci nes that nmay be delivered nasally, oral
enhanceqa%m ShiramanPgeniqHyy PHERtA i@ inchngmie muarpl%va@mesiertwwss yet lack
prior imrhihdgbAiB efpSietiod At Sidbiesh Subfects. HarBEr KRRE &I @L@Mtl@f‘omy@n peptides
ani mal or human pat hogens.” See exanpl es provi ded
of intere} dncliyds protgins S’Ith*UE‘iodhj%rﬁa%ﬁ <f anipylatigiefor Rcemaration of one or more

antigens, &8 W1 23 tpp&eing WHAG R e FotenB8INto BB feP BasR 0P PHSRIE br{‘ p%HYl c&fon, and/or
a varie of expression systens, including bot

fomulat\sarltfiarovaaﬁlae PFEP@Tajionsy Ope aEOrdaey sl jin the %thh@pmatwhlar three

dimensioh8@itkdeNtaBBR cAE AALAR hdlPbf tRBeivEhZRliAI MR b iehbGdse iFfeRMVatlon of
sequences_ for a particular expression systemis often

immunityeisprefepingial geplities hepifare may afifct.dReesmpi¢, chpice of fusion partner and/or

choice om% H5dtibie (2d. "N -LRhindE, cha@er&%méem&mh onfiRLtRS mze@e&f
| uenza anti gen- Li cB fusi ons I n ants | S [lJr ovi d

Altematlg%lé og%ﬁpr@lly, PrefRyences ﬁ}pyraﬁegt;; éﬁtgt}hg%qegn@nbs@ q¢ted for fusnon whether
it be nengf@napgit@en 'd’x‘flé&g@l%ﬁﬁﬂmh' FARAESkILHa] on protein(s) and

ragments thereof in



accordance with the invention is intended to be
enconpassed within nucleic acid constructs of the
WO paoe9ize$r. [ 0059] For production in plant SysSPENES2007/003969

transgenic plants expressing i nfluenza antigen(s)

(e.g., influenza protein(s) or fragnents or fusions

thereof) may be utilized. Alternatively or

additionally, transgenic plants may be produced using

nmet hods well known in the art to generate stable

production crops. Additionally, plants utilizing

transi ent expression systens nay be utilized for

production of influenza antigen(s). Wien utilizing
[0057] pITdnmp_r@xmiawt@n heyesdanestrated sheessfulafusiga i @ veriety of antigens with a
thennostatbﬁeanr%'te F(?rxeg( ?ﬁc’e' %}1'%103 Bge‘a}k§ {Helc‘mg sﬂbﬁg&grlem&emle LicB, also

nuc‘?ear ‘expre oh, chl oropl ast expres
referred wrias tcliemasty lf(a'| predtpties sf ﬁmiormrotsenrrsalesB(m h%sll,‘bﬁ ghwgndse (LicB) from

n adv [

Clostrzdnfrﬁ lfhe rmo el @ﬂean 2l lég% %gtl) ?’géd’atﬁ'g&?elh nhf gj@l—f’» éélgk(gs tfo 3 family of
globular mmm sBasad ey ﬁteehﬁeﬁunerpmmmu stricture of Lanﬂ iigéhrsand{gHtermini are
situated cioﬁs% Ié(?]) ?a ?hrﬁglorr]l sntria%g,gred rﬂlm&g&gﬁle%%ﬁég ?cgmam LicB also has a
loop struempreasesedmnsgrsmefwe (et d lpcataahfmlﬁoantfcelctlvet doresin( dYghave generated
c:onstmctsClsﬂuO e&lact tpng loob %Fruceturl'eaalnd%Pan% 't% 1? Yoty ?&gll{)l canPe usé‘_;i as insertion sites

cofTh) i'nsect eXpression sys é’ aculovi rus)
for influepemsttigen prypsptates.s idhuenss anirmn pplype;btlchs sxipbeexspressed as N- or C-

. st . .
terminal é%l&nggg?sg i%SegF mtro%nl: gd{'lfa%te ?%Ap%./ Sl%p%‘?t)cm d%f"elgﬁ nﬁzﬁgxtn% gg enzymatic
activity ai lowepltiaod at lHgb thmnelramredmp fton 7 Eiién ZauAnlse gEhE B 466G} ridrmmolecule

CC nce. W t.h t sen
contrlbutgs szagtgges mwiwdmcﬁ lbi?elf nl'ﬁ" ﬁe%n%%rnpr 5 é&@P %Hé #Mr%ﬂﬁ(g%e{ncxty, potential to
mcorpora«zammamisyammé/d@tenﬁmmn@n and $terighoforwamlyfobpulptionl uf:md:cmns that may be
. an eS|rabIes rd tio (R
delivered Fﬂa eHF X orallty efl[(?r 1%0%8 orey rod1§ ngxogrLééﬁ R"L?sgonscfn plants should
reduce theyisk eﬁcormarmmndni wkth(zmnndlmr hhmaaphthagn:hsrrﬁpe bxearaplappx@dlded herein.
use of. influenza.

[0058] hg’r“g‘]’ﬁ%ﬁg{ﬂgtgi%Pveﬂt'oﬂ £PUEFshE in uen a an r OVI g&)e roduced in any of
a variety bf a;gmmtcm symmns,antlsdmgrhdﬂotn xfmre lamhgj vzmasystmnanthJﬂ@wed in the art

will readi g}fpéﬁ%;a e?l?fagrﬁg g%I}ﬁ%CoSX§ ﬂ%ﬁqsb agid § F%Lben % fg)? p erstlscuﬂir exprlessmn system

is often dsyﬂb&a&‘r&l’orlensmpk inahé exqrsplé‘manomprbvpﬂednteresmsiparmzed sequence for
trans and .tr nt

expressnoa a:} ufguelngar fm‘u%e :% (%u nsn aij:angs ? g gﬁ cée%arseeepr 2 e 1 Thus any

relevant rfumxoac@ bmctoelnrr@mﬂuenzamyntx ben(shefesipaptaein(s) pnad ﬂ'agmemﬂ dh:reof in

accordanceﬁ%l' rn%n {0?’1%% Lnrt]en%%g 6 genco%yp%t H‘iwtflug 9 %ll:lc agldscongtructs of the

nent Aventt on. 1Tmfluenza. an
inventiondesi rably produced in plant systens. Plants are

[0059] r o?fplalc?/ ng onelansﬁﬁaﬁt%yg{gx% F{H% ?%e% i@ ﬂﬁttsleg elséf ﬂ)%eﬁﬁ\éagltigen(s) (e.g.,

seve vant'ages’ over rna V8 “S0LT Ces suc
mﬂuenzammum(ﬁ)l arifhgmeatsiordigsionel theredf) @s3y tresﬂ.'r}izbcii nAitbmatlvely or additionally,

transgemc gpzﬁll SsnggQ% gtg;ﬁuges%&sinrgaarﬁgtgg{ﬁ% \g/ﬁlz?ln ic‘r% th ?QB %exbea}gt% stable
productiomagbpsn e%@dlﬁmallpr Ptk osiliting transiei elxpteasxon systdrag mey be utilized for

productlogl ﬁgﬁ ﬁ\“%a antﬂg%Hgss' IV\“hen uti 1l'lzm g pqanQ%&Sr%sglgr?gysEe%sr, ShSher transgenic or

ere
transient expression in plants is utlhzed any of nuclear expression, chloroplast expression,

mitochondrial expression, or viral expression may be taken advantage of according to the
applicability of the system to antigen desired. Furthermore, additional expression systems for

production of antigens and fusion proteins in accordance with the present invention may be utilized.



gl ycosyl ati on patterns between plants and manmal s).
Thi s enabl es producti on of bioactive reagents in plant
wo e@s0es18 Al so, plants can econom cally producBCT/E83007/003969

| arge anounts of biomass wil#hout requiring

sophisticated facilities. Mreover, plants are not

subject to contam nation with ani mal pathogens. Like

| i posomes and m crocapsul es, plant cells are expected

to provide protection for passage of antigen to the

gastrointestinal tract. [0062] Plants nmay be utilized

for production of heterol ogous proteins via use of

vari ous production systens. One such system i ncl udes
For example nmmplignseranession eyems td & ymamandlian gelp liner (- g @, ¢c.)), bacterial
express O b PR hesRE B bR dblibyirus) st expression
systems, g9& frevigrorpapregeine systemsolegp rptiodate tyseteskyey berpsedfor expression of
antigens ¥id hﬁfdﬁ a&&eﬁr{%ro‘%'u%n%n%oﬁ! ns, including many of

manmal 1 @&n origin and nmany vacci ne candi date anti gens,

have been expressed in transgenic plants and shown to

. ' ctivity. (Tacket et al., 2000, J.
}Wmﬂwn?ﬁ¥§@?2E%%22?&%§g:302; and Thanaval a et al., 2005
[0060] prip@ccovdance vgndhe Segsent ingmtionOinflgeyg)antigedi(inctuding ipfluenza

] i . . ¢ - .

protein(:F ARG, Shik B By HERGRRE RPN PR SESBLER by desrable system
productigois ntrinited calplanirptems) Yiettoe censtragisland ¢xpressieroghigismisgme well known

. i .
in o 2 e SRRl bl 30 pFARER i, Forcxampl
influenzapitigpespiineleding fragmants.svagiantsj ansiéonfusions)wan bt prosdutest iv known

expressi%@ﬁ%r ﬁ'x@lutd%gerﬁ%ﬁx% ar]c %fggggzg%?ggrgs{%‘éﬁé a(mﬁ'neg?, 'microbial e¥pression

sl eht expression). all'ows t'or use o
systems, firsgtttdell syetams candgdant sysiéras tinclading &pnsgepicaud ¢tansipnt plant systems.
. . , t I i :

priclo Y SRS 0 OGO 1 0560 SH B 300 produc
such fusige praseias i gereplant systemsi es” to rapidly generate and

or N O . v _
o061 PUASHEE HARES i L BRI, NPT B B LA st o
systems. Blpnte a5 ghativelyteasystofrpamipuateiggnetinay sind have seyetal edvantages over
altemativges%ﬁxrcgg s&@lrgggﬁﬁmagglu%samim%\@ély fir%%%x%% HB%%mbxﬁ%PooVn\’Eidisms and

characterized, and infectious ¢ cP'Ones ar e
transgenig\paimalp| Blants Haye sdphisticated possttranslationg) uadi ficmion Greckinery for proteins

. i : . . ti _

i 6 gl A 401 T8 b UL AUSERL L e o
glycosylatigpi paktgrristhetvegh plants 4nd resrninals).pThistenablibeprodestonsd baraative reagents
in plant t?s?ﬁ’és? %Q&}vin(?s &'n%ggﬁdrﬂﬁaﬁ {)Ig)ghc:@\%r% ﬁ’eﬁ'gé Llrggﬁnty 3F Di®mass without

plant vir expression vectors, I ntludlng
requiring] wpbis‘gjga,tacl fagiitigs. mwr, ptﬁn;qmpmbdg@jéoh;ommtmﬂhation with animal

e . .

patvoprlE Yo, R0 RANIpAIAC L KEEANULTEGLLRA 16k pprcion
passage qflaafigen toothf gagtdimestimgl teastr i er ol ecul es for antigenic

p . | s
00621 PR SRR SRR B RS ORAEL BBl R e s
productiati sygtemps (Qpedsash sytemainciuglen bee eftransgerdc/genetibaly-modified plants where

Thi l. t.inecefficie .
@ ne B e RGN U e ISR e o, Trnsgei
systems praytgeoetatet @op ataduetianf systemac & varietpnfifodeipe pfoaging, incdedisg many of
. -effect t ti , .

mmmal S8l LS AE SIS, LD SOl LE B o
and showmtouawe Eurictibnal activity. (Teckettdr al., 2000, J. Infect. Dis., 182:302; and Thanavala et

al., 2005, Proc. Nail. Acad. Sci., USA, 102:3378). Additionally, administration of unprocessed



to incorporate nultiple vaccine determ nants, and ease
of forrmulation into vaccines that can be delivered
wmamalop3zis oral |y or parenterally. As an exanpl BCT/US2007/003969

spi nach | eaves cont ai ni ng néconbi nant plant vira

particles carrying epitopes of virus fused to coat

protei n have generated i nmune response upon

adm ni stration (Mdel ska et ah, 1998, Proc. Natl.

Acad. ScL, USA, 95:2481 ; and Yusi bov et ah, 2002,

Vacci ne, 19/20:3 155). Pl ant expression systens [0064]

Any plant susceptible to incorporation and/ or

mai nt enance of heterol ogus nucleic acid and capabl e of
transgenippletisckprpsting bepstitig Bumajor sréica angende nepripmuizadduman volunteers

t I t

resulted ift BRRLIGAT B Whrhind RERLEGERstallY &1 1 ; F4BEBSN95ah96).

S|rab util1ze ants that are
[0063] afmesystemtfor gxmassingpedereptiddsiin mwmes pleat virgvectors engineered to
oore AT Bl SEURHERAAURS D BRSS! 6P bty on
transgeni¢ pbntsaislrypld pnxiuction ystemsraihubcgangticably edgimested panggand plants
infected \?/1 p%g gﬂ%gé glraan1 %s@{%antSXWeQaél“gy 5? g&vﬁt’]org%;’ E'IS‘ %gwm??ﬁ'n erate and
produce specifie prottinapf angess Pkt plolllsm beveesriaiteadvaptages that make them attractive
as expresg' Hﬁ %%%t[)%bft)y fér%}%g ?)%cﬁgin Igp*h(\):%ﬁ %{%Pp:nﬁtge?s om\ﬁﬁt\/ﬁ(m Vituses have
been wellpdmatdctanizad, asdiioftctieustcPNA plomfti prepraidpbde toaﬂapléltﬂtt@ genetic manipulation.

d:

Once mfel&wlxé %gef] geﬁ‘& cfm%%@gloe?x?&y9?\!5%&&1!?&88%%%@% 1t9%%l}’c%r9§da f levels and
spreads rajeéllyrthmlugh@ktam engiraplaot efliest aneseviral ameoa@b@etpmrmmgyarget
polypeptlggfus%g éliia\llﬁfé'\)z(tgil e g‘]eg(ﬂ\’,{‘ﬁé%&gg qﬁ 1%%8? e | gt?o;ﬁgfo g@t ]%ly}?eptldes into
viral gengmed. éDme a@ro@hpnMMglmeﬂmgway puiteing aSvimses that m&ct bacteria,
animals orfxﬁ?angsg%:%?ét%n a%@mélr ﬁ}otlég,ﬂ?e% efﬁlﬂée S%?glﬁgesﬁc?ésg Séslu@l'i Earkir &%tems have
the potenphlantassmbﬂh amdbfoguni re@imybihdrg lvirbs-difve perticles glisplayireadssised antigenic
epitopes an, léhceg psunat%feadf!}ln ;g}g%:chaaq ?é??%ﬁﬁe-e%wﬁt&%ﬁcﬂgg g\%vty%ccine candidates,
since the jperticothfe @atoreiof an@tcmmcmdeiamﬁaamtdtmsm had pgst-efipetive racovery from

plant tissgeglt %(gl i 1%%8§dg&t§é€%?9c§§de%5%%g tB‘rgglt %J E e g\gﬁ%noggrii%igy, the potential

I's 1n
to incorpprast mhhmvwlwmhtenmdnm aalt dasnof fwmuhibph lintg veepines that can be
delivered na?ekﬂ l I t e%ge{rgl 8;1 :%é A lxa %gs?tﬁ}a%falleg?g@mltélﬁ’xng recombinant

plant viraj mynmb,slcanymg)epnagesdxfwem fusedl teedab protéio haexgangtated immune response
b 0 c hj I b
wpon ado At dord oG AR 6L pladBr PRIPNLITAL SEE, (XL 052081 and Vusibov et
al., 2002h6amezs 198D3168).wi I | not generate si al ati on patterns
which is found in manmal i an post-transl ati onal
nodi fication. Thus, plant production of antigen may

Plapseptpressionmystémst i on of a different entity than the
d
[0064] Isy‘%%v fﬁ%ﬁ! Tugéeg%i?‘e{}o%g o1 a?tﬁong r{@?’(ﬁﬁﬁ%ﬂ\%&:@a@éf o?'i'l@ét'dlé’ﬁxs nucleic acid

and capabla\oef prodamngdretgrolo ot protedr may bputibiesltia dtcmrémcs vdthghe present
mventlon Iln rﬁengr%.l n! w llcﬁ?ift Snde§‘?a%% Io' &u&@’%‘?ﬂhé‘&ﬁ% are aﬁfghggl? to growth under

are U
defined COl’ldlthl’lS for example in a greenhouse and/or in aqueous systems. It may be desirable to

select plants that are not typically consumed by human beings or domesticated animals and/or are
not typically part of the human food chain, so that they may be grown outside without concern that

expressed polynucleotide may be undesirably ingested. In some embodiments, however, it will be



[0067] Plants for use in accordance with the present
i nvention include Angi osperns, Bryophytes (e.g.,
wolepandsae, Misci, etc.), Pteridophytes (e.g.,PEBPURRNT/003969
horsetails, |ycopods), Gymésperns (e.g., conifers,
cycase, G nko, CGnetal es), and Al gae (e.qg.
Chl or ophyceae, Phaeophyceae, Rhodophyceae,
Myxophyceae, Xant hophyceae, and Eugl epophyceae).
Exenpl ary plants are nenbers of the fam |y Legum nosae
(Fabaceae; e.g., pea, alfalfa, soybean); G am neae"
(Poaceae; e.g., corn, wheat, rice); Sol anaceae,
particul arly of the genus Lycopersicon ge. g., tomato),
desirable Sp bmployred{bde plaptsp bt particulagepbaedimentsGapdll bedesiraple to utilize plants
e ' L-ana: (. ~iJrbel i ferae,
that accuiERREbabresBte PR i Gl ol BREGERBRant 022, () Bt um
[0065] ( ftpn, cezreiiredgs)‘r,abbrplﬂutchmaeri(t'@s ovill bgﬂa’@gem)ed by the particular

psruc BT BB 1 ULAELY by BNkl gnos
protein td tbweprgéms iBhigbgiidd (axwibl M| te. th¢ paseefor axarmlalspebmam gen proteins
are to be pr%%sgcp &% n%fﬂgﬂ Y r&teélpa{ﬁgni%)/se{%gt arﬂgtr\@thgelattibglggééﬁgib&gss (e.g.,

I assi
tobacco, Whn:hlh}s atkhbmaé adekagd:e that #dshighlycmegepsblieits virBl infection, has a short

growth pgrf%d t% & nogiﬂ t{ﬂg %ﬁ%’a‘g? ?c?tlgﬁﬂél napeirglcl%f)@'nuﬁeotldechdees antigen protein

S
whose ful at:tnmtysreq@msdosw inkibited bY)amastl¢dia‘tpoat-earmlﬁérMabhedlﬁoatlon the ability

r J i .

(or mabxlEt%f‘{)F’c%e aifl Jir}qgg&ngs 3 aggcgrg;%lglhgel?as %fprqomtga?i’oﬂ?r% ¢ g :Bgr?mu]ar
glycosylatiohhmeh silrccarsabct,lorbelﬁir examplenplagtarakd eapablelofagcomishmgleertain post-
’translatio%alI l'gg(jl% Bl %lesgc hly@ésﬁeﬁt%%ﬁ%%“%(/elj ?fak&%gﬂl n%ggﬁqutg%%la?on patterns

cress, Rerbs “stichVas parshiey, mn
which is foamt iif h‘xamallab IposIetciriSIatisogl eadificdtiont Thss, pdalt lpi‘qzductlon of antigen
may resu{}ln? V\%o:dim Souc r%‘érr]l{ rg\é\”e Eﬂa%lttﬁé 1d[eergtgc%6a2}>rot§ec?%}é I“%&’f“%’?" in
altemativtéeslystmas ed t o pI ant s according to known t echm ques. For

[0066] el)in C rtal? em%gcfiiorr\;/e%gst ofithe gnlvérgt%) gg%/ogl pg%nq dns r% zRgc{ %lar((l} %re utilized.
In certanrsqpeaﬁclenmodinad:nrtsg edible/glants avel utflizkd.r at ion, parti cI e

[0067] 3{])0’}%? F Fef in accox%agcgets vrvﬁlg g‘nre%)terés%ng mvent C?%rlg@]'ﬁd ﬁ.{%lo%)erms Bryophytes
(e.g., Hep}dtucw(wuscn fe&:CX, Batrigbplmttes (e. ga,rfelrmﬂ}orwlh;p plcpp@kiSD (Gmlhtispenns (e.g.,

comfers, V%cas%t mg(? %ndeltaﬂgs andkfglown getv%e C?E ?op%ﬁ? e 09h7 %Lpﬁ ceaep %hﬁ)fiophyceae

wrus’sare t”var
Myxophgpad; |>@s¢hoah3zbeae,ranld @ugiqnbply)@daé)o Expmplanyl plaetstar@l members of the family
X SIO accor di see
Legummf)sa% (?gb ﬁpﬁ €. Heﬁ, a4 Q?ang,a(?r%on egﬁzi"%g:teé & L&l ’t Fné ohfeat, rice);
Solanacek#, lpaﬂ&slarl‘yﬁlf Xhefgdﬁepﬁyttopefszddme(e lgntt@nata),l&rfmiunf@rgn potae eggplant),
n _Taxon f Vir er
Capszum@e Bp B gppe ar ocro&{,anci tOEJ?]CCO% Wtfl?@yféﬁg% %%Jgulcs)g i genus Daucus
(e.g., carﬂ:lt)eAjoﬂmofe[gD,rc&lam) beRetanedw)(erge,foear@ee)e Cof@piosits0 parabulaﬂly of the genus
Lactuca g%,gemﬁehq%é%slce Rbor% ﬁ%e‘bj %’!ar S&ﬁﬁe rﬁjgs;‘Bur%sgv?c_alo%%‘inapis. In
certain adiiiecxh,qunts bf tha Imvéenbmmay becpllaimtﬁq;ﬁthm @r&darcbcm Arahdo;asﬁsogey:us Some
DLLAG LAY D R BrA& $788 4N
exemplaxp%rﬁ%sl ac?ﬁe amni Q'/n? n%begs iag‘o &L rasszca canipe Fis, B carinata, B. juncea, B.
napus, B(rhg;t-chl blereagee, BStourtlfingi, Sthapisi dil, and Raph@entsatiivus. Some suitable
plants thaﬁ are amenog,{)lsé to Eransl}Je rmzﬂ%%natnld Ak éd’;:‘ttﬂg %5 sprouted seedlings include alfalfa,

mung bean, radish, wheat, mustard, spinach, carrot, beet, onion, garlic, celery, rhubarb, a leafy plant



than delivering a single viral vector to a plant cell
multiple different vectors are delivered which,
wo ogedsis all ow for replication (and, opti onaPtmUS2007/003969
cell-to-cell and/or |ong dil3tance novenent) of vira
vector(s). Some or all of the proteins may be encoded
by the genone of transgenic plants. In certain
aspects, described in further detail herein, these
systens include one or nore viral vector conponents.
[0071] Vector systens that include conponents of two
het er ol ogous plant viruses in order to achieve a
systemthat readily infects a wi de range of plant
such as cabbpge onletiuge tvappoeress dricress chepbs svoh a5 pirslsl, minteartdlevgss, cauliflower,
descri bed
broccoli, §g§be§9 }err s%éﬁ)@hg&grs%}féﬁ%mg? t?on WO 00/ 25574 and
[0068] UJEbv&ummgﬂ%d%uBWWOJMman 2005/0026291 bot h of which

[0069] arlg &ene%glr 9? toa}'g %da %rd%il()?rg%( ﬁge S%ﬁégg%ﬁdiln?\?% Eﬁé\gﬂ t&\ﬁfni‘ﬁg?s For
example, wecbmihems@veappﬂy mdditestlylapplied toglants (g avie abrpgi}v:: irggulations,
mechanizféd%?nlta?l in cruPaltllohs % 1%% fq{r'flt?&aggrlt%le ﬁol?ﬁb%cgﬂent or el?ctroporatnon)

ion or hica
Alternativifie beaddltﬁmaﬂlyownoss ney be papacii(k.igs K blyeadvneficcted plants), and may

| hcati on _of Vi r a plant, any
be app heg@g #he'b?]amts TN n & E‘no»g%g:cg‘:ga% 0 prepare the genone.
[0070] Fok wadavapies, oﬁmmyea/are tksewn tthrea infactevaiows plhhtysperips, apé dan be
employeci Por 8%@%&%%9%‘%&%@551 %ccporg %?% t}Lg) ?@ﬁ% gxg?ﬁ&‘ﬁf(o e, %xample in 7he
Classzfcdi)N#a mmp’yoméncidnwegg’ m’ws 681xt}yRempt oftthe irgernafiorsah CRinittee on

Taxonom ot:g'y\f' gg: %’{1 A l(\)/ff?: et a?éf é rmgert {’inz%grel\}/egvnYEntf(e 15553%4 ehtire contents of
which ar¢ ingogporatgt }nema)b&trefmen@e, @rle;rs&‘rPét alTPlant Malcmllwc@'tbbgy, Blackie,
London, (paf{ %%kel 4885 &84)‘ Gé@ r}r%{%ltsa? h 7 m(z:l%{nc\c/z?grl’lse&%g%lo cufar, ﬁlnot oaglyn IVnt%l Vectors,
Cold Sprmg\}&‘rbmvleab@sdﬁbﬂ, GekltS]Irmgderbo;oN\éfppb éﬁpﬂ &nhdpss; dmyl Mathew, Plant
Viruses %ginﬁggét%?nscr %féi% B idl{a hna <r:e| a(n)r\é\ﬁ?t Qo -I;gneg{s o? the invention rather

n ce
than deliveringrd simgle waﬁlher:tot‘ Mplant d:abhi uiltiyge diffirerg ivectorsraxe dehvered which,
together, égg{vg{)r eéﬁcat iop t( 613 QRt! tl atll§ & 1t{)/-lec§{l Srr)%ox];rlfé)glé %fs‘iancg )r(naove?'ngnt) of viral
vector(s)i Saneco@ajloé tlemrotrearshnayc tbae&ncmﬂéd}by thepenstme of framargtmxo phants. In certain

S c to-ce vemen and/ ar

aspects, Jeibein ek 7Bl Wit g ePaPE” alPRE AP AL ol Prverter
componepsl ynucl eot i des encodl ng influenza antigen of the
[0071] It h aen(tn' ng? ?ha? rx}c e cfocr)nr opn%rgp % %%3 Sl%)eet%x%gr ! {.ISO ;r)lls':zmtt \t}xeu:s f n order to
achieve axysemni thid neadlk)am&ms agwn(es*)mgeaqu ;ﬂmt pygrek tandryei p@ses little or no risk of

described abowve for ngl.e lynucl eotd
mfectlou% S re% ep/tgl ZEmp rxafﬁ%tfmﬁragrt])teel%geés\séﬁgecj&revmqg 69ees§/§ op PCT Publication
WO OO/Q{SGMda}d BsS. Ga&nt&ﬁﬁ@aﬂd&o@@ﬂﬂ@ﬂi@@hchmhmﬁmhmh tfe 1hbnrporated herein by
referenceP Lﬁ %énvll%gﬁmi Oaptgcué nfe ngl)'lee né%itgr pxéeg%ng mvenrlor?,evugaﬁ ogcltl ors are applied to

plants (e. g)g mﬂaﬁmombrsqfqﬂmpmm are)),| fok excample, nhrtobgh mftltramm orayechanical
moculatl aapt g eré kB85, tt ua%gor%fpllsh%]::l Iby V68 B [1c§%plsof a viral

%‘P SOTded ner & ‘?96 " & ED1 & PP
genome to a plant, any available technique may be used to prepare the genome. For example, many
viruses that are usefully employed in accordance with the present invention have ssSRNA genomes.
ssRNA may be prepared by transcription of a DNA copy of the genome, or by replication of an RNA

copy, either in vivo or in vitro. Given the readily availability of easy-to-use in vitro transcription



transgeni c plant production is known and generation of
constructs and plant production may be adapted
w@ewangisngy t o known techniques in the art. | n BOES2007/003969

enbodi nents, transient exprn&ssion systens in plants is

desirable. Two of these systens include production of

clonal roots and clonal plant systens, and derivatives

thereof, as well as production of sprouted seedlings

systens. [0075] Clonal Plants [0076] C onal roots

mai ntain RNA viral expression vectors and stably

produce target protein uniformy in an entire root

over extended periods of tine and nultiple ) )
systems (s gb8Bbs Tt esticulcrcytedmmt@ﬂc 1 enghlsn ttlss convenriencs of aragetaining a DNA
copy of arggﬂ\fA %’%th éllt is 'e‘)?]:e?%d ¥ha3 "i‘?eéﬁg% Ls@\tﬁé %ctg}ér\hﬂ%ften be prepared by in
vitro transcdbtnum,q&rﬁdmdaarlyrmeigﬂ"be SB6 paly\merrasle vector is maintained

and vels 0 a LroLe e
[0072] S?nnﬁ:ef rgb?({{léng {s%g’g e inven 18& rgtﬁllgld tllﬁ%? ?nt%\égé%% Sgﬁ}% \?lral vector type
intoa planﬁL ondiple dxffesemMraWdcmrs aedatrafucpd .0furit vegtoromay, for example, trans-
complem{1f £GP RZER REBLEL0BKEL S h8Ter o AW A e, ancir
long dnstahosr mgeemenat Nagtoas may nerttymoflffeﬂeonmlymsdedtndesemmngegiﬂuenza antigen
of the an?ﬂtIOdl péegec%lon dor pgarmée 81#%"& ][)rlilil hfgloelroﬁ @‘éﬁ ns)s nﬂu]? Ble@)%yﬁg;sades
encoding das or mbm:lmﬁummaauegqn(s)nda)ab@pérfmmed iag) dedwabed abc(vsefer single

ol nucleoﬁ exan(;g)lf 2 tlPCT Publ i cati on WD 05/81905, which is
poly g%r%roo PB et ei n by reference). Clonal entities
[0073] | wédruadeéssaé Erarlessiaolystdmyes, cl onal root ceI I I i nes,

[0074] cl ogiascugsean% eL l aéc'opd%?o’:e @r{R t]?e r@&nt Rw%

uctron elns 0
producedi mn me;ndesmawﬁ s'yrite'm Meetor bomstﬂmtstdmdrexpresmoxd estam dre selldamdwn in the

art and m%ﬁggcg ng?ef 018 1?)60 rgttsesulsg of Of nx?ﬁtal a%%'g‘erg) %W chli ﬁgrgin 3‘ ?ggample

Ines derrvé
transgeniv plahopred pdtintis kiesuasl g@ncgttlon @b tenstiuez\aad )Jlanapubductlon may be

A I ——
systems i bBﬂﬁts iv idegitablee Cliver of mésmstiemssinctlyqlremodlﬁ@ibﬁﬁf clemil roots and clonal
plant systsrps,g%[dé:‘eﬁl\'ﬁtéveg%b \}/%L?s ?roﬁ%&{]({ﬁxla%qgg ! %éi S mgs sys?ems

[0075] pdi m@nm i de encodl ng an influenza ant i gen of the

[0076] l/glg?lga? Ir %ﬁ%ﬁ\@% gnrgle%grei;ﬁlog IQ,S tf)rsgatélﬁosgr%gr d]inﬁguce targe protein
uniformly ihfdnLh@lﬁZﬁroavnbvqemeﬁﬂed peeiodnvé titre@nd In’ﬂﬂ(Dpla splbcmﬂwrasr In contrast to
o, R e 500 e FRFET A5 5Bl once
movemedn em gestafuittied thef mtegal()aﬂnfpﬂ varal ygctonfsendintined apdl &ivelsaf target protein
produced e;Aéxpgort | 20 F{ﬁ% ﬁos’e é)%se S:illg%laeh Ctje}ee?r{,nlréq € fo}lal rogg allow for

auses
ease of pn‘odmttainl d:ﬂhe@fro]hgbds)pwtemtrsateﬁh]cfnabral twinulatios ©f awgdnemd vaccine

compositie LR pd E-eepiih G4 oAk S BALY 1 HPSenbifEl geiyga from pants
which areemeﬁﬂlfmgnadudtmﬁ Iotﬂami@na(a@ g\eng@f proteinsi aftieninventioa) hivegtieen

e |nv tio ther r QW cl ona
doscribed oty ud arg K1owh B B P o Pg g Sl CueaRInNG Gife190s,
which is inGorpoydt hetéin I’l@trhi@%c@n d:]fmlﬁltehﬁtlesemcloﬂa alvagigoorlinesddonal root cell
lines, clor?af.l p?ax rceel? ﬁ}u?sgarpdo clzlgnallI 3) an st éa%eelgle ort1 c%ﬁjgtqgncofn agntlgen (e.g., antigen proteins

of the invention). The invention further provides methods and reagents for expression of antigen

ﬁzlza% :«hrgigens may be

polynucleotide and polypeptide products in clonal cell lines derived from various plant tissues (e.g.,



pol ypepti de(s) encodi ng influenza antigen(s) of the
i nvention using clonal root lines. [0078] The
wo pawoevizes further provi des net hods of gener at PEMUS2007/003969

clonal root cell line that 18xpresses a pol ynucl eoti de

encodi ng an influenza antigen of the invention

conprising steps of: (i) generating a clonal root

line, cells of which contain a viral vector whose

genome conprises a pol ynucl eoti de encodi ng an

i nfluenza antigen of the invention; (ii) releasing

i ndividual cells froma clonal root line; and (in)

mai ntai ni ng cells under conditions suitable for root
roots, leaged))] arglriolwHode plansrlerifétefromsingld callsgelovalgdants)l Spelh methots are
ey S5 SR ORYEB Sl SEREARRLPS o' Y hue! eot) des
[0077] | |stxarf1ﬁta7&] orierasmce, tbsmemt;ommevudnwmnthodﬂ obm’tnafihhhgsa clonal root line

ner at cl-onal [ . .
that expre:ssesr aegg'lg ucéeqogo y 411 g%?n 1 é’lugrrlfzcao oF t% eﬂﬁﬁnz é&f%nsmg steps of:
) mtrodanhg gem'abﬁedtdsrethatrwmphlsm pxﬂynprcﬂentldg esd:(r.e#ng of inﬂ@lér)za antigen of the
mventlorgmpo a glltang ng Cq l 0 %lreé)¥ oa%El 1 n%gﬁ% re lorsle (o)f' ch\>'tJI glnxaeg l?goot?m s froma
plant. Clenaladoﬂgmearmayrﬁd geaamtedafdr ieg@anplef by h]ééqtmgean:ﬂam or p(am portion (e.g., a
harvestecg %lage(a gf’ le%) rraﬁ.'ln\g /9 %Lécq%réw gef gl;r;g o a},z%Co ggeasz thg«lg ?,cliusleé H)%;nation of hairy
roots. Ckonaidlobu lmws cay pe eqfreer&ﬂ én farious|veays i@ elehtnfyrlme's thext atairgain virus, lines
pr
that expre:is a npao|ly i C aerc])?ge exl'lcfodlln%,]an l{lﬁ aefn%gégtrl esnsoggﬁ% 191 llg?nUC$Eé?qgvﬁs ete. The
inventiorefutthel ptgvmns clmhhluemzlmea,rletg gelonafrodtiees p\miumd)accordmg to inventive
methods Fﬂ‘gF lgcoirténga es eitho&a 8F g)(géré%dnl'lggpn qgr}};%]eotldgs almd q‘%&?ucm&
polypept&ie(sl) gmdoﬁg mlﬂeemzra\mngmms) df mheingenhticn Laingaclpxhaantotdmhi ’
[0078] e 1n¥%{§{o% é‘gﬁﬁ%{l ﬁov seﬂ'netS% ﬁ geggﬁ 111 g H %é)lg?flf ﬁ;&t cegl line that expresses
a polynuf.iecbtid:er emeddmg an iefhanpd antigey of th)e m&‘mmn mgmpnpmgbtepmof)(l) generating a
clonal rogtgln%e c?lgsocﬁl gté?ﬁl)'lnt%g :zile érﬁ‘{ Y%‘%? %hose ge\93r¥1§?$l'\8/%15r?5 a po?ynugleotlde
encodmg‘.hnl mﬂe«ﬁhzﬂ @htigert m‘ﬂ:thé)irivfeﬁ!iaﬁ, €¢ij) rakdsifig Wdiwdnaenilnfyomarclonal root line;
s that,,con ant ¢
and Gii) flipilning oSSR ondOrR s Rlro iRl BroRieiibns The invention
provides ardnag&:m el Hmsmhd antigodaiof bx prassingy msemicldotderdridgmoducing
1 ¢ é R) a t” lone i ncl udes a nunber of nethods for

poiypep 8?18? B CPgch %ﬁ DI%8nts, cells of which contain a
[0079] VI Maine\aq&zth rthdf tmaént&mmbv;a%mathpdi yihgemkemting delentpldntigll line that
expresse? ?] \‘?8 ﬁlpu Zl%ot%{] t%gacg gg % {rﬂﬁl&nzna\olz%xrt]it& eﬁg hteﬁlir;]\ée%)};igg?l%nﬁgliiéigg steps of: (i)
generatirg aa¢ibndl hadt 1vepeedls o svhichpointainug lvar@lt\rede)revlms@l'ga@me comprises a

polymuclgghde( 58 0a8 b sefitn Lot dgn o MR SRR KB P GRR g pons rom o
. clonal roooli]ﬁealand diiy imabitaivingtoetls u\ﬂ_”tmﬁeregﬁl’abﬂeorﬁh‘xlfrpfslaﬁﬁmpﬁate for plant cell
otV S SRS e PR A0 R g ot e
expresses h poBhucloatidd emedmglaﬁl irffluenza amigat af therigvanebe asm;irmﬁg kteps of: (i)

i tions %{)latefr for

. der,

inroduckf & el SR o GritRBr hposSh ruee e AR e PaBngtof me
mventnorCirlDdﬂééllsLdf al’]:ﬂartt lealt hﬁeipfa&ﬁeﬁ&ai n qnllht;eﬂumd @dtentlehing odieligthat contain
viral vectqr f'f xa en o& %fgng)%%ﬁo rﬂ)e/g(‘}ng&lo%ng% pSO'I:‘tle(B’l of cells from the

culture; (ii) diluting removed cells so as to reduce cell concentration; (iii) allowing diluted cells to



line, cells of which contain a viral vector whose
genone conprises a pol ynucl eoti de encodi ng an
WO pdo0e33ze antigen of the invention; and (ii) PCT/US2007/003969
mai nt ai ni ng cells under conditions appropriate for
formation of a plant. In general, clonal plants
according to the invention can express any
pol ynucl eoti de encodi ng an influenza antigen of the
i nvention. Such clonal plants can be used for
production of a antigen pol ypeptide. [0081] As noted
above, the present invention provides systens for
expressing a pol ynucl eoti de or pol ynucl eoti de(s) )
proliferatermadivigceienhing dorzeella that gentgin)viral vedier. iGloea tplan célhlines may be used
. ' 0 t I al
forproa 900 of Ak GSpof ORRL R B BTN URAE)
[0080] stRhminemntioh indwdesiamupitenaf mpthads for gengatinmelohd plints cells of which
nfl i . .
contain a%ﬁlié?gé Sc% et@ﬁ cop&rﬁ%ﬁg olgphﬁ &ﬁﬂie %Bcc%dqrg%inl?l\(lg 1z anagmlﬁgkrg ?% tﬁ% invention.
For example, stie ineaition pnrddes methodeof gmbmies aghinphplentethat expresses a
0 n. i | ue
polynucl%oqgir %BP&Z‘ 1?% i ﬂn 8n%ua Jl]'%l%el‘?gf {hg lg\'eegnoﬁ Q(%n%pg{r%]%tjegpof (i) generating a
clonal ropxrlowoteéis of Avhit¢hocraitain @ofiral VMrovhotsb gnadmepd:canpnmIaIpO!ymneleotlde ‘
encodmgtmfh?esntzg g#ltl Segl\e/oer ar P r\T']en Cel llLPe %l%nélg% %ASI g?ﬁs{ﬁé&%&ﬁé)m root line;
and (iii) ﬂihmtapxhxag t‘ele'asb‘dl seli/saotder c@rdntmnstapmnsrlaﬂa doefofmation ofa plant. The
t
invention H%tég I 9%e§ fe) s 8% ?é}:elra‘%% éincg%l}a.ll B{aﬁg{ha{) = e%%el:soa u%ol%Wotnde
encodmgohﬁurax,za Iaytlglne;d’cth@pwemmmmmysm'g-m ofe@) @neditigg aelonal plant cell
ns.f (o f ol i t |
line, cells 5@\H§aﬁ %tfgln ae\H([éa?a?«Igtlﬁré I}gl?soe ﬁggelnlm?n\gg &Plrcigegss ;g)ori? onaﬁ%?dé Qr?codmg an
mﬂuenzmitlgerh ofitbs invintnad and| (Ejhmaedihingicedsynden doruhumsl apptapnltas for
{ express a nucl eot n
formatiof ﬁf Blg‘ﬁtpolf‘ Bher s ni/aeglnkJ 5% 8A~ grcé’r?§ i g’escr %g é%%&?ﬂr}%%
polynucléative'encaling st inflipenzhedigbn ofitha ifivention.c Bidh ¢lpmad 'blants dandie used for
roducti a}] mI |eneo]§, qu es actual rootlike structures or
p FoB T WRET BOXPHRISY cel | Iine consists of root cells
[0081] t hva nm:tec_i aintvef thepresoot 1hwémostpmwﬂ¢srssstzrri§sfer oiprdskipg tagrohgnucleotide
or polyn%cgclf?tc]@?%} %1'1\(:' tgﬁeﬂg ﬁ%ﬁz% ggp £gen zsﬂte Itffl:ehil‘%% nglrorrrlal Icg}l]la%ng\t‘ Jmes clonal root
cell linespclogalipyant eéll hne((@l g ,Sbeﬁﬂmas dabdedlfromeleaf, stem erc.), and in clona] plants. A
polynuclg&%&c a!é‘l?” lgégn ; fﬁj&%taﬁz}nép S#hg Sl’r?\{e\#ggré 1%1853 duceg nri]to an ancestral plant
cell usin g mpamt wpeil anacr_or Uﬁeseogentoh& ihdudas pobotucleptide enc@dmgtaa ricihgknza antigen
.of the mvelpgfm era ] lm F(% {a . b unélenr ctont%?l o t ?of:rrré#g rIt ux& onﬁpr f’t hrﬁ or clonal
plant cell Isnensbsablishad ﬁbhEa tal cnn‘taphxagtvxrue hécording mm@scﬁaevafraiabchmques
cel. distin UISh hod
further af1ib bABYEMEE p1asd it WA SOl ol MLl B ifFFddIeEPinto a plant
cell by irtfémioe, bisdctlotioh withtal wiraf garscepeorphfentiocalDNAiches, by erttroporation,
S on- f. tis opposed to generating clonal plant
by T-D T‘Fdlgt% &¢ ?rg?'ﬁfé 8%al root Iines or clonal pl ant s
[0082] deTha/bﬁoWrrrgBecthma:lesﬂ(hHméthmbsf)Jr gd:riweath‘grdlmxa'l piomhhes clonal root cell
. C n ere ener
lines, clolngllrpé?nt t::Sﬁi élél% gné ﬁﬁ) LWIPnt ﬁ)ﬁ‘é gx;%rgsgta %o%rgucgetotlg? ex}] ﬁm G &mﬂuenza
antigen qj'ltmmwmtmm%e tHEh aetcribetl] A ‘Caot lble” if distirepadshpd ﬁ'ord ®4bot cell line” in
OOt Q/célbal f%h{‘%ﬁ&u"g{re ?r rﬁ?tg \\éhell ﬁga?r;l Pg%ctl éne 0%?15151;8 8f root cells
that do nbefoern mootBhe: binscewrds. Uag/otvhetmnrf line? &l inseadédito iAdicate that cells of the

line can proliferate and pass genetic information on to progeny cells. Cells of a cell line typically

£m
that a roci’cglﬁxe 6)



will plants obtained fromsuch seeds. Methods for
obt ai ni ng seed stocks are well known in the art (see,
wo eoo7e%Bnpl e, U. S Patent Publication 2004/ 0936BG/1S2007/003969

[0083] C onal Root Lines [BG084] The present invention

provi des systens for generating a clonal root line in

which a plant viral vector is used to direct

expression of a pol ynucl eoti de encodi ng an influenza

antigen of the invention. One or nore viral expression

vector(s) including a pol ynucleotide encoding an

i nfl uenza antigen of the invention operably linked to

a pronoter is introduced into a plant or a portion
proliferatt irec\doire withoutdieing paot efian whanizedastiuetuye pich les dvase found in an intact
plant. Usv%?otf[ﬁ%dt%nn Flooto} gﬁ@mg ll&Fn@éd@m?Algﬁg ﬁ%t geél‘ﬂ up ﬁ1e' rB&%{ u%tu?g can proliferate
without beinggatt of aappipileeclptaot Filt amated thagthe tering pd{dm aslii’i/@compasses root cells.

