HPV Anti gens, Vacci ne Conpositions, and Rel ated

Met hods Rel ated Applications [0001] The present
wa@pplhiogsto on is related to and clains priorityPCnus003a3973

USC 119(e) to U.S.S.N. 60/773,374, filed February 13,

2006 (the '374 application); the entire contents of

the '374 application are incorporated herein by

ref erence. Background of the Invention [0001] Cervica

cancer is the second npbst commpn cancer anbng wonen
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the incidence of this disease in the devel oped worl d,

in areas of the world where nbst wonen do not have

access to regul ar gyne&siated Aqplicatiensind scr eeni ng,

cervical cancer is second only to breast cancer as a

cancer-rel ated cause of death. dinical, nolecular and
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cervix. Every year, about 470 000 cases of cervica
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aims at this target. Sone prophylactic vacci nes
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[0003] Current treatment of cervical dysplasia is limited to excisional or ablative
procedures that remove or destroy cervical tissue. These procedures have efficacy rates
of approximately 90% but are associated with morbidity and expense. Additionally,
surgical treatments remove only the dysplastic tissue, leaving normal-appearing HPV-
infected tissue untreated (Bell e al., 2005). It is therefore desirable to eradicate this
infection using a vaccine. Preventive vaccination of adolescents before they first

encounter HPV aims at this target. Some prophylactic vaccines are currently advancing



bet ween i nfection and cancer, the benefits of a

prophyl actic vaccination, in terns of cancer
WO p@7dessee, woul d be visible after decades. HoReEw/®82007/003973

al ready-infected individuals as well as patients

suffering fromadvanced cancer could al so benefit from

t herapeutic vacci nations. Vaccination against HPV to

prevent infection and/or to treat malignant di sease

could substantially decrease norbidity and nmortality
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[0005] Figure 1. Map of the pET32 plasmid. The top left indicates the region

between the T7 promoter and the T7 terminator lacking in modified plasmid used for

cloning target antigen.

[0006] Figure 2. Production of the pET-PRACS-Lic-KDEL and pET-PRACS-Lic-

VAC constructs from a modified pET 32 vector.

[0007] Figure 3. Schematic of the pB1121 vector organization.

[0008] Figure 4. Schematic organization of the derivation of pBID4 plasmid from a
_pBI vector after excision of the B-glucuronidase (GUS) gene and the addition of a TMV

derived plasmid.



between Bglll and HindlIl sites and subsequent cloning
in the pBID4 vector.- [0010] Figures 6A-D. Wstern
w@r@bpsizgo of Agrobacteriuminfiltrated plants PCT/US2007/003973
expressing E7 constructs using an anti-|ichenase
anti body (6A, C) or anti-6H S-E7 anti body (6B D).
[0011] Figures 7A-D. Western anal ysis of Agrobacterium
infiltrated plants expressing E7 constructs using an
anti-lichenase antibody (7A,C) or anti-6H S E7
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cohfthf fefer't8 O QffSIafl with or without specific CTL E7 peptide, respectively.
(11C) Prophylactic vaccination against TC-1-induced tumors. Data are represented as
percentage of tumor-free mice. (11D) Therapeutic vaccination against TC-1-induced

tumors. Data are represented as percentage of tumor-free mice.

Detailed Description of the Invention

[0016] The invention relates to human papilloma virus (HPV) antigens useful in the
preparation of vaccines against HPV infection, and fusion proteins comprising such HPV
antigens operably linked to thermostable protein. The invention relates to methods of

production of provided antigens, including but not limited to, production in plant systems.
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production of provided antigens, including but not
l[imted to, production in plant systens. Further, the
WO pawepizon rel ates to vectors, fusion protei nSPCPUSIINT/003973
cells, plants and vacci ne conpositions conprising the
antigens and fusion proteins of the invention. Still
further provided are nethods of inducing inmmune
response against HPV infection in a subject conprising
adm ni stering vacci ne conpositions of the invention to
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protein is a well known tunor suppressor protein, that

impanepretestive regpomse againg virakipgecgiopy B and E§qre g primary antigens of
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p53° r esul Bs i h uitination and everit ual
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rest.

to PP Eomia A G B B0F bt Yeor il Spbiion oS et Bigrein, which
pro¢dsh irivolves Qhothhﬁ&elnﬂd} préted fermed “E6-associated protein.” Consequently,
cells expressing E6 will have a reduced basal level of p53. p53 levels are elevated in
response to DNA damage. Such increased levels result in the enhanced expression of
p21, an inhibitor of cyclin-dependent kinases, which protein mediates cell cycle arrest.
This mechanism provides cells with a time window within which they can repair
damaged DNA prior to its replication, which would result in the establishment of the

damage/mutation. E6-mediated enhanced turnover of p53 may prevent the mechanism



damaged DNA prior to its replication, which would

result in the establishnment of the damage/ nutati on.
waseommeizad ed enhanced turnover of p53 may preveor/Us10e7/003973

mechani snfrom operating. Recently, it was al so found

that E6 not only affects cell cycle regulation

by-virtue of accelerating degradation of p53, but

al so. nore directly, by blocking -p53 frominteracting

with DNA (Thomas et al, 1995, Oncogene, 10:261).
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observations that proteins from highly oncogenic
impmpity(beazer,20§4). HPV 16 and 18) have hi gher affinities
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[0023] Thus, the invention provides plant cells and/or plants expressing a

heterologous protein (e.g., HPV antigen). A heterologous protein of the invention can be
any HPV antigen of interest, including, but not limited to E6, E7, a portion of E6, and/or a
portion of E7. Full length nucleic acid and protein sequences for E7 and a modified E7 of
one subtype are provided in SEQ ID NO.: 1, SEQ ID NO.: 2, SEQ ID NO.: 3, and SEQ
ID NO.: 4.



any HPV antigen of interest, including, but not
limted to E6, E7, a portion of E6, and/or a portion
w@booEp9s3Bul | | ength nucleic acid and protein SEOUERIEF003973
for E7 and a nodified E7 of one subtype are provided
in SEQIDNO: 1, SEQIDNO: 2, SEQID NO.: 3, and
SEQ ID NO.: 4.{0024] Wiile sequences of exenplary HPV
antigens are provided herein, additional E6 and E7
sequences for various -HPV strains and subtypes are
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sequangepirrving BHiBsiephidentiveadiP inntiganéiavirish etpiniiguminopynic
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. ' [ i . Wit h t_dif i n
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in bR SRR AR S A BleFipih it hepeBE Fhegerys the
inle gerid clii‘i’:aat@riatid::l-sd_s Fpﬂ.ﬂast’aﬁi::d?d @ecﬁ&'(t))dé‘s, whakedBufi d@ar@d?sgiaﬂénear to
am.no, acids, 11 am no acjds, . am no acgi ds i i
(e-gnivAEin byt 15gminp agidscl4aming agidsn b3 amimpsacads, |2 ggrino acids, 11
anﬁﬁd:) ﬂ&ds,ﬁ_oad?ﬁiﬂe aéfdsds aﬂuﬁiﬁdﬂ@s, 8Gintlfe addam ﬁﬁirﬁcdcﬂﬁsé Zmino acids,
amino acids, or 1 am no acid) of the domain boundaries
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cothpmaé resisfueEappraxinating the gomeir dedigaation xPeresweplas domain of E7
LR j ' ' f L ' ntio
hay Becr EHfcctl B RpReEld ¥ AL R Mot B W S e
inten@ibn §se¢ Hiangilesshergia).t Farthedporei widl appreciatg itheat anp Homains ppartial
acid sequence .of .HPV.antigen , E6 7 [ are
dofiin S RIS SRS SR arauiate CEREY agen i, ERCED Shih are
imifinbgeltic pawbe gdekrixed eking thd ¢drstructs and methods provided herein. Still

further, domains or subdomains can be combined, separately and/or consecutively for

production of HPV antigens.
Antigen Fusions with Thermostable Proteins
[0025] In certain aspects of the invention, provided are fusion polypeptides which

comprise an HPV antigen (or a fragment or variant thereof) operably linked to a
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further, domains or subdomai ns can be conbi ned,

separately and/or consecutively for production of HPV
W@rao7®eszs0 Antigen Fusions with Thernostabl e PrOr/@s1087/003973

[0025] In certain aspects of the invention, provided

are fusion polypeptides which conprise an HPV antigen

(or a fragnent or variant thereof) operably linked to

at hernostabl e protein. Inventive fusion pol ypeptides

can be produced in any available expr essi on system

thi Hﬁwal;lg Pllcnénaﬁltnvenhlvg g%l%ﬁﬂpﬂg [t ﬁrodh@é’cﬁﬁtdn\f'eavaxlable

usion p otelns are pr p ant or pOI‘tI on
e)mneﬂst;mf syé@ngknowm rthe ap} én centaihjembodiments; pn‘mmve émor) proteins ..

cg'ttlgﬁ thedbSK i. 1 i Q.ntaJeﬂ 9 etc)
uraF 631 sé

PEHGr AN e re paf u
lﬂaﬂﬁ]r op rEx&iymds or othee prateifisi sibich gre ngpfopnd detirdly mHmmans or animal

resent
oS E P bHAEY Sb AP RBE TahPr T oh PR PPHLCS AE He iReht invention.
Tlﬁ?érﬁ)o@ﬁibfdﬁroteﬂs&hﬂw siheh ﬁsegyc@iféﬂhsmﬁﬁmmd do [ieofuion product are
i.ntailn co I on, nd ;mal nf al n produce rofein
sg?" ﬁm%&%@ﬁaﬁfb uged profemn todpaipfain,g Eﬁ@wn and maintain
protii®:dgirbiesd ﬁ%oﬁﬁ@nﬁa@ﬁhu@f Ti6is féanfre FRGRMABIS S, tinh€efficient and cost
fusjion polype tlde A representatlve famly of

effectivaaraoxpiyeridhe rRlxpentide, Anteprrseriative {amily effgermostable
erlZPMRE LI insacE&%aﬂééj\Q'ﬁH Wﬂ'@@ﬁtﬁﬁﬁs%@lh&’moﬁb&&@%e family. These

enzymes specifically cleave 1,4-b glucosidicC bonds
enzmies specibelxcdeavetlod-B gkﬂ@s@mk‘agbéhatmrmdae@nlt Ink3cP linkages in

A 3RE PO I tghh <Pl T34 prdd Rt MU ssch 2084, 91:10417).
Twuoizyess ast foandl ileereay, sughds aatand| t@def',cmddarc alsa fonmﬁwra number
t‘ﬁ{n éi'l%é' qu Paelel 'lf‘.cluéiog‘?%ﬁﬁem%gléwg kg?ldggmra et al., 2002, Mol.

nocel derkova. e
Bidb; B58898). mus emmmyahqrmdsmbimpbed@ﬂ:sefopum mi ﬁlsloﬁqml)qzegndes of

stk oihaae EBRo et Sralr aryP BREMAEROsippls elycosidase

proteyisOintilids thase adpresthtdd sy GetBarkafCessRPI MEcHEresklédted from:

S T TR SEN T R N AL

0926399 295} Pa306 1628, 29P3B%%096511F)49@$9754 Q4J929 033833,
JC7532 62330037 P33558, P05117, P04954,

P494353R062399 145/ 03pBE T, Pﬁﬁ%4ﬁe§09%‘5ﬂ@04%4©ék@5438 AANO05437,

8l ARRP4239 AHADABE3 1%@&5&7 whléﬁ‘w&% orated herem by
AANO5439, and AAD43138, each of which are incorporated

refesensien Ib«;hqnme?ms of heshiarfusien oretoims of Bt invention include

CleRAAm el b0 i IYEBAL R WS E000PY S b s
mﬂhmlst PAST98 seau:h roff whsclP4rs i8& rparatsd hefeintbiy céfesmee to their GenBank
ace ORI nggérgge%%erﬁglgfrx §?§t€1{r§1§ ?lluslﬂ%{ed in eEExamples utilize

accessi on nu resentati usi on proterns
modified lichérede lsolatdstbfrEmaﬁblwsdmm ithérecefhom fHoswkver, <ah§: MmmOstable

b AR PR R R T

[062Tjor damhién @ésighihd) fusfuresretding dhdqivlypeptides in accordance with the
invention, it is desirable, of course, to preserve the immunogenicity of the antigen. Still
further, it is desirable in certain aspects of the invention to provide constructs which
provide thermostability of the fusion protein. This feature facilitates easy, time efficient
and cost effective recovery of the target antigen. In certain aspects, antigen fusion
partners may be selected which provide additional advantages, including enhancement of
immunogenicity, potential to incorporate multiple vaccine determinants, yet lack prior
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[0027] When designing fusion proteins and pol ypepti des

in accordance with the invention, it is desirable, of
WwW@omr®e332¢ 0 preserve the i mmunogenicity of thePemUsTYeT003973

Still further, it is desirable in certain aspects of

the invention to provide constructs which provide

thernostability of the fusion protein. This feature

facilitates easy, tinme efficient and cost effective

recovery of the target antigen. In certain aspects,

de%lg%iﬂ?,e q'v; ¥ étggsae%?gtte&%rxﬁclﬁg%/ B%I uét%n ﬁl‘cqgnéﬂ’%@g a?& Ql\éhglep]ant

I ona ages, ng ennancenen

-svswmsnmg:bdﬁrwatlygzs theteofitasavell & productiporaftsprouidd: segtibngs systems.
0¥% cin n1nants yet lack priordesirable. Two of
[ a%cl ude production of clonal roots and

[OOBS]IW a| /Cﬂbﬁdfltrootsvﬁdlﬁlﬁﬁm REAGvietd lek pressive Srettthﬂ;raﬂfstably produce target

as-wel | uct.i on of s route d sst )
PrOGETEIR o T SEHiEe o U SR nGRd Penes of I AR PR
subbiilére £ X @nfra&tito RS Meherd ghe $Arp el gb:ﬁﬁ@éllthﬁﬁlaiéﬂ @d@ecombination
protein uniformy in the entire root qver extended

d%@gu csliosellir ienddistanen PPyement, Beigrt elgges the iptsartypfithe viral

. vecfor R Aintain¥d 85 L1eVER otf@argatprgﬁaﬁe foduédd dVep &hflar¥sdnilar to those
reconbi nati on during to-cell or_ long distance

observedenring pmtlalcﬁ@reeema lﬁl@galtrﬁewuaﬂp@'gfpr f=§secﬁf proguctipp gf material
foY 6 %rrﬂdﬁatm mg@ﬁ‘ afidJadc s1t dhsd %ﬁ%tﬂ&gt &ldteagents for
produce over are sim ar tO ose served
gegemating aj wantetmf cécnaé emxm degived fitlony pl@n§ vhich aref upefud fercthe
I
e
prémbugg raad atd lng»m mahe att;(se:et fqueommlplee RPOTt Pedicdton W@ 05/81905,

from pl ant f d i f .
whikR 53 B Boroy 0 b i P KBongl SFibésAag PR ma lines
cloes ﬁodi;b&n ﬂinbﬁd:l?ﬂ&)b}:mu SéF])ylbulﬁﬁ’ﬂidaI&i' ﬁohi{i}\%ﬂﬁlat? ga%dg‘sb off \,\I::Odumon of
sSee or exa e u 1 Ca |
ar} 355 Iy BTADAHO RGPy PG e | D) VBB VBT AP Yides methods

andteAgHies fok eRpresdiGPbS Aritipes ; pol(-;yln QBlebtid®atd pa&beﬂtidae;ﬁoducts in clonal
clonal plant cell_ lines, cl

onal plants capabl e of
cefllings demyrl Bemararioye Rlapbtissues eng- i IPOLS: [FAYED); m@P B Whqlg plants
deriv¥& Wo‘rrpﬁ}xgle-@éﬁs (AN DI SUER BlethIR W dI8Si ?hﬁg&i e use of
reagents for expression of antigen polynucleofide and
Pl vyak pedters qfvetioet ¥PPh clonal cell lines derived from
i ou
|olﬁ’<gl o ?;log %tﬁé}h%]%r ﬁséhgl ¥ Safs éct Sthe 11{\%9{151'1 Pl‘cﬁﬁd’ Sr)mctha&jof dbtaining a

on1S|ng e ce cl onal
clmaém@)lmesbmrcxmmmcﬂmde ahchm&s@tegqnmftth@mys@non

co?l&)rglilﬁ%gteﬁ@ Jfak] é}/rﬁl%tdg&?ng \ﬂyai‘ (/E&Ulstthtay p&ﬁ?nleg %é)g)]l)ﬁg?kggge

e I nven oVl
enobdmgtaatl pemof the mlwmabn irgota plamer pbatonethgleeﬁ sud (B) generating one
orgg?% é;,{aﬁ ggo'stt iglesg ?%J ant e ! uxgc{ort] é}lgg rl\;l:av g:? tgl\?genrfited for example,

byt infdcting aplart @ pamp pbn;mmc(le gqtaj }ﬂmvesmdqde@gofaeﬁf) ondth amf
BB o P Rofe B S Bt SRS B brop oo
lifks @Ak be Séreedd 1h&@ho{1$ Wags (eideritify gidee that athinthidrvirus, lines that
ex%i-(e%rs'rgloleynucleotldcs encoding antigen of the invention at high levels, etc. The
invention further provides clonal root lines, e.g., clonal root lines produced according to
inventive methods, and further encompasses methods of expressing polynucleotides and
producing polypeptides encoding antigen of the invention using the clonal root lines.
[0047] The invention provides methods of generating a clonal root cell line that
expresses a polynucleotide encoding antigen of the invention comprising steps of: (i)
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by infecting a plant or plant portion {e.g., a

harvested piece of leaf) with an Agrobacterium{e.g.
wae\0wpBogenes) that causes formati on of hai r yPeDUSRN7/003973

Clonal root |lines can be screened in various ways to

identify lines that maintain virus, lines that express

pol ynucl eoti des encodi ng antigen of the invention at

high |l evels, etc. The invention further provides

clonal root lines, e.g., clonal root |ines produced
getefath laorfaPrddt Yﬁgtée‘fl@ oWh@&péontﬁHq Vitdi L8&6r whose genome

enconpasses met hods of expressin pol ynucl eoti des™ and
copipreTh pglypgﬂymctq ¢rz¢eémgra@06¢mgf tingpations (iDmeleasing individual -
ceilg \f(r%n{ {Ihg %lo%%!)ir}?) ﬁ%{dﬁ@? g & ng ?lgefcl:erl]igs Q%ﬁ%l% cot Iafnons stntable for
rooectelll prbhferathmt 'ﬂwpnesnmm mopdb:yciondﬂerobﬂ abtd lgres @add mgethods of

expsR e BoehgS i SR AroRGRE B yBerhes bERE Rt rapt col tines
[0048]t ai @n Soré Embodidmintd, thdinventfneovides Methwis®f generating a clonal

ol ypucl eoti de encodi en-of ..t he jnvention,
o1 cHl e 5t e e o MU RS PR E B ED o the Bpiton
cohipMBingiéhs(ofi (i) géfRidtingl 2\¢168allrbét 16R), b&1sLUTARKick ebsthinl 2Vigal vector

suitable for root cell proliferation. The inventign
whpse \gepeige oBREFesRAlYRuSIgode sasoding antigangfdhe mvention; (i)

refééﬂﬁ@?&hﬂ%ﬂ%ﬂ@ E%h?@k'cﬁ’cﬁi%l A 1@5%%%%&\1&%@%@&?15 in

using clonal root cell |ines. I n sone
cuétmydmd%mryhn@rr'ieanpmmm fon pi%wl«!i é@lﬁ@pﬂ%s The invention provides

F&L uc%eﬂgraﬁaé Iaenc odP leiPlelffih tal Jgag Bhficiesttdeencoding

eot | ng antigen o e I nventi on
anvenrpof e nventiop somprising steps o (X mtrgd@clcg aiviral yester that comprises

a Adlﬂiﬁicle%?dk %ﬁid@é@é&&eﬁ% o’ 1é‘m‘édi{ %h% 5 ﬁto‘%ra ap’l%iﬂsc%u line

mznhmmedun rhitae; arld (i) enatleiagiforgcells dhancdumin thelvinsal fze:cmm

h | | d -n | |
Pt B o R BR o Pty QP diporPh of e s from
theewhiré;gliiqdilatng iﬂaeemavanéeltmopnscwmﬂmse thet detld®n6éntration; (iii)

SESE B SRl ol oL LIE i OB 53755 e i

veBRAPCIdHal flafit &IBliMs m4y Be hetldIfofproldigtich off AP VEEEIgEN in
that conprises a pol ynucl eoti de encodi ng anti gen of

acgqrdange it the Presepbinyentian-of a plant cell |ine

[00FY]Nt AITAE hveRtiSH itdiides adfifthter bf mREHddS I%ﬁ%knﬁ:%m%%ll&ﬁ] plants, cells
that contain the viral vector. Enrich

of ydreheqntzin arviral ¥eeippihat caspprises anolmyiclegtide squimﬁimmgen of the
iniéi,@ioﬁeiphﬁe{mtths uweiiiiﬁﬁ smviaes)méih&&gtarfggnman Q%ijplam that |

I's so as to reduce the cel concentr ron; (111 .
exatdsmarrylmlqmnﬁg enepdirg anfigen of it inventiqreconaprising sﬁ;ps of: (i)

ge%ﬁﬁ?h%?sgfﬁp{oo{: ﬁ|né Eeh08F whth Bhthid 0§ g irdl {éthor i%sg geno

'i'nes nmay be use ¥ pro
comprisida pmib'ngﬂcptndq: eaacod)ng anugenmﬁ the tme:npom;s(ebi teleasmg individual

n 04 The ent. | ud
ool EFRRR PlopmEiRALha iy SR AR S8R o YR E Ry ffions
appruptiatenfoa foriratibn wéa pplant.t Tht ienpon Sethea profidasintthods afe
encaodi n en of thelnvetlo For ex |l e, the
EeRTGUNE P aIp Bl BORIBE! SRAFIORAR BYYHRAIEe B RO A B oBligfn of the
inyntibh cblising steps of: (i) generating a clonal plant cell line, cells of which

contain a viral vector whose genome comprises a polynucleotide encoding antigen of the
invention; and (ii) maintaining the cells under conditions appropriate for formation of a

plant. In general, clonal plants according to the invention can express any polynucleotide



expresses a pol ynucl eoti de encodi ng anti gen of the
i nvention conprising steps of: (i) generating a clona
w0 o@v/obizee, cells of which contain a viral vecroOr/Ustwowen3973
genome conprises a pol ynucl eoti de encodi ng anti gen of
the invention; (ii) releasing individual cells from
the clonal root line; and (iii) maintaining rel eased
. cells under conditions appropriate for formation of a
pl ant. The invention further provides nethods of
e&%ﬁﬁ{ 'tlggn Bf ﬂJeQH@éntBha Rhuch @ﬁﬁmﬁfﬂ?ﬂﬁ%ﬁﬁ Pe tsed for production of an
pofy ot de encodi ng antigen 'of the invention
-muawpmpéﬂngn@ers of: (i) generating a clonal plant
[ 0 '
[(fg])gshL Q?not:é? S{)§ve Ehe\clﬁl‘e%&é O{nﬁ%ﬁ;pgoﬁ‘g%eg%kstgﬁg & exﬁft%?ﬁlg a
pd;lymalmt&htdr(pn]ymnt&o(ldcs) emadmgahti'gagof the unwintion umclenal root lines,

cigBapes AERENB gL s linrtiey ool ke FrbebBbmsedtusiom e,

aMer iatorah plapey, Yolphweikotideencsdihg antwgenl (ﬁ'&lie ﬁfvehﬂitﬁm is introduced
|nvent|on uch ﬁlonal | ant.s_ can be_ used
inte BRERAcSBH RNt ERll s ang 5fital ¥ggtpywhose %?@sme includes; the

papﬂu&eodde%ne&ﬁﬁg RhtigdhVeTthe HveRGioY bﬁ&ﬁbl?)‘lﬁik@!ﬁo {i@!, under control
expressi ng nucl eoti de or onnuc eot i des

o} AdEemAtgT-aft qle@ﬁ rpgt ltrWé)rwm}@hPiaehcq hligg isestablighsd from a cell

cddtﬁﬁﬁlg the ORad adcBRling & Jm)J b\@9erafleRARIque RittheF&skribdd®Sow. The
{e.g., cell lines derived fromleaf, stem etc

plankyipis Veatos op partions thereof cpa by Anfzodused irto arpast m@ by infection, by
m@@ﬁlhﬂ&p\zﬁﬂ}x [ ifal 34 gp 1df§ctioﬂ% cOE @ﬂmF: r%\)pel%o ation, by T-

ancestr fant ce using a plant viral Vector WhoS &
Dg%mtrélatmkﬁ@de@nsﬁe epol ynucl eoti de encodi ng anti gen of

[@Eﬁ | nvﬁ{}tf‘o Qw(?rp sre%mn)(s +es@1lﬁ? m 810{15 £S5t %epgl%?iﬁé ﬁ)%Q{ Jogl lines,

a pronn foot ITne” or
clomdlirodticedl lires ecslbmb iplamin eell finexyanad clonhl p:lamjs dhan Bngekshe

viru cordl to a sever. al te hn| ug t,
polistiilodhiah Sher e SRu@arhe REERIh o IBar 0t Red (AL R tine
dikhl?glﬁéﬁed(fﬁﬂn be‘mdﬂc&? tiveeth that Drodt fiha ptodtxeésl addyal root-like structures
i nfecti i nocu atlon nscr
or Pt G sreobell B FRnsigs 0 °€E?§b‘r}b rem Oy T Fohe structures.
TREMARRE Bemelint®RSih@hde®idcindlcBRahht cENS of Blel 1744 dafl proliferate and
secti ons descri be nethods for neratlnﬂdclonal r oot

pasp gercticdnformptien gn t@ progeny frlls: (sllsipfla gsfidine tyriFally proliferate in
e %ith8R b PPt o PAPBoanizB@brEtie8%eh ] Bk Rl %’Eh fiRact plant.

encodi ng antigen of the invention are then describ

The vsedithe temay “rvotsllrn 4% infgnded Heindiqaghibat callsan theappt structure can
pljoh?e(f'ate 'vﬂt}{onﬂ)elﬂg g)tg'gtov\ﬁ% cgﬁlp?étg AGE SIt‘?{Hﬁéh tHa? e tlzﬁ#e a.Pt cell”

structures or e a root cel ne consi sts
enconipasses reptchds. ngnmr footistinguigh-the invegtiveintethods forgeperating

rogt eosfa(:)x%lr}?%tt &elifin s EHn o3 Ih%kdft@%%chg gkﬁ‘e%t% gﬁaglé Hélgiines from non-

ne can pro ate an
roionflsnumﬂas apposad tocgqnemyag ylanal plant ¢edl lluszsdTorm cloahl robt hmes or clonal

t i,call rol,i ferate..i ul ture,.w thout, I

piaR e 58 LprdcpineDu i ST P an  MoafiRl i) os used
hdréihgeherallg péfer toheells afd oéll tifies ther ¢BnsisOof ndri-fudt plast tissue. The

|nte ded L H ndi cat.e tfa cells IH t he root %tructung
p erétd:e s can be, for example, 1 stem, shoot, flower part, ezc. It is noted that seeds
can be derived from the clonal plants generated as derived herein. Such seeds will also
contain a viral vector as will plants obtained from such seeds. Methods for obtaining seed
stocks are well known in the art (see, e.g., U.S. Patent Publication 2004/0093643).
[0052] Clonal Root Lines
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proliferate wi thout being part of a conplete plant. It
is noted that the term"plant cell" enconpasses root
wa@ el ®9s3powever, to distinguish the inventive PEL/OSIS7/003973
for generating root lines and root cell lines from
those used to directly generate plant cell lines from
nonroot tissue (as opposed to generating clonal plant
cell lines fromclonal root lines or clonal plants
derived fromclonal root lines), the terns "plant
[0083] " AN préedninveMidn +ﬂ00ﬁ{es aysteta torhRh&rating 8 RESrAl 16t line in
refer to cells and cell lines that conS|st of non-r oot
whichmpatplant yirgbvectords ypedito direct exnrassianeof & pplyrucleatidg-encoding
adng@ﬁ of HeGAYertidRCOnel drau6ie oAl Ex;irgés%n '!'éctdr&) Hﬂ]ﬁ&nggat

can be derived fromthe onal plants gener
padgnutégotide én¢rslieg antigSnef themysntigr ¢pea1tldm lipked t9 snpremoter is

g5 B SRR B R o
methedsr For(exemples ptant lddV& cdﬁd‘teelnbc@altbﬂ ivditht vical transcripts. Vectors

200 / 0093643),. 052]. | 0053
SRR R e AR s BRs TP & s BEYRR Bty sy mechanized
spedyoinatulatisis, Vaduam infitdratidn; ﬂamlcliaﬁombarraxlneme o6i électroporation).

