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00/ 37610 Rel ated Antl| _ication PCT/US99/31020 This application clains the™
bénefit of U S. Application 60/113,827 ; which is incorporated inits
entirety by reference. S Technical Field The present invention relates to
oral vaccines, particularly those provided by edible plants. The invention
enpl oys genetic engineering techni ques to produce transgenic plants capabl e
of expressing i mmunogeni c pol ypeptides, including hepatitis B antigen
(HBsAg) in quantities sufficient to elicit an i mune response in a human or
ani mal that consunes all or a 10 part of the plant. Back round of the

| nvention A vaccine for hepatitis B was the first "new generation”

reconbi nant vaccine licensed by the FDA for human use. The i munogenic
subuni t EYpRENSFON OFMVMUNOGENIC HEPATITESIB ISYREACE adFIGENS e TBANSGENKOBLANTS
HBsAg i n reconbi nant yeast; the protein is purified fromthe 15 genetically
engi neered yeast and is used for parenteral delivery. In the devel oped
worl d, the . reconbinant vaccine has displaced the use of an earlier
vacci ne derived fromthe plasma of infected individuals. Both

pl asma-derived and rHBsAg vacci nes are shown to be reasonably safe and
effective in high-risk adult popul ati ons and newborn infants. However, the
cost of the rHBsAg vaccine prevents its extensive availability in

devel opi ng countries. 20 The envel ope of the hepatitis B virus (HBV)
contains three size classes of proteins that share carboxy-term na

sequences. These proteins, called hepatitis B surface anti g’mm,mm”wmmm ,
include large (L, containing a pre-Sz donain), nmedium (M

pre-S, domain), and small (S, containing only the S domain) sizie®tasses.
All three proteins are 2 WO U0/ 37610 PCT/ US99/ 31020 found in infectious
virions (often referred to as Dane particles) recovered a es
fromthe serumof infected patients. Serum sanples al so cﬂ“ﬂﬁwﬂmumm%mﬂ
spherical particles averaging 22 nm which contain primarily > class
proteins. Mammalian cell lines transfected exclusively with DN%p@ﬁcoding
the S protein release 20 nmenpty spheres simlar to those 5 frominfected
cells. Moreover, yeast cells transfornmed with the sanme gene form anal ogous
spheres, which are found to be equally i munogenic as the 22 nm spheres
frominfected cells. The yeast-derived material forns the active
constituents of the currently avail able commerci al vacci nes ENGERI X ( SKB)
and RECOVBI VAX (Merck). In mammalian cells, newly synthesized L, M or S
proteins insert into the nenbrane
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10 of the endoplasmc reticulum (ER). The S protein consists of 226 am no
acids; itwoNoarsdoC termini are thought to be on the ER | ungfr/gisdsgad it
has four transnenbrane helices. Al three proteins have a glycosylation -
site at position 146 of the S domain. The three proteins differ in the~
avail abl e sites for and the extent of glycosylation. |nproper glycosylation
can prevent virion formation, presumably due to m sfolding of the proteins.
Al so, RulatédApplieatitnsul fi de bonds anong cysteines in the proteins are known
to be inportant to the structure of the assenbl ed yirigg.o& alrticles and
to the strughitrsphéatintdajemsitte banefisof WSt Aephsasioaiol/ 113 8¢ ¥ ¥V assenbl ed
particles may interact with cellular chaperones because of the incorrect

folding t L&ty Rferddceher levels of preS 1 and preS2 are present
in HBV%fcﬁg)r?Q‘l{tg ??ﬁszgﬁmﬁBs}%\g 20 particles therefore, inmmunization with

HBsAg Erarti,cl . py not generate high titer antibodies to the preS
séquenlémgfg%@d on HBV. During the course of HBV infection in humans

the levels of preS proteins jncrease durin Al 6@ By cdiblE
anti - preS arkhepsercasinypfion rggfgsdo gra V%ﬁ&%@%ﬁgﬁﬁﬁé&/slo% ' are

generated prior to S protein-specific responses. Once, anti - HBsAC nggi bodi es
rise, %ﬂ'{aﬂts.Ufl@eﬁn&&itid@mihlﬁsysimieﬁmenglﬂﬁ?@ngé?@lqﬁf’s torRseduLe JRRSSERED R i rus
attachnment and neutralization have led to the devel opnent of éégczig)r;_es
containing th RGBS ASniMeblypastidesanenting ematitsdd antigenABBABLIS