I-Iowever1i t%]?cﬁ %{l{n%éisﬁ gl?’]e in\ggnﬁ{v ﬁgdssl,%r ?%e%a@%%@é&tl{ngg and 163t 84 Mines from those
used to diaéceb/t geopxateailbmrq:):ll liAk4 ﬁpmatqnvr@bytlssue éﬁ.ﬂ,d:ippq';sgdab queratmg clonal plant
cell lines\fﬂ! ) | ?lnﬁal ro C]m%s BE glgra}arll poq?n(ts g&%\?ed rr'in cl%n yllr{eg L dt%rms “plant cell”

s ac
and “plarlt oelk hmﬂimstlswmrqmgnel[aﬂ@ 8&]er Weile anch&ébiunas mhatson:z)stlmef non-root plant

[
tissue. P? F CGITE can F,eq“o:b é/x gﬁe lcf;ab IP,e OE){ 91 xr',rgat't,becr alk %‘-ort]gcp%at seeds can

be derivep rfmnaclenallplsaits mumn asi-‘dnrnved harpine Suchrsyedmmamtatuln atral vector as

r nce he pr n
will plant% o taufa% uc%@ew thod? 190? B%?xwﬁﬁseed spogfcs %rre e‘}?gf'é" R%’l in the art
(see, for dmamp_ske:M pPrtent hibl@a@NAZWB@ﬂB)‘, he genone, or
[0083) I |0rlla§ lLep. 9f an RNA copy, eit her in vi Yo E)r | n_

Vi : he readily avail able, easy-to-use in

[0084] viThere¢scatnisearntiohipoovidgsstysiems(fer @npra.ﬁﬁ’@a clohal root line in which a plant

reticu fc&tlte I sate so the cony eni_enc

n

viral vectgnf' Is uscd to ¢ thecF1 e éesﬂﬁl{ oeflg ﬁ)(h%l}tlcpeﬁtl coding oalp in &lenzg antlgen of the
inventione Xpreodrenort: Ivahl éxpyassion wectosENAclndingor ]s)lymdcleonﬂé enncoldmg an influenza

antigen o {}xeegﬁxr/e%ggn ég?ra‘;zrélrﬁnrko qr % ?S gn{K%t rbé?q cedlt into; glégﬁorﬁéaomon thereof

accordingi®eshy ofigvabietytod ﬂcnaWhynatmtisaﬁ?ed emﬁlﬂe tplan $éa&es carbeligoculated with
t sfer. vjral .nu ch as, viral .
viral trangcrléatgor\gec%orgpﬁamselve§ mag G Id(r: rg?ﬂy %PrPol g%o B ants 6 hasa%raswe
inoculatidrisemediahized splag mocoéitioss, u&clngn irefi lgat;oragamblmfhdnﬂraadrhm or
d { k ngwn.i.n_t he
electropora%on§ }X[lgmgtl or %gd)s/ iti K Bmoﬁ]may ﬁapr areﬁg dg(, ﬁ%rrb:glready infected
plants), agd kﬁayrbedpphecgn@mhe) ptlamiseaccommg toi kmos/mgeghhidules f or

[0085] %%’% ?rtxfle Quon 1% t Vhé’ Qécom ?’nﬁc'ed b)p én'ec{ ap 1%5&0&1 3¥ a viral §enqme to a plant,

enbo OV TS prea beyon
any avanlahﬂe tﬂchhilqye mag(baluwé'ab pzre]bdre viralgzepomnec &bt gxafnp(benmiylwrtwes that are
cally froman initi i nocul at
usefully tf f)ye in ggéod-g clem t%'e gg sent n \}\58{]/ erave S%WA ﬁ%nomes sglgNA may be
prepared by’madsd!mtlbls oHd DiNve comavdhhe gemomer s by mﬁlcatutn afiameRMA copy, either in
Lral,v r e ont ai.n genes, encod
vivo or m vzgo O+ lﬁémeglthw%%gﬁ% ?%arll%E%’ e%sel’fto-r'fla ymovn‘rfz tra rlé)ggﬂ gystgms (e.g., SP6, T7,
retnculocjaeﬂysatef etsu,(}tndgmmehe convegiEmes af mamtanmhg a@NAw frcopy of an RNA vector, it
( ect i.n the plant .

is expectec{] tthat ‘“%’?“g‘rYe tsrﬁelrgéov 3}71’5‘%‘0‘?‘1’ ;gre aﬁac? IL% m ‘8Hu Lyan %np%lpn, particularly
with T7 omSP&I polyendrage. |Infeot1mspjm cldneavasbeused hapxaaicretiall) mediated gene

transfer 21 be qxgeld’ to transfer viral nucleic acids such as viral vectors (either entire viral genomes

or portions thereof) to plant cells using, e.g., agroinfiltration, according to methods known in the art.



| eaves may be harvested at any tine foll ow ng
i ntroduction of a viral vector. However, it may be
walemogsie to maintain a plant for a period of PCT/IE2007/003969

followi ng introduction of &2viral vector into the

plant, e.g., a period of tinme sufficient for viral

replication and, optionally, spread of virus fromthe

cells into which it was initially introduced. A clona

root culture (or multiple cultures) is prepared, e.g.,

by known nethods further described bel ow. [0088] In

general, any avail able nethod may be used to prepare a

clonal root culture froma plant or plant tissue into
[0086] wifi plantornyilaniipottennt roay Was bbdleam maintantdded.. caiured gr grown) under
conditiongFthilfb%qe mértﬁ%iti&?{;ie\ﬁratl E‘@ SC é&sfn Ae&aﬁeern]ilﬁ)'dﬂn@tﬁg btk §rllvention virus

plrasm ds. ese plasmds are found I n various species
spreads beyondighe rsitialbyr ingenlathd cell, ef g cliocalhufrom aald teeel B/ arsystemically from an
ity LAl g RUAPIAPLE 1650 07045 SAREARRLAYfy ventin
virus does pptespréade [ Thabs Mgalveotor ey adintait genes enmdogdunetingiabliPeandyor CP, but

i f : ' .
oy o R 5 BT R 558 o SRR LA o Gt
multiple ¢edlfs dn eregdantton gewion thakdf. of whi ch are incorporated
h 1.0,: by: a1l [ ti
I
leaves mayalest lmarvestadeat dny timgdrHowimg intnodycpbmnf a mirg veator.gBowveeeroit may be

B T L L e
plant, e.gs peeried of Timesuffaiind fori virat efpdicatiénh 4nd, egionhky, Bpreadiofmirus from the
. resent. 4 n. l,asni T- i
ot M0y R S0 N ST G061 8% s,
e.g., by knowve cdtleodsSurthexdsfozibeé tielow. a pl ant cell in naturally
0 [.hg ' in ' d.is ulti e
ooss - PYGEELIE TG SHAR 1) BELS Bl B e o
plant or plram tinBic iBpsyienks a wasleccton hds bgnasmodisedr Onabuthl methed émploys genes
. for introduction of fQreign geneti terial into
R e e T G
Agrobacterifvaabatonfeof andl teantsfor INA tovawideuaridyr aflvagintsmsal Aspgenss

and transfergof .T- has .a _nunper. of effects. .For - .
Agrobactgr)'g% r‘%‘p f;}"’ans&'r Qﬁﬁé‘? 2 farge gn% gll}/gresg sgtrog" \B:i])ané %mes i Iczuedéré%numerous dicot

and monawot hegipgherm Bparixgend gyomasgesmd €sece) fop aeambplefGelaing Q003 difigrobiol.

. the, site of.1infectian, Qndi tion known "hai.r
Mol. Bzoi??)%\f., ggﬂ zé‘, aaé'ng Irefeﬁggﬁsct%%rgin, gl?iog g@lcfl'nraa%ngoga%agt?cg ﬁ'eremaby r%ference).
The molegelaebagadf genttiatnaistormation of planilé¢ulls is wotsfer ditons baateriwn hsd
. . ar.e,_cl.onal .. andeach r.Qot .represents a cl onal . . P
imegrati R BARITHIRCISH SUPS o ASSRSY BT S ke Rty T e blgosenic ()
plasmid thatfresitiesowitlsin evat e Agrvbadrzéd spycies. Hitghregicanit kefeatdtosasdhe T-region

et | t abi, L -Lho.et al,. i ot.ec Adv. , .

when pref g AR abd e £ oFlenoisty B iR Beg il a single-
stranded THNApooktwdd idteansianredyo a el eeit i) naturallyadetiutrirgnd grebadrerial infection

s D BB SRR PR G s oSl G Rt on

plasmids iareveitel yoused fioranpediseion of foreign gayettmaterialdfito plants and for production
oftransgé/_\rgt.[. gf%;‘%‘{:st eria, particularly A rhizogenes strains, that

'S capabl e of inducing formation of roots from pl ant
[0089] cdhfestionsf plants with various Agrobacterial species and transfer of T-DNA has a

number of effects. For example, 4. tumefaciens causes crown gall disease while 4. rhizogenes
causes development of hairy roots at the site of infection, a condition known as “hairy root disease.”

Each root arises from a single genetically transformed cell. Thus root cells in roots are clonal, and



menti oned above, a portion of the R plasmd (R
T-DNA) is responsible for causing hairy root disease.
wokio@osnansf er of this portion of the R pl asPeTUSNOT/003969
pl ant cells can convenient2§ be acconplished by
infection with Agrobacteria harboring the R plasmd,
the inventi on enconpasses use of alternative nethods
of introducing the relevant region into a plant cell.
Such net hods i nclude any avail abl e nmet hod of
i ntroduci ng genetic material into plant cells
i ncluding, but not limted to, biolistics,
el ectroporati on, PEG nedi ated DNA uptake, Ti-based
each rootvepresants a dpual popelatieh efealls. Bootsippoduced bRi4. Thibhkrenimf¢ption are
{
character%ga rbg%gngg'gg}o erRL %&% L§ta?1¥]1t)lfl§§1rl% Jt \?Zb?%q(ﬁtBﬁ%g& de 18:1, and
references dn:tcanm;]l af \pbicy nm;nhg@rpp@ggdd*mmd bpgefarence)f [Imaddition, such roots are
i . ' nt | ¢ fferent viral
able to regéf:etr %?%e'%?c%ﬂ?é{gﬁl\ég)é&{tﬁgj i 20'08 & s;u’)dl fferent type to
[0090] t Hajgewdral, He presshbmveltam emgomaassgs usedlapy strdie of Ugmobacteria,

partxcu]ar:f%%e%l ?c%aﬁgs t&“shﬁxggg c%'}ébq&%&%@ ﬁogtngggﬁl %ﬁé %&tsrtlé 1p?arnt cells. As

mentionep mbavss tiportiaf offthe Ry plasmids(Ri &“ﬂDNAjds raspensible ﬁor causing hairy root
disease. g\&gﬁqua%§fe§ Bf Hmsise 109 QF {he %la% & %l gs ?rgaoééérnq/giq {\tl(i}a{)e

| ohs' contal n su i’clen
accomplishredihyeinfegtion mﬂn@mmterashakhm nhn Ri lp@samd theAnhdentiapreicompasses

use of alt%ﬁg@% g’legl%'ﬂg H‘ ﬁ\ltrod?%xg% thfqg%g%ﬁgégeiéﬁ ﬂ{t? glﬁs 't6?erl eﬁcgi rréethods include
any availghlametlxel ¢f introducing gkmetie maierial ineplanyestts irmiyding, but not limited to,
blohstlcspéag&lfo%lc&l QirolnyP?énxg M@&’ %ﬁ\%ﬁ #B%Eéish%sgc{ ﬂe%yo(}% e ‘{ Thﬁ relevant portions

e n egralon nt o e pl’an
of Ri T-DDRA cafi bem]odunermd:eplaptmeijs bp aseeofaa wrad rvattor oRi gdniesean Ipe included in
the same RECIGL ?pépq‘tm‘l% BS&@E&E&&’Q&% H‘%UEQX 8Ptk WVention or in a
rons are con

different whalzwgtm,ewhmh dan be hedameons dsﬁﬁfvrexabym tfodhatlcxﬂtlm:‘tacmn tizatdontains a
n f ' . I Pt .o
poyue RIS 1 i P BB R0, ROSHOEP bl v o
may not besreqhmdafo,r prodaiction of hagryi mottshawdrtbeinvaneordwqonmeissfes osa & portions of
Ri T—DN?\r gx% de%r%ﬁa Ssh%l?por? gns n?an? S\Wfichen% Eénetlc mat r%tc'o mduce root formation,
nPACCor dance Inven
as knownpiorthe axm Aﬁdsumhl @nemsmlamhat; eld ,gew:d ;bremnmhm 1he Ru phismid but not
sp s e or i.n .
within T—\gﬁi & g?é:fgrr!:ds toa opl%éc cgﬁ’ii/n rc%]o a\;agg o }tﬂs@len%ﬁgel}t nv\j)?rfxcular]y
genes whbse emnéssmtp&ddlmnsjfawlﬂtéte bregratiomsehi T-DA duo ithegplarelcell DNA.
diyi 0%
[0091] IX Iozézlie?trt]o Qgggrs a}dpljle% 2 & é@g/o% g(l(cheaS? 91&8?}((4\1?% tbogkmgn’cs of the
inventionQ B%'sested leaf jhél@i%s arercostatisd svithi Al rfigogéries @aderlcea@tlo%%table for
infection %Lcrl] grgih%/flgr thl’l oeg}" 8(1.)1%0:\@ e%@ ma}ft%%jngé in J:Jlt tona(Plto“fj(Iietv pment of hairy
roots. Eagh trbdtris t:lwaalcl: anadllsnm dte ropicare dgm‘teddiom mrsaigl&mr:bsiral cell into which Ri
e t \
T-DNA v\\’/\ﬁs tFHn@feH%ﬁ 19 %Ecop?ap Q {mtﬂ Ff‘l?e ﬁn?%{&?/o\?r g po oglogn ‘fh ncgstral cells will
contain arvmrcat veatery "Bms rcehs)meadobt dnnvbth éloeaﬁucp@ntanmtramhllfma)t d:rmtam viral
vector smclé {\%rl?nee ge%ﬂfane e\allﬁ?egtﬁag l rxt(g%tf c]iu“:i"r gﬁct%lltﬁlﬁ\gg?%egﬂ%s\i? high proportion
(e.g. at lebsilSIO@iNIan gaams'lﬂ"/&tat drast §0032 Jeast H0Eb, ab lepstod 5%, Bl €108K36), or substantially
h b . ti .
ol Gt ool G of Q8K 1 U531 DESL), GERCLALEH SRS LINENbL XSherited by
daughter velds witBingbe tiphali mgt, proivyin el of G'ﬁral:iﬁcs.‘)r vttt tHerrgotain not necessary to

maintain viral vector throughout the root. Individual clonal hairy roots may be removed from the



i nfl uenza antigen of the invention (e.g., encoding
i nfl uenza pol ypeptide(s), or fragnents or fusion
w@e@uepi3ss t her eof ). Root |ines were tested by REBUSI007/003969

bl ot. Root |ines displayed2#& variety of different

expression |l evels of various polypeptides. Root |ines

di spl ayi ng hi gh expression were selected and further

cul tured. These root |ines were subsequently tested

again and shown to maintain high | evels of expression

over extended periods of tine, indicating stability.

Expression |level s were conparable to or greater than

expression in intact plants infected with the sane
leaf portign prd fuytber erttugerk dSuah rgetsaretleo vefesragto hetsin a9 rpetlingsp Isolated clonal

[ expression of root lines was
roots conﬁg\gé f gg{rgwtf?)ﬁ?\ﬁia 15%?1‘(’2('; ned in plants infected with the
[0092] s mamty af diffscang clonghrood li 86Have beancgeneiatadnsing ig¥ensiye methods.
These rot%lléﬁn@%&efee e%@xtaﬁgl dshh 1&% vE%B& %Bﬁﬂltéég(fléﬂ@(ﬁé&ﬂﬁﬁﬁ encoding an.
uch passages 1 nvol ve Phoculattn nts wt
influenzatantigercef the énveatibo (d. pgenaofimgtinfiwengs pelypepidets) serdrignmientseor fusion
. [

proteins RERGHT KESE Ahis R Lesid) o 961 HATRNE: aRPHved o varcty of different
exmessiomdcveémpfr\@muep;vlypﬁmwS] Rpetdineb dme@ymwlﬁeembssmdere melected and
further cmﬁtulr&f gﬂle%;% & llfn WQF %Hé:etq'\.\grﬂls)pést@@ ot%r}? 0 mam am high levels

I nvention ﬂ YT des as discusse urt ﬁ
of expresslgm @@cleqjctqdqlad pgtl@(iﬁgq;f timp tindi¢atiog stabd ity c Epcprelssnme bvels were comparable

to or grea‘i’&r thé’neg(r? %gfpncﬂl Qrggét rﬁnﬁﬁg mlf 5 ittf e sgﬁﬁ@%dgi l/yct&%sed to generate

I nt al In nme es not varl
clonal roqtdnpsuhd@dlteorg stabiitant e)gqrcmoh OIf oeQtines was sipezior m}hatrrﬂntamed in
plants mi%&%(? kJ; tﬂ'tﬂ sarffd Qn'al ae@f%ﬁ @%Ft‘ lil%‘lﬁ/v‘ DI PacELh ﬁlgnts re[verted to wild
ture r oot eature great

type after 24 quaseae%p eiFoeh awagﬂsanmvw mbpttlatsrglmalw Withrteanseripgs, allowmg
infection id%%al'o?‘é@&&ﬂe% t(? 5OSEe ésni%ﬁls el {%(Lnrgl acng[I &3] Frkf)'l‘é %Pd inoculating fresh plants

0 econom C eas
that are spbaadumtlwacst@dsfqngxmeam@, [0094] Any of a variety of

[0093] 23%(?)8 gigegz}%%% P§ ﬁl;ljlglfrg% %)ﬁ 82 g gct,a C#?Q B?Adfur:&% 3f &H%%n of thf u)lvermon

uenza a
polypeptides #shdisqussedlfurtber. balbst &rim ndnb«bm;it clEnalSAO‘elmy&)d @tlldmes derived from
n ' i

clonal rogtqﬂqep) H%ﬁer‘ﬁﬁg%ﬁ%%’m%&? gnnxg)g&i ﬁ% a’cﬁ?\!&%@ Béﬁ @grruﬁ!a ??rﬁlc!eh% compounds,

e.g., plantr_gttolmbl bomnmies asc}vassaaains§qndenmsm thet e tymeatydmpldyed in culture of

root and él'a\rl ¥, e‘ﬂl%rf &tn% Fzﬂw r%b 3 @xlge(r)\ %81:1@%& 'vgﬁm tﬁs@@é cylture, and the
Acodes a sel #D Mar K 'S use an appr opri &t e

inventorsspeatthas it whlhcdngributp eigeifi c(ugl)gto ecbrarhicrfaasdyiligd ofgmetemrproduction

ahROt s derived therefromcan be cultured in the

presence of an appropriate antibiotic or nutritiona
[0094] cohi ¢fi a)Yara%thO%mcmodas mgy beases! togelacti dlorad ramsithat express a

| t r
ptsmctk 3 FAEBRER LSO QERh o R g,
can be used tedd¢teaan cocered ptdwpeptldmdnehepcﬂsy nfidé¢tecabld marbws subhreg GFP,

altemamg'r{ngtf?%cﬁr&l{lclp gé ‘y‘g&gtsb%g%ﬁ calnfbe ?fo%ecf hl?%%n%?v?ctor that contams a

e or onal 100

polynucigside chat éncoded gtse]ct:tadlebyarkm ieosddnan dppropmatel mle@tqnn:gn be 1mposed
(eg, leaiel%igtreﬁglsing%rqgotg nggéﬁgére#olan cag %\é %uﬁ\.ugg ?x!? c]%r 2 b %?é A nft ah appmprlate
antibiotid @rnutritginal ccmgistlctmmd s;memgmoq;mldenuﬁbcaancbxsblﬁmd(r.l €ettainl emal vectors

contain t&'g %r glo?e pg§n@cqégt%e?§ %ngosdllr(kgmﬁggng %gtlgenlas%rofn tﬁlecin%lenctm%me g two or

more polynucleotides encoding different polypeptides. 1f one of these is a selectable or detectable

using pl

marker, clonal roots that are selected or detected by selecting for or detecting expression of the



detection nethods. [0095] Alternatively or
additionally, clonal root |lines can be screened for
w@e@seosses of virus by inocul ati ng host plants PEBRUS201/003969

formlocal lesions as a regdlt of virus infection

(e.g., hypersensitive host plants). For exanple, 5 ny

of root tissue can be honobgeni zed in 50 ul of

phosphat e buffer and used to inoculate a single |eaf

of a tobacco plant. If virus is present in root

cultures, within two to three days characteristic

| esions will appear on infected | eaves. This neans

that root |ine contains reconbinant virus that carries
marker will holeyarhigh potbrbiditeeCask expressingrf secensizzol gniclegtide.oBerepring for root
lines that fcht%nm oﬂagp%u(laﬂ é)o%érﬁg%oglg%ﬁ%n alsfo&:\'%%’?léfgﬁg%d &ﬁé%?&ﬁ #b%ther nucleic acid
detectionmagtesised as negative. This nethod is highly tine and
[0095] ¢ %{exﬁ ftifvlefé' 0%%d1t1 t\‘lil%; zd}]]a[ #10 k ilXes ah B8 g&"gtgnefd%r éltégence of virus by

f contain virus e

inoculatn@lhnsemaets thas vstl cfoml krcyll ksicaeas angsuleofvirustipfegien éxm, hypersensitive
host plangb: " f“e%rnexar%L! 'g‘ %frs rg)lé)ﬁ é sps rcgrp g %(ﬁ‘ﬂgge%% a in ’gﬁlq \A%ﬁ?r{b@})hate buffer and
used to xmulatemmmgle i&acﬁ pha ebaverdplantp df vinesuib aresemvn rmmelwxab within two to

ditions, etc....can _be:a scr i . .
three days 2 zﬁaﬁenstlc)}esnlbns will aé)lpaﬁar onblgfoec{e%qeavgp efl?ts épg’ﬁﬁé‘ﬂ? contains
recombmaﬁt drug tisdt cetrizn alpoimblebtldmencodingraaImiﬂlmntza ami genldf mlesinvention (a

target gencfgggt?r}qblgéaq Eéesrloens are f%ﬁ%@] th%%qé 8{) &l sgggc\]/ It lerﬁgt l?noe i(s) ﬁeé'ecé?d as negative.
This metlorddis highyy Sk lahd mstteﬁ@mmtt Afar vmalb'tsyre@ﬁmg[fdli thee padsemeeof virus,
roots thatgce%%(\ﬁ? gm?sdﬁa); Be gu%i?c%edst eg(;n y s%f e%e!h[}:%h nv% twgs?em blot ©r ELISA to

gener ng C onal “roo at conta
select high ex'preakersz esdditionBiscieens dlgf,lscmbnxlﬁvs rapndagmwm,l growitein pamcular media
the invention. For X3P %‘\lrvr
or under aerg glfl%]i Tnvngxérsnﬁer:l]tag?ondtltlonsh?t aadac xXa he Ve%s screlet%{x% methods may, in
general, berpplitd pi thntlemio;pmxttlotﬁ any beclendl rqm‘cllmres tétoriahtaod dtlttmecsnclonal plant

cell lines, ?R?/‘Fﬁcﬂ—ogﬁl}lﬁi"%@sazs grre:i ai n enbodi nents of the

Tt r oduced prior to
[0096] | Ay wilisd e\gdanlt tcadma/ﬁ"(m‘dmaryl skilhohdthé ey vartety ef qnodlﬁcbth(ms may be

0 ,cont tact ant h A the
made to the JESRBAR of B AenRy S Biedhofls Bt eenerbiihBERTF0belindS gk dMain a vira
vector. S‘mab hﬁfdlﬁdﬁho{ns&ﬁ@ Ya]xth(ﬁt hierscapEt dfabs m@éntgfm icrekmgple] whid it is generally
nes. f.rom si

desuab]e t?] ér}né)gf’ce( Y}'ﬁa(] VﬁgtPBl I;cg gn {/rﬁ?cé Pf’a\?ggrt %olyp %%ﬁxeﬁegf BE 88&) 1P{}%ductlon of Ri T-
DNA geneR}ih@dBain @h’nbbdinmjltsﬁof thé nmgﬁm&e (HI-HQGAGB imrordat:e&f prﬁir to introducing

viral vect%é?{ya%dﬂﬁbq@.aﬁtls PSS r?gg %—)5008 ac Blﬁag?ﬁlgp gma pﬁogﬁv:ﬁr[zes rather than
harvestmgcbesaﬂpnﬂbnh an&ﬂmmxpmm@&uhmttolbactgﬁmr ation of root s

[0097} f r@tﬁle%m%tﬁg?s ?’{S 2 ugratlh g?o[%%]orggﬁ) ]rl]%lg fxgzn'lé lgllpg eg:gﬁ DF %lan& ?{é)omon
thereoftha_n habor mmrqﬂr\mzuod ean betdeddse. f methgémm"caismggei crhimgénes oDgenetic
material b‘é‘g‘?g? Ri %STE \Ng 3 lmr ?e% neeﬁléw tc%lgtgltn\?)g%t Z;P%él?els or combinations
of plant lﬁbinfnf)ﬁdfsémknmﬂl to tesulei gemeraten gérmrsafred plamytissueot s. For

[0098] Ie 0 119885 5&ived A8 TISH RS: GRA¢T ated from

[0099] As described above, the invention provides methods for generating clonal root lines,
wherein cells in root lines contain a viral vector. As is well known in the art, a variety of different
cell lines can be generated from roots. For example, root cell lines can be generated from individual

root cells obtained from a root using a variety of known methods. Such root cell lines may be



root cells obtained froma root using a variety of
known net hods. Such root cell |ines nay beobtai ned
wo e@moysis ous different root cell types w thi nP€hES2007/003969

root. In general, root matésial is harvested and

di ssoci ated (e.g., physically and/or enzymatically

di gested) to release individual root cells, which are

then further cultured. Conplete protoplast formation

is generally not necessary. If desired, root cells can

be plated at very dilute cell concentrations, so as to

obtain root cell lines fromsingle root cells. Root

cell lines derived in this manner are clonal root cel
obtained [riomevarioyn dififerentgooti aellitypes otitiin ti@urobtt- rlo @enarel, Fodt immerial is harvested

and disso%%@{/%%,}gsr?ggw %ncdz cfl nkﬁm%’il&%ﬁ% g{édf){o Iiélease lnd*Vl(%Lﬁ,l root cells,

e g an nza’ antl
which ar¢ firee farithem cu@mdacommm pmednladt foremtionns gmaemlily amone@bessary If
desired, rgo éeni's cgﬂ b%ﬁ&%rat fvg "i'inconggnt?a’tlogs % ]as Poy ob% cgtl c%ﬁ lines from
SOCIated root cerl | ence o

single rogticgls. Rootastidimes Smedns theis maau@mslpnd rpmuslm@f, contammg viral
e I
vector. S8k ;@;g@g txmggﬁl,eg%?rg Wik Qe fiS Jg‘tpkés&oﬁ B h polyAESeb Rl nsgding an
mﬂuenzamhtxgheofmvemtancnn aCldmaglbiahtsmﬁllmes Hwhﬂ/@htamed int ah.'emllar manner from
onal ' i ved
clonal rogt]ls,régg. db§ gtgl'i\#rg esssalé1 ?A{Qﬁ%ﬂ ‘{%g%’/g\ the %ééus(e:#egbg é‘*’?‘i"gﬁéﬁe p?ant hormones.
Screens and rseeqessma;omés gﬁmmhs@m‘ gan He0BeDB] idewifywell Hiocxthseexpress a
| | .

polynucl%&%e%g?@d%grp %geé%ga?\nu ll)% h grtvaeﬁaugl]é a%h !:eg?{s. ?—ﬁzg\{ever, if the clonal
root line omt whigh tha gedl lingds ﬂmveslm},tead){ ¢)gpr¢sh®ra§ﬂ1dglel,evd$,$och additional screens

i.n viral vector since it will be replicated and .
maybeu&ﬁ#%g%éytransnitted during cell division. Thus a high
[00100] prAspiorthé ogse (of the. clenal Fevdines 0els cfta ¢lowmd to&@%l lint atestesived from a
single ange%g%lt %glttlhgt]aﬁ%‘lta%%%lr ?Le tgrgaﬁd vg g gh’ere?'l) OQS@IZ?.IP v1r81 Yectonr since it
will be replicated amtwil be 1runsnmtt¢ﬂ)djted1gtdeﬂtdmxsmoe T‘hus ahighgoomtios (e.g. at least

50%, at 1%;4}{]%‘% gtqegssf 8?‘9 b?{h&as& g Vec ast 59‘% aql @bﬁ‘? 2' or sugst?.nct llly all (at least
98%) of eedls gl acpytatmvnrailvncttalr At s natled vhattmr:e vﬂalomatlor rsonheruedi by daughter
cells w1t}lu|1 Q%lg‘?n%ﬁxrbop %lpl‘? nIoQ'r Bh O%Cg% amog%tcegg Ps%go necessary to maintain

2a anti en o
viral VeCtdeselqnbbd)Obeélbhwes[c@@b@ &ied@bop@lduéiiQIJrﬁf a@ellynuclepede encoding influenza
antigen ok&%%%%mﬂl%s RL&P bélp%ent ion provides methods for

I'ng a ona# ant ‘cell line in which a plant
[00101] v@ﬁj’@hl?ém@gl_hlajﬁed to direct expression of a

[00102] ipgﬂ'%ﬁ)qgéegp%xgﬁlo%gﬁg\qd?squatﬁodsngor ggﬁezrgl ant I E g p?ant cg?lme in which a

RLT Ve die one or
plant virahwegowisuatd E»cbreeswpmssme cfe rp@l;y)nuclnoﬂmlmlemgdnag an influenza antigen of

the mvenﬂglll yﬁlé%ra % tg ?heblﬁga‘ﬁfvg gne?jﬁc{ é 4E0% \?alpz}l e%?rgs ocgn \ c?or&s) including a

ntron era prono CSP PR uce
polynuclerqmdg epedding ari méIUptllarmtxgei bf the mezehhat opesabha |lmtced mex:bmmoter is

mtroduce‘a% o c%HL Bf':;ﬁ anfbenlulm%%ﬂat m@ :ﬂ%ec? cell cu[l&rsc’e f [ gurfxber of alfmt cell

I OUS are
lines fror(; amndms plsredypeNevd lsnochenn\tbﬂart,einb' 0|f Mrha;sx @arbebeecg eNewbt detlived cell

. ' nethod f.0 use. racti e .
lines can i@% %glﬁﬁqlh g a&g&r&ggw own Blreﬁmgs fcﬁ' Hx upcra icing %13 &%\% éo%.f A viral
vector is gntypldacrd iowl dellk iofie proces biinegact ordinpytoahy @f anninder aff methods. For
example, 'E%tQSQ§ts c§r9 be made and viral transcripts then electroporated into cells. Other methods

of introducing a plant viral vector into cells of a plant cell line can be used.



exanpl e, protoplasts can be made and viral transcripts
then el ectroporated into cells. Oher nmethods of
WO pdorooises ng a plant viral vector into cells oPCHUpLIATI003969
cell line can be used.[00133] A nethod for generating
clonal plant cell lines in accordance with the
invention and a viral vector suitable for introduction
into plant cells (e.g., protoplasts) can be used as
follows: Follow ng introduction of viral vector, a
plant cell line may be maintained in tissue culture.
During this time viral vector nmay replicate, and
pol ynucl eoti de(s) encoding an influenza antigen(s) of
[00103] t KHemiethpd for gﬂnermiyngb@nekyamHdineeirombrq@heﬁwitb ¢hel invention and a
r I
viral vec:tl)ll Qﬁ%g% f\gllé gag{(])rdﬁgt n JB{?)I'BI%H CEHJ §e rﬁ)’l prgtdg) YSP GaPb &s%g‘iis ?(Illows
Followmg eodedidn ofvicl Ivecume 2 plapt cdhhﬂxd ypawbe Imwmtbmt:d ntissoe tiate. During
C r at. n.P [
this tlme{/ glhvgg@l ﬁr&&n f)llca Oeuarlud é&gp cl o%de gﬁ%g?rgo%n?{g%ﬁﬁﬂeﬂé anﬁéén(s) of the
mventnonrma)nbeaexpecbsbd) éldnal/plamldelldﬁmes &tdﬁriv@coﬂamélqultute wigl, by aeprocess of

successive %ﬁ% e‘};teg‘o% F@mpﬁ e’pelhgfeg rﬁg Errxll%%cp?gml c%gtex%gl ?tlong%ly with

dilution sb Itigat ctluﬂ tamcentaatthntafieeldsnis low, ap pdhtbdjtn Rrtri d3bES & méwidmlel droplets.
ets contain either 0 or 1

Droplets Q,Je tﬁén %aﬁltg eJ%Zaglogg htd?)“ggk"ai n clonal cell |ines

[00104] expwdlslsa a;g:remgcﬁ yinati dioplets wey evrtaigi atgarableimiithge nfeells, depending on

the initia]acuzwsfgﬁgf ol chﬁgreiaﬂé{ ?ffétein?&n%% %ﬁut%’?n'. ke?@%ﬁ‘ gl QB 0fn%hat most
- -oenri menf':'. wever, | can be nore ertiCl en‘t (0]

droplets wataie titleer @cordesd Irifittiiodesgad to obtain cherlal tgll Bnasexpessinga

po]ynucle%glﬁg %Qs%odlrp%gr?ﬁl gﬂzt%p %?na&qhg bh%né&g SR} o(ijx )F 5; ng%l% r&?nd of

ai n expressing
enrichmege ﬂéowéyeram yarabpmopr éffitientsto selet zngaqgentca&rdm rseclcthat dpeltiple cells are

present ingée%c): %%l%fb?tean%ar r%(s%l;%lu ?ﬁopslgtg ‘é:)lge éos%ﬁth gctoln%gls ?}Ié)rr%sing cells. In

general, dmly@pproqmaElec&&nmgsmy@duamab be leseambyeﬂn dFiow exhmaptle,delepti@t or detection
0 _ul t ha n h
ofa detecgélbq ¢ Dlarker éléc L (?ﬁe canbe. %sggs%Vq\?E bF qes, I}S%%%Sasg?ys can be used.
Indwndu&k dropd:dtsré]rﬂo w) eorp&m irmremuin tmomgh)deﬂilt éoxspemﬁnemsmaeeifyhese assays.
press hes. Sin 0 ant _cel |
Multiple rou%gg f ?nr h’meno ulp§¥ P%es elsrolle\lltg auz%re%%wely EI %,l?ellp expressing cell lines.
Single clarat phiht edll kieds|(j.e. cmpultmagedm\&tiefd)rbyl singld :hE:Bsti'al m:li)l dag be generated
on. usi n rd
.by further 41m%nr$gcﬂh&6m u%mlg s an?aridsm%g%fggfglé selg e cell c%mns% %g?wever it is not
necessary mdsolatduad:vduahﬂbndl lines.A Aonudpmmmom:mgmmupie mpnal cell lines can be

used for e%lrésg Irleof %l OF 1%8 echeeelc,]ngg dmﬁ omg ﬁg re}l(_c)):rjes ﬁlD rufgr?zranafx? 3 f(EHe invention.

[00105] arh. Iggmréls ):em:ém bheldelnal@mt deﬂmrlbﬁcﬂﬂisﬁ&]fot gencprion rOﬁk:l,onal root lines

apply to t% Al aelra i ORd | dne 3 anP ce?l s I bed a g VaedJ{/ Gt o)g lra"i1 eé%o s containin
pply to B¢ gepicraten of derg! plagt pply R ¢ M BnaT g

one or mqixieqmiylmelebtlﬂe(n)amaod:log ae mﬂ‘q@hm aml gdn@s;sbfsthbym@:htlm tanl be used as can

combmatlon%t (%Ensult(l'\q datlfefrfzrﬁg/ectors imﬁcptrr es§)en1r¥ nll#l%thog 1y det{(esl)gﬁd C‘%F} in the case

neodi BRI TUeRZa an i'gen
of clonal bmttllmeszlamiscloam roatrel] hiats, celds offa clomhdl |p|dxime celi fihesre ld’&rlved from a smgle

s YT BB B VA (AR50 00 e s e v
rephcated ambwijll b@irhrsmftecﬁdtﬁ'irrymll divisioh. Thls a higheragatioee.igvadeast 50%, at

o ntains vi.ral o
east 75% B8 Pt S 4oV B EosBRl St B foast 890 of
cells willgbontad vitalwettor.bR is noted that since viral vector is inherited by daughter cells within

a clonal plant cell line, movement of viral vector among cells is not necessary to maintain viral



replicated and wll be transmtted during cell
division. Thus a high proportion(e.g. at |east 50% at
wo e@sn9Bs, at | east 80% at | east 90% at | eaBCT/BS2P7/003969
all (100%, or substantiall2§ all (at |east 98% of
cells will contain viral vector. It is noted that
since viral vector is inherited by daughter cells
within a clonal plant cell line, novenent of viral
vector anong cells is not necessary to maintain
viral vector. The clonal plant cell |ine can be used
for. production of a pol ypeptide encodi ng an i nfluenza
antigen of the invention as described bel ow. [00106]
vector. Teariaial Plaan¢e] 0dd He uSkdfvalprggluatios ofapolypem ele@nedding an influenza
antigen JEHITLOLANG! o BOLRcaSkARA! root cel | ines, and/ or
cl onal p1 ant cel i'nes produced according to various
[00106] rrE@IQQﬂli’_mscri bed above. Methods for the generatl on of
[00107] pl@l Bg'l é’ 55N canolgcT %e‘nefa? c*frcrglcionai %%'ﬁ c%n?l 1% ??etll ]%1%? and/or clonal
oo I nes,
plant cell lllrressprochndd ad:aonhhg o eartous Eﬂekhdds desz:rﬁbeé ebovze Métbods fior the generation

of plants%gri}"\c%ﬁl roc%q:oﬁlli:ngs %nqg %é{’ cegﬁgngleﬁ s&l'?ztts’ucrlognem gtgotgl?;esa} iglno&al root cell
lines, and tlanalpiaht cell énendmscrilprdderon agel welt knodetuthaartifsee| ogy Peres ef al.,
2001, Planr}%el?ll 9'tsec h @l ?&u?t&rt'ee 95 §J7 Sa%%?ar?gi?ﬂde r%?elcr)?x)ce wo‘gl%s n %lant molecular

PRvent i on’ ore provides a
biology ariddxmbclpiomgy Qit&d‘plsewhﬂg hsteaps Tk 1(1ve)1tige lﬂmreibrd’;goudes a method of
generatm& aocgsnal gfe}%‘i f:omgrlSm g(l: O%%ex% ing a h{l%l root lm gonal root cell line, or

e 1 nvent
clonal plargtchib dfise dexrdinged amjbmﬁ/ther nafndtv(e m)athgdmdefsatlbetgalﬂ)vatumlddu) generating

a whole }gar?trgror}tx ra(.)crl‘g al rcfo? ?&F a8 %‘ rc10t c?ell lme or Bionalo}gl %ilorbal gpaats may be

onal ‘oha € propaga
propagated mvdwgmmmcdondgagw smndmduﬂhasdst hods [00108] As in the
[00108] glaosﬁ la % C%s(ne)’:tno clcrnIaPToot ilrrlleessclgml r00 ce'ilqlgllte(s),cgnfi c]c}nlgfrb?lglg rcgnqines, cells

ofa clonailqﬂanteacb dlerromlaicsn aginglecancesitat e&ll thet ¢ontdint vml Iveatbnand will, therefore,
ral VEGL of, N Vi

also cont\a}lélcx?rg} v ?]r since 1gWV\ql F) Beéaiulpag%(f g, ghge;aﬁ—o Copfx? glérm g ceﬂ division. Thus
a high prbp(a‘nenﬁetg‘. e’dledstrﬂOﬂ’g at: Ehit 7604 iasleast. 80V as leastfOdh) at least 95%), all

0, 0,
(100%), § ‘é’t%tt'@gr(@&é Qt ast Sc}efggﬁ /%g%on't%ﬁﬁﬁrei% rf"‘trtoi'F §33L4 that since
viral vec&m hxsmhmmdl biy yiaagﬂter(mls véthirt the 8ldnabplante osement of ¥éiral wctor is not
hecessa am ector. B)IS noted that since viral vector is
r?'n I@ Sy VhY FEtdht er cells within the clonal plant,
[00109] nui;emtzndﬁpmw@i Setdhﬁg)PlahBEmtssmmMsy to maintain
vect.0

Vi Sprout s _and Spr.oute
[00110] Pl gaynk ems 3 F51rdeasr’1§i r%a € 3%);‘6 D aﬁa& fd’f“%ﬁ)’g (%f% ougs a % gﬁaou{]e% seedlings
which are essdfainfos pfordnctg@ﬂm"riaﬂhma antW@n(Qtayccﬂrﬂingp@ chet pﬁ‘eﬁndmventlon have been

edI i N f.ul

described BIeOHLEH 783 ié%c%( g ¥ Eidtonle olé)(rj'gé’gﬁ]? bW 84/a3886,
which is pmqmratem hha\teb)be&*rema; cThfbpxdsqmt éwieotion furthear pxa»veiek spromted
seedling%ﬁv,l-nﬁé@gg{/ BW% sS 59 I[nnexan%orna%xmggggrnéﬁuen%g ta?tégegv\grhgeéfsam aspects,
biomass ‘Eh:aropded; émtct]yrﬁnendmsompﬁm bfmm gpn omntdmm gscpunmﬂsmdms In some aspects,
biomass f C})r?%{as% grloaxl' rt]o I%or%ﬁunémoe f§ xam le Eﬁy homolgteg mgagrbxélgp%, drying, or

extracting. In certain aspects, influenza antigen is punf ed from biomass and formulated into a

pharmaceutical composition.
[00111] Additionally provided are methods for producing influenza antigen(s) in sprouted

seedlings that can be consumed or harvested live (e.g., sprouts, sprouted seedlings of the Brassica



bi omass is provided directly for consunption of
antigen containing conpositions. In sone aspects,
whenmass1$ s processed prior to consunption, foPCT/US2007/003969
exanpl e, by honobgeni zi ng, @pushing, drying, or
extracting. In certain aspects, influenza antigen is
purified from biomass and fornulated into a
pharmaceuti cal conposition. [00111] Additionally
provi ded are nethods for producing influenza
antigen(s) in sprouted seedlings that can be consuned
or harvested live {e.g., sprouts, sprouted seedlings
of the Brassicagenus). In certain aspects, the present
genus). Inpegainiaspecisnthsl pressniingoiting invaeeserowing? segfl b an edible sprouted
seedling i go%ﬁagﬁedsf%?ﬂt% L4V gm Gt & %qe'gdocgrg 9H la%mklfer ere.). %seed canbea
envi ronnen e.g., oors a contai ner, 3
geneticalbzea@irwawdbeecathgmwtalmri t;xpeqsgnone:e$setﬂe s@.@dmgmltmﬂuenza antigen,
n S n fl
which exgr% L&) ﬁ dr&'hg %ﬁ Rh %§§%%@u§ﬁ?€d§x&§%€ Fn%b R ik of lé%gge?}ously

expressi o an exogenou

induciblej mdmotebsl @ngireorsed Ehat ard inducitde yfooéxaexdfgé:ryd@t,ywemwablmrmones,
thnnters can be used that are inducible, for exanple,

i ght, heat, phytohornones, nutrients, etc. [00112]
[00112] | rin lréhfati embedﬂnmnmﬂmmgsenhmvmtmmmvmmnthbdmomrodthcd@inﬂuenza
anti gen(sgﬁ'f {ﬁ?glﬁeé) gq[e):ﬁfl %Lb?t 13 %er aatfﬁﬁaasg@c{s@etg%ﬂ;b% Q’;?*@Be?p%%“n%%y
transformgpg platnedv@eamdmpn@siw classattsﬂ@t enqedepindpenzagntiperawsing an
Agrobac%é?ﬁfgﬁaigfg%ngﬁtgﬁ%{s{eﬁi %harug E gfsﬁoarf &g Jﬁqgﬂé&g;@n gﬁt{/\%zzpse Idxl'}]ven by an
induciblegxpme_s:m Eranegenzmsqed# tandrezebtained from 4 tsausfqrmsd phant,zgmown in a
containec*, Q%%L%%t 1€ efVi Me% "an 1%%9(? ﬂ) %&9% iR paearﬁgteﬂl ned

r a trans orned I'n a contal ne
[00113] r dgsbme abibedmmntsmatﬂmm are @mlderdctbatedvcolemﬁacsss spmuted seedlings
flu e i1 .
with a vugx? gxprfg%{/oln ast kt% %{;léod[l %%‘g%‘lu%: n %n %g;g@%%’%g%ﬁwﬁﬁ%ﬁ %%g%e driven by
any of a wied qbkcmmysr ovi anhinducible proreater. e%xsomnd sesltiegs gregnovn fargwaro fourteen
days in alcggta%’ln%g gl?ln{abg ﬁlgl'\’ll‘glzl(lple So% 'ap ﬁa& nwgﬁ'ﬂcigﬁty]egeqs gf‘ {nY]S&za antigen
a viral prono I'nducr bl e pronoter.
have been_Spbtauteé doxsc@adthmptgm arfangetsnnm f or two to fourteen days
[00114] Iumf}el pres ? mgicngin fﬁ%@% ) rg‘\p figs SS’ ueﬁg‘g&gﬁ‘t‘mé‘% ﬂlfhxe 3611:1 gen(s) in
sprouted séﬁdangseﬁhaf iocludendiunging omit mthhama%ttqnmyl arﬁd)ﬁ)ﬂ;&éﬂlted’ beedling
containin% &%n;eSSlQly 8'1%%%&?%:%31%??65 %g(hg)ﬁé ]sﬁ]}r{%% ti §Qr£)sd Iwherem expression is
driven byt meanstmmlvel deumiutqibl;spmgmtam Systemh cal pmmtde membradvamgﬁts aver the
outdoor rﬁ'lr H}ngﬂ o g‘?éjénh&%ec&ﬂ ﬁlc J'nﬂ? b Boftdlled> Sflhgg tﬁea{%%%nﬂ favention
hat encodé&s one ["'uenza ant i erein
enables acgrpwers®i poecisedy timm@unldyctwnatfrexpne‘smm v‘émcﬂuemzadmti'gdzri. dt can greatly
AR ' ni que advant ages over

reduce “{%ﬁengtﬁ&égf oghglqgcl)nrreﬁ]?& %#‘%rgggnhouse, whi ch cannot be
[00115] cdntcenhihadpechiransigrtky tpmefetetl sprovtontin eina bleetor gequences encoding
an inventg¥ Wﬁ]g?nuzg ﬁg{égeg\n SS%eéﬁng gsr% %J&gvn frggg ﬂ’r‘e p%rlgzi 8§ )E(lg I{oﬁaél%'avg%r production
of viral nnoleic a@id jprspchmts, lﬁgldwﬁdl hye«npq{lcﬁmf wt(nsyherein multiple copies of virus are

produced, thereby resulting in production of influenza antigen(s).