ALSPEREY bl oS B byiremtred (e fOmATegHly infheled plants),

and'm&Pbeapliedito GHRE pﬁa&tmcmﬁﬁgxo(lﬁiombmdqm a
[080| ynuc] eoti de encodi ng anti gien of the invention

PHr abWhere indsefiayis do b gpeomaplished by ditgeh applicatinnpta viral genome

toll pgit, By A afRWIE tQhnk rxﬂgf béesealtd! 'prQ;a}éJmé @én&ﬁe AFor example,
varlety of known net For exanple, tg ant | eaves
3

manhvipuses ﬂ@ealreatseﬂllm qmplwwam aceendaned ywith thepreseyt nvention have

I\}Iﬂgﬂgﬁ asi ve i noc u?%??gl-ég& ean?h%%lg?tel “Q{p?f;g BI‘i-”?ﬁéapy of the

gemmcmrahy wplcatiomcafiam RINA| dopy atithen in piaw or @ wiro. Given the readily
ag%;i O ) a -to z!nev‘z")"r %&)Itlgpl )sgstem% %{ D agbg e’i‘?’ rgtrlculocyte lysate,

VigTons nay
et@a),raaddisoithd emtwedlepbauf m)m,nt:anxﬁgrm&Nl@ecmymﬂ aad{ItJA mh:e; itis

exBrBh e Ra R SR AR S b B ek Frgprmton.
paediclﬂurw With Tgetrrcsms poly@efdséNinfeditys amaJA alones tackhisgde

Agpbrg b edaied SERE ans'or ot 1 Homieo iR Ao i such as

vitall Qe 6B EitHer ieRNRNVit4D FeReiHEs SISTNIORIBIEBE). to PRRNCIIPNSIRE e.g.,
prsgare by transcription of a DNA copy of the genone,

aggpinhliratign, dccgrding togpethpdkpowpythedrt her in vivo or in
[OW5S)F O. T@e}ﬁfa{ﬁt bhplahepshiby nd¥ahbapé m&ﬁngﬁmﬁﬂ:ﬁg 2159 Mfifired or

In‘vitro transcription systenms (e.qg.,
grewn) wndes eyncttw%%mebleefpt replicatin of asviral firansesinte i egrtain

oSl 1y B S0y 0, RO B btk o5
lo@ibpfmm gebjo ¢call and/orsysteameallyi fuerngm, mmaﬂy |mdulzat¢cyleaf inko

f b
s SR GMIREESS s bR B e BB o
spredd Tihos tardre fve¢tor/maalcomaui gires ancating fimictiarsal MP ahd/or CP, but

mz’l“hé? lgsﬁf&t%bé g? éﬁ&:ﬂ ?grx?l-év' ! al ggr?egrgls % \9&:rc orolsn introduced into
(infects) multiple cells in a plant or portlon thereof

[0056] Following introduction of a viral vector into the plant, leaves are harvested. In
general, leaves may be harvested at any time following introduction of a viral vector.
However, it may be desirable to maintain the plant for a period of time following

introduction of a viral vector into the plant, e.g., a period of time sufficient for viral
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agroinfiltration, according to nmethods known in the
art. [0055] The plant or plant portion may then be
wo b@n/opsent ai ned (e.g. , cultured or grown) UNBET/US2007/003973
conditions suitable for replication of a viral
transcript. In certain enbodinents of the invention,
virus spreads beyond an initially inocul ated cell,
e.g., locally fromcell to cell and/or systemcally
froman initially inoculated | eaf into additional

repREU RS andO BB GHally] $hrefAGT tﬁ@bﬁﬂé BRI the @EI1S 1o wmv&m Wainitially
virus does not spread. Thu a viral vector

ingreduegdn- Areloasl woat euliuag (qrunelﬁﬁpmlnw)mpwe@m gpby-known.
mgﬁ%dpmglaggbg,bg@gcg@ both of such genes. In general,

a viral 'vector Is introduced into (infects) nultiple
[0887] s iln generiahany awaxlablet methodimeaiebé useld00 P6iparos tlonalmgot culture

ﬁ‘i)&t rﬁar V&er ﬁ&&q{sf& 1¥1{ %%C\flpal vep&)p h eRllr?t%duch?.gégl? such

are gener a eaves nay Dbe harves
mathydteiripo ¥sodenes\thag exmlt ih@etaini taotenifl plamnrdsl Thesd plasmids are found

Pk P R S SRR 8 By o

orgBAibME. IAta0genhS, Adrobdcrerfa Ban u@srermmk ©fa latg®and diverse set of plant
suffi Ci ent for viralrep]ication and, optiaonall
tYREY imglpdie mRergps dicot 2 mnPRRct anBigsReTIGSPRFEE H“‘%l gYMRRQsperms (see

Gewm Iz@bkym&bbzeﬂ WgsMBiol FR&). B¥a1 6,08 Qéfefetﬁl:&%ereé@ fall of which are
nul ti pl e cultures)-is prepared e, g,,-b - knownnet hods

inpoRporied hrsirbysEEreracdwIbs owdeonlarbagis of gametwatrﬁylsformanon of plant
cel¥@d iralies ﬁ]@ﬁmlﬁ%cw&d"ﬁ%&%rﬁﬁﬁpﬁﬁﬁnﬁn@l&? %len&ﬂe bf a region

culture froma plant or plant tissue Into
~ ofi4 lapge tumor-andusing @érer thivogenie R4 pl@mldéh@trreﬂécsmuhm various

t b
APRLOUASPRERS! M S ts LR RDSFLEHLR when progncin e
plaimﬁgmdkaaé‘ﬂ"eDNAﬁ whext excisfed dtomthe plasmsit dienelly, o smgle-stranded
vari et r e Agrobacter |
TBNR ek Bt lon o S Gn BFOIPRRR G Rprer it
infey:peﬁ ahd 64 wldirageln Eﬂmrpwsred i(imadoubhedstranded fdrmrigioake gérmme

eci es and osper ns .(see l.vi.n 003, crobi o
s Bivsit ondd piasyge org witly et G antcedictinn o forerg genggc material
m’t’hh lﬁﬂts&h& fb{}@x@ﬂ@@fo&tcﬁdraheg&wpmnsr ef erence). The
| ar hasis of genetic¢ transformtion of

-loeéﬂ s .1§fq°Palh of BlantsVgth vanusAs Pora‘elef spﬁ‘fle@wm geﬁfer of the T-

DNA Ras?h MirABdr JTeeeear Fafeaempleu FuhRHlichs efmses LAWEEgall disease
tunmor-inducing (Ti) or rhizogenic (Ri) asmdtha

whide; d rehizagenes Fruses deyalormsnt B 1081 & fag-sitesof infecton, a condition
k_l‘{O%Q‘l &n‘Haﬁ'y g&e&lgége b (Eé}ﬁ T sIs | z%ln w?%ﬁetwa ?%sformed

[asm d and T- DNA" when excl Se rom

' ce,blt Mmoogﬂbrlalthwmoe are glgnel, and &ﬁd@@otrrqpmenmaemnaé population
of R11kS Rﬁﬁfsﬁirs ?g@q Pb{%% n%? brlfed d“eﬂ[a%@#al:ﬁén%d: Ogrowth
ct n or ate

Agrobact erl IS u t mat e I ncor '
rafei andcgembtie stblﬂla‘f'lﬁ@dl dr a.n 000y tBsoreble A}é'ndr%el agy s¢ferences therein, all
o R T BRIt AL s b o
repenzaate tgendticafly stableggjents (Gl endls 2000 supra).

[0059] In general, the present invention encompasses the use of any strain of
Agrobacteria (e.g., any A. rhizogenes strain) that is capable of inducing formation of
roots from plant cells. As mentioned above, a portion of the Ri-p.iasmid (Ri T-DNA) is
responsible for causing hairy root disease. While transfer of this portion of the Ri
plasmid to plant cells can conveniently be accomplished by infection with Agrobacteria

harboring the Ri plasmid, the invention encompasses the use of several other methods of
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[0058] Infection of plants with various Agrobacteri al

speci es and transfer of the TDNA has a nunber of
webdoeo9s20 For exanpl e, A tunefaciens causes crONISTYar/H03973

di sease while A rhizogenes causes devel opnent of

hairy roots at the site of infection, a condition

known as "hairy root disease." Each root arises froma

single genetically transfornmed cell. Thus, root cells

in the roots are clonal, and each root represents a
m?rb@xﬁ@ﬁg BRAIFhAGEgi0h ﬁt%u PlantRA! Subh Atbs&E 19Mu&e ; any available

rh |zogenes Infection are characterized by a
methedoh intepdaciag@egetiematerial-iite plapych@ ipcluding) but r@@d}mlted 10, -
cq 8 f
w8 e raioh S ARSNGB TERBIN s . Releva
pations ¢fche Rs WeENmmbanm‘odMed ltlto plelye:mﬁs ay mise of a viral vector. Ri

ocfgtse) 5 elfuRA L e i VsPusk Ot oo itk Badbtng angen

ofttheinvertiad orinya diffepdnt virhl V‘k@:[(ﬁbﬁvhiohrdaﬁ b ehgsamatiya different type to

r hi t hat bl i nduci n ] . ]
i RARERR ot FOMBHRS the BIVBREP i ericoding angaen pEfhg nvention. Itis
nodéiDiat the effifd ROT-DNAl gy frbt t reguirél foRiprodhatién of ﬁaxry roots, and the

. responsi bl e for causing hairy_roaqt. disease. Wi
inyentioareprompasses heise of Bertions Phtheki larowemﬂamtsuch portions

confllih Suffidint PENCRIRIBAREHM tb $ndife P68 FoahRfbnDYs kid o tr @ art.
W th Agrobacteria harboring the R plasnid, the

Additiepal |gsneté>rméw&als €%, gemes Drgend vithin theaRi plasraid brs ppbwighin the
TYNAL &Qf o fEH@d ££h gmﬁmelr ﬁﬁgﬂc@f‘rdhﬂéeoﬁﬁla méai?ﬁ'el‘ft%d, particularly

Such’ ne |nc ude any aval
genps wqunpgessg’ermod@twﬁwpémta lintegration pf ﬁmT—&NAsnto plant cell DNA.

TN S T N g —

of\tbeinyestiong harveEietl daed mbnmnstare)cmtmfted withRA. rﬁrz@#kes anddére
tr oduc. Iant s.b se ral vect.or
copfiighh SGE4b1c, o $n B G0N rfisReitnatEs Lo earipR o fodintained in
cubQrd toi aﬂi&“add@eldpmk e?hmﬁberoe,m mclhgoaﬁts k:uﬁalv,\z._b ,tﬁbles in tge root are
invention or,in a rent vir \ i C an
depieS Bomon Srels erste) sl g sey e Ri T-DRA atoh fransfeged. o
ac66YdRkdeSWith Hﬁqnpa{tmu & lp8RIdIntsT saols AsdetFalaiils gﬁn c@ﬁtatrh@vual vector.
i nventi_on. is noted that the entire Ri

Thyst cbls in eqmtrdga‘% frog} sehan; aprestial pell pyll FQRHN:&’ a ‘é!ﬁ’d vesfer since it

'llmﬁll&@eﬁﬁﬁp@ﬁﬁﬁéﬁ&%ﬁe@ 86rifd cAPAMRE Phus BRidR proportlon
T-DNA, provided that such portions contain sufficient

(egormblaast 10%b.catilegst 7370} atdaest 8PYouat keastPRYS, ah leasts Rahal (190%), or
suf)gﬁntﬁ{ll%' ul Eletaﬁt@t?g}o)m&etﬂft:élﬁ \Uﬂt rftzﬁll thévi l'vegt%E €R is noted that

presen asmd ut not wt
sinpePiral vegtobis inhegited by decghftcr czllp Mathin g gldnal ypot, movement of a viral

ve\%%)? %ﬁ‘uﬁ{‘ 81% x‘mnI 1|§ n‘bpgeé Q%i?g {ci; rg)giinltzﬁﬁ Elié \91}12{1 Q/relz%r ?ﬁgﬁ&&ut the root.

Se exXpressi on e |ntegra
Indiveda! bl hafiry rpbmnna)clm feniaNad ffon06 0daf partamdexd further cultured.

SERSEA e BFetor S Rivaine eoet 19T SRR i Tt P o grow

foRswingdsdlaiéred Wi th A rhizogenes under conditions
nsformati on. Leaf

(Of:  oevariaty REGEERR SlpmAhraoh DG e Fes Pégraied using the inventive
méBY®. RO Mine®vefPddnérdi@Dising FRaIvecRd corftaiglipslyniclédtides
engoeéllng atlxtrxlgénhoef ﬂr'lg Pntveralltrlc?n (e.g., encoding, immunogenic peptide). Root lines
were tested by Western blot. Root lines displayed a variety of different expression levels
of various polypeptides. Root lines displaying high expression were selected and further
cultured. Root lines were subsequently tested again and shown to maintain high levels of
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derived froma single ancestral cell into which the Ri
T-DNA was transferred. In accordance with the

WO pwefpizon, a portion of such ancestral cells p1/0S2007/003973
contain a viral vector. Thus, cells in a root derived
fromsuch an ancestral cell will contain a viral
vector since it will be replicated and wll be
transmtted during cell division. Thus, a high
proportion, (e.g., at |east 50% at least 75% at

o580 A8 8, bR Wi oon wer
coorpatabletot ¢mgreatc1aﬂhanexpr§ssmn-tn chnplaet;i;-mfmtedswic thegsame viral

vj ral ector i nher i t.ed | ithi.
vegﬁoz) H?ﬁ tIo o%: eraIiFDcl r{?ot l]meg e gcg#lgv e’c tab‘riﬁd\%i %the:{yh;e?ﬁgn %f the root
line® ®fas is8petizir tdﬂﬁmeebair;edhﬁ phamitsninfected with the samendcdl oector. Up to

out t. Indlv ual . Ional iry roots
SObof St oty riRGHed Hianst FygHed B T AT R & LareaEeq (oeh
paﬁagl Itas frﬁgl\ﬁzldaﬁ&lwdtﬁig plﬁ{te Wiﬂa(irdr@crm]ﬁtﬁ Qlllbv?ﬁflg lﬂm_hfdcnaﬁe glocal or
sol ated clonal roots cont| to grow follown
syFeBatp BicomoEuaRlished 4RFBE 3 16AE samplte ARt nachaHaE Tregh plants that
aré 5UHRSqIAVS tBRaNfIRRBreadifNl) USi NY the i nventive mnethods.
Root ?I nes were generated using viral vectors

(08671t ai Rorylipen avibe ewtyred on adaegiserje dor prgduction qfjgatigen of the

mbe!h‘{i%ﬁtdo ebBdéh as RGO Trth& BBV I RS ﬁoeanﬁat%@nal RRtines (and
l1nes were tested by Western bl ot. Root |ines

celiling$ demvedafrem clana) rast ligies)fcan @anerally be sadingained v mediygm that does

A

ol USRNSSR 478, B0l S PR 00 B ok

etd. j thesaresys cahbseploped irlyculm# efiroayanchplanticedlso dihist feature reduces

th%eg)lﬁg% ISQSOShICl% edlvs" St‘ﬁ:“lls}u ﬁ{‘ﬁr eér?d %cl Ye%&or%é%ﬁ%q ﬁ%f it will contribute

sighificaaslyito mhmoﬁonmfmsﬁhitg of prolcmgirmatcebn using plants.

nepr ion-in ant s- -, W I h-
b6 L AR T et thBiets ek B Bttt skt el opls B cxpress
polyhueltdtitie eﬁbod&ig’iHPM Mlgéﬁ(SF&ﬁﬁl&SﬁWdﬁﬁoﬁf Wésterh Olots,| BILISA assays,
et‘\fNa r%ﬂibgﬁgs% ?‘; g%tgq}ég%pof t alf{f g agﬁmlsep cf) ttgc(%ab e E’nqxrkers such

as\GFTY attbriafité BRHYd8 Bhh 4s0M A 8keb®s diinl e feyfoPmed! Bfa viral vector
3 passages (Such passages invol ved inqculating plants

comprising aprlxricieatide thatspeedys prrelactblc rgher {9 wed) angppropriate
seR¥ELE B Ye indpREE B, ARlIBK thaBRS) anld?dtirBSts Jetifed ﬂé%ﬂﬂn? can be
and i nocul at’i ng resh plants that are subsequently
- cujtureddy thepreasse eé ap eppr?ppere @ajibrgsor mpﬁe@nnhsprﬁenon and surviving
1<tléf'ftﬁigd @Hd ‘?so'leﬁ v1§'£ 9{099 ngéleotldes
e I nvention po pept| es as dlscusse further
enc@dms an@gmbftthetnvsn@mﬂe & Jwio o1 mexe godymiickestides ¢mfe§mg dlfferent
f I
pellRHEE, IO 1 008 o 3 oS AME BRI Yol s o
seleotred @nddected by, selepting) forgxr@m;douhg ::mumwors of:the asarkerwvilishave a

high bR BRY of i esprty e e Sl SRmghicBPH YRenilg frggot tines

thitlvenmzipparsieulas pelghadl estidet t:hn be pettfemmd usinigePCRramsidtotieer nucleic
id;yentors e R‘?ct that it will contribute significantly

ackii¢d108 B % feasibility of protein production

[0064]Ng RlifRdfively or additionally, clonal root lines can be screened for presence of

the virus by inoculating host plants that will form local lesions as a result of virus
infection (e.g., hypersensitive host plants). For example, 5 mg of root tissue can be
homogenized in 50 pl of phosphate buffer and used to inoculate a single leaf of a tobacco

plant. If the virus is present in root cultures, within two to three days characteristic
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[0063] Any of a variety of nethods may be used to

sel ect clonal roots that express a pol ynucl eotide
wer@ampizgo HPV anti gen(s) of the invention. WSPET/NS2007/003973

bl ots, ELI SA assays, etc., can be used to detect an

encoded pol ypeptide. In the case of detectable nmarkers

such as GFP, alternative nmethods such as visua

screens can be perfornmed. If a viral vector conprising

a polynucl eoti de that encodes a sel ectable marker is

1ess§ﬁ§iw1wap®@pbﬁ Btid M@ terlesves! ahiCrABari&hht RO & 1in cBntains
the |l eaf material .and/or roots _derived therefrom-can

- repembiprplyisy that eardesthe-palyauclsetidaencpdingantiger of the-invention
(tzﬂ'g&t' gng. | 1§ nBolH tlés'nctdsoa?@forﬁﬁﬁ GihE Q8 n8REruS Wndl the P&)t line is rejected

ots 1dentified and isolated). Certain viral vectors
asgegataver Thie methadhisdighdy yimee hed costeslicianto dhfter initially sereening for

I
th rdstifed SEHLS, Bdrs BablonditliheVinliihay BOLHIUGLER lbRiary
sceeenbg, a@l dayoWestetreblbabﬂ ELISK kereleca: hxghadxprerssd;rs tAldditiomakscreens,
selecte or tect d select or detect]
e G i EuB TanTapid ERS R u o ediad nder TR |
erﬂiroﬁﬁx‘éﬁtaﬁ&?l’cﬁﬁﬁrld;l ltclt Lltan &€ @ﬁ]bldadDOII bé@d:l eéreahngi ﬁlelthods may, in general,
Screeni n or root lipes t cont ai articul ar
I5¢ &t B deyelormgnt ﬁ'ganaafh Hepel reptlipgscelonal Fogt §rtl lines, clonal
plantCeBilihed Gind/dF 1@ MR pRAtsTREG LT hetdR64] Al ternatively
or _additionally, clonal root_|ines_can be screened for

[086s encs Wil baevidentiia opg of erdinary skilldn fersartyR vasiey ehmpdifications

m)Mr bl maBE 08 tHRGRECHRIN VI héhventi RSiktholS forl deHeratifg 8inhPfdot lines
g., hypersensitive host plants). For exanple,

5
th@ﬁfcomtm a virgb yRetera rdush mfzmﬁ@qimnz are withingherscapee of the invention. For
erJ f‘c 1pi§fép ﬁEraﬂQQIe 24tk t0intrDAGL! RE Girdl &lc&&}' 1ﬁto| aﬁl%tact plant or
o acco the virus 1s present
poa;tqu meeqpf pwiot ko mtqodgcttcm_ ofttheRi dalyNA genes, in certaln embodnments of
tnf JRICAES e BN I follickls pABPEABBufE e 1B VE8or. In addition,
it isgoesiblentacbntacthimtach pltantsogithi M eshitdgenaodayhen mlhadtard:fstmg leaf

encodi antigen of the .invention (target gene). If no

portiins anpdaft b e e YRR o Vit uss and ¢ he

[0066)t | iOtBeﬂ rﬁemeaesf SshefingUstial ¥t lihbd frome;lhge céns of the plant or
[ cost-efficient. After initial

hi.ghl y
Pogewégﬁr 5 thas Paqué 2 yiral Xerler 3 bgiused ¢ %’68?@0%3‘?‘ using 4.
rhEZBLRdsTbr IgBRetid rhuenmaﬁoxlaethé Rbgesﬁﬂ; FOr SR&APKMfr¥atment with certain
screening, e.g Western blot or ELISA to sel ect
plmt@emgmsg@F@IWF of plaat harmapen is know to resylpiagenergtion of

rob@Rtdin Plailsuedr oW h in particul ar media or under
articular environnental conditions, etc., can be

1006 | e&lomi&dl EiseeDarived MemKdanalRap! Linesgener al , be
IOP@ﬁl | ed\d cfés&f\?eddaﬁ%% gpgﬁfvenﬂén Wl&g ndifods! 8P g%rrerrﬂﬂ{g clonal root

clonal root c i nes, clonal plant c
lmes,rnehererarmlls in thegnel lings ganindevicali veetdrh éisas well[ka@es]in the art, a
vaﬁ%p%fladlggtr%ng?élpﬁlpé cta.g b? I%gg%gl gﬁ?‘%ﬁrﬁ ¢ Siﬂ)ll dé A{A‘g)l% t]‘80’( cell lines
cadé:scgenmtedrfrmﬁ indieiduaivient celks dbmnlmﬂfsorhahe gmwsmglangmety of
kg Inp oY cSichizogt Gt Rnes e Letipbioh From: gt i diffHER: root cell

type&¥within the root. In general, root material is harvested and dissociated (e.g.,

physically and/or enzymatically digested) to release individual root cells, which are then
further cultured. Complete 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

from single root cells. Root cell lines derived in this manner are clonal root cell lines

15



exanple, while it is generally desirable to introduce

the viral vector into an intact plant or portion
wo b@vreef32pri or to introduction of the Ri T- DNAPQEDNSR)7/003973

in certain enbodi ments of the invention the R-DNA is

i ntroduced prior to introducing the viral vector. In

addition, it is possible to contact intact plants with

A. rhizogenes rather than harvesting | eaf portions and

t hen exposing themto the bacterium [0066] O her

r
o P01 BEE ShUTfbof O e Berd LR LS L Bion of the

: pwlynvaxtlecxetetempoda\ag abégmwhénm@mxomecmsplmt celisliney cAn be obtained

rh|z enes or en i al the R ol
inga §im Oﬁ% frora 45 dof’giao? Y ¢ cél’fbg N W%?lsﬁ%r%%%(g&é?“s in the
presdrice Mthdhjipmﬁnqné t herhmomees Sd:tﬁelksrmidn;ut@ssme woundsof

eration of raqot fron1 ant tissue. [00§7 I .
ATt HOLORER IOUaPIEY CHD AT tEkPLh e RUGRISTEoRGE encoding
arfiR®f lof BROin&RID, at thixth levsieN HoWever, @Fthe eEonaEidw tifie f@n which the
generatlng clonal root |Inﬁ E wherein c in the

blige isidsa¥ed:gfrady sxaressgsat highdevgls, sugh a lwalql SRHEEHhmAY be
uid@eddhdy. a variety of different cell Iines can be
enerated fromroots. For exanple, root cell lines can

(0969 e netninshe prssrmfitheirlonal rapt liegsy cellsiaf @ clenahrens el figgare
ddri\Rd rffmalﬁl as ﬁ%g@a:gbel’@il' RiNth& ok RIS tor ana vill oﬂ’lterefore also

cell e obtained fromvarious different root
canddin the/pieal vm:ttoh simce Hewilldest replieaterbansd will be ansmitted dprng cell

d1kl§sn;1'§r DL aeﬁﬁ&ﬁggodglr? SJeJ A?t ftqe 56%, at) ¥s§|7§u élaYIe%ng%, at least

enzyna o) re ease |1 n
90,%1 dltSl(,aasthS%D, al @ 00%©norf substastialyudli (at dehst W3apoEthe cells will contain

Rl Res5n JER et B 5o BRETE ko P15 /BEGRER Bl aufdlipr cells within
the_@ltﬁfamdoabem nﬁclz,l xﬁm%ﬁedtt of d’lmlt‘aram vtf:mf]I amenhg theI cetls i icmMecessary to
n e roQ ce S 00 ce es erive
B TPl aFRGT ThEGEnALoPt §e1l e S5 kF Hoehtor prodiction of a

pd’l?ﬁtﬁd)éoﬁd@léﬁbodlﬁ tnGgdn of theasvehhie Esfﬂ&seneambé)bw stabl e
Bre33|on of t €,Izolynucleotlde encodi ng-
IOQH | gerfignehlant e hffiedn. - O onal plant cell- lines can

[dmlp bt alﬂbe&eéeﬂt fivehiidn Bfovitl BifdthddsdBt b&iRraimp ¢ lohAPIsnt cell line
culturing dissociated root cells in the
mpwlelgb ﬁ@iar@wlrﬁh\ée%pﬁ opd tardirest expressin Rl fgelymicieotidg encoding
%@nt | ?Ye‘%égwﬁmf %%?mﬂ% &Ml i HRRE nf@ibd) Ont' 3L thor viral

I'ines thal express the polynucleotide
em@asmwcmﬁsi) inshuding a pelynyglentideenceding apHP ¥\astigen of the

?Mgo\ﬁeépea&jl §i Hgaf * éllgn{og%)l? eitgbglgtéc?ﬂ%%fsrbftagﬁmﬁeéeh lwe that is
madxﬂamMm:edellsmltasn A mambbeoﬁpiaemﬁdmey froﬁr()@ﬁﬁ}us,qu;ant mypes are
he Catgfz ragf : h wi:.io can & gtsefci I"IGewl’y cﬁe%lvl céﬁ lifie Cl O{Le generated
e r

e ar e eriv omar-si ngl e ancestra
aacefdmg toelkknosaninathiods férause i gfacuemg ohie mnention. | A viral vector is
r ef ar vect or .s

iz il OSHEF HIPRI Sl e ARG S Of # Ay pf Methods. For
examp]e protoplasts can be made and viral transcripts then electroporated into the cells.
Other methods of introducing a plant viral vector into cells of a plant cell line can be
used.

[0072] A method 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: Following introduction of the viral vector, the plant cell line may be

maintained in tissue culture. During this time the viral vector may replicate, and
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di vision. Thus a high proportion {e.g., at |east 50%
at least 75% at |east 80% at |east 90% at |east
w@36dy/095kd (100% , or substantially all (at | enst/USBRAG/003973

of the cells will contain the viral vector. It is
noted that since the viral vector is inherited by
daughter cells within the clonal root cell Iine,

novenent of the viral vector anong the cells is not
necessary to nmaintain the viral vector. The clonal

po ?H%E:legtei‘{iés %ncg&ignc it Redfotthe %\feﬂﬁoﬁ?&s}{g Res8dd. @Clonal plant cell

ol ynuc I Ng antlgen 0 entlon as
lindearerdebised frehothe- cﬁlﬁﬁr‘é@]a—gﬂbgraatroé&sam s@akehsive ergichigoy1For-
pres

[ entlon QVi es neth [
exgEIo P R EaPPOrrhEo SRy R oty yLALAENT that e
coh&entraién bﬁcéllsne tow. emﬂr;ﬂasd ﬁnPﬁf-l chsm:s Iny individodliditeplets. The

encodi ng anti, nt.i.on. According to the
droniets ars then mal 386?1 ‘b‘?’cgﬁﬁb"‘vwal expr essi on

[00'B L OF {1SWilll CAppedifted tHa® M@bl@&tmﬁﬁc@ﬂﬁmﬁ vifiable rdber of cells,
antigen of the invention operabl

ked t te
debending pothedaiial Aras et i Gt pdihe St pf fiufap Heccells can
be Qﬁllu[gdaéu@ﬁ tht BadsElitop ?ét'.l. LoHtSin efihBMOBET cff ifit &testéd to obtain clonal

't nes from vari ous p ant types are known in the art,
cel lipenéxprbisirie bapobmugleetide eropringantier of the| inventigaafieranly a

sm&?e x%t%gﬁ ro?tegﬁﬁlﬁ'ﬁg A LdUkveD KOaW %E{J‘éfﬂéleﬁpfo SeREt A Boncentranon

nvention.” A'viral vector Is introduced
suchnthat ﬂmﬂtﬁlﬂe oélls 4re ppésamt incath diopies and themclicragnitbe dropless to identify
met hods

R A
betegploydd. ForEkhmplensdlbmibm arfdetention dfie idegcablel markewsuchlas GFP can
C into [ ] a plant cell n .o

beytB o Y SRR PIRGRs B AP TPt oS BTN eb FE Gl AR LD
cohfirtford Ghah @RowgH dellsifer ]bdtﬂﬂﬁi‘ahwoﬂlhdseﬁas\sa)YsalMumplmunds of

suitable for_  introduction into g ant cellswg g“ﬁ Sinel
enprimeR e performad 19dsqlateguegestiye! Sider E5pre el lives. Single
cloral b&ﬂve&n RResqd. et BEpiaticHs defivt® fromt #SinBleadicestril kell) dag be

e maintained in tissue culture. During this tine

geﬂﬁ)é»teﬂll hyafurthet Emitingsdilytion) usig: Séa-“d&m:iﬁ’@ﬂ&ﬂqﬁ é@resbqgla g¢ll cloning.
C%U&%gl it rﬁﬂ'ﬁk&%ﬁ@fto id3faté (heRRELA Q:]c;m 1iR&s. €A PbSIaReh containing

nal I'1nes are derived -from
mmlltlglmdlbm,&l eell dittes candhe useg foraxpressiongf @ed wiugteotide encoding antigen
- For. exanple, sanples may be renoved from
°f E”n"en[?ure optionally with dilution so that the
[OO‘MC enfn geneyal, oértaie komsidesatians dea¢rcqu| abpowel farrgePeratipn of clonal root

s R R Bt P b e s R LEpIR £ IRHy of viral

vedfdps stitaining drieadr rhdre pdl)amlcbbade‘mcodmganngal ofthe ab{eatlon can be
mber of cells n the.initial, densit

s 65 640 FaP B AN ARB B LY i o e g ieods can be

usb@ Aislin tiRcbase 6htHeltidnalrasot hdegaiceﬂsnaeabmem lm'esmus of aclonal

1 cell if it is desired to obtain cel | nes
plenseUdiTR AEF SorbvesiGr R AGIIEE PSS GH T ) SRR e L yptor and
wilNREfoR) afbtcBhtaBMhE vdral vector since it will be replicated and will be

transmitted during cell division. Thus a high proportion (e.g., at least 50%, at leést 75%,
at least 80%, at least 90%, at least 95%), all (100%), or substantially all (at least 98%) of
the cells will contain the viral vector. It is noted that since the viral vector is inherited by
daughter cells within the clonal plant cell line, movement of the viral vector among the
cells is not necessary to maintain the viral vector. The clonal plant cell line can be used
for production of a polypeptide encoding antigen of the invention as described below.
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single round of enrichnent. However, it can be nore

efficient to select a concentration such that nmultiple
wa@elr®9e@ present in each droplet and then scPepnS100®003973

droplets to identify those that contain expressing

cells. In general, any appropriate screening procedure

can be enpl oyed. For exanple, selection or detection

of a detectable marker such as GFP can be used.

Western blots or ELI SA assays can be used. |ndividua

pl e 11) contain nore than enough cells for

loggﬁfor§§W%é9g?g%hese assays. Multiple rognds of
[oeTe]i ch mdsﬁal.plﬁtq@nmnﬂmgmdrate{al-ﬁr&nltht cosglaoetsclvailyroot.cell lines,

i gher res cell lines l.e clonal plant, cell
anB%oﬂ éEn@F 1;(1 eEl br%s 2re acécrorelgg t Flbe Yagious ng S deS&ibed above.
Mgﬂhlﬁ&Sfo& ghe g@iel'a)tloﬁaif gmégﬁaﬁ{]@g&dlfmy céll Ixhéua and pmnt telblines such
t t
o o b 5 oo S o Felfgsroea e
aré G»@ll%@i%'m %eozﬁ@tseé i) gSPe:/és BOSIUI2ADI OPlaRPCLRI TVsH@, and Organ
i nes can be used for expressi on

mul ti pl e cl onal

Cuyiture, t%oﬂmeé IS@G@?@éeﬁﬁﬁml‘Yfg'k%ﬂ‘P plahmefeculs biglogyandyn.

blét% %éa’h&ﬁré‘fsre@}her&ﬁéréﬂb nﬁ@ﬂ%ﬁﬁ&@iﬂe%re‘iﬁ%ﬁﬂb?& thethod of
ve eneration of clonal root |lines apply to the

gegemtinga wtnnabplam emmprisingsiepeef (@) gonseasingrarional 2095 line, glonal root

cefl! l?ﬁ%rng 19n. a? pr da\ﬁlt Eah 1%E ﬁéc%'i‘&in E.I%L 5t g 1%11% mi8Mdds described
huc es encodi ng an e the 1 nvention can

abbee umd dll}agermaatlrxgcamhqlatplmﬁom thtn.ql@nqb reotdinef elpealtroot cell line, or

01?1}?; fc)ags e o0 gil?ﬂgrplgl&% g.rea@ %} BIFA ér%e S a n Pg n a?&glng%é

méthodss, ceIIs of a cl onal plant cell line are derlved

m a S|n anc r t hat tai,n [
DB 43R B roR0 SF Rl om0t ind§ < GRE ki 3 1aEs. Ao Aonal plant
cell @ik 8 thé télBoofial clondl Ipldne afeddrived aldlgw dricefreal cell that contains
transmtted dugiggr eII d|V|S|on

T:)?’Bﬁlo‘feﬂoé ﬁnfl & elore; alsa ngﬁl% %nyijl ‘fg{or-fgy};e it,will be replicated

and AR beGiHsmitted &Q%w@ion' b agﬁéﬁ propbitidnl@ %O/da.t l€akt 50%, at
substantially all | east 989 cells

leasb A5 i len S0V4. i 1OpcREE. o ast S50 a0 1 D9Th coropuegtfadly all Ga
leé’s't 53y I) \’)?%%llk %ll RBRGiL G vitdl GG tIels fodd Shatdihdd the ViY@l vector

I onal pl ant l'ine, nmovement of the viral vector

is mngedtlmd%mes celés wishinbe elosal Blantomoxemens of the irgl yegtor is not
neb8&E R to mdifita ?J@,ga}uap{,@d@& cell line can be used for

pro ction o a po peo;lde encodi ng antigen of the
§ ag proutted Headling [Pant [Hxprassiom|Systs SP| ant s

b8 SO A S5 AL

seedihigs vihiels angruselint ot the porddictign obHPNeamiapn@m acaeeding tisthe present

o B8 S0P e BPAR] W BB B, T

Putstichticn W® 04443 BS@,twllur:ln ssmcmbonaéd lnenem hyaleferd:nqebsIhtapd:sent

. cl onal ant c g gereln L6 Ve

kYR SARTREOEEES B geqrings,Sghigh Ry U Hibie, s tomass
contaafihg @R HRV Zhtgdiepeptide ongﬂéinCm tettain aﬁfm&?theaﬂdnass is provided

standard referenc rks on pl.ant | ecul ar
diggely for consumption oF anvgjgen compogmons ﬂP some aspects, tge ganass is

- processed prior to consumption, for example, by homogenizing, crushing, drymg, or
extracting. In certain aspects, the HPV antigen is purified from the biomass and
formulated into a pharmaceutical composition.