i ncor pof'R |l%8?%)§)§§%§{$§uence%§rilﬁl?l gggﬁHEPAGEN (Merck) and Bl O-HEP-B (BTQ);

both are produced .in mamalian cel ' iRkl thgt snelmegdl dricl es
t hat cmaatlhe%%ﬂerﬁrteéﬁg?ﬁ BPmEng {es#irﬂlgr%rnp%p?g%fat o note that the relative

amounts of S, M and L proteins affect HBsAg assenbly, e.g., high levels of
L1pr ot epant sfxtleplant.ne anount of HBSAg particle formation and secretion. 10
The assenbly of the S, Mand L surface proteins into particles occurs

during Budcirgan@bf ieseanbex i nto the ER fol lowed by transport of the
particl€és rough the CGolgi apparatus to the exterior of the calls.
Nanomet er scal & bl 0l 9| Gl ShIwe e £ " RUCHnssiviT boabipaidisrcias bershe

t hrough poly YA On simlarly folded protein subunits using a snall

nunber of well-defined bonding contacts. .The:dnri: Vi b & #r8fuced b
pol yner by the I3pA fer E%affbﬁengli eanBWO%H? %u\}’(‘)lggﬁ g{l%%n .“1;?3 i ntger actiobs as

free subunits are incorporated into the grow n ol yner . Far e
pr ot ei nsxmusingthe lgBseencod BgdiiBs A msf?%%%blp?ﬂttyﬁégﬁgF %é?‘?i%?qrg‘he%g?og%g%s are
appropriate integration of the polypeptide into the ER nmenbrane foll owed by

esfsabl i ;Qﬁ@m 11@&@9&&@& ca3MIYs Uk fof pdreitarab adiveitt sin thiodenglonsd Wogldathe
transport and sorting of proteins in the endonmenbrane system may contri bute

Lo thi s Broteesy x20uth B LEERA e e ) BifiBubnblbnvet omasgiscm o hod

of prodd ( _ avi n he antigenicity of a hepatitis B core or-
BB e P B Job AL RS g 9 rbonatty
safe and effective in high-risk adult populations and newborn infants. However, the cost of
the rHBsAg vaccine prevents its extensive availability in developing countries.
20 The envelope of the hepatitis B virus (HBV) contains three size classes of proteins
that share carboxy-terminal sequences. These proteins, called hepatitis B surface antigens
(HBsAgs), include large (L, containing a pre-S, domain), medium (M, containing a pre-S,

domain), and small (S, containing only the S domain) size classes. All three proteins are



i mmunogen simlar to the Vi antigen of Sal nonella typhi, which can be -
conj ugat efotda3pe1d WO 00/ 37610 PCT/ US99/ 31020 carrier, sugpramke)sidsiti-s B
surface antigen. U S. Patent No. 4,847,080, EU 0154902 Bl1l, and subsequent
papers of Neurath et al. identify peptide epitopes in the preS 1 and preS2
regi ons famdhotnferapmtvigytsdofemutifertedtnds Mane patticles) ieeeneredsasd pmsBhgsent i des
that can be included in a vaccine. 5 Mammal s infected by a pathogen nount
an i MuUNgohHEGRABREN Yhdfecbteagients NS efuResdnihiadiilngcdtitain empgaspherivdlpaitividsi at i ng
at | east one of three branches of the i mune system nucosal, hunoral, or

o L TP O bR e o

esS I'n secr et e nmucosal surtaces in the
respiratory tract, the gastrointestinal tract, the genitouri nali tract, and
the secr exdnsivelyaridsDNroermeding theS pEeirindgicrisf 18 eHpty tRberes simi %d? Hfssat i on
of the pathogen on nucosal surfaces, thus establishing a first |ine of
def @nse @@ai igtctédvaARi MoredVie, yasihetls ramsfofmedueitls tie samt igbonelfoem aalogbus
initiated by | ocal inmnization of the secretory gland or tissue or by