nutrients

[00116] In certain aspects, genetically engineered seeds or embryos that contain a nucleic acid
encoding influenza antigen(s) are grown to sprouted seedling stage in a contained, regulatable
environment. The contained, regulatable environment may be a housing unit or room in which seeds

can be grown indoors. All environmental factors of a contained, regulatable environment may be



[00115] In certain aspects, transiently transfected
sprouts contain viral vector sequences encodi ng an
WO pwepidve | nfl uenza antigen. Seedlings are grp@mUSZNT/@03969

time period so as to allow3bor production of vira

nucleic acid in sprouts, followed by a period of

grow h wherein nultiple copies of virus are produced,

thereby resulting in production of influenza

antigen(s). [00116] In certain aspects, genetically

engi neered seeds or enbryos that contain a nucleic

acid encoding influenza antigen(s) are grown to

sprouted seedling stage in a contained, regul atable
controlledsn¥incopprewts do Tikregwine Hizhicd grq\e,gaﬂddtgabn% cEhRe expensing, genetically

[ r

englneereﬁ?s\és\(/% or gtb% tﬂ% ?@ \?&rtgn nt a %‘61 Eca;g‘aeg)?&oa&?n\ thg absence of
light. contalned regul at abl e envi ronnent may becontrol | ed.
- [00117] Sld}ﬁ?r SRIrBihS tglofa&%s tfxgtocléh 'be rL%EBEd ho a2 Britihe Pebulatable environment

lighting can be expensive, tically enginéer Jl
of the pres@edsvemnoe irisiudesemparatuee, @lummht)t, ovatqyy muitients.sxae ¢4-gn 2 or CO; content

or air circ%%a@%?éicﬂgﬁﬁzgfs (%ngalé F}.%leacﬁﬁ‘é%& st %gblgmmd SL%Q élg!x? Latlgep & hormones

nment a ors t can

such as stmhmsajhtsr&dhp_rm@ya lgébtbatsilléc @rﬂhstsﬁrmwl@)‘ andithe pkes ent

V | \V . . .
[00118] U}C%B;d %’fo %%M?“g?%‘?{@%tg% H&&t%é%ﬁ e%cpytgg%l?ﬁ of a nucleic acid
encoding@nriplitearh entjgen aayrhecntrolledrby bn mudgsoonsty indueiblegpromoter.

r S
Exogenoﬂc‘s"l'};g ﬂ’{]d%cﬁ)%%rrgr%%geés Qrg %S%él %{ ?%r%r aﬁc'i&g%gé e dJl o fsa)%lelc acid in
response gmnh cxtanlal, kaeher[tm@llatﬂjutemad ctimiuhyg. tonwebdraif nnwmrhmiml cfactors can act
o i1 LS8y ENERL B0 SHAEESP LR Glon R IUBLEN G Ay enncrs
sprouts. Axugewtnsiay beracheei-ind eclp}emrgmeter @b gea b%’rsyommmomre For
example,Qx ng%tss Ew%'tns%ggk gr% {eé}lﬂggh%g%%?g cgﬁtag\%ﬁ ﬁ?ﬁ‘&mem may simply be
raised to induea: ergirgssiomtaf emuthmcah Othee pmﬂlots's nmnlnlldfshghAmﬁynibéer promoters.
Light-ind%Eib?egesléo%%?é}f‘?P&n lo rF.QiSEa%e% ag%n&&&n Aprl Hx@‘cé?ﬂﬁn E{’fn a contained
expression of nuclelc aci 8 eSS
regulatabbragsdohesntob alysayebnc allﬂemagnghym@déﬂompbo gx}s’essjﬁon of a nucleic acid can
ldelyisl

be turned sl Sp?]artl s rtlgnﬁeo er Q%vélo r)%g}ﬁtt_r}:})gs&éw}rﬁé% oxﬁ é’%{] @g gl{)romoter
may be aphemmaﬁy indueilifrepramotes iDhsed te mduae egrtession of@mueleic amg. According to
these emg'&P%lleXt& ehcl{e%nga(:f gmﬁ]grsg Ilﬂﬁcblg F?)g Eérgyencp unc’:t? g{%‘f L:rgl)x“yo, or seedling to
induce emmmnexfsuclblcgihtd- |Spdamm@hrﬁ! xplsmgtcem pe penaisbly oonirolied anddiirected
onto targ@t e&? ré?rgbbff % OF %e\?edﬂﬁ %ﬁfcﬁ Sl'll. ifgllil{l/\%%tdb :;I.rﬂmeipﬁtgﬂxtealeﬂgq?nmem is devoid
of wind cetemh duirrents) Much enygd déspesa chémgahawdefremduteddasidarget so that the

I 4 duri ng devel opnent by
chemlcal sﬂl rs]%g ﬂ? et Por%%iﬁ u\{ag 1%%1“1% oromoter may be a
{00119] ¢ h‘bcsmodahg to the gmmﬂhevqunonmrm of expussentipinidnckedoean be selected to
max1mlze: %gpggi%?%ﬁ & flréfﬁneﬁgér:n Ll@!ﬁ%n i}% uﬁgraufb‘ﬁ %Q{dﬁi g%yttﬁ)e %ulﬂg%? harvest. Inducing
expressicmpin ayethboyd @ ageditulastagy of gmwth,efewd bxargple,ondeng:QCpressmn in an

S n acid.. . .

embryo ab 3 aﬁlcéiage %L%rl(;b#fdlrag% ?ftedﬂ ggmdma @X?Jégreaﬂ i %%%"é@& éé@gl&s:s of an
mﬂuenzaeanhgymat tbe txmexﬂ hanvgstt &onhkapliplefindecingiéxpresibn fidne the promoter 4 days

after gerrgl%n 9 rgqut if %@E}otén? S}gn“athems than inducing expression from the promoter

after 3 days or after 5 days. Those skilled in the art will appreciate that maximizing expression can



of wind or air currents, which could disperse chemn cal
away fromintended target, so that the chem cal stays
weroorigsstar get for which it was i ntended. [ 001RO1/US2007/003969
According to the present i@dvention, tine of expression
IS induced can be selected to maxim ze expression of
an i nfluenza antigen in sprouted seedling by the tine
of harvest. Inducing expression in an enbryo at a
particul ar stage of growth, for exanple, inducing
expression in an enbryo at a particul ar nunber of days
after germnation, may result in maxi mnum synthesis of
an influenza antigen at the tinme of harvest. For
be achievekbyrpiutine ierperinengatxp fe seiain nfotiomss speoysedsast ingstrelhyryested at
ter. ge a protein synthesis
about 1, 2 % ES %blz’g %gh?éggfé@? %Sé%ihgrn#&wni%@gmt er after 3
[00120] dky&ses whtteshe Sxpulespion vEhios haSSékC(MSBthIVﬂ prdmaotar instgad 6f an inducible
promoter,ﬁs@po:uge seeghﬁe%(h%ta}' %ﬁéﬁ?&%&& & aec%(eptraﬁlsél#lg gﬁg@tp%ﬁfo?glgﬂgnvgpsprouted
seedling. Hor exdreplesid ead;bruug:sl saecthnlgamre virelly eansftyourd 4t an 2arlBstage of

5 { a fter t .
developmleatO ?cgcﬁxhﬂ]?lec g% err(l)bre(% éfa%e, tereoue ng sregglsr?% m%ﬁg r}@%sgegr%a time when
expression Mtiisnnaxlmenmasmmesfommslbeaadg oét about hddi bl%6,.7,8,9,10, 11,12, 13,

or 14 daygJ 5 RS lt'a?lgiionngtlg UtI? oxﬁc? 39 h}a@ gprotl (?%velllag o€ %v?dtg%e o2 more months

iFtef transtorna sprou
post-trans§erettition gdepending xa gpinginatidn ef sspd.out ed seedl ing were

[00121] £§ vi e%lerla}/lx,p?nacgsé];{?rregﬁn%l gilmﬂ en%%h%ﬁé}(g%go%g Se%g%(se le%B%gt or sprouted

ag €
seedlings lage dlbrweelstd @gowa tintil stufﬁmemhmlso@mﬁsmza ranfi gengs) are @cpressed In certain

aspects, sﬁ&%‘ge%’ g&@%%g&g@%‘%g%ﬂ& Sﬁgiﬁf%hergse%%%%}%’%&o a%ati%t if harvested
biomass o eaten amgf adtertatively or addivoballybsuffibient kpele atedem:/ﬁrbmpvhich

. on t wo, nore

ntuuenza Yfucn (4 pe st Bl Rea T PR FRT bR ASRpAS AU s
pharmacegtica cexposision dmt pfovndeé b ulenzzeusin begeTi(ts  pbégit npon &kaixhi;stration
Typlcallyuﬁitx){ % %r?}ggllm %Eagotfslg%%?} 4 llﬁ ée?gll[eg(rzs\/\?egle (1rsl sqature At any rate,
mﬂuenzaenﬁgeesrs eybncdlly a)@rdssadmt aemotratxorfswbbvetmmhichweiuiad be present in the

sorouted Iee%qe A hS?ur woul d provide a therapeutic benefit to a
prouted seediiig In 04U vest ed bi onass were eaten raw.
[00122] AlC!rE:B reapnembryoﬁnﬂaddalanﬁgmxl ik yndueeld fgrcwﬁnnt allevel ® caninue until

sprouted i ot BBl B e B st DR LG R Sprpuiedprgtines canbe
harvestedl lMeo I-ﬁzrpdsmngmwe sirogtal sewiipgs his erethatvaptages ideledmg minimal effort
and break:r)§e & %g §;Id Fl%f%ﬁ %ﬁn%elptqt {feenrHonu zglnbe dm%’vﬂlhxgro%gniggﬂy, making

'S no
harvestmgxysrrmsls @thtien oﬁl}nﬁtmlhsﬂro&eedcﬁeediglg ﬁnomatsdmyéropémcangutma,t Blo soil is

. nf e ant ] ge sse
requ1red o1 Iglc‘:oeng gﬂ’r@h‘%g eod\]/e ép tth% V\% 81age e rr%vslcé% if deemed necessary
or desiralilé by ﬂwmmﬁebhmmd IBenayse nprrmatsmae be[gﬁt@&riﬁﬁth@msell no cleansmg of
sprouted ge)éﬁ{lﬁé%na?ena?ns ch';unreH d tf}lq ! Ioghe Qmu %8% 'to %?rvmgtq})e %:’prouted

0 conttrnue “un Sprou seed
seedling ditectlly ftanmits &pdropdrec ememﬂxknemgmmoet \hauhmsdmbﬁingmmhmﬂlzes

rvest Ve, Ve tin
breakage 3FREPHAT wiBl ok Sod Bk SraV Y RS Bty orine
apoptosisfreertaimproeddigtid enzymes become active, which can degrade pham'laceutlcal protein
expressed in the sprouted seedling, resulting in decreased therapeutic activity of the protein.

Apoptosis-induced proteolysis can significantly decrease yield of protein from mature plants. Using



and breakage. Sprouted seedlings of the present
i nvention may be grown hydroponically, making
wha007e3331$g a sinple matter of lifting a sprouP€mus2007/003969

seedling fromits hydroponi32 solution. No soil is

required for growth of sprouted seedlings of the

i nvention, but nay be provided if deened necessary or

desirable by the skilled artisan. Because sprouts can

be grown without soil, no cleansing of sprouted

seedling material is required at the tine of harvest.

Being able to harvest the sprouted seedling directly

fromits hydroponic environment w thout washing or
methods gftha lpbdsent inventiohzgwpiosisakages ofoidedrwlzsnt recharyesting takes place until the
moment CRANAAE AR hLhfe phnp! ant s Tnduces apopt ost <.

0SI'S, cér a|n proteol ytic enzynes becone

[00123] acftowmmm{a; live speoutslangy e erpindy erastedt ocllengadde graguce a slurry of
sprouted gee%flgg ?}1%3% el}r;] g%é]uti&l[ (gol'{’lté% ?mé%?&%ﬁs?q?lﬂﬁqg‘rlﬁl ?u?@r H&y be maintained at
about 4°QipbyHoo qu:qusjlspmmqylrsoecﬂmmmmassanamdglnd,fspcmrﬁe;d frozen, or freeze-
dried. Agﬁ’\cl% tzflnS 5 erggl fgﬂeﬁ%grgergrhf S%‘?\(fg%% gfr-drﬁé%&%?}a gelsglt H%%/ loss of activity
of pharmb@uava:i |pd®dmvxﬂécrwmr Hecauss sprogtet akallings aevernsmall arfdchave a large

| surface a%%qe leupr{elor%te io r}ﬁls i %ugl)x( Eetsg ch—‘ﬁ g t{)!)gcurt lilﬁo lsiﬂ ed 1L gﬂ%]a%tgwlull appreciate

that manpiechuiguest for pmdsumg bmoraaas thap nuﬁlrmpc pmt@ﬂyssseﬁﬁxpmgsed protein are
. hi gl ffer t protease inhibitors.
wvitoc A5 e gl A SORAIALRY, ot oS 10
[00124] adpeoins endyodimrnes ssx@ewkhsngilhgs)msedlbls b geridm @uhodgpenty, sprouted

seedlings erxlpgge%slpg tsﬁff%ﬂe‘nt Per\/ﬁ{s 8?%&%%[\% e%tlﬁs érg cg}?stulﬁ{e% r}%loﬁ ‘%ﬁmft ng (e.g.,
immediately aftdr hasvestf witbtri mirtimalferiod afolku&mgthamlst) po tag absolutely no processing
cause sprouted.s | i
occurs bsﬁg 1G esproul’tedb e c?lmlﬁ,sfaa% ceongltrl 8d i fgn tgl; ”U%é lfnl}éﬁallrg’gt tlﬁc?lg:@!li Ero?&qﬁlc
breakdowryo:hnﬂe@scalant«gdcrybetfcrecaduumstréﬁwsﬁ isfkuenka dntigenttie patidnt in need of
treatmen%\{:sl li m ?cﬁ <)arte§<a:tnh rBLF%? eo%lill sq{llxef’ arfg )%er:ard gé éegér}sg ed can be
delxveredadleacﬁy a) & aMemt aAﬂtemathy beamppbnaéld gmetlhtﬂlypsmgwated seeds or
embryos gre asﬁhv%reg t% %%Q&e %]H'II needlo%%%zeitr eg?n (ge rcl.:t R to Qs {ouyed seedh saage by a
patient. Bnermél asprgx, aeouppb&sf gegetmaﬂf/ engieedred sprehtsd séedilmgé. arelpzcmded toa
patient, o?r’gmcgrlggl ]% o] Wl? at1 \%;Pa?gn%ai %ttalmpo?]ltlglu ]gstdé:}(iog aprouted seedlings
expressirfgadeltaini degxrhiﬂe mﬁhte)nzmt@hm mapbe bultnebtyd ndhis rmmfdsaiaug:ularl y valuable
r. rqut ed.s eed . '
for popu RS 26106 IBLANLEISRELILAGS. HLEEROTHIR o AP abBicible or
dehverahlmelweeramwaﬂntwlgehn siirefited eealﬂngsnmfsthc ainveotioro€an bef grown zeekes sprouted
seedlings gtﬁ%ﬁ&s%ﬁ @eﬁ%ﬁ&% §£11tnfular]2 3331 ? C#)é glgcﬁc?ﬂ%gglgb%ﬁ ihe b pulatlons
[00125] r eBdyregwWatablecanse nﬁtbe@antabed cdeVirerenad ndpmm:advymtaglesao the present
mventlorp g&er onm ﬁisn’%tt & gl.llt o, en@ggnmén ?IL gé(ner en%wm%)%etnxucat]ly
cered Pseeds ot yos are ere
engnneeremsmwdd ssfedtmmthatemdpram dhzgrrmmuttcal Fpteinstie qblammni'bvudgs a

pharmac%utlﬁ;gl? l‘?élll f:?s"il ker ég%c€g§ee;ga th ?18 ap %{ed @’g)fl oy garzldr vé”ﬂﬁ }egs efgor& risk, and
regu]atoryao_asmm‘am(Brstthamgrot\dngageﬁlﬁﬁéably amgmewekilplatnxes t Theadontadned, regulatable

environngeglélldie m ’the pre:sengl mvgnt?o%nrtehtpc%glor eltir%Fn%ttes risR R rfglL%.)ss-](:j)ollmatmg plants in

nature.



expressing certain desirable influenza antigens may be
cultivated. This may be particularly val uable for
w@opalogdsions i n devel opi ng countries, where expensswe7/003969

pharmaceuticals are not af 8drdable or deliverable. The
ease wth which sprouted seedlings of the invention
can be grown nakes sprouted seedlings of the present
invention particularly desirable for such devel opi ng
popul ati ons. [00125] The regul at abl e nature of the
cont ai ned environnment inparts advantages to the
present invention over grow ng plants in the outdoor
environnent. I n general, growi ng genetically

[00126] edgr meemmd, siprab indedibiemdinotay dikelyavouds petetysused outdoors because

outdoor tgnﬂgér%?ee tnhS?ilL &{n?@ {113}1“ 1%%?%‘%\1&{18) gé edon any time the outdoor

rmaceuti ca ecause plants
temperatirarosesbeve goextagtete)vebrﬁjmuatlh, the poredtéowoyld rheskmeténﬁf every time the

outdoor ten%gerat%ep &%péc?cp %&ﬁrt%ggrgﬁxr% gfﬁﬂs %gu%\”og glfg gﬁgfeaééyyfor example,

neer e contal ned, reqgu
turning espmsucmmemtthuéedlmmandﬁf pr wgktntA heat émhicirie pranaders sush as those

descrlbedeh reim n\@f@é fﬁ%?‘keﬁ%fe pé‘{i(ég?cn%ll 1%9'111;4 nﬁaa a%r@&h% X %‘ﬁ‘lé&hgl rs glrlr%:te%tgble to
climatic ihlﬂtsatlowmosjltlmh sapie mrmd)umuodn Gowke oﬁgg@tigmt)d@@ineered plants in a
greenhouge S 1t§t ggtgrn G8 %}8/ t{relxsl? t?lrg eﬁre? n %gteng rl:%e a uBr%rcaWBH Icgntrol]ed so that

re ros
the maxnmbmwcamc of ¢xpiressiopvaah be StlrievealrWigh eveng hplrveﬂ:ot er woul d

[00127] beln cgrtepg g§%f {l] nf ohtd é]i?xtok{gg sggﬁmg%%g&gr lr%gm) S{/&M&'leare grown in trays

ature s occur
that can lm \ngbred;:@yayeﬂmr re»smnlmt eny tioeriurigg dxyslewaensof sprouwdtsmlmg For

example,gaﬁgw may be. ?nﬂu&j 1tﬁ one 09 Ento e @a@?gém%%q/gﬁ%lgxi&é é%\[{%éz%{rﬁng apparatus

ose descrrBed herein
that can delizert amia:ir rémovweter,mum onte ehdoigale eranhi spiecific time and at precise

quantltles H &2 eve gmterdto cgilr thd'g Qﬁpﬁt\ﬁ? qgé‘#‘%ggg&%‘% sgﬁds r@%ﬁre sa!ff icient
monsturepd» laafdpsha:m damgr @ecnbﬂsmsms: dyains ¢hroogt holes inrtraye tp dsdins in the floor
of the room. II‘ %1|c{ﬂ VA %l?eﬁlt'n%,iey at?rhe reegt%Ei ¥s %?ﬂrﬁ@rbétg forqemgsal of harmﬁjl chemicals

Zont r" maxi nu expressi
beforednsnalargeéaaalcmtet}rfeobmrbImneMery har vest . [00127] In certa| n

[00128] . ;@égl“ner gﬁ gﬂta gr orv(a}&g ‘lf,sl's ne?ﬁb conEal cf)\;/ﬁl‘??%tveay small space. Since

no light is peqayred for@prdutext secdliigsan grctw roeysl umntmgmgewedls;) pnlbmo sofr sprouted

seedlings rpn'fl é & %\t%’ s%ackeg %ert{ca §X?oryjofe one aﬁétilg%ppc?v\{dlgg aflelu' ngantlty of
biomass ;id!rajnm fhgr amanma lheushh@facda}n cahsltnumd spaalfi mllyrfemhvm purposes In

addition Vg?acgs of nUts rclar(le BE ?r‘r?n%s nh ca)lnl'l??on { COW?£Vlt§|Pn tt EEPS%lﬁ%UF t. 6‘Bnce seedlings

reci e gquan rrng eve
have grogpitoats@ge sgedpriaig forFEmrveeb((ahqnhtewoste éazis*tqee days) éndividual seedling trays

uf ficient kee daq)gg)
are move rlralltona Spr?%ers%lﬁg fgﬁqlutlyé%ltﬂ?eﬁ Bal rq_y rglatggs(l%ggns .ﬂpch?a% oy 8nveyor belt.
[00129] oletestuemmﬁtha' ytps@rahxln;emndm &5I utmcga inagltag it previtleeatmoutad seedling
. rlat ana F h cal,s
biomass aﬂgclharagsguﬁcg o alnrrl] icng ant en 30%%‘!?&1}{6? ﬁ%wg]du"&?]t o’? ﬁreprocessed into
the formafla aharagieeulfcat ¢cmmosntmrt haiau!;erwyomahsdadlmgsraraglm’dm in a contained,

. N Si ne ht is ed
regu]atal%’l\fa envgopgxg ]¥1'0%{Tg| lomass anglo glin/asm%o% tica lncom W0sition derived
from bloﬁ'ms‘sdsm be 1poo i dea toafccmpmmmtaadbw cost In addition, the fact that the conditions for
growth of sprouted seedlings can be controlled makes the quality and purity of product consistent.

The contained, regulatable environment of the invention obviates many safety regulations of the



seedlings may be tightly stacked vertically on top of
one anot her, providing a |arge quantity of bionass per
wa@irior/0933e0r space in a housing facility constrect/@s2007/003969
specifically for these purpéses. In addition, stacks
of trays can be arranged in horizontal rows within the
housi ng unit. Once seedlings have grown to a stage
appropriate for harvest (about two to fourteen days)
i ndi vi dual seedling trays are noved into a processing
facility, either manually or by automatic neans, such
as a conveyor belt. [00129] The system of the present
invention is unique in that it provides a sprouted
EPA thatsen grdvagt Ssieotists frompgrionting genstisd r engingered agriewliisplproducts out of
antigen(s). Wuether consuned directly or processed
into the formof a pharmaceutical conposition, because

[00130] s |FransfemhedeSpibutags are grown in a contained,
re I .

o1 [ ST ABLEAOOPL RGBT BORES By
engineerez;hsprmeecpse@dlin@d Tveo avadlebleumeshodst fot wensfarstation pf plants that require that
transgenigg)?al(_r)xﬁz {:eqélghréésrb %feggrtateh I'}rﬂnbror,] ‘fa’ol?(%%% l{}} gg&eEangn%gm hn?sf 1tnto whole
plants indnde pgrobostechm mmdboenmn@aeﬁ @ane tritisferaod m;:md),_] ectile bombardment

t i .
or electro&%?alf{oﬂ sﬁlaﬁ rgﬁﬂc))‘lr;]'fga@lo % ?1%!5 A%hd d?g%s B 638 gx\étt%tdeo% AR rmi ng
embryos gud em'pwsd geefdﬂxg g3 Yriovanriy lgevestadoritiopt gngxm:eia'readal or generational lag
prior to o? é n@g l(c)i%éri;{ee ! (%iuggtj}g& [ 8%%1%5%‘%%%13%5[ %%?Sﬁ%tdho dsan would appreciate
how to a@gstmé@ptlmlzertmmsfognml@ protocots| that hamel trpditidually been used for plants,

' red sprouted seedlings. Two
seeds, en%?ggﬁt a‘g Ohyedesﬁ‘%clﬂisor transformatl on of plants that
[00132] r edgrobecteriar Tranafosn ' dsettdsnes be gener at ed

[00133] Ogrowci?érz fn? Q é@‘ﬁ%aé’\?% % Gt &k ’Jh %r %-nggtivclférgﬁ§ }ﬂhﬁgo%laceae This

doors.

S She eriu
species nmdpcatséndb ijpe plant tuns'$ slchaasd:rm gdparuj lexityi et disgrsar bindadi fferentiated
plant tlSSUé v?hdgl(): grgt?l%tgcg?q t¥ i :?cu? d ansabg?smlknﬁoéa% %ermes are produced

by the Am&aammmﬁcadmdﬂzemgg tltehdantc dihe tbecthraal\wstsadsmnlswor expression
of opines Ofﬂ'e 8% Bﬁvenﬁp go%{rc.:e c%%ﬂ'gf égl#lg{l}% If‘or c%%n I;]é & ltjéesgi’o%tbc%gs'egleg gAccording
to the presknt 1hmi1tlan,tAgahaawwzkml txap;fpenatmesyktew hay baljisedtto gemkrate edible

i f L,
sprouted ??%%1%5 &hg{q%@ ggeéﬂybslq% t?c[l gLr?%P h H@Serg ?a?ﬁ?s r&ﬁrobacterzum
transfoms};’obutrmlh@b@dh eanily.be[appligPio rAgafr@Ua@ sreputadrseedlings expressing influenza
Transformati on Expression Cassettes [00133]
Agrobacteriumis a representative genus of the
[00134] grlargenerghtrandornzing plankRhinyolvescawérmatips ofplett @dls igrown in tissue

culture by g?%&ﬂ&g@{)&a& il ea@g%‘éla&é#g}g{? %ﬁ%@%@gﬁg& ﬁ?rlt}bagtgﬂal vector. The

vector conkdingsda fge;me@hamdmg & influpnzagtigemoT ks 4 gmibacgteidemndransfers vector to plant

host cell %ﬁcﬁ is\égé éeﬁﬁlﬁiggn@g %“@ZAP%‘E‘%’P? t;i' %np r'ﬁqugfﬁ %ypl%.% cells expressing

mﬂuenzabamigen Bl se@enésdiﬁ“ewpﬁatsdkﬂr@ ﬁrtaﬂlyemnewdomodorrmhtn ekntlets (Hellens
et al., 2080 Pi2n DY B ©5.836) Li;lfo%é%ﬁtg gﬁéz.i\g%%sf,gﬁ%g%§;sz%?ofg., 119:123; Barfield et

pr éss I on
al., 1991, Plant Cell Reports, 10:308; and Riva et al., 1998, J. Biotech., 1(3); each of which is

incorporated by reference herein).

antigens.

[00135] Expression vectors for use in the present invention include a gene (or expression cassette)

encoding an influenza antigen designed for operation in plants, with companion sequences upstream



to the present invention, Agrobacteriumtransfornmation
system nmay be used to generate edi bl e sprouted
waewdlopazgs, which are nerely harvested earl i er P€Tag2007/003969
mat ure plants. Agrobacteri g transformati on net hods
can easily be applied to regenerate sprouted seedlings
expressing influenza antigens. [00134] In general,
transform ng plants involves transformation of plant
cells grown in tissue culture by co-cultivation with
an Agrobacterium tunmefaciens carrying a
pl ant/ bacterial vector. The vector contains a gene
encodi ng an influenza antigen. The Agrobacteri um
and dowrtstrgayg fod rt}g:p Q)@msgipn tcasspiteanCohpartion e¢quenged aiesgenhwtly of plasmid or viral
origin an& H‘(Wl &%ra%ﬂatr sgésot'b'tﬁ Léc‘?&lt%sfer-r bﬁf)&sfrglrn%gterl to the
xpressing 1 nfluenza antigen are sel ect 8
deMdeﬁmfh@ﬁentlated and finally regenerated into conplete

[00136] glz’ﬁgg%’?ntc%lafz%ﬁlfﬂ@nﬁ? g/%éttog}:onsa'ggcrgay {:_lfs%?l%owﬁé ? Ibroad host range

prokaryoter@plicagion Baigin, e lptbkatryosd selacgadile rriarla:fn.t Sajeaule R@b@nypgc selectable
s S0P A S G8R v o BBLSich, EAER
sequenceErprogitng siilitiaet finstidrorthatsee well khewpimtherart inay beipiesmt in the vector.
[00137] | ”,%r}dgcﬁezz‘%ngﬁ'tﬂfbﬁ% sggéé%{cgggﬂ ?Q?lﬁ%%é’?{a ;tl‘?% gSQ%SQM%d’i‘J’:ed transfer of
DNA to nhp plant dnpamswne s@h@@mand@sr!g manﬁTdMA@m e«@ma&iﬁ' r¢theved and
replaced G/Ftﬂr ?i éng &%§§ﬁkgﬁ mfﬁ%ﬂpggﬁt% nS $I8RACE5a & s%gge%ggsr gje rdtained
or Vi ori gin and provide neces
because tbh:ammte integraten ¢fghe AeDNacegiontintotthaplehiegendida. ﬂf expression of
inﬂuenzagaglg%grﬁ isar‘ }pefaliih alsmg@ bgg%ccgéﬁé;cﬂ)a %@%?Lgﬁ)ﬁr abgagr poqé{ ct may
include agelgriohle mmtr gean geitghofoa dyterminimgpifiagdant oall bas hyaen traasfonned eg,
nptll kangll'n?gxﬂrrx% tgnc;egr Eg ﬁ @R !tlﬁec (fk&{ delgtlﬁgé é I%%ee‘?{ae&gh@véé%r'(’f[ plasmid) are Ti
sequenceanii fquences imbede \asiawpigends) whlchrentcsteraaagyof progeins@esmmsible for
excision %ﬁéﬁﬂm% at?qln;ln (%ql pglAaﬁi)g%{he it ge#@rgé E?cﬁgll 1%9 § cience,
237:11 76[)0071l$ei]seqx§pnotmmelvle dion p‘Er@NAng eq@gmsofdrewolegumsmquérme into the

plant gen’oﬁ\re%ngp j:ng{ud% ?ﬁg's%t%ls;(% see:‘aué IICEs, arr]lg theokaeD%o‘ ﬁo%oﬁ%i%gug re@combmatlon

[00138] t yQartaai bgnsneclsveﬂi lmmeraamxamdomadse@equedmganennm prgtein. One,

b S
o, or ol EERLTIED,HA D T LA R RSIES ) gombimn
expressioh-dabiktte egntamSJ mtaddmbe tcpblantﬂugezmmgext enedpigesguone,ait least the
followin%@lfeln% plaor?rLdt&% i ;ngr?t Sr ol an gat@{?e‘&%gxloc%%tlﬁma 10%3/d0n (depending
upon whéther cu'dz_et an g)q:_bresstagdbr@ it erwng,amd tsmsdripltiion ahd translation termination
sequenceg.eir%(migél{] gra.bicr%ug\l) S’ﬁ'i‘é tr&rﬂlét o'il"%émP S& str{;%:gf OE:H:%gd in expression
e.g., nptlP’l" kan Fesi stance the ‘Sant P

cassettes @ tlﬁimeehtgebmfehe aﬂeisqmlt anenyject S)Ig‘nﬂ'lélecrpﬁ% saqdgncs éhalaliow

. Ti e
processmgﬁagxuglglﬁg]%gaet on SJr gtt@glr %Ss éﬂllaq‘éﬁ‘i'ga% :{)Hg ggl%ggogﬁgtﬁe em{egslon cassette.
A varietyt ofgmmemeteryy mgnalmeggm;ts, end trans'ﬁrlmtén amd tpartshagiop It@'ntmators are described,

for exam PN EavkiSs BFLE (1989 Chran P Hi8r, 0:315) and in U.S. Patent 5,888,789 (both of

which are incorporated herein by reference). In addition, structural genes for antibiotic resistance

are commonly utilized as a selection factor (Fraley et al. 1983, Proc. Natl. Acad. Sci., USA, 80:4803,
incorporated herein by reference). Unique restriction enzyme sites at the 5° and 3° ends of a cassette

allow for easy insertion into a pre-existing vector. Other binary vector systems for Agrobacterium-



237:1 176). O her sequences suitable for permtting
i ntegration of heterol ogous sequence into the plant
w@eonaes3ngy i ncl ude transposon sequences, and PEEUB20MB003969

for honol ogous reconbi nati én. [00138] Certain

constructs will include an expression cassette

encodi ng an antigen protein. One, two, or nore

expression cassettes may be used in a given

transformati on. The reconbi nant expressi on cassette

contains, in addition to an influenza antigen encodi ng

sequence, at least the follow ng elenents: a pronoter

region, plant 5 wuntranslated sequences, initiation
mediatedgulsforhdiépe mdirpipgap teastwine fTRBN Aobordert seguerex preedsseribegene

K n and transl ation

(PCT/EPP%ﬂ“t t"%)c\ggadsr%t%ﬁgﬁ{:e]elﬁwf%rg 5?“ on, transcription and
[00139] t rBegeherniiom term nators nmay be i ncl uded i n expr essi on
[00140] CaSSeég% &gtg%ngfé r&%ﬁﬁz{éﬁsﬁrgg)ggg ﬁ'e%r%sttécp ?rl% ec%?a@%cé,lss}é%@stledofgr viability and
for the pnesemns kot etpressiaf ofa clnsmtdageme pasdwgp pOogE uhailas bﬁaydebammed seed
stock is tgé‘g%%%sgglgtci %g?grﬁg%r rﬁl’?eznchtl% a§§% aexhaé%r\réﬁbl{n%gﬁy asr%ualtatlon and
security torbensédvhem nemmmaMOR plags day ¢henboregérarated foml aufturad

protopla#fagtgo g\s %%sc?ibgd g% g@%@ gg%{ﬁfg\%:ooﬁ fg{]a'né ?I(eﬁ I%,g%tgifegg\r/ 6{] 1 UMachllan
PublishirtpeC®j NewyY orkf ive 1889, mdor'poaaidcﬂ heérein, bystefarenag);aind geWesil (ed., Cell
Culture bl SR el fﬁ,féz?”z% eA?a*dSp&%&}%%&“%fé}_ V&EE 1984, 3nd Vol. 11,
1986, chqzmiate@derenLMef@ﬁn%OB} certatoaspents tpdahthae e¢genbrpted only to sprouted
seedling Etgéee glﬂ%%g? éj %%gies %x%t% glte r?%en%?a%é(c{% é)z‘bél?(% Sgéc{ %tgcﬁ(ssalnd sprouted
seedlings are gerzerped fioni sgedngl bhesttecdrsloo@t her binary vect or
sy f h [

[00141] . al?ltl ?fﬁﬁl&s fg m&%&f &%Eog)liﬁ%%% %o‘f g?& éne%{]qﬁfelﬁxc X rge\% whole, regenerated
plants canl bs trensfenddAGT ﬂE@@@éﬁlﬁdﬂ_ﬂhtlon 0] drap evhateggladte pei racdygred that contain a
transferr{deéﬁlg,fe gtfglda ‘L'F Ql':.l”%glacﬁ gaqﬁ'% o Vtg 2 dcor:légg er%ec? 91"0 éult(l];red cells or
tissues, imghading dtue dotf lumtvd whall Utawrapcblésmf pildngs thaepodee aiitde sprouts. Some

. ' | [ ed e d hj S .
e 408 Tl o USRS i, i,
garlic, cebqup,rbpbarby leefyrplantisoris asofabb@mﬂaiuu:a,ewathmssl iot yress, herbs such as

[ -t n ry.

parsley, 1&%@ ér%ic}\}a%n%f g&\nrr%/ sv\?e}% l'ﬁro X hf go %e rzﬁ%% ds F?g}ﬁ @%{Va T rglé%' as sunflower

etc. protopl asts, e.g., as described in Evans et al.

[00142] P’f@?ggﬁgﬁre%%gg Lﬁ(ﬁ?e ?glfrlow%ﬁ%t%gss%f\{ﬁ%rg% g)Ur %%/?g%@edko%oever, those

skilled inithe ait anbytppet@teeuhe@enelaﬂm aisnspgasioh of gensfor@edd pr@oblautseontaining
copies o%&%ﬁ@gﬁge l(;% ﬁ@l‘? ,B?o}/'éc%} Q%Hgé %ﬂ)é 'isl {é?r,%gci 5&,&%%3 may be induced
from callunawt piseduedtincoaed Mierngiveherrcsiditianally,emttaym farspton sgn be
induced @é@gﬁoﬁhﬁs{ &&S&%E&t el%e?%r%lrrggs 8—5‘?11&5% ﬁ‘ﬁﬁt% Elgg (tf form plants.

. ) some” aspects, S are regene
Steepingtseedpin gdterorsprying wek withrvehtege mwa $eadbisgs ctmt@t of the seed to

between Sfﬂg% ftgtgsr%gﬁ\ﬁﬁlﬁpr OE& F#eplﬁmﬁgglgtos r%gé%d %e%?g‘ je]tﬁ%xcally maintained

ants from asts can be 1sb0
in air satmateﬁ wyithowater gndes colmiodiked tereprratmreansichirflow conditions. The culture media

will generally contain various amino acids and hormones, such as auxin and cytokinins. It is
advantageous to add glutamic acid and proline to the medium, especially for such species as alfalfa.

Shoots and roots normally develop simultaneously. Efficient regeneration will depend on the



pl ants can be transfornmed by the present invention so
that whole plants are recovered that contain a
wo ecan®dsis ed gene. It is known that practical | pCEUB2007/003969
pl ants can be regenerated B7om cultured cells or
tissues, including, but not limted to, all major
speci es of plants that produce edi ble sprouts. Sone
suitable plants include alfalfa, mung bean, radish,
wheat, nustard, spinach, carrot, beet, onion, garlic,
celery, rhubarb, a leafy plant such as cabbage or
| ettuce, watercress or cress, herbs such as parsley,
mnt, or clovers, cauliflower, broccoli, soybean,
medium, tenganptype catidshe histaowef thesubitrea st thaseitheaseeriables afe@Onuoljed, then
| ry fromone species of plants
regenerat?@'lai? ﬁ“‘i’p JeQFO%gE@%ﬁd r%ﬂ t %slée/ skilled i npt he art Wlp| I
[00143] aﬁlﬁleenatarte@ladﬁatgr@\mémm thg txanst“gsp@mslannpeds, are sglfedendwmdn-
|
segregatll?éﬁ\fo Jplri% ggagg%egxw@%gﬁs %Peﬂdlaitggeg ﬁh@?%bﬁ%@hﬁgggx%gﬁ&@%eeds
contammlgayvdneve anfigeacentoding seduencesaibdcts siede canelrgt geyminasedeahd grown to
; ,
sprouted s Aéegﬁﬁggttaké/ fo #ogﬁcquﬂh I{g’g?ﬂé %%Bsg %gp%%ﬂgﬁé@é%ﬂ} ﬁ\ggntpo%.
[00144] gdnmilated emégdmmnm a¢ede wbthegaesent inventioplraat ise fobned pitmgeed products

and sold t&/ﬁtgq?r%xfﬁc?@{r ggnclgdé] gnéx%wf ﬂ:?%l?negg QO e agp%%%xg{eeskp%%%%go neg stage for .

administiatipn pohargesgieg itn atpharmadentical eomposition Nintsomerelaeddmbodiments,
hybrids o‘T‘ %SQéi Vglrﬁ ée%%g%?&ir%ldezgﬁ%{e %ﬁ%ﬁﬁé{)‘u%e@éa ﬁ]é)f)élct] H‘%F{ ﬁ.@re‘ﬁ' p]gits of the
mventlort;ondl tions. The culture nedia will generally contain
% aci ds and hornones, such as auxin and
[00145] %& P?nt@%l\_é}{ i s advant ageous to add glutamc acid
[00146] arﬁirqu oit¢égratianoofi DN Anfealinoents iegpihe igahdye bOplaturhls bp evceprojectile
{
bombard%%n?(%rtegéﬁtrgﬁorgg&? E?a%'%réq)sg % tl?ie Ener I tu!l\)éﬁg\%( f%eg (fe‘% éKC}(kert et al., 1999,
Plant: J. tTh;@,n@zdt uﬁ:r;oct,h’:‘é @hrﬁqupw%ar\ﬂ)l tBietebh.s2:0B§). dﬂotehmrtxcularly, vectors
f hree variabl es_a tro

that exprsi shtlehon b5 B ROl R o BE OGS e Bl by
variety of (&W@}esﬂﬁe dmd;rihed apbae) tvsctognmmmfsludasd:lh&able areskays fordise in plant
cells. Ve?loasn mag incl dc'de s%éltlesnségsr {5‘% en W lihnl‘?' gglegul%nga%tdh% a a? H{ gelflzgndary host,
such as sm@doﬂse:sntsteﬂngamongmqu ireydicatinvveantd sekecamble gatker n'BmicaiU, secondary
hosts mcﬁﬁ%g HS{{& Oa dg)gq%m 3§ %de em%?dlgqe %&%o%tr]el 1081 d Sy (e g Escherichia
coli, the mgm géreplyatamde a«tnlﬁ}-type bhgmmf eq:dmatmn)\aedialsehctabﬁﬁﬁdﬂ@r is a gene

- 1ln I t odi eeds sent vent i
encoding rfagn)}”%ielﬁ'f %gﬁ%g?ei g%d;&ggé%%fnges are ugt%S! knla\g ﬁx ?qqdn re commermal]y
availablei(agt, Qaitedn Balorm mC A or gtramgem@eﬁéh ngascm t he
[00147] aR%c?cR-E P?{hg p§&regtwﬁsgnt§o%edlﬂ lpeqmg{h?‘gg td {Mtermediat plant transformation

ration or har maceut’ cal

plasmids chatpoxstaim mglohmf:homlcrgyl takhe dlgemﬂwmrmnmmefd@ydm ivdstonia T-DNA

border regg)éefi'on)x’ ﬂgr ta'cl%?m n}g‘ aﬁn S ggen JI’ICO&I%ﬁ fu ]ﬁlc T:tﬁ?figi(pressnon

rom i At s i e I'nve
cassettes Disscelbt:d hiiveg IFatthemvectors may include a disarmed plant tumor inducing plasmid of

Agrobacterium tumefaciens.