[0079] Additionally provided are methods for producing HPV antigens in sprouted

seedlings that can be consumed or harvested live (e.g., sprouts, sprouted seedlings of the
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bi ot echnol ogy cited el sewhere herein). The invention
therefore provides a nethod of generating a clona
w@bk@nwossenpri sing steps of (i) generating a clBPOEUSI000003973

line, clonal root cell line, or clonal plant cell Iine
according to any of the inventive nethods descri bed
above; and (ii) generating a whole plant fromthe

clonal root line, clonal root cell line, or clona

pl ant. The cl onal plants may be propagated and gromn

accordi ng.t t and hod
B0 AR o SR A h Bt PP llortRy V] e RER seed to an
-—ecﬁlblerspioumdmtedlmg_in d- ¢dnmned,hegnﬂahbls eabiranmémt(alg. ,[ihdotirs,.in a.

ar e derlge fro a %& aqﬁ stral ce Igég%% cont ai ns
COn{ANSF; /51 E£BT %ﬁ?} pInelEE EHEIPETGLTS ORPHSERe
exprdssion\tassefit efitdtiigy at HRM Anttgen;r \eaich@ap@dslaﬂ@h &iven Hiean

transmtted durlng cell divisi Thus  a

ex}ggw{y @ﬁu((né egpromogﬂr Pevariety /&xo‘gpmplésé% tndys@wde promoters can be
usk® A% a?eoi%uéiblel f&%&aﬁg%g bﬁmghgﬁaat, hmﬂidneé %@nts Qbe.

substantially all (at |east % of the cell )
[088Mt ai An related |errﬁ40dve%rtt$3 ithe pres¢ny lwcﬂnéan Prtides rnetéOtlmf producing
I I t
V g%g Igé!rﬂ?} o sp}%%%gilﬁfé%)bﬁxgg %{Iﬂ%g Etﬁ{\geﬁ Eégb %ltdS@k rfg} thelsPfouted
sen@mlssaugmfmg plaatswith en gkprebsior cassette Bpt encodesallBV antigen

PGSR BB S50, Pl 7B Ve v e

drbjen bytan mdlablblp Ipoorhetr.s i gengs sadds chn be ebtainetl frork dre transformed

R N A e R

anfigen.known in the art (see for exanple, PCT

licati on WD,04/ 43886, whjch is ar at.ed rein
opBh L 3 ke F oot Sttt A R e TR RED YR Hitcig sprouted
se&dlin@d viith S OREl dxpessionithssareBcIdenLsh BIPY, ardtipen, &dp@é@ﬁﬁ of which

contai_ning an HPV anti gen peptide, or protein.
maxbe diiverepamt of 2 vird rEpmAtes or A1 dusip "dBU’n%ﬂ‘?fe c?hefwwed

se&ﬂﬂﬁg RS 5RRvofor 806 tORArCONBAR! ihiaQdhtaindd, FMPatA1P 8fdiPonment, or
t he |0nHSS i's processed rror to Consunptlon for

at {sasptd sufficiens feglsnfzhe HP Veantigendgve besn @iga.mgql for consumption or
hafvdsfiget i ng. In certain aspects, the HPV antigen is
puritTed fromthe bionmass and fornulated into a
[0082)r naddapresant invensivsi fuitber, prpYEz bystetas far prneducing HPV antigen(s)
d
n B R1 THA 1 Rho AALUSL U U REL AT 50k g
scbdlmsg doatagning ap eaptessions passettethasgeddengse afmotedBP dastigens,

w}%ﬁelgl&gresapg %r?\'/egn VA ecg&r{s tuéi%g %é EI?CE.‘SC eéBIfonV g} Iﬂpe inventive
systemd lcam gro\mdeamoqm advaathges eveguhabaidber afvirohfenest greenhouse
i cont ai ner,

.e. 9., indoors, The seed
which Singh BF PRAFalRel Ton di B sl Btyenfist R4t Braupr 6 rcisely
tir@em;eeﬁ@@dﬁan@aembwo@aﬁmd IHRV antigdnV 1abir ged greally educe the cost of
e [ESé? |s {iven by an exogenously inducible
prﬁ"g‘h‘iﬂ . ty of exogenously inducible pronoters

[0088) bEIn certain aspects, transiently transfected sprouts contain viral vector

sequences encoding an inventive HPV antigen. Seedlings are grown for a time period so
as to allow for production of viral nucleic acid in the sprout, followed by a period of
growth wherein multiple copies of virus are produced, thereby resulting in production of
antigen.

[0084] In certain aspects, genetically engineered seeds or embryos that contain a
transgene encoding an HPV antigen are grown to the sprouted seedling stage in a
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used that are inducible, for exanple, by light, heat,

phyt ohor nones, nutrients, etc. [0080] In rel ated
wenioapizent s, the present invention provides nethosmon603973

produci ng HPV antigen(s) in sprouted seedlings by

first generating a seed stock for the sprouted

seedling by transformng plants with an expression

cassette that encodes HPV antigen using an

Agrobact eriumtransformati on system wherein

re n

cFRRLER e SRR SHnle b EBninhet sk BRYe Efhironmentmay be a
hdusmm mlﬁteartroemsﬁ ovihicidthelseerds; cagfosmown ltaioomtéll weldl,ronmentaLfactorS‘

o AR ST Rt R 3310 o o

regiiiee/ Ii Qﬁdo gk, dnd\ighviag cambeekpcﬁgw&pﬂ'ﬁ lgcﬂdu&ﬁgd:lngmgsrcd seeds or

th a viral ressi on e enc
er%ﬁwpway bs%%ggfr sgFo gﬁ’aﬁ/ %’r}nr@?ﬁ %Wn%@fé*gh‘
[0¥832! [OREIniroRmeAial FAREtiS tHak empb@feghmted ihhhe spitaink tegulatable
seedlings are grown for two to fourteen dacg in a

enyiapeEieHeRf, the egeamlamvéwenmlp%wemmw hymiditys Paffie ytrients, gas

(e%ﬂf(ﬁi 6t g@tZ dofieat Sr cfr&ﬂaﬁ?ﬁf SHHrhigA8 (HRME nﬁ‘f&ﬂles such as sugars
talned for consunption or harvest| ngmkgo The

andrsuganderivatiegstarermgnesaich gs snahpsshe p rmpQfies gibberellic or
ab@{SQﬁd&Q Eg, @B4ikgen(s) in sprouted seedlings that
ou

sing unit with climate control and a
[0886]out eoebcssbng tongeriaimmathods gf the nesssnbiswention; g8pressien of the

t hat _encodes o I
gt e CAERARR 8T VaniG il Ke B0k ARGy BlcRuely ipducivie
prpmmt EXQgélifmaslynnémmbl\t@r&yleteesWe causegto naiease or 4q@ease

e out daor__en nnent .or areenh

XTI L A SR i e PaRTR 2 Frh Ry o o FEORA dhfius. A
iR lof thesé em@fdn#fdntdld'aabﬁmaﬁabyast mdﬁcdi'hﬁ)rlenﬂtestmm of thfe

expr essi on e HPV.anti I.t. can reat

RS CEB RS GXPIET U AR e e AP FR) Shep e sepovts. The

r@ﬁfo&e?'rﬁh)a&pﬁﬁéa‘iﬂnddcﬂi@ pEathbtyr, lshenad £RéREhSEK pxld)hi:‘oter For example,
contain viral vector sequences encodi ng an | nventi ve

usiBastifel-ghack PoeREler thistemperagirg i thegrontatpedgnyiranmsgt ggy simply
beal%steg t@rapue gﬂregf&%é #anPen¥ | ORher Pr6th6iets melude 1ight inducible

he sprout, followed by a period of growth wherein
prnmmrpl bighbiridusitds prematers gar bp meinigingd as pepsiytive promoters if the

11%1??# 'é&gtaﬁ&d%glﬂﬁfaiale é?lvﬂfonﬂl'ah%lg%%?[ %9184111 n%rﬁat‘fveerl)% £Hdmonally,

s, genetl y engi neered seeds or ryos
e)«pmslsmnrof ghe ur%mggmmmed@nem ajpRYtiuartipeq demeg @fr\@hpment by
.1 0 the .spro egdll i ' . .
s B 5 BRI e P95 ORI A ppomorris
usedvo imlnoe exprasjorbef the n’amggnetgAnmxtimgtonbmeimbodimm; the
t he-se

i nda . .
cHI SRS EPOTRP OIS GrePas o Besest cmbrg. o spjdling o induce
expidssionrofeiy trafgele Syrayinglahé ehistGigem teprecisay dontnelled and

directed onto the target seed, embryo, or seedling to which it is intended. The contained
environment is devoid of wind or air currents, which could disperse the chemical away
from the intended target, so that the chemical stays on the target for which it was
intended.

|0087] According to the present invention, the time expression is induced can be
selected to maximize expression of an HPV antigen in sprouted seedling by the time of
harvest. Inducing expression in an embryo at a particular stage of growth, for example,
inducing expression in an embryo at a particular number of days after germination, may
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require light to grow, and lighting can be expensive,

the genetically engi neered seeds or enbryos nay be
w@e@m0933e0 t he sprouted seedling stage indoors PET/URE07/003973

absence of light. (0085] O her environnental factors

that can be regulated in the contained, regul atable

envi ronnent of the present invention include

tenperature, humdity, water, nutrients, gas (e.g., 2

or CO2 content or air circulation), chem cals (snal

cul e of

ret Sl AL Ty e R B WSS P rample:
inducia@skmiesmmfrdm—ﬂ;ﬁpr@m@md4 Hhays ziftdr@enfl@@é@]l rrmagmdtmgnore-

to.cert t hods. of the nven
propit Sufests 50 BB AbiSHEh BRED e pOERt e e oy op afer S days.
THEY skitled @i thieQdrt @ill bppra:ﬁatexmemusﬁgang Bxipressidrecan be achleved by

pr.onot er . Exogenous n ible p onot er caus
ropine REEs RIS O 4B Se "&eﬁ € awmate?rss?fﬁb‘&ﬁ 8“‘1 ested at
abo@f pom%w 5, 6N, 89,400 ai ,orrlatda@g aft&ag‘érﬂiﬂndtibhef nal
stimul’us. A nunber of these environnental factors can

[0888] as Incasesarhers t%ae CERISEBOR VEFOphaY heensHEHg Armoter instead of an
m&e&meg&r @gt&hﬁaeg RASLANifAREE bt ﬁaweétea a@a 8&08h kisRl dfer

rou s The pronoter may
tram; rmjatign of meespmté%w@dlm&ulihr %i@l@]%éé@ selmmé seedling were virally

tre e'at ah Bhrlf gpbﬁ devifd n@sfgp%ﬁgozﬁl‘ih@étﬁg%%ge the

enperature o e contal ned environnent
spswtpdl yeddbngamxe e therviesidd @ta tixyer wher expressiante at lts maximum post-

tr teh S< i el I t u _
trarsERAEE: o &7 Bfbolf BRERES, 417 B 10, 9012, 3960 14 oy st
traisfcfrmmbnt ﬂltddulii gdsobothat sprloﬁtstdeeellop @ine, two, thiree or more months post-

t ai ned atable envi.r s _al ways on.
ARRET AP TE SRR EBTPRIPE ahbh St oo’ of rhe
[08891]1? g @&eﬁaﬂlg bacd éiclr;i’&dloﬁrbfa{P\ﬁ a.ﬁﬁ%éﬂ llsdguad; tHe seedy] efmbagps, or
eve opnent urnin e |1gnht
spEPYR sesdl 1ﬁﬁs/mséflaweﬂ¥% .%ﬁfefﬁfm lgv ?eﬁlé}&rawen are
x#f@sgea .OInl ReHdGLasPERE, es%&mamqévenmetwmaﬁn%ummb RAdherapeutic
t hese enbodlnents the chem cal could sinp

beneSt toxp patieap rfa%aalaﬁﬁteﬂ PiREnase BETe AR TR /é}te@ééwly Qgadditionally,
sutiﬁcﬁ:ﬂtdiggas E?SQE@C‘E £8fh Whichhife Wﬁﬁ%@ﬁ carrBE @¥hdAaRd or purified

m sting can be precisely controlled and directed onto
fromahe hrogeass sed rmuiied/iwto a pharmagetigpl comppsitipn that provides a

thu;b@mcegene}b% &sam ﬁ&h %ilﬁﬂéﬁ E’EBHt tggyghg aeeigew 8ot a

air currents i spers em cal
pratmny exprossed hmmerspm‘mwsepdhgetn nateret [fsttany fratectheHR ¥ lantigen is

tyit a }S, g}(()ﬁrets{ég a% araet . Lo s%ogpﬂ-{ali wh i}#g&lﬁiﬁ)ngaqesekp Q8£L sprouted

Re presen i'nven
seemﬁxu@ﬁmamurels i nduced can be selected to naxim ze

(oBRY £ R prEoene! ik ERyeth AadiedeRiHh it Afgrligo continue
writi] the §ablited lsée’iilmgtsﬁ@e Afwigelouing, thé ofroated spedtings atklicirngsted. The

expr essi on in enbryo at articular nunb
e e S 0P 2 OBLS ve
ad\aﬁta@%ﬁrﬁﬂfditfgezﬁuﬁﬁlat Efork bjﬂ?bﬂa@kiﬁﬂ Vﬂfetspr(ﬁﬁéd seedlTAgEof the present

invention may be grown hydroponically, making harvesting a simple matter of lifting the

sprouted seedling from its hydroponic solution. No soil is required for the growth of the
sprouted seedlings of the invention, but may be provided if deemed necessary or desirable
by the skilled artisan. Because sprouts can be grown without soil, no cleansing of
sprouted seedling material is required at the time of harvest. Being able to harvest the
sprouted seedling directly from its hydroponic environment without washing or scrubbing
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I nduci ng- expressi on-fromthe-pronoter 4-days after
germnation -may-result-in-nore protein synthesis than
WO p@ao933g0 expressi on fromthe pronoter after 3PABRYS2007/003973

after 5 days. Those skilled in the art will appreciate

t hat maxi m zi ng expressi on can be achi eved by routine
experinentation. In sone enbodi nents, the sprouted
seedlings are harvested at about 1, 2, 3, 4, 5, 6, 7,

8, 9, 10, 11, or 12 days after germ nation. [0088] In

mﬁfﬂ%&%? bt %[c%% 1 eagg 5&\25@& Q%téé'lﬁlgt Bfeaﬁ@émén&%ﬁﬁ%to? piah& induces

rono nin e pro
apeptosist. EXrreagioptayisyesrtaie preteol it erryates decamne adtive, ich.can

AL P kB b bt

a’ sproute
detreassf therapeutid acivitgafithe mroweie Aboptems#mqb.medlprotbollysw can

SRR ok B G 1 R T P R BRI B o

pr@ﬁlﬁt HNBhtP&ﬁ tapbtosik exayEie Aided. vehen i) hadbesting takes plate uhitil the
7, 8,.9, 10, 11, 12, 13, or 14 days
m%@l“tthﬁﬁgqtﬁflﬁﬁ’fq extraciedl o the Blido be that sprouts

[008Me! OFoPBRampIellive $PrEs Alay Bl o) CAsshed, or blended to produce a
posttransformatl on, dependin ‘g_ on the germ nation of

slyrmeofsnseuted gesibing bigra 2% ina b Ffeeoesaw@g Bradepssnippaors. The buffer
m%%é P] At G Qtsabotuh §oC eﬁ‘ﬂ&m@%@‘@ Sthe SpropRid¥dtAthe biomass is air-

seedlings are allowed to grow unt1l sufficient Ievels
drigid, $i@ay eln@d,gfmzear@ feoezewisicd d Aslin masyre pilants spmetof these methods,

o] 0! LR BT SeA o HR frovn
Hbweven stsecansesspeaitedhsaedlingstdre eeryaimalband aveaddigei surfabd grea to
vozl'”c Ligl e@gﬁl e%gclic’lesr F¥el§ toe | g’cu];'r ?ﬁ‘oggp S Cr,(‘# {ﬁ%hy w111 appreciate that

BEUTbITREN ur
méiyonelasiqagsdof hanvestiigatie bmmasathﬂn atiningieel brated»lysw of expressed

conposi ti t ha i de th euti.c nef t to a
prﬁ'&fqp%rﬁla"ﬁlgagﬂ %?Af‘ﬁ’flg 5‘6%’ 1"6 fﬁ?rftﬁnv émant igen is
[0092]) @ Pk SéMk anﬂ%afrﬁéiﬁedhé sprbited Seudding e aresdeie | Dycdrtain

nature. At any_rate, the HPV an gen IStygiﬁfﬁM
f’é‘?ﬂﬂ“@§%téoﬁpé‘?m€‘6ﬁ%eé‘ﬁf‘$%\f’%?§§l endevelnd tigeppare
coﬂﬁﬁﬁ@@ﬁp&ﬁh&b@stﬂér@? Giﬁ‘mﬁ:@%l Bﬂeif RarPadt WvRthinl RI9MAI period

Once expression of the HPV an gen is i nduced, gr ow h
follgwisig lzme@t)ta@ tbetrﬁhsalyléeln Re PFOQCPFén& peQts Beforeibg sprpyted seedlings

Egrgs%meﬁt gr 2 estRQILES rcﬁ@cﬁg’bé BfEak@dwn of the HPV

arvest ed seedl 1 ngS can” be harvested
anitigewe befldze acbmnusﬁgltlbnwé ﬂsqdﬂBUtaadgge@on patipnt ironeedenf dregiment is

mA%AL 298P exdlfy dipqg?th géeﬁﬂh%seﬁ&f&%ngﬁ%t@rb%%ﬁgﬁg ed% be

sSprou see sen
detjivered dmy:dtl}D poa pa@dt y Almiamnglylm raddigionaldy, gegctmgﬂlg engineered seeds

L TN S G S S
segdllmg fiagef by the papiemutle dne eqiki, agapplly dffgenétivatiptengineered sprouted
N R SEREAN ) NT R C A LT TR A
coftihBifl WhockMflsproued-deeadlingd si@ pfifssing certain desirable HPV antigens may be
cultivated. This may be particularly valuable for populations in developing countries,
where expensive pharmaceuticals are not affordable or deliverable. The ease with which
the sprouted seedlings of the invention can be grown makes the sprouted seedlings of the
present invention particularly desirable for such developing populations.

[0093] The regulatable nature of the contained environment imparts advantages to the
present invention over growing plants in the outdoor environment. In general, growing
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sprouted seedling material is required at the tinme of
harvest. Being able to harvest the sprouted seedling
wa@l2oogo933g0 from i ts hydroponi ¢ envi ronnment w t hBOT/US2007/003973

washi ng or scrubbi ngm ni m zes breakage of the

harvested material. Breakage and wilting of plants

i nduces apoptosis.- During apoptosis r certain
proteol yti c-enzynes becone active, which can degrade

t he pharnmaceutical protein expressed in the sprouted

geé?tﬁf}?}lg %ggin(egri%ﬁ lsbf;&g&d &e@l‘ﬁ‘fg{sﬁgﬁlgg}éﬁ gﬁﬁ%%k&i&?b}o‘{éihy in plants

ot el n. opt OSI S- r ot eol ySI'S can
prevides 4 pharmacsutitabpreduet faster (hecduse die- plants afharvesied younger) and

. ur e~pl ant s i : :

wilE 5t i it Bglndry ol BbEaH S hah BEonRg SERE cally engineered

plimk eTheotatsned)treguldtableranrirobmeitaused @i Hiengesgntinvention reduces or
extracted.framthe plant. [0091]. For exanple, |ive

eligypaygs °|ﬂa*§7 ogér‘bsf?ﬁﬂg’,aneg @iarvzﬁi',"]%? ngded to produce

[0094! Ur F¥r Otansiile Qi imdeeiblé p@nivteniiiesy wionldndibefused in the
contaj ning protease inhibitors. The bufie be

outdaoes BRCAuSE BE OUKIOE 'MBeTreIRRo R Rantolled. Lhe pragppiggwould be

tutR8 $hiany OB Shtdodr Binisbrathfb roS®hBed ¢etlin felelZ Similafly, the
freeze-dried. As in mature plants, sone of these

pro/ptes avouldbeturead off every impgthe padqos emperpiyrediopped. ofuch
texg‘n fatlird ¥hi@tk cbid@ aﬂ@@r" HBCEMIE Q) BF St&hple, tHANRY Xpression on in the

ecause sprouted seedlings are very smal | and have a .
daytimgeand off atméghir faheap indsicihiepromater, sugli as theserdeseribpassherein,

kel . ' L. .the . .ar il ST
o FbYe S 25 acal 058 4 it i b o cimai s
to lalmom slse danet degret asithe optdobrsoGreinah of genepicaisentingenedplants in a

are avail ahl e d,could be L] to e

erfonbes 5 qott ot 1RRonga nIREpettht Juib PIF Whhblc can be
cofi6lltd stythatthe nekilue arhount of egpressiomcali bemthicved prituéwvety harvest.

dl i ngs expressing sufficient. levels of HPV ant.igens
(0858 o M eriash BRI dhe SRySuied seedfings e PGt inpgiftion are
growh i€ frhys thiat Ein'beWvaterdal sptydd)dr httedwi 49 tiAé dekhg tkQlevelopment
t hat absol utely no processi ng@occurs gefore t he

ofghg w1 P'@Gfl §€f@é|ip3g/ﬂ ger eramnple,ihe tay maype ftted ng ong gy more watering,
spRARAYE Mistidtd UR@ drahink %B%M’Eﬁl@ it @aK doner @hd/ob ferhé water, nutrients,

antigen before admnistration of the HPV antigen to a.
chpmidaierci at spesific Hmetand 2t peasiseigantitigsfuriag depglppment of the

sp?&@é@ée%ﬁli@% Lp%ré &gmﬁﬁ@, %é%ngéig%ﬁfeﬁt@g{ ot & it?é%p them damp.

consune el vered di ) a patlent.
Extlessempistire drajnsothreaggiiholesriathe traysdntst dretns iy therflpared theroom.

see [.enbr . i . i i .
RS0, SR e A 4 1 BRI B
beffére diswhampatback intothe enyppenmenta supply of genetically

i neer ed sprouted edl i.ngs, LS. pProyi i s
1086 cncineahe BT R0 R Ry BT E6ftelna Saping pery small
space. t $iate Ao lighttik Peimlired farctke sproaedaet diihgsae gtawghe trays containing

expressi ng certain desirabl e HRV. antjgen e
seas ErpBLSdor SHRPLe A agrRRES Y bF G StaGER KR ee oo top of one
anBHH| piblidig 4 RrateyiRhifi sfbicMus fer @it fldoe Epace i & housifg facility

pharmaceuticals are not affordable or deliveragble. The
copgteucted specifjcally for these purposes. In addition, the stacks of trays can be

arranged in horizontal rows within the housing unit. Once the seedlings have grown to a
stage appropriate for harvest (about two to fourteen days) the individual seedling trays are
moved into a processing facility, either manually or by automatic means, such as a

conveyor belt.
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the sprouted seedlings of the invention can be grown
makes the sprouted seedlings of the present invention
w@arowiogisk@r | y desirable for such devel oping  PCT/US2007/003973
popul ati ons. [0093] The regul atabl 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, grow nggenetically engi neered
sprout ed seedlings that express pharnaceutica

B8 1 o B e R PGE L5 S50

seedlidg- lbleﬁﬁs:gfvfhicﬂ-xs arsio&i«;e ofadHPégntigens Wmdlundmmtqdcdmctly.or.

PrbReed e e oL e R AT ATERCHORIR PR P guigd poediings
aré BIWM inddcorRalned, &egilaﬁblerﬁnn&bﬁaeﬁﬂj thel spsduted seedling biomass and/or

Cross- poI l'inating ant nat ure. [ 0094
phayAqsuE cal compsity Eved o '@ﬁ@t%?aﬁsl%| %ﬂf 19t cqpigumer at
loWS&et. I I ddafidy M&t&h@ﬁﬁé‘ H&ﬁhﬁ&ﬁs o bftRah Jf Qﬁ@ﬂfr&ﬁt&d Seedlings can

cannot be controlled. The pronoter woul d be turned on

bezgeytrollpd makes thetavebity andmyeityp{iihe nreduct sppsigent- ddecanigined,
reg\ﬂ\éﬁlble hﬁf eh¥of ﬁl@ EnvehAIR LR oBRiAted sy ééﬁ'&g idtions of the
e out door tenperature_dropp
ERA m;me Ican prqevemcm@st&fmru SEV¥ine genetically wgg@ear&gl agflemlmral products
turni ng expression on in the daytinme and off
m%%@ﬁ@&%t_ A heat inducible pronoter, such as those
[0a®8]cr i WednifermdidSpremisl d not even be practical for use
' reenh us
10bBer7, 3 SRS ol Bah e BUSFERMRt il flaf do b procuce
ge&mﬁlly edigirgereel spealtéd seedinge €rweol apibablesmiethods for the transformation

g R e s e e T e
regérﬂs&atmeoma celuheymatowhele plants @ehide M gzabadierian hmafedens

W .th ever rvest 0095 n enbodi nent s,
g0 2Ene FERAIPT ELiSFORTAEE e B RO S TR PO P By e
trddRfdrfrd%Sn i@ inor PapRPanibllesy @fitly SRHBYEEE traisféfntihg gmdtyos and

any time during the devel oprrent of the sprouted

speeied sasglingythaesanmin karvested witheut ppyexperimeniaber ggneratighy lag prior
toQ)rbtami’iBF HEEES del ProRRE Wby JFitiRdsk Abhnitfids, Hh@ 5INIBG artisan would

apparatus that can deliyver and/or renove water,
appacidte how, to @Hiat and eptimize transfepaation protacais thafchaye traditionally

bl G0 for HRL LR el 8 LU RLRRAENge the sprout ed

see or exa see require sufficient
[0 108t urﬁegrpba«eapntfhemf@monﬁwe@siwﬁ@pm@ drai ns

[opg A SehOhERer il 08 il Bfeali O QorlishrdRe bhdod NGy 8 Um)

e roo Iy,
pblamaleaﬂiéué splecies mes;bomfbldwﬁxr plant tarhensisoah as trefmr@ll and hairy

t,h {..
R TN T -
ac]\cM Hm‘lfqhtl&es/ R gﬁbﬂnngs{oae tpro&i'cad: by niee Mﬁgibbcne&unﬂqldl datadbolized by
or t I out, seedl | { row, .the_.trays .
the gl P BoERal EemEnGTRRIS bl for Espisatia Of BB g agyenient
sdfcel d fHdhiry] dbmekBdovetimetiakkpression egs@ifesorecaridg®N the present

I
1&%%&? kgg@%@géﬁgnggﬁg%;t%%;ﬁgﬁﬁggf Be Bsed 0 rgeglexfa'lteoedlble sprouted

seedlings, which are merely harvested earlier than the mature plants. Agrobacterium

transformation methods can easily be applied to regenerate sprouted seedlings expressing
HPV antigens. '

[00102] In general, transforming plants involves the transformation of plant cells
grown in tissue culture by co-cultivation with an Agrobacterium tumefaciens carrying a
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constructed specifically for these purposes. In

addition, the stacks of trays can be arranged in
weoorpesse@l rows within the housing unit. OncePth®s2007/003973

seedl ings have grown to a stage appropriate for

harvest (about two to fourteen days) the individua

seedling trays are noved into a processing facility,

ei ther manually or by automatic neans, such as a

conveyor belt.[00971 The system of the present
pléﬂ%g%ﬁgl;\'égtc‘ory Thgl{}\%ﬁﬂop cbitgins algeRE Q¢ &n BPVOMtfn. The

see I'omass which-1s a source of a HPV antigen.-
Aghobatrérénm transfersaticiveetor to-the plant besscsk dnd-i then himingted-using -

L

differéhtistadieand, firlallg regemeritetiinteecthplety plawims Helleds et al., 2000, Plant

T I SN W AT

1999 0P lghP0ell mladpmfr@,qb:sdsahnd Revacaindl| 1998)9. Bivtedht,0\(8)) eadh of which is
the sprouted seedlings can be controll ed nakes the

ingprRerated byrefssencetherddf)-t he product consistent. The

(0070821 BSPrestiBAVkabANR uSd i the PraRBit iAVertdR ihé U884 g8iik (or
al so obviates many safety regul ati ons of the, EPA that

exprassion sessatte)eoceding snHRY gntiginodasianed forqneatiqnyin plants, with
. . e T 9 (<
co%@?%ﬁ%&@% hSdtle %46199 WAHelR JPile SiprélQfnSoasi@IGh

routs A'variety of nethods can be
cougrdioncequencss anergeperatly of plasmid auvipsl suigieardprovideaiecgssary
enqgj negr e [ e . '
HABHPRICTP SEP SR BESEY DIFR rob Baddy I BT AR host.
[001 (]S g dhi bagit datteriall/plant veewr sengpice may aldsirably ptavide a broad host
ner at i.on of, the c

f ol | onwed re [, lin intg .. .
ra%ea?ff’ggp'ﬂ%yrﬁalé&ilﬁp@ﬁl&rf’é'qurﬁﬁr?’ﬁtﬁesg iaegtlaéir?srggr%( I'a ‘é‘%ﬂ’géeﬁré’ karyotic
selectbi iarkendniude eqistgreettbwardoanibiutidsemth asrampicillin or tetracycline.

| ectroporation. Viral ,transfornatiaon.is a re rapid
OfrRDNA St opering adgiopR SHasti Liny 2BriBr oS ab e art may
bé&é&ﬂ{mhgee&b}_ngs that can be harvested w thout an
erinmental or generational |ag prior ég obt

¢ ut. .
[09H25] o e Slgrekpctr st d rDNPoseaypgrees ATq frguized rﬂ«ﬁra%g%r?'?'ﬁ gnediated
travister LEONK td ARPINREhFHRARLRS | PeSuhRWinduchil gtiles 8Nthe T-DNA are

optim ze transformation protocols that have .
typicaldly remenver japd sendncedswidh sequepeaspnsoding thesHP ¥ antigea. The T-DNA

bo?ﬁ’&l‘ge@gen%gsegje I O fhed HR0ARO kI AILRRACHE!, O%U]_Béxlcjf the T-DNA region into

Fanst of mat | on Expr essi on Cassettes )
thé\glaobgertoend. Ufiekpressiom pf thed iR Miantigengis mgtrepflily pmenable to detection,

am n i f i . . . . o
AT B Bt A AGR sl Kl RGBSl o
deloarininying 04 pldhseedklms tean treosfbfmed: mtd Ahe dpyl karanyicénstesistance

5B b 0L o RO R TLBRAh T eauenes T
sed@émbaitichideub titulened gdiek, whidh bycddea set afiproteieresponsible for the
exg?sggxg g@g%feg?eﬂn 2 erg%‘gt o%ng,tj tme ‘i‘-].f)l%\ i%zc(cp ﬁl%sf)ﬁn? réer?c];m(e) ?écq)%ﬁ, 1987,
Science, 237:1176). Other sequences suitable for permitting integration of the
“heterologous sequence into the plant genome may include transposon sequences, and the
like, for homologous recombination.