present atj . i i Al ARSECHA Qhfdcieissues
(GALT: Pé?lgér}“gfwﬁ‘gét}gﬁgg%gﬁgtbtﬁgqE%lg’)r}gml% cfiidas BREOE |§Err%ﬁ%%/§&ltﬁi e AT .
15 Mucosal i ni zation can be achi eved by oral presgntation, of t,Lgens.
Speci al | £8KS- eh?% HEpi-dgrive ppaéer@,{,?qyg}spgﬁ a‘iﬂ)éﬁf’?%ﬁbg%sr %@HF VAo N c%'ggig)l%ynphoi d
tissues along the intestinal tract sanple the anti ?ens by taking up (by

endocyt osbsimércibkbciccimgs EDEHERIK @KR)i and RECOMR Vit (gtskeécul es. These are
passed to the underlying follicles where i Mmmune responses are initiated and

cells are di spRL$SEmMbRarPeIS, ﬁ&ﬂ?§ﬁ{th@sﬁ%dﬂﬂ,ﬁm$pﬂotﬁmﬂﬁsdwimmm‘emmﬁtﬁrana?o
Epithelial cells are also an integral conponent of the regulatory cytokine

B R R O P i e e

cel 0) uce rong I mmune responses.

Hunoral imunity results fromthe production of circulati ant j.bodi in
t he ser unenesbaeitkauaht togs @ the B lemesﬁeif@nﬁémgé@‘g/twemgg?@e |h5kﬁe,s- ATP
precipi tating phagocytosis of invading pathogens, neutralization of

Vi ruses, thiee pedstping ey a pydoaladnsite at posithint MeafahaS dombaa. petettbrpeprotains

wel | -docunented rel ati onship exists between HBV protection and the

apl | udeyAle i BB B RO A T EEkbeyLABRONSGrober EBAgIoRlcah ns.

and this protection s |} e y oral 5 immunization In
Chat pr oW ETEY B EnH Ay AbF oo ey B\ Tbh AG S BHIEET V7T
stinmulate nucosal immnity _
15 disulfide bonds among cysteines in the proteins are known to be important to the structure of
the assembled virion or particles and to the structure of antigenic loops in the protein.
Incorrectly assembled particles may interact with cellular chaperones because of the incorrect
folding to prevent secretion.
Higher levels of preS1 and preS2 are present in HBV than in 17-25nm HBsAg
20 particles therefore, immunization with HBsAg particles may not generate high titer antibodies

to the preS sequences expressed on HBV. During the course of HBV infection in humans the

levels of preS proteins increase during active replication, and anti-preS antibodies and T cells



are rare. Recently, however, there has been a surge of interest in
devel opi REo peYRIe St rategi es for vacci ne devel opnent with q;callmé;g)émégry'as
the preferred route of delivery. In the design of 10 a successful oral )
vacci ne, two aspects deserve special attention - the use of an appropricate
adj uvantregahetaiel préarab Spretein-gfeciic ragponsgsr Oatecartinfi Bgs g atiebadiesrisesargi-em

Most protein antigens studied for use as adjuvants when adm nistered orally
in | ar ggr&pafibotinsldedlthepr ovoke a mucosal antibody response, but instead

i nduce a state of unresponsiveness or oral tolerance. Cholera toxin (CT)

and E. coli at -1 abi.l et oxin T) are 15, exceptions.,. The i f either
S or LT doed IRGPIcS REDES A50 Bresadh Pus dpref Uiy Rl el 1y
can prevent induction of oral tolerance to unrel ated ar]tisqen_s that are

adni ni stdevdepmen| qfyaggipesgonfaimng thesorqeencesay wel antheentigs S gagion. JVacchssinol .

| 33: 2892-2887 (1984)). These results suggest that CI/LT direct the overall
outsc one imdorpcrutig peSIserAbS iMelnés HEPAIGEN (MBRR) ied BIGHER-BI(BT)hesthaitaidi es,
it is found that CT does not increase 20 the i mmune response agai nst an

antigen ) : ' | W, | | X taif- dked.