[00148] According to this embodiment, direct transformation of vectors invention may involve
microinjecting vectors directly into plant cells by use of micropipettes to mechanically transfer
recombinant DNA (see, e.g., Crossway, 1985, Mol. Gen. Genet., 202:179, incorporated herein by

reference). Genetic material may be transferred into a plant cell using polyethylene glycols (see,



[00146] Direct integration of DNA fragnents into the
genone of plant cells by mcroprojectile bonbardnent
W@er002l023318 opor ati on nmay be used in the presentPCT/US2007/003969
invention (see, e.g., Kikkest, et al, 1999, Plant: J.
Tiss. Cult. Assoc, 35:43; Bates, 1994, Mdl . Biotech.,
2:135). More particularly, vectors that express
i nfluenza antigen(s) of the present invention can be
introduced into plant cells by a variety of
techni ques. As descri bed above, vectors may include
sel ectabl e markers for use in plant cells. Vectors may
i ncl ude sequences that allow their selection and
e.g., Krenpres pagti82oNaiune 29& &2 miathyerhngthod efliptroduringnupdeie egids into plants via
. - [
high ve]o%g?%glglgl%n%{} t?c?r] lg)'f' %g%lﬁ%g?%k ﬁ\gﬁs']tagﬂllcﬁe?? u%g Eﬁg%?g&;}ﬁn the matrix of
small beagn dr pytisies, nn@h@swfﬂgg@eﬁmg Kieis ecadnd98Y, Ngure 329:70; Knudsen et
al. Plantgaﬁfie 03 (Y%t Qidther?t‘?’e%%ﬁc{ {)lergd&c?oh is fu %n%[fh)%tg?lgéts with octjher entities,
on 1s a co - e orl
either mlalcslﬁ ecltsa hisesomaskerother famgmmléﬂm&hedgoam(xp,ld gnFraley etal., 1982,
esi St anc e K
Proc. Na{l at g‘cz gfn.%f{grl’}g{lgﬁﬁ)s u\z%g ?ag h% enltloh pr@%etlgtééaﬁcﬁgll%co plant cells
by electrd)dotrat;on(meeoe gStthawgsemé 1984, Bl@lcl .qutl %yzd $@0 UbA, 8%5824Kk SAccording
resent Vi . . .
to this tecgml%ulg lgnt 6@8& } alst3 a?{%lg%g pg?%{’r% I% otﬁ@%egéén%g 8%8{8?}51{(18 containing a gene
constructc (Emeal anpldgspsmf high ficldstrength reyemiblAgemixabtlize ibigmembranes allowing
. S -
mtroduc_tkgxrégj gg glrg EYe%ﬁhﬁcé???ipl%nSQ’%atgpgggg {efgﬁ{hg%efl 8\%‘]“ divide and form plant
callus, whigh Icen be regeutgated tefqpmespsouted mélémstoe’:shedesmtlobe d‘ haboskalled in the art
. . ' : l.ant
wil appriofyt H50 8 G128 helBhetnS o AT ot a8 g enerac
edible spwtat gedigpgso t hi s enbodi nent, direct transformation of
[00149] Ve\glrﬁrﬁaﬁsﬁyne&ll on nmay involve mcroinjecting vectors
Yant cells by use of mcropipettes to
[00150] rTES)im%m toaiohyerttloamlsa‘xxpresslen cpdtemns mﬂanlDM%al(\&em,rs eanghbe used to produce
full- Iengtgr ,?gst?%‘%%gf'ugmﬁ eﬁfllg/ltl)er? r{r%lt,gFer 4 rc]:%oershng% et]?résent nventlcrn plant virus
vectors mny)bebfsed t@nﬁa‘ceaﬁ(EId’Odmecamgph(a)’lm see}ﬂsL embrryng, sprouted seedlings, erc. Viral

system tl%a%%nfge h&}@% Po7?§i)r¥s %rlx(hslr? e ?Wgs fpe tl ers g(‘a lljaé‘gé corrﬁﬁl%( grotems

Specificadly] adng tobampViaaltvectersas kie:g:hlbvé,lf010¢>ctampkfa|bb'|M¢¢@rm1ck et al. (1999, Proc.
etr 0 u CI d
Natl. Acapde .?1;]1 l%t/f ?E 7B¥,t I%Hi% n%z}l e?gz(lt g erqf %é.igl ég %r}cf“‘ \p/gx}c le 1998 J.
ImmunoloMedzna’.t IQQOéQr dlhobwhsbare mcq*ppralt@ddtemexabyabfcrente}s TThus, plant viral
vectors ha no? ﬁ ons’trfl}?d é‘%j? %)%tr%sal {10:6 Rep Qite? ass \%’%lg 'a% ?aggé co\x(%t)lex proteins.
[00151] prlotce@éna&hﬁ:ommdmtﬂtMgeemtsptaues whmhtdxxpresmnﬂueakd antigen, are
generatecgut dhzngg z(x é(zsgﬁlﬁ)rﬂg gyste t her r{lé’l sjﬁlrgtlltg Ellé)lélg 2, o\rélfrg ’\%{%fmon provide a
source ofAcadgenBe proteiiSthat K& alre&&f)))een\&en‘tomsmwd tot Yeesaifer VBortexample, sprouts are
free of con(n"%l mmgtlonn\;v{tﬁ) %H%-?aq a ogef 5. T&@lgg elerr' 8’&2‘9’){ tgg tckg g:g%fe‘eglsqpom an edible
sprout coUElﬂat léhgt E&Bék)ry bémse:d ki ongj etpplxtdmoas tvitbburti pzqmé'x,ca@d)ramltus significantly

reducmg lgP gnﬁx i< Cboﬁlt % Hu?{ %‘tgﬂtgs&gté?nt eg% ?u cl:.ltcﬁ %pj s& gicpenswe route for
scale-up aﬁq)mhmefhctmfmgllsgheftnaagﬁles aredngbduceé wes sirbs, ywhich can be grown up to a

comme R ) TS Q5B AP SN 57 v e
sufficienceekds mailhntdmalerd’é aeenalraflats]enfgd lamge-scale trials or commercialization.

(




cal l us, which can be regenerated to form sprouted
seedlings of the invention. Those skilled in the art
wowdo/0eeps eci ate how to utilize these net hods POT/US2007/003969
transformplants cells thaB9can be used to generate
edi bl e sprouted seedlings. [00149] Viral
Transformation [00150] Simlar to conventiona
expression systens, plant viral vectors can be used to
produce full-length proteins, including full |ength
antigen. According to the present invention, plant
virus vectors may be used to infect and produce
antigen(s) in seeds, enbryos, sprouted seedlings, etc.
[00152] ViAcabrdiystoghe preatntgaventien, dad RVA apsesdevecatan advagtages, which
fr r [ . . j .
make thel QNG vBHBIR6F frdigh bAAIR oSRHEAGE I Elebar biojogy and
pathologyf off a axrabgyl of pldny RMXCeirnses kreewvelhthargci@@d aRd dere Natohsiderable

Acad. L ISA L 703; ' . o
knowledgf Zf)g‘::jvirélg;%xdallo ,gg?eg%s,ea?ng é?g!&'%%g%quénc?mgtlopgamﬁ% alér’uses have small
genomes 220 ind&gtiomk kDA vioheshara peailahleap favibtaehetiemanipylation. Once
- . reference). Thus Lant viral, vec 2 A .
infecsiond, F Bl RSN crl X A Kok B SRR R Revets ang sprpads apidly
throughoatstht emntire sprndeseelingt(enai®. tefi AisGist inncwetiori Virus particles are easily
and econc?rgb OHI rllc?c%tvgx’e .tfrro?nnlsr'lgeecli]eldc S %Jurtgcyteseglix\é?{i%:sne..ewgugéss%ave a wide host range,
infT'uenza antigen, are é’enerafe I'Trzing a
enabling hesdf/asingls ceystuenior infaripgearisevesgrsosteptiple speriesd These characteristics

Sviral.intection provide a source of transgenic protein
areread']?’ﬁ?flsﬁaasbﬁeaﬁorsggoélﬁsqbeen denonstrated to be safe. For

[00153] eXargbe se@penarsican be expresed GbncplattdhiN Aatituses, wWipidallxrbyreplacing one

. pat h a0l d K for, ex | ec f. r. | ns: f
ofthe vi TGP RAR aexid fnent Py SHOTELE forl BREEE By oA BT G fome st an
appropriane.r pdsitagp lor b finsingsfontiginpeptidesita stiucatralgmoteink wé a virus. Moreover, any of

sigpificantly.redycin oSt sS. addi t.ion . .
these app{/?agﬁgsl %aﬂfbgucto%%/%et%g% e)é]?r]ggsr@reé &n n%ec jenc rs'r[% grrai’qs-?%rgglementatlon of vital
functionsexfpevigisy & monbe of diffeseonlsratapies axiisnastoblacd expresy fosigncsequences in

virus-infetézﬁemgrﬁg %figfg gobég%g%%g?lrésgmv%r#%}fﬁ Vr@sg’lg V\\r/?rg:g )(/gﬁvl}/?i and chimeras
thereof. contrast, transgenic plants can require up to 5-7
[00154] ga&%ﬁggggxgxgr gf&%a\;r {ég_rggrtgfezl?a&g? g?iheg)?r%rr]ntov% a% rfJan‘r%hy %rf siruses and
consists afahiee geh@ahicZRNA S (RINAS1-5 P indaubgenbmig RIA t(RBA#) e Sendmic RNAs] and 2
invent.ion, plant.RNA viruses haye cert.al.n.advant a
encode Vi Gl kRPN 2 e R, CepGle RRs R At 190 ol
movemerfiippbteinPEarpl @asprotein {CR). QR Batinskatedifind gybgandmic RNA4, which is
omines BRI E0n 1 L IRET: By R RS B e
involvement ofSCB imomabiple fiotddriscimicluding gedguie ativayion agphicetion, RNA stability,
st _pl ant viruses. have snall. geno 1d 7.
symprom §afing s ENGPEREE IS S8 PaEhe [P B Plag 4573 Van Der
Vossen egeheitood, HaologuRol:BON. Yusitoe e of. eEtrologs 20Br40S; Yatibev edal., 1998,
) or. u t.i bl ost .7 Lo renlicat 1 '
rotocy S Bl FHERELAY. 25t 540, o P 8 5p! B Bl 1005
Virology S3N8ciR3e daspedt ahgl A7onedt ¥irke Reslaye:3pdsdescinBried, 408 [irology,
1.\ Us partic e, easjJ.y an onomi cal.lw.rgcover - eon.
1a6:177: Kl o170, Pl Laie? N CERIRRLE VoY BESIE 30 s53; van
Der Kuylvdrdé, It Vielgge, 1837231); and) Vs ®ep Kugl &iaigll 891; dfiatogc 1 85:496).
[00155] 2 clgé]{igeft]toé?ql}a/grfal ga?—t\{c cresa {s t?;ylgaﬁﬁp rtelcllkl)ilre% P Fo%lg%sfsltar;lc-:re]en?oevement of virus
from inoculated to un-inoculated parts of seed, embryo, or sprouted seedling and for systemic

infection. According to the present invention, inoculation can occur at any stage of plant



are readily transferable to sprouts. [00153] Foreign
sequences can be expressed from plant RNA viruses,
wo o243y by replaci ng one of the viral genesP@i/Uk2007/003969

desi red sequence, by inserwdng foreign sequences into

the virus genone at an appropriate position, or by

fusing foreign peptides to structural proteins of a

virus. Moreover, any of these approaches can be

conbi ned to express foreign sequences by

trans-conpl enentation of vital functions of a virus. A

nunber of different strategies exist as tools to

express forei gn sequences in virus-infected plants
developmgsit.nip ¢robwyos endreraits, spraad ©f {ibieMateal inisfshowld baiverymapids Virions of

C f. .
ey o b A SR e ARAL a8 it s
(30- to 6@-nnuimdsngth dnd d B sisingligheteh) apd shppr ¢spherigdAcllip Rl ordacilliform) of
4). i
the pamcz?ggedaséﬂggg %C@asgzgab%%% gpﬁgglﬁte%m’ Rg@%%%%gs'éﬁ]e% ?e?%?nus of AIMV
CP is tho@ghtamibe IW @nth@de@a@eif lthet Orusglartidiesvandeivies potaippear tPhterfere with
virus assgmglgc(%%%ezg& I\I%H] I&}%D%%» 9%32‘ SA{‘J{lﬁioﬂlg{j %sdl\gm?%%an additional 38-
amino aciRNgptidamtlits N-tegqinus Egmis q»aeti.'C&Stm wisfoeaotdi retauns_iﬁtmzidgeal detiviey (Yusibov
et i, 195TPLRLT PLSH Fhgynvol verent of CP in multiple
tions, 1’ncluding genonme activation, replication,
[00156] RNNINY dlas |a|w|51¢ hestmptgenwhich it ides a nandbeRdbPagriculturally valuable crop

plants, in @%%%Sﬂil%?ttsje%% Q@%@Sgnaglg tspx%% elcd@% h’evI gc‘?s% bharﬁﬁ%“%g% 'make ALMV CP

an excellghtsiahdidatetasla, caxfier ahalepn]2HE ADFY axagrdvtive earajldatdggﬁqr for expression

of foreigﬁl 'séc%lgﬁgéé’\#éél%m gg@% 6@1‘@}1@%@@&0&?&#?@’@}%@ I\ﬁ%:e%V% o%ge%{pression from

a heterol@gifrs ¥88or SurdpsIBVI¥t ARV CRBEdcapsidatey/TMM gBasng witBoBdnterfering with

virus mf#ggﬁ; ?%E&B?\g 613"?19?2%7 gg?g lﬁ%ﬁly 146‘%7% %C’é t (7]%? I\ﬁle%@%a&cgrpogatéd herein by

referencev Toisadlpws186 of BRBY ad/acarber virGsyibr AIMY/ CP fiised 19 foreign sequences.
[00157] Vi 'f'lgl:\g gie, pr%@%@tg%%@%s%s Kuéﬁoa)%:clogllﬁlsu 23 (\)/fll dr swxgle plus-sense
RNA enqapsitliated gth as17.Q pDc@P.| whicterpaultseid rodishdped g)adncsbetsa(a&fenm in length). CP
is the onlg%\/rﬁg%p%l p%tel 'Jﬁ?r\g{’ra%m oxr:éalglycjidgtb ?graca§51%nﬁlcl)nn§n%oaé ﬁlstance movement
of virus 1_33patxeff¢pn§d |hpét£{8mrccoer al AL2HY, d’um{pgyd 761329pr b?{b’emtd 126 kD proteins are
translated P’XS’P 1c WA& ?J\(P%r 530tV g&llcgp ﬁgﬁﬁgwé) at al., 1986, Nucleic
plant O nen ryos an YOU
Acids Rek.p bfl:GB%l)e dO\qu potedin csuh@l cdjbtovenl lymo‘aq;nmdu pkbtem «mﬁ snrof (Mbleet al.,

1987, EAFE6 SREARS ?/d@}o gm@(t at%d%”&t“p‘%%gl‘ﬁp a{fegtgarls%ggd ¥r£r% gbge%o L §RNAS
(Hunter d/@hgl 97 6a Mabr:48, 260 739 Brwmmt)al ARy 6s Hapkgysphe9d; aad Beachy et al.,
1976, Vir?rl]é'%)p 98! '49@' eac o{ Ere &lhllé incg g)atte%f dhe&e%g b@@et‘elre%lc depends

encap s Upon assenbl y,
[00158] t Hathkk m@th\vdﬂ gﬁtraﬁsfdth,g ﬁl@nu tsssl:dsou@hde trrmstﬁ@'nimg thiedtbvwan of a plant.
t vir pRear
Transfon%ngﬁcl)r’? ?f; .Irirfaagb?do Sis t c?lzanfz ﬁéjé gg géehtl \%d%?fé@}?bqnggﬁlﬁt Hﬁ_@?ﬂ% PRS3 solution of
Agrobackyiuol toggfackrs Bﬁ;urtxAddalt 12008 TrgnsgabidReCR 10i36B; @md Qing ef al., 2000,
Molecuk?’%"eééhgg%e& ?‘fra nes D ?Fang]r‘?ﬁg%ée”?%f ﬁgﬂgt %rans e P?i gf'elx%ts are formed in
the populatipn of sgcd§ Yersiriged by “dlpped” plants. At a specific point during flower

development, a pore exists in the ovary wall through which Agrobacterium tumefaciens gains access

to the interior of the ovary. Once inside the ovary, the Agrobacterium tumefaciens proliferates and



et al, 1995, J. Gen. Virol., 77:567). [00156] Al W has
a w de host range, which includes a nunber of
wagooroedsttir al | y val uabl e crop pl ants, includi nECPUSII7/003969

seeds, enbryos, and sprout 9l Together, these

characteristics make ALMV CP an excel |l ent candi date as

a carrier nolecule and AlW an attractive candi date

vector for expression of foreign sequences in a plant

at the sprout stage of devel opnent. Moreover, upon

expression from a heterol ogous vector such as TW,

Al W CP encapsi dates TMV genone w thout interfering

with virus infectivity (Yusibov et ah, 1997, Proc.
transfomNéndlividAaladruleSc(DesfetxJSég alQ 2080, FUgnii Riysiofogy al 248900r diransfiymed ovules

fer S a carrier virus

follow thf SlpTef By FflkebaTphiifonds %ﬁgiheeq"ﬂ"é Ges. [00157] TMW,

t he prototype of tobanoviruses, has a genone

.consjstin a, S| ngl e pl us-sense RNA encapsi dat ed
Pmducm\’/ﬁ?'ﬁ‘}éwiﬁ 2 ‘ff'(ﬁf which results in rod-shaped
[00159]) pdn lgismdrels stéﬁd)ﬂd nathaiskaogt i) the@R ma;y bdesedrfbyculturing or growing
plants, plérf;]trcg aaa g!i?" ﬁgr&feogf tgg/r{lsvtegt n(se c:%arlln%panﬁs, clonal S'plant cells, clonal
roots, cloaal riooff lm,esirdsmstsb&ntid:seedhr@h, pldxﬁg,(}:,tc )/fon' qnlro:tgrytndﬂ 6f ﬁﬂﬁ)m(s) A wide
variey ofiniffredipdnf B RAGH PRyt LB SR ML KRSl root ce
- lines, andeplastivelld 686, foNercingple, Gici al /. R0, Bibdec%ﬂ@llxdvsmskmao et al., 2002,

Btotechn%)l;vgg'ﬁ; 51 talﬁg I@fgxl:f:ln_ctﬁﬁfé%eg'} fr{gv rrentn£ g f/oelr\{vgqu] qf ard! dncorporated

herein byo-afdremept@llonsl amgs hragrbs! gmweml irf mrmsaﬂisig @rEnNec rrRNAs

[00160] g'g gtc%{}alet %lobg dlrne?r%g etn%a %‘lt@é&ﬁ Oﬂg t%g anr 81'}1_ Igar%g be proc(ucéd by any

known m¥ihod! dig;omﬁamb%meam;m mﬂlumacdntlgm 1smprepmdan edaldma pbEpoItion
s of tra

thereof. g%/oéeﬂ?s gre §S°E e%d f“& ?urbtg Jdt i gﬁ %arnﬁ]e HVI% %)éw?rrtlo W'éllsco&dq]ong and
techniqugsl kawotvn if ktenst. O st iimiudef méthady sthop 8s exttdetibn a:ﬁreclpmlobe

v oY o P oI, b e AL b i

involves ﬁﬁﬁf\é@llen izmcll3 Eﬁ‘Srd,ab]hOscﬁlﬁig upab’fdatr@u’a:goebf atfluerB04htigen(s) using any of a
ar [e rate

varity of B BRHE” SRS MY oy R Pant boREJprluging yire pant

expressidnsystpmp desiribed hedeirs eeds gener at ed by "di pped" plants.

[00161]) é\;ln g?aélgee%lﬂz{ohgmgnq%?{/ thﬁlgﬂrre:sglgﬁ?ven ﬁn,\lﬁw&lﬁ L?\g?%%é!% tg H%‘I)aﬁ,? influenza

antigen(s) ﬂcrm/faa@nep&dgalsn Visee e protin of the inveneioh ds protiudedefran playit tissue(s) or
i de .t he ov t he Agaapa r| umt nef ag

a pox’tiongy]e(ﬂe(?i1 g Ig 4§ S, Foot ce %,qu%ntﬁg)la}n a?xp(g gn,(rﬁ%é?cg uggscrlbed in
further dethil Aérein? 608hy Eﬂp&nhbl?h}eshddls &aywn ii2thed8Shay El'er asedffor angchf partial or
complersgfalip & i pferaft s A iRl SBRE: B RitsFfuproouct rom
some or eﬁlDﬁ)ﬂ;ﬂﬁk}t cklls g:eumneel thasdxpraaitdanyetvadalde jomofisntion tédhanqaei may be
coplos B8 5t b B P s BLABhonaon o
separatiof [pos@tureb esleb,sﬁor exaonple, Suopes er @] Paptein|PanificationyPrinciples and Practice,
s, ShN3Ll Ohsd RS SRR PR E BRI g,
Applications, Wiley-VCH, 1998; Springer-Verlag, NY, 1993; and Roe, Protein Purification
Technigues, Oxford University Press, 2001; each of which is incorporated herein by reference).
Often, it will be desirable to render the product more than about 50%, 60%, 70%, 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% pure. See, e.g., U.S. Pat. Nos. 6,740,740 and



variety of culture nedia and bioreactors have been
enpl oyed to culture hairy root cells, root cell I|ines,
wae@7pbsnt cells (see, for exanple, Gri et ahpCROSDN7/003969
Bi ot echnol Adv. , 18:1; Rad2et al, 2002, Biotechnol.
Adv., 20:101; and references in both of the foregoing,
all of which are incorporated herein by reference).
Clonal plants nay be grown in any suitable manner.
[00160] In a certain enbodi nents, influenza antigens
of the invention may be produced by any known net hod.
I n sone enbodi nents, an influenza antigen is expressed
in a plant or portion thereof. Proteins are isolated
6,841,65%fud disgussidnadt cenaiaceahatsnsefulMdripucifyivg sebstmaés from plant tissues or
fuids conditions and techniques known in the art. These
" include nethods such as extraction, precipitation,
[00162] C hﬂmml@@aﬂp hlye arafvﬁﬂ Bpﬁrycxai&rtbﬂ&trﬁghaqbbi]obtaming desired influenza
sent

ancigon(s PRI R T01 P REAET OF B BT FLfF FaBP R R Prfed g po Sxtracted o

remove dpfltrdl;ﬁbdlmm ﬁxﬁm ired duad bk)maamtth@'elbb( m):reasn 2] gaeacrw:caﬁmon and purity of

product. ¥y B af A SRR TRIRR, FPE e i by be

transferreﬂylﬁﬁamndﬂ&t:bf ibe-doldevaemnat a[r@ﬁ)d 6fd¢nd to onmiby vmrgmdhamm Been buffered
invent | e desi.r

with, e.g., b gl&sg?%g F)H% T ﬁgtgaserﬂ)}]‘l ggﬂr(s Sc)an ¥¥‘8 Iad?/e% a&rﬁ%mﬁ: olél'gngtpgant material can be

disrupted\Byevigoraupblending oofrinding whvle sbspendddsin o ffetisodatidrr amah extracted biomass

removed B?S%nt%’téﬂ"foi%g tr%lfﬁggm‘%p nPr nf\‘]t c'?,%ﬁ %ﬁraltm@ g? rég%) ﬁ.\z%er purified by
addltnonammodeﬁﬂadl tb eaﬂr}" poWdertH}eﬁredietda}'lhg bep:temp;tatwn alh;ytractnon can be
carried olgt 9/ péFsas%§? i %ts o rogé caﬁgyﬁ xtr%cé? ?){ %I'CS%IIY%I[% a p?re:sst or by being crushed
as they aneghesed a}hrouglhdbsbl y Bpaced el Birg. affibiels e@priesset ditoen brhnehed plants or roots are
expressi o m,sQ or_al.l .of pl

collected tapg EDOCSSSFE g?co&éilgggsg]e ods we kgv Wi luébl]e art l?xr%lfac ton L% Hressmg allows
release off ;ﬁohxmtqmeasmnmcobeeremdddyvaﬂ Hblweser, overall dnakaoflpxskluétlmaybe lower
than if pr: UC (&Y Cartl-'ea g lu{l \Mth a \Mde range Of

p?? é 6%’% gis d%&)se dration procedures (see, for
exanple, Scopes et al, Protein Purification:
Princi pl es and Practice, 3rd Ed., Janson et al, 1993;
Protein Purification: Principles, H gh Resolution
[00163]) Nm}hqﬁapnandemlplrmammmrmwwagal ‘dﬁirgerﬂ;ﬁeﬁms&pr thegppeutic use, such

Protein Puri

os mfenggan AR scuenPRreV ) by Rubulodbt SRl tgreot. o usion
proteins cdmpﬂsmgs:nﬂnma pedteihes) oh et ahmubgrgehef pm'em(e)) thefebf)eative 4s a vaccine

for therapebl 4, fmcgal%»rog bc':t{‘;:d%;o h& d?gg‘i}l e@egg)%le 5?9/0 Eglﬁ@e @g{j}avenﬁon provides
veterinar9 486, a®Sih iDHEnzH il%geﬁﬂ%lctme i9 9tepinarg apﬂemmo&s oln, cetfais.

6 740 n 59 f [
embod;mgrgtrs,( 13%6?%% Z}S ya‘li) 1‘8r§ pe’lcjlﬁnlyfpl gs) or §ﬁ (t:heesre(%qfr(e & , root, cell,
sprout, cg)l i, ptant Qwe)snfdlhe fnlvenntdm Ih (beﬂ:ﬁﬁ]em'bbdm@n@g pi‘d\mﬂ%dl inflodnea antigens
apprech.at d
are expreg‘se]gilln lﬁuzltas glg tl cgeel?f( 2)51} a ?tlFS(ug %}y u th routeQi segc‘?lmg% roots, root
culture, clRirmhteltsad:lenal akll (iveg cl,onakmmts, dt@)aueé parebecuged MCtﬂy_gefrom plant or
£Eenpve ct m. I esi
partially %unfrhga or pup%xgcri érbglre{)ar%r %% or I;i)gl r?rhagellci:ibcr%%én inisfra
[00164] leFhetpjesxeﬁt invention provides plants, plant cells, and plant tissues expressing influenza

Vaccines

S|gual .
Tl a €Ct.
on fo. dSUb_] ct

(@} 4]

antigen(s) that maintains pharmaceutical activity when administered to a subject in need thereof.
Exemplary subjects include vertebrates (e.g., mammals such as humans). According to the present

invention, subjects include veterinary subjects such as bovines, ovines, canines, felines, efc. In



product. Plants may be extracted in a buffered
sol ution. For exanple, plant material may be
wo c@nsdBis ed i nto an anmount of ice-cold water BECT/ES2007/003969

ratio of one to one by weight that has been buffered

with, e.g., phosphate buffer. Protease inhibitors can

be added as required. The plant material can be

di srupted by vigorous bl ending or grinding while

suspended i.n buffer solution and extracted bi omass

removed by filtration or centrifugation. The product -

carried in solution can be further purified by

addi tional steps or converted to a dry powder by
certain aspe@e,zae-adlil;le phpnber Préwi thicteaf (o, spEret wot) ispdministered orally to a

S S

subject i m hera?gutgéﬁgly%fegi\%i aﬁ%&x?:ﬁ EJ %ﬁeszgsg%?tg g{gg &gr r%%% lgﬁlbenﬁa antl igen(s) is
provided asaphawaaclmqala}s:spafraﬂidm a&gtscdbed;bd:xyinspaced rollers.
[00165] Fl\rﬁcg‘%e%)é 85’ ﬁgxgs &r tgemn rgtiggm g?ﬂr%gto%e % {r{?(r)é) {n%ugrlui% antigens. In
certain erkbadiments, athasath mﬂnextzacmtlgqmsbythﬂ myentivg st ineheled in an administered
§gnof products in a nore concentrated form
ver, overall yield of product nmay be |ower than if
[00166] prﬁo:d:ur;tmg\/e:rtbe erser Gt \eatipn, tsatment@f a sWajecti wighsarf HPILERa antigen
vaccine is n)?eir@reﬁ 20 gclé nﬁheyg ol%f'ﬁ %ﬁ%étg%gﬁ % Al aprot%nnf lin%)é L:averﬁeagng curative or
palllatlveam)pegeeﬁ( egg)alr(seal glsprdlenéd dicgazaanpd Qﬁl‘dverz(cmjmtstermo amehorate relieve,
alleviate, gig%:g:b?ngigtn%bﬁcﬁeﬁ%s% blﬁl@gasgpl %r{ng{o%ffcar sg{/er t#%k‘ ggxs%s@o@ dlsorder A vaccine
comprisimgpart influg¢nda ankigeremhy ha«rt prephylsctie prapmleﬂaarfdcnan be used to prevent or
delay the onget%?g%lseg orq/ ?esseon tﬁg hé‘/e g £ sucfl %?sge/segctéxssor\cllg or Peli{ﬁ(%gncal
conditionugkeen mdo&mimrgmfmpbmal ogmal q“&n:t bhclmdtby\xeeatment@f e lsulbyamtywtb antigen

vaccine CEB]\R@?

accordmgd{c)vq\-ne gxaet(serj 1 enh‘%cpr ng furc]lg g g ect%% nlfn(ngl}neg%slp%g?ei ﬁugh that infection by
an orgamtsnlneselwfrar(ed g., root, cell, sprout cell line, plant,

et C ention. In cer
00167) 7 st eeFinaes RaREv e, el ey FHREH TR ' grapucosat routes.
Oral and/pi‘ antot Heliverphad/tbe pgbatid] td pﬁ:sremsn(eetl@p of mpd:cﬁ;ul t$ssues, the primary

gateway %ﬁp oﬁe Flglg gc?rerggqyrpg dgg{\ Oo(gll*a‘l Bﬁl(ﬁﬁ{ %1%8 ! léde%?ivec glrﬁgéﬁnebsgsf?émlc immune
response.U¥beredhias bednl qonéldatab]elpmgregrm plaer dévaldpyneptiof Heiterdlogbus expression

systems fgg?ﬁa }Jg%%rag ?g R ﬁ%}héﬁ%tlrg{]g{?ﬁ%j%%%%sg? B‘Plélgge system and can prime
systemic nmmantty ORrgyiang Ie&'eﬁts pd delivvery cp“loaadtvaceahd: Bowewed, lalvademonstrated a

nf t
requirem bt SFHE PR SR L M AP A B B LD TR L 2 e
productlanrbfmagd quireities bf takgee miﬁ @hy 153.1#1]3632111851’(3 e aretdion of effectlve oral

vacsines.y Bhe FIFerient P intis REr S o T jeges s HUP e B aRant fapghns
represents a ln]ncee raalistic fppasach ov smlﬁwultms cani nes, felines,
e ncerta t or portion . .

[00168] t :’]I;hre Ih]ameaceaélcal eI%%r ElOI’lﬁ, (gﬂ{')? pTege% erveﬁul 1op Lan, cf;gllnrsyer({‘:%m a wide
variety oﬁwsym;oemubjent audHBsr fapexidrhpla) éx‘ﬂllg,frfaea‘lty, Eﬂemﬂﬂpupﬁrentbnally,
mtramuscu?a ﬁgfg\tf Shoosly, (Sel i{] oc lﬁﬁ ég.?l [¢) contact

oWt %’e 8 MF%&%GPEB‘& Y P%‘B%\ yat o ‘HS%*%F Y18 §y contac
appllcatld'le rIalcertaihce&in]me{m; ah Nefluenppatiden @Rpresdedtime plany enpdrton thereof is
administered 18 4 SSU%J &8t Srat y by irect arc]ifrmrlljx'%ggt?onagft a &ant 10 alsubj ect. In some aspects a
vaccine protein expressed in a plant or portion thereof is extracted and/or purified, and used for the

preparation of a pharmaceutical composition. It may be desirable to formulate such isolated



certain enbodi ments, at |least two influenza antigens
of the invention are included in an adm ni stered
WO awaiopsigonposi ti on. [00166] Accordi ng to theP@r/Eesmnt/003969
i nvention, treatnent of a g#ibject with an influenza
antigen vaccine is intended to elicit a physi ol ogi cal
effect. A vaccine protein may have healing curative or
pal liative properties against a disorder or disease
and can be adm nistered to aneliorate relieve,
all eviate, delay onset of, reverse or |essen synptons
or severity of a disease or disorder. A vaccine
conprising an influenza antigen may have prophylactic
products for dpadr inteadedinse @@an ds@ phernpcentignl agenit vageing epmpodifien, ezc.). In some
embodimgﬂlt§,e{ w?li deQA, 1%518 f(%nutlzﬁ% h R t&a%?hé%yﬁ‘lr §o‘i‘n¥e &fallsdf‘;‘)'l‘bm tissues that
i Se di sor og C condrtion whe
express tleoes errerge A phyS| ol ogical effect elicited by
[00169] t r\ﬁﬁergﬁng d851r %le t%%:%%hm&‘" fcﬂi @Noh&ﬁ%‘ \Qﬁ{f megﬂlm nﬁaQerg'«HSt will often be
Avantion can TRelude an effective | mrune
desirable ncehmnsﬁlzsdla [planh gitat ismioetoxiate thy redevaot geipient(d.g, a human or other
(001671
i, U St BORO Pl 5 SRS Doy BYBRALE s procossa
accordingJoatchaiglies knowo drs thie acteWnth @y comsddriteonfotregitfapling ativity of the
[ tyln Q C es,
expressecg %r?)eil\?\gla{y Il‘(l) ér?aﬁﬁs m?oc? tne o?‘?l?e! m{/érﬁf’cﬁ fis 8&%& tgﬁg‘%e/expressed
influenzarmtigsain aieddibie p;anc@nd,pﬂpmﬁcdjbsmadnbie pmtwnet)f bs pant)eso that the
[ n I . . .
material cc?lﬂ% sesﬁént@eﬁ$e%% Sf‘Lo(ij l‘?rgsgaglﬁg, vglg(eg? gg%?noénaq%{ggx? 1es rﬁgtl}/eo erxfter oral delivery
(when proprealy fadnilated), ritmay he désnahlteltg eresiuch attigehiproteiatia at ledible plant
. [
portion, 56 Pyt eSS iR e 00, i ) RUSL ST e N st or i of
the plant hestegi u: thecpratemevpsi expres or consi derabl e
he plant gy 'ademtbnslt atheg sed. f d bl
quantd Li antj ge .T
[00170} ecoaﬁglﬁl]g Cag ige rgx é dut% glggnﬂgg f‘gg]ns%\fltl%giﬁxt%{tiog@B%ofwc{eg:ﬁgaeytbe formulated
accordm@mtkr@emstea:}quuqsr Epeepapid, @n elfecttvessmoumn 064 vafc:ir@cmbdwt can be
accines. The devel opnent
formulate% Pgetéeﬁrswuh er ngre (irﬁ enrlchgs A Paﬁag aﬁb Hen ggl)%io g g{tlcally suitable
carrier matemﬂse Armbmstahngelmodxmu atavrdinglto mef}iresyut mwemon may be employed
in dosagel[éoégfs Icgnasg%lﬁt}%rcrggcﬁzjs%{rg% eersgcq g;?e%mgﬁ gl(ljs egglolgsh 0119 1(%11 egelcaps pills,
caplets, cvayrs; bmtraenﬁsgkqemsbl,s maveder pagkefs) hqm)dzmmtlens csobvlemy,, diluents, surface
active age?n%? HSaO\;ée{ng ag?n% %JP]&X?‘%!F agr’ee%ugsgl?yﬁrég fl%/enlgt [g?e@élr% ﬁ“" ve:asr ar}a SBid bindings, as
long as thechiblagicyl aqmuritmoﬁ threi dryteinds nbydeswoyaichy smb Idnmmfomm In
crtaln rrents an |an e
[00171] a pl netrale omgos[mons er mpr 1se %ggéﬁa @Qn%tgr%gg‘%%gp n?%lsxargnacgutncally
acceptabls whrecs), @dﬁi\dam(*)yoldrehW(S)adm corsbinatioroof @fe o nmra sichtaarrier(s),
adjuvant @) SOLER(S)! AsTROPHAEREEL B By bR OB BERIED 2 EXBEER WG i,
adjuvant,purviehickd, mdndbswsla/@ntfspdls}tehsﬂotprrepm etatings,@htibacterial and antifungal

agents, 1s§pomc g dte et 'SCC | S%?logegenq% &Bgiti}ée e Q?rﬁggt‘?ble %hﬁ)&gxgnaceutlcal

administraBony. Ma&mads t}hhararmexs'atas pbdmgantcally ageptablecamps inkludn, but are not
limited t eéuc lglas PR ng‘;:fu 0 s%brose Warches s%clgeSI I b{arc add potato starch;
§ DN e 2prsdtet Ctts.) er Wt T Somme - of carl 3 pint
cellulosetahd s dsrlvdla/bs such as sodlum carboxymethyi cellulose, cthyl cellulose and cellulose
acetate; powdered tragacanth; malt; gelatin; talc; excipients such as cocoa butter and suppository
waxes; oils such as peanut oil, cottonseed oil, safflower oil, sesame oil, olive oil, corn oil and

soybean oil; glycols such a propylene glycol; esters such as ethyl oleate and ethyl laurate; agar;



express them [00169] Where it is desirable to
formul ate product together with the plant material, it
wowdo/oefsten be desirable to have utilized a plBet/usivat/003969

is not toxic to the relevarf recipient (e.g., a human

or other animal). Relevant plant tissue (e.g., cells,

roots, |eaves) nmay sinply be harvested and processed

according to techniques known in the art, with due

consideration to maintaining activity of the expressed

product. In certain enbodiments of the invention, it

is desirable to have expressed influenza antigen in an

edi bl e plant (and, specifically in edible portions of
bufferingtalgentp Ismmta)s rsatgneﬁam Hyldeoxide @rd albmomm kydyexigeeaiginic deid; pyrogen-free

v s ERER Y  MS BRG BE B RHEgwet o
other nonbuexd:e&mpabble lﬁln'lqanmc‘sudeasasraﬁngn ﬂaupylcsuh’am and nmgnesjmblsEarate as well

as colorin%nat%eaté ¥e8?m% I’a%efnq%j é;f)atm @gep%gtete réﬁe%’%%%
perfuming lagems, prdservatiecs, and anttdxldmhtscﬂanlbh @rqzsemtle itlee eugposition, according to the

Jjudgment cﬁm;egg)seugf(;r geéjq %{z:g’zl pp}tzar 8gﬁxt1%a§/§c6énc]g rIJ‘ nﬁ fhe%dmon E.W.

Martin, Mgokdublisigng Cok faswon Mhhﬂﬁb}.eﬁor dxampey azaqa‘lue: armgen product may be

provided?&fg%ﬁ,ﬁ?rg{agau cgg%qrﬂ%?sn\?an;/ tfaycrglﬁagnes d? I‘C%\l"leéglg?aq éxﬁmmg 0granulatmg dragee-

making, dissaihgag)ilgopHilizing,br simikwlpretesghar maceut i cal ly suitable
A rrier nateria“§b A vacci ne antigen produced
—égéngfﬁ§~P%4pﬂ%prg%ent i nvention may be enpl oyed in
[00172] ddﬁ&gﬁlvé @adENES WEdy 1aelutiab<|icht16nally&1ns lsbﬁmle hdjocmm enhance the
ons, .suspensi.ons

lmmunog?g tét ithe vragcgﬁ,g Sh ﬁflw%tgreg i ? 8‘% th Br(e: pl sg&lé%dguvant(s) may
include, Withplit dinfinkidh, xacts o6 Qﬂﬂtwssapdhémeﬂ@ss, mshtifmg;rmrﬁ‘mtj isulefractions of

ts, | ni c thickenin r enulsifyin
food eraf§30nn o5 RBUER GRSy S TR R Ao =Bl frosphate, MFSS,
Malp2, ighﬁn;hiatelmgik;ﬂal adiiﬁzfahdhgl (tkymplfktet ﬂwnflrscutd@' vant; S3 Deto-aqlrlated
estroye S e form [.0Q171] In gener
moncsn S PR RGBS  by A Rl
oligonuclégficﬂ@[ fon exgahiple rﬂiﬂﬁeﬁfyilal(tai CyGaegqentaddsalisdssed éx W\?K) 96/02555.

. ad] uv S r veni cle(s or CO natl on of on
Comblnaﬁsﬁ%oé‘cﬁé"%reé%ﬁ\cﬁ?‘@lnfss fgchaaéjtenﬂfgﬁree(ngif?edgﬁer%xgﬁl?%vie ?rg)contﬁglp'fated as
providingl&eadjbemeivhidhie alpastareans stiphdaiomeeli cell tegp@nce e porddample, QS21
can be fogr%rg%g%rgﬁ%eﬁﬁ%&\éﬁg&)é\gg{* ﬁﬁlg (I;élltg)nctfj (g%lrug[smﬁ gﬂvﬁ%;ﬁéally be in the order
of 1:10 t&D0:1 { LB @&L: 1agendRen substanmally RNd ThAbdedirdirangedfet aptimg synergy may
be 2.5:1 tgwglﬁrhﬁg}d?g? pgﬁ? b&?%qt%%g?%#&g %ﬁt\#cttggpggﬁéggcu%g Erl g ﬁtllman vaccine
formulatidh aferr_ﬁcmuxwﬁglw la(hﬁoe;ﬁ&r&hbgra&ﬁdiﬂﬂoelwdghcl ude, but are
SES BT, I RERETE e AN Mo K p—r
demonstr&feﬁhﬁﬁﬁno@@ﬁb?ﬂe@ﬁ)ﬁrﬁxlﬁdng ﬁﬁwﬁiﬂ iucattlnat @se 6£Kikdh gSot&ﬂGWhﬂher in a fusion

t ce ose nd ce Se
with an iE{6aT2S HAVESE A SOPRERE TR R R GERB Ve s, Fventive

vaccine ®¥{Popitions ta$ fiehed SomPfiSBortbliriredre atjhvantp D CeithiaWiciiaX&snpositions
oils such as&ﬁeanut $|I cott onseed oi

may comBrlFe two.orpare adjuvagfs; é\rthgrnor%, Rensiing (ghg)rmu[atlon ancli routes of

administration, certain adjuvants may be desired in particular formulations and/or combinations.

havormeg alg?nts and

[00174] In certain situations, it may be desirable to prolong the effect of an inventive vaccine by
slowing the absorption of one or more components of the vaccine product (e.g., protein) that is

subcutaneously or intramuscularly injected. This may be accomplished by use of a liquid suspension



soybean oil; glycols such a propylene glycol; esters
such as ethyl oleate and ethyl laurate; agar;buffering
wa@ag@nnssdstich as magnesi um hydr oxi de and al um nROT/US2007/003969

hydr oxi de; al ginic acid; pwsogen-free water; isotonic
saline; Ringer's solution; ethyl alcohol, and
phosphat e buffer solutions, as well as other non-toxic
conpati ble lubricants such as sodiumlauryl sulfate
and magnesi um stearate, as well as col oring agents,
rel easi ng agents, coating agents, sweetening agents,
fiavoring agents, and perfum ng agents, preservatives,
and anti oxi dants can be present in the conposition,

of crystaltive or afnerghous mdterialydgneenr vrtertsobubfilisy milharase of skserpgion®f product

v opsBF G FORLIRAEA B oAarEnd bBS 0 oy
Alternativiedy 6) additomaby,adejdyed abmpmcpreo%mparggnrahy odumtistengg phaduct is
accompli%reg é/cii?sgg n?qg%r%ﬁ%e%%%gh% ?xg)tdlucr?]tgﬂgﬂ %ﬁlé%ﬁ%ﬂ(ep ﬁaﬂ%@a‘aﬁe &Eot forms are
made by ftirssg mnqmg:aphy@matriqez pfipgrotan nsblnﬂd:gadqbﬂeopcds@’gg_such as polylactide-
polyglycéa‘qg tlje ci mﬁ/@po%l t]ﬂg %Poa dﬂ?&l%cr?] g{ {%9%@3 arlscﬂtIYu? g%t}u}e[eeof the particular
polymer anlpluyahrate of eidasscan her@mtmimdmolgmm;da& of Wbdegnadablegmilyreers include

poly(ortho%s?er\s/)aa%gl(plgl)lyﬁl%;yggdéﬁgug)gggtbﬁfﬁ% ab Ft?)FmS}?a{;WJ rgay gy?llggared by

entrappingfpr@luict indjp@seragrooranicaoen@dyions, mdilcmjarn goxppamﬁle svith body tissues.
.subf.ract.| f A

Ateernati SERILAGYG SRR oG AP0 67l i iRicns) 180 Brample,

biodegrad#bi9 bioktinpajblé pelymsi=tuch s etiyténs vag] acedate,, deXﬂmp}/@t@s, polyglycolic

u a y) at el h | . .

acid, colliriée% g&’lx&z%%%tﬁé ?ﬁd &oqy@tlc acq jélfl%h%tgls : n%? %éﬁg&r(% or an immunogenic

portions mmmﬁmap te fatotayedds lgmn@parmjes, d@s, in Combaatiop vith a polymeric delivery

unnet hyl at ed CpG sequences as di sclosed in WO

96/ 02555. Conbi nations of different adjuvants, such as

[00175] t Iﬁmmraltgeatmm'rseaaiemmepameibm vaggige amigeesrpiaatbednta@luced in solid, semi-

solid, susgrl%\llcl)qd Ié\?oru Slon %Tv%gltTa)f be coo n%ound%!) e;gm }n%{ma&gﬂfzag%ﬁcceptable
carriers, dugh homwagt,augendingeagbes, amdtehnﬂiﬂfyi@_ageﬁtse Araigeos mﬁay be administered
by means%%fmpi ©F s%stal%ed re‘éaégedg Y y s%gc:l%l& cfrﬁﬁlgs_{erid asl.?]greventwe
measure, de 8 toqd‘evemnga d‘ewlopmbmmﬂ dlSBﬁSEemgysub};yt dneo Zhrr&hﬂ)ram)orldeléb' an already

estabhsh dlsease é?ﬁ)p?‘enhenPori %\glté\geccl:og ) ro:gufn b deI £5508 co?nX toglﬁge ¢ eingérgk'eactive
against t}refgimeaseld} chigicpksoniditiomgp @mtmﬁtebpdwmmp@bhds the:hh3jcel dctivity of an
mventxvescrc])%é)ogncp car) Eée ﬁ%oxét{&%ngé ﬁ'{t{z‘ §lﬁ€der{ujﬂ?sli e%ﬁl ?mﬁ{)g {lglllsn *Flavorants and
coloring agmtsmanbspsmise potentiating activit y, such that use of

S a .
[00176]) liﬁ en o?&cm \égr a"[l:?ﬁr ollbﬁonallB/l{ eﬁesrI %lgﬁutlssgu%%? a;;a%ucularly well
suited foxad]aladanmstrélﬁmsas phavem:teuual wcamposiaonso r@rekliquid lﬁczrmuba}]ons can be used

and may {,é‘ 1‘ ?a?{lcu(farrﬂ% 1§forg> gxag'lc ogu?atlogé uﬁ?&%&ed Igﬁn{ materlal may be processed

in any of adaaumardf svayF(erg haar dtymeg, fdaepasdnjlm extmction ma:l)atie:}mndmgabn the
propertles oy ’316 %8§Ied%je% Bt %duf:g?nn‘ﬁll% %e%}rgd iao%u VS’%ICI‘A comesiPlgns as described

SCUPET i"ons and/or
above maydrﬂmgﬂtad(mﬁly alone or ingested together with food or feed or a beverage,

vehicle,

Compositions for oral administration include plants; extractions of plants, and proteins purified from
infected plants provided as dry powders, foodstuffs, aqueous or non-aqueous solvents, suspensions,

or emulsions. Examples of non-aqueous solvents are propylene glycol, polyethylene glycol,