[00106] Certain constructs will include an expression cassette encoding an antigen
protein. One, two, or more expression cassettes may be used in a given transformation.
The recombinant expression cassette contains, in addition to the HPV antigen encoding
sequence, at least the following elements: a promoter region, plant 5’ untranslated
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source of control elenments for chineric expression

cassettes. According to the present invention,
wa@\googlogsse@r i um t ransformati on system nay be usedr/Us82007/003973

generate edi bl e sprouted seedlings, which are nerely

harvested earlier than the mature plants.

Agr obacteriumtransformati on nethods can easily be

applied to regenerate sprouted seedlings expressing

HPV antigens. [00102] In genera], transformng plants

iLnvol ves f ' f :
s EL Ty BB L0 58] 1 AR o s s
ovin)aidicarsnspian anyd mgmstqaioamr/nhiaattim sesuluemest by addien, transcription
oS S B e 35 B DB R BR bl M fmeri enes
of iR pres&it linvdntioh S Sighahseetdtivhialedhcsthagallova ptodessmg amd
t r eat ment . Transforned plant cel ¢ lé)((ji(LPdrgﬁSSI ng the .

tragslorgiinn ofrthe PEYERDy RYFPPIPRTIALRAY & e Pﬁ%sm cassette. A

vah@ r8in®krd Qﬁg'hapﬁlilﬂl:ﬂe@ dHdardriseristidr-gld @zﬁﬁlaﬁbu@érmmators are
0, Pl ant Bi o 42:819: Pllon Smts et

deimd (FieafRr PRplol-eYion ef ¢bs 1987, Piard M) Hioky 9&15 angigy.S. Patent

r ! fok-antibi
580, Hopdfsied biefein by relf e"@‘%h@”%%ﬁ&%@tm%% antibiotic

resisthrgecare eomcuﬂm )ltthm_sesqelee%pn &ptordkralex: ?’(ﬂlslg}/&%s Ptia Natl.
4ddd 58° ttﬁs;,ﬁenco rw,@g%bﬁg@ it Gtg, REGERS) ( OhifikREARSAlenzyme

casse n deS|gne
sxtapetrthe i5oand B’ gida mf ghe massdtte@é»hpafw easysiasgrtioe ego aPre-erishng

vecpor g?hvm% | ear\rz]egtfor g ?en?g(f&r %t%ﬂ:é)cf}:t&ﬂ?ﬁ %?etd?atecir H&nsformat on,

Nion seguences are ge asmd or vira
cafr[yug;l a1 latomy mmda boederssquence her énst:abezdsml RGT/ER9103414,

..vector to tr DNA from bacteria to the desired
mf)‘frgﬂrtat‘t’ilgﬁem%d %ﬁ N®the basic bacterial /pl ant vector

loomtqtru@gemyn&ea rabI y provi de a broad host range

ﬁJa(}qsg: )éo r epl I fo%}nlg&%}% gg?x@&egﬁ&e&/m eﬁlé dct a(?tested for

v1htﬁﬁtyuﬁﬂ ﬁ)?ﬁiesﬂrésfbﬁee &Wﬁes’%fﬂd &¥i Addsir8d §etedpraduct. Once this has
anpi'cillin or tetracycline. Oher. DNA sequences,

begn deigrmipeddused istoskis Bairally siesed wader aperopspie qepdifions Af
1k Efré HIB%dR? RLRSEIH, ahd sdddGity ﬁﬁﬁ@used[%q;é]:essary Whole plants

act eri um - DNA sequences are requl red
ma;gﬂwsb &e regangratedbfipratqadturadpyetoplastst (SEhla & o‘E\tane e{oqlla d{andbook of

PI?W @Wﬁ?}ﬁﬁresw& R Mlﬂﬁf‘gté@%hﬂf‘%‘ﬁé Rlewt V6K 198 288 Vasil LR

yprcally rehove sequences enco I Ng
(ed. meCa\Muhmteu :gdrﬁorﬁm@ aezmam QEPlay fendelress; @rlando, Vol. I,

ai c |

5 98, PR ek A MBS0 Bt U, s o
regéreratd/onlytto gl(msprsutad) seetdhagl lstagealresmbd: aspectsdebale tplants are

theg%a er i | ant vec JLych. na ncl u
b BRREl T P B kE  ERABE P e AL o e s o
theha&ugéawl has been transfornmed, e.g., the nptII

k nyci e tan e gene. On th
(OB 8T il P frord Svvlr PORPIT S 15 S e SHUTER de give whole,
regénerated plants can be transformed by the present invention so that whole plants are
recovered that contain the transferred gene. It is known that practically all plants can be
regenerated from cultured cells or tissues, including, but not limited to, all major species
of plants that produce edible sprouts. Some suitable plants include alfalfa, mung bean,
radish, wheat, mustard, spinach, carrot, beet, onion, garlic, celery, rhubarb, a leafy plant
such as cabbage or lettuce, watercress or cress, herbs such as parsley, mint, or clovers,
cauliflower, broccoli, soybean, lentils, edible flowers such as sunflower etc.
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sequences include the virul ence genes, which encode a

set of proteins responsible for the excision, transfer
waeazioptsegr ati on of the T-DNA into the plant gREDIE2007/003973

(Schell, 1987, Science, 237: 1176). O her sequences

suitable for permtting integration of the

het er ol ogous sequence into the plant genone may

i ncl ude transposon sequences, and the like, for

honol ogous reconbi nati on. [00106] Certain constructs

' i Relu
[0%{4]9en%%arng?%za%gg%g{n?&f%?p ﬁ%%'? 31% I:e;?eé:geg ©f ﬁsz{?xgs f3'the next. However,
msﬁs&ﬂhmbsthaanbanuppwcmnmaaggwmnﬂbﬁ@ms¢@nﬂnn0ﬁmmmﬁh§wd

nbi nant. expressi gn.cassette contaj i aQn. .
PrOGPAE P RS oh 8 ETR e SRE A B proyiadt (i Bsue is
fofratd avd sHpotd BER BE Sriduded fronDéatius bﬁd} satsseqpdralytrobted. Alternatively or

unt ransl at edsequences, |n|t¢at| codaon é% ﬁendlmﬁ Th
adgsinpalipetrplyo dprmasion;das be Jebmy iniopias SPrrengigyly These

erftYod aRERAtE RS h%rﬂ %ﬁlﬂryébrﬁ'faﬁh @hntd. €SteépiAg b @Ped in water or
sequences. - I n addi t| on, transcr| pt| on and transl ati on

sprayipg A sges withaatas do incesase dhe aishe cenigterishe feed to between 35-
45‘3@%‘3@%&? geﬁ{ln&mm drefafaBioR to pltRedt, 88&R3tart RpRdlllyQRaintained in
I gna cretion sequences that allom1proce33|ng and
ait saqurstedowith watepundérecoptrotled tempesatursand piiflemecondigjonse Culture
ma&}swﬁggné&nw FRV ARG dft bbbl Svh & apxin and
equences transcri ption and
cwaslanmlsaltl i® ad'{rmta’genm wor mldogletands acidland ptais, tofmagdium, especially for

. exa a 987 A : X .
SRS SR, Shofhand e il ABbig g e
rep@fegativnoeill ddpend ddithid mediusd, rthn:gmmaﬂpegmnrbﬂleﬂxistory of the culture. If
gg o) Ovt&hgklrgg ;%féo?lgg)gftgﬁ C%gTFrr?eri }nggprﬂé{c]able and repeatable.
odf%iﬂ- StHe)mMSr% pl&fks A808m frdif @faﬁﬁbﬁhedipmf &1, & selfed and non-
ref erence ni que restriction ¢ sites 5'
SCBREAGNS, BRSO bR e PLABISATE HEITIGFde égynP??Qaﬁﬁqt BFduces seeds

contfiffing ifNeRiti®¥ hifiddhlentBaind seqbdres. HihdhAdekdyQm BY germinated and
systens for Agro acterlun}nedl&ted transformation,

growntg ithryspaeutpd sedling stage tnpradyeeiElP Voanigencs aggogding to the present
| bed in PCT/EP99/07414, incorporated herein by

reference. [00107] Regeneration [00108] Seeds of

[00182]sf dn mddteglearhoslungys treedsenfithe pregentdpyendion ghaysppefprmed into

nd_t e

B R e Ml to 0 ARL IR PIGIERE TR sproprine

sphmﬁad sextltingstagel fo@adnstratidm bsharyqzﬂt'mglimp asplarmdcantidalr

coglg;gc{s?tgr g.ﬂ%m%)% E'e Ia{ ﬁ%o%uper‘iat I’ba'tdg o\rl\R(é\r/]elf n@g@été%’saembodym g desired

tréNthEy bd: amaopmyfrctxh émsbrbde plaagasfahatmentfisrom cul t ur ed

OB gﬁ sts (see, Evans et al., Handbook of

108 L3 rf“ F?’lﬁ"é’g VoI 1, MacM|lan Publishing Co.,

[0DE Y] YO hirect fftSgrationl o VBN A frafinefi € dnt, tthédonQJM plmet cand by
Somatic Cell Genetics ?f Pl ants, Acad. Pres%g

migspprojectilehpmbardmerjfr elqqtioporpgigp may, ?568 i rﬁ%% ffwen“on

(s8] o/ £ RIKRAE} al.| 1999 PLr 1V, F3696 Codr. AbsHY, 35813 and Bates, 1994, Mol.

Biotech., 2:135). More particularly, vectors that express HPV antigen(s) of the present

invention can be introduced into plant cells by a variety of techniques. As described
above, vectors may include selectable markers for use in plant cells. Vectors may include
sequences that allow their selection and propagation in a secondary host, such as
sequences containing an origin of replication and selectable marker. Typically, secondary
hosts include bacteria and yeast. In one embodiment, the secondary host is bacteria (e.g.,
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regenerated only to the sprouted seedling stage. In

sone aspects, whole plants are regenerated to produce
wa@ewd/osizocks and sprouted seedlings are gener aperiufz00m03973

the seeds of the seed stock. [00109] Al plants from

whi ch protoplasts can be isolated and cultured to give

whol e, regenerated plants can be transforned by the

present invention so that whol e plants are recovered

that contain the transferred gene. is known that

I n
E%Zz?tﬁ%}rnggo}ty oln rﬁl %ghg@ﬁrﬁtiﬁ 8 cggﬁ gip@ Ei%uf 6 hcatlon) and the
-selegtabdd markeyr o a- gp@e&negdmg apipaeilgn- telaatanpq: oaunieseadﬁrmee are well
r out Q SU|tabI d f n

krBiD tﬁg 8x§ §E‘8 ercuﬁ{y gslaf)le‘iﬁ g %ngétg@lr, Cl))t%lo g\é{g,?(’:A or
Steenaglalmc Daddli ,CA:)eI er y, rhubarb, a leafy plant such as

ag | et.t.uce, watercress or cre e
O RS Sy etiprm ot bgpreseB vESha e e Shied o folkimedate Pl
- tr&fR¥difiRNion pRI3HdidSthaebntdia afrbgon of hondloggSto auMddrobsdierium
etc.[00110] Means far regener?gion vary from one

gﬁﬁ&“l’?ég vselom N dordsa g | ctef pgL umelqqignsegand

arltipeh BRco¥itg nibitib 28R bf Ekﬁx‘e?si&h@éss&ﬁé%%&lﬁﬁéd above. Further vectors
a-suspensi on of -transformed protoplants containing

may prickudest digarmedalant sywas indupiagiplasmid of AgrepActpaiym tumefaciens.
[0§i‘H]US Aécg&gﬁ% k&mﬁ@éﬂqﬁahlﬂeqt, geet Far¥imiifoh B@I YE&Grsfihhtion may

us an ubsequen roote Al ternativel y or
ingolote mhicreanjegtingevrstars dﬁmﬂvamikvnlaomﬁlbéyu thelusseef micgppipettes to

mgél} c%.}l?%g,g?fé? P& gﬁllb I Fn W& ﬁ%e@ n?g%/ Qﬁo%@fa;ﬂ ééﬂﬁ Gen. Genet.,

eeping a se
20812, nmorm:ram;l |h|ag:1mb§s eefelremd:)h Gatetic material onaydsetrarséerred into a

Le co eed to tmee
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wat er u ntr |1 e erature and.airfl ow
peggfiakion B fes Al BomiFiere SR PGP, By ptpx of smal beads
or\ﬁbhhélé'ss oaahme aefade @8 0e. ROKNEINRS al. S1I8T, Nanad)X327: 'lm(Knudsen etal.,
t oki ni ns. i s advant ageous to add Iutan1c a

o Pl 138 3t3(9) me &t pptherdpethodipf T@SPC%IH fusien Péer%@lasts with

otﬁltrf Stikids, eﬂﬂ@:oltn%u@é'lﬁ EQRL BysBYRE, by ofiieV Risftife llpld-surfaced bodies
si mul t aneousl ficient regeneration will depend

(sehe grelralemer uhel 2n 8o dlarhgag e 3o §:1899% Resctors of the
mgéﬂt olﬁrrﬁa Lé 1&41)%5? cf#ﬁc??la}{@éé ﬁmyﬁeﬂoﬁ &%B% r(ggteagg ,Ftrm etal

regenera ron I's epro ucl e
19830 Ptdd Neie Anwd. fick, yﬂén82;58§4f)ov9mct>rdym tar thrssteohmigug, plant

C l.
e
Elpcmmlﬂm«bf highrfiedd strerggth m@rmblv@eaneabglem b;mm(hhngpes allowing
. se nce Such s can r ted d gro t -
inf R el i G oEAisd R BRARE rbf B Y1y divide and
foaaGaticaud, avHidtecd s Béndrated 0d forth spréiddd 2dedlingy 6ff the @tvention.

enbodj ment see of the resent i nventiQ be
F SUlTD BeaBEabpouELee HocioaslizeneR ottedb crgaferm plants
cePl8 tid Wark Be ggéﬂ/\toSgeﬁ&Iatd@ﬁbkepwwecm@amgst ate
[00117]  Viral Transformation
[00118) Similar to conventional expression systems, plant viral vectors can be used to
produce full-length proteins, including full length antigen. According to the present
invention, plant virus vectors may be used to infect and produce antigen(s) in seeds,
embryos, sprouted seedlings, efc., viral systems that can be used to express everything
from short peptides to large complex proteins. Specifically, using tobamoviral vectors is
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sprout ed seedling stage for adm nistration or
harvesting into a pharmaceutical conposition. In sone

wo edoawesd2enbodi nents, hybrids or novel vari etiBST/US2007/003973
enbodying desired traits nay be devel oped fromi nbred
plants of the invention. [00113] Direct Integration
[00114] Direct integration of DNA fragnments into the
genorme of plant cells by microprojectile bonbardment
or el ectroporati on may be used in the present

Sbsegte(s%j f{rs&%??e %%%%51? %9?6 gr&é?%ﬂ E’JcaatScz JUSA, 96:703;

-Kangaexehal ZZODBSGenWé l;ﬁar«mcbﬁb@hley al. \A9980/: slm'mnol Methods,
22|%n A 8 <§P F (55 1&10}%%4 Pér@en l:pyr 1%?eern1tlce mﬁnpg p%}lt%?rgl p@ctors have

a varie
a de6dHstrgted 2bilAs tél esmesstxhdnqiapuees asemlbasslargl:wqmpié)uﬂ@tems

sel ectabl e markers. for use in.
(OPBASTG 037 sl b, SRP R PuS  BAST CEH A G Y Pien, are
geRERPRO@R I ZRY 4 Rost/VaRE @paa:hy Tr@sskgenis lsp}buasmaqmm;eeral infection
containing an origin of repljcati ogyﬁg | ect abl e

| PfﬁﬁlldR @rsourrg gif Eansaen SRRt B1a) havRlfee ARl tg be safe. For

1¢/ %ﬁﬁ)‘hts zlr@ fRESf eHhamliARidbh witShifRE pAtagensh OailikeSfor example,
actéria . Escherichia coli, the origrn of

tObwlo; nrathmfrp@ aa ediblEIspropheowd phleastdn theopy be atsdomCraing
apﬁ;hgatlo%%lvﬁﬁ{o%p bﬁnﬁﬁftﬁﬁr tHuS sBnfRARHS RERJINPRMP 1A ialdiiBn, a

esi stance sequences are well known in the art
vieustspeout syssemeffsiran muchsimplan (less egpepsiveapyte 1o pealeyp gnd

m@:%&t?%mg@ %gné%nta%tsg&%? ?Benlhﬁgéﬁlgh Eintoq)%us chi]u bY&réWh Bp to a

canherciat slcade withiram few daerss flocontrastrtragisgenit glantsean require up to 5-7
ont e I
bt BT B or U mig%%?%%%*fgfeﬁgﬁ&??%%#ﬁ@ trals or
cobgrheatization/m t unef aci ens, and ant i gen encodi ng
n ei c ac or re on ca d
(OB rAGorRs B WEFrSRE et Pt RAA ST REveEF
advafdgéd) vhid ek élthen ﬁﬁ'ﬁ&b&@s&febwﬁ fdﬂlfﬁfei?@i dfein &)Qﬁ&s'lsﬁdn The

According to this enbodj nent nsf ormati on of
moleevisr bR ARARIRAIGE PHA BV AT ANA TR AT Pl

cHHRGIZY ah8 iR @ |sdd¥nsidetabie ]Q%\Jl@&geuﬁﬁnﬁfs HibIGES) Fgeﬂeﬁésgﬁnd

to nechanically transfer reconbi nant DNA (see, g.
regp]@m,ggqueg;ge% Mg |plantRINA wiyags bavo Ggahhggnomes and infectious cDNA

clbﬂ&oagp A5 th%@ih&tebg edeBit %ﬁﬂﬁﬁiﬁorﬁe@ﬁé& infdBRbES Viths material

e transferred | ant cell wusing

erpg‘s peuspeptible hgist/eadl, i r@glg@teséo digh Iryelp gnd sprgpds rapigigy throughout an
exN% gér%uteﬁ %gecﬁ@r%t gﬁ@% Qﬁ rdag?{)/@ﬁ‘? %d?:ﬁxldn%h od%’s Bartidles afd &asily and

Vi a ocity ba istic
eqoenmucraﬁvlrmmscdsﬁmhlmﬁ@ateﬂ isptouted/geedling HssueeViruses kpve a wide host

o 500 By P BB i
TiNgt characi@fisticsCire adiy eransferable to spgads., Pl ant a,

b1 SPGBk e i o
egﬁ‘«icirfg orle\oTAROViEsl, genes with elEsxfddlSdebhﬁlde; lp)y thsertingforeiin sequences
into the virus genome at an appropriate position, or by fusing foreign peptides to
structural proteins of a virus. Moreover, any of these approaches can be combined to
express foreign sequences by trans-complementation of vital functions of a virus. A
number of different strategies exist as tools to express foreign sequences in virus-infected
plants using tobacco mosaic virus (TMV), alfalfa mosaic virus (AIMV), and chimeras
thereof. ‘
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(see, e.g., Fraley et al, 1982, Proc. Natl. Acad.

Sci., USA, 79:1859). Vectors of the invention nay be
wo pdaorogiseed i nto plant cells by el ectroporati oPCT/E8®07/003973

e.g., Froonmet al. 1985, Proc. Natl. Acad. ScL, USA,

82:5824). According to this technique, plant

protoplasts are electroporated in the presence of

pl asm ds containing a gene construct. Electrical

i mpul ses of high field strength reversibly

bl : : . . b .

10BFLET" Y1l ol M AN\ reprospitalide DO Btbfloyaliad faumly of
vineske$ anhtdnsiitsyoftbregragnomiaRPlAsR N -dsandyubeenarais RMA-(RNA4).

[ege f I : :
ChRIERFOSASE i Rl Mg AR aSERACP) A 2 spectively. Genomic
RNAW dnoodssi dellzte-del es@vemni prigein 3t andreohtopiotgih §0Py CRlis ganslated

t hat, can he to generate. edi.bl e sprou . .
B SUPEIE FROYL 7T P HeSEd GRRRE BV SOT By and is required to
sty fFife@lon! GStadisy BiMe deifdnsexfed alssSinvolveeheofSCP fh anitiple functions,

viral vectors .can be uyse

. ¢ dt oduce full-length .

ingluging, SREOme ASfiYieh oy FnleRem: ROVA SRtV mBiRmdPEPRAPn, gnd RNA

erlchfsiBAtRRABde & BY B bOAY,, 107 8/ Wirdlog i H6VES; WeinSDERY odden USEI] 1994,
to infect and produce antigen Sfyl n seeds, enbr 8% )

Visploen 2% 83 Ectnrihgise! ay 4imols apE:40 3 Bidev ehale d O irology,

2*&5.13,01361%1 sxfcm»@,%wéﬂal)p 099, INGeR Wikl 8D 10¥OSDE Graaff, 1995,
arge co ex proteins. Specifically, usin .

Virologhn208:383; Jespary & al.s §¥KG vidyelirus Bes., k%37;&mafh-g,rles, 1985,

] LGk 9 P . .
ViSRIORY 0 7%, pEbter . "B, VRlagy, PEEG8T Nicslerhbifer al, 1993,
Viralogy MO6c B83rVad Der Kuglog al. ) 199 ImHirado /B 85:dd &; ampiPYargDer Kuyl er

. i ch JS,dcncoi porated herein by reference).
al,?,ﬂég’l,olf/pzrga&gy q8|541d63 Ip ! y )

Vira ectors have a denonstrated ability
[00023X prERapsifaion fejital pasicks iswypicalg réqigd foolupgelistance

roteins..[0Q119] In certain_enhodinments, transgenic
mBLSBeH DL vitht O Linsr et dh st PR St a bR g RRof or sprouted
sedllling ZAdr 3yanid ivfdction.s heterdingltoahs gesért isyEntiohSinoculation can
produced by viral infection r?né)i de a ,source of

oqepg alayge A plant deyqlapments 1n embryRs a5d Spropisrspead of inpeulated

vihe 8ukitletvery Pipi@ X ViR of MW afe @icBpdidfed B a unique CP (24 kD),
contam nation with ani nal pathogens. Unlike, for

fosmingynere thabapebpeof oeicles JizeMlate 669 i lpgdandddumyin
digltne%?)aé{d éh@{)(% F&?fléﬁcaﬁ’,eel ; ﬁ’dall,!fer{aéiniM? bP%gﬁi&_& depends on the

W t hout pur atlon, t'hus si gnlflcant y reducl n? .
sizoef the eneapaidatedi INA. dpanrass¢nsblyothe Njermumysotfithe AIMYV CP is
mmfgm 8 'b?%c%{ed e SEHARILY HE vfraygme; af& g&@s-,gﬂ_agg&r to interfere

manufact ari ng, since ransgenes re | ntroduce | o .
with vires asseimbly (Bol ebal. gh9hin Virplagy, & 73 rdydditioaillys &dMV CP with an

.t hi few days.. | opthast .. n nj l. .
o 8 888l B0 i R B R0 G
biplogidal agivdtyl @usitewvar al.] HISISeJf Gen. |Virale 73587 trial s or

rcjali.zation., [00120] According to th resent

(0T ARV R A aRRSY itk SR B¢ e SmimRet A RRE gl
vaMid1é ciopkfarith) @ficlading Pdnt ¥eeds seniBIgo8) dndfsproutnr Bogether, these

protein expression. The ) .
characteristics make AIMV CP an excellent candidate as a carrier molecule and AIMV an
attractive candidate vector for expression of foreign sequences in a plant at the sprout
stage of development. Moreover, upon expreséion from a heterologous vector such as
TMYV, AIMV CP encapsidates TMV genome without interfering with virus infectivity

(Yusibov et al., 1997, Proc. Natl. Acad. Sci., USA, 94: 5784, incorporated herein by
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nol ecul ar bi ol ogy and pat hol ogy of a nunber of plant

RNA viruses are well characterized and there is
waeongiogise@bl e know edge of virus biol ogy, genepCT/ES20871003973

regul atory sequences. Mst plant RNA viruses have

smal | genones and infectious cDNA clones are avail abl e

to facilitate genetic mani pulation. Once infectious

virus nmaterial enters a susceptible host cell, it

replicates to high levels and spreads rapidly
refc’f.]}é&lég Netls 2ABws %i’ 48 FANMVIRYS Saed \h{iﬁ foPRBMVOCP $ksed to foreign

ays post inoculation). Virus particles are easily and
sequawesit cal | y recovered from infected sprout ed seedling

ue. ses n

[Og]ifé Sl'l;]l%ﬂ\’gﬁ'&e nsp%et(%]‘tig% go%n ggztru%e% i g&%m &glsgﬁgg of a single
plwmpMenemmm with a4 &.0ck2 ICR; wdictstesulss inrred+shaghid particles

chb Pyt oPaSHsRah whsel phatof Iy aaH g GRE B

erfc&;BH@deﬁQmﬁﬂSnQﬂlsHhec MiovaineesTesrustih An defséted Host (Saito ef al., 1990,
inserting forei agn sequences into the

sSe q uence,
Vigology, lgén’{%% 483 apd dpkBretaine appErRIyAd from gRpomi Ry and are

ref @&l 7 vﬁﬁﬁ’}éﬂﬁﬁn&@a%kwﬁ ¥r &, 1086 R 1cids 1?esVI1m83291) 30kD
reover, of these approaches can be conbi ned

pretejn isghe P@li’éﬁ‘gﬁ“ ey eRRRiGEOInn of R Qe enftin t18§7’(ﬁM§p J., 6
25\97? apdvidRieht Sbcddk gfbté’ihf S tref s AWENES m RlibsbinbhBE BN AS (Hunter et

ateglies exist asS tools to e_&@ess forei gn sequences
ali, 1 9¥6.rNeyura3 2601788; Brugning et gi. ntP 16o Wanodegd b4PE; anidrBeachy et al.,

167k Vgt 335 BRE b whidiIS idcBlihea BBfiA By RREAReo) |
[00126]he Bhenmeihodsaftrimmsfionming plani tismes irchalegmamsfosmsngthe flower of
thre and-su
A BB P o Pufg R BPRIRE)<E s inuine plant fowers
mw Dictiticn Effma&ermmpmfacmk yCufizroul. L200MAZrengade Res.,
cell-to-ce ro coat  prot.ei
13 andiding e oo, 000, el g e easias et SRR i PRAT

InfpFBbenesir ZB6TY MoiahGBRACE Flaimbade fodned i tHeqppul28idn 08 seeds generated
start infection. Studies have demonstrated the

by e orippsdnplapts- @t 4 spepificioitduring dlowsh develprmenf; 4 gore exists in
thg %Owﬁvﬁpﬁirél@é}i »Qﬂrch LAPbb SR turﬂ?ﬁnﬁﬁ%ﬁd dckessSty TR Rx'i'énor of

formati on, encapsi dation (see e , Bol et al
thg gyary. \@ncelleg# tm@vm qyéqn%é@m{a@ensapmhms and fransforms
my Og%éltgg é?gs%&.gtg%lﬂﬁ VE g’tlcfltﬂl sMMé}lBg/.W 89%0 rétitPormed ovules

fO(theWPIQE(DDaMay of seeﬁg@@na on whm teoyRry, 80: 1089; De
Graaff 1995 Virol ogy, 208:583; Jaspars et al, 1974,

R Loesch-Fries, 1985, Vi f ol ogy,
cti soFa%zoh o}’ 'Y)’
o et G o im B Bfony o necliir uipping or
grotvimg] plaﬂlQQﬂlanMeﬂlsJ aglor pl@i tigdies ofitt iumentioer (elguydlored plants clonal

e s e RS b B 8
prodSdtRNGT antigen(s). A wide variety of culture media and bloreactors have been
employed to culture hairy root cells, root cell lines, and plant cells (see, for example, Giri
et al., 2000, Biotechnol. Adv., 18:1; Rao et al., 2002, Biotechnol. Adv., 20:101; and
references in both of the foregoing, all of which are incorporated herein by reference).
Clonal plants may be grown in any suitable manner.