[00174] In certain situations, it my be desirable to
prolong the effect of an inventive vaccine by sl ow ng
WO b@7atsos pti on of one or nore conponents of tPET/US2007/003969

vacci ne product (e.g., pro#in) that is subcutaneously

or intranmuscularly injected. This may be acconplished

by use of a |iquid suspensionof crystalline or

anor phous material with poor water solubility. The

rate of absorption of product then depends upon its

rate of dissolution, which in turn, nmay depend upon

size and form Alternatively or additionally, delayed

absorption of a parenterally adm nistered product is
vegetablea@bd’rspldils hetlinfegtabileswginit msfesr Asyepenairmers irvdudsrvealers vater-alcohol
so]utlons Qnglglogg or Xﬁgér%ko%s A')Qllugﬁmt asgixge gfé)l%fférgc{ %dl%f Eargﬁgr%l p%:cles

mng mcr capsul e mat Fices o
mcludmgnoddeg chldebé s,olpmry iR gser sui@htrasp q@bltwnad«txu@epplluy gddivmlchloride
1 ' f_.or

solution, ?ﬁrégepg%%ir’hgmﬂ% %ﬁglih&[al?%%:eﬁ&at?xe% 1&@%%&&%&% %§ gng ch{Wc{ersaf?l lude any
plant biome$sthsichas drerbdriaiy firreahinplt, frEmbledsaloﬂnm od eprepdeibd.eFor example,

. o .
plants m%%é’y e!(-[g éﬁ@d dl?)f%lgg g B%erﬁ/ ‘n[a{ Ecﬂgrg%{c?% c?'gé% at Fb(%ult (J)%% d%%f§esblreahrenhelt
until biorpasspaneﬁusbyssemﬁp ;mmgup:rh)dw@ght nTHq qymgquimgs wey be stored for further
. 10 G n h
oSO By BIRRYL Y £ gl RS p.
Alternatipaly os eddifiomalkyy ﬁbemmgama)dmfsuseﬁdor mn@rqu that are sensitive to air-drying.
' r h t
Products pﬁa Ctieegfg%eggg 1gd b%é{%?/@gﬁ d}rl ?A&g a% ﬁ 8 f/’iéﬁ% brfea fFo({'X Lg&le(?_ a vacuum
until the b@lrrlaagecmtalpmleymhtaﬂn ot 6P/ moisnate Mlvydlgat Drledcnaicpnaltcan pe further
pmcesse(?%gdetég?ggdelger Ant i gen(s) or an inmmunogenic, portions
e fornmul ated as mcroparticles, e.g., in
[00177] c d-"rmntﬁmrwaah maierial mapbk ydmmlaewd las we tqgethshwah @ne pOtibrdherbal
preparangtvst el)%lrt]llélyhﬁgb%mg&pgra | edn@fugg ‘?’hf‘ﬁt C?olod hergclgp Fpaéatlons Some
examplessmﬂwelm |pmpamtloasnmlcbude tinftores) anobctse(y ghequamp exmates) aliohdl extracts),
decoctior %‘ngg] grreggr%g ﬁt I(ggrl la%re% fe%eg { ag l‘igﬁ%ﬁér I @roﬁ'greglzéegailes, powders (e.g.,
lyophilizéhpowgdery, amd yighil. &ﬁmbaﬂ Ip$¢par&£d)nbyam’e@p®vmfedmumpsstmdard dehvery
vehicle, suLcjﬁ'taga QS“ ds&[]ef la\%ﬁ‘? usp%i'y, Z%B%Cé%s%gé/ F)gc glﬂhtosei 3ri lln edS m%l'rle art will
appre(:Iatd ehei'a:rpme idrnoflatibns emi;modaixtaess:lf kﬂjebmry of hé¢rbalgeparations ¢hat may be
| ready established di sease. Suppl enentary
applied tg {]}eprgse}éf)% Y Oéls e.g., conpounds independently active
[00178] agavmtvetrh@t lnhesemﬂ d&ines, ptdnits) iextadtctioos;diow'ders dmm'eparatnons and
purified ;gro el ? ];I/uec?éé% ach n ! gtisaetr{p g'(:e:an nco?%g?pa }e
more exc&;ninmta RS hated dbcwet Botid Id'pwtfomswcﬁlaamblemﬂﬂsagam capsules pills, and
granules g%é) %Ig s ge,areg %Q&locr?g ?n%/sbedlé ﬂsesrutgvl gf = ]ell'l I n(%/a%?ltgég\sll"a 82\1/5%3::38@§ng
coatings pad bﬂhemmxhgs well kneun inctile ﬂ)hanmahtuaufnnmmﬁtmgbrto fin agch solid dosage
forms acﬁbeag%gg ﬁ%& gg %1%&0\%9 %t' lteI one Irli‘ ({lﬂuehtgs%tcg B ?ucr?sealtact%se or starch.
Such dospgelfaatns mmypxopuulrm |as msmrhlml p&v@tneed apidlieintal rsabsﬂncai othrerythne inert

diluents, % rgy%gﬁétu]z%féxgrzlg ryld ﬁgher%\(tpgt% sn\sl\@c}ﬁ §nagg%§b\gﬂ a{earateoarlpd

microcrybtialline cellulose. In the case of capsules, tablets and pills, the dosage forms may comprise

Gecf fto m wnth or without one or

buffering agents. They may optionally contain opacifying agents and can be of a composition that

they release the active ingredient(s) only, or preferentially, in a certain part of the intestinal tract,



properties of the desired therapeutic product and its
desired form Such conpositions as descri bed above may
wheoorogest ed oral ly al one or ingested togetherP@i/UB2007/003969

food or feed or a beverage48Conpositions for oral

adm ni stration include plants; extractions of plants,

and proteins purified frominfected plants provi ded as

dry powders, foodstuffs, agueous or non-aqueous

sol vents, suspensions, or enul sions. Exanples of

non- aqueous sol vents are propyl ene glycol,

pol yet hyl ene gl ycol ,vegetable oil, fish oil, and

i njectabl e organic esters. Agueous carriers include
and/or ingagdetayed wanaer. dixaoipids of einbedding compedidgensthataan be used include

| udi ng saline and buffered nedi al

po}ymem%g‘?%%ﬁgé zpfcdvej?l])&g] es i ncluding sodium chl oride
[00179] sdhusememetiRdsgeplast dorti@sthesof expressingdenfinesa aptige according to
: o h Luti i R .
the preseﬁt axgi/éﬂsaéﬁbéro%mgl ds%Ri:rr%f Q{%Einﬂ\igg:%d ?ragg a8 }‘n W‘&ma??ooﬁc I%U edible
compositimry apd typically oomsemet ﬂpateaﬁmralwg éfindrsobid forfnuror by anipkiag, if in liquid
form. Therp?ag'ﬁ ?naqéljiaffgan ﬁé Blr%ﬁlb'grggeg%ﬁ v? g{:()%%ag 1ﬁggﬁolc«geg%ges¥e%lmlaﬁér minimal
culinary pmmreinm all-“oranxampfe,/me vatciappustei ﬁﬁiymgaxpe&ssdaaih fagspioet which can be

eaten dirév%\:g& I,l]:tor') h'?fﬁgggjﬁ%g{]}]@%&fﬁehseﬁﬁné%g&s SZ‘; i C?lét Erosj b r%ﬁhnébean sprout, or

spinach q@ﬂ@t@:@s $dafi gprast, bid Rn oot EldbOdlmeﬁU pldnebioprass mey e pocessed and the
v ari ndi d powder. Alternatively

material %Fb%gécﬁq?‘?%gg P r%gé%s{ng%te?e § ar rg%%té(g may be used for

[00180] prRyokestisg n‘m\l@oda ugefgbimsictordanceovidh the grgsentginvédtiod wed methods

commonlgﬁ%éeé&r) é?%?oeorg( %c?‘#ld@fryp ﬁl’gﬂ b&%ﬁbﬂs 'yf c% %?tﬁgysmyplcally include a

rozen u acutm Unt
substantiddiammms oCamexgirersed BBigen mczaﬂmﬂon&%lanﬂ)seanﬂeomunk The final

product n\é@ {)xe?\k gn?%é@xlf% %giff%? Q'(’:gl?n %& té:rg I%\%lééo rcoc.eelsss ?av|0r er;&hancers

annbuotxds;aarmlctht hks tapd ednsusnedrin saih tsérei-solid, huspanslm, en‘mlseorh er bqind form.
r§Parat Usef ul. her bal prepar ati '

Such me o ? can’l élage a Forgeﬂ/e# Fte%rsé]f) 188 €&, 2 asten dznaélogx‘éor?%rngs or ?ddltlon of

conservam'r dm:l prpseepearoatagemts Any ipleshe mialy rbetusedeemd Eotesasd in tﬁepx_gsent invention

to produce%%%gr 0 rmka%fe éoslant a%% i Jg}rx ?X%(r)t? it pr (Zi u%s%% %}tfg%r)] 2r%%ﬁ{almg$erived

preparatubn mx@ede:sttﬁhl)y, mptmmkestasnc(aed . the hxypqog’lg belzdsttrpphiatesiy, E1A84, or

gpar 0 vided.ip any ..
Western é)logync?g)gs dngglP'gv g?y eeogmgé J]yss lﬁlcqg ;pro lé%s gd?a{eggn?’néﬁ{l?n may be
used to stauggrdse theramourit qﬂvatcdxesaaggc;n m)tc:m iﬂgesated SKor dxeahplenthicheenount of

vaccine a%{lg r]V\ﬂnH' ggﬁg ?é (glne(}r rl'é%u]ra%%iér ef{g a)? }ntngg%ga&f:ﬁegtof IEzag/duct having
different kyelmbiprahict o thhtahp qesgiy of maenik] torbe c{rﬁﬂd&’r&ﬂatdnrtv da'rgeswaESIngle dose

can be st%%g}déiégp glshaercg : g)r?gl };egzmtaglca%n lranl%)r(gt{ogqnl %rgssér% quent:on however,
should manmdzepthc)demtts cagy out suckh auanﬂmdlzatxmnpmp@dﬂraa ed formw th

or, Wit out a d abo
[00181] S ébl‘ :\’,‘%; roi%u% %rco)ducma i(ank ? 4 ettlssug’ an r(g %a eégby a gl.b éeij:lt may be

rs sUch
preferablp iabsmbectmdthg digestiessystam. k@nqoaldaqaawagd ofiihi ingestidn olfysda@nidsue that has

enterlc goatin ease controlling. .
been onlf‘ 1%%{1 }n‘?ﬂli %FOQZ gs%{l tlo provi %rbcap%}g?tfonkcﬁ' 5§ W%uesHatﬁpeofC{Le progem in cells of
the plant. pﬂihmsr,mo:eiut:ﬂ way refceivanat bast sgmaptotedtivnsioarh dipektich abagsper digestive
tract before reaching the gut or intestine and a higher proportion of active product would be available

for uptake.



forns active agent may be m xed with at | east one
inert diluent such as sucrose, |actose or starch. Such
walomagessior ns may conprise, as i s nornmal practPCEUS2007/003969

addi ti onal substances othed9than inert diluents, e.g.,

tabl eting lubricants and other tableting aids such as

magnesi um stearate and mcrocrystalline cellulose. In

the case of capsules, tablets and pills, the dosage

forms may conprise buffering agents. They may

optionally contain opacifying agents and can be of a

conposition that they rel ease the active ingredient(s)

only, or preferentially, in a certain part of the
[00182] i nRtesmaceatical canipositidnoe! the presets izyestiomasmbes adriinistapedtherapeutically
or pmphg@f@é{ﬂf?ghgg%ﬁ?g}zég@g% I’%\gsl)%gtsto &%ﬁ?g’bﬁ%ﬁn glg&lsy dfor example, any
individuatetheouéfersdrgrh ardisease grovhe srat tileobdsfveloppreesdiserge may be treated. It

nt C . - pr v
will be ag&fe% Qt%?rgl%é g{x Hh“e‘gg gluﬁ clg.g %g Enrgsﬁclieg?ée %lglcfg of?rz ?ﬁ{vEldg?ngeJ] &sé)a@e without
having baerddiegneadd With any Syrohtoedi ditles dissmsesFox cmampk’r &f thy pididtihal is known
.l .
to have b%glp li“{rc?ge RX?n%%E k(PQe 1§\§f’tl%alnoné {\]’lltﬁ éé%l\gg fl%{nsk of eQ%ogHrebtce) influenza
mfectlondthaemﬁvydu_ah gel be domlddn@mt risk o dr.rvei@pbrwbs dmgasst Spnmrly, if members
of an ind\izj\gélgarl’ﬁgllrﬁirlgt%lr fr?elﬂ Lﬂ%eybe[e%gl( %?a ;se g%th m?lruenéqmg Vﬁo he igﬁividual may
be considrgedc@mtterat disk écmdeyeloﬁmg then@llsasce vacci ne antigens
[00183] eXB S%Sa%‘éaée{‘fo?ﬁs ?Arfo?hfa?m%%&a%{dn i, BEPL e 30F Rttt ]
dach orenettuce 1ed sprout, etc.’I'n one
pharmacetlﬁmﬂy aeneptabls cmtlsibhg mesemmisidns, sm‘luﬁ;mssadpmdmts,fsgrups and elixirs.
t

In addxtlmo ac 1% aéeﬁ\gscﬁl[%dfcﬂjbélg%sg S?Jr?]'gxs ;rﬁeelg'h (;%ggaxrpu g'ne?t cﬁﬁent% commonly used in
the art suavb @s,rfdamamm,t\fmtem ophrez selvents,rrobiiilizing ageatsadleoddsifiers such as ethyl

alcohol, Esrgg%ggllt%fco%?%ﬂbﬁ cgggﬂstg q}tx)g acét ﬁ%dbénrzlgpeﬁ&jgyeol berrllgy] blegé%atc propylene
glycol, 1834bagylane 'gb’boladmmhylﬁdmmmlw prleéaexdrtu:ntar,gmnoam&d,cgnur’mhut corn,

conveni ently eate ol duct
germ, ollve 2 G2 to\x;mapa sesafic. mggj c(e):Fo Ttéaté' N &ﬁ%&fﬂ Sl lz}g lg{artgglene glycols and

fatty acnd:eutafrs ef snrbtfteau and enktamsehesgeofalﬁlesnkdemmectsilluamd thh eral cdepositions can
cO S sSus e S| 0
include a%‘ln}flagts ch as w %er?sd re%u galcr}% angl tSH%PC?S agerﬂt(s:,l sy é:gtemng, flavoring,

and perfroing@gerds.i on st ep, such as, e.g., pasteurization,

coQkin n_of QRS er d preserwv
[00184] agg%rflggs'ltA%nS fgﬁd l%c{all of vagona? mgus\{ratg b Tha (I;_‘BS SS‘E!HPOSHCO{I S &% tention
enemas, pthéherath be lpmparadd:y m(xupg thel mompesju&nhssofahlsdmvanhain Ivmhrshaaﬂile non-

1mtatmgpeix2ifﬁ>fernt Qgrr%@yur&i ag o%fblullJt% P lérefhyl%%%l)bcol ?ﬁuéygosltory wax which

erive prepara on nay
are solidsit amblianctempetahee dot liquad gt bodgeémad:reture: mmdmteﬁors melilih 8 rectum or

e nal ysi.s, using a probe or antibody
vaginal Cawt%a?c}reﬁegggr)lhe acile It)])@e]"?n s determ nation nmay be used

[00185] t oDeiagn i faetoiph:al darmpsmecosdl qranausdwnalmdngarstrpmcm afiawvaccine
composdlorggﬁthﬁﬂ e}'é: eron ?nc lr.l'ﬁ)e trrgen g{;@%n E:lig el)%gﬁrl,b gelg,ggow%%rs solutions,

regur
sprays, 1makamrgorbm®hesTbé acpmdtgmtt dsrq)rcp’agatobm‘maleef;ﬁs zkbmebd;umer sterile

[ 0 _be drun
conditiofny wgh %éhac'r?nac?u%cggy age gigﬁfg 2 6 g@%ﬁ %e%leg P&‘??S”P%Yef é)a buffers as
may be rEdparedo ﬂfbatramlnudbeg wir ataieonaadiminismaitn, pénetrasts ppEopriste to the
barrier t& De’ ;()eerllrt’nlegted ayvsz% \%5d in the formulation. Such penetrants are generally known in the
art, and include, for example, for transmucosal administration, detergents, bile salts, and fusidic acid

derivatives. Transmucosal administration can be accomplished through the use of nasal sprays or



should mnimze the need to carry out such
st andardi zati on procedures. [00181] A vaccine protein
w@e@dogsds i n a plant cell or tissue and eaten BPYT/ES2007/003969

subj ect may be preferably &bsorbed by the digestive

system One advantage of the ingestion of plant tissue

that has been only mninmally processed is to provide

encapsul ati on or sequestration of the protein in cells

of the plant. Thus, product may receive at |east sone

protection fromdigestion in the upper digestive tract

before reaching the gut or intestine and a hi gher

proportion of active product would be avail able for
suppositeniasalter fracigdial pdministeation; antlges onp a’mhmh@mi@portihe thereof may be
formulatB) FRE B IMEAN B0 LERNODEAULIIALENSdnbRE T ABRUL Btkaimic

or prophylacd gy |t|o na e use
formulatiqneq;trdmps,mld\;cg@dr(ms armnplﬁtgd agkeinp Méthnaﬂvy scope of this invention.

Addxtnon'aﬂg, tHé g‘%géeve omﬁéﬁ% écg{t%nélrg%g]g?e rrl.g%?%gﬁ'%? ﬁ%@%tt{h?s,ﬁ}rifh have the
added adUQntamfaUpuﬁexg qohuolquhdelwérwcpfmccmaprdoeingtoﬂmi telye Bualy dosage
forms calé :b§ ﬁ%lgrg gmé’pt%h%h 3@ d%ﬁgl#s?rﬁ%ﬁg E%%&O%Bg%g‘é% Ba%pzlg§€& medium.
Absorptiex anlpalneq:rs cn beheseldnd iindrehsa khel Buxofohn vawinegpreteineamossdhe skin. The
e can OB BOERAL o 1o BRI NS 818 bt e vacine
protein in pgholyingbm alatrik bt gdde consi dered at risk for devel opi ng
; ) g , _

ovise | DRSS Fpe i Sl Lo RTREES R Y i Ses s
necessary tf aabidveithe ddsged ragily &uedrtarmynb@dlmns |Odi theguesent lpaention a

« fs { '

caps A PR S50 o PARRAAL o 38 o
treating, biterivating, oo prayhatinga disedse ah b pubjedte fhabitee ‘Gamdugic effective to treat,

attenuaten})lcél%%m 'dféeQ ”das%gw L%rgﬂls r?férﬁ%é’ﬁ %1189% bug X&f;ﬁ&%m %ﬂgunt of the
phannacdamg@nﬁmsmnnayrectomtmuatq neprbvmt kiwemesn amymrd.né:qt tiseckample, the

“therapebtntiaﬁlg%{f’él& allﬁ%EmPI A nbgr ag%%{@t gjn dé/%’m?ﬁ ei:, g&??esvﬁréﬁqmgesction (e.g.,

v1ralmfeetlhlyImﬁuhamhoifectloshmcopyl al cohol, ethyl carbonate,

[00187] et 'Pl){é (fu%t re[%%ﬂ?{ lglag VA hg'!r)]l’él sgﬁi/%é%l{osggjgée get:;%hding on the species,

rop ene

age, and gemmalrophdmpmﬁtlaesubppt she(stagepzﬂtluei disdaag, ,the:mrtiomianepmmaceutical
e V

mixture, ggs%%%@%‘f‘%gi/rg@?%{l’tlo zHa‘atH lr«(:) ferl?rﬂglur yoantl NS f%mé:ntnon including

plants expodsyieg hytigenés) ghcyoop@paradotﬁwlelyeoﬁmayl be §¢rmu$at@d in dosage unit form for
ease of aggxlrrmt;% h E%}fﬂ)?ﬁfu W gisdos eﬁmfe ex E?e%glgg Sﬁl&s gé lt.llalt form as used herein,

e ora conpos i'ons
refers to g@W:@lMs@ﬁa gnid @émacsinearmupesitiph ngpr@pdats deriba cpamrg]t to be treated. It

will be u?g%%éﬁtjl, h%ow%rrg Pg‘ie t&]faflgﬁiye\%?%? glntge Qg];’;&gi]"&% oqqgg;t)r%Sent invention is

I ons or va
typicallyaig¢nidad by am_tattmninrmghyb@xampi@lﬁsith@moes Obsounémdﬁdab jndgment. The

. |
specific tglglﬁagg.g}ctaﬁg ﬁgg%ﬁ%{ah ?es le:?%]\?fgﬁ Eyg%a%c%lxﬂa?g?t Qr 0% orgamsm may depend upon
a varietyrpd factors frec uding él)e(s;emrembsmk of:naferctnen,sthe;anﬂv:tas:fcthmmcxﬁc compound

0] It OI‘
employeg l'ﬁ'ng S[Eficlfgp 4()6%0'%#0?1%?1;? e%‘(éér e.a8 c%ig%%l%sht aa}‘\lﬁ (ﬁgh sex of the
patient, dlarqf ehreapagient, phamehekiaétir evnaditlon qf tthet }bEElene dielime of admlmstratlon, route
of administration, and rate of excretion of the specific antigen(s) employed; the duration of the
treatment; drugs used in combination or coincidental with the vaccine composition employed; and

like factors well known in the medical arts.



vagi nal cavity and rel ease the active protein. [00185]
Dosage fornms for topical, transnucosal or transdernal
wa@dow09Bts at i on of a vacci ne conposition of thPET/US2007/003969

i nvention include ointnent$] pastes, creans, |otions,

gel s, powders, solutions, sprays, inhalants or

patches. The active agent, or preparation thereof, is

adm xed under sterile conditions with a

pharmaceutically acceptable carrier and any needed

preservatives or buffers as may be required. For

transnmucosal or transdermal adm nistration, penetrants

appropriate to the barrier to be perneated may be used
[00188] i rit wikk bé eppratiatei drat vBuwale @anetsitant of ﬁm@r@eménmdt@n can be employed
in combl{)ﬁg)\r%g%c lteg fe.gdf}ﬁnﬁl%g%m nfagﬁ%e‘ct‘heetreg)rnaszﬁﬁa is qualinq e]uPcal compositions
can be adumidistarsd corcumentty with, pratrite,es subsequsnirta; ©8@ br more other desired
pharmace?]luglrsggrzlmzizorrgv%gcolga}tgo%gnﬁgc%d?ger%IOg‘éle Ip%glﬁsg atF gc%rgféggmgr}hgf tHeraples (e.g.,
vaccines,adariapétﬂ:tcrwetatment ofiintflugern infecéonmoLengdesninca q:nmltmatmn regimen will
general]ygta?e m?% chg%ﬁ c%rr{po nglgat Fldgélﬁeﬁl aPerliltlf:‘f,'%mg liprocédures and the
desired ti{gphpcnsit nfffectfto bﬁablatvadn It will bler amﬁ¢c1aaaﬂtlﬁy&1edh@ppeam&i/or vaccines

employe %\r%tge %ﬁé 8 gasgli%fllbgﬁggﬁpyl}egﬁ%eyﬁsog%ﬁﬁ) ?ﬁ%’%ﬂ%‘ e inventive antigen may
be adminioerté npxhcamatly Iwéthumethef inffluamsdexcint), pathehas:,y avhiegb different effects.

00185] 3 Zoh 5 LG I SR e ndi P PP Rl e anceens.

For exanfpie, wertgia wab@neradnpdwnms spxeudnptgsemt l@ststp&naﬂugnzh laatigens of the

iverion! B {8 LS RS bnd Bl oA BBy e BEER 3 ilgons. 1n some

aspects suetccomigingtiot wctinacmag inclite agikithermbbebledbdon pmtdae comprising
control.led b her provi te .contrall

influenza BiksbA o Sl isc Bl 8 RY h bt BB Bl Fiffarising influenza

antigen ap:oinymmedrrat r| X or gel [00186] I nvent | ve conpositions

red in d for su ime as, . ..
100190] * R RO E vatchn A pRIRk FpR e padirePod Tt ol edifpination of
mﬂuenzeenbxgelnsmay be OﬁedtﬁDESImh&Bﬁibinaltlbﬂﬁ nNComposdtions may include multiple

inﬂuenza %D glh(P Ef f%ﬁﬁﬁﬁ? pr%??&ég?ﬁevgl flgl Ig?xérgrlfl Cﬁ(é}-nposanons may

include (mbtoe mﬁaé anitgenﬁprqvicmi enEtelungnth oflk D€ aRee ad”dn@orﬁhhxpt%ehs Combinations
ve, to attenuate

of influed igtm g B e ATCRHT sy P FOPLTE L T SO BRpes o

strains s@htthaiuthfnmlzaﬁbn asrferstimafunt h&pphz&r argameuhbfeahan one infection type.

Combma%orqp o? FiD: 8§$zatagtléé caly c&td%tagg asttcwgr Bgéa%%/ Eevg :il P i;as%%ﬁree at least four

or more zﬁfti‘gens dartved foundiffecan sxﬂﬂyrm@ ofBBRINS. Incsohteadinbinations, at least two or at
least three a%m gun%gﬁdm gﬁfq?ﬂagxgbra}y?elﬁpafé% ?c%rgﬁijaeé g'{ (%ie’ ‘ta\élf}&% l(??m;r?]séti on. Furthermore,
combmanom‘edccmmlrmty utifigelinfiaenzaeantigan ynd #roiges filbpre@ie dranore unique infectious
subj ect, depending on the species, age, and general

agents. ondition of the subj ect, the stage of the disease,
the particul ar pharmaceutical mxture, its node of
Kits adm nistration, and the like. Influenza antigens of

the invention, including plants expressing antigen(s)

[00191] arid/one appeepalicapresns inveet @oproniiys b ehdraraseitbibshck or kit including

. doga e unit foqufor . . . . .
influenza an |ggns according to the present invention. In certain embodiments, pharmaceutical packs
or kits include live sprouted seedlings, clonal entity or plant producing an influenza antigen

according to the present invention, or preparations, extracts, or pharmaceutical compositions



ease of admnistration and uniformty of dosage. The
expression "dosage unit form" as used herein, refers
WO 000a/0p83ysi cal |y di screte unit of vacci ne conpP&I/USZINT/003969
appropriate for the patients2to be treated. It will be
under st ood, however, that the total daily usage of the
conpositions of the present invention is typically
deci ded by an attendi ng physician within the scope of
sound nedi cal judgnment. The specific therapeutically
effective dose level for any particular patient or
organi sm may depend upon a variety of factors
including the severity or risk of infection; the
containingoataing in @fe artmorsgentainers fdpdpuitindptemgllp paeior nhee additional
[
in gredmn%sogtgﬂ gkrﬁﬁ%%ﬁ?ﬁ%oﬁ%ggggﬁmﬁg%% gliv;ertét?%% qgesoing%?r}ﬁt ﬁﬁn‘:&@st pharmaceutical
packs or pm inelvde ppivamavagtidel cetpasitons domposing putified pﬁlulem antiglreaccording
to the pregér{ﬁn\%ﬁmgg%% %to{' ﬁ’lt | %tarn%& ﬁg’énaﬂgrﬂl @d%lgh&%l* (%n (Agdmonal
excretton o e spec S
ingredientef pjurraacpe@ncaifcom;vesmmmﬂtbmtrwenhmgslnu:seaimembodlments the
pharmace%?lgyl OJL%% 09 ﬂlt(fﬂcl\%)es gﬁ Iagc%ﬁé&}l aR%ropgc?: {l‘n F%}%ﬁé(} ?geetl(‘lh ge\ﬁ.], ilnﬁuenza antigen,
mfluenzat\h\ecme’uﬁoc abe aw g mr@tﬁ@ﬂ&@]thetrapm Obtigrallxppsceiited with Sindit container(s)
can be a Xcﬂﬁ{é'lﬁ] ﬁq(f%%gﬁér:%h%}fb g<§ g?rgén%e %néﬂégﬁl‘ahﬁgth%ar{ﬂan‘i’x?acmre, use or
sale of phaaogq:qmgca_iltmp@.mtsg shicht pdice r@ecpra@pmyg}eluu theakency of manufacture, use,
orgﬂeﬁﬁﬂﬂﬂgﬁh&hﬂﬂﬁnﬁﬁ> be administered concurrently with,
subsequent to, one or nore other desired
[00192] p H@tmc emwdfai thairid¢lode thatapeurtin teagengy. ok ebuiroas nofiflieniting example,
mﬂuenza%%&hgg Be %@deﬂ% e? LhEBhE §dr(1?fisg?red' ¥ %Irarﬁss ‘Alternatively or
t herapeu reat nen {P0enza® i nrectron) to
addltlonaéin'pinﬁyenzra \aiccmﬁbarnbﬁt pnowdcég'c areimjastdble fpemelatibh ortadkndnistration. In
c t e I er.apeu |cs
some emb ARy sl ENIBARL Ehn ot Rigel BEf RERAEE RSUERFLLY
admlnlstmuomePMaew;utal d(tsew)ﬂ 1hstb3:t1ap;)ﬂ1emﬁatmabl bdpriovided in the kit for
administ 9815 ?00%16 F{F uffeq ﬁl)erg of 1R -IS?(yfgl‘ m?la% z%‘%ﬂlfe%“e a
esire ect e sane disorder Cror exaﬂple an
[00193] | ﬁﬂew&pmmmmmegaaamphy thae fldm amesutem@d to belputingritd the invention, and

- W e achi ev .
are not m\éﬁr\%ifb.% ?02%1%)&1 ?lﬁ {hey %F égrlgrg%ﬁ: n?%rgtr li als%]o P rPofq%é/ i r%llso’n. %ndeed, various
modificaversaifiee norp®i :tndcm&ydi)rtben esebcglimérga gter¢ofpiniadflitioe na those shown

t a ne 0si t .
and descr%&rc]] }%gér"‘r%’r‘ivg gtgecﬁnﬁ%rxggz%re?tqg El%o% l&!lﬁgz g ‘é‘ﬁ taﬁqggrjlrg %10 i!uﬁ Ig}:gntents of this
document, indwding the( &xagiplesaviith ﬂxﬂnm amdahdrde:rehdbs d@ﬂm shientific and patent

n of [ t.i

hterature%?cg(?1 ﬂérréir{go g%l%tnftoiol%%g] Ce():ca{l]"lgﬁs ﬁgﬁltgﬂl mf %ém%rh éex%rﬂglrlﬁn 0 toagpd guidance,
which caf be rdaptet ©tthe practogof thnsmgveintibh Ureity varanus iegpbndimentssamdihe equivalents
¢ aspects, two or nore t her nost abl e fusi on proteins

conprising influenza antigen are provided. [00190]

Wher e conbi nation vaccines are utilized, it will be

under stood that any comhin n.of influenza anti gens

may be used for such cgﬁﬁnﬁﬁ¥ggw%' Conposi tions nmay

include multiple |nfluenza antigens, including

1] pl n ns he ein. Furthernore,
Exampleggrépegg'i"?llogn V%gcme E &r ’g%te olrm“?mr e antigens provided

herein with one or nor e addltlonal anti gens.

thereo

Generati(%) {,?J,,{},agte}, ggqsuences Jfrom influenza virus hemagglutinin

[00194] Nucleotide sequence encoding HA stem domain (SD) 1-2 and HA globular domain (GD)
3 of each of influenza virus type Vietnam H5N1 and Wyoming H3N2 was synthesized and



of influenza antigens include influenza antigens
derived fromone or nore various subtypes or strains
wa@e@h/093388 | mruni zati on confers i nmune responsECHYSI00%003969

nore than one infection type. Conbi nations of

i nfl uenza antigen may include at |east one, at |east

two, at least three, at |east four or nore antigens

derived fromdifferent subtypes or strains. Tn sone

combi nations, at least two or at |east three antigens

from different subtypes are conbined in one vaccine

conposition. Furthernore, conbination vaccines may

utilize influenza antigen and antigen fromone or nore
confirmed @t feieg cofrectt Poerdiced)ewmdisic a&dt\ms[cmgb]s&ﬁl]wﬂmresmemas paddnucleases

BglII/Hn%Jl‘ﬁ P e§§ \{Vh)&ﬂY}%‘ Lel:%n noe\élle ?to elﬁ:@? LIB gfe uence eg? J( ing domains.

uenza antigens gtcora ng t
The resulphgm ftagmntSI vaere fised defrimmi o sxfoethieraandding an engineered thermostable
cmﬂermgg rimaceutical packs or kits include |ive sprouted
8% |ngs clonal entity or plant producing an
[00195] i rHA O8amamdRESNGdn according to the present invention,

00196] e R B A A TR R Bone or o e

AGATC’EGAﬂ‘QAn%AFCfHGG/&"ﬁTGGATWAMTA(AGm(D’FC'ITBCG‘GAG_CAAGTGGATAC
| | S

AATTA R AR R R A RO TTRETEAR AR TSR paT bR ndloacTcaCa

ACGGAPASKET GEGAGGAGEA AACATEA ABTEIIC A GIA CTOPAS NGGEAGCTATTAACTC

T A T R e CG A P TA TS AS AL b LRk A B acaTan

AGTCT@@CIA@@@TYGWG@"E’EGM AICTGEAOT TR @A ATTIATCDACAAAGAGAGAGGAGA

nconHILEAL RN AL BRI EPIOESRREBHL RIS Blob aguroccans

GAATGEATIGATNGEATGGTA CGESA BACEATICA OCNATANIMEAGEM GGGATCTGGATATGCT

ccran RREIRITES REREN geEsSo A ERE eSS AR ancTTan

TATTGABAAGATGAAMAGTCACGT TIHA AGCIGE)GGAA GEGA GDTCAACAATCTTGAGA

GGAGG#«@@@@K@%A%QM&@WIrg;[g;@gﬁ@&)fTGATGTGTGGACTTA

CAACGONGAGCEICTTH TG TIATGSA GAACGAGAGCA CECTTGASTTTCCACGATTCTA

acaro R BB ALt AR EARY ThAGRO SRt TradifBiafhothirancaacer

TGGAAARGGTTGCTTCGAGTACTUNCCA CRAGIGCGARA ADGAGTRGCATGGAGTCTGTTA

onncBRIAGTHRIIRERE ABAE4R, AL SR B s aomcocacon
GATTTGT@GA@TGAA(HVF&EA@HT@/TNF TGGMGIMC&&GAWAAG{ZHT

oo Y955, 8 B RIHRSg gt agect et e forulaL o
DQICIGYBW’NNSTEQNIBHMEIQN\HBGTMQMLEKH‘MKENM@QTFBM@QIN SSMPFHNIH

pLnceE Bk AL EVEA SR SIREBRGGHL K8 OR T Beoqoqupowvovs

HSNEQGSG Y AAHP KBS TQK A ID GVITNRKA NS MDEMISTQFEAVGR EFNNLER FAENLNKKMED

artov AR EESERR SRS S BV Fmamaengerervceo

NECMESURNGTYDW@ISEEAQELKRE&HSGUKL@]GI‘ﬁQe_ not intended

onsm ey B PO I IBSpA A, o | e seoee
AGATCTTGCGATCTTGATGGAGTGAAGCCACTTATTC_TTAGGGATTGCTCTGTTGCTGGA
TGGCTTCTTGGAAACCCAATGTGCGATGAGTTCATTAACGTGCCAGAGTGGTCTTATATT
GTGGAGAAGGCTAACCCAGTGAACGATCTTTGTTACCCAGGAGATTTCAACGATTACGA
GGAGCTTAAGCACCTTCTTTCTAGGATTAACCACTTCGAGAAGATTCAGATTATTCCAA




nodi fications of the invention and many further
enbodi nents thereof, in addition to those shown and
walemanpizesl herein, w il becone apparent to thoBET/US2007/003969

skilled in the art fromthé4full contents of this

docunent, including the exanples which foll ow and the

references to the scientific and patent literature

cited herein. The foll owi ng exanpl es contain

information, exenplification and gui dance, which can

be adapted to the practice of this invention inits

vari ous enbodi nents and the equival ents thereof.

Exenplification Exanple 1. Ceneration of Vaccine
AGTCATEREGAAICA TBohe AICieA §CEING EE T HRGAIG TBREC HER T SEJUKHEEEATACCAGG
GAAAGfrb%“i‘dﬁfé’?Fé,gG‘GMF& %é@ﬁ%&%@A@WTﬂ%ﬂACCCA

Seéquence encodi ng stem domal n 1-2 an
ACTATTAABANGGTAOTAICGAACHA CACTAMKIA GCAGBATEATES MG TECTT IS GGGAAT

Vi ' h zed
reace LN G aRas, A eSS cccnnCTACTTACA
TTTCTGREGGARST EAT ACNEC TrietsA CCAGAGGETTSINECE ALESAATTGCTACTAGGTCTA
I ' it f ' j
caraBAdN A HGElRochCARS I RSGRCanB e faceaacant
GCTATTAAGTTIOGA GRETA L EAMSA GETE ATTSHEIT COAABEACG CTTACAAGATTGT

GAnGARTRER PRCEIL I SORERCAS e mR A o B Cfacancer
[00199] 1-(BD deiAdinBy: HASER (SBQID NOD) 8):
cpLDG Y] HIDESVXE WL AN HETE PR SR MNP BY e B vD YEELK

HLLSRINNFEXTQUREASNASIBEAACT TNOTEAQEEISABEATAY MIITKINBAGRTIKRSYNN

TNQEDLENGIHHPMPA A BQTHI Y ONET YISV G ST NORL N PRIATRSK YNGQSGRME

FFWTILKENDAINFESNGNFIAPEYAYKIVKKGDSTIMKSELEYGNC

[00200] %@%ﬁm@g@g@%mﬂmm@@amem
GGATCOSTTAMIAGSEAKSTEEATICTATG CEAT T TAGRATGCTUCAFPRTEEAGRTCTTGTG

TeTAC R R O G T A R T A T R ARG ERATGAAATGIGCATTG

GATACCAAGCTAACAACTCTACTGAGCAAGTGGATACAATTATGGAGAAGAACGTGAC
roTTA AL P R ACRE AR T A AR SATIAT T A e TG

ATGGA GITANBECAATTTA AUCTAGAGGA TAGIIAT GEREBHGAGRAATGAEITTRAROGGAAACC

CAATGHEH A To A QT e A T A A C TG CAGA TS OIS TTATA LTI RAGAROOCTAAC

CCAGTTSAGSATCTTTGCTACCCAGGAGATTTCAACGATTACGAGGAGCTTAAGCACCT
TCTTTIAGEATT RALCRETHUSACRY AT EASK R ECAA R T GrfsaTeaTc

TCACGAGSTIOIEACCTGCAE COT TATEGAGAABGA CATRAT SGTGMAA MCIACSACTTTCTT

CAGGA NGy GG T GG ATRAA A AT S TASTTACCEARGRATTAAGA GETCTT

ACAACABGCTIACTAACCAGGAGGATCTTCTTGTGCTTTGGGGAATTCACCATCCAAATGAT
GeTocHRAIERE A PR AC AL AT R B RS G AT TC
TACTCTTAACCAGAGGCTTGTGCCAAGAATTGCTACTAGGTCTAAGGTGAACGGACAAT
CTGGAAGGATGGAGTTCTTCTGGACTATTCTTAAGCCAAACGATGCTATTAACTTCGAG
TCTAACGGAAACTTCATTGCTCCAGAGTACGCTTACAAGATTGTGAAGAAGGGAGATTC
TACTATTATGAAGTCTGAGCTTGAGTACGGAAACTGCAACACTAAGTGCCAAACTCCAA
TGGGAGCTATTAACTCTTCTATGCCATTCCACAACATTCACCCACTTACTATTGGAGAGT
GCCCAAAGTACGTGAAGTCTAACAGGCTTGTGCTTGCTACTGGACTTAGGAATTCTCCA



GGAACGGAACTTACGATTACCCACAGTACTCTGAGGAAGCTAGACTTAAGAGEG
AGGA GATTTCTGGAGTGAAGT TGGAGTCTATTGGTATCTACCAGATTAAGCTT
wQ 00107331 SD donmai n 1-2): HAL 2V: (SEQ | D NO. : PCDYS2007/003969

DQ Cl GYHANNSTEQVDTI MEKNVTVFHAQDI LEKTHNGKLNTKCQTPMGAGNS
SMPFHNI H
PLTI GECPKYVKSI NRLVLATGLRNSPQRERRRKKJLGLFGAI AGFI EGGWQGM
VDGWGYH
HSNEQGSGYAADKESTQKALDGVTNKVNSI | DKIMNTQFEAVGREFNNLERRI EN
LNKKMED
GFLDVWI' YNAEL L VL MENERT L DFHDSNVKNL YDKVRL Q. RDNAKEL GNGCFEF
YHKCD NECMESVRNGTYDYPQYSEEARLKREEI SGVKLESI A YQ

CAAAGATA GGG &0 ANREAD B)AGAGYGGASET TICHOAGQTATTGCTGGATTCATTG

AGGOASE FEEEAR B BT OBATSATACE AP RCRAT AL EF A TG A GCA
GGGATCIECTA TATCRPACTCAT PATCOAI TRA TS APASGIE CACAGAGETGAGTGACTA

AN R AT AT A A CA T A CA TR SR EEAAGT ETIAGGA AGGGAG

TTCAAG?A@@CTTGAGAGGAGGATTGAGAACCTTAACAAGAAAATGGAGGATGGATTCC

CGTGAAGAACCTTTACGACAAAGTGAGGCTTCAGCTTAGGGA
Ao I KU TR ARG T axrcnan

GCATGABENTREEABGGAZ ASTABCAEANCAGITCIECAOGSAGCTAGA

AN A T T GG ARG T TGS EARARGACATTCA

CCATCACAAT CACCACAAGGATGAGCTTTGATGACTCGAGCTC

[00201] WG TAACCAGAGGCTTGTGCCAAGAATTGCTACTA

[00202] AGETCAXGSEACHATTT CRARGEREGERAGTOCEBET GGACTATTCTTAAGCCAA
AT A T A0 GAOA AT FERTASIOER ARG ERRGACA TCA

CGCTGERTCGRAACGGAACTATTGTGAAAACTATTACTAACGATCAGATTGAGGTGACAA

ACGCTW A?%W@W%TCT@AG

TGCATTHCRGEPA ATRNCSEGAT TGIACHER ANMREGEC A/ERBSRAYOA CEFGXACAGGAT

TACTT A A R G M AT RS AR RA G ST R TI TREERACTGGAA

TGAGGKATTERSVMM GAGAAGCAGACTAGGGGAATTTTCGGAGCTATTGCTGGATTCATT
GAGAA%E%%ME%X’%‘E AT GYRETCARRENR AR BA aTTCTG

AGGGANTNT GRENDAGRHESNERET SPEXAKT VKKCIEA GREHGETAMNCTAACCAGATTAAC

commERRRC 0B Sl 60 R e ki anampaoanc

AGTTCTCTGEKG TTGAGGGAAGGATTCAGGATCTTGAGAAGTACGTGGAGGATACAAA
GATTG%W&%¥%€A&EE@%&%%%%M%&ACACTAT
TGATCERALTCNCTITT RABAXC
AGAACE%Q}AGGATATGGGAAATGGATGCTTCAAAATCTACCACAAGTGCGATAACGC
TTGCATTGAGTCTATTAGGAACGGAACTTACGATCACGATGTGTACCGTGATGAGGCTC
TTAACAACAGGTTCCAGATTAAGGGAGTGGAGCTTAAGTCTGGATACAAGGATTGGATT
CTTAAGCTT

[00203]  (SD domain 1-2): HA1 2: (SEQ ID NO.: 24):
QKLPGNDNSTATLCLGHHA VPNGTIVK TITNDQIEVINATELVQSSSTGGINSECITPNGSIPN
DKPFQNVNRITYGACPRYVKONTLKLATGMRNVPEKQTRGIFGAIAGFIENGWEGMVDGWY




TGTTACTCACGCTCAGGATATTCTTGAAAAGACT CACAACGCGAAAGT TGTGCGA

W&%W@OACT TATTCTTAGGGATTGCTCTGI TGCCT GGATREAZUS 1001093969
&A%&C@GATGAGT TCATTAACGT GCSZEIAGAGT GGTCTTATATTGTGGAGAAGG
gr.O&Aé'CIETAATGATCT TTGCTACCCAGGAGATTTCAACGATTACGAGGAGCTTAAG
'IE_%T;%%T AGGATTAACCACTTCGAGAAGATTCAGATTATTCCAAAGTCATCTTG

TCACGAGGCTTCTCTTGGAGI TTCTTCTGCT TGCCCATACCAGGEGAAAGTCATC
GFRHQNSEGETGEQAADLKSTQAAINQINGKLNRLIGKTNEKFHQIEKEFSEVEGRIQDLEKYV

EDTKmWﬁigg%%I%%ﬁﬁﬁMém%&w&lYHKC

DNA CIEAIRRGAADATIDAATIALESATNRARII DRGAATTCACCATCCAA

(00204) ﬁ%ﬁm&%ﬁm&wmmmmqm

AGATCIUTGATTCTCCACACCAGATTCTTGATGGAGAGAACTGCACTCTTATTGATGCT

CTTCTTHEAGA TCALRETERTEEA IR AGRA CRKERL E1EEA e T caraoa

AAGGTCIASHEETSCACTRATTECEACTRIATA CARAMIIGARACA G SCTATHDETICTCTTAG

GAGTCTG B  ER ARG EERERAPITC A RO LR ATCTIFSAAGEOOCTGG

AGTTACGKIAGAACGGAACTTCTTCTGCTTGTAAGAGGAGGTCTAACAAGTCTTTCTTCTC
racec BTG AT A AT AR REA e raTace

AAACAACGAAGAANTTACGATA KT ATGLACS ATAIACAGGAG CACACAKATBACAGITTACTGATT

CTGA T A A T AR B AT T O A RGATEA CLRGOCTARFAACAGGT

CTCA GO GCAATFRGA GAGE2GASSATHAGARSATETRCA AT A EACTAGATAIATCTTCT

AGCAT L R R AR AT S ARG AS R CARHIGTEREFAF ARG TCTACT

GGAAAGCIAATTGCTCCAAGGGGATACTTCAAGATTAGGAGTGGAAAGTCATCTATTAT
cacoA RO TGS AR GGG T CAGAGECTATTGATGAGT

[00205] AQaAGo @R ST HATWATEEATIMAROT:GRACACT CAGT TCGAAGCTGI TGGAA

ODSPHO B R G AR DA AN SRR BIAS LR SL VA

SSGTLEFNRESFNWAGVTQNGTSSACKRRSNKSFFSRLNWLTHLKYKYPALNVTMPNNEK
FDKL YT TR GO AR SERITVE A S ST VPG RIS RSS SRS ry wrrrv

KPGDILEGNITGNACGRR CYHIRSTURSSENMRSIIA PREIBCAAAGT GAGCCT TCAGCTT

A ) ) . .
[00206] T%&RM%H%@@TGA@@A@T&@TM

GGATCO&RGAATTAAAATGGGATTCGTGCTTTTCTCTCAGCTTCCTTCTTTCCTTCTTGTG
TCTACIGICH CH T FEATEY R T AT A EEA R ARG T8 cacaAa

ACGAT A TAARXEIRECRAGNTTTTIGEB BT GERXGTATCAGIGTAGTECUNAABCGGMA CTATTG

IO A A A H G RIS 005041 B 0Nl FRGU I STTCAGTCA

TCTTCTHAT QUA GGERTIIAGEATPAY CCACACCAGATTCTTGATGGAGAGAACTGCAC
TCTTAWWWX%&&M%&HM&%GTGGG
ATCTTTUEGA T CARAMAECHE AT DG TR PETA ATTARTPACGEFOAGAFAGEIGTCAGATT
ACGCTTAAPTAGGAGTCTTGTGGCTTCTTCTGGAACTCTTGAGTTCAACAACGAGTCTT
TCAACTGGGCTGGAGTTACTCAGAACGGAACTTCTTCTGCTTGTAAGAGGAGGTCTAAC
AAGTCTTTCTTCTCTAGGCTTAACTGGCTTACTCACCTTAAGTACAAGTACCCAGCTCTT




ACGCTACTGAGCTTGI TCAGT CATCTTCTACTGGAGGAAT TGGAGGAGGAAACT

Wdc':T meg%mmca AATGGATCTATTCCAAACGATAAGCCAT TCCARATIGR 1807413969
"/I_'\%TA ¥ATGGAGCT TGCCCAAGATACG'IS' Z—IAAGCAGAACACT CTTAAGITGECTAC
$§&A3AATGT GCCAGAGAAGCAGACTAGEGCGAAT TTTCCGAGCTATTGCTGGAT
:G‘\:GEXTCIBATCIIBACIEAATCI;T TGATGGATGGTACGGATTCAGGCATCAGAAT

AGGGAACTGGACAAGCTGCTGATCT TAAGT CTACTCAGGCTGCTATTAACCAGA
AACGTUAGABTGCCAAACAACGAGAAGTTCGATAAGTTGTACATTTGGGGAGTTCACCA

cocaG AT G AT GRICHEA T CP I T EIEASE P rereeRA 8T racror

GTCTAGYHA GARBGEKAA CAGAABTACACEARCBCBAAGAGTGA

GGOAT AT ITACRESACTATF ARG AGRAREARATATTCTTC

TTATTAGACITATACTGGAAACCTTATTGCTCCAAGGGGATACTTCAAGATTAGGAGTGGA

AAGTCATEEK TIATCAGEAGTEATE CERATEARRSTECAX T ERErbeaTTAC

CAKCSASFGGATCANTTIZCAS KACCTAAMCA GCGAATEACTTATG

GAGCT R PG AT A TR AAGCAPACAREET A ST RS SIS BARTGAGGAA

TGTGCAXGAGAAGCAGACTAGGGGAATTTTCGGAGCTATTGCTGGATTCATTGAGAATG

GATGGWWW@%WQ@%@%XGGGMC

TGGACA RGIIGCPEATCHILCNDIIPATIONGIINGCTATTAACCAGATTAACGGAAAGT

reanc IR AR BRI RIS S Bt v coprrcrer

GAGGTDYKDEAY SARHENSFCAGIADCKSCAARM AQTEBGREIC ABGCNIWEANERATTGATC

TGO SRR T RS L PSSR A EANGEL RS OEANTEOATTTOA

CTGATTCTOAGA TINAGIIASA GREGT KO AGRES ANRAA AN B0 KDAGGGAGAACGC

rorcch S IHeAR AR o A S easreppprocaTTo

AGTCTAFTAGGAACGGAACTTACGATCACGATGTGTACCGTGATGAGGCTCTTAACAAC

AGGTTCOAEATTRKEESAGT SEAGE RA G SV ERAT SRS T ¢rrearca

TCACCACCEICHAACECEATHA GAINSEA RCAAIAGESTIIT CCAGATTACGCTTC
TCTTAG '
GAGICTTGIGECTTCTTCTGGAACTCTTGAGI TCAACAACGAGT CTTTCAACTG

GeneratiékbflddBgen sequences from influenza virus neuraminidase
o207y AR A GAAOGACTTCTTCTCCTTCTAMACAGETCTANCANGTETTT

H5N1 (I\I/_Ii_ﬁg_ﬁﬂl' WA eSH B NN EADGY A sAiaEIA - i E SNt C 1 d PAGKE 6nféet.
Produced R ISk AR PSS AR S IO PP Yl aREs St &ty g been

engineereB(@hid either end of sequence encoding domains. The resulting DNA fragments were
fused in @%&%ﬁIe%ﬂ&E@%%%&%%%&g@ %ﬂ%ﬂé (C'J:;rrﬁ er
moleculeCTCAGCAGACT GT GATTCCAAACAT TGGATACCGT CCAAGAGT GAGGGATATTT

j00208) “NAYN1): (SEQ ID NO.: 27): |
GGATCCTTAATTAAAATGGGATTCGTGCTTTTCTCTCAGCTTCCTTCTTTCCTTCTTGTGT
CTACTCTTCTTCTTTTCCTTGTGATTTCTCACTCTTGCCGTGCTCAAAATGTCGACCTTAT
GCTTCAGATTGGAAACATGATTTCTATTTGGGTGTCACACTCTATTCACACTGGAAACCA
GCATCAGTCTGAGCCAATTTCTAACACTAACCTTTTGACTGAGAAGGCTGTGGCTTCTGT




AGGATTTCTATCTACTGGACTATTGTGAAGCCAGGAGATATTCTTCTTATTAAC
TCTACT

WEBAAABGTST AT TGCT CCAAGGGGATACT TCAAGAT TAGGAGT GGARATHT M TT03969
ATTAT GAGGAGTGATGCTCCAATTGSMAAGTGCAAGCTT [ 00205]
(Ghdomain 3): HA3W (SEQ ID NO.: 12):
CDSPHQ LDGENCTL | DAL L GDPQCDGFQNKKWDL FVERSKAYSNCr PZD
PTZ) KASLRSLVA

SSGTLEFNNESFNVWAGVTQNGT SSACKRRSNKSFFSRLNW. THL KYKYPALNVT
VPNNEK

FDKLYI WGVHHPVTDSDQ SLYAQASGRI TVSTKRSQQTVI PNI GYRPRVRDI S
SRI SI YW V KPGDI LLI NSTGNLI APRGYFKI RSGKSSI MRSDAPI GKC
TAAGTTGOGRUGIGAAACTATHGEE) T TEEORT A BHA CO MY G GEBYTGTGTACTCTAAGGA

TAAcT%@EWE&W%E%%EH@SE%W%@EE@%TCAHT

CTTGCTIIAMICTTGRAIDIGFCTCTAGCT GRC T TCUTAGKOIT ACCET ECTAAAMETPA CGATAA

GCACTG R A ST AABRATA BETIS SR ASA ORI ARBIGIRGTCCAS

TTGGAGAATIGCCATCTCCATACAACTCTAGATTCGAGTCTGTTGCTTGGAGTGCTTCTG
CTTGCCWM%%&%E%@W&%@W&GAGCT

GTTGCTEIGCT A AEFIRACAATGGBAATTIACT CEETAAINSATACTPFNGECATAGMGGAACAA

CATTC A G AR T AR AR EAE R LR TARGTAGOCTOTOAT

GACTGATGGACCATCTAATGGACAGGCTTCTCACAAGATTTTCAAGATGGAGAAGGGA
AAGGT @F%WWHWWM%%TT@TG

CTATCOXGATGCIIUGAGAAGAT

cocon e REAATRSSEBAEACASA PTG CTo0A

GTGTTACIAAGATAATCCAAGGCCAAACGATGGAACTGGATCTTGTGGACCAGTGTCATC

maso T A A I K R onTro

GAAGGSGIARAGRCTACTAACTCTAGGAGTGGATTCGAGATGATTTGGGACCCAAACGG
AToA AT A A A R A A R AR R G RcTaa TG

GAGTGGA! CEATEIABTTACAMBCATREFGFBACSTTGRRAGSCATTAG

CCCAT QR AR TEA RRAGARIGCT ARG BARECERFA COACTT

CTGGATCTCTCCATTTCTTTCTGCGGAGTGAATTCTGATACTGTGGGATGGTCTTGGCCAG
TG0 G BT ST ARSI AR AR CAcanG

GATGAGEGTCARITPTGATCAGGAGT GATGCT CCAAT TGGAAAGT GCAACTCTGAGT GC

[00209] T%&&M‘?T@ACGATAA@CCATTCCAGAACGTGAACA@GATTAC

LMLQIGNMIZIWYVSHSIHTGNQHQSEPISNTNLLTEKAVASVKLAGNSSLCPINGWAVYSKD
N U R PR T RIS Gcrvara

PSPYNSREESVBAUSEAA SGPDINEENETAR YOGIEEATIICIWREANILRTQES

Ency R TG R AT B S E R AT FERSTOA T

CVCRDEMVICGSNRPWVSENQNLEY QIGYICSGVFGDNPRPNDGTGSCGPVSSNGAGGVKGF
SFKYGW%%E&WQW%@EW%%SFVQHP
ELTGLDCIRPCFWVELIRGRPKESTIWTSGSSISFCGVNSDTVGWSWPDGAELPFTIDK
[00210] NAWQN2): (SEQ ID NO.: 28):
GGATCCTTAATTAAAATGGGATTCGTGCTTTTCTCTCAGCTTCCTTCTTTCCTTCTTGTGT
CTACTCTTCTTCTTTTCCTTGTGATTTCTCACTCTTGCCGTGCTCAAAATGTCGACAAGCA




TGAACAGGCTTATTGGAAAGACT AACGAGAAGT TCCACCAGATTGAGAAGGAGT

W%ﬁW@TT%@TU TGAGAAGT ACGT GGAGGATRCABAL8AT 103969
'CI';,'?¥€3GTCT TACAACGCTGAGCTTCT TCSS?I' TGCTCTTGAGAACCAGCACACTATTG
éjl:&%CT GAGATGAACAAGT TGT TCGAGAGGACT AAGAAGCAGCT TAGGGAGA
ggﬁ\:GCGBATATCIIBAAATCISATCI:T TCAAAATCTACCACAAGI GCGATAACCCTTG

AGTCTATTAGGAACGGAACT TACGATCACGATGT GTACCGTGATGAGGECTCTTA
GTACGAGAERCAACTCTCCACCAAACAACCAGGTTATGCTTITGCGAGCCAACTATTATTG

oo PR R T T TS RIS Noarrroc

CCAAAGETEGETGAGIACEE T 4AT GG TETARGCOACAGTGEAACATTASTGGATTCGC
IT¢ Sy :

TeeAT RS T G P TR G AR R TG aggTTACAA

GGGAGemrrngmwTaﬁaGW@@WAWGMAcx;mﬁ"é@c;z:ér@wmACAAGGA

AcTActe AR e BT AT Teca P A S R elRiTaceaTac

TCTTTW'E@AW&@@WT@@‘LGﬁ@CEH\BF@@A@H[ﬂ@GAA@T@fA@@AM'E@TGCATTGC

TTGGTﬁ%@Qﬁ%E%%@%{:?Aﬁ]@E%%é@ﬁﬁ%ﬂ&%@gm@i‘ﬁéﬁmAmGGAcA

TGATGAGANIGGTACTEC TEET EAATIGIADA ASIG @A AGGCEF GRGIGAINTGTATTGTTTC

TGO TG A AR A B PG A SRR ARG FOAACTT

GCACTGTGGIGATGACTGATGGATCTGCTTCTGGAAAGGCTGATACAAAGATTCTTTTC
ATTGAGEATGCARNEA ST G AR T ACH A HEr ST oA iR raTT0A

GGA GTGCTUIAGUTACB A TGAATTCHMG G AEIITATAACICT BCFAGUOEFGABAA CTGGA

AGGGA B RACA GRS RAPTRGARAT A CATTMAGA TRASRSTA BT GLETCATCTT

ATGTGTGCTCTGAI TEGTTGEGMHBATETRICA AT AACAABBATIIITCTTCATCTTCAC

ACTOC R AT AREA AR CARCA R B CRAGATARA R A BESAERRFLETTTCOA

TGATGGARRAICGATGTTTGGATGGGAAGGACTATTTCTGAGAAGTTGAGGAGCGGATAC
cncac R S A T AT R O AR A r raacac

GCAAGTEGAITIT FAGAGMETGUAMECA GATT TERCACAGHI SATATEUITEG TGGAGG

canacH A TAACARA TERTRGTA S ETRSAGCEAATEAGFECAABRANGCAGGA

GACTGAGWTATGTGGACTTCTAACTCTATTGTGGTGTTCTGCGGAACTTCTGGAACTTA

CGGAAETHEATEFPEEEUACATECAGE YA T RACCTHATEECAX 6T accAaTe

ATCACGATCAUETALA M GA ARGARTT RN ALTTAGA GATACCATCAAGT CTTGGAGG

[00211] W%HM%CTGAGTGT&TT@GTTMC@TCTT@TTOAC

KQYEFNSHEMNQVMLCEPTIERNITEIVYLTNTTIEKEICPKLAEYRNWSKPQCNITGFAPFS

mNmR%%BWTﬁ%%%XmW%?WRTLLW
ELG VP PRIGETK GRGAAW ST UMD AR A AT T SONIRATARHACSSIGAADSTV S WSKKI
LRTQESECVEINGTCTVVMTDGSASGK ADTKILFIEEGKIVHTSTLSGSAQHVEECSCYPRYP
GVRCVCRDNWKGSNRPIVDINIKDYSIVSSY VCSGLVGDTPRKNDSSSSSHCLDPNNEEGGH
GVKGWAFDDGNDVWMGRTISEKLRSGYETFK VIEGWSNPNSKLQINRQVIVDRGNRSGY'S
GIFSVEGKSCINRCFY VELIRGRKQETEVL WTSNSIVVFCGTSGTYGTGS WPDGADINLMPI




CTATCCAGATGCTGGAGAGATTACTTGT GT GTGCCGT GATAATTGGCATGGATC

W&@Ctﬁqm GICATTCAATCAGAACCT TGAGTACCAGAT TGGT TRCKT 200103969
CGTTES(T;’{"‘CCIEAGATAATCCAAGCIZCAAA&TCIBAACT GGATCTTGIGGACCAGT G
$Acﬁ$&3AGCT GGAGGAGT GAAGCGATTCTCTTTCAAGTACCGAAACCGAGTI TTG
%A-;GCGBACT AAGTCTACTAACTCTAGGAGT GGATTCGAGATGAT TTGGGACCCAA

ATCGACTGAGACTGATTCTTCTTTCTCTGT GAAGCAGGATATTGTIGGECTATTAC
GeneratidpQfTthemostable carrier construct

1002121 SRR B R A AR GRS T Scader
peptide (IGOCAT SIERGNENBKT GANOT 3 ATTARGOEANBERCCAANBEAGPTIMCTATIMG-Thr box,

and e e tins e P A HERX L RE B PR B ereoding

sequenceSBE®ABe LicB encoding gene, circularly permutated the molecule to invert the N- and C-

i A A P AT S o

unique regi@iction endonuclease sites for cloning target sequences at the N- and C-termini as well as

into the s 1y, 1 N andis
%&% 7 WS HIER R DN RS e RS

designateNSHEFEKGDVFVI REPFI SCSHL ECRTFFL TQGAL L NDKHSNGT VKDRSPHRT

L . 50.
(00213 B s ASACHDGTSYLTI G SGPDNGAVAVLIYNG | TDTI KSYR

GGATCRANTAADEIAAAATGGGAGGTTCTTATCCATATAAGTCTGGTGAGTATAGAACTA
Ao TCTE RGBT B MR R ENRES R o0
ATTGTTOVORBIVHESHRPAZIHMNIM. EYGICAT CSEUHENPRARNBATCSCAPEBNGAGAGATT

GATAT R S PR TAS BRSO AT SAATIGH G AT GAATOG

TGTTGGRFUAAA CGAGTATCTTCATAACCTTGGATTTGATGCTTCTCAAGATTTTCATAC

TTATGﬁWﬁ%W?W?W&WMWM%&GGTTTA

TAGAGGLATTATGAA AT TATGEATITATCTCTTGGCCAG
GAATT‘%@?%%%FH%@F@?&&H%%@?MM% GCTGAG
TATGAGCAAGTARINGTAGTP G XCRETGACGST TR T TG GGI TAATAC

TCCATWWMWEEWMM%%% TTGGGC

TAACGGTTGTGTTTTTAACTGTGTTTGGAAGCCATCTCAAGTTACTTTTTCTAACGGAAA
caTGA PROMRETI JERTACAGACH WA CEXCEAPEATEATEIAL M I T 4cTeea

GCTC TCCATTCTCTAAGGATAACTCAATTAGGCTTTCTGCTGGAGGAGATATTTGGGT

Jle TN R R
[00214] %T TTCTTGCGATCCAGATAAGIGCCTACCAGITCCCTCTTGCGAC

MGGSYRKBSSE YRTKSFFGYGYYEVRMKAAKNVGIVSSFFTY TGPSDNNP WDEIDIEFLGK
DTTK VA BV SONE A S XS SEFAT VS EWRFB B VIS SRV YR G TRNS

PVTPGKIMIMINI AT GHACOEGITFRBAGETR TRIH QT ACOACCTV KGR CGTRAEDAAB M TPF VA VFS

NEDS S D AN B BRI A SRR
[00215] T@EeAGErtain constructs, we engineered a PR1a signal peptide and KDEL sequence at the
N- and C-termini of LicKM. The nucleic acid and amino acid sequences of these constructs are

shown in SEQ ID NO.: 31 and SEQ ID NO.: 32.



TGATGAGAACGCTACTGCTTCTTTCATCTACAACGGAAGGECT TGTGGATTCTAT

W; %%BMGAAGATTCT TAGGACT CAGGAGT CTGAGT GT GT GT AT T SACA163969
/&:A,CA:T& GIGGTTATGACTGATGGATCT C6£3T TCTGGAAAGGCTGATACAAAGATTC
X¥$£§GGAGGGAAAGATTGT GCACACTTCTACTCTTTCTGGATCTGCTCAGCAT
E_T(I_E»XﬁGT TCTTGCTACCCAAGGTATCCAGGAGT TAGATGT GTGTGCCGTGATAA

AGGGATCTAACAGGCCAATTGTGGATATTAACATTAAGGATTACTCTATTGTGT
[00216] CABMIID NO.: 31:

GGATC WA@%&E%%%W%%@@H&WCWGT@

CTACACGUICICT TEA TCTARPNGAA G I CCAATRN AT CCAG R GCEBATKTBEAGGTTCTT

ATCCATS R A GG RAT CATTARA G4 ARG T T IS TR R A TAT BETTATTATGAAG

TTAGGATBAEAGGCTGCAAAGAACGTTGGAATTGTTTCTTCTTTCTTTACTTATACTGGAC
CATCTGAIARCAACCERTSE SR SABAFTEA R EAGT T PRGERAX A tacTACT

AAGGTTBCAAGTGNA CGTGEGNIAGSAGH W OAGHITERB TAGKASGHIGTATCCTGATAACCT

TOGAT RS A AR T A T AP A T R T SAGEE AR ERAGATTATAT

TGATTTAGRAN GTTGATGGAAAGAAGGTTTATAGAGGTACTAGAAACATTCCAGTTACTC
croan S EIRETA R A S ST A T TR B caraca
TATGA TIEGAAGASATCUOACCTAGATEENGA I FFASAXOIT ATSACVYITIHOCGEAAACGG

TacaTCHEl R BRSO TSP RN EC M TG T Al erTroar

TCTTC WTHRNEGEMA JCIGTTERE TPRERPAXRIEKPXI TGGAAG

CCATC A T T RAA R R AR AP A T T RS GATABRFASTATGTC

GACCARTAMMATCATCATCATAAGGATGAACTTTGACTCGAGCTC
[00217] \E/%E;“N%—K%/G AWESSSCHDGKAW. HVCVTGDDENATASFI YNGRLVDSI

MGFVLESQIESAOWIS NGLCFINTEXESARENT GBS NMPIYEKESSE YRTREFEGYEXIVEE RMK A A
KNV OISR PSR RN DB RIS 2 U T QU VA NG GRNE KLY FFDASQD

FHTYGHEWRPBWDFYVDGKKVYRGTRNIPVTPGKIMMNL WPGIGVDEWLGRYDGRTPLQ
AEYEY%@@@FWJr%k%%B:ﬁmﬁlfﬁ%&vw&%mvww

GKMIL TH DI EFGKHIHNREFYNBEL RGRKQETEVLW SNSI VWFCGT SGTYGT GSWPDG
ADI NLMPI Gener ati on of thernostable carrier construct
[00212] Full length native C. thernocellumlichenase,

Generatibh 6Becambiaust antiyenaensttualsl y of a | eader peptide (Lp)5

an, N-term.mpnal portion (A, .a rfa 0 1), a.
[00218] C[\{Vg ru?ﬁecfn%glﬁ E:))é;izr??%%n ‘(‘3650,(’3’ gbﬁ‘.r'%d_s %ﬂ?’ p%{}?g E{ﬂ:asg‘rg)i, engineered to take
advantage ef thglfegtomes obthedi higpctoivphage( genBIDY thad\eroredsre Wigh-letd tlapscription and

. Pros Thr box .and C- di seguenc fra he, LicB
tanslatiogy i terSdarRee sicadgy B4 P et A e ePralb e T promorter
sequences/wiaich atehrerelys esodn@tedl iniganorgddisthegtahatk T2 bhade, gedOfdé (Figure 2). pET-

| nfl uepza and r piratory.Viruses, 1:1 and.. .
52 has biel asEBF By Wl and BRL st it S5 e e Hchenase
sequencechatrhad Getraclgaed mahjisarces The cdudyile damainGf tier Iidhehasagene with the
upstreamvs\eclqdlen%esz PR-1A (“Pathogen-Related protein 1 A”), with a endoplasmic reticulum (KDEL)

or a vacuolar retaining sequence (VAC) and a downstream Hisg tag were cloned between the Pac I

and Xhol sites in a modified pET-32 vector (in wich the region between the T7 promoter and the T7



into the surface loop (1). The resulting engi neered
carrier nol ecul e sequence was verified, and is

walewrgesstied Li cKM [00213] SEQ ID NO. : 29: PCT/US2007/003969
GCGATCCTTAATTAAAAT GCGAGGT TCPTATCCATATAAGT CTGGTGAGTATAGA
ﬁgéTTTCT TTGGATATGGT TATTATGAAGT TAGGAT GAAGGCT GCAAAGAACG
X¥$Eﬁ||L||L|||L|||AL||ATACTGEACCATCTGATAACAACCCATGEEAT
§%¥@GF TTCT TGGAAAGGATAd ACTAAGGT TCAATTCAACTGGTATAAG

terminatof (24 BETGERARADGAGTNT SR PRCAR-CRAIVITIGRECCIIQRIARRATITEM-VAC
ﬁl el':?'hAGT GGAGACCAGATTATATTGATTTTTATGT TGATGGAAAGAA
[00219] GAHETANA fragment HA domain or NA was subcloned into the loop (I) portion of LicKM

to give « LTI MG AT A LR AR FARATEAT R T truct.
The DNAGHAZT GG FENPON TG BCEHTGBF AT INTOAE CRABIAE PCCABIVIQAAE a Sall site

to give a SR Tn i opeRASRAPe SRS RA SRS R CraanTTCARGCTTGTTGTT

AATAC

eample ORISR G VLA €L MG THIGAT TSI ST CAATEGGAARAGECTGA

TAACGGTTCTGT TTTTAACTGTGT TTGGAAGCCATCTCAAGT TACTTTTTCTAA

1002201 S entiecn constryeis LiskM HAGDI JIRKMHAGR BRHSKRARIA gere

individuaQIyGaEcl @EHGnfaxd 2 tédseSEPal Teckd.(pBBD4). pBI-D4 is a pBl121-derived binary
veotor in YA SR FREERF oing RS 267Dl SILEESRITENs) nas been

replaced BY TKYQFNVRGUERN B tinidh GROESQDRITVEE BN DTNV GLI@KVAGROT has been

I . . . .
cloned GEHEEA RRRPRS SO SRt SRS DA PRSI R PO SAPESsed (o8-
target anfiyéfy/REh as LicKM-HA(SD), LicKM-HA(GD), LicKM-NA) replaces the coat protein
() eery PYANSEENQIYRRAIERNGN BILOREORULE i vt gone,

" Fof "certain construc neere
and the Gt gubgénopep mRINAgmdmKBE(sgpe idcic extendstie the CRrughen reading frame
-termn LeKM.  The nucl el c aci ngd,am, no i d
(oRe). il or £ Ebec Byt 38 E68 R Cr ANt oot move
througho8{ thahdst pE@t V2 pilhem 3 Plop@0& ] 6411-BE€211 oM ent 8f ¢iral infection remains

Functon T FAATIAMATL SRR 0 G ST AT G SRR cloming sice
(Pacl-PreFAGAEXRAI) GRS BehGEHEMSEAATATHECDACTSEH (EEEp NI Genes, and is

followed L6 TN, 3 fonctzamsiated segion (VTR ThE 35S @9 olEnis £Gd et fipS” ond of

the viral efGAAE The vector sequence is positioned between the BamHI and Sacl sites of pBI121.
The ham AR AR G AR L AR ST FERT T L R0 T b e
11:287). GAEST o RA@ANCTCA TOGOAST GASATERCESTARTdGEAS LIdIVTRAARDIGARM-HA (GD),
or NA togg&%;ces encoding the signal peptide from tobacco PR-1a protein, a 6x His tag and the

ER-retention anchor sequence KDEL or vacuolar sequence (Figure 5). For constructs that contain
sequence encoding, PR-LicKM-HA(SD)-KDEL, PR-LicKM-HA(GD)-KDEL, and PR-LicKM-NA-
KDEL the coding DNA was introduced as Pacl-Xhol fragments into pBI-D4. Furthermore, HAW
(HA Wyoming), HAV (HA Vietnam), NAW (NA Wyoming), and NAV (NA Vietnam) were
introduced directly as PacI-Xhol fragments into pBI-D4. Nucleotide sequénce was subsequently

verified spanning the subcloning junctions of the final expression constructs (Figure 6).



AAGGTTCAATTCAACTGGTATAAGAATGGT GT TGGT GGAAACGAGTATCTTCAT

WéA mC%Q'S'B@\TC-I:T TCTCAAGATTTTCATACT TATGGT TTTGAGT AZBSX0A#03969
?CI-:‘»/;\}I'ILgTTATGT TGATCISAAAGAAGGI? E,I'TATAGACI;T ACTAGAAACATTCCAGT
E%?AAGATTATGATGAATCT TTGECCAGGAATTGCGTIGT TGATGAATGECTTG
%ﬁ%TCISAAGAACT CCACTTCAAGCTGAGTATGAGTATGT TAAGTATTATCCA
?ﬁg%?CTGAATTOAAGCTTGTTGTTAATACTCOAI [TGITGCTGITTTCTCTAA
CTTTGAT

Bample KT PP ST T oG AROGTTCTGTTTTTAACTGTGTT

CC‘ATCT CAAGTTACTTTTTCTAACGGAAAGATGATTCTTACTTTGGATAGAGAG
Agmbaafrd‘f)‘?i tﬂ'ltr CCA'I}CQ @TCATCATCATAAGGATGAACT TTGACTCGAGCTC

[00221] Magvhidotdr Rotine¥iateld tankéh GHAPTEAINCEASY R YikncetRI KB FoBY ¥ M um
. . EVR - )
initratiog gt Safer SRR ISR A et HRo AR e s of ¥

benthamithkdAStInfiltrated with A. rhizogenes or A. tumefaciens (GV3101) containing viral
vectors eRgiAasTeq 1 sxpross LICKRITIA b CIGRMNAL X MVNLWPGE GDEVEGRYD

[00222] AR YRNGRSERiL WINAROAYFENY BES QU EAVANGEY FNGOWRSts pBI-D4-
. F T \ ner,at,i .

prsio RSP AT RERR RISERD 050 B 80 B geghoon koL

Agrobacteripmenkies we&cgrows and ésduced  as dexeripdR3PR apilases 1.1 997, Plant Sci.,

122:101)¢ A% 1§ i%%gt% tuée ﬁ)éc g 1?'“ a%%rsfgfﬁ%fpg &%aérﬁ&szygﬁaxgtht e VEB (5 /1

beef extrdct,alng/t yé4st ¢>0raca|5(g/1tﬁe@ttsiea5 gﬂ Bucrdbe 2bﬂm1dg80p)hagle25 pg/ml

kanamy i 4 0 e TR BB ol pdp RS Sihnb e PEPLAT A5 nomi

kanamycine hO rd 294(hﬂorphhﬁm)artﬁaxpﬂ3;ag"emgamdrtME(SSmgm .6, 2nM pHditioBA MgSO,

een used const ruct 0
and 20 R ERatBE: DhE Hochd Rl v PercenA LSRR I ELO e 8117 a
28°C. Theadllbeere ewhtrifegkd at 3{000x & 6atlGrminhtes andteasugpércied GrdMMA medium

e wth st ream sequen

S st TOVIER PRS0 st e ) BB R e BB 0! 24 kept
for 1-3 hcmrta.t eadnutem(péiahilrg, ord wWwed W&bad’tﬁzﬂmmtﬁga&ﬁq quﬁBethammna leaves
were injeé;;ég v%xthgtﬁ dA%ogdb?z%tsz'%:r es%@;{:}etr'xglon udsgl}% X ds%(%ﬁ‘glé ﬁyrme%e W‘:f‘h?ut a heedle.
Inﬁltrated\leahest\hﬁe hegeaed BN daye Ke. £h 6 dhys)posipfikratiand t he
00223) o By EEMBR R KR, SRPBREPonhl ek R b e B by atgRfment of
lichenase(a@tlgmy assady anc{ ﬂﬂﬁdrﬁjbldﬂmaw (Figagsensg, Hland 00Ri ZymegrhiA analysis
reveatea Y%, SUBSLODEEL AL SORSL b RONL e Rl BML N Remicana

usPon In e cor frame
mﬁltratecl reawsl tedtedd rfl‘hel.axptélbt:Mxi assocasd meihdmd:enme acmh@c(Fx ghines 7 and 9). The
activity b%l\?xéerl%gcgggt & Fuston CR{?éX elns.s Maa\l\@gh?sr%&fcu@ar wei Eht(%han ffie lichenase control
and the same molecular weight of the product expressed by plants after agro-infection, confirming

the presence of whole fusion product.

Clonal root and clonal root line generation
[00224]  Nicotiana benthamiana leaf explants 1 cm x 1 cm wide are obtained from leaves after

sterilization in 0.1% NH4Cl and six washing in sterile dH20. The explants are slightly damaged with



to give a fusion in the correct reading frame for
transl ati on. Exanple 2. Generation of Vaccine
w@andiogsste Antigen Vectors [00220] Tar get ant i BE€NUS2007/003969
constructs Li cKMHA(SD), Lie¢ KM HA(GD), or LicKM NA
wer e individually subcloned into the chosen viral
vector (pBl-D4). pBl-D4 is a pBl 121 -derived binary
vector in which the reporter gene coding for the
Escherichia coli b-D glucuronidase (GQUS) has been
repl aced by a "polylinker" where, between th Xba |I an
Sac | sites, a TW-derived vector-has been cl oned
(Figure 4). pBI-D4 is a TW-based construct in which a
a knife orf theebgesia sive and cheulwed edthattie dgrepacterawmydtizogandsggirain A4,
contamm? Léftne bB?Iét L %ﬁ?@g}ﬂi ngﬁtMe F‘éﬁ]%hlﬁ_#ﬁe \@éﬂf}l_g‘) 'Pﬁeetega#pﬁaga%are
incubated fme ZTWh‘_a@(iélgrow@amg emmghheﬂnm €PBndoopT @8l merftR)ged for 10
N ; ( whi
minutes af %pg(% Ig r?'t Q%Pé:?es%%%gg%ﬁ mrlg‘la d?%ré\’l ﬁ’@é& ?&ié%o%gmﬁg 9}? presence of
20mM acstmynngcm@o Aty elﬁFbﬂ*thssmbeMlonuthateeglanﬂ‘ indrigd poistetikglaper and
tranferreacgntgr(l)cg"}o I;g]grelﬁg ?atgsaig%% Fp T lt");] Fxﬂ:%peo éﬁd id?t?]%%%gt%sﬁrn%%ne Plates

to-ce venent of
are parafilmédd emd and keptrai Rié‘ fqmwpldamal T hesmdalamsaarv |thensramaf¢rrndweto MS plates

in presentg% gi\r’]\f{?@rﬁ)rﬁél {Zgi% a%acl ég}é%&%g/el ﬁ'}?%h]‘: r? (’ﬁﬁg Qgé %% ir@){cefn After

approximately h eveehdt}@fgesgptwmf tengeris soan isopbtdipedfrgm J@emmza tenthamiana

leaf expleiﬂzse &%ﬁﬂv\é@g n»g elry 4‘\/%?; 20 ‘%«{WJe?EéAtQ%g% thé ?fﬁﬁﬁ‘z{/—ﬁ“%@mmm and

pBID4-LeljAeKDEL mtrwist or sequence i s positioned between

th a £, 1Bl
to0z25] 1 o B ARG OF el e S Bt St and PEed BTGP Sb11, hormone
free K; mgldjun20B@yr tvisix dags &t the ms%ﬁyelyﬁnwmga’m trelistlated and transferred

g f s

o tiquid [ el S8 A85 o HF SEDER 8 3250E) Bk S REac and clonal
lines are isebtddobe:dfsubmltm@hwmkbpmbas pnctfbeclnnalamex c&ﬂl ts stcaegpnamﬂ)r the presence
of target m egrﬁéécr r%%g&% l)f ass %m@g{ ofslgch%g ; %(C:{lgla_%ss%y 4 (a?ﬁluol §oblot analysis.

sequence encodi ng, PR— Li cKM HA( SD) - KDEL,

PR- Li cKM NAKDEL t he codi ng

. Example Moguclyroﬁto??)%%g% 3hd' atgl Xhol fragnments into pBl-D4.
Furt her nore, HAW (HA Womi ng) HAV (HA Vi etnam), NAW

[00226] é%og\{{ samaygeﬁaoﬁp %i%\én%crzrgz lrr%g astgcmﬁa tgrxﬂ}tveroﬁlu Cll'vgqfad at 4,5, 6 and

7 days pcrstaqﬁemma Vidhs f&sﬂnsmawﬂslayalysm for pobtsip an;mefsgort tight after being
harvestedS &b Otl l?:%yc? 9t l(iégé tf&rQﬂ%yr%fgz)a(rt hglil of‘ %ﬁ)ls ugﬁ{ nge plan eﬁr%cﬁ% Qr for fusion
protein pamﬁcamm gen Production Agr obact eriuminfiltration of
[00227] gl)(ﬁ?}é)s Sa.I[nOﬁ])gsg 148 %{1 ﬁﬁ:&éecg f?&%@/f‘%gqlx*?aCst%r%{eggesmﬁxbltors (Roche) ina 1/3
w/v ratlol(htﬂ‘li 10. B@ofmssmralandb grouhd Miﬁﬁdpe(siﬁll.r ﬂ'hel hemnoginated &8s bolled for5

t I
minutes %{Srlj%q%erln IY%}] ling b rfgerlaH$ %76%1 If'? yyci,?n%q:ug%xlo? g(éxle\gn rensmutesAat 12.000 rpm at
4°C. The supefmatineneere @8 4Oiyd onfreshriubgand 2@Ll, 1 pl or their dilutions were

separated on a 12% SDS-PAGE and analyzed by Western analysis using anti- Hiss-HA mouse or

rabbit anti-lichenase polyclonal antibodies and/or by zymogram analysis to assess enzymatic activity
indicating functional lichenase activity. Zymography is an electrophoretic method for measuring
enzymatic activity. The method is based on a sodium dodecyl sulfate gel impregnated with a

substrate which 1s degraded by the enzymes resolved during the incubation period. The staining of



vectors engineered to express Li cKM HA or Li cKM NA.
[ 00222] The A. rhizogenes strain A4 (ATCC 43057) was
wo ecanddsisred with the constructs pBI-D4- PCT/US2007/003969

PR- Li cKM HA( SD) - KDEL, PR- Li6g8 KM HA( GD) - KIDEL, and
pBl - D4- PR- Li cKM NA- KDEL. Agrobacterium cul tures were
grown and i nduced as described by Kapila et al. (1997,
Plant Sci., 122:101). A2 nl starter-culture (picked
froma fresh colony) was grown overnight in YEB (5 g/1
beef extract, 1 g/1 yeast extract, 5 g/1 peptone, 5
g/1 sucrose, 2 mMMwith 25 ng/m kananycin at 280C. The
starter culture was diluted 1:500 into 500 m of YEB

the gel repetls si2és ofgnaymkian aghyityes white fpivhds on a dark red background Within a certain

- f [
anse s REIPLIE SHIRBRAN BV sAS1 EmRRtet, 2T
[00228] c uHALx@rassion umMrogzmavbemhmmng lptantsoinfihra@dxidwowith Agrobacterium
2 .Th f X
tumefacans orfggrm§ancg rézém glﬁz‘%oe% ézgss cl:JoSr’lrfagrﬁ gl%er }Ialau dp&i;lgztgﬁrﬁg%ﬁAQSD)-KDEL or
pBID4-I5 ek MsHATCDHWINEES lgrds Fo Sspezmqﬁahd$umes;mading(1@ thelvholecular weight of
. L I nggfo[e[)l, Q
the chxmﬁrgcg P%g%{ IrLoom ; en‘&ée)?g?l)%& orSI%aKRI glé\@é))kﬁﬁkL 19]£he]1-1.&3 protein
electrophigetalyacbidity mrthe fifsidrt prateirocnrredpondsen tieathe@atc MBH\(he lichenase
W th the Agrobacterium suspension using
enzyme wﬁg%sé%yggg%gﬁgyri nge without a needle. Infiltrated
[00229] | e@um_ilfw_eh@'l bithe ebinsaticpratetha sc-HA-YDEG anthl BYNA-KDEL expressed in
the crudf?%a;ac{ 8; 'd 1{1% yi'mr{u%)o?b% m%)l)gtﬂto% tﬂe&gnézﬁf Hﬁl%tgdotgssues and on the
€ presence en express

Vacuum-im'degsdmmue&f I [ chenase activity assay and [ mTunobI ot

anal ysis (Figures 7, 8, 9, and 10). Zynobgram anal ysi s

reveal ed the expression of both HA and NA chineric
Purificatprmosfaimigensn the Nicotiana bentham ana infiltrated

[00230} : ie Ya¥8s {"rgr%tq nt\s/ I-irr}l}ﬁtr 5) (’Vel Srleg . tlng %é)sg(r)ciﬁ?é g;ﬁ“ume{cvzens containing

enase es
the pBIDﬂahntKll\é-II-hdL(deD)t-IﬁDEbeme DprMdﬂA(GE) KIEBL, ant pBiB4-full-length-NA-

KDEL cé%;sll;{e%gtlél aerre V\Blugg :Rgth%ﬁ{(])ggx?lg?tl}?éc x?r%gtggnclg\;}&; é%lglg‘gﬂ%'bm%’ee” protease
inhibitorp Klafmhs) afct ﬁntoa@i-d 00 nYeeds wad acordtiorafi3nglirhes wivesdnceked for 30 min

o f J.00L 2 I r oot
at4°C. ’I%mac Vé%rg rca nlfgeﬁ bF’(fg i‘]‘gaﬂ F?éana i BERL ﬂgrﬁg 3?@%%?”" ernatant was
sequentmiigpﬁla&rectt}&mngh iradmhyweaheri agated bt 20.0@0x Brion30’ea¢®Sand filtered
through @%é—%ﬁ éft%rhb%o%é?%hrgma%olglgﬁplc puN'f‘lc%on and si x washing in

are stightly damaged wi t ha
[00231] k nRé¢saltorg d}dttectabmt alsmg chenauiitn suifa:tel bteagipiwdtion.t Britfhe (NH4)2304 was

added to%%{r%%gﬁ? %ﬁ‘% slé{n I 9 %qu S$cre Bhar}_d %oﬁﬂak’%éﬂ%ﬁhéx g for 15 min.

Pellet wamcanhé apd éNHmbSBataédbdf slwilgf tb 6004 $atiaratidig faindated bh i@ for 1h, and

t t . . rifuged [ .
o o i RS DGR I s
buffer, thepdnaintained &nﬁtmﬁir 20nbn, fotlowad by Gerﬁrlfugeplt ¢8.60€ & gdfof 30 min and

supematghgﬁlil\gl%ﬁtogé%}iéﬁel%%alg’st 1%@9({) vcglu pe? wag ng Lﬂ]ﬁ“grpat ion, the

on st
[00232] Hls-tagged LicKM-HA(SD)-KDEL, L1cKM~HA(GD)-KDEL, and full-length-NA-KDEL

chimeric proteins were purified by using IMAC (“Immobilized Metal Affinity Chromatography,”

GE Healthcare) at room temperature under gravity. The purification was performed under non-
denaturing conditions. Proteins were collected as 0.5 ml fractions, which are unified, added with

20mM EDTA, dialyzed against PBS 1X overnight at 4°C and analyzed by SDS-PAGE.



tranferred onto 0.8% agar M5 plates in presence of 1%
gl ucose and 20Om acet osyri ngone. Pl ates are par af
wo pwd/oga3ds and kept at R T. for two days. The er@l/ast087/003969

are then transferred onto WS plates in presence of

500ng/ 1 Cefotaxim (G f), 100ng/l Timentin (Tim and

25ng/ | kananycin. After approxinmately 5 weeks the

generation of trangenic roots is obtained from

Ni coti ana bent ham ana | eaf explants transforned with

Agr obacterium rhi zogenes containing the

pBl D4- Li c- HA- KDEL and pBI D4- Li c- NA- KDEL constructs.