[00128] In a certain embodiments, HPV antigens of the invention may be produced by

émy known method. In some embodiments, an HPV antigen is expressed in a plant or
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novenent of virus frominoculated to un-inocul ated
parts of a seed, enbryo, or sprouted seedling and for

W@ ymreed3eo i nfection. According to the present PCT/US2007/003973
i nvention, inoculation can occur at any stage of plant
devel opnent. I n enbryos and sprouts, spread of
i nocul ated virus should be very rapid. Virions of Al W
are encapsi dated by a unique CP (24 kD), form ng nore
than one type of particle. Size (30- to 60-nmin

pérﬁpl ol o@rgd Pl‘gtempa!r@lsgl %ﬁurﬂf& iA RBRRJARIRRGH E@ﬂventlonal

baci | a particle depends on

cardétieyiszad @cmmee hn@wamﬁteem Fiese-insdideanetbags suchtasextraction,
PR Uiy Raf R, e aRYEAn, OBEoMABE e ke

Thoptenéms ifivendoniinvolvesrthe pasﬁeati@hyan(i Bfffordebleascalih nip of production of

Ly ol 6:.73 Addi t Il .
kYl S8 oy AES Yerdd peptanneattst i Sl horpin the art and
prio®1ded hesdih,iificlagdinigiviral plagt expessiinodySentsi @bﬂﬁb&d&ierein.

actj Vi tI%A{SYUSI bov,. et al Gen.. Vi.rol

[00489D 41 In g3y graRodimgnts of kreredi ventipm-dhwilhbe ¢ bl to isolate

vaveiRamtigén padustd! Whet a)prielnisithe upvreﬁﬁolpisqnbauced from plant
i ncluding plant seeds, enbryos, and sprouts. gfther

tisHEOLh RPTiendRereeh, £ FARE: ONFEIISPPIRISeRIAB! $edlsy that expréss them,

medL dedcRived i@t H&hiI HoteRE U Gn P REpHYaMé ABhBHS kAt Ufthe art
candi date vector for expreSS|on of Toreign sequences

may bg ustdafer apy of partigheeampletggeolafioniEom tiantanaterial. Where it is
ter.qal
oS PR RG0S LA A o B IPR U acs
expressnf, eny agadmbldwpmﬁmon téchoiques may (bwmpﬂ@xﬁdet"ﬂmsse of ordinary
t S 4 )
I I2(131‘(13 Fhﬁo r a?re a n g]rmé Iaﬁé‘b yw%ee r G%J é; ﬁg%’] Ingt? a d Sep%artloﬂ g éoccdures

(seé foibkansple, Scapes eraly iProir Bﬂrzﬁd:dMnCPrthuM ardd Fraceéeay3rd Ed.,

ISR Do AR P "B REPAS. W5 g o ana

APPlcatas)SRIIEPN CHICEI9S, SpiigbrWW driagaNYT . 199k,D.IﬂFRodé\IWr6ﬂ&m

| ¢ d ticl 300 |
Py CUGELD AT EarY, S0P REH it corporated

hér@ﬂudyr Rebréfe) CORRA; Sl't d»tan ibe 'deﬁﬂeﬁl)lé mnaarsat;ﬁea@ctmwemabom 50%,
VI Ius in an i nfec

GQ%»r W%6g§07015%532%%p, 9114?39%1@931/2694@ %%t %é%rs%ﬁe%%, or 99% pure.

séd, @'E | @sePatkhQE, BRD sndE ¥y la@@ Br QlidcRsiibd Sfcdrin Meftdds useful
réplii‘cation (Ishi kawa et al, '19S6, Nuc. Acids Res.

forpuahing suldtakes et ppnt tissuestas fhuds. -t o- cel | novenent

I09330f" "Yiflse M i MESBL w10 sprtS6idee s Neinol of optainine o

desirbd eacoineproRtiiits i bjuexterction. Rlant mboTH] (gt trods, leaves, efc.) may be

RS 69%8'%8%*??@%% S R S i L

comemrqnmnaetrﬂdodmy ef a ptqdubefléamntn@y be] Xib2e} idalbaffered solution. For

net f t f l. ude
TR i En B B i B ey e
oty RUnddySié ghtthht lwsa)eéﬂbuﬁ'&ed@‘itlﬁ\é%d phvspshappbufferp |Padicase

fL.ower . . . .
inhgb%ors gan be added as required. Plant material can be disrupted by vigorous blending

or grinding while suspended in buffer solution and extracted biomass removed by
filtration or centrifugation. Product carried in solution can be further purified by
additional steps or converted to a dry powder by freeze-drying or precipitation.
Extraction can be carried out by pressing. Plants or roots can be extracted by pressing in
a press or by being crushed as they are passed through closely spaced rollers. Fluids
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into a solution of Agrobacteriumtunefaciens (Curtis

et al, 2001, Transgenic Res., 10:363; and Qng et al,
WQ@0o®0/09980 ecul ar Breedi ng: New Strategies in PPE@NUS2007/003973

| mprovenent, 1:67). Transfornmed plants are forned in

t he popul ati on of seeds generated by the "di pped"

plants. At a specific point during flower devel opnent,

a pore exists in the ovary wall through which

Agr obacterium tunefaci ens gains access to the interior
ex?IesE%aeﬁgﬁﬂ%hleﬁ'%@ S0l drd Eo1REREDandARHEREE] ScbHiThg to methods

unmetaciens proliferates and transforns individual

wallknicesn {1Bbs fagtuExdraction- bp pargsinpiallaws Boryrelegpaef products. in-a-more -

1238 T ] : .
COB%?}%’\}%Z%) fg gg-goﬁlr%r,m? ?%#Lﬁﬁ{e&? hk’ P#ghgfjrg?% BJ: med' l}t(l:%r} lg a product -
waraéxirasatdin sohutdbdn. Ant i gen [ 00127] In general, standard

nmet hods known in the art may be used for culturing or
rowi ng plants, plant cells, and/or plant tissues of

gr¢
Vi .
ORI, 58 sl st Bhfepy P Al Pbins o erapouti
uséﬁuﬁH%ﬂnﬁ@%%rbféﬁi(s) ¢ adThfimurigenic goption{EPErbf activefas a vaccine
antigen(s). wi de variety of culture nedia

S . y and ] .
fopthsrapsutio rad/ArprePhYasticieAtERto, BP Y ipfegren nEpther, g nvention
pr&@litSvett 9y ©8¢,las|shEtesnti A Brote A Ur iﬁﬁﬁﬁr&g‘:ﬁi@%nﬁ&{ thereof is active

exanple, GTi et al, 2000, Biotechnol Adv., 18:1;, Rao
in geteginaryyaplicatiBinst de Rertain appodiments, @ntigers) may be prrdysed by
i t i | i € . .
P9 o Rl ELSOO el B i, s rc o e venin. 1
cetteingmubedimmentanyrovidet XB1\¢ antigams iare ¢q04536d in plantscplantgells, and/or
enhodi nents, HP [ ' ' .
IERRRETe, s2ih SR R dlpes Rol MOl Bl clonal cll
lindB)\¢1 el iplpeits, ietc. o xpd easkelused direptlaifitorroa ptant oopartihldy parified or

Proteins are. isolated and. purjfied i.n accordance with
Ui o P BRRIo R DR tisal feeir iR SRR B S  he
[foer32] Tjﬂ@iﬁesieﬁﬂinﬁélﬁidﬁrboﬂsi ﬁlzhﬁh;f, fﬁlﬁn&d&lrsaaid plant tissues expressing
)recj pi.tati on,. chyomat ogr a ,.affinity .. ..
RFR LB LTAnS BruERPeRifal eiviey whrh qdfeinisiaged torhmbject in need
th&Ye66 SR celtAitEdth bolime it Odubfsetd #eludle Weftélsrates 0@. gdltlammals, such as
af fordabl e scal i ng up of praqduction of HPV anti gen&s_)
humansly Argordmedo the presapt siveptiamsubieptsdadidey velgapazysubjects such as
Fﬂéé’%»i'ﬂ BeniAkd fafs UrOVindi&ehaltesspletts, 4d\Edibidiphtht ¥i pdtion thereof
b(}é’ ant elx%si’esfsi on. systs'ertrs descri b%iesgkherei n.1 [(538%29] f)I nlon ereo
(exgarspraroat)rie administerc orgllydtoadniubjast i thsrapepticaljy qffegtive amount.
r | r: .
o5 B U P AP ISR 4B p e parin.
astdesgibedderan. a portion thereof, e.g., roots, root
S, (Pl ants | ant ,. .
OGELL BP0 SR i RS b Bl D s
Inreetthimcenboddmantsattiéest ewd HPMyarbimens efithe anveatipn @fe included in an
d&ﬁ”i al ,or conpl ete.ti solation fromplant material.
adipistereq VaceELOMBOSIHOY 5 | sol ate an expressi on product
[00134] s QvGRofdingtd the fprezeatinverttidns tredtniens sfi@ suijéatwith a vaccine
angi)églré ﬁ%ﬁg;ptg'ad ?o%ggt\éaalgllryasgl%iﬁu Ir%f}elcg aklv?igcigg gpor%é' l#‘?asy have healing
curative or palliative properties against a disorder or disease and can be administered to

ameliorate relieve, alleviate, delay onset of, reverse or lessen symptoms or severity of a
disease or disorder. A vaccine antigen may have prophylactic properties and can be used
to prevent or delay onset of a disease or to lessen severity of such disease, disorder, or

pathological condition when it does emerge. A physiological effect elicited by treatment
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skill in the art are famliar with a w de range of
fractionati on and separation procedures (see, for
wex@nmphs20 Scopes et al., Protein Purification:PCT/US2007/003973
Principles and Practice, 3rd Ed., Janson et al, 1993;
Protein Purification: Principles, H gh Resolution
Met hods, and Applications, WIey-VCH 1998;
Springer-Verl ag, NY, 1993; and Roe, Protein
Purification Techni ques, Oxford University Press,
PAVINE
oPRRje 6 Bl Bt P FRAERA el Bl n cecive
tmhmﬂspmc su¢Hhthat-mifention3¥04n- BL84ismOIshvedd. 85% 90%
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AsrhAREA YRt Rl Toitilerdtle EnEEL B Wldth iR hoRevins efficacy
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filiration. or cenrlfu ation. Product carried in -
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inQd widervagietyest W@Esitodlﬁé/sm&hclbgs,ffbﬁ@m_ ;gé,}drﬂgy ,@asally, enterally,
precipi tation raction can be carrie

pagﬁrggrsa? Mointrpmasewardy of BRI oAl XE@EB‘MWO%F%IQ'S PRgarly.

pﬁlﬁloﬂaﬁ%'e&sb}? Eorhﬂct%bﬁéht%uiﬂﬁgnﬁﬁ ehbRMinéfs, RATIRY antigen
thro cl osely spaced rollers. Fluidsexp ressed from

expressebin pplant e mm% dreseofivadipinistered &p %\ﬁ'éblﬁ‘ft(%%lbé@d direct
adifin {1819 of ngjﬁmqg ﬁ)é’ﬂbkecr RV enas 5,3 Vaccine protein expressed in

EX-traetion pressi ng el ease of

a plaodmcncstnom therepf) rrw)etractqdcm@émmuarﬁisd, gnskysed ifforvibho prepardtion of a
i r
Rt ACHS R B B RlmbiTath Gy producrs o
thEhentpnMeme (e. g\uaaalpd)arrmqeuu@kl sgghavmmlmnmlsxt@m ergonIn some

SR S TR b B AR Ph i sompgr ot of
thaplant visgaes ﬂmtfeﬂpretshﬂhbmpeutl c and/ or prophylactic

r eat of. HPV | fect Furt i,nven n .
(0950 cclheiieeidtaigbit i foPitale f Epych EpehRg i {36 plant materil,
it WAINoReE BB idesipdilé idtav tilieed a pRnthat istot mﬁet&me maeyam recipient

applications. In certain enbodi nents antl

(o> PR BTOWHST HHimaD( Releyanpplant tsiug (res: eEﬁl °§3 leavés) may
sifp® be Hﬁ'lvéste& &E@Hx‘oces%@él hedordifig tPte@Rhiquéed l&l&wrpfn thB&rt, with due

i nventi on.
consideration to mamtalmng activity of the expressed product. In certain embodiments of

the invention, it is desirable to have expressed the vaccine antigen in an edible plant (and,
specifically in edible portions of the plant) so that the material can subsequently be eaten.
For instance, where the vaccine antigen is active after oral delivery (when properly

formulated), it may be desirable to produce the antigen protein in an edible plant portion,
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certain enbodi nents, provided HPV antigens are
expressed in plants, plant cells, and/or plant tissues
W@ 200g/09533pr out s, sprouted seedlings, roots, roBCT/US2007/003973
culture, clonal cells, clonal cell lines, clonal
plants, etc.), and can be used directly froma plant
or partially purified or purified in preparation for
pharmaceutical administration to a subject. [00132]
The present invention provides plants, plant cells,
t
o AT PSRRI B A5 501 o e some o
all of megmb.rnhmtemﬂ vvlﬂmhlshtﬂan-promwls iewpiesseds ubj ect s

RS et B By Jggr;%znmwn ectries.
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ORI TG BF IPBEAC, HgfLeT ol o%tewgeugam Sl
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IS stons

erpplev/?%gbdqsageaf%warsﬁﬁtmamfaﬁ capsuiesy Zpches, dispergiars,

scﬁ@ﬁcﬁis pelbAMI1GHRE, Mpfetd, RRoaRRTBREENS WeréXold, Bewlenvsitkée®liquid
n’prl Se one or nore HPV ant i gens. In certain

SOé\mmm sadvanss, diluentacurfacqactiye\agsnts; eteicoreepisethickening or

R T

thr:nw@nm ismot dfrseaymeh! sush dpsagfoser: with a vacci ne
(R bl B AR)hlhdy oo Qo Salic Sferent

ave curative or
p}minlacamcnkty pnsaepmbta @sriengs)j adjuvant(s),swvehicleds), o & eersbination of one

and can, be ad nlster rate v
PR D Sy B b PGl B Rl sl uch Bl s apesee
“pharrhfoeRtically éh‘cep’taﬂle&:@ﬂﬁdi ﬁjucbm Cxird&hlcleﬁ? mdodemlvents dispersion
anti gen. may h ertles and .can
mﬁg@dg‘f%‘nﬁ% ég &Eﬂ é{) 158fo§1éc 36?0{1)8011 delaying
ageBES 8Rd BRVRE] édfnﬁénwamqshaaas&undmm@mam Materials that can
athologlcal condi tion when it d

sem/@ﬁ Rhasgaeeatically acsepidbleGapmers ige Thde, utare o f ﬁa*“% i} Shgars such as

120kl AMMdsE8Rd Skt Oded biafthkd sﬁéheas%?ﬁ eidfchl aﬁ’a\zl %fdt@ Btafchi) cellulose and
i ncl’'ude an effective i nmune response su

its dhert vatinpegich g spdinprcarky )@&?ﬁtbxhceilgl%\ﬁa*ml sgilulpgrangigellulose

Jg&té & JTBRHR; mhRVEM Mt waés&maﬁs i Abob¥Lb&Ekr and
al an /or mucosal routes. Gral ‘and/or nucosal

smbsnmywatxas ailssuglvaspranyy oil,cofipasesd il; spEtlpwereil.isgsameg oil, olive

oTh AR5 Bl s 35S oy XI5 T PRSI RlccILEH LR By e

arwﬂhﬁlﬂamatme buffepugagentsiueh es hmnbee@n ldeIMmtﬂlemmum

B R e R S e e e L e

alébhot)drl lﬂaotsblmtﬂbaﬁaedolutmmm woib hsaunhambmmmmonmnble lubricants
rts at d

sighar S04 REPR sulvepnd iepbSubnotirfaread PepitTBaser
rdﬁ&[sm@Q{gSh@ Sdcatihg agéiﬂﬁltshieb&mr@f ag@fits] favoring agehusgmcngerﬁnnmg
agee];];sl (}:)?e%zrvatlves, and antioxidants can be present in the composition, according to the
judgment of the formulator (see Remington’s Pharmaceutical Sciences, Fifteenth Edition,
E.W. Martin, Mack Publishing Co., Easton, PA, 1975). For example, the vaccine antigen
product may be provided as a pharmaceutical composition by means of conventional
mixing granulating dragee-making, dissolving, lyophilizing, or similar processes.

Additional vaccine components
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Thus, the econom cal production of |large quantities of
target antigens is a prerequisite for the creation of
webdogopizee oral vacci nes. The devel opnent of pbPemnUS2007/003973
expressing antigens, including thernostable antigens,
represents a nore realistic approach to such
difficulties. [00136] The pharmaceutical preparations
of the present invention can be adm nistered in a w de
variety of ways to the subject, such as, for exanple,
[db‘ié‘b]‘ Y, InOéI‘FﬁIeI Waccin8d ﬁlﬁ? IixIcYudeOﬂdﬁIUrﬁﬂ?IaIn?‘ suitable adjuvant to enhance
i ntramusc or intravenously, recta vagi'nal ly,
thteoqmuaiogqmcmm Gf thel \ytcclpcrwhsnadmluystetﬂd thyp tokfor example, such-
n :
e 2@139 url]clléﬁlep l‘i’g[l}oﬁit) I;Imgtg?&g qg'?%é of @I)_IE X sﬁﬂ&ﬁangS),
inabliding ]strﬁ?edckub&aalmsh]fMd gadé QB swhds Qagk A and QS-21, alum,

admnl trati f the Iat t bi ect .
aliaiun Bydcpde. altrmi o YL MRAIBR g fSonc's aiwvant;
CBfpldi®Freuhi@isedjuviadt; e%Ueé(OIaeyIlafHdd'h&Iiomhﬁpﬁdrﬁldlpl_dmd(3lESMPL)

for the preparation of a pharnmaceuti.cal conposijion.
Fyrthegadiuyantg gagy; \nplude smmgprlatory gligonuiroiides for Sample
uth&fyfatedt ¢80 sbdiRinbed AlRRIQEd s W OD6802553S @mbmatlons of different
(gharnaceutlcal agent, vaccine conposition, etc.)

BYRnts saehiRs-thasesmentiongd | heraipabexe; 318 sPRtemplated mr'atnéhng an
ac%;l vark? g‘g@&ﬁfs% ProReidial stthibieo? Q:WI—HI cedl tIes;SHnsE heod:akiple, QS21 can

at ‘express them 37] \Were it is
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th@I ?l]IIET o[fgt ﬁI'tIoalI ]S']Y% 5I1 QrIcI lp&bg&ﬁhﬁﬁ)ﬁ sISIﬁlIé %mbodlments
11 ze t ha e r e

ut a plan 8" no tOXIC to evant
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I I I [
o B U oy By BRI G R 1 10 m
kikopesm of botlyweight., Wi th due consideration to
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pl ant (and, Euemflcall i.n edible portions of the

preteamhe%r i fusionewith @ HEY aptgeasernsersraiehy mpy be centidsred use of
anl: £’cI ubdRt Tﬁﬁ@ inVUAGIVE vhéind/ SrRp St AR irhAPTuriher 86thpN& one or more
ater or al delvery (when properly fornmulated), it may :
adjuvanss i Cerbiin Veesipg eRnRQSIInS 1Bdt ¢QIBPFISS HOLTMOTS ‘agjpvants’
I
PGB dBRindifl b Rl dnl SOUL B Such M RlBRRRRD adjuvants
mep e desiresll in pafticultar fpimawlationst andiax|comwibitatiging.c h
5T [
[dg?g%f dqh%ﬁgmwgszm%f(%s ﬁ?r?ag'dbéa%egé‘rggk ty §f&b€§ﬂ%@ffe€?&5an inventive
vztoenierﬁytplummgﬁbc absoapineof cne oeﬁrﬁtvctcpmoacm nf th@fvaacme product

(eIrg,? }grlogepyp tﬁ?t S glrxbcu eglgﬁ,ﬁ' ?Q’I" IHIIJ:’agn saultalqg ?rtg thgd S mayeb
ad&bﬁipﬂﬁ@h‘dﬁ.ﬁy thaldsy of aliyaid saspemsionef cnystaihnabmm&phaas:mmnal with

ant i ho accordi t.o t presen i nyent
PRATWV %‘ Sé’ chIeﬁaETd%f é"q'PB?%P @ﬁ ROt |dé‘P§“ sUpon its rate of
diSSSHIbrE SWhiéH Qﬁhﬁﬁ mdli d?q?;gﬁdi LpeBsizé MR, Miternatively or addltlonally,
sol uti ons,.  gel caps, capl et S, Ccreams, Ointnmen

deslexe@sqhsglrﬂsam érPa{Fé‘Ef %admmeﬁﬁ?ra PErdyct 1§r‘P§°°‘§BI‘§P€ﬁtb§ dissolving

ld%] 5 BEltie the Proddict gl biY FelBERN UfjectabRIRPLEfRNS AfeSmade by forming
i ckening or
microcapsule rr?atnces of the protein in biodegradable polymers such as polylactide-

i

O, (J

polyglycolide. Depending upon the ratio of product to polymer and the nature of the

particular polymer employed, the rate of release can be controlled. Examples of

biodegradable polymers include poly(orthoesters) and poly(anhydrides). Depot injectable
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enmul si fying agents, preservatives, and solid bindings,

as long as the biological activity of the protein is
wmedao7desee oyed by such dosage form [00139] | nP@gEDS2081/003973

the conpositions nmay conprise any of a variety of

di fferent pharnmaceutically acceptable carrier(s),

adj uvant (s), or vehicle(s), or a conbination of one or

nore such carrier(s), adjuvant(s), or vehicle(s). As

used herein the | anguage "pharmaceutically acceptabl e
il NP Gre 5y MEBOAE, ol BRI AR b microemusons,
whmhlafmrga;batﬁ;g@with bods anSsm:sc Adtednagiys poptmeric ddivan- v@icles can-be.
usggﬁ?tc?rgl[ %ndl %Exon%%(% ?a :Pg(?éegaﬂagg Bﬂ)%r%gﬁﬁg 'p%ﬁ'mers such as

erve as

etﬁj"laﬁémﬁ@u&det‘aaé Imlymhgmtiw pol@gfyt‘cbﬁdi Scldmdllagen, ﬂml&orﬂroesters and
lLim to sugarg such as. | actose, g&F cose .an

PQVIar iR i EARRE et ATGIBERhOE S PO PRI PHGHS thereof may be

fobtnlabdd asGRictdfaF@e 20 | ihTobBinatiohiwiliba plsthedie delidteryehicle.
car boxynet hyl cel | ul ose, et hyl cellul.ose and cell ul ose

[09243)at e‘int admipistered prepartionsef vaccing agtigens maybe introduced in

so%%&m%ma SUHPEnASh 6CGAR s bR aRd thay AT IR B Bny
oi ['s such as peanut oil, cottonseed 0il, saffl ower

phairmaceyticalizacseptablst qayriers; such @s wates; $uspensling §Esuss, apd pmulsifying
c I
oS 1R B Eh ol EMERAEIeU L) el of php OF slfaifiLdqlease forms,
esascmihg when adminisiexsdiad@ raembnalvg mqammmhsdnumevenaﬂgu deivelopment
ota cﬁ ease % {]%%ct |fo{' K C\ggl (r te ?glaglosp xse?hil o-j'f.-lfwlgrhgg Qlsesse.
Sl.imild:thtrﬁm‘g' actige whbomdspt ge pompnumdmndermodmtty duitiye against the
nt.s sodi um l.aur sul fate and nmagnes ur
aiggadts E N Sal S0P 18 BF vy bpiitond iy EenRE SR YPan
mﬂ@ﬁf\lesoonmhd r@n&ﬂﬁﬁé&poﬁ!ﬁ&hmmmgstﬁred withake©compositions.
agent s, g perfum n gents preservatives, and
Fléh?‘?ﬁ’ila& ﬁ??"é‘&r?gﬁ%tsg?‘é glted n the conpositi on,

[00E44)" d'ﬁ@erﬂﬁe%@clh@ﬁﬂﬂﬁ% SptidnaBy teHehér i plﬁﬁﬁﬁssue are
Rem'ngt on' s Phar rraceutl cai Sci ences, Fifteenth

paticulagiy welt spited faroral administration assphangaesyticalcampysitions, Oral
hcéﬁg @nmﬁ&’(fon@ )EQH'BL: Gsed 411 YaF Bé BE pARCLEE Qi RFySH pbdiamik fﬂ&%ulanons.

rovi d as a p har maceut i cal COHDOSItIOh by neans O
Hanyasted) plaohmatqmaimwg bgrrapesiserd ingndiod geerina@ingays (e.g., air drying,

I i
U b OPIE D] A0 inor Ll ler¥s Q88 ied thrapeuic
produdtiand stsdesirédriormd Sugh dpmpositibhy/assdescidd abigive may be ingested

' ted th t h
ol AtiRor ibeSRATASS: Ve FIBINDIERN B d BorRlogl N BoAREIHRS for oral
adrsintsvati pn irehide) plarety, embmhs ofuth¢ plauts, hnmpmmmsopunﬁed from

xtracgts of aas ona ) |nclud|n
e ST bR SO BRero S s Dol B diaysops solvers
s@ﬁéhsiﬁﬁxs?dr . enmhlsidns. aETdﬂhﬁleﬁbﬂ ydﬁ-ﬁqmdﬂﬁs sdlvegﬂs ra.tmiléropylene glycol,
ate I.NC, teF una' s adj uvant
mwﬁylg%swg Hag?!‘\ﬁﬁj%ﬁvﬂ?ﬁ 1 edbieetabis Glpatic Sters! Haieous
RO RAQSRIRAMRL, Water 8l céhdl 36uMBhI, enfulsibhesr sHpensrssSinBRMing saline

i ncl ude |nnunonDduIator ollqonucleotldes or exanpl e
and buffered medial parenteral veh1cles including sodium chloride solution, Ringer’s

dextrose solution, dextrose plus sodium chloride solution, Ringer’s solution containing
lactose or fixed oils. Examples of dry powders include any plant biomass that has been
dried, for example, freeze dried, air dried, or spray dried. For example, the plants may be
air dried by placing them in a commercial air dryer at about 120 degrees Fahrenheit until
the biomass contains less than 5% moisture by weight. The dried plants may be stored
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unmet hyl at ed CpG sequences as di sclosed in WO
96/ 02555. Conbi nati ons of different adjuvants, such as
wo b@smeoszent i oned her ei nabove, are cont enpl at edP@BEUS2007/003973

provi ding an adjuvant which is a preferenti al

stimulator of TH cell response. For exanple, QS21 can
be fornmul ated together with 3D-MPL. The ratio of
QS21:3D-MPL will typically be in the order of 1:10 to
10:1; 1:5 to 5:1; and often substantially 1:1. In sone

o R TR R30Sk SUOSE iy o i s

-sizadigesdnlee. ~Adternatiz elyror adtitionally, fceeizerdryiog malydiei uspd-foreproducts-that..

from9 01 1 ki /
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heghatpronseations. Slsefb herbatipreparatiens inghudg ﬂu\ﬂa%’@l ﬁ%‘d herbal

prls:ﬁﬁml@&l st IR AR B Hedtsal aPJtloHQ'ir?cl@dH tiHeReS -extracts (e.g.,
urt her nor e, dep end| n%qd orrru ation and routes of
20

aquEeHSHXemaptst aleﬁhol@&r@ ctipash wdsiedpyenseatipns (¢ g4 ajrfried, spray
arR] bbgdH, BF ﬁfeeiméégngaw ﬁé@ B&gggizeagb%& ), a0 Herbal

certain situati sirable to prolo ?
prepraatédrisean b@fpremdcdwemm smdaai:@ln@r)byefgtlewmg as heapsule, tablet,

Qr Pt ion
~ BRERR 0 ko, C, RO KBRS 5y S A5 YRS Grins
formtlad onssand mbﬂghnes jof delivkry ofi herbabpreparationsothpt ingy bel applied to the
the use of a |iquid suspension of crystalline or

prﬁ??BFWSEté raterial with poor water solubility. The
[00B46] Oﬁn\iﬁh;e‘lﬁ)g @édtqmegfcellhﬁxep,_r;ﬂﬁu_@ textrheﬁbrfiﬁp@\ngi&s grizd preparations
its rate of_ disso|uytian, ich inturn, m en :
and pyrified protginerimgicipic agid BF‘}I:A;‘PTSvé’Fy o EﬁHU?’f%Bﬂ‘jgthl form with or
willshA¥ae ofRiRE Bidipienifas AoRaArBBVEr 8bliy désdst T(brﬁis%@ﬂ as tablets,
product i s acconplished by dissolving or suspendin

drasﬁssmaue% ill. and granuipsiere be prepafesiovith r-@ata'@ﬁ and ﬁ@“ﬂ Iesuch as
entéric %ﬁﬁ%p%lg&rer@oﬂgoﬁn rcg W@ d'fﬁérrdoﬁﬁﬁgsqfveﬂ Rfown in the

pro elrn nbloera mers such
plpohweu@pﬂcfemulygng' i) ereuch i/;é OE 2Ry fegaﬁﬂtem@twgm@t oiay be
t c
el o} ax1CasP B [FEf i (80 AELHE D backllE oP Rl Sith dosee
fouonnmulcbgnbnsmnphesnadfpraﬁtigd@gldamm substaingeseatheri thad ingg diluents,

[ este i des
e oo T AN S g O e
mich&:rpstﬂdine tellulosd. plnsbmaese@f capsoiesetabless a'miSplllsmhe: Hesage forms
Al t.er nat..ve

o OB EF ARG, IRPL IRy SBERPED SRUGR ogpoifyide agents and can
bef sfradongiositivh thEtGhejEMéHﬁb the d2itive @igifradiaind(9) only, in a certain part of the
m%laq?:g,ajg;%gé Ip{tl)%(gg rsﬁgﬁrpeea e h %sﬂ I%H\éf Xlngacgr%tpggitelbns that
caRWeXREd ﬂﬁﬁﬁiefﬂ' m&ﬁ@s&ﬁbﬁb@ﬁdﬂd@vﬂ@sd etc., can be

used. Antigen(s) or an inmmunogeni c porti ons t her eof
[Oﬂ-ygﬂlbe In some methods, a plant or portion thereof expressing a HPV antigen

according to the present invention, or biomass thereof, is administered orally as medicinal
food. Such edible compositions are typically consumed by eating raw, if in a solid form,
or by drinking, if in liquid form. The plant material can be directly ingested without a
prior processing step or after minimal culinary preparation. For example, the vaccine
protein may be expressed in a sprout which can be eaten directly. For instance, vaccine
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fornmul ated as mcroparticles, e.g., in conbination

with a polyneric delivery vehicle. [00143] Enterally
wa@cdovropBeer ed preparations of vacci ne anti gensPemYS1»67/003973

i ntroduced in solid, sem -solid, suspension or

emul sion formand nmay be conpounded with any

phar maceutically acceptable carriers, such as water,

suspendi ng agents, and enul sifying agents. The

antigens may be adm ni stered by neans of punps or
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hipdr dportibe oflidting ppdbdiitt Svolliybedgvatlableddf mptakelr t her

[08][ é)qc,i SIS %bg%%g%ug%é Ilépégo%fggﬁso(r) é‘lg r;)E'ellgrﬁt 1R\r/gncii%?18c%g btéyadm1mstered

ther%b&ﬁﬂ:aﬂ?w Ei‘dphyl%f &m&t IR donfPosRidds a9l isid to treat or prevent a
freeze-dry used f or - roducts that are

digeapss | ’f‘?r\ﬁé‘ ?ea apy mcywﬁgal ® freEy2 discase Q8 whods petisk of
deR¥IoBIRAPY ihfAefdh faf bR teafdUM will be appreciated that an individual can be

considered at risk for developing a disease without having been diagnosed with any

symptoms of the disease. For example, if the individual is known to have been, or to be

intended to be, in situations with relatively high risk of exposure to HPV infection, that

individual will be considered at risk for developing the disease. Similarly, if members of
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drier and dried frozen under a vacuumuntil the
bi omass contains | ess than about 5% noi sture by
wowiogl9sz2ifhe dried material can be further proPEFES0ABIZIT3

descri bed herein. [00145] Pl ant-derived material nay

be adm ni stered as or together with one or nore herba
preparations. Useful herbal preparations include

l'iquid and solid herbal preparations. Sone exanpl es of
herbal preparations include tinctures, extracts (e.qg.,

an%gﬁﬁ%{ﬁl%%ﬂ%t fiendd 8%& BV r@&éeﬁ)dxa%%g&f:%tﬁ ifpv ‘i’ﬂfe&?on the

preparati ons ried, spray dried, frozen,
mﬂweﬂmenwmlsdéonsngmde@ be-atrigk- for I@Whpﬂngzwdpmer ), an d

[Ob %ﬂ rld!q_%(rglbcﬁ)v eéj rf%Pm ?grl PR d%%ﬂjsg'gngrg ey dbﬁtr]atrgﬂ%{t l%mlted to,

cIe as a capsule
p}&ﬁﬂﬁmitibﬂlﬂy/ acdepﬁbleChrﬁiﬂSﬁge, mletciemuThonsa sekmbhe,duspentlbas syrups,

r reci ate. the va nul ati ons and
i (s BUBFoRiS Se pecTioran Dapidiabnes s et oataininpre
diRRnBRIRIMBEhIY Aséd i the @RSEED he) \feéiaaiple, [Wiidrid] othét\sORenisg

root lines, cell lines, plants, extractions,

sopibiging pgents and emulsifieas ﬁ{ﬁhl asiethyl glonal. isapronyl éicgﬁe' ethyl
cafdridtd) ’éﬁf}'l‘ GlSate SBenzyl A88hdDbenBy BEN2H5tE] }ﬁ{)gﬂeﬁ@éﬁb&‘ 4 3-butylene

or W thout one or nore excl pi ents as noted above

glgenli @rmls:elgmmﬁe odlg §im pesticulay, eetionserdy geaundnut sem, germ, olive,

I u
Bkt A0S BEABALSH D, ot an
fatm acndragseranﬁsombm and at kM therebf. KBesidesiinert fiduents, the oral

oIS o ol e B8 verdf A, bl A Saspending

agenss( iwebtémﬁg,tﬂmmhgmdwﬁmag apats.ose or starch. Such

ge forns.mm 0 Llse, as.is normal prac .
O BSA0  srenPR AR Rt BF pehal R R RS ki SSimosigories or
refe%ﬁbﬁteh&ﬁai wHittE it e Frepared be inikilyl the bﬂ@p&ld&ﬂﬂl&hlsanventlon
nagne5|un1stearate and m crocrystalline cellul ose

with guigahle.nep- g g CHSIPIRIIPRLEAITIEH FUEH P OB Ruttefy Bafe{sthylene glycol

orf E4uPPodTRYy GRAXRIAER afrtoliat REIbRSE RinfperdtiRYbuTRYuid at body
optionally contain opacifying agents and can be of

tempaTsoyE epd therefare mgktyn the reeym emaginal cadty w@r@kﬁ%ﬁﬁeefﬂve
IH8a$ in a certain part of the intestinal tract,

or in a del ayed manner. Exanples of enbeddi ng
IOBbﬁdos iRasags farmstfortepidab transmucesel ernficansdenmal administration of a

va%&”ﬂ% F:%%§1tlt%ﬁ%f %F frﬁlen{ugrp iln%?llde i P%&o gtsé'anf’g %ltlgﬂg gels,

er eof expressing a en accot
pdvmddrh e;ohmene,rspraiys vighalants or patchés rfﬂmsac{tllve agerft, or p;eparanon thereof,

as nedi cinal Suc
is 8&% &S ltr}%léﬁ gteg e colnéxaogg M C%th 16:all% a%cllﬁg%ie J:am?r and any
ndeﬂecﬁp&@éﬂvdtn‘/&rdnbuﬂbrstas sy bfkrdqguedl f Forntrdmsmncdsil or transdermal
| ant material can. bed ested W thout a ,.
S P RPb BTy SPRRPIRE 1 VDS aF PEUTTHE 2y be uled i the
foRhBRALA! SAPh pérdirafitsi® galermyekmimt: RFtOARI idchidy, o€ example,
expressed in a sprqut which can be eaten directl For

for ﬁg@%m@sakﬂ@éemgaﬁ%gimg% Pile salts. ppd fsidis pgidrdgrivatives.
T3REMH osa RHEinBERARoR PAPHE acBnpiRh&PHRowYh theubdsnds8Pdprays or

suppositories. For transdermal administration, antigen or an immunogenic portion thereof
may be formulated into ointments, salves, gels, or creams as generally known in the art.
Ophthalmic formulation, eardrops, and eye drops are contemplated as being within the
scope of this invention. Additionally, the present invention contemplates the use of
transdermal patches, which have the added advantage of providing controlled delivery of

a vaccine protein to the body. Such dosage forms can be made by suspending or
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-spr-ouVe/ c-1 n-one enbodi nent -plant bi onmass may- be
processed and the nmaterial recovered after the
wW@e@emessBeng step i s ingested. [00148] ProcessiPQI/us2007/003973
met hods useful in accordance with the present
i nvention are nethods commonly used in the food or
feed industry. The final products of such nethods
typically include a substantial anount of an expressed
antigen and can be conveniently eaten or drunk. The
di%ﬂeﬁ?ﬁhg Ql;eowgiag:gnerﬂ?};ﬁil?& imﬂée;go r&ﬂec?ﬁt'ﬁ? rAlIsgﬁQio%renilﬁr%érs can be used
ornsy such as 'salts, carrrers, tavor enhancers, .
to diniredse ohé fiax-ofithet- vakbeink pkaeinaacrbss tresskim dThewrate fardbe ermtiiolled by

kRS PR o ), B3R 4 i n
potyrfler ma@ixidtgel.zat i on, cooking, or addition of

conseryation and pr.eservation .agent.s. An | ant be ..
(00 3P SCDBS Pt HE AHrUaReh A Ul FBRUES 2B Bii g time as
is BEtRb Ry & adHiéviehR ldesiRldarabulirBint RFtainldigbalients of thdi¥sent
.antigen in a plant-derived preparation nmay, be tested .
inygntioatah dhrrapeutically gffeetiviernsnount’ ofa el_la,m)@gwucal composition is that

anSOuit EORRR B8 treatidg; hbhuabihg WG Treventinl Aldisasd ¥sd §.1b%' ect. Thus, the
using a probe or antibody specific for the produc

“aloupt effectivaitp HERt Attenuatey or prryENtidisessen anpdAerinerefers to a

noRtgkid) fmtogutf%égﬁ‘t' Aot o q%;bh%ﬁﬂ&&'uﬂcél Q:Qﬁﬁ;ogﬁiog RQtreat, attenuate, or
exanpl e, Vv

e anount o ccine antigen may be
prefesing diseasedn any subigetl oz ¢xarhple, thedthsrapeutipally effergive amount™ can

begaglt afrﬁcgli%t ?catrg [ ogtltjn Cntutana?x# Brg:v .tf' fsg{»}g (Jké)’g.!rr% r% echbl infe.ction),

e%q rty’of "materi a or €aten
ett.0 ingest a single dose can be standardi zed. The

ai ned, requl atabl e.envi ronnent _of ,th resent .
10 E8R0E: (15 exhehtait i Py A o Tabietl sEHYER, depending on the
spetiks, 26, andigeneal dbrditibw of the Gabjay, e stdgRWF4RY dideasasthi particular

protein produced. in pLant. cell. or t.iss and .eaten.
plwnacegesjﬁéev%yﬂwﬁf 8? admipsratipe.anddhe ﬁge-t Aptirax antigens of the
inGéiR! in}éﬁuﬁﬁ(gs%lﬁﬁis Speessitly anti @1es)@indlo? Prépagivink @ieredf may be

pl ant tissue that_has been gnly mnimally p[oce,ssegl i S
forrgulgreg\ip desaascmpisioratfpbeass of adninrationiash ugifopmity of dosage. The
expr&kioh ™ dbhet GnttYoth, "R %ised Rétein, FT4IS to b PRy REARIGECrERYuNit of

ecei ve at | east sone tprot ection fromdigestion in the
vagpipe conlipgeitiph appropriete foetheratiertde e tgatete Igwill by understood,

T

typicalhy dedidahby af att¢reling plysidian witbin the scangrrflseund medical judgment. -
dni ni.st d i | i . .

R LR A 0 e F

may dgzend upbon vaxiatypbfefactars/including thei séverityosusk ef isfaction the

R AR Pa s EARDL It oppt o s

by welghty beherhl eanhhexafiiss pheiead did of ipkpatient, ghareiaepkingtic

Ve T T T

exchdlioni dTuié spesifioipduddRatoyradsthe duratidh dfathe treatment; drugs used in

combination or coincidental with the vaccine composition employed; and like factors well

known in the medical arts.

[00156] It will be appreciated that the pharmaceutical compositions of the present
invention can be employed in combination therapies (e.g., combination vaccine
therapies), that is, the pharmaceutical compositions can be administered concurrently
with, prior to, or subsequent to, one or more other desired vaccination procedures. The
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intended to be, in situations with relatively high

ri sk of exposure to HPV infection, that individua
wowdo/oss2€¢onsi dered at risk for devel opi ng t hePdi/E8B8B003973

Simlarly, if nmenbers ofan individual's famly,

friends or partner have been diagnosed with HPV

infection, the individual may be considered-to

be-at-risk-fbr- devel oping the disease. - [00151]

Li qui d dosage fornms for oral adm nistration include,
pailuiQ Sufithal o Beiidtad Bs (DLAMRERN ALY ARERNEAN APV

ions, mcroe S5 s0 suspensi ons,

infegtiogsto eandoyein a<c¢mbm|anoramgiimi:m will- @akaamowcaga wbmpatibidity of the

de&na%ﬁ%%f%jp%ﬁ@%e J ortpﬁ ggi,/\{e%gagt 2%' nfeerg eg’%‘(%euﬁ‘-p e%fect bre achieved.
It G4ill BE bppresiatedahitshe mhqﬂd:d and/arovaaciges emploged malysachjeee a desired

: Cg’ég]é& % h‘%‘%‘ﬁ e o&g{ %ﬁaénp g. o yerglvggzpfg{pouﬁé %I be administered

cog&ﬁ?&ﬁtyemtﬁ Eﬂ&ﬁéﬂHPVQJa)t@l(ﬁb) ot theyithy h@iievedliffent effects. In certain
di net hyl formam de, oils (in particular, cottonseed

enpPagimERts: VaceiBe GOMpeFiHONSEorRTise 3l deast W HE Vsatigeps. For example,

chﬁk¥8%@§xtloﬁ§émwr§e% {dasytwAIP O Migens of the invention
['yet hyl ene ycol s and fatt¥H§C|d esters of

po !
(el Bt RVAE dorroin 288 4HES 661 P Vdsiqfotin cRpning antigen of the
mgéxlt%%gt e sotnlike E&L stdH wﬁﬁxhiﬂ%}?vfc‘afhe‘s ﬁgyliﬂ@luagbﬂé/ iR ostable
s wetting agents, si fyi ng and suspendi ng
fusige prateingewirismgidP Vidntigen; in gomgradpests, tweron qoag thermostable
fu 10r0115gtL ?&gﬁ%ﬁg% fag{l é'neaﬁ%gk'mﬁﬁecy algnlég ?mbodlments multiple
nistra be "su pOSI ori es or en
anegamamll hd‘ld@'lVeda‘mrivHP{)I eﬁﬁleesdmb)stmlrx amgcazhmclude antigens derived
sitions.of .this in abl e
S MRREER PRS- dh P Re s Sl il drbERn il be derived from
HPViof ¢lic sapsd stelimyhdes igthnde lantigers cﬁﬁpabﬁrbtrmhy saums pwhemr(e g,

re solid at .anbi ent tenmperature id at
diffbrentdemeing of HE S REPERD. T FEain Cihotineints, AUFBIR Hhtigens will be
devla«ea Rlm APV $0diffBfént kBASEd Melude ahtgerRIdRtObd of §i#fREnt proteins.
&HH ge forns for toglcm transmucosal _or transder nal

s eombinationsicontamplateise o5 rpptaple aptigers deryed from different
sﬁaﬁl\éeﬂh'tﬁ’@sdxﬁ@ﬂ)ﬂég&n OB} A HsSandRR Tofibindtio8 OB the! fBldgBIly exemplary
gel s, powders, solutions, sprays, inhalants or
comindtinns amronigmpleteda Fonexaraplepn somae smbordimanis, e9¢ E7, two E7 or
m&%@%@&nﬁﬂg% iBfetdn® s&QEP hiel Dshiled 3 @mprise a vaccme composition
p arnaceutlca y acceptable carrier an ny need
ofph@imlenta'mi vWherg cambfinatian vaccingy ateeutilizgd, it wall bFanderstood that any
n penetrants
ap prr’%g'}ﬁ ate Y%?%énﬁr}ﬁ%fﬂé;?ée{i gg e%%%@géaqgmnay be used
in the formulation. Such penetrants are generally
knomn in the art, and include, for exanple, for

cosal adm.ni stration eter bile

R T B B8 Db o ek or ki

inélddingi 1blersptouted edlilgs, alonangitits beglahhprodating he HPSE antigen
nasal sp S or ositories. .For transderpal .

acgereig P& PresrRt IBVRHTBOTGRreRRTA O RS & BhfmagRutical

contpsRidhs EBitaideng e Vdtche th b 6r rabRt dbRBiisers ﬁﬁl:d’ @6th one or more of

gels, or creans as generally known in the art.
the ingredients of the pharmaceutical compositions of the invention. In certain

embodiments, the pharmaceutical pack or kit includes an additional approved therapeutic .
agent (e.g., HPV antigen, HPV vaccine) for use as a combination therapy. Optionally
associated with such container(s) can be a notice in the form prescribed by a

governmental agency regulating the manufacture, use or sale of pharmaceutical products,
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Oohthal mc fornul ati on, eardrops, and eye drops are
contenpl ated as being within the scope of this

WO paoepizon. Additionally, the present inventi oOPCT/US2007/003973
contenpl ates the use of transdernmal patches, which
have the added advantage of providing controlled
delivery of a vaccine protein to the body. Such dosage
forms can be nade by suspendi ng ordi spensing the
vacci ne product in the proper nmedium Absorption

EABIASE RIEE0 5P, 08 A r sl e

adpuntstratiored by either providing a rate controlling

by di
OS2k Bl 4455 D HRSEA R B48L kb i
exafmplg HEVivadditiecan be proeided oo oral Sorandaticns and @fministeregsas therapy.

MR i b SeE, Lo IoS e i 20 b an oA Alftacion

for hdMaImAfLIohC Phhimehibed] idvsesDFmsttuctiohs thefiiareTaHEBE prodlded in the
conpasition_is that anpun ffective for treati

kipfor admanistrgiiongp agripdiy Mﬁlﬂgnassf&ﬁg &r phyrisk ‘gtnfectm

[00145, R repretuntdtiveikBmblesehdtFoll6Wate intdrided 't@h@p iDMistrate the
prevent disease," as used herein, refers to a nontoxic

inpention,and areaet iniersied to.gror shuld thaykeceamsiraed to, limit the scope of the

inV YRS 'If'ncllééa L&JJS%dlﬁ@&t;O%g Ut m@éntflﬁmea\ﬁ@ri'l;largJ ff@isLerthPodiments
any subj ect. For exanple, the "therapeuticall

therebf dn additiambuthose shawenddesaribashherein, wil h@come apparent to those

skm ég“ﬁ)ﬁr‘t ﬁ&b{ﬁl{ ﬁ?{ﬁ% nﬂeﬂ’gs%‘f'gl#xg Bofl.g'a%gsllngl]\{c]lglget)l(lg gxamples which

foHuwwmti thcenpﬁereacbsrtathmqpnﬁp@nﬂ patgntliteratoreuited derein. The
fogg er}nggl g’ﬁ}??%sc(ion%tlﬂ Prﬁgrma‘?ﬂo ?’?%rﬁé[}?ﬁagiggg’gg l %%ngé ul'ﬁ)& can be
adaptetiite ﬂieﬁ;fraah&rd’f&hle uﬁvemabn ia ¥#$ udrdousi dm;bdmﬂentshnd the equivalents
adnini stration, and the |like. Anthrax antigens of the
theredEnt i on, |ncluding pl ants expressing anti gen(s)
and/ or preparations thereof may be fornulated in
dosage unit formfor easExa{,pnﬂeaﬁunst r ation and
unlforn1ty of dosage. The expression "dosage unit
EXp0 1. BenbsBfontyVeicbine Cohlidatd Corsvhféysi cal 1y discrete
unit of vaccine ctonposition appropriate for the
G Htﬁﬂ\toi{zﬁtl En b RRh&A frdrh hwnbh phpilBRAG/iRE00d, however,
chi¥edf sHf 't}l é’oﬂé@ﬂﬂeth RIHPVIfs ﬁ?@ﬂ tgéetnls Qﬁ§)29fl 8 t§1¢%dorf etal,

pregent I nvention s yplcally deci d an attendl ng
1980y Kirelogm, 14X 1D athhed)sdgp@i iato pQEAL (n@EB 7) petaipen MamHI / Pstl

re%;ﬁgti%rp § ?ésf {v m‘at {1 é %Mlkgﬁin tglt%q)q&ﬁgd %ﬁﬁ%ﬁﬁgég Kit

r am
(Swraragets) togeﬁmtteahes plamidijBgO-tEHé}Q@v ahreteypomnt mutgiionsf were
ect.i.on; t|V|t Deci fie compo
ink G040 b, BRBSGNe e S0 SR i 8B Micbolged
oligbdycl\wﬂlcgisto,ftl@teﬂﬁwaid diﬂaiabhwaxsleﬁfaﬂfpotylmackaaﬁdehqmdd| et
of the pa tJ, ent, har macoki neti c. condi tion of .th
chgoypatograp By heorifnd POmeEs dreienet 1 e (e pitggions, respectively:
adm nistration, and rate of excretion of the specific
EZoop0ospd enployed; the duration of the treatnent;

S A NBTABEAgACAACT ggs T CTCTAC geogT TAT ggreg CAATTAAATEACAEC -

3,
" | I
[
Asp21>Gly Cys24 > Gly Glu26
. >Gly .
“E7GGG rev:
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conbi nation or coincidental with the vaccine
conposition enpl oyed; and like factors well known in
wo b@7oesdecal arts. [00156] It will be appreci aperiusivat/003973
t he pharnmaceuti cal conpositions of the present
i nvention can be enployed in conbination therapies
{e.g., conbination vaccine therapies), that is, the
phar maceuti cal conpositions can be adm ni stered
concurrently with, prior to, or subsequent to, one or

%rﬁlﬂﬁl cul ar co% C@Rq‘Angb@ﬂRFRg%C%gTTgTCTCngTTg C-3’

I nat | |e5‘1

vacci nes, ther apgEEgEd Eeat nment s m infection) Wa 515Gly -
Wlr-1a i

enploy in a conblnatlon regi men ke-into.accou

ati I|t of .the desire er
OB ouPs i e RS e U R o A B ipino acids n
tha®7 |;ﬁ&l&ﬁ1 seiterwel D2DE (A3PR EEGHY, EId24(BI Cyhe> Gher BR6GGlu26 >Gly)

and/.or nes e ed.may achi.e si.r.ed f ect
aop{hipl hes B FPHPTTR D KoLRiEHe, PG AUROURID| e Fultant gene,
de%@f&m(}a%abeoxﬁﬂﬂkﬁlb?j@ﬁﬁ&)&@Cur rently with another

HPV vacci n achi eve different effects.

U LI P LT I RS N R et

A%dA?PéGA"G’)QrKEX@@TAWG«E@W@M@WI@.T@?TA@A‘HTGCAACCAGA
vaccCl ne ositions can co rise at |l east two HPV

GARAAGREATICTGBACTIRREA BAAG AR ATOARRGE IMEAGGAGGAG
Gﬁ%ﬂA?ﬁ@AT&E\"ﬂCéA%@A@U&ﬁC&G‘&A@@G@ﬁ@ARf}Ab&CATTACA

nvent one aspects such conbi nation vaccines
ATATTGTAACE AN G HECAser GBI GA@TSHM@@U&Q@WTQQ@TACAA

Aé@é@ﬂb Ré&ﬁcﬁ%ﬁﬁg G)0A BACTF Aéactac

conprisi ng SRS gen are prov
GMWTGTGCKI&@AW@TGHCWM:@AA@ATMS Wil | be

loﬁﬁﬁ] ﬂ_.j@ga ﬁlggm?f atﬂhg fs%ame strain, and can include

t t |
Melmw?lrtEH!EHMh Emn({r;m_ena;mcgm@er enLNgS%HeéEnI;EIDG?EZ&ENBPDRAHYT\{I
VIR AP ER AU i U S OS PEES o v

[08164] hefwﬁggvgb@(QEQImN@r B33 n enbodi ments, nultiple
antigens will be derived fromHPV of di fferent strains

ARGEA ﬁ@@%ﬂ%@A%m@Agﬁ%Tﬂ@@%ﬁ&%TFEGCAACCAGA
GROAActed Jgsr?xl‘ Ve @@}@ﬁAm@@%WA%@G&&@A@%W}\GA@@AGGAG

ant |1 gens fromdifferent strains and

GM&MATA%TQQW@AM%AWﬁ:MMgQﬁGﬁﬁ:é\GAGCCCATTACA
Aegxa :i LRI %?étﬂ(g&ngr ﬁﬁgﬁ ﬁ?gei%TACAA

AGEMH@TAGm%WéfﬁmCWGGﬁAQA@QWW GGGCACACTAG

R e A

[00D68)r SEVEHEG (SEBEQ IRYOcehbhi nati on of HPV antigens may be

”@E‘g@ﬁ?imF@i@%ﬁﬁégﬂ’ﬁ%ﬁbm%ﬂgdﬁsﬂ%QAepnmml

VPREOKRTESTLRRCVI@S KHYDIRTLEDIL MG TIGG IVCRICSQKERt ed
seedlings, clonal entity or plant produci ng an HPV

antigen .
Generat?on of thermostable carrier construct

[00166] Full length native C. thermocellum lichenase, LicB, consists sequentially of a

leader peptide (Lp), an N-terminal portion (A), a surface loop (1), a C-terminal portion
(C), a Pro-Thr box, and a cellulosome-binding domain (C-BD). We removed the Lp, Pro-
Thr box and C-BD encoding sequences from the LicB encoding gene, circularly
permutated the molecule to invert the N- and C-termini (Musiychuk et al., 2007,
Influenza and Other Respiratory Viruses, 1:1), and incorporated unique restriction
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according to the present invention, or preparations,
extracts, or pharmaceutical conpositions containing

WO b@7wes3eo ne in one or nore containers fill ed MT/OSINB003973
or nore of the ingredients of the pharmaceutica
conpositions of the invention. In certain enbodinents,
t he pharnmaceutical pack or kit includes an additiona
approved therapeutic agent (e.g., HPV antigen, HPV
vaccine) for use as a conbination therapy. Optionally

te . .
BB BB S  Ap,2 C d s we
intoethd Isatfaced obp el)nﬁhdfesuttm’g&ngu&ere(drcasé\d;rendkcule sequence was

r.maceut, cal whi ch notice reflects approval
%%aeph%“ %lgdg’éMCture, use, or sale for human
[oade7)ni m@mquo E00158] Kits are provided that include

oA G AR S AR R oraac

Aﬂ@'ﬁ‘ﬁm reraer@ert AN TGN TPA TGN AGITAGGATGAAGGCTGCAA
addi ti onal l-‘Kﬁ HPV vacci ne can be provi ded

AGHACEIBGSAATIA TR GRTE ST T6IRTAGTT étT,A&]TCIiGACCATCTGATAACA
ACBRAES @Af@h&@?ﬁéA@*Aﬁ@AW@ﬁﬁGM&@ﬂﬂwA@rAAGGH

rowde in the kit for admnistration to an

CAA(:I’M@A@H %TA@M@ANTWBGHGGTQQWCWTATC TTCATAACCT
T ATCECH R e TACT SRR R AGACCAs
AMAT&XEI‘GAﬂ'I’IHTTeﬁn’E@ETGaTGGAM@MGWA@GA@T@QEAGAAAC

A BSACTHIESreBR AT A Al ecRsRiTTaTOT

TEATGAATGGCTNEGANGATA TGATGGRA GAACGDHEEASTITNPAAGCTGAGTAT

GAFA AT AN EA T AR AR LRI DA A TR TToTTOTTAA

mcmml'mm(dmmmemmCmmmcmbmﬁdGGmAAAGGc

*ERREF A B AT bt romnorna

Bt QOGERRABA TG ATTCAT AT IGIGRDNASAGRAGIA TGTICGACCAT

ada ted to the practlce of this invention inits

Cﬂa EFIENERCAGHCARCHGui val ent s t her eof .
logﬁ%‘{)dlgﬂdiﬁlm gxanple 1. Generation of Vaccine

ate“Constructs Generation of antigen sequences

MGGHYRYKSGHERTKISERE X6 ¥ YEVRMKGOAKBECG LIS T ¥ RGBS PNNPWDEI

D R DA R T A EREp VIDFY

W@QUYBQTEN&WEHGWLWBGIGV&EWL&Rm@i AE&EYVKYY

R e e U SR
lvﬂhTEBRrEYViD}HﬂﬁHH}bns were intr oduced into the
OBEE P SoBB ShefRBR e 570 b Mfoes.
seqhiérse apﬂieymuﬁ{cEOttbﬁﬁni ofLiicKKM. The nucleic acid and amino acid sequences
of these constructs are shown in SEQ ID NO.: 7 and SEQ ID NO.: 8.
[00170] SEQIDNO.: 7:
GGATCCTTAATTAAAATGGGATTTGTTCTCTTTTCACAATTGCCTTCATTTCTT
CTTGTCTCTACACTTCTCTTATTCCTAGTAATATCCCACTCTTGCCGTGCCCAA
AATGGAGGTTCTTATCCATATAAGTCTGGTGAGTATAGAACTAAGTCTTTCTT
TGGATATGGTTATTATGAAGTTAGGATGAAGGCTGCAAAGAACGTTGGAATT
GTTTCTTCTTTCTTTACTTATACTGGACCATCTGATAACAACCCATGGGATGAG
ATTGATATTGAGTTTCTTGGAAAGGATACTACTAAGGTTCAATTCAACTGGTA
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chr omat ogr aphy" -purified primers designed to introduce
the nmutations, respectively: E7GEG dir:

WG 200TAB2NgAgACAACT gge, T CTCTAC g 99T TAT gg7BQT/US2007/003973
CAATTAAATgACAgGC - 3" | LJ I | Asp21>@y Cys24 > Ay
A u26 >y E7GEG rev: 5' -gCTgTCATTTAATTg CCC ATA ACC
gTAgAg ACC AgTTgTCTCTggTTg CG-3" I I | I _ | du2Té6
>dy Cys24 > Ay Asp21>dy [00161] The introduced
nmutations, resulted in the substitution of three am no

TR R CORPIERC PN Aopep oA TOCTT

CECApQASTA T G%M€MMG@W$MT§GAGAQWWP%MWGATTTTT

AL TR TR AR RO R PACRRTRE T AR OATICTG Y acTCCT

GGAEAGATIATGATGAATCTTTGGCCAGGAATTGGTGTTGATGAATGGCTTG

G A AR A AT AR T A TR A AAGTA
TEATOONA ACHSI A COAE T RN IR XACR I LACITHTACTULAT TTGTTGC
TR A P BT o Gk A T LR E ARG CTAACO
GHRReTHIaCRCA TG TEERHASECATARIANGTIAJTTE BEQrABCGGAA

AT TAERAGTEPESATAGHEA FPASIECRAGEAECATAREATICATCAT
AM%@% Q%fw@h%@uwsna VCPI CSQKP [ 00164]

[OATmAT@E@?A@C@TACATTGCATC—:AATATATGTTAGATTTCIZAACCAGA

®.
PGIGVDEWLGRYDGRTPLQAEYEYVKYYPNGRSEFKLVVNTPFVAVFSNFDSSQ
WEKADWANGSVFNCVWKPSQVTFSNGKMILTLDREYVDHHHHHHKDEL

Generation of recombinant antigen constructs
[00172] We used pET expression vectors, derived from pBR322 plasmid, engineered

to take advantage of the features of the T7 bacteriophage gene 10 that promote high-level
transcription and translation. The bacteriophage encoded RNA polymerase is highly
specific for the T7 promoter sequences, which are rarely encountered in genomes other
than T7 phage genome (Figure 1). pET-32 has been used for fusing the E7 and E7TGGG
constructs into the loop region of a modified lichenase sequence that had been cloned in '
this vector. The catalytic domain of the lichenase gene with the upstream sequence PR-
1A (Pathogen-Related protein 1 A), with an endoplasmic reticulum (KDEL) or a vacuolar
retaining sequence (VAC) and a downstream His6 tag were cloned between the Pacl and
Xhol sites in a modified pET-32 vector (in which the region between the T7 promoter and
the T7 terminator had been excised). In this way the pET-PRACS-LicKM-KDEL and
pET-PRACS-LicKM-VAC were obtained (Figure 2). The DNA fragment E7 or E7TGGG
was subcloned into the loop (1) portion of LicKM to give a fusion in the correct reading

frame for translation.

Example 2. Generation of Vaccine Candidate Antigen Vectors
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[00165] E7GG (SEQ ID NO.: 4):
VHGDTPTLHEYMLDLQPETTGLYGYGQLNDSSEEEDEI DGPAGQAEPDRAHYNI
WY/ THRCOYBDSTLRLCVQSTHVDI RTLEDLLMGTLGGVCPI CSQKP PCT/US2007/003973
Generation of thernostable carrier construct [00166]
Full length native C. thernocellumlichenase, LicB,
consi sts sequentially of a | eader peptide (Lp), an
N-term nal portion (A), a surface loop (1), a
Cterminal portion (C, a Pro-Thr box, and a

|
IOE?H]U 01%9 aHh %%l %s%@%ﬁ%ib&f]ﬁi‘ -BPbr L}/&(m@@ WeR 1Bﬂ’ifv1dually

Thr sequences fromthe LicB

subglooed itgo ghmzhosm Vl@%l’r\'&pioy(}]zﬁk )-apBHDde a PRI b2\ rerivesl-binary-
Veﬁﬁ(}\?/’ﬁr { tcﬁ'xethe aep&r%eg r&g:c[,&iup o@%‘é@ygﬁ% If%liﬁBOmcfaQQ ZGUS) has

enza an S |r ory i Fuses
beien eepl perdatiyeal puly lipker? whtlrel, bé¢twene thboXball amd <Sack slteesa TofV-derived

cl oni n tar e es t.he
veglor a EC%PSF 8 do&eab‘ r Pgﬁty‘l '88p {’\gseiﬁ%n res uI"t1 |“ﬁ]1 ich a foreign
geRB ¥b BeexmesRaI(b.igs targed figke (627 uwmﬁ-msr_,wIeM-Enedi) repidces the

. i s designated Li 9{5% [EiOlG?I ASEE% I E?%fé%éﬂ?&@#&ﬁ%tbe

mOVSARGTGERTG £2a0 AN DN AL TARNAT GOAIEFISEpY which
AGAACGI TGGAATT TCITCTTTCTTTACTTATACTGGACCATCTGATAACA
exndeAntatim CE psT T franeteRE)TEha Alstsrtar forGiARagseen mutated.

THA RGNS TEP 1 AT MO Eahidt i (T;gﬁmggm
TGGATT TGATGCT TCTCAAGAT T T TCATACTTATGGT TTTGAGT
However Aetiantriimavarasaf gzalinfstiomremamaaotion mmms can

s

A@m&mmgmm&mmm@@mm@wf@mmmms and is

S e I BT T AR e

5°Ghd bf TRETAATCEACA TEAT VeI ETidseAT ASAGMEN BV amNbBeEAamHI and

ey e TN TR ——

et [l EBOOK RIFIKBkdl\ W GV S CiNESe WY@M&&H&S

VDCKKVYRGIRNI PVTP LWPGE GVDEWL [%9?
encoding LicKM-E7 or E7 to sequences encoding -sl:lgnga\ [%}()E om tobacco

PR-1a protein, a 6x His tag and the ER-retention anchor sequence KDEL or vacuolar
sorting sequence (Figure 4). For constructs that contain sequence encoding, PRACS-
LicKM-E7-KDEL, PRACS-LicKM-E7VAC, PRACS-LicKM-E7GGG-KDEL and
PRACS-LicKM-E7GGG-VAC the coding DNA was introduced as Pacl-Xhol fragments
into pBI-D4. Nucleotide sequence was subsequently verified spanning the subcloning

junctions of the final expression constructs (Figure 5).

Example 3: Generation of Plants and Antigen Production

Agrobacterium infiltration of plants
[00174) Agrobacterium-mediated transient expression system achieved by

Agrobacterium infiltration can be utilized (Turpen et al., 1993, J. Virol. Methods,
42:227). Healthy leaves of N. benthamiana were infiltrated with 4. rhizogenes containing
viral vectors engineered to express LicKM-E7 or LicKM-E7GGG.

[00175] The A. rhizogenes strain A4 (ATCC 43057) or A. tumefaciens (GV3103) was
transformed with the constructs pBI-D4- PRACS-LicKM-E7-KDEL, pBI-D4-PRACS-
LicKM-E7VAC, pBI-D4-PRACS-LicKM-E7GGG-KDEL and pBI-D4-PRACS-LicKM-
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PNGRSEFKL VVNTPFVAVFSNFDSSQNEKADWANGSVFNCVWKPSQVTFSNGK

M LTLDREYVDHHHHHH [ 00169] For certain constructs, we
wengrneseed a PRl a signal peptide and KDEL seqRents20a1/003973

the N and C-termni of LicKM The nucleic acid and

am no acid sequences of these constructs are shown in

SEQ ED NO.: 7 and SEQ DD NO.: 8. [00170] SEQ ID NO. :

7.