[00225] After transformation, hairy roots can b e cut
[00233] of Altanativelyabedtions vaerb itlrm apheged fogethhnaddsd avifly 2emMBEDTA, dialyzed

- r
against NE?P#B”‘]Q F%g‘t %Jegl} gh?f éﬁ;u%r %ltﬂg ﬁ'ﬂﬁé}é lri'%g{a'tnég lb?{laolﬁ%ography. For
LicKM- PK/S(Sﬁe)dKDEL B@I@dﬂéﬂ((ﬁﬁmﬂ@lﬁr end Lﬂ:ll-ﬁmgdl-NA -KDH]Jt purification, anion
exchangelsébgil:krg{‘ ggée‘fﬁxgr%sé Eg%}ﬁ{f Zégme%‘h%ncflh%ﬁgg?s é%s eﬁ‘r:es s uFed Samples of
the LicKM-HAS SDHIKINEL, Slocﬁhfhéhl\(ﬁﬁ) KﬁELpamiSﬁlﬂdengtﬁ-NAﬂ@QEL affinity or ion-
) | i e

exchangi@{rif%%rbh%ss aér%{e%({} \Qé(re%%%aggtgﬁrgg ‘?o )éoll%gc glg\ﬁd;el %3134f;ollowed by
Coomassiy ﬁ@inmgt SepyhteUpcoteing vEanalisol alegrcﬁ;ﬂ@&‘z@ll)lﬁensfm@hmpb ePpVF

£
membrar%fs fé\}e\é\/tgg%tn qg@ﬁ%@gfsmé&ngﬁ&%?%a grﬁ -11 thlg% %!é gndﬁ]uccesswely with
anti-rabbftlg&thot sesaslish pmlaacsalropsmatfed ﬁnpbcnb'el n expr eSSI on right

af [
[00234] (t,e‘cﬁfaerca Iﬁg%tx%?sr ésf%gtggag)ﬁs% X ug]&%&{jba)a{mmgrg)oﬁ:%% Bé ugmg Poth the pAb a-
lu:henasac argli tbtnplpb otHdisp 7§h|¢ Hﬁsi-tagtwamnm{nt@@@@ 1% tlfer@s:hess@i‘rqzﬂlesnc proteins and -

the ﬁnal Cg%&ﬁor 319’?!%2&% fielzi p%glegnlvegsswﬁaped% 43 ?:Ig&r;r’? '/ 0.3 g of

tlssue) and ground with a pestel. The honbgenates were
for 5 mnutes in SDS gel |oading buffer and
Hemaggp?:;é%twg’laé?l Ptied by centrifugation for 5 mnutes at
[00235] 12T fﬁe@sp:epms af red®lodkheels YRBO St feombd swanvdifferdnt aom‘besrwed uisesd to
f.ir esh or_their di

be.and_ 2
demonsngée haerma glltjinatm O%Bépl‘gm%rodu%ed oy %Hay%no&)sg%lh&g e{%% \ﬁaccmes The
vaccine raatahg/lsassaya& wag) rafeldred td-dtsS‘dehiAlﬂEjUgR)borar dainhir) from either Influenza

ant b h 0l.y.cl-o di
arwyorabs CASRERG RO R ned A BT T LB e front vir)
[00236] i rRilB@Estfrcng chigkat, itokey ahd béirenaee washed irtdyviduillydgr gtplyhase buffered
saline (ng} eeectgmeos%?l%r Isﬁeg?to@% gzvor 1tﬂ?’g uf oat%d %néglagci. ﬁi} well microtiter
plates wegel lek@t! @vxgelPBs ajone gmaqtmdtwnssham@dzhﬁmgmrmgwhaminly Balcon plates
consistenglgg:}rr(g\gsgd]ﬁgart gn nart]i%wﬂf)%fw%%sp%é 1%? aeu\gll 1 %ag L ?e%git%fc{}g&:'irlleorpxateria} was
assayed ieninphiedte malamglav()ﬁyng/mlwhd tdelut&d@cfsldmp the platkby pipetting 25 pl of
material m%& 5%gp o%% Wg hlksrﬁ]ear lp?r %aIO o sus%?e)nstl he o%%%géggse&%ﬁé/plate was
then dlsplemd aato aflGE2RB tHM\pEBXquEIaEB overd ﬂlakbmmtdlanﬂ)utrehBﬁléﬁnrﬂlriﬁcubated at

n LNk h Wt h.Agr cterium
4C for 4 F{)J%%%gfgreeé]esté@%%gggg@%e | {Jnrﬁ]elgﬁfné%rgegﬁgs cont ai ni ng t he
[00237] pl &@m’ﬁd 3|ctBEﬁMnﬂuanb§AMb‘M(eﬁa)n/ KOHE/2@04 (an H5N1 virus) consnstently and

reproducpo(% g%ve a op | rYge r{: KDEL %_g?” utwg? %ﬂ?eﬁbd $ Phe endpoint dilution was

consistently 8 in rephcates and eXperlment repeats, indicating the H5 domain 3 could hemagglutinate

avian RBC’s at a concentration of 62.5 pg (Figure 11).

Example 5: Immunogenicity Studies



the chinmeric protein Li cKM HA(SD)- KDEL or

LicKMHA(GD)-KDEL if the HA protein el ectrophoretic
wored7lopi3ys i N t he fusion protein corresponds toPehEs2007/003969

theoretic MV (the lichenasé7enzyme MV is about 28 kD).

[00229] Quantification of the chinmeric proteins

Li c- HA- KDEL and Li c- NA- KDEL expressed in the crude

extract can be made by mmunoblotting both on the

manual ly infiltrated ti ssues and on the

vacuuminfiltrated tissues. Purification of anti gens

[ 00230] Leaves fromplants infiltrated wth

reconbi nant Agrobacterium tunefaci ens containing the

pBl D4- Li cKM HA( SD) - KDEL, pBI D4- Li cKM HA( GD) - KDEL, and

Inmahm%un DA-full -I ngth NAKDEL constructs were ground by
eni [ Extraction buffer with "EDTA-free"

[00238] priotiadmb 1mmhnd!gehi¢|its studyobrs)coandabtdd fotdsterpiireO@hetbsnmant-produced

. .3
ciio-o 45 i 014 B LR I BT,
whether tBODdugedpnpibpditdtowdd nd@ralizh mﬂmpm visusaintvitymsThe study used LicKM,

oo R S oL U A L PO s
leaves of O, &&nthmmianb te7 3% pefity, @s dbescolred agpvephi ¢ puri ficati on.

[00239] [s Zn%l\l'eellz\c)eo?ﬂfetrrlx %{glggncé/@%eq}ﬁ%%ﬁie %v i a%%g‘ld' (10(5)3 of

at € precli pl I on
recombinelxﬁImaKM-HfA(SD%IsaKhrﬁaM@D) and 60papediose of reeombinantiNAn hree

immunizagl%éx(s: g?gréraur?oﬁ% %_?%dré@stérgg ré?agrq}o \Mhef EJ At@%)%\fvaﬁxe first boost 14 days

later, follswedlbﬁa isenond ibnestd Qtdegls weri dde fiiost dbhe mnbidsg completeFraund’s adjuvant

ata 1:1 vof% th tge sei%r nc%gos@d’]d néu’ ﬁ@l&ﬁ@%ﬁﬂéw@a& d%.%%ggtg\?edcoﬂﬂgl group

resuspende
received i’nﬁ] ng pezrtlmie ofirecembinant 2GKM.nThrfee Inhioevevdretiy ee@ngnoiip.ufes-immune sera

were collsg}%c? ﬂﬂeo%iy bef%fa%het fi %gﬁw % ﬁ%§ ng gﬁc{‘uﬁgﬂl)‘glﬁ%ﬁ?%?ed at day 28, after

the secon[i(bﬁﬁéiZ]InﬂHle&z:t gygde IchaWbbus( 6B)s WBEldetermined using an ELISA assay
(Figure 1gjrcKM HA( GD) - KDEL, and full -1 engt h- NA- KDEL chineric
gl "oteins were purified by using | MAC ("I mobilized
Metal Affinity Chronmat ogr aphy," GE Healthcare) at room
Inhibitior%)oe A era%tg dttma nndc?crtzv?%e%: by-rl]-zgn%(z: on%é"e{a: rga?]‘.s!;ed 121?12 zln zstenza vaccine
[00240] wdreinombresetund araspcibx-seqdndfopasitsammsfrommh immainingd fas dekcribed

e BRI S TR, iR v o

inactivated mﬂnmlwmk y4 HA auits afiisactivrtedtinfuenca Al Cetradh/1 Bé200drvirus (an

H5N1 vxréld)dwas (W bmezﬁ%%) %@f ﬁfu?‘f))f&%@%%%@ @FL(})D cgeiluQn ngected after the

ver ni puri
second bégst oﬁw:coglleafhﬂybltlﬁo of h@rﬁi{ggl\hik(asm aptiBity in avian RBCs was assessed as

descrxbed‘ in )%achaFt( th }{egﬁi@}ﬂf an"i"% ers ng%g:‘,tﬂl% KN% %%hbltlon of Eem?gglutmatlon of

TR AR O eXeh arose
virus. Exéhmmmns Hepfetth i Figoieal EBIaoé smremaese)d m/éfsablﬁsle dlemonstrate that

antnbodne? ?de c?ap?{rot‘éc t%ﬁlgiﬁ%ﬁ‘% HA&[%‘\P%,M, DEéctlgbg, SKW-HA( GD) - KDEL,

eng ’onexchange

Table 1: Hemagglutination inhibition by immune sera raised against experimental influenza

vaccine

Hemagglutinin inhibition
Vaccination Group

titers (serum dilution —1)




purified chineric proteins were separated on 12%

pol yacryl am de gels foll owed by Coonassi e stai ning.
weepangidesl proteins were al so el ectrophoreti caPtmUS2007/003969

transferred onto PDVF nenbs&nes for Western bl ot

anal ysi s using polyclonal anti-lichenase anti body and

successively with anti-rabbit 1gG horseradi sh

per oxi dase- conj ugat ed anti body. [00234] Col |l ected

fractions after dialysis were analyzed by

I mmunobl otting using both the pAb a- |ichenase and the

pAb a-H s . The His-tag was mai ntai ned by the

expressed chineric proteins and - the fina

PBScmﬂﬂﬂncentratio of the pwidfied protpin was eval uated by

software: aggtut-nati-or—assa D0235] Three species
Ug_' )’ L
P“ﬂm"mﬁ?sﬁgalblood cells (RB&éq fromtwo| di fferent sources

Vaccine WY &ljwmsafl to [denonstrassohenmaggl ut| nating activity in
p . ' uenza vacci nes. The
Vaccine Wadlyyadt nat erfi al  assaye¥was referfed to as "domain 3"

(globular donain) from erther InflTuenza
VWon1ng/03/Ohyéan H3N2 virus) or |Influenza
Example §) \Jledehatiren ehyerrs Yagqina@8® virus). [00236] RBCs
from chi cken, turkey and horse were washed
i ndividually in phosphate buffered saline (PBS) three
A. Imtramysidar vacdingtiptisted to 0.5% v/ v with PBS. Round

[00241] batHeasmeét, a@@stmishemrﬁhat inb&s1 ¢ Ak @ﬁzd%'f%ﬂ&ﬁi@ﬂfé%bﬁ has been
PBS al one for qua |ty assurance denonstra

tin
used to dq}ﬁwnpg}ecqjﬁc?ﬂyﬁ arflyenza VageHIsh («yg p!}@(p‘l &l bflﬁégphen et al., 1995;

schelbua&elgt&veabpsns\b@éﬂé@@m 1996|M7c¥§bzaﬂ¢€eﬂe%t_’>03’qvt£a%§éﬂ 4%, 1982, J. Infect.
I he mat erial was assa

ed in_ dup l'icate startjn
Dis.,146: 6805 T%P@?Srﬁf Zhn 407 W RDSHT o7 4 |‘89‘pr@&1&§‘ g1k PYyapd B‘@?’F‘Fﬁ@’ al., 1994).
Transmlsgian Rludfds uIBzRIg Blerrbt indmAamBdel Bhve RSt ohl e dthGiftratd@ dBhorab recipient
0. 5% suspensi on of one speci es of RBC pl ate was. then

spread Ofdi‘@‘peé‘ﬁé Sy uphup 2lgp pheglierts °6fnqtﬁaqnsp9ma'erélenp? at wguw@feélocher etal,
2001; andPIeHEEhet O S, S0bP ULHR HERGSIoBNE AritfalRAlRt-Aalldfgef Rbde used in the

hours before detern1n|nﬂ positive from negative
studies dgsgeibed Rereindgs B9gn mseassHILY testeshwvitinfnagiyaied wr\ﬁdéw?mﬁdlmﬂuenza
vaccines.194/ 2004 (an H5N 1 virus) consistently and

reproduci bly gave a positive result on avian RBCs but

not horse RBCs. The endpoint dilution was consistently

}ymﬁmngkéﬁﬂﬁﬁghhﬁgtes and experinment repeats, indicating the
omain 3 coul d henagglutlnate avian RBCs at a

[00242) CO\N g asrepsedithgingpunpgenic ap pﬁ)@?céwg fff cag(af@lprét—m‘oduced antigens in

ferrets. l*egmi-[l@lg?ﬂbﬁ?shsttéﬁ ot pueired ktbdtiadliot PR EGRATH Gldnys. A WSmains from a
] 00238] An initial |nnuno eni city study was conducted

strain of influgnaadyps ﬁe(A\AWé’PH’éIPg/yI Sblpgdﬁ%ré &nginggesd %@F’Q@ﬁ with thermostable

carrier mblé8iI@ RAd pRIHubed NNt HAESI éﬂp?es%ﬁ’hv\z%tl:ﬁ@sldgsdﬂb%@ above. NA from a
i muni zed |ntra erjtoneally, and et her the i nduced

the same §®inYA§PEQ ltcaavrua Rlant-based z)épquw.%&eaﬂ 35 Jegried appyq. o est articles
did not c&h@' nSh @Vclefatids] ©KM subbiahddt SnRdiouddgeltit HA(SD), and

omhi nant NA enri ched fron1Agrobacter|un1|nf|Itr at ed
[00243] Speclﬁcally, nucleotide sequences encoding amino acids 17 to 67 plus 294 to 532 of HA,

which together comprise the stem domain (Wilson et al., 1981, Nature 289:366), were inserted into
LicKM (GenBank accession number DQ776900) to give LicKM-HA(SD). Nucleotide sequences
encoding amino acids 68 to 293 of HA, comprising the globular domain (Wilson et al., supra), were
similarly inserted to give LicKM-HA(GD). Sequence encoding the signal peptide of the Nicotiana
tabacum pathogeqesis-related protein PR 1a (Pfitzner et al., 1987, Nucleic Acids Res., 15:4449) was

included at the N-terminus of the fusions. Sequences encoding the poly-histidine affinity



| eaves of TV. benthamiana to 75% purity, as descri bed
above. [00239] Eight-week old female BALB/c m ce were
wo povadBesl with 100 ng per dose of reconbi hant PCT/US2007/003969

Li cKM HA(SD), LicKVHA(QD), 6and 50ng per dose of

reconbi nant NA. Three i mruni zati ons of inmunogen were

adm nistered intraperitoneally at day | the first

boost 14 days later, followed by a second boost 10

days later. The first dose included conplete Freund's

adjuvant at a 1:1 volunme ratio, the second dose did

not include any adjuvant. A negative control group

recei ved 250 ng per dose of reconbinant LicKM Three
purificatipm t.'cxg (\ﬁ&H'ES) 'amd é’&dmdg]pleupic r@icelummetegiacignal BEL) were included at the

C-terminIs ”léheg%l s o8 I5i q]%ywé?-g f’ r[o%P&:giem{o téé Eygrgdg {l&??r eﬁﬁiﬁbﬁls(%?son etal.,

supra), whmcahl@»\&scfosmral Ignﬁd)me fragscsipian from thg @tﬂrﬁqvm ahyostictvinus 35S promotor,

Si ng..an ELLSA assa
followed\gﬁhvurgplieppcamop ﬁ?dl’é efdiencs eXpression y B g mos)uc vilrus (TMV) coat

protein subygenioreicSeRNA éﬂl‘sﬁn‘aagazr ak,t1996f denga 258Edi2h enc[ QBM&E derived from
r ei ne se um ond 0 sgr

the Agrogzﬁ]%%len r}ég rglé ?%él% On eg a\?\k%(g&aééoésgree 9} ﬁoi; Qﬁ?n}"or%e transient

expressionlif] Itérggts d)f leawts Uo d;ldntmn,aequdme emduidioi g arhmoreggls 38itm 469 ofINA from
ac, i na t i vat lltdhe [ us f

the samelnh auC | va am was fjoéjr‘f‘z:ea cV)rE S t?loh#gp oé'(fasdor\% %fsg a.nRs above, the

signal peﬁﬁ\éloﬁBR]us)/asnasludemwl theN-twminu@&md 6:4is gilusKDBhsvapé included at the

[ e- i mmune serum or serumcollected after the second

oost of vaccine. Inhibition of hemaggl uti nation

[00244] acflfhe\ﬂngyxeenedewcmrs @B@snmgxmfhlssmgemswdwsmmdwdd imo

Agrobac)?ﬁi%%%u{xe 8ﬁ1e63 g’ am :){a? c¥r0§or}g§ or§ srp%'l__sﬁf)lgsecf‘ft recombmantA

tumejbczdmsvdre mtotdpeat mcb Nmoﬁamb@tmzamﬂlams m:mnnéhtlng lééarbi e

a roxnmate &Dvxrl] 2 r a eer stor\}v"_i\rtl arllnotr epr 9 Im rodrugcl.a eget%g nuegcr; otes 0 le tissues. Plants

PP Ax.% FERAGH Vra D BHeTa fiaduse Bresksranenc jpiodesf.

were groHe magginug lsmﬂltmdm li2rioublightdn 2ﬂny)ur dm'lqmemkeba‘s atalg@d Leaves were
rarvesto 8 Bty BRI ) gLl HEDA R R RIRR i Frorein
extracts weére prapataddry Wg_ﬂeaﬂﬁsen b dnffet conaprisirgd SHnN kedlumnphospghate, pH 7.0;
nodel r.the stud nfect 0 h been
100 mM a8 obiden 0 SeoiB i P o SR REet b 10 UL prfgeptoethanol,
Recombifént@ntigiaig dvedt eﬂhcheﬂl Yyammdrtiimetifak precl;ﬂ%mn Solneidal muaimobilized
meta sty Sy REabp Ut by v @t ) s GRR <oy tanie iygmpipgraphy, with
dialysis afefrBachtstepl, to dtAakt SNt}ﬁthr et al, 1994; Fenton et.al,
Tr.ansm ssi on st udi

[00245] i?ﬁ]]éi r;E?%géX\fgl?afng{)ro hﬁ:eﬁgal’nti%‘%% é%]tm%%e%ﬁaﬂgﬁ?r? were assessed by ELISA
analysis (RgIO63) laadl @dddaRabtuting tamiifirsbly impiemadlonfing (FHig.U6B3.aFor ELISA, 96-

el . R B U 1 55 N B e e S

coated with inacB0€] infllefzhRIWYGhDBIC3 PitusTECossarplaes leed ineitgeed with sheep
antlserumrrPa(?seld alégl(?xgt }:I:unfI eg%{A of A/Wyoming/3/03 virus, sheep antiserum raised against
NIBRG-18 (H7N2) reassorted virus, or sheep antiserum raised against NIBRG-17 (H7N1) reassorted
virus. For immunoblot analysis, 100 ng of LicKM-HA(SD), 100 ng of LicKM-HA(GD), and an

amount of inactivated influenza A/Wyoming/3/03 corresponding to 100 ng of HA were separated by

C-termin

I

SDS-PAGE, transferred to polyvinylidene fluoride membrane and incubated with rabbit antiserum
raised against LicKM or sheep antiserum raised against purified HA from A/Wyoming/3/03 virus.
NA activity was assayed according to the standard WHO protocol WHO/CDS/CSR/NCS 2002.5



studi es descri bed herein has been successfully tested
Wi th inactivated non adjuvanted influenza vacci nes.
we@e@dogision of Test Articles [00242] W assesseAr/URE®07/003969
I mmunogeni city and protecti?te efficacy of
pl ant - produced antigens in ferrets. Test articles
consisted of purified target antigen produced in
pl ants. HA donmains froma strain of influenza type A
(A’ Wom ng/ 3/ 03 [ HB3N2] ) were engi neered as fusions
with thernostable carrier nolecule and produced in a
pl ant - based expression system as descri bed above. NA
froma the sane strain was produced in a plant-based
Rev.l. Theiphibitianosf NAsctvinbawagiessesstd byl prebiovebating planinprodiiced NA with sheep
i
antlsemmdljage&] ?éa(l)rgsg ﬂé‘gjen tg@ﬂ%/ 8%‘1%(? lglgngl\lgﬁc rthgfé"r&lg%%{lgste os\ﬂﬁt | g@ 1PfH7N1D
reassorteds Geusgive $0 enclodiirg)thamienmawidake assayt o 67 plus 294 to

[00246] ( &ﬁ)é{g rl}f"l\?A%m%B@%gﬁﬁaggsa%o ggcg&lg?%i m);\trvgg‘ﬂlnggé’gfoﬂ ély recognized
(S}

by the referebee derwrkithanGanBMELAETDs sltfonsh patyelonBigaPEiY @@’}lmt rgisgd ggainst
LicKM re%owci%(:ﬁﬁl%gl% stql&ihxd&térﬁgfgn f@@) qg%ﬁ ft% tnaﬁoduced NA was

recogmzeéi\bvylrsf@renec palyclosalshagp samm eaxs¢dﬁgamst gcasm@m IéaNB irgs (Fig. 16C),
[

and showph Sl oo R B RRBRETEL RiekcRE: SrORTH o RRADPEeifigranner
(Fig. 16Cy (Pfitzner et al. , 1987 Nucl eic Acids Res. ,

15: 4449) was included at the N-term nus of the

fusions. Sequences encodi ng the poly-histidine
Vaccinatzaﬁfi nitypurification tag (6xH s) and the endopl asmic
[00247) (% Err&%&ﬂiésr d LB gﬂcgér %%H\%lg)reed‘ﬁ%t% rlfg uécee‘ég ??tﬁﬁxted%g?he UK
Animal ($xymnﬁ¢ RrecﬁtdurCS}JBde 986V Mairfiteh onhlbinsuferrats (Highigete Farm, Highgate,
England) a‘{_ l5 l{)s\?o\cr}d V%%gimg%?ﬁmt @gﬂg@geﬁ Qltlé ﬂﬂzlaftl]pg :Flfmeséu%r and maintained
on high- denmad fenetpi].abd)ietl A 5dRB PraxdgetSuppliess hordax biies sfemwasslgond to

t obacc 252t C s (TWV) coat protein subgenom c
treatment, SERURS (a%ﬁl vprrl g‘s%i&"é? ah, 1999, Virology, 255:312) and

which is derived fromthe Agrobacterial binary plasmd

pBI 121 (Chen et ah,T ggcp Trl\/g} en? 8,9- 11 287) for

Giddptl On,Rdiﬂquence I no aci
N f r O)’nihhﬁls&aﬁﬁnl nﬂ' :qg?‘?? was

pep de of PRIa as |ncI dded at < N- leSf

d 6xHi s s KDEL were i ncl ig(gd at :{{bﬁ {2‘ "Idel

0244] The€ engi neer ed 8ect or SVLHBt aj gt an ue puts

ant| gens were introduced into Agrobacterium acjuvan
Test article 2

Shspenst onSof reconbi Aant {ulbd B6| end e | e 4GENA

into Nicotiana bent ham ana plants by innocul at|

%H’l’?‘bf}luc ﬁ‘gfaﬁfngnf

ntrol

le3
aves app x weeks after gin f'c
tg i nt roduchB(t ar get se&uences%ﬁf‘% I eg%% rfssues ggplu:
Pl ants TCID van
5 SC 8 50 300 pl Positive control
recorded

* TCIDsg (“Tissue Culture Infecting Dose™) = the level of dilution of a virus at which half of
a series of laboratory wells contain active, growing virus.

[00248] Three groups of eight ferrets were immunized subcutaneously by priming and boosting

twice (on days 0, 14, and 28) with candidate vaccine formulations (VC1 plus adjuvant, VC2, and



were grown in potting soil under 12 hour light / 12
hour dark conditions at 2 10C. Leaves were harvested
wo omr/09318even days after inocul ati on, dependi PQr/OR20071@3969
expression construct. Protédin extracts were prepared
by grinding |leaves in a buffer conprising 50 mM sodi um
phosphate, pH 7.0; 100 mM sodi um chl ori de; 10 nM
sodi um di et hyl d t hi ocarbamate; and 10 mM
b- mer capt oet hanol . Reconbi nant anti gens were enriched
by ammoni um sul fate precipitation foll owed by
i mmobi lized netal affinity chromatography (e.g., by
usi ng 6xH s tag) and ani on exchange chronmat ography,
VC2 plusdj vadi)aopsirengédnatrinatimls of plapt-ptodluadd inBastza@dtigensr(Table 1). VCI

animals g e AP e T JCERFIIE g ROCUL LRI GE B I . v

animals rmme}is](m HeFLigKM-651p), 400 pgAdeMEEGRAY, and ﬁ@ pg Al ilioh3 nipgralum (“plus

e TP RO P RO D 100 e com
deliveredpugetmrexdrrkilmﬂ b6 apyirexioratadpadegg wfcoﬂm i hgmnw &beteb] animals received

-influenza rus. at e ates.
atum st HERE o1 Q3L il gl et b6 oggpiuonca
A/Wyomhb@/IYfB Nr\i\y(ﬂﬁ mg aBd Ghcentrat®n 11O0epTEHD 5, per miron daﬁ €X Following
immuniz % BRbugl wa iop ey R REh! el RS he and gonera
activity. VI rus. FOTS |) mmggbl ot anal ysis, 100 ng og

Li D K an

ouzsoy LGN Y P OB e S B LB B e
A/Wyomms/ng virfis b:tlh mcmt&epabﬁﬂ @Scf TIyIHSDﬁerFMKEn dhysmfsdr eherfmhl dose Blood
samples VrV%lerl iley, ancp %lglg?s%neerpgllag{é OJ Vé:énasl Oﬁlné? rygrcmcg\ra{lg?f 21 lenge, and four days
post-chal e, nasal avasked macmiﬁctqﬂ%r fauve daydpdst-clmllenge. Serum HI titers were

cerermindel AR Pl a0 Y R Blsintosuen
A/Sydne803. (ERi) 'A/Calﬁftﬂnﬂaﬂm@mfmﬂ) anfl Abwewdtaludmya/mw (HINT) viruses.

bat i d d
t0020) HRARSES vtk afefbiei bRk R e e Gt by according o
the schede?sl‘dﬂﬂc)nﬂﬂh TablecY. dN® gd)m;se(dﬂfeBEGvére ﬁo{emxmx].y amemédmdg plant-

to cond ctln mi _ni da ssa
produced[vaﬁcﬂt% arlcﬁcgaé ﬁi\rgflla AVETR %“Pﬁﬂﬁﬁ angg% gs or md¥v1dual
identificatioa l&ivil Wh(n&&)mg\hasdy’mm@e&hrran Qﬂoymg@mgﬁﬂrké @ubyn tHeree separate occasions

. ref eyence.ser um t

ar time p{i§sifeFHEE i e ek AP eaple T ablech o ke Bl gLt vhiEe was

aliquotedffas eawh doce.aT st Matedial @xt miited(Witlgadji o) immediatdy priamto administration.
pl ant - produced NA was recogni zed by reference
pol ycl onal sheep serumrai sed agai nst reassortapt H7N2
virus (Fig. 16C), and showed enzymatic activity that
was i nhibited by reference serumin a strain specific
manner (Fig. 16C). Vaccination [00247] Ferret studies
were carried out under UK Home Office |icense as
required by the UK Animal (Scientific Procedures) Act,
1986. Male fitch or albino ferrets (H ghgate Farm
Hi ghgat e,



Engl and), 4.5 nonths old, weighing from441 to 629 g
at the initiation of the study, and naintai ned on
woeghogsnsi ty ferret LabDiet 5L1 5 (1 PS ProducPCT/US2007/003969
Suppl i es, London, UK), wer@&2assigned to treatnent
groups as shown in Table 2. Table 2. Treatnent G oups
GNroou. p AdnRi onui stteraotifon Nanui nmbal esr ionf
Dose Vol une Treatnent each group 1 SC 8 - 300 ni
Negative control Test article 1 2 SC 8 100 ng 300 ni
VC plus adjuvant Test article 2 3 SC 8 100 ng 300 m
VC2 NO adj uvant Test article 3 4 SC 8 | GO ng 300 m
VC2 plus adjuvant 5 SC 8 TClI D50 recorded 300 m
Positive control * Tables) $rkdy Schedudl t ure | nfecting

Dose") = {ig d&Ufdy of dilggiopgof 4@ vyrug atywhgchy,
hal f_af_a S@&ries af | aboratory \Aeiis contain active,
gr owi Trgnspionda. Infplih2atidh ThXee groups of eight ferrets
were\i,mmn'.zed subcut aneoysl y, by %ri m ng and boosti ng
twice T5H2H8Ys 0, 14, and™28)*wi t# candi date vaccine

f or mClatlengs (VC plus adjuvant, VC2,XandVC2 pl us

adj uvgnt.).egnt ai ni ng conbinnat fonsyof Pl art - pyodyce

i nfl uenzéthg‘gtgi Gens CTabl 1) G Xani B & 1 PXoHee% o0
my ofBedycWRighA( SD) and 10& ngXLi cKM GO pPus X. 3XngX

al umTeYsreralid®iify recei vegt 10§ noxLi ckM 6SD)x 100 w0

Li cKM (GD), and 50 ng NA, _plus 1.3 alum (" plus

adj uVAFISEFe pl us no al u?ﬁp("?ﬁo ad H\%ént % A00%ngXof

Li cKNR4seDwawssl 100 ng of Li cKM (GD) del i vey edxt oget ier

corr ond. t roxi mately 1Q0 of ,HA. Negati ve

contro@ngﬂrf"n‘gP@g&é(cei ved gl u adjn%va al one, and X

posi tCubBngontrol animals were given a single X

i ntranasal dose of influenza AVWom ng/ 3703 vifus (0.5

~m at a concentration of 105 5 TCI D50 per ml on day

A”GZJ’S’SO)_. Fol | owi ng i mmuni zation, aninmals were nonitored
[00251] datkiyicdiQl gﬂs?ﬁéaﬁ’ﬁ%_c?res)', 68dy! RLiLRN and R Jetdidre REYded $F%Re recorded.

a y.

.and general activi. ] ) o .
Once daily, post-infection, each animal examined for lesions or irritation, mobility, erythema, and

general activity, and observations were recorded for determination of health scores. Each animal
was scored as follows: sneezing or nasal rattling (1 point); purulent discharge from the external nares
(1 point); decreased spontaneous activity or play (1 point); no spontaneous activity or decreased
alertness (2 points). “Decreased spontaneous activity or play” and “no spontaneous activity or
decreased alertness” were mutually exclusive scoring points. Maximum loss in weight from day of
infection was calculated for each animal. Maximum increase in body temperature from day of
infection ‘was also calculated for each animal. Mean and standard deviation of maximum health
score, weight loss, and temperature change for each animal on any day was calculated by treatment
group and compared by ANOVA. An AUC-like measure comprising the sum health, weight loss,
and temperature change scores on each day post-infection was calculated for each animal; treatment

~ group means, medians and standard deviations were calculated and compared by ANOVA or
Kruskal-Wallis test, as appropriate. Following challenge of live virus, each of the treatment groups
demonstrated recovery from challenge as indicated by clinical signs, and changes in temperature and
body weight. Groups of animals that received the test vaccine were protected and showed little or no
symptoms of disease following challenge with homologous influenza virus. Both test vaccine

candidates provided full protection to animals (Figure 14).



[00249] Aninmals were challenged intranasally while
under anaesthetic with 0.5 m of influenza
WMy opa3mgy/ 3/ 03 virus at a concentration of 10BCBUS2007/003969
TCI Dso per m ten days aftés the final dose. Bl ood
sanpl es were collected fromsuperficial tail veins on
days of vaccination, challenge, and four days
post - chal | enge, and nasal washes were collected for
four days post-challenge. SerumH Ttiters were
determ ned for honol ogous influenza A/ Wom ng/ 3/ 03
virus and heterol ogous influenza A/ Sydney/5/97 (H3N2),
Al Californial/7/04 (H3N2) and A/ New Cal edoni a/ 20/ 99
[00252] ( H’Ildklll)washesje/eﬂa colle&ed efterl viduk Uhﬂ%gvaffhé maluired nasal wash recovery

es rus cha | enges arri.ed o
was measf @ 6 Sy es Bt L SR PE bR SRS T ety cell response
was assesaetl/ mr;ﬁet—e]ﬁzﬂbngs nasal washes byi sﬂamnﬁgﬂwlth mrymnS)lﬁeg_eed/ tondgtermine total
d vacci

cell counps},l% . ciug n uﬁcowtg% %E%f)élpts ip 8?5211 Ankln/wgae ﬁummarlzed by mean, median,
and Standad@dé\némﬁmﬂ log—ta:nsfommi dava om gadhadmpliagdey pos efectiDos kregtment

was carrl occasi on L time .. .
sroups wiEabBaizafs: REDVA of REREeSHAMAE P or iz Sy lefBaglinical signs
dlscussedraibbee |rad>m|:me:;gajf @elsal fvasltbs M&td@ﬁeaﬁhﬂeﬁ&@b&p& feo¢ividg@hch of the test

treatment v&ﬁga? ?eé?cg}ln‘g'ﬁeg rpr?tsctg&rﬁn(ﬁ]i] g%?cgtonoeﬁu%l tBi cér %eatgttna@/posmve control
groups (F‘iglheddlj e. Day of study -38 -24 -10 01 2 3 4

(002531 5 ViR SBEts wiSe g Rl Obicse RS Rl i ooy T cen
titration dﬁ t}(e hasaponsh SHmp]Elal The eddpoiMt of tie XIXCK ddﬂaittdmoﬁfamag whs Hetermined
X X X

by perfor%m}g %ha]?$g)l<ﬂtén omﬁay S‘ﬁ” tt'"&%é cisg ?1 ﬁ?‘i Sa| #; %ﬂgely caﬁ:uﬁt:on was

used to détbmlnb ltbg:;&:mcao(mbﬁ)el yachergple, \ang shedding fbont the dhi gaﬂa samples
recor nfecti

was detergyg?ﬂ QJLROS 6?%%%{] %zﬁg] %?Slh ?‘PB?@I 1mWB6qur‘ %},ﬁg‘ %or eth ammal was log-

transformetytréutiiant @rodp geaey, aledaas,iand tsgandaﬂaﬂeohaeﬁs/ﬁbﬂema&umaerdand

R T M TR ER O —

shedding raaﬁrtyl g was kmﬂﬁtéﬂ arid thel gﬂiuﬁﬁl tveft coplrasee uf;lhg &yf &t for independence.
ont aneous

Results fighy Ye'@?%a%‘?e@ ggepffwt?d ‘%oﬂﬂ%‘f’ﬁtlf R B et R cosakeaymes eroup
resulted 1A kigdeRoaaastRAding of virus (Figure 15).

[00254] Hemagglutinin inhibition assays (HAI) were performed as described in Example 5 using
pre and post-vaccination serum samples against homologous virus (Influenza A/Wyoming/3/2003
(H3N2) virus) to confirm sero-negativity of the animals at baseline and whether or not animals sero-
convert following immunization and infection. HAI titres were tabulated and animals with a > 4-
fold rise between day 0 and the terminal day were identified.

[00255] Hemagglutination-inhibition (HI) activity of sera from immunized animals is regarded as
a correlate of protection (Brown er al., 2004, Dev. Biol. (Basel), 115:1; and Hobson et al., 1972, J.
Hyg., 70:767). Results from one such experiment are presented in Table 4. All animals in groups
immunized with test vaccines against H3N2 or positive control mounted strong target-specific
immune responses with high serum hemagglutination inhibiting activity. Following a first dose of
vaccine, VC2 plus adjuvant generated high HAI titers. VC2 without adjuvant generated a protective
response, though titers not as high as with adjuvant after a first dose. However, following a second

dose, titers reached similar levels to CMB1 with adjuvant. VCI plus adjuvant also resulted in



alertness (2 points). "Decreased spontaneous activity
or play" and "no spontaneous activity or decreased
wa@ab@rssss” were mutual |y excl usive scoring poPEI/ES2007/003969

Maxi mum | oss in weight fromday of infection was

cal cul ated for each animal. Maxi mumincrease in body

tenperature fromday of infection was al so cal cul at ed

for each animal. Mean and standard devi ati on of

maxi mum heal th score, weight |oss, and tenperature
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i n post-chalTenge nasal washes by Stai ni ng w
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[00256] ¢ Respithiomeseseyd B8 aseal exretithenare Aresartad muaighranel dNo HI activity

was obseWH@TB Ik BfimBYe B2 o B a'imnala&dms;kﬁmﬁ @ syihAld @e.9%). However,
transforned data on each sanpling day
sera frorrb%lgf

erret eceingisd WitheWEdahis agﬂwa@tsem&"@d @esﬁﬂ @igryip the range of 1:320

to 1 ZSGW tRér 1@79}*@% ih'esﬁr&%ﬁe 88, BRPEORL ﬁE]%ndéls%h "l’tfwer HI titers
clinical signs | scussed ove, monitorin nasal

followm&ﬁ@rfgét qorelvers FeTVEd AMOBS tamgraénrﬁgt reediued/ Vg wrdwram (Fig. 17),

su ggestxr%gt‘tﬁattﬁﬁtmﬂgﬁﬁﬁv@%dﬂ@é‘@ih@ ERnRBEPRPLARL &GS AhE ElohPihimals that
ominfection equal to, or greater than positive

received V6 saye HYtiierpdn theiraraeeof 14160 PIpk88] Whereag compraentiah inagtwated

influenza\RicBinBl MGfe MSJeR ¢ MRUahe @Pfcgﬂy ﬁfaﬂb@%&'l@'@% aﬁmters (Potter et
cell titratiaon on the nas The end

al., 1972fr. B Btk e S 5116 TolT Shelad 82 dleb tdoud i Hel Byo Potier et al,

1973, Arb® r(ﬁe@fzmen@rz%ﬁb@éw,g@ M 9)N2b {16 I8S%cHhd Bo§elﬁ'fw1 pR€ adjuvant, VC2,
bl ood cells. The Karber calcul ation was used t

or VC2 s 2 e Svraélroaﬂ Fbfeessy ad Hbiteesdp phestangt ef | 6149 £51:2560, and these

remained>@GaH N Bighla@8} 1hRehiRRa&de (P%S I?7)S aGRA ﬁ%m%ﬁoﬂﬁ&s%ramrﬂﬁg thptlters in
ost-i nfection nasal was Maxi mumtiter she

excess of L0, aggardedinnsame pscthe H@'l“m%F'F%&O“%?té‘&t"h*é‘hl’mgqc@%m humans

(Brown 1RANS004BEY. 154 (Bey St phfand }%&é@&zl&m}gy\@w 2.5 70:767).
cal cul at.ed and conpared by Kruskal - W | {

[00257] rlélpfefﬁﬁ ip SETBTORh faME SreRsivIOE Ao OF duEneares gf mypofvm nlaawoduced

vaccine déhﬂlﬁ&te§ e ovafdnt 8o dé'rb:ﬁgr t“@?‘tﬂo@@iﬁl RELHoA A id¥8ally infected positive
ups mere contraste using a c2 test for
control apxﬁﬂdaé%) W drdand were in excess of those observed in other ferret studies. For example,

ferrets immunized intramuscularly with a commercial, inactivated H3N2 influenza vaccine were

h Trypan

reported to develop HI titers of 1:20 after receiving two doses (Lambkin et al., 2004, Vaccine,
22:4390). Sera from ferrets immunized with VC1 plus adjuvant, VC2, or VC2 plus adjuvant had HI



Results fromvirus shed are depicted in Figure 15.
Only the negative control treatnent group resulted in
wak@niopizeant sheddi ng of virus (Figure 15). [ 0B2B¥$2007/003969

Hermaggl utinin inhibition agsays (HAI) were perforned

as described in Exanple 5 using pre and

post - vacci nati on serum sanpl es agai nst honol ogous

virus (Influenza A/ Wom ng/ 3/ 2003 (H3N2) virus) to

confirmsero-negativity of the animals at baseline and

whet her or not ani-mals seroconvert follow ng

i mmuni zation and infection. HAl litres were tabul ated

and aninmals with a > 4- fold rise between day 0 and
titers fout toatweetyriohtlowstagganest the keerplogpesHI3NQORSS ptrains A/Sydney/5/97 and
A/Califorl;ll?%/églt %}I a%%ntnlsto .Q]anrhl g%/&f b&ﬂ})esea{‘; tersvwérr\é ﬁfmé dels I)i!: #8840

i mmini ze I mal’s garde
thresholdpronstistent with p&tminn,eatuggéstmg tixORetentiad Yor thise ivacdiBasapidjdates to protect
against hée?ol?%ous ?_g]\}l%bon ns, ?—fclﬁﬁeer)% bglo%??%? w;e}'ee (';ys%rved agaigxgtri%ﬂuenza A/New
Caledon157@bl99 (H1INAD,| indinatingl the H3 sgbc'ppsmqmﬁmtyl Qfehb Al aftibcglgtresponse.

[00258] % %¥S ? gbﬂgctb%em?'\% and ot%c':t}\}eve%%ga%m %ixnvi{r%ucﬁ%&hcted to assess the

ne res
protectwe, eﬁ'mﬁeﬁ;ﬂgrgl-pmdmﬂ anamdwhﬁAbamgags motnnwmged fEnétls bwinteanasal
challen W]dﬁlii%t doseo“(,)nf in aCCI ‘“?&9‘% vant gener at ed

&% HAPSE FLRYS r? generat ed a

[00259] prTneen:tenv ef vied rafiasténn ﬂoﬂowgm cthatlars wmtdemmlinegrfoasacwmhnal by

monltorlrgihg\fge r‘ixg %he% nlcl Inartssés w%%as g forl_PﬂFXae s post-?ha Fr(ljge%l\@ly one animal that

ose ters reac sSim Yeve
received why hf theljthre@candidd€@ vapting forhulations showed d@mﬂhlﬂe girus shedding, and even
in rotective s_of od
then at less Se,tha gbiga{r;lbﬁﬂean t%%eas amrH als i} lhle\f\?élMgEOéJp $ g\é/ o sd%gg” me in the range
of 10° tO\IQETCﬂbso((H" @bl 83&)4)The'llahil e#wrﬁsas}redtiiﬂglm B&IRC &mpmays in the range of 107
3 0256 roma. 0 HA assa erine a
to 10° TQIRE TR ik ol AV SRER IR SoRRRYpoGB BB e -
[00260] prmﬂdemw népm@ercaoﬁ masmhmyvelhﬁorraﬂumahr re'cenvis:g may bf trchkididate vaccine
ver ferrets

formulatl\?a%c el aqhé qos%p{)%t-l{nféﬁtl?ﬂ Yyas %ﬁa 5eadf1ceecf)ziﬁl BiTs té 81a|t] rechWﬁ“'l VCI plus
adjuvanttVCR phusiadjuvhes, orthg homblogbBQﬁlrusg cdmpare tq theseint the BC group (Fig.

1273) .fol.l th t Fi 7). [F o .
183). TegE AR R ISR oGnEY e PR PPN RS TP (Fis. 188). In
addition dh)sﬂsamarbedp hmqre’vaiﬂk'eaﬂﬁafrgstﬁmhmhiaed with ang o€theedndiffhte vaccine
formulatlﬁogivlagg ddiié t pr%%’ ntgjﬂpge gB %F ?o}x_: gn ghl%t tgA hS%EE 01h %egroups (Fig.

18C). Fuathermbis, 1hh mean pealt Mesrjmhﬁmngames tdh mddxen&catmgtthe fnequitgxey of several

influenza rﬁ}al% désazggntt%% gojﬂzﬁgédg %Aﬁﬁ%g gg Fec éxc% m aéura %l%a\{ recewed the candidate
vaccine foprpilatidrsycompetedao dersy il the NG roupy(FigHi SD) t &mlaﬂ@otdlmts of leukocytes
Pot

in nasal vg%s,heigf?%x%% taEE/ as a(ngﬁigatj)r oéuq)eé x}eSSgirataryF;‘reEctt in e&ion Yvere reduced in
candidatd@&@meﬁ%cﬂhlﬁm@eemphred‘t(b anigfaby inahe NCAgo@Big. 1BE)! owi ng

tooz261) IR ROReRES i Plsalen st RPN bg Mg il Sonter o migh

degree of ;angaetmé inm 6y indertet? SGOwirastotriesfor Va}:mileraiedelspmrhta IIh Yuture
studies wehvgii e %c#?% g%ﬁctggct{ d dﬁeso?‘Lg Flhgl' 5157331d Fﬁl@[ éf) when admlmstered

individually, and the role of NA in further facilitating immune responses.