GGATCCTTAATTAAAATGGGATTTGT TCT CT TTTCACAATTGCu TCATTTCTT

A SR o o

-al-] G, RIBBTSEAT T2 AGTA-2 U/ STtk aBl BT 2ER8Talony)-was-

R st e
suévded\ AT MgREENGEAAASGAGTIKERAMPATI QB TCIAE KT4eAT Calfire was
dilgtre%% -lrn)t<c|) ggg\ Al‘%Wﬁ&BE%?ﬁ%&%ﬁTTﬂMBT TTTT

QI@IWTJWWM RONEEIOTERET0 pM
m% TTATGATGAATCTTTGGCCAGGAATTGGTGT TGAT 3
acgtpanEaneA Thasduied cnitapoyahametsey p@%& of ~1.7 at

28bEA ARl B@E@é&\ Tﬁ?%ﬁt@é\%@%& @[&'e@qn MMA
TGITTTCTCTAACTTTGATTCTTCTCAAT

m@msmmm@mm&mmaﬁ@vmmm to an

O R e P R AR IR ] o for g oo

infiBrRMDRE SOL PerhuTia IeFiey VBIRSTRAONEBS MRk d@rohRT EPEIEPRnsion

%%%%ﬁ%% Infiltrated leaves were harvested 6 days

post-Infiir&skdnASQDFHT YGFEWRPDY| DFYVDGKKVYRGTRNI PVTPGKI MVNLW
PG GVDEW.GRYDGRTPLQAEYEYVKYYPNGRSEFKL VWNTPFVAVFSNFDSSQ
YFPS / FSNQ(M LTL DREYVDHHHHHHKDEL

O o constructs.[ 0017
RLTRRAE LTS 6T YRS Vs poppeSom leaves

afﬁ%' &%ﬂhgql%&lrblﬁlmﬁ?éﬂm4cpaﬁ@é’iﬂ v&&ﬁhﬁﬁ@ﬁﬂgﬁn(é dHDe. fiaalenphsts, were

of .the acterlo en 0 .tha

slightn daagsd Vit adkor e nibe Abaca of idh andebuhitrsovith the

ARBEL&EI iR hﬁ%g&{w,%%% RUAcqRAMITR ciher the pRIDALYicKM-E7-KDEL or

the pBID4-LicKM-E7GGG-KDEL. The explants were incubated for 2 minutes with an

Agrobacterium overnight culture (O.D. 600 nm=0.8-1) centrifuged for 10’ at 3000 rpm a

4°C and resuspended in MMA medium to a final O.D. 600 nm=0.5 in presence of 20mM

acetosyringone. At the end of the incubation, the explant were dried on sterile paper and

transferred onto 0.8% agar MS plates in presence of 1% glucose and 20mM
acetosyringone. Plates were parafilmed and kept at room temperature for two days. The
explants were then transferred onto MS plates in presence of 500mg/l Cefotaxim (Cif),
100mg/1 Timentin (Tim) and 25mg/l kanamycin. After 5 weeks the generation of
transgenic roots was obtained from Petunia hybrida leaf explants transformed with
Agrobacterium rhizogenes containing the pBID4-LicKM-E7-KDEL and pBID4-LicKM-
E7GGG-KDEL constructs. More roots were obtained from the transformation with
pBID4-LicKM-E7-KDEL than with the pBID4-LicKM-E7GGG-KDEL construct.
Zymogram analysis revealed the expression of both E7 and E7GGG chimeric proteins in
the Petunia hybrida transgenic roots tested. The expression is associated with lichenase

activity. The activity band related to the fusion proteins show a higher molecular weight
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specific for the T7 pronoter sequences, which are

rarely encountered in genonmes other than T7 phage
wW@ewanes3fdi gure 1). pET-32 has been used for fPRSI/N§2001@03973

E7 and E7GGG constructs into the |oop region of a

nodi fied |ichenase sequence that had been cloned in

this vector. The catalytic donmain of the |ichenase

gene with the upstream sequence PRI A (Pat hogen-Rel at ed

protein 1 A), with an endoplasm c reticul um (KDEL) or

r : r

O b e R i el
-plantsefierf agro-ipletti@R . corfitnying (theprebénsk-of wholefyision pyedwaten

b KT 8t i S IRBEAS ot BB e s

hapinbnORAER 1 inediMin/Adunes sixabiyalaiedthé Magtiadiva)y. grofdndidats are

f t E7 yycee | inta the, | 1
isqloiet B, tarereki rorsione (4P apEs A Mo duin gy G fobls are
culessdl 122fC adheldark inid¢lohatlines ardixalatddand subaileiréd éveiy six weeks.

of Vacci ne Candi date Anti ger}, Vﬁétors[om 3] Target )
Rogis padar elepalilings can be sqerpred 107 theinrearneseidarss artigen expression by

askidinéhibaldh¥nase kashg%e&swh@d IhRusb0IsEhal ysis. _

viral -vector-(pBI- . pBI-D4 is a pBl 1-21 -derived-

bi naryvector in which the reporter gene coding for the
Example¥; Ryogudionofvessiva$end@da®) has been repl aced by a

"pol ylinker" where, between the Xbal and Sad sites, a
[0037%8]d e 100 aniz samaples oM sbdmskamicne indtltrated deaf anaiyrial ppire barvested at

I<S . u ' | f ' ;
85 6 ad JEOT RS ERREL Fhe KB LD e UG LT L P e bxBossion
righit aRit beifigshanvesibd oeeoliceedoa a80%6) for ¢heprepiptigre nEsublsequent crude

TIW. . The vi.r retains the. TW 126/ 183kDa gene, the
p]%'\{:‘)éé‘%% Oﬁf%ﬁflﬂnFmed’euﬁe,cag%v%{ the CP subgenom c nmRNA
[0p1TH]Ot Ereshsgmpleswhére hestixpearrded in o6ld PBS=1CP Repreaseriahibitos (Roche)

o 285 S S S SR80t b N R TR s vere

bdifed FHOH lihutt iR $OS lgePloadiing \bulfep Bhdigh cHefRM&y, centrifugation for 5
cell-to-cell movepnent_ of viral infecti 01} [

minyastat 43400 reR @t fhe TP SUPTBHANS VTS ot %?e@'t%n esipfyae and 20

ull €AY 65 teft dilthidnSBRREIepardtddd 4 PL% SIHSIPAGE 8hd @nalyzed by Western
{ Pacl - Prel - Agel - Xhol ) has been engi neered at the en

blog anglysis usingeaqii- d6is6-5d rapusesr aalhit yehlichengsepqlyclonal antibodies

f | 1 _ 1 . .
G S THY 86 08 3l Sl MRl iena
actizifyle Aymogiipby vean eectsephosgticampiod deil meashding isnzymeactivity. The

o 85 OB B8 3007005 Ly G BT L i
degraded ®3he dirdymeBresalsied during@8ig)incubatise peniod t Thicstsining of the gel

i n¢l ude fusi.ons of sequences ancodi Li cKl . OF .
revdyl S SRR af et FERARAF L B Bterin Vil g i ronge
thé bhed ey chn be pslateé lineardy fothélamouagofamndyintdoaded.

- r.et i on anchor  .sequence KDEL or. vacuolar sortin

100 ilicn & peresaie Mviee deneePiErP e bRl ner n
ASRBHEREMeNmBRILRYs oPREFSBakRKm rhizogenes containing the plasmid pBID4-
LicKM-E7-KDEL leads to a specific band corresponding to the molecular weight of the -
chimeric protein LicKM-E7-KDEL (about 39 kD) if the E7 protein electrophoretic
mobility in the fusion protein corresponds to the theoretic MW of 11 kD (the lichenase

enzyme MW is about 28 kD) (Figures 6A-D). Nicotiana benthamiana plants infiltrated
with either Agrobacterium tumefaciens or Agrobacterium rhizogenes containing the
pBID4-LicKM-E7-VAC plasmids express the chimeric protein LicKM-E7-VAC.
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E7- KDEL, PRACS-Li cKM E7VAC, PRACS- Li cKM E7GGG- KDEL and
PRACS- Li cKM E7GGEG- VAC the codi ng DNA was i ntroduced as
w@awiAoX3ed fragnents into pBl-D4. Nucl eoti de sSPOUERNE7/003973
was subsequently verified spanning the subcl oning
junctions of the final expression constructs (Figure
5). Exanple 3: Ceneration of Plants and Antigen
Production Agrobacteriuminfiltration of plants
[00174] Agrobacterium nediated transient expression
A
NEVEHEIRE rggﬁﬁéfaég s@q&%gét \dlible Haﬁ/bllﬁﬁggmypgpresentanve
ofABe aﬂeiéncerdéddomprdpeWchcssem ané@nptmmsaﬂ aaguplar signal sequence

wilgiohiPigbroltiby et BROGT, R et et if i e

cxﬂ’&srﬁg cohstragy almsd emrtalhe tMonieﬂﬁ'mldfbﬂOﬁﬂ') therKIDEL sequence, that has

bech T faC I(:fggg,ﬁéf%V3 ]fg%gﬂ\é\g%ﬁ;[?kfi%s%rerée&fssmg tle 7 (or the E7GGG)

fu&'h'\@ﬂr BRACREA K I¥hzymdd/AThe same expression results were obtained for the
Bl - D4- PRACS- Li cKM E7GGG KDEL and

GD&“‘PM@B“L‘F’QP(@W’VAC Agr obacterium cul tures

0088 grzé)mb ﬁ%@ve%ﬁediﬁﬁtcthh lRRprebfaR bf BotBlEPand E7GGG
[199ﬁ7 Ia? 122:1-01).-A-2 i - gliearter culture

chimerik proteing in 9&”‘?‘@% it lmyﬁmggmmnmm Yriusion ofthe above
mgéhcq{e& g?@t@fns?ﬁ teAbp of tH/ cllta‘lm\f.ﬁ.séorﬁ%hro?%e ll&egésl: enzyme doesn’t

pept on sucrose,
inkmrethy enzymg aqs«m Theactvigy b r@lﬂt@dn%thﬂé'ssm P’U’f‘%‘ﬂs show a higher

o0 B A e AR RSB T ot o

pradudy] &otthiatt maheWwda@@bmngﬂmmg@@ated' ath

dil.uted cul ture. was t vrn| )
Aigpblyui et HgE Bl AL onk o8B 1By -
KDELO an54mlaMNBE7@mﬁ-u@Bn,sqmemmdumymnmwmhe MYAC

°°3?'{¥{‘°d§ WFH%IHE”) rgﬁteét ?52%%4%@‘%%%0% ;9% Of or 1 hour

[08182]00IBJtR e Prébson offike B3 4AcKNI-KDEL and the E7-LicKM-VAC fusions
aves

Agrobacteriumnfiltration. bent ana ] r
arp GpRYATLY high Aod feb lsgfrfaaélaq@yta ngﬁgﬁ ifg (dhough it seems
toHeSRERAP hiphey &d tRE St yg OWth thel8REptFon dfthe A%Fc%a%@num rhzzogenes-

| eaveés were harvest ed days post-infiltration.

mp@eted&mreéwen shat diens Wé‘lﬁé‘ﬁeﬁ”‘m‘ ths6the thes]th day- uNYeademded to
ftﬁ '59?{;0& XRfeBiéSinlorR t6 alroﬁﬁ‘,\rﬁie‘i{@ dé‘%ﬁ@atﬁﬁt Bt fication of

aves after sterilization in HAC1 and si x

thwalahmmg: prntesmSekaM-(ﬁqz@Eﬂ@dd;apKMG%T@ELl eghressed in the
crgé'e?’%g.ﬁ Ly ea%pna%e 'ﬁ@' CE§ L Qgtﬁ%n% ?ﬂagﬁal g\ﬁltrated tissues and

erlumr I zogeries, straln )
ontthe vacmtrmmﬁlrmgt@l tuslseers (tF @MM)L ThEpstimatepyield of expression in

crgc?)e!; exjrac] nL% P W@E@vm&@ﬁc SM&QEBW £§- I{IBEE%E ?_,chM

E7GGG-KDEL /g of tissue (corresponding to 100ug of E7 or E7GGG proteins / g of

tissue).

Purification of antigens
[00183] Leaves from plants infiltrated with recombinant Agrobacterium tumefaciens

containing the pBID4-LicKM-E7-KDEL and pBID4-LicKM-E7GGG-KDEL constructs
were homogenized. Extraction buffer with “EDTA-free” protease inhibitors (Roche) and

Triton X-100 1% was used at a ratio of 3 volumes w/v and rocked for 30 minutes at 4°C.

Extracts were clarified by centrifugation at 9000 x g per 10 minutes at 4°C. The
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Agrobacterium overnight culture (O D. 600 nm=0. 8-1)
centrifuged for 10" at 3000 rpma 4C and resuspended
WO poo¥s3eedi umto a final O D 600 nm O in preGEOSHOTV03973

20m™M acet osyri ngone. At the end of the incubation, the
expl ant were dried on sterile paper and transferred

onto 0.8%agar Ms plates in presence of 1% glucose and
ZO’TM acet osyringone. Plates were paraf | med and kept

roomtenperature for two days. The explants were

uée?ﬂtatnf @%%@ﬁéalpﬁﬁerw& thbod ﬁmwcxefhe §é‘rﬁﬁ?u%ﬁ aP Q@ 086 K g for 30°

taxi m ntin (T
-at%@mpalwrem@mhs) %mﬁttﬂe bgf@mﬂapm@wg@aphm nws@@ﬁlioe

[()E)r S WS- tzg) o gl%l\'l; Eh A %L%h%ﬁﬂid% quid(? ?{Dﬁﬁ Ql’lﬁﬂérﬁ: proteins

Hst o maer eriumr enes containin
wereepupific®dy hlsﬂiéMCKEEhmabdizp&l\MalLAﬁ]ﬁwmaMhy,” GE

C tructs, More roots were ohtained fromthe
HEalth) of FSL{emART e 58T BV 1Y o RNE BYDRERION Was PSrheg jipder non-
deénBhipthglcofdiMohy, BkotdiPEWwefOdtsilet tédtas 05/ gaemranamm \Bere unified,
reveal ed the expresaj)i‘ﬁog of bo%g I%?(aand E"’ 1c ib
added math20mM ERLApdh aggst MEGURNR alyzed by
sHesAge. The expression is associated with | |chenase

activit The activity bandrelatedtothefusm

[09183lci HStesnasively, HiagHers yeredhen sellaptadgnestherpddrd with 20mM EDTA,
di%fly%%kﬁgga?&t CARPO4 POhNLNGVeRBR:, TPARE M Phuriiidiy ARfont E¥hange

expressed by plants-after agéo |nf ectiori

Coromiatagraphy. tFos LICEM R KOEIWEJHEKMSE B3GH- KRR purification, anion

oS F A 04 8 o RIS ATy SRR ves s

Sampliesiof the LICKM-EA-KDEly E HI@ﬁ@fI-EKéGGBKDEé—CaffﬂB}’Y’I‘ ion-exchange

p@@?ﬁw;ch%p%rgg %%t%{;/se %vi %lep ?‘éxge li‘% e)fagla{l%gufe &)e s followed by
Cédthadsieastaifing? %pbﬂﬁtddfp;‘ro&&isl«w&ﬂ dtlsml edevatophoredsalby eansferred onto

jsgl ated and s ed [ eks.. Roo s.an
PUBE armpranes 68 Al PoWRsteY ot Vot ttinh PBIvGIotal ati-lichenase
arft?od$ hn @M dcB vl mmmrabbu 126 hOfseriikh p&oixasdemﬁgated
activity assay and i mmunobl ot anal ysis. Exanpl e 4:
antibgdyict | on of Vaccine Candidate [00178] 100 ny sanpl es
[00188) Q?d]k@é@fﬁi&ﬁoh@éﬁértcﬁﬁ&ﬁg wef@hndifel by El{nn‘hﬁ'lo%loﬁtmg using both

harvest ed at 5, S post-infection

the pédin-lichenase (ﬁagura r?aﬂ)@édm BA{ sranteHis6dptaaos sagwv) ghe His-tag
wgg ﬁ)gfntzgﬁédqu ﬁ‘? e\!(ggésgéh aﬁm%ﬂl: bgg&ﬁ? afid thie cgﬁgen[rgﬁon of the

preparati o sequent cr plant extracts or for
plinfmdqnopnnhzsl beep gvaliated bysaftwasoFigires P AdH- Faoml 4sg of infiltrated

G 5SRO P 7 BTl HGCRRTL PSR provcrn

hayedeanl p\mﬁdsd withedfirall yi€ldef hé3rpgeh ahxeserwq:retehm/ Imf tissue (about 50

5 m SD I adin buf.fer .a the

niogP LAt P pratsifly & o s, Stei Frol i Bhofthd fERa of the

ETGeGspmﬁﬁm af 2bous 1 MedTehé whokffasioa)l Results fioas purfidxeion rpdotocol are
heir dilutions were separated on a 12%

d@’ﬂ)’ée‘b g‘é’f?dggrél yzed by Western

Example 5: Immunogenicity Studies

Production and characterization of target antigens
[00187] An initial immunogenicity study was conducted to determine whether plant-
produced LicKM-E7-KDEL and LicKM-E7GGG-KDEL could induce specific serum IgG

in mice immunized intraperitoneally, and whether the induced antibodies could bind E7-
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bl ot anal ysis using anti- Hi s6-E7 nouse or rabbit
anti-lichenase polyclonal antibodies and/or by
W@ p0oQ9Br0 anal ysis to assess hydrol ytic acti viPgI/US2007/003973

i ndi cating functional |ichenase activity. Zynography

Is an el ectrophoretic nmethod for neasuring enzyne
activity. The nethod is based on a sodi um dodecyl

sul fate gel inpregnated with a substrate which is
degraded by the enzyme resol ved during the incubation

exg?e(s!s%g cel-ﬂ1 V\%&P@& E&ngé foiﬁf aEQS%.E’H %gi lg %%G -KDEL enriched

frofh tAgrabca:tmaxm afiltrawd deaveh of Yabenthamamgito ymuen apdescribed.above...

Op A, RS b AR AR Gl B er 21 v

mutated| st the Qiilk&ﬁhgd\ﬂth@@btﬂthmgbmi KivéSaatagere; ba Jolla, CA)

to B eRA GO LR B teHEETS et PR Bt PB ASURRI RS ste of

E1: D31 amieasd BR6GRSShelQk al. NZO@N VN, P8RRI Sequences

Li ¢ KM E7- KDEL (about 39 kD) i1f_the pr. ot ei
enspding FHYILA EY aed BEHIG G pypre ﬁ'of‘ﬂ%a% H‘sgb‘ﬁ S‘E"‘él fpsions of LicKM to
onzQﬁ rLQéI@ﬁﬂﬁ? ah@ LidleMLBPGGE. | 'PhMloﬂs]mKQdé& R sngnal sequence of

't chenase enzyne MWis about 28 kD) (Figures 6A-D
Nixptiendg mhacure RRAapreteia 3 thaie N-terninusrapddhe Grllls tag fqﬂgwed by the
[ h
erQBp A LML MIRIGH 889 RDrACHEr Lo FOdggs s
clgrvdrie nha:p\anb@mwsmmmonme: (Msxselotlhle etals, ZOOEeInﬂuenza and Other
IS
REFYAELT IR 1S i e DD BB e ikt
ETGG0e rEachponsiass @as mttbduuctpnm: dgscdxﬂzcmwoﬂazogzngnmam A4 and the
sequence wthin c otelns ur es
reHE Rt naRMEED SRR P BB AT P58 sevef days post
infiRitioh} kgt uhtigkhs Gutire parified b effonigy thmmdgdapwt h the

Kl S enge, that s _h
(0BT By cihsreumaistansict 1R e fr aed itk 760 i approximately
ado/dpkr ki 6F RBshlichtidsiieahd tHeaRasRtedndslddor LIRE M a¥E approximately
expression results were obtained for t he. E7
echArkes iFrified tarpRsantigr R v erechipracteszed by W%@ﬂws to reveal
th@ g?édy&éé sikEY BkEAs S5 KD REiRN, SO gu@mm# 420 3D (LicKM-

chineric proteins is associated with | i chenase

EYe60Vi(Fig; SBhdTe aravids eandrol matesinl geickipd %é@lmrpe\a@d in N,
bePtf the ehﬂé Aﬂtl%&ﬁmlt)pgpthgEl&@@xﬁé&@dﬁrb&w@%‘ Veritied

nase en doesn | mpal r t ne enzyne activi y
iniFhencddeting ltSyngzmﬁ@Ori@IS apesifie to LieKN aod &7. grhstsemplessygsaquantified

troI
O B A TUR S bR, b, CHABRORE Rt
Extract obtained from Ni cotiana bent ham ana pl ants
I|nf|Itra1'.eoétu .Lh Agrobacterium tumefaciens or .
i zogenes contai ni ng pBlI D4-Li cKM E7-

IOKMJ (AR &ahdate thbleHTcacE ok Plant -psddneed targat tantigéns, fsan ¢ty eight week
t - VVAC .cO Sreute a_| esser. ext ent
ol e B it e kAR Eomps Db Baee ERBnizEd Wil targe

an@igphessi on of the E7-Li cKM KDEL and the E7-Li cKM VAC

f usi ons
[00191] For prophylactic studies, 10 mice per group received 40 pg of LicKM-E7 or .

LicKM-E7GGG (equivalent to approximately 10 pg of E7 or E7GGG, respectively)
subcutaneously, with or without Quil A adjuvant (10 pg/mouse), on days 0, 14, 28, 42
and 76. Samples of sera from animals were collected on the day of each administration

and assessed for the presence of E7-specific antibodies by ELISA. On day 49, two

52



are constantly high and stable fromthe 4th to the 7th
day post-infection (though it seens to be slightly
whe@heessae the 5th day), with the exception of P€T€S2007/003973

Agrobacterium rhi zogenesnedi at ed expressi on that drops
dramatically fromthe 6th to the 7th day. W deci ded

to harvest at the 5th post-infection in order to avoid
protein degradation. Quantification of the chineric
proteins Li cKM E7-KDEL and Li cKM E7GGG KDEL expressed

b e O e AT O s

rextminingahintald wert then thallenged bsuheutmed; gjectivh avith 5x 101 E7-.

est i mat yi el d Xpr [ in cru ex f~\S
R ohae els G e 3 486, Cotek e Ko 2 Fot
cHardckdYEzaf6%%0f 1finuné gespbndes, SFELIS A, BLISPOfpand sppritaneb@dgjayed-type

of E7 .or. EY proteins / of ,tissue). Pyrif.ic ?’Lon . ]
hypersghsiPyion D1 5O 2308YS Wesk, Rerttrpisthas Penpust feseribed (fyanconi er al,
2002t CahEeSAREAHRAL 62965)act eri um t unef aci ens cont ai ni ng

t he pBlI D4- Li cKM E7- KDEL and pBI D4- Li cKM E7GGG- KDEL

[08492}; r Jor sherapeattin Sthstiesn B 2@ 40 Mg PEIIPWM WER erulgteth

ibEttAAE with 51 SR ek SR PESI uBRAFR8Ns 31y prlidi a8 sttbdu
su@%&j%@g%iéﬁ\gg?gt a fig%}?%%%?g 1voI unmes ~:;/\{/v lenf)d rocked aneous
inirouni3@ion with 46 pgt LitKEM-B¢t ardd e KMET GGG awith pewithput Quil A

enfrifugatipon at 0 r 10 m nutes at 4C.
“%Héé%‘ﬂ’e“?ﬁ&f‘éﬁ%’s Qia??g@qﬁéﬁ'?q & y filtered through Mra
[00193)", FerbbiH prepBdadtic A6 BeRpautit ftodies@ontrol animals were
-at-4?C-and-filtered-th-Qugh-0.45-mmfilter, efgre )
adsminissared 40 agiaf L. ol prpduged g%?.or[ﬁi’@fé@]éfﬂlag}ttpa&gﬁa LicKM, with or
withGiNb &Y aK @yﬁawm E,Zﬁ?%:}:ptiwtpa@gwﬁ%@cbﬁ L&, MPhroughout

were purifie sing I MAC ("I mmobilized

thesef stadiess agimalsnege elseyved forpetential wignatof distiess, diarrhea, death or
L. . .

755 s M S350 b BB S8 Ui

[00294] cdId estthe imsudogenitity arskpriophdactidpabntivd of plant-produced

PR A O T Sl P 3 RS

prebdreE b hdjueant, all Asiatdlomsmusiced withLicKM-ECtoe ALi¢KNMEERGGG or with

added wit di al yzed agai_nst NaH2P .
Bl progees B SHETGHE Bop Y 2Py TRMFS e BReRe (e 114D Although in
theAbIRE 89 hdjahynt, ERK N IfGdtdhsiHid KbEIndbcd-$isificmltHdmdbRlesponses

urification, anion exchange colum Q.Septg rose_Fast .

. OK/IIA()AI%‘?@W PrPiexds b cellave arfeergnizedy tfectors in anti-
ca?f@?ﬁe?ﬁm@és, theinkL &Y HEKEIReifle CDEKI doliFWas h¥elstigated by

inity or ion-exchange purified chimeric proterns
EWSROEebuthatpeesenee abad) weany dighynumbers of BNy sesretingerellp yvere
S . . r 1
oSPATTAEPALR PRI 29 QTALEATESIRIE, Bhotstower mumbers
o T speviliy CB8” byilswetedoundinahicavatsisated wetnk qodi-yrotiased| E7 or

E?&HG_ elzrlldc lpoeﬁq\?yesecreting cells were detected in LicKM vaccinated mice (Fig. 11B).

Both LicKM fusions and E. coli-produced antigens induced low, but significant, numbers
of spots in the absence of adjuvant, with the LicKM fusions giving the higher number of
ELISPOT counts (Fig. 11B). .

[00195] It has been established that HPV-specific CD8" T cells are protective against
challenge with an E7-expressing tumor (Frazer, 2004, Nature Reviews, 4:46). Therefore,
the anti-tumor activity of the immune responses induced by plant-produced E7 candidate

vaccines was evaluated by challenging vaccinated mice with TC-1 cells. In the presence
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anti body and successively with anti-rabbit 1gG

hor seradi sh per oxi dase-conj ugat ed anti body. [00186]
w@elozmeeised fractions after dialysis were anal yBerub3007/003973

i mmunobl otting using both the pAb a-lichenase (Figure

9A) and the pAb a-anti-Hi s6 (data not shown). The

Hi s-tag was nmai ntai ned by the expressed chineric

proteins and the final concentration of the purified

protein has been eval uated by software (Figures 9A B).

of&@{?@%&%ﬂﬁ%& Ef%ﬁ@%&@h@ {@ntgﬁog?)gtrﬁgctéﬁm in 100% of

anhaals whéﬂEpcnh-_fpmrUlCﬂd ER- BRGGEG-ipdusied poftedt8mh mgSOL% -and.60%.of
m%{%%ﬁg?l&&&leé ?chf '% o | Sselﬂ p.myzed Q’chﬂgnckfl\/l %77 ﬁrthe absence

I'ssue, erel n nolecular wei
onﬂvahﬁt wdregiicteoted {(Rig. EFCISR2(% @f @himnals 1mim0nizethlnE1cKME7GGG

Iefu on esults.fro urifi.cation t
or GUBRCE A SO AR e 1 A Eehsr of S Uy Sk SR BRviR g (Fig. 110).
Nébﬂﬁé&ﬁn Rmdw@éﬂvea ua&qnﬁmhﬂﬁaﬁ&ed Hith@ckM (Fg gﬂtC)

antigens [00187] initial inmmunogenicity stu

OB e deuendorbbepRatacap S IR NP E S e0d begoM-E TGS against
H]l‘V'?&(%QZ( %ﬁg%ﬂok‘ %Mafg%éﬁﬁenQx%UquatéJ‘di‘l’tﬁ%%expressmg TC-1

specific serumlg In mce i munized

cellpwezpsubisequeatly |n}amwd\mét hisKMpbickMdek ¢r LitliMoE7@SG, or with

B O B BT SO0 0 S g G g o

witlgin dowestksy thmhqsé trleatls@tv\edl LieKM-ETodr DicKE RSP phis adjuvant

B e 0 VR b L ok i 2 o

prudm:emﬁkﬁrdiﬂ(EGGr;gus Adju it lnnl'hbmgbmﬁldregr@'ﬁﬁnt%% and 60% of

t Ki L J
an%%%%gfﬁsch%ﬂﬁéﬂ% 1B e Rorae o it g Fsjons imbibited
tuinde gﬂﬁah gheateri préteOfiorEdbseB2HGn aﬁnﬂﬁs tad rdEEﬁ@d LicKM-E7 (80%)

( Smahel 281: 23 e ce
vebsRe kN ﬁ%ﬁ&@%a@%@%&r@ﬂa tisaiel Al Prcaly aipguced E7 or
E7G@er€ﬁ1|mrfeﬁstmﬂﬁﬁﬁ% (kigciibj.0 obtain Li cKM E7 and

Li cKM E7TGGG. These fusions included the signal
(081 en Feotsetioy 2esinshthe dexplopmentri %Pyrw‘éqlﬁteétdlqehiﬁ ig in large

atél'bhf‘erdrfb chl%@dfa&% bt rte%rfs@ | ﬁY@ﬁTprreE&ﬁxse is thought to

endoplasmc reticulumretention signal KDEL at their
regesent angen- spphéicfwlgmmﬁéméedcmﬂnmatwnt pastignlagly involving Thi

?%?)ftgﬁﬁk? nSlYlgg 5&{1 %E%Q‘vbé&s% t]/h]r § 1c ictgg’tg%han LicKM-

uenza an espl rat
E1@6sigatrst EV«capw@g nun@wzavdndtep Bhde!THi reREEERCE7 in mice

vaE%i%h ed Qv:?ht Lid tcro?%{ﬁglgcreg;}%'fﬁ t @ agﬁge%[ %;ecﬂ’m DTH response

i'zogenes"s a
wasnmsah@d dxl mic mcksinatddl witla thedrit KMAEA maroteksi, eeert in t‘he\abs\ence of

f
adiial PR 1 b frdp B oo it By RElBieR gt dien £
coy:L;srbdﬁcd‘dm7 LMGdeNinEdursinet] with K EVEHowedm® sigrificatit @ai shelling,

demonstrating that the LicKM carrier molecule does not induce an inflammatory

response.
Table 1. Delayed Type Hypersensitivity
A ear thickness* + standard deviation
48 hours 72 hours
LicKM 25+07 ' 10+0.7
E. coli E7 23+15 46+25
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400 ng per kg of fresh leaf tissue and the estinmated
yield for LicKMwas approximtely Ig per kg. Purified

WO ar0geps3amt i gens were characteri zed by SDS- PAGCT/US2007/003973
anal ysis to reveal the predicted sized proteins of 28
kD (LicKM, 39 kD (LicKME7), and 39 kD (Li cKME7TGEG)
(Fig. 9B). To provide control material, LicKM was
simlarly produced in N bentham ana. Antigenicity of
t he plant expressed proteins was verified by

L bt-ot Mg ustngrant i bot{ g5 Fpeci 1T [0 Li CRVighd 3
. e sanples werp quantified by densitonetry using
~--Li$M‘E60*rQu§eit var e [3}/ngene6 5640 | dge, PK). 7.0£0.1

*
G R S 1o o b B el B Bl FReRoKRE e S nesy Between
chellepigedvand lunohallengedi tantrod €8is/fmmiSarice Ghaglosp (Rnv ear;thickening x 10
2»,Conp, Italy) were imuni zed with target antigens.
)[00191] For prophylactic studies, 10 m ce per group
received 40 ng of LicKME7 or . LicKME7GEG
(equi valent to approximately 10 ng of E7 or E7GCEG
respectively) subcutaneously, with or without Quil A
adj uvant (10 ng/ nouse), on days 0, 14, 28, 42 and 76.
Sanpl es of sera fromaninmals were coll ected on the day
of each adm nistration and assessed for the presence
of E7-specific antibodies by ELI SA. On day 49,
twoani mals in each group were sacrificed to eval uate
cell medi ated i mune responses. All -remaining animals
wer e then chal | enged- by-subcut aneous
injection-with-Sxl O .E?--. expressing TC- | tunor cells
(Lin et al., 1996, Cancer Research, 56:21 ). For
characterization of immne responses, ELISA, ELI SPOT,
and spont aneous del ayed-type hypersensitivity (DTH)
assays were perforned as previously described
(Franconi et al., 2002, Cancer Research, 62:3654).
[00192] For therapeutic studies, 8 to 10 m ce per
group were inocul ated subcutaneously with 5x104
E7-expressing TC-1 tunor cells 3 days prior to
subcut aneous i muni zation with 40 ng Li cKM E7 or
LicKME7GGG with or without Quil A (I Org/ nouse), on
days 0, 15, 30, 45 and 60. [00193] For both
prophyl actic and therapeutic studies, control animls
were adm nistered 10 ng of E. c//-produced E7 or E7GGEG
or plant-produced LickM with or without Quil A Tunor
grow h was nonitored by pal pation twi ce a week.
Thr oughout these studies, aninmals were observed for
potential signs of distress, diarrhea, death or other
clinical signs that may result from adm nistration of
the target antigen. [00194] To test the i nmunogenicity
and prophyl actic potential of plant-produced
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Li cKME7 and Li cKME7GGG animals were i mmuni zed with
target antigens. In the presence of adjuvant, all
wa@piomabs20 nruni zed with Li cKM E7 or Li cKM E7GELDUSW0T/603973
E. coli-produced E7 or E7TGGEG nmounted a specific 1gG
response (Fig. 1l A), although in the absence of
adj uvant, LicKM fusions did not induce significant
hunoral responses (Fig. 1l A). Since CD8+ cytotoxic T
cells have a recognized role as effectors in anti
. nses, the induction of E7-specific CD8+ T
W%gﬁg%ial&g&i?nvestl gated by ELISPOT. In the presence of
adj uvant, high nunbers of I FNg secreting cells were
1.det ebnéwlited antigencemirisingsaicompenen; efdwsn papilloma virus (HPV)
Lic t nunbers of E7-specific CD8+
cel @%@oun‘ggﬁﬁﬂéﬁ@éﬂVacm nated with E.
cl//-pr oduwhdreE)?therHIE\Tpandlt monipﬁNgs at deastongdomein|sglected from

wer e, det ect ed J vac C
Li cﬁbfﬁt%qpo??é‘s‘é E%%‘/'Ofn ggr}} #gljglg; i n?ﬂce?ﬁw16 and,
I OW E@ﬁbnﬁ]—lﬂh’ll%; @ﬁﬁgmemkliﬁﬂﬂ ﬁomeBVd)(),sa fragrhém qﬂE?eﬁlma HPV18,a

Dbt Elstomm SO S et o BT IR 4,0

been est abl i shed that HPV-specif c CD8+ T cells are
p r ot Elsd isviatedgamitiash of Blairh dnghensin the P E Comppneagsongjsts of E7 from
é Fr azer, 2004, Nature Reviews, 4:46). Therefore,
the R/l tum)r activity of the imune responses
i nduced by pl ant-produced E7 candi date vacci nes was
3.eval T Bdlakbﬂ anitigkh efigliaig 1y evhereirathe HRWV cempbhént EGasists of E7 from
cel IK%P %GGhe presenceof adjuvant, LicKME7 and
Lic ¥ each elicited tunor protection in 100% of
animals, while E. c//-produced E7-or-E7GGG i nduced
4.- pr oTkeisblared antigefofoldint 0Yvberein the HREspmpbhere|cpnsists of SEQ ID
11C).._ 80% o {) nmuni zed with LicKME7 in the
abseNOe ofr él%@[ﬂ?;ﬁ re protected (Fig. 11C). 20% of
animals i muni zed with Li cKME7GGG or either E
5.co/ | Th¢ i3dlaesaicanzigen g€ olaim 1t hbewixsthe akerofostath cupratein wemprises a
prot ect %dﬁﬁ{;hg HC%& No Erot ection was observed in
ani nEedife DASE PTERR SEHRSEOF(Fi 9. 110). [00196] To
test for therapeutic activity of LicKME7 and
6.Lic KM&EEGEGdaegmigas bf thiMa, Erhetenpﬁaess'ding seqguerce for lichenase has

aninmals th (@P ‘§ nocul at ed i%ﬂrl h E7-expressing
TC | "z?é‘l“lpél%? oL B e&mmwwm ed with Li cKM
Li cKME7, or LicKME7GEG or with E. coli-produced E7
7.0r ETh#Isolafdd argigenafl slairmiu mhzw&h thietlichenaskpratemaleqpaste comprises

tunor s t hi.n 4 week se.treated w.th

L1 o AP e o S En R e R e toop domain of
t unolicHenae. f or t he durat| on of the study (10 weeks).

| mruni zation with E coI i pr oduced E7 or E7GGG pl us

ad j u bited tu v

8-ant nip&rsollminefd of YiRe 1 bhkigh iR HY GBRRoRdHMRica tpfichenase i
adj uargnéne dﬂamKMtémanairfasmnm ﬁl-tbﬂninhllmslk)ngommmfaomld)dp msertion
grealer protection observed in animals that received

Li cKMSIOR RT8154;

9, The isolated antigen of claim 1, wherein the HPV component comprises at least
two domains independently selected from the group consisting of E7 from
HPV16, E7 from HPV18, E6 from HPV16, and E6 from HPV18, a fragment of E7
from HPV 16, a fragment of E7 from HPV 18, a fragment of E6 from HPV 16, and

a fragment of E6 from HPV18.
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versus Li cKM E7GGG (60%, and 20% of aninmals treated
with E. co/z-produced E7 or E7GEG remai ned tunor-free
W@ Bidogio9sBed®) . [ 00197] Protection agai nst the derel/oproernvns3s7s

of HPV-associated disease is in large attributed to

the cell-nedi ated i nmune responses. The DTH response

is thought to represent antigen-specific cytokine

nmedi ated i nflammati on, particularly involving Thl type
cytoki nes. Since LicKM E7 showed greater therapeutic

ctiylt hap Li cKME7 i nst ..E7x ing t [S, .

1§’ ofht fiolalEl gt EE{AE o ARG o ARE AR S e Birdpises 7
W t hfrbhCIHRVES .aad the second HEMIcwtpdniént domprises E7 from HPV18.
anti gen-specific DTH response was observed in mce
vaccinated with the LickKME7 protein, even in the

1 pecfiese Sainoiipn pribrent R SHEL  cobfiflak dhtboent of buman
t hat pgilérny etrus (HAV] €used ¢e h tixirmdstablelpriteircadd a phardiacedtically
E7. Mce | ni.zed with Li cKM showed no significant
ear §%€P§4’[%°1,Ja"a%rrmnst rating that the LicKMcarrier
mol ecul e JaREeiR Be HPVWotpdheht Yon@ises ot I¢adt 50 d6ERIN selected from
Tabl e 1. Del ayed Type persensitivity* ear Ji-l [ rHP
vas TEEBPIREOTRSIIES! RIAFOTB LT N, G Fendie gss. i) frp HPV16, and
t hi ckpeim PEIVIRER flRlchfOOET FRRTHPNABAL KapsRHt ST f:8in HPV1S, a
ears from5 mce per 8roup (mm ear thickening x 10

2) . Vragment of B frpm HRBV14, andrp fragiment of E&freg &PV 18; and
CONMPYSieiidiiR BRIPSHBRALs OipaBldBiLIRAR angﬁnﬂﬂerrléw
fused t_g_a t.he%st qblse pg)raotei n; wweglrei n the HEV Hbon
conpadreinistebiopte ssubjaet. | east one donmmin sel ected from
the group consisting of E7 from HPV16, E7 from HPVI 8,
156 T TREV R e &mptithion st didifM Hidheldn e HPYUBRRorht &hsists of E7
from HPV16, a fragnment of E7 from HPV18, a fragnent of
E6 ffromHPV16, and a fragment of E6 from HPV18. 2. The
i solated antigen of claim1, wherein the HPV conponent
1$0NSTRL SafindorhpRMIIRains1 1, Wierdin thSlPY @RbpdiRAt &fnsists of E7
claim1, wherein the HPV conponent consists of E7 from
HPVv1Gom HEMd8i sol at ed antigen of claim1, wherein the
HPV conponent consists of SEQ ID NO: 2 or SEQ ID NO. :
14 SThd PacdiOladhSdithii df48AnP1 1, WhiRidth the WRE &nfpdrdt consists of

t hernostabl e protein conprises a nodified |ichenase
pr ot SEQ IEel@enter SEQ IPNO;:sb| at ed antigen of claim 1,

wherei n the codi ng sequence for |ichenase has
15. The vaccine composition of claim 11, wherein the thermostable protein comprises

a modified lichenase protein sequence.

16. The vaccine composition of claim 11, wherein the coding sequence for lichenase

has been optimized for protein expression in plants.

17.  The vaccine composition of claim 11, wherein the lichenase protein sequence
comprises the N-terminal domain, the C-terminal domain, and the surface loop

domain of lichenase.

18. The vaccine composition of claim 11, wherein the HPV component fused to
lichenase is any one of an N-terminal fusion, a C-terminal fusion, or a surface

loop insertion fusion protein.
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been optim zed for protein expression in plants. 7.
The isolated antigen of claim1, wherein the |lichenase
WwW@e@repiz2eequence conprises the N-term nal donmeETUS1008003973
C-terntnal domain, and the surface | oop domain of
i chenase. 8. The isolated antigen of claim1, wherein
t he HPV conponent fused to |lichenase is any one of an
N-term nal fusion, a GCterm nal fusion, or a surface
I oop inserti on fusi on protein. 9. The isolated antigen
\';Qc%; e ohl¥E cﬁgﬁ{ 149 Wi’lgf@ﬂthecﬁwrdo%néﬁt comprises at
Ieas doma s |n epen fy selected fromt
gr oupast ma ldsmang mtﬂepE?idtrrttymeH@te]d@frorEIh‘t EWHPV&@IHE@f E7 from.

fro P
HPVE?BIWX&T 1 nﬁﬁ %Egkg %ﬁéy\}%sg‘;‘?ﬂ ra%nrre?fr?t\ﬁo%f BE‘%@“C’“ of E7
fr onfrdsia\msvmrwlfrmm@m*nﬁmﬁ HFOV 18, arfragivént 8f E6 frorh &PV 16, and
i sol ated anti 9, wherein the first HPV
conpol éﬁf‘e‘b‘d’&%’qn@ @6 ‘'om HPV16 and -the
second- HPV- conponent conprises E7 fromHPVI 8. 11. A
20/ ac CTHRevaeiie@diposition@reldisi 1r9g whieredm thegfinst HBVpednspangnty

component o uma IIo fused to a
ChersrutHast E7droh Y i epEiTg seamddty ik tupel s colbyigy B7 from
car rgps;igwherein the HPV conponent conprises at | east

one domain selected fromthe group consi sting of E7

from HPV 16, E7 from HPV| .8, EG from HPV 16, a

20t 1 onTHPESe £ RSSIHER T S1aiE! It Astheeeprgrisib e Sagmsforigen,

E7 fwhérelidRHe &)m?o&h@ﬂ EBE‘GHpaBIfe dJE@lititiagahfviniihe raspbnse upon
fragnent of E6 trom HPVI 8; and wherein the

conp%f@‘f‘lsé‘ﬁtlf’%“t%‘b%‘bm@] of eliciting an immune response
upon adm nistration to a subject. 12. The vaccine

22X ONPPRd vdcRihe®ontpoditionlok claMReEY 1§ Whetdig ﬂ’tﬂécﬁmﬁrgéﬁtcomprises a
consi sts of E7 13. The vacci ne co%) |on of «cl

m .
11, Savepesient ehiwmmpanstionn et €dh 237 E*FfT&S‘gi?*ﬁ@mtem and a

vaccbﬁﬁnggémfggng, hgagpg,fblé:‘g@hép 11, vvhere| n the HPV
conponent consists of SEQ ID NO: 2 or SEQ ID NO. : 4.

15. The vubercirethedpYspmpenensiof ghefirst antigepiromyrifes peast one
t ner JRALARLRoRE Hoth the B boSsihg BE k6l b 0RO fom HPV1S,

proteln sequence he" vacci n conposition of claim
11, Eh6éosi HPMIE, amtE6 drose HRdHSea fragmient ofdna FemhHE Vi 6 o fragment

opt | %%fgrom%P%gt ;?h-ggr%)éffa 28 1%vaﬁP9|1§% eﬁ%%m%m%f E6 from

vacc np03|t|bn 0] ereln th enase
pr ot HPV 18andethe ¢IPV component of the second antigen comprises at least one

domain distinct from the first antigen selected from the group consisting of E7
from HPV 16, E7 from HPV18, E6 from HPV 16, and E6 from HPV18, a fragment
of E7 from HPV16, a fragment of E7 from HPV18, a fragment of E6 from
HPV16, and a fragment of E6 from HPV18; and

wherein the composition is capable of eliciting an immune response upon

administration to an subject.

23. The vaccine composition of claim 22, wherein the HPV component of the first
antigen comprises at least one domain selected from the group consisting of E7
from HPV 16, and a fragment of E7 from HPV16, and the HPV component of the
second antigen comprises at least one domain distinct from the first antigen
selected from the group consisting of E7 from HPV 18, and a fragment of E7 from
HPV18.
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conprises the N-term nal domain, the Ctem nal domain,
and the surface | oop domain of |ichenase. 18. The
WO awaiopss2€onposi ti on of claim 11, wherein the PEPNUS2007/003973
conponent fused to lichenase is any one of an
N-term nal fusion, a Ctermnal fusion, or a surface
| oop insertion fusion protein.19. The vaccine
conposition of claim11l, wherein the HPV conponent
conprises at | east two domai ns

i nd Yer oadrbiam URe GRS pAtREd B a plant

24 1 oemﬂ%ﬁ%?ge c@%f)?@%ﬁ&&(}%&m lég@ ?%% H‘E’Vl(lséé ang E6 frorrﬁ_1 e
HPV 1sg]ected frargmegransgéniEplant-and. Hplah6transiénthyixprassia tiyantigen..
fromHPVI 8, a fragnent of E6 from HPV16, and a
fra oSOk OuhdrBfh thE E6inPEsiti ises anti

25&0@%{\%3%%165?’ n{ﬂogﬁ%yfgl,da\?ﬂelr%ei n tﬁ‘e Ti rs? sl—l|Fl>§)/n comprises anfigen
conpehiehtis punifieed, pasially purified HR\tpurifidd fiom plonoerdisHPplant, seeds,
conmpgnent. _conpri.Ses from HPV18. 21. The vaccine
conﬁ%@ﬁfF@ﬂ%§%3§§%$§il, further conprising a second
antigen, wherein the conposition is capable of )

262! i cThé vagpcime dompositioned glairmd 1y fiothea ¢oinprising &t Vageing @djryant.
animal. 22. The vacci ne conposition of claiml11,

27thu er ﬁﬁﬁéﬁ%ﬁegﬁa&%ﬁﬁg%ﬁ%@mé 58 aa@mr&maprgas alum,

used to a thernostable
pr ot MIFA9 A P2y hed samomin.i cal | y acceptable carrier;
wherei n the HPV conmponent of the first antigen
ONMpA| 655t L O RELEGHSHEERAMEA NG FANAHI compri
28gons’i[s*svtg gﬁagg?rk#é?lg?n gé gﬁgftm HFg?/l_E,’ E6 from COmPIISEs
HPVI a 6gmporetnE6f liuroan pipitléma xirus AWM Whireiliat {¢aghone of the
HPV16,.. a fragnent of E7 P : S
1t orftielasFAREComPlscs A ATISHBLE pidreif MAAGRSAL cBinplstion s
HPV epaplerndelicithg tahémsamenesponte geon aynipistratien & an sdgect.
one domain distinct fromthe first antigen sel ected

ro he group _consi sti-ng.of~oE7 L1 P . .
: 29f|‘-|PVT§},t‘e B ?°§ﬁg’1%§8$?§%rﬁ?g€£l§¥‘gwf’ ; atg’%ée“%{&g%p“ses 2

E7 fdompdiieilér HRV eaely bEwhichfindepehdentiyHidvhprises at least one domain

fragment of E6 from HPV16, an fr ‘ E6 {4
Ve o dhe PP R & 1 6 B A5 o HPVTs, B6 from
el i cHPVNG, &fd ENTFYREHPYI BOA SegmBRr o ENfromsHP Wt 6 anfragment of E7
subj ect. 23. The vaccige conp

U O t ol ai
wher&em Iﬂ%‘élﬁp\,ﬁ‘m,ﬁ) Eo fg:rmt%ﬁ;e\ﬂé),?agg aaﬁz:ﬂg?rgergﬁggl—% from HPV18

co Wpadcf&%@h?tiaégsﬁer%@ alk® ki Ble@ohffdsitioaTs E&Rabl éldbiciting an
consisting o
immunegresponse upon administration to an subject.

30. A method for inducing a protective immune response against human papilloma
virus (HPV) infection in a subject comprising administering to a subject an
effective amount of an anti-HPV vaccine composition, wherein the administration
is sufficient to stimulate production of antigen specific antibodies or ﬁimulatc a
cellular immune response by the subject; thereby inducing a protective immune
response;

a. wherein the vaccine composition comprises .antigen comprising a
component of human papilloma virus (HPV) fused to a thermostable protein; and
b. wherein the HPV component comprises at least one domain at least one
domain selected from the group consisting of E7 from HPV16, E7 from HPV18,
E6 from HPV16, and E6 from HPV18, a fragment of E7 from HPV 16, a fragment
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from HPV16, and a fragnment of E7 from HPV16, and the

HPV conponent of the second antigen conprises at |east
wor@7dessed n di stinct fromthe first antigen sePerUsm0O7/003973

fromthe group consisting of E7 from HPV18, and a

fragment of E7 from HPV18.24. The vacci ne conposition

of claim 1l wherein the antigen is produced in a plant

sel ected-from a-transgei ¢ pl ant-and-a

plant-transiently expressing the antigen. 25. The

vacc Q

ot FEAREEVLE LBy UrRe o IFFPLE i3 fragment of E6 from

par tHBMIY. purified, or unpurified fromplant cells, a

pl ant, seeds, fruit, or an extract thereof. 26. The
317 ACCHIELERTR OF 'c%a'irﬁgi.?? (N.P%l'e% e tbmpolfiiol§E adRimstbil IR,

vaccl ne adj uvant. . e vaccl neé conposition of clai'm

11 wheasdsally, lsabadhneomslty, oompensisly, dittaperii@sally, paiRgamuscularly .

and saponin. 28. A vaccine conposition conprising at

easf, t t i AENS, 20 j I} : ;

2% onp g of BB 302 S frel o Heflho SRl S8R idcred omlly vi

| easfeeding ptdnt téits tarthe sphjectf urt her conpri ses a

t hernost abl e protein, wherein the conposition is

capapl e | jeCi & I HASEanUPON
33admaﬁ?es?‘r8%9§8%%1%ﬂna%g)v@%ﬁ ect : Ege.%tq{%he vacci ne
conposi tion of claim 28, wherein at |east two antigens

34¢ onph ingasbodafor predueing arpdntigew pretein comprisinga component of human

i nde 2 [ -ected

| PORBRISS LY} 865 e a0 0 LR BoBhnE

HPV18, E6prepaningPiideicantl dedstrucrentiling an anfigengesmonght of

E7 from HPV afra of tE7_firom ' . fragment

of ERTPFLRR %yx%g—[ig{}j fRs e {hggnﬁgg‘}ﬁ%%ﬁ?t 18 and
contm.nat | easférhdng afcell avith thh @aneleit dcitbcarsmpotsofistepa;iagd

capable of elicitjin n | mmune .response. upon . .
CaDebl e, e Bl RS 5 BORBEB Boprssion o he anigen

I ndugrofedn;a protective inmune response agai nst hunman
papilloma virus (HPY) infection in a subject
conpti si neeshyinEedycing thg anticep RIGK™ct an ef fecti ve

amount  of y 8efiihe HIRY c¥RAPEHEIR of HEMSigkh @SmpHE&Iidast ik domain
adm ni stration is sufficient to stinulate production
of aseldcipdfremdhe groupsansiping efsselnctegfrom the groyp censisting of E7

| MUAS eSP P67 ¥mifIpve 8',%@ £bm PO G,%di E6H6EPY18, a fragment
pr otective | nmune response; a. wherei n the vacci ne

conpafsiT from BBM6; & fragmenticf &7 fromdiR ¥ 1 fmagoeni of Eftfrom
of %ﬁi%%peg,gii i)ﬁg%eﬁ’tiorflt% %&Iﬁw%sed to a thernostable
an . e

prot'el n; éreint conponent conprises at

| east one dommi n at | east one )
35. The method of claim 34, wherein the HPV component consists of E7 from

HPV16.

36. The method of claim 34, wherein the HPV component consists of E7 from
HPV18.

37. The method of claim 34, wherein the HPV component is encoded by a nucleotide

sequence selected from the group consisting of SEQ ID NO.: 1 and SEQ NO.: 3.

38. The method of claim 34, wherein the HPV component consists of SEQ ID NO.: 2
or SEQ ID NO.: 4.
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domai n selected fromthe group consisting of E7 from
HPV16, E7 from HPV18, E6 from HPV16, and E6 from
woiRg189s320 f r agment of E7 from HPV16, a fragmenpof/uE007/003973
from HPV18, a fragment of E6 from HPV16, and a
fragnent of E6 fromHPVI 8. 31. The nmethod of claim
30, wherein the conposition is adm nistered orally,
i ntranasal |y, subcutaneously, intravenously,
intraperitoneally, or intranmuscularly . 32. The nethod
f [
3G T et SSSRES % WRE- R IRARL A pBIA P RPERT modified
met hﬁ)dmeoﬁsequaiem~§e@1uhmee| n the subject is human. 34. A
met hod for producing an antigen protein conprising a
ONPHS a vV, f
40? her msg‘égﬁ% oli}ldl‘ﬁ?rﬂ 39 ng#gme dodih?g &E'E%%:S afyllsﬁ%)egxgse‘%as been
nucl eptimized &rqxnutstrmmessmodlphgltan anti gen conmponent
of human papillonma virus (HPV) fused to a thernostable
pr ot I : ' I 2
4G oo i mthop o BIEh AT Ubrchn SR lonthod ok OERTNEL I cBfpfises the N
con duetmmal;dcﬁramor thio | términad dpmedrs iaod thyf Sllrfaee boopi dpamain of lichenase
protein; d. thereby producing the antigen protein; e.
erfﬂ@m% gd'd?&a?rgmo%g} u?#.heﬁﬁ‘?V% Ip%ﬁ@ntciﬁw t’oslﬁﬁeﬁ’atsF is any
east one donmai n s€l écte romthe group consisting o
sel eartesaf anrMnerndinaldnsiop, £ Grtsimnsinahfipsion, 6i7a $yrtace popliBsertion fusion
E7 fro HPV18 E6 from HPV16, and E6 from HPV18, a
frag?ﬁget ‘of E7 from HPV16, a fragnent of E7 from HPVI
8, a fragnent of E6 fromHPVI 6, and a fragnent of E6
43r orﬂ"hﬂviletl@d 03 Glaimi3d, miietednl thef HRV siomp@aentompaises ateast two
HPV r
et B St AR iepindef O at Renstbhe ditfiain slected
of H?oxfnrthergidlﬁ\ﬂ:&nsx&?ng dihe7 fretrhHBVAb, EV :ﬁnom B2V IRhE6 déiom HPV 16,

Sl cHAEH PPBHRE RAS T BERREDISe: FRg 17 o) FERE OT ) from

and BPQ1BQ fragmerSf FfRomeHPV16,indel taagmém of Beterh PV18 and
t he HPV .conmponent consists of SEQID NO: 2 or SEQID

NO. : combigationsdberedhod of clai m 34, wherein the
ther nost abl e protein conprises a nodified

44.1 chERemethod @f elaim e whefin exXftessidieoftht antigen protein Munder

34, wher t he codi ng sequence for |ichenase has been
contro ?OP a vﬂal promote% a

45. The method of claim 34 wherein the nucleic acid construct further comprises

vector nucleic acid sequence.
45. The method of claim 45 wherein the vector is a binary vector.

46. The method of claim 34, wherein the nucleic acid construct further comprise

sequences encoding viral proteins.
47.  The method of claim 34 wherein the cell is a plant cell.

48. The method of claim 47 wherein the plant cell 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 cell.
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optim zed for protein expression in plants. 41. The
nmet hod of claim 34, wherein the |ichenase protein
W@ e@ueosse0 conpri ses the Nterm nal domain, the PCT/US2007/003973
C-term nal domain, and the surface | oop domai n of
i chenase 42. The nethod of claim 34, wherein the HPV
conponent fused to |ichenase is any one of an
N-term nal fusion, a GCterm nal fusion, or a surface
| oop insertion fusion protein. 43. The nmethod of claim

ol HOEHEA of Pl 47 PR TER R -3 Riprb&REh if KBignal roo

one adirai n sel ected fromthe group consisting of E7
fromHPV16, E7 fromHPVI 8, E6 from HPV16, and E6 from

HPV. a fr t of 4 P . .

s o oo TR 7, Bk Lo nShrouca
f r agseediingdf E6 from HPVI 8 and conbi nations thereof.
44. The net hod of cl aim 34, wherein expression of the

anti.gen prot.ei-n, i nde . Of I

Sizs.  HemReHas Rl R ineg ek Rkng redhy i patteRTBhiied or
congpurifisd dntigthproteinmviiictssprodsiedr nucl ei ¢ aci d
sequence. 45. The nmethod of claim45 wherein the

vectpr.is_a.binary vec . .
AymerSh g RhPE ke S S el N LAl i
s equengemeanciding pdpilidmpvivee(HRY) ABed The theenhstable fprotein;

claim 34. wherejn the cell is.a plant. cell. 48.
et HRTSE B LY SomRrLPoPres Aot § domdlR st gom the
f r ongrbbie cofisistingcs B BomrigP¥1 6,8 T frbfalIPVa8j B fromuHP¥11 6, and E6
nmung_ be ocgol i, rcre an, wh
SN FORARE Y Eh LB B b Forp SN o2 BRI Of B3 S HP V1S, 2
Ni COfrhdifent HFBEXESM HIMV 4, @Al ialfrapeddnt PE6 Trven MPMIGthndf
claim47 wherein the antigen protein is produced in a
cl orpgmbipgfionsdhereof. 50 The nethod of claim 47, wherein
the antigen protein is produced in sprouted seedlings.

531, TheissRiddadicfic 6tidicBhsidct bEElhine 52 COR@EiInstha 1PV component

recoverjng partiall urified Qr_purified anti
pr ot emsisigRidy ﬁgmdﬁ%}éﬁé,e%é trgen HRY16 o5 fragnentiel 1 &om HPV16 or

aci d; FORSEAHUWHESRBRIBYIG nucl eic aci d sequence
encodi ng a conponent of human papilloma virus (HPV)

fused to a thermgstahle proteln; .
54. The isolated nucleic acai consptruct o é]laim 52, wherein the HPV component
consists of E7 from HPV 18, E6 from HPV18 or a fragment of E7 from HPV18 or

.a fragment of E6 from HPV18.

55. The isolated nucleic acid construct of claim 52, wherein the HPV component
consists of SEQ ID NO.: 2 or SEQ ID NO.: 4.

56. The isolated nucleic acid construct of claim 52, wherein the thermostable protein

comprises a modified lichenase protein sequence.

57. The isolated nucleic acid construct of claim 52, wherein the coding sequence for

lichenase has been optimized for protein expression in plants.

58. The isolated nucleic acid construct of claim 52, wherein the lichenase protein
sequence comprises the N-terminal domain, the C-terminal domain, and the

surface loop domain of lichenase.
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wherei n the HPV conponent conprises at |east one
domai n selected fromthe group consisting of E7 from
wWORE109538Y from HPVI 8, E6 from HPV16, and E6 PE€DNS2007/003973

HPV18, a fragnment of E7 from HPV16, a fragnent of E7
from HPV18, a fragnment of E6 from HPVI 6, and a

fragnment of E6 from HPV18 and conbi nati ons thereof.

53. The isolated nucleic acid construct of claim52,
wherei n the HPV conponent consists of E7 from HPV16,

Sffagmﬂsw %@d&é& en@aélélg\/q%tmcégf l%h 3] %H@\ﬂl&e @{P\@ component

rom e i'sol ated nucleic
aci dfusethtst llthnassfls ehyione 80an Wrtermeingl fusioniPC-teominah fusion, or.a.

conS| S f E7 PV1 from HPV18 or a fragment
E‘P‘#"‘ & kom0 g‘?hg‘?“ "é’Fﬁe‘gt of E6 from HPV18. 55,

The i sol ated nucleic acid construct of claim52,
60nher EBhenisplatedHigleio atpd wemtrw;o nE¢laim S3f wisgrein the BV compenent

ng Qc‘foénlfﬁl%ei at4T §QWO hx%&ﬁ%%{p%&%i&t% c%?ﬂe@'hsgg Qtsltew Cotne domain

arery?
ConNelleesi ﬁommﬂé Eromp dons:ls’emsﬁEb frotreHR'Vd 6gB @ fioe HFV 18, E6 from

oner 8P 1B Skt a3 B3RRE Fin LhafUtk 18 pgment o7

opt i ﬂbxiﬂQPf’OS dlfrﬁ)érﬁerﬁ o BY fesis HPV | 6) aptl aftszmen® of ESdrom HPV18
i sol ated nucl eic acid construct of claimb52, wherein

t he #Mdgomblaaiqnssbeef- sequence conpri ses the
N-term nal dommin, the C-term nal domain, and the

61sur f EEEisbRG siedreorstbt of dHiiense evliedein TliEEPIPS’Od:(ﬂﬁ]Qﬂlent comprises
nucl ei-¢c aci d const ructpn‘gf ¢l aim52, wherein the HPV

conp%%@ﬂplﬂgs'e‘oort%ﬁ(pil Rase is- any one of an

N-term nal fusion, a C-termnal fusion, or-asurface

62. 00PThéE6latddotucidis it cphsthek bf clain 57 Md‘@bﬁ{peﬂing vector nucleic
nucl ei,¢ acid construct of claim52, wherein the HPV
conp¥iEMAUEBFRSr i ses at | east two each of which
i ndependently conprises at |east one domain sel ected

63. 1 oNThdR oMM ucledd a¢id icongnet oEdlafni SMthEr @omipfisigovital promoter
HPVI 8, E6 from HPV16, and E6 from HPV18, a fragnent

of Edigipacidpgaeence fragment of E7 from HPV18, a

fragnent of E6 from HPV16, and a fragnent of E6 from

641PVI TRe mithodwThidiat 320whereliathe tctobisla biirg vestrat ed
aci d construct of clai m 52, wher ein the HPV conponent
ses

or D NQ - .3 .62, The . .
6% 0 TEEHEE oS AR FESHS EP BB 518 St g cnooding via
Conpprotdifg vector nucleic
66. A cell comprising the nucleic acid construct of claim 52.

67. The host cell of claim 66 which is a plant cell.

68. The host cell of claim 66 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 cell.

69. A plant comprising the nucleic acid construct of claim 52, wherein the plant is

capable of producing the antigen protein.
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aci d sequences. 63. The isolated nucleic acid
construct of claim52 further conprising vira
w@e@mo9Beo nucl ei ¢ aci d sequence! 64. The et horRCD1S2007/003973
clai m 52 wherein the vector is a binary vector. 65.
The method of claim52, further conprising nucleic
aci d sequences encoding viral proteins. 66. A cel
conprising the nucleic acid construct of clain152 67
The host cell of claim66 which is a plant cel
The
79 ns’li‘is?% f)lﬁé?%# cl?ﬁ 8% ?Jh[i@ éél“e{;]t%ﬁ tfn%grt) g{egg?b% gorggs?lﬁg of alfalfa,
br ocradish,-muataed, ama@beaaolyrbemh, wdn@atess unf’bazmewheat sunflower,..
cabba tat o cQL..ne
o o SRR dpatc 8BNS B2, Binth e 1,
nucl ei ¢ acid construct of cIa|n152 mhereln the pl ant
71.s cEhaplaat mﬂ’clqn'm)dﬁl eihigh it lof a@milsgmltqﬁd]ﬁ'mlthe BrasTirg genus, the
pl ant, of. claim6 gggt S selected fromthe group

consiV&PrA 6“5?“5??5 YEGPEN®: nust ar d, - nung bean,
broccoli, watercress, soybean, wheat sunflomer
cabbage, clover, petunia, tomato, potato, nicotine,
spi nach, and lentil. 71. The plant of claim69 which

is of a genus selected fromthe Brassica genus, the
Ni coti ana genus, and the Petunia genus.
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