B. Intranasal Vaccination



excess of 1:40, regarded by sone as the m ni nrum Hi
titer consistent wwth protection in humans (Brown et
w@bkgo728348 Dev. Biol. (Basel), 115:1; and Hobspeor/es20at/003969
1972, J. Hyg., 70:767). [00&257] Htiters in sera from
ferrets receiving two or three doses of any of the
pl ant - produced vacci ne candi dates were equivalent to
or greater than those in sera fromintranasally
i nfected positive control animals (Fig. 17), and were
i n excess of those observed in other ferret studies.
For exanple, ferrets immunized intranuscularly with a
conmerci al, inactivated H3N2 influenza vacci ne were
[00262] r dporinedenioitylef/eindilatdl vaccines is ewhludted Golbdwieg intemesal imgunization in
ki 4. .Vacci ng, : :
Batble mighB ARG ndds T ARl Hhchuy 300 jo n oAb lpihyontar
immunization, disqus348An pheaiSx st} es/aoove.h hobiidf groepsof mice or ferrets (approximately

. nty-fold_| r_.against. th eterol o S N2, Vd.ru .
5-10 i Blole) ey e TRl i S e PRI i oF e ansgen on
about dayadhilAsnhd 28Vahe pigsSrcO 8r alizahcd dfesljuvtant @rgs, abemmuad hydroxide, MALP-
cess _of th 40 threshol.d cqnsi st.ent w t.h e
2, ). S RABlsy 8 b Rebity S 2o RARR S Pl bl doy i pgministring
the antigapeanditekaties dfer greabied toseg dmnainitedtanimoblo geuhalidNd2d afier the last dose

trai.ns.. ite below 1..1Q were.ohserved against .
by the el B St e ol Sl UG FORPU TN AR TRl BRI s ana 0
produce syigpgerbs yHspipdoryfinfectign withtféner HThanatubroakithe esponsesponse is

. A fgll [ eni.ci tv_and. protecti.ve
examined 8 b eyt U Ul R RE 0 B ieuFAE BB R i gy
temperatigkf meacyeabfof|symptonpscochscad! ddinteral 18Ukoaptes poresali washes, as measured

R T

neutralizaohextivivy, iv exambinedaf ecti on fol | ow ng chal | enge was

deternmined for each animal by nonitoring the titer of

virus shed in nasal washes for four days
C. Dose Bwelatiohditddiege. Only one animal that received any of

t t hree candj.dat e, vaccipe fornmul atjons. showe .. .
100263)  orlplyf R PR ER SRR s Shfi RRe S0F Bl acrpipasion, o
well as i@ EQidobf2girmms neysbecfoithad dssdsted inind\osg lesusfntdhaneies. We anticipate
esing e 135S UL, L b 08 hublnd 0 b e sd PRt e o o
intramusdutartrbeter(dalgle 3p bnd Dfrahasalliddte] Qibslar toghaatfdntrdnmasoulahanid intranasal
. . for any ani.mal in the candi date vaccine,aroups i
smmunizai i A0 BB E Ll SR0E 130 AR IS cHpRuERetl a9

animals/grompyars imm@orized ingraaasyllp vithharioandosdabltestaectineg, in the presence or

foQr tions., Wiaght |os sinfection eat |
ssence ORGP SV b0 Fe RIRL GRS SR8 K527k Moot

dosing sch&ulpl us adj uvant, or the honol ogous virus, conpared
to, t-hase. in the NC grou Fig. 18B). The reduction.in . .
[00264] Wé?sglﬁto er Ss{shd &5y SeLim %%’Pg%f %1&(? ge}sg%\évla%heea a (ffﬁ‘\?\,%gg PR S%Ch vaccination
day beforstadimimistgrig&ite. anligé) and tan delyh dftep the third doses drinmurtizedyanimals are
te ature in ferrets i nized with any of the . '
chatensedSRRF HRA Gard) D600 T VR AP B fierin i) uspep gires koown
to infect drfimblsclod ¢o padiutosynartomma b réspirabtyniafectibe wiNG fever PChe nature of the
. rou Fi g, 18C§. Furt hermmre, .t he. mean.peak af
immune R4S el b pertides by el T Gt RIS Bor P EREy o post-
infection;siéseain dbdy finhpeeatiie; mearpedt o \sHMipas séaves; ovanigof leukocytes in nasal
washes; p%gsﬁeh%:eggfa:ﬂtib\ggfcés {OGJQX?E{%, 'an%P Mﬁ?lhgmtagﬁhtilga%%g Iiﬁ/helgitigg;e and/or virus
neutralization activity.



vacci ne fornul ati ons conpared to those in the NC group

(Fig. 18D). Sinila

worenessief ferrets,

respiratory tract

(Fig. 18E).

rly, counts

of

| eukocytes in nasal

taken as an indicator of upPEPUS2007/003969
i nfectionn7 were reduced in candi date
vacci ne recipients conpared to animals in the NC group

[ 00261] The chal |l enge study indicates that

t he plant-produced HA and NA anti gens confer a high
degree of protective imunity in ferrets,

prom se for vacci ne devel opnent.
el uci date the protective role of LicKM SD and

W |

showi n

g

In future studies we

Li cKM GD when admi nistered individually, and the role
of NA [Tablefi:tBxemplayiDdsicat fonPosaBnaudaticesSodp gsAnbnals.
Group nMagcias fandidatenalt i oMo62E2] | MRumbgenf ¢iNumbér | pg VC per

candCampesiviendi nes| | Vaenisdtioat e fAnilcals ng of Mosesnasal Dose
1 nmuni 8ahdad i n Bal b/ c im.te or [ferr8t nodel aningls.
2 [The studyl design ijs sinihar tojthat 8of intraguscular 10
3 nmuni zatl on di scussed i.g. t he ExanpBes aljovez In 50
4 rief, grioups of nmice oimferrefs (approxijnately B-10 100
5 anl mal g/igk®up) ard | mupmhzed 1 ptrangsally wish threejoo
josés (100 ng/ dose) of target antigen onl|about days O
6 Zand Z8 1 n tNe |presefjpe or absenge of |adj givan 10
7 €.g., algmnum nyjdroxigg, VACP- 2, gelc. ). SgTU 50
§ _panpies ad nasal Washieg,are cortecged on eagt 100
VaCCIl TialT O day Dgrore aanr nr s{ertmng llle alltl gen dalld
[ el Udyb 3:” ter 'llllE lIII IH,nUUbE 1 llllugl LEU dlll gren S WE 10
10 ulldl"l engb3u af tet inc | CE rh uuac by—t ge Tay al oute—w tSb
]1 IIFIIUII’UI:;JQUUD 51 I d.l 1 U] I IIITULIILa gl US r\IIU i l. ]00
* i.m.—mfra usEuiar'm ed{ rets —and—to—pr Pt ottee oyﬂpl OTr5— 01
Fespirator Ifflection with fever. The nature of the
i mune response i s exam ned by determ ning | evel of
virus sheddi ng, weight |oss post-infection, rise in
body tenperature, nean peak of synptom scores, and

counts of | eukocyt
after virus challe
NA and/ or
activity,

HA, as wel |

es i n nasal
nge.
as H

washes,

as neasured
The presence of antibodies to
and virus neutralization
is exam ned. C. Dose Escal ati on Studies

[00263] Optinmum conposition and doses of antigens and

adj uvant,

route of adm nistration,

as wel

| as

i mruni zation regi mens nay be further assessed using

dose escal ation st

udi es.

W anticipate testing three

of six test vaccine conpositions in this study. The
study is performed using both the intranuscul ar

(Table 3) and intr
i ntranuscul ar and

t he Exanpl es above,

anasal
i ntranasal

rout e.

route

Simlar to that of
I muni zation di scussed in
groups of animals (approximtely

8-10 ani mal s/ group) are inmmuni zed intranasally with
in the presence or

vari ous doses of t
absence of adjuvan
etc.).

est vacci ne,
t (e.g.,

al um num hydr oxi de,
See Table 5 for an exenpl ary dosi ng schedul e.

MALP- 2,




[00264] As in other studies, serum sanples and nasa
washes are collected on each vaccinati on day before
wa@diwopBtieri ng the antigen and ten days after paEUST00T/0D3969
dose. I nmmuni zed ani mal s aréd8chal | enged after the | ast
dose by the nasal route wth the honol ogous strain of
i nfl uenza virus known to infect animals and to produce
synptons of respiratory infection with fever. The
nature of the i mune response can be determ ned by
exam ning | evel of virus sheddi ng; weight |oss post
infection; rise in body tenperature; nean peak of
synpt om scores; counts of |eukocytes in nasal washes;

What is cimedisce of antibodies to NA, HA and/or M;

1.

hemaggl uti nati on inhibition; and/or virus

AR %‘izft@d én%i%%h ngﬁﬁglh% atcl\ﬂm-EQ}?érﬁ oPan E-?fﬁﬁh},aaxﬁ nQ@gﬂal ﬂ)e%rane protein

Escal ati on Ani mal s.
fusmﬁomfbgr@msmblqm@m,u onWat is cl ai msd is: 1. An

I sol gh&dindnt | hﬂ@é}alcrﬂ%ﬂf)iaﬁk ?&)tén%glg]?gﬁ@ﬂkoﬂfm?é% at least one domain

i nfluenza A I ntegra ane el n fused
seldstadrfonn ts gropp ew@mmg\mﬁ bﬁl@aggltlmn (L gEar: grdamarmfn&neamnmdase (NA)

a&Mf’&ﬁﬁn ?ngnent conprises at | east one domain
ected romthe group consisting of hemaggl utinin

omai n of neuram ni dase (NA) and a donai n of
Twsolzted?ﬂeg%%ﬁ Arigyl-anierge Aheointegral mambrasgRiotsin cgrpponent consists

oft ANQEH GHe dRIR H&ﬁa@l@ﬁrﬁh (HAY, W&B&h&&lﬂﬁ&ﬁ‘ﬁse@&t@t from the group
| east one domain lutin %% erein the
copsisHnsof %E%Pé‘&&)ed §P HNe- g%é%& NE-sHiSFR Hp Nege$,$5Q 1D NO.:
3§\|@EQ[ Ip 8SEQ 1| @ BEQB INQO 13, ﬁﬁgﬂ) &d\Qo a&i SEQ ID NO.:
Q IDNQ: 11 3 SEQID NO. : SEQ

13 SEQ IDNO.: 20 and SEQ I D NO.: 24. 3. The
|solated antlgen of claim1, wherein the integra
Theigblatd antigai &ff daigOITpaREh tlm)llhﬁdgﬁdlmdmﬁbraﬁe pre&sid caififonent consists

R L N e g
NOQ.2, SEG) ITNG. SEQBPNONO.186, add sﬁu;emmiat&d anti gen of
clain11 wherein the integral menbr ane protein

Tl(m:e 1|nglo E:% Czim%l SIS 5%6"] vali!cla In .ILh m9e§ﬁ5n?e%1q%%|1eu;§r|§pel%ccg%c}nent consists
of ﬁ;ullat@dhamg@emlmﬂ{AD at¢lentdd fromeSEQD D MNT@.: il ot 8§QAID NO.: 3. -
menbr ane protein component consists of full |ength

e o
TYER AR Rot i EYRFLT S EADITRATRA o BB comi
ofi finl lentgthr neyamisidasp (WA selegiehfrins®sQ DA Rios §EQ ID NO.: 4.

i chenase protein sequence. 7. The isolated antigen of

THé BbiRel an¥B& 6f dlaith £ WIRHEA SheSBEMENEM 1L fotdih EARPARS ahASdified

heen
lichenase protein sequence.
The isolated antigen of claim 6, wherein the coding sequence for lichenase has been

optimized for protein expression in plants.

The isolated antigen of claim 6, wherein the lichenase protein sequence comprises the N-
terminal domain, the C-terminal domain, and the surface loop domain of lichenase LicB.
The isolated antigen of claim 1, wherein the integral membrane protein component fused to
lichenase is any one of an N-terminal fusion, a C-terminal fusion, or a surface loop insertion

fusion protein.



10.

11.

12.

13.

14.

15.

16.

optim zed for protein expression in plants. 8. The
i sol ated antigen of claim®6, wherein the |ichenase
w@e@repIzisequence conprises the Nterm nal donaPer/Uusive7/003969
C-term nal domain, and the78urface | oop domai n of
i chenase LicB. 9. The isolated antigen of claim1,
wherein the integral nenbrane protein conponent fused
to lichenase is any one of an N-term nal fusion, a
C-ternminal fusion, or a surface |oop insertion fusion
protein.10. The isolated antigen of claim1l, wherein
the integral nenbrane protein conponent conprises at
| east two domains sel ected fromthe group consisting
Thoef isGE@dlamig&ﬁ of claimSEQ/HeIf'biN@)e: inBgra3E@mbdamd(protei c@htpriebt comprises

atiezast gf:ddici (?Rb;ele'\'%d frg’éa‘: N'b[@or'l\'s%mgééqaw.!\gﬁaq ID NO.: 3,

SEBZE(DINIONQ, SEQ,IDSEQ.: I8DSKQ ID ¥O.SBQSER MONO.: 16, SEQUITSNQ.: 12, SEQ

X The, | [ | ai
m R St o PR BB PR NGB o+ 4. sram
NOanigy aseSEQ IDaR@i:r18of henmaggl utinin (HA) and a domain
of neuram ni dase CNA). 12. A vacci nhe conposition

Tl?ér)] 'a.{e%iagg é’ﬂqofaé’]étuh)gﬁﬁ n_gaﬁlﬂ?é' iﬂ&g?al ﬁ%g?)(}’%gsrofgn @d?nponent

uenza rane praotein
conise® s tabkia qfrh@mggiuam G Aoread reedomatin obnduparminidape E8AD
carrier; wherein the integral nmenbrane protein
A%H&QE‘E‘J}E p&SRIBN dotiprisfe alneﬁﬁ"gex%&n&@ﬁﬁg Qcéﬁ &S‘én@gfﬁrf {ifluenza A
the group consi sting_ of domai n of utinin (HA
mgsga%i ARgrpbrane prateimfised H)a%@e(fﬂw)taléﬁ aroaelaa p ﬁhwwtw&Hu acceptable
cafi&:ein the conposition is capable of eliciting an
i mine response upon adninistration to a subject. 13.
The Wh%f@lnﬁge a&%&@%mbﬁ@néﬂ%ﬁla.Wznenxﬁ@mérlﬁFStqﬁ least one domain
seldtteHréth ¢ (R B6h sRtRE Oir D deRARPESIEMaERRSHH GLOf a @main of
| east one donai n hemaggl utinin (HA), Wwherein the
nwmwﬂaisgﬁ%wa@éom%mfﬂ% a#foup consisting of SEQ ID
W € 3§
Q ilr reﬂ-:t% EQnBQmon?’l[s)ﬁ%%Blé %% &Qltmggn 1$9ﬂf?e§%§8 i@pon
aq‘(l@mSU‘iBO“ 'E':?EQWbBCNO 20 and SEQ ID NO.: 24. 14. The
vacci ne conposition of claim 12, wherein the integral

THEVRE R oMpeifbh o£A8RO N, rwh&enﬂ&hé Irﬁegeefl n@émﬂneaépmwm component

cq%gggﬁl cg”taf [?Qgt(e#)re g]@gi aersqaeggg “"S&’é?‘ 81? dtog%(rﬁ |s[§eﬁacted from the
grdGb cordebstingiodl SEEQD RONQ, 'SEIBID No.: 7, f’EEEQ'ﬂDNGﬂW SEQ ID NO.: 8, SEQ
Itbpﬁo efz}qts'gmoﬁgﬂ fi IrQElQZID WS! 24 SEd T N8 2 Fed BRGS0 and sEQ

ID NO.: 24,

The vaccine composition of claim 12, wherein the integral membrane protein component
consists of at least one domain of neuraminidase (NA) selected from the group consisting of
SEQ ID NO.: 2, SEQ ID NO.: 4, SEQ ID NO.: 16, and SEQ ID NO.: 18.

The vaccine composition of claim 12, wherein the integral membrane protein component
consists of full length hemagglutinin (HA) selected from SEQ ID NO.: 1 or SEQ ID NO.: 3.

The vaccine composition of claim 12, wherein the integral membrane protein component
consists of full length neuraminidase (NA) selected from SEQ ID NO.: 2 or SEQ ID NO.: 4,



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

consists of full length hemagglutinin (HA) sel ected

fromSEQ ID NO.: 1 or SEQID NO.: 3. 16. The vacci ne
W@ oup0333ts on of claim 12, wherein the integral POEIRINATI®3969

protei n conmponent consistss8ef full |ength

neuram ni dase (NA) selected fromSEQ ID NO.: 2 or SEQ

ID NO.: 4.17. The vaccine conposition of claim 12,

wherein the thernostable protein conprises a nodified

| i chenase protein sequence. ]8. The vaccine

conposition of claim12, wherein the thernostable

protein conprises a nodified |ichenase protein

sequence from d ostridiumthernocellum 19. The
Theaetine comppsition phelainf 12| velieneifs The thhenestable proteimwdémprises a modified
]ic%g%g?g;&e{nosre ldghenase has been optinized for protein

expression R r?l ants. 20. The vaccine conposition of

claim 17, wherein the |ichenase protein sequence . )
Theotaseing esmppsting peelpinh 52, velsiein ahe theenestable profpin comprises a modified
HBRRE Bro@thebiihcs tohPCh sl Ay ShiFRigelfly. | | Chenase. 2 1.

The vacci ne conposition of claim 20, wherein the

i ntegral nenbrane_protein conponent fused to |ichenase
Thegvagpire spmpgsitigh ofelpigt Ai-rdtersip dherpding ssapenchifprdichenase has been

optinSizQNfor PFotSinTitpiedsion Imgimnts.nsertion fusion protein.
22. The vacci,ne conposition of claim 12, wherein the

Thenyasgingcompryiamet grist &7-nvheseip dheliehepgisgroiginsegyence gamprises the

Nit¥eni S ARINEn, 98¢ €at@einAlrddMdin) &nd L direed i tdioﬂﬁirpéflﬁﬁgxase.

IDNO: 1, SEQIDNO: 3, SEQIDNO: 7, SEQID NO.: 8,
gk e Rk R R SRS P B e
fuded tSHIQhERAsBIR anyldhe ofag NSieQnidal Sion, 4 &-eadinahfsinot Higurface loop
. CO oi%fti on {s capabl e of eliciting an inmune response
'“fﬁbﬁ‘ﬁn R84t i on to a subject. 23. The vaccine

conposition of claim22, wherein the integral nenbrane

Tipraiceina comppsitiem bf daimp i 2,selserein donmiterrad imdnehmraggproteimcemponent

copitkeEflof AATRL ot B PLBE b btk oI P O 1 SEQ

D T SEQ D ND.n7,H G S ND.: 805 IDEYOF: 3B) SEQEQNO.: 11, SEQ ID

NOSTEIREUETAD, 8RO 1o SE I (BEATMEL TR0k s, seq o

NOombs argd HIGQADNO018.aad whgesin thehrengiositiphés capalpe of tlidting an immune

kST By Ly e esponee won

0 an ani . 26. The vacci ne

conposi tion of claim25, wherein the second antigen
Theovaseing eempositipp ehdaim 32, wWhirein dhe intogral mesafirane pretein eeraponent

copisel B abmaptbienAebNGRARELAANNE aRlofiahl Of ARthinidase (NA).
pharmaceutically acCeptabl e carrier;wherein tﬁe

i ntegral nenbrane_protein conponent of the first |
T'macg'é'ﬁ ceBpppifigref elpint 22,Sthesi thiiinerR! sRATRRrERE PrP e Fomponent
cdniRisgs AIPleR QA Dkl fh (BLAJQRBInMI RhgihaiBagehididag MNAYIA)

a

The vaccine composition of claim 12, further comprising a second antigen, wherein the

composition is capable of eliciting an immune response upon administration to an animal.

The vaccine composition of claim 25, wherein the second antigen comprises a component of
influenza A integral membrane protein fused to a thermostable protein and a

pharmaceutically acceptable carrier;



27.

28.

29.

30.

31.

32.

33.

domai n of neuram ni dase (NA) and a domain of M2, and
the integral nenbrane protein conponent of the second

wa@pdaorgessiconpri ses at | east one domai n di sti ncPCT/USIM7/003969

the first antigen selecteds8iromthe group consisting

of a domain of hemagglutinin (HA) a donain of

neur am ni dase (NA) and a donmain of M2; and wherein the
conposition is capable of eliciting an i nmune response

upon adm nistration to a subject. 27. The vaccine
conposition of claim 26, wherein the integral nenbrane
protein conponent of the first antigen conprises a

domai n of hemagglutinin (HA) and the integral menbrane

p r ot whereinahp dnteprtl wémbiaee pean donpdnge of trrfpst Sigemcomprises at

f.
£ b e rm el R A TS e v g S Y gl hemassiutinin G1)
dgmainl of edaramuﬁdzp;lemt/\) aed edbedinf crfdvm;aaddrtbm Bgmalonq&xhbmhe protein

co?;?r}%ng% of. geséé%a %Igﬁ?gnetp é%ngf)si az?e:ﬁggye\laﬁo antl ﬂg? ﬂct t2 rom the first antigen
sebeergddfeorh ttIngmop”pbmsamgaxﬁhldgammMﬂ mhaagglupmm @Ak domain of

artia e iri fied fromplant cells, a
aéﬂ'f"cjag%gg‘g; 4ﬁg?ma‘8r°¥§ﬁ¥ firact thereof. 30. The
vac cwhereinahp osmbpositionfs capatilerofldliciting dnhisimmenpsposisdgpamt
%% % one va%gjl ne adj uvant. 31. The vaccine
38T B f B¢ ai m 30 wherein the adjuvant is
selected fromthe group consisting of alum M-59, :
Theayagning compdsitiph P2 claBR 26Awhqgioith@im;qgmas¢mlin@ne protein component of
th‘é%ﬁTRrahﬁ%éhgco?ﬁc% s%@ﬁtdo{n\ﬁﬂlfﬁgltﬁhgg%%tmﬁ ﬁlﬂ»]gral membrane

conprises a conponen uenza |nte
preterbeameonsnodicihe seagind religent dogpriseey dahammfbpmammldase (NA).
protei n conponent conprises at |east one domain

TREVREIE LofpBibRSF QEQH R2 9&91@?6‘11? tHen@idn R p‘;&m%b@ moe{ plant selected
hemaggl utinin (HA domai n of neuram ni dase (NA)" and

fram@drsgeris phopt a plenwraérﬁlentéhgﬁsprw@h@ ABEEEN; s fused
to a thernostable protein and a pharmaceutically

TRECRPIndRLAPBSIEIbh OF clah 8D ShRrdihltheCRPOSItibh @BmbfisdaaRaBtBwhich is
of _eliciting P | mrune response on adnj ni strattj an to

pupfisghpatily Baied,ar yapeified B8 91lsre BEny pofidfn BBt or an extract
thehgfein at | east one integral nenbrane protein
conponent conprises of at |east one domain

emaggl utinin omai n i ssel ected f
TR B e hrBaRE P ok R 5.l orori g e 4 s Soggin A Tvant.
SEQIDNO: 7 SEQIDNO: 8 SEQIDNO: 33, SEQID
ThNOraccing cosiporsitibn Rbctaim 30 “$E@in thel‘@iuvam:%is SSEQed BohiQGhe group

&ﬁgmﬁﬁgggﬁg\%ere A %f%%f“ §n My acci ne conposition of

one |ntegral menbr ane

protein
A vaccine composition comprising at least two antigens, each of which comprises a

component of an influenza A integral membrane protein, wherein the integral membrane
protein component comprises at least one domain selected from the group consisting of a
domain of hemagglutinin (HA) a domain of neuraminidase (NA) and a domain of Mﬁ;
wherein at least one antigen is fused to a thermostable protein and a pharmaceutically
acceptable carrier; wherein the composition is capable of eliciting an immune response upon

administration to a subject.

The vaccine composition of claim 32, wherein at least one integral membrane protein

component comprises of at least one domain hemagglutinin (HA), wherein the domain is



34.

35.

36.

37.

38.

39.

40.

41.

42.

conmponent conprises at | east one donmai n of

neur am ni dase (NA) selected fromthe group consisting
wo00SEG331O NO. : 2, SEQID NO: 4, SEQ I D NO : R61/US20d7/003969

SEQ ID NO.: 18. 35. The va®dti ne conposition of claim

32, wherein at |east one integral nenbrane protein

conponent consists of full Iength hemaggl utinin

(HA) sel ected fromSEQ IDNO.: 1 or SEQID NO : 3. 36.

The vacci ne conposition of. claim 32, wherein at | east

one integral nenbrane protein conponent consists of

full Iength neuram ni dase (NA) selected from SEQ ID

NO.: 2 or SEQID NO.: 4. 37. The vacci ne conposition
sadécta] momtiB2growh epwsistingrd SEEIDEY). ab|SEQHDPND.n3, SEQ ID NO.: 7, SEQ

[ a $
GRS S0 B B s s b iDATOET & S QD N2 T2 G fp N6 13, sEQ
NChezthosit SHQ EONOL @#n conprises a nodified |ichenase

protein sequence from C ostridium thernocel um 39.
TREGack e o 0919393§ Efafrﬂ Bo0fhGhil deaée oﬁ@]ﬁ(e?f‘aﬂ n{e%r?ne protein

codl ng sequence | chenase has been I'mzed
cwmr@hw@mrses gl loast ione gpmaingf muramméawa(w)ﬁélected from the group
c&%@ﬁﬂ%b%ﬁé 19 N6, '%:61])%“43'9%(3 Qﬁﬁd.?h&%ﬂé%ﬂéjﬂﬁﬁ@. 18.

sequence conprises t N-term omal n

C-termnal domain, and the surface | oop domain

The ¥arsingc@mpgsiiion pf glaim 32; Whersth) dast onsrintseral P%ﬁ"?ﬁf%l!t? protein
cMﬁd&hﬂcdnbﬁtsl JTHEN gt BSR4 MRkt GLA)sBle6RIBRREBEQIIBINGD.: 1 or SEQ
| ichenase is any one of an N-term nal fusion, a
H%l\[cér?n nal fusion, or a surface |oop insertion fusi on
protein. 42. The vacci ne conposi tion of claim 32,
Thbesicing dohpokibiba @f alaimBapwhsreinit ddagi shedn@pah @finbrane protein

B e R B PR AT O 2 or s
IﬂN(BEQlDNO 8, SEQID NO: 33, SEQID NO.: 11, SEQ
12 SEQ ID NO.: 13, SEQ ID NO: 20, SEQID NO.:

Téﬁbacl%ﬁ mpN%él ogﬁ’g %}QS& Whe ﬁm tﬁe th%ggo%tgle rotel%%bm%rlges a modified

erein the conposition’is ca
liclienese proteimggqaendemune response upon administration to
a subject. 43. The vaccine conposition of claim42,

TH@%C%. e do okl'ﬁbﬁ %?@iaxﬂ%ﬁb%ﬂ&‘gmﬂﬁgh%hﬂom 5“1 com mgrlses a modified

conpri ses domai n of hemmggl utinin a do
ligenage prateimsieduense (from Clasridmmeheraocth corrp05| tion of
claim42, wherein the integral menbrane protein

TGO Wﬁ@%rr%ﬁﬂﬁbh €8lafHl3l, szﬁ&ﬁinfth@ emg% badfubRdelof Hélenddtthas been
full ngt h neuram ni dase (NA € vacci ne

OEWBQ Qripgefe By expression 4n plaptsy ¢ hér conmprising a third
antigen, wherein the
The vaccine composition of claim 37, wherein the lichenase protein sequence comprises the

N-terminal domain, the C-terminal domain, and the surface loop domain of lichenase.

The vaccine composition of claim 40, wherein the integral membrane protein component
fused to lichenase is any one of an N-terminal fusion, a C-terminal fusion, or a surface loop

insertion fusion protein.

The vaccine composition of claim 32, wherein the integral membrane protein component
comprises at least two domains selected from the group consisting of SEQ ID NO.: 1, SEQ
ID NO.: 3, SEQ ID NO.: 7, SEQ ID NO.: 8, SEQ ID NO.: 33, SEQ ID NO.: 11, SEQ ID



43.

43.

46.

47.

48.

49.

conposition is capable of eliciting an i nmune response
upon admnistration to an animal. 46. The vacci ne
W@ 0wp0333ts on of claim45, wherein the third anPCTes2007/003969
conprises a conponent of i®8luenza A integral nenbrane
protein fused to a thernostable protein and a
phar maceutically acceptable carrier; wherein the
i ntegral nenbrane protein conmponent of the first
antigen conprises at | east one domain selected from
t he group consisting of a domain of hemaggl utinin (HA)
a domai n of neuram ni dase (NA) and a domain of M, and
the integral nenbrane protein conponent of the second
N@ntliZgSEQdDmso‘L d8sSEQ IDeNQt Z(ih;]SEQdﬂﬂaN@ ‘Pi4s SEQAD Noor, SEQ ID NO.:

4 % 15 iﬂ%r ng 9%%@ ] nl & a? gé&%re% tgg 8&9%&9 H 2 capa%}e of eliciting

annieimans msmtmseu;(dﬂﬁ@dnanmratnﬂowm subjict.M2; and wherein the
conposition is capable of eliciting an i nmune response

T%g%?%@lhgg { i64 Ff’&aﬂug%@ vfi]}&e%%el?gﬂ% geéaﬂ;ﬁltkgnmﬁ&br%gem component

compotsas e dompingpfhemasglytinindHed and grdomain efngyeaminidssalyA).
and a plant transiently expressing the antigen. 48.

Tﬁé%‘facme CoRPoSiABPEBEILINP B2 Afh&biRithe Fieo] %&hlﬁaﬁ@ﬁrotem component
03| tion conprises a&iﬁfgen which 1s purified

cq@m% Wlepgthihemagelugipin r%nfiuf@alqngmeﬁr%wdeé? {NA). 5
pl ant, seeds, fruit, or an extract thereof. 49. The
Theecine cemppsitibh bﬂﬂai@iﬁ 32/ fattheodmprisinighethir@ anfgdns lehgreﬁﬂ the
| east. one v e uvant . 50. The vaccin
QDI IS PR R Sf N A PR AEPPLS HEPB TR PE R ah animl.
group consisting of alum M-59, saponin, and MALP2. 5
THe va&cimetchoghofiton bfidaion Af, \ahqreimttbei:tliimlemﬁ gﬂsnmrlpr@panemponent of

infRLA%A bt R0 e hRASEINQ b R BBLEE e GRS 1O
mhi's oaSJect an e I've amount of "an
p}mhaeaunﬁ:dallyeﬁzaptﬁbleamner;e conposn t| on wherein the

adm ASLr suf L ent a u

of an eral %‘1% bDQ%gfrgll n&elgrﬁang 8 d:)t%lg C(())Fl’lpg ent o?’ﬁ}eqrrg an(t"|gfm Fompnses at
leastwna domesyzelsedyon te groly ewtsisting ef eldymamohfduemgggl utinin (HA) a

6%%%% tnl?t}/re Iin?d%g ?NAE%R&; ﬂ%emtam cgfg ]Slg,o nrc)l?(ﬁe n egg(%élnrgembrane protein
cmmmnmﬁthmﬁecand amﬁgeuwnmrlées ertt]@gt aie doemdin disengrfoine the first antigen

ed.to.a thernpst r teLn and he
sATEraR FrrtPareriPed R SRl A apmaor
nemnmnhMme (INAphmts é@knﬁmmﬁl\ﬂh;emgr oup consi sti ng of a
domaj utinin Qi n .of dase
(NA) wacra] tﬂao ?osm?n Wa ablg OP eliciting an iBimile esp'ynge upon

administration to a subject.

The vaccine composition of claim 32 wherein the antigen is produced in a plant selected

from a transgenic plant and a plant transiently expressing the antigen.

The vaccine composition of claim 32 wherein the composition comprises antigen which is
purified, partially purified, or unpurified from plant cells, a plant, seeds, fruit, or an extract

thereof.

The vaccine composition of claim 32, further comprising at least one vaccine adjuvant.



50.

51.

52.

53.

54.

55.

56.

52. The nethod of claimb51, wherein the conposition is

adm ni stered orally, intranasally, subcutaneously,
WO paoraysmousl y, intraperitoneal |y, or intranuBCT/USZ00Y003969

53. The nethod of claimb528wherein the conmposition is

adm nistered orally via feeding plant cells to the

subject. 54. The nethod of claim5 1 wherein the

subject is human. 55. The nmethod of claim5 1 wherein

the subject is selected fromthe group consisting of a

bird, a pig, and a horse. 56. A nethod for producing

an antigen protein conprising a conponent of an

i nfluenza A integral nmenbrane protein fused to a
Theheacnstcabipesiivopétlaim 48 myheredn thy:adguvapt ie pelected fram the group

-] l.d an antigen conprising

C&Bﬁ{]ﬁégggﬁb WEJ ?‘f ugﬁ(ga integral nenbrane

protel n fused to a thernostable protein; b.

Ainpethesifreiindycingen proteciyeinpire whpatse peainst inflyenza Al infection in a
su@ﬂs@t Eom xnﬁH? ﬂx?st&;lﬂ% 158! slub @pﬁ{ ef?&ﬂgé ijng@xﬁ dray AhEH k?1111‘f"uenza A

for exp ess 0 ant | protein;
vaS£ing &@Mgsrtlhe, \almringélme fpﬂfmnéitrntlvm isrsefffeiettieo $tnn@lgtea4roductlon of
f I

o B by DL TR IR TR Blech 52 by U subgects threby
indgcing Ameefectiveriimmyneiagspanse; a donai n of neur ami ni dase

(NA) St

b T s AR o L £ Aponent of an

mﬂeman‘\ reegrgbingmbrang pratein fusedde aithermigatabls paotaing and

sel e t .

SEQ \leftl)@rgxrf th@ 'ﬂt%%gl IQEI‘BUQmQ ‘ﬁﬂﬁélﬁ c'oﬂ)?: %\%‘%g@ghggggleab%domam
setegted<fia [t SiOup cqqsmusggf a@omn oﬁtzemaggtgtxnm @#f®.). a dgnain of
R ERAONAT PR RER SR 24 58 The et hod of

clalm b6 erein the integral menbrane protein

corrponent consists of at |east one donmin of

Theonrther of glaim S nahersis the pOHPPS A ispdmiiisiasd Qb sttrangsally,

su‘BEubgiEéauls h@avet?ous@EQtlla&rwgmeall@; oﬁﬁ@aﬁ@sm} 16, and
) 59. The net hod of cl ai m 56, V\herel n

' .l ange roteln o] ent co Si s
Tfrwr%thpéﬁgfﬁ"ﬁgﬁaabwaﬂ i RO R OISO,y Fcing plant
ceN©to the sabjeSEQ | D NO.: 3. 60. The nethod of clai m 56,

wherein the integral merrbr ane pr ot ei n conponent

cons L1 len n| dase (NA) sel ected

?rg%hggﬁff{ﬂmél thred'?tt M} 61. The nethod of

cl ai m 56, wherein the ther rmst abI e protein conprises a
Tlmy@pthé@f klagth & adherein the subject is selected from the group consisting of a bird, a

pig, and a horse.

A method for producing an antigen protein comprising a component of an influenza A
integral membrane protein fused to a thermostable protein, comprising:
a. preparing a nucleic acid construct encoding an antigen comprising a component of an
influenza A integral membrane protein fused to a thermostable protein;
b. introducing the nucleic acid of step a into a cell; and
¢. incubating the cell under conditions favorable for expression of the antigen protein;

thereby producing the antigen protein;



57.

S8.

59.

60.

61.

62.

63.

64.

protei n sequence. 62. The nmethod of claim56, wherein
the codi ng sequence for |ichenase has been optim zed
wo e0070933t1%i N expression in plants. 63. The metPOTUSL007/003969
cl ai m 56, wherein the |iché&hase protein sequence
conprises the N-term nal domain, the Cterm na
domai n, and the surface | oop donmain of |ichenase. 64.
The nethod of claim56, wherein the integral nmenbrane
protein conponent fused to |lichenase is any one of an
N-term nal fusion, a CGtermnal fusion, or a surface
| oop insertion fusion protein.65. The nmethod of claim
56, wherein the integral nenbrane protein conponent
whemimrthe edegral membtant:\pmtdo rRipened cewpyeesfat daast dne @nmirpselected

L 0

e e R T AR N S TR

n&Bgminidese{NA).he i ntegral nenbrane protein conponent
conprises a domain of hemagglutinin (HA) and a donain

Tﬁ’é mBfhidh AFLRA %%ew('nu‘%in th@?nte%@lemgﬁf)g?g thelﬁlc%h\'ﬁbgé':t conststs of at

wher ei n expressi on ein is under
leas ong dpmefn hemggehitingy Ghol @ﬂlere@sthe magreistielgcistl fignathegroup

co‘%ﬁnsu}ﬁ‘QSf%{} DR OUC lS?Q:HﬂQ]Uj dsc%'ii;%i fyNo. f’?”é}i@ED NO 8, SEQ ID NO..

rtses vector nicleic acid sequence.
333fS H? NG5 1 AR 8P NQ. héZ\S@QB?NQf &3 tﬁ%ﬂ@%&wnd SEQ ID NO.:
240. The nethod of claimb56, wherein the nucleic acid
construct further conprise sequences encoding vira
roteins.. 7.1. The nethod of claim56, wherein the
Themethod og cl&llraﬁ whenein the intggral Remprege Bfot@pé:pmp?q_ent consists of at

1e¥4l &h € dBmb Mo fiilcaimifRlate Mf@le@ﬁéﬁ%rﬁ ERerbhie c&HisR¥Rg of SEQ 1D NO.:
i sh

2.3 BN e eBaPRCT 16yt IR 1Sun | over .

cabbage, clover, petunia, tonato, potato ni coti ne,
Themstel of alagn |56ntvhbrenﬁdhb intdgral méabrmat pasdeiafcotipahdnt 26nsists of full

g fieBepitnf A EB AR brER B A o nodpivaRd

antigen protein is produced in sprouted seedlings.- 75.
ThHmetmod lod dlagh 56| whenebthe im«sgrhlenembrape pgiteig componantt iconpists of full

leggﬁ]tnlel‘filr&}n}‘m@gsg@ﬁ)dse?ecte%% g%&ﬁ?ﬁlcgei’lop %@éqbr}\l&h 4Ch

sol are el ¢ ‘aci onstruct
conprising nucl eic acid sequence encodi ng a conmponent
Thg mgthof of Claém 24, whetsinethe Hermestihla peotpinsosipnis¢s ssmddifigd dichenase

ploft BRREAR! e protein; and wherein the

The method of claim 56, wherein the coding sequence for lichenase has been optimized for

protein expression in plants.

The method of claim 56, wherein the lichenase protein sequence comprises the N-terminal

domain, the C-terminal domain, and the surface loop domain of lichenase.

The method of claim 56, wherein the integral membrane protein component fused to
lichenase is any one of an N-terminal fusion, a C-terminal fusion, or a surface loop insertion

fusion protein.



65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

I ntegral nenbrane protein conponent conprises at | east

one domain selected fromthe group consisting of a
waleovaiops3ed henmaggl utinin (HA) and a domai n of PCT/US2007/003969

neur am ni dase (NA).77. The8psol ated nucleic acid

construct of claim 76, wherein the integral nenbrane

conponents conprises at | east one domai n of

hemaggl utinin (HA) wherein the donmain is selected from

the group consisting of SEQIDNO: ] , SEQID NO: 3,

SEQIDNO: 7, SEQIDNO: 8 SEQID NO: 33, SEQID

NO : 11, SEQID NO: 12, SEQID NO: 13, SEQ ID NO.:

20 and SEQ ID NO.: 24. 78. The isolated nucleic acid
Thonmsthod et claim Sbavheres theieegaihmeinbrana pegeialcompoberdwemprises at

nts C ri t. least one d LN _of . .

e N P R owi e oS opgP e RETHMAR of hepapgutinin (HA) and
a dompirémeumaorisidstesN). at | east one donai n of

neur am ni dase (NA) selected fromthe group consisting

I 562 : ; : :

Tl el Pl sc et hP il el b oopondftdomprises
derhaig|of hamagelutia (diAn ané e domeingefaieuramibidaseeM™Nohponent s

conprises at | east one domain of hemaggl utinin wherein

. Th&igelhRE @ ERlm FBNRh&RM SpRisSibR of MB?S\{ plotdif iissﬁrﬁiepfbontrol of a viral

full l'ength hemagglutinin (HA) selected from SEQ |
pigmotersor  SEQ IDNO.: 3. 80. The isolated nucleic acid
construct of claim 76, wherein the integral nmenbrane
ThOmpthod Rif 81adA FP] vhesinthe haédlsic adidecodswidt furter comprises vector nucleic
hemaggl uti nin wherein the integral nmenbrane protein
acdgﬁfﬁfg‘%%‘fﬁ' consists of full |ength neuraninidase (NA)
selected fromSEQ ID NO.: 2 or SEQID NO.: 4. 8 1. The
The wlethod df nlach Sbcwhereth the nedtowistz bidarg vedtor. 76, wher ei n
the integral nenbrane conponents conprises at |east
TROR R Blafth .SQ?WH&Q]nL%E ?haamgfdﬁdoﬂsﬂ'm fRE %ﬁ%ﬂ?ﬁl §equences
protein conprises a nodified I'ichenase protein
encedingnvdral p@&insThe i sol at ed nucl ei ¢ acid construct of
claim 76, wherein the integral nenbrane conponents
TROMRIHOERF cRim 58 2% herRMahe 08Mst MhntkeMaggl utini n wherein
the codi ng sequence for |ichenase has been optim zed
or prqQtein.expression in plants. 83. The isolated . |,
T&%‘F&ﬁ"g 028{;8" ?gn%’ ?rﬁ’d’tthSP'agF %ﬁqhhs seectid &m the grup consisting of
alfaifag gidésh, ARBEAFERING HERORHICEi CRBRIdr&E Ssoftbedng dfkat@ifflower,
agjgmai n, of hena]%gl utinin wherein the |j cher]ase p{ otein
caDRREfe (0¥ SRR P EEPA! PP R 0 FATING) SPIRSITR; 3T lppdl cell.
C-termnal donmain, and the surface |oop domai n of
The miethod ©f cBim Sthehérsiml tht edtigengiretein iapraiucahista ¢lotal ®bot cell.
claim 76, wherein the integral nmenbrane conponents

THORRIH0E 88 cRim 5627 her@ihing Qﬂﬁ%eﬁ prbreRGEBAREL] BN Brofi&] &EMings.

the i ntegral nmenbrane prote

The method of claim 56, further comprising recovering partially purified or purified antigen

protein which is produced.

An isolated nucleic acid construct comprising nucleic acid sequence encoding a component
of an influenza A integral membrane protein fused to a thermostable protein; and wherein the
integral membrane protein component comprises at least one domain selected from the group

consisting of a domain of hemagglutinin (HA) and a domain of neuraminidase (NA).



77.

78.

79.

80.

81.

82.

83.

conponent fused to |lichenase is any one of an
N-termnal fusion, a Ctermnal fusion, or a surface
wo owp/0p33serti on fusion protein. 85. The isol at BAI/US2007/003969
nucl eic acid construct of @&aim 76, wherein the
i ntegral nenbrane conponents conprises at | east one
domai n of hemaggl utinin wherein the integral nenbrane
protei n component conprises at | east two domains
selected fromthe group consisting of a domai n of
hemaggl utinin (HA) and a domai n of neuram ni dase (NA).
86. The isolated acid construct of claim85, wherein
the integral nenbrane protein conponent at |east one
Thtoisalatedofuckenmihtansiritof Cli 78ndherein thasntegrmbmdohein components

co% oprﬁgy 5{5\[;%5[9 99?§m£1h% hfr%Z%% Ilh)%n (glsl%l) Q&th%ﬁelﬁl H%l c@n?hn‘ff‘fsl SQI ected from

et of i sing vect
tha goupi cnsisting SfRfQR N2 D.: $BSEQIIE N@ol3aSEQ IMDel Tc SE€) Idp NO.: 8,
tr Gt,,0, lai a7 N&QBY 3 .
SERTRNASS lp QBT 1 LS IENGUR 018 NO13), s N0 20
SEQaDriN@G 2M1ere| n the vector is a binary vector. 90.
The nmet hod of claim 76, further conprising nucleic

ce pla&%%@ﬁ%:@&ﬁ@%&%fﬂaﬂrﬂl76pmgl%ﬁﬂ1l%e n%egral éel‘?\%}ne components

risin e nuclelc acid construct™ of
copgprisgg at IWFé ohpgemaiaof hemagglutiningvhersin thenintegra rrmrramtme protein

| dnenO3msili® Bl I%Qs‘t ofit FS:In?i 'E}f%%u g*aa S8 s%fe‘c?e@ éJn?EHe group

e group consistin mist ar d
Cd@é’éhng bf 8EQJDI NOw2t gE@rl&ﬂé}O s”oﬁﬁ@hH) NfhieH, aad ﬁEQ)‘\RaNO 18.

cabbage, clover, petunia, tomato, potato, nicotine,

THPIsORE nudRek ARDbdrstru@f g 7, ARbredf th@'u&béﬁaQ%eWBl’éhQ components
is of a genus sel ected fromthe Brassica genus,

cqqp}trbspaﬁtale@sé AL dOl‘&'ﬁla of hempgg!utinig vgg:ﬁedg the integral membrane protein
component consists of full length hemagglutinin (HA) selected from SEQ ID NO.: 1 or SEQ

1D NO.: 3.

The isolated nucleic acid construct of claim 76, wherein the integral membrane components
comprises at least one domain of hemagglutinin wherein the integral membrane protein
component consists of full length neuraminidase (NA) sélectgd from SEQ ID NO.: 2 or SEQ
ID NO.: 4.

The isolated nucleic acid construct of claim 76, wherein the integral membrane components
comprises at least one domain of hemagglutinin wherein the thermostable protein comprises

a modified lichenase protein sequence.

The isolated nucleic acid construct of claim 76, wherein the integral membrane components
comprises at least one domain of hemagglutinin wherein the coding sequence for lichenase

has been optimized for protein expression in plants.

The isolated nucleic acid construct of claim 76, wherein the integral membrane components
comprises at least one domain of hemagglutinin wherein the lichenase protein sequence
comprises the N-terminal domain, the C-terminal domain, and the surface loop domain of

lichenase.



34.

8s.

86.

87.

88.

89.

50.

91.

92.

93.

94.
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88

The isolated nucleic acid construct of claim 76, wherein the integral membrane components
comprises at least one domain of hemagglutinin wherein the integral membrane protein
component fused to lichenase is any one of an N-terminal fusion, a C-terminal fusion, or a

surface loop insertion fusion protein.

The isolated nucleic acid construct of claim 76, wherein the integral membrane components
comprises at least one domain of hemagglutinin wherein the integral membrane protein
component comprises at least two domains selected from the group consisting of a domain

of hemaggtutinin (HA) and a domain of neuraminidase (NA).

The isolated acid construct of claim 85, wherein the integral membrane protein component at

least one domain of hemagglutinin (HHA) and at least one domain of neuraminidase (NA).

The isolated nucleic acid construct of claim 76 further comprising vector nucleic acid

sequences.

The isolated nucleic acid construct of claim 76 further comprising viral promoter nucleic acid

sequence.

The method of claim 76 wherein the vector is a binary vector.

The method of claim 76, further comprising nucleic acid sequences encoding viral proteins.
A host cell comprising the nucleic acid construct of claim 76.

The host cell of claim 91 which is a plant cell.

The plant of claim 92 which is selected from the group consisting of alfalfa, radish, mustard,

mung bean, broccoli, watercress, soybean, wheat sunflower, cabbage, clover, petunia,

tomato, potato, nicotine, spinach, and lentil.

The plant of claim 92 which is of a genus selected from the Brassica genus, the Nicotana

genus, and the Petunia genus.