| 78: 1308}%8@?';@5@; § .th_ﬁlé’lg H‘.’%S gflgfﬁﬁ%g%t%%oéc ?Jrglé%lst I E I %latse?&t rgt no

i mmune response s nmounted against normal dietary antjgens in fhe esence
of CT. GEMEWSIY Ly Impogiangiq ‘F%th‘m‘ ﬂ%@dﬁﬁ&i&%ﬂégu‘&? 8%’&\%??“4 PF‘HB‘HEP&B SAg
tol erance versus inmmunization following the 6 WO 80/37610 PCT/ US99/31020
oral admssenstly,at §.omighfevaistdfdeprotefimredtibaethe nthwonti diBsAppaticledbmrativoand

sol ubl e or aqueous antigen is adm nistered al one; whereas for vaccination

pr ot ocolggsre@dtt.i gens are usual ly adm nistered in conjunction with nucosal
adj uvants. Recent advances in genetic engi neering have provided the tools

necessary to t ransf.or I S relatively.lowcost candi t he
eg@r ession ofﬁerﬁ%@dg ] ﬂ,ﬂ%p‘f @% g?cig‘.su%%?elprﬁ%ﬂ%é%ttoﬁaél iens ousa rﬁi g%g %u&%g

di cotyl edonous plants have been stably transforned. For instance, tobacco,
a di cot of Hascamniex intaihsii.febowsd by Banspad of heqartirestthwugh thepelighapirtthe
cells can be disrupted to rel ease spheres (or virus-like particles; VLPS)
(Mason eb ttad exterfINAS tHd9Alls 8Blandistébschlel bidiB gichIAD2y uresy¥ieh aks wjreldapsids,nt o m ce,
the particles qualitatively 10 mim c the i mrunogenic properties of the

conmmer Ci ale WAL firBeH JAIARBN Aidn OF siddilarly NS HRAein WWbumd3 né%@%aﬁl{)rﬂr%@e} _olf Thi s

§i_
suggests that the process ofprotein synthesis and assenbly may be simlar
in plant li,.an cells..Unfortupate |l ow.rates of protein synthesis
1 Phe ordhde i PopiRR et s bBlnaBa Sl B ERin s Beo RIS, Tt 1 on
of the VLPs in vivo. U S. Patent No. 5,679,880 to Curtiss, Ill proposes a -
t rns gerdiorphlahondihaintenpliansse §rea qutiBitapre igegrpenatedriniogha provdes pelyingant of a
pat hogenic m croorganismthat may elicit a secretory imune response in an

ani mal . Hdr anvdiapeptboteitssuc® adBBs K & Jesaditliabstbdsdn 4@/pdigmbaratieh prdcesslarscl ose
obtaining antigenic particles fromtransgenic tobacco transformed to

P52 P TERRERA R TIRG: £ Ok AP 0 5 LB

structur sintplant ﬁells.since.therate-Hlm'tin . L
of contact among the protein subunits. Normal cellular trans%ort and sorting of proteins in

the endomembrane system may contribute to this process.

20 U.S. Patent No. 4,710,463 to Murray proposes a method of producing a polypeptide
having the antigenicity of a hepatitis B core or surface antigen, which employs a unicellular
host. U.S. Patent No. 5,738,855 to Szu et al. proposes a modified oligosaccharide

immunogen similar to the Vi antigen of Salmonella typhi, which can be conjugated to a



20 factors) are not known. Accordingly, previous studies show ng particle

f or mat i oRyd Gosfedsgeni ¢ pl ants may invol ve non-specific i ngefikamied t he _
newy synthesized protein into various cellular nmenbranes, which could _
explain the low |l evel of particles accurmulating in transgenic plants

descri bedrrien sial es hepatifis BOJuBz6d antiaen/ UsSO.H 281020 . |4I84i7§8@e§ﬁ1r0é§4 @ Bevddop an
i nexpensi ve, safe, and highly effective oral vaccine that elicits systemc,

and pr efsghRRldnt pap&Go AN IRIBY 4 YidbRiff heyedy epitepeéd intthepBSY iand preSafregibhon.
Such a vaccine should be based upon a hepatitis B antigen or prinmary

epi t ope ereof . An_appr.oach .t ha | d Jnck : i : irus
i ke parf{’ﬁh‘%‘itﬁg‘:%%%%?rgﬁ‘é‘i}‘ & eﬁléi ingh&r%&%rdg‘?’eﬁs %6“3%}?8{‘1‘2{?% caﬂj gnt e glé?él ul ar
targeting of the newy synthesized protein subunits. The fusion proteins
can have/acdipe. i nstance, a N-term nal | eader peptide known to enter the
endonenbrane systemor a C-termnal KDEL (SEQ I D NO: 22) extension known to
regul at e m crvs@rRlls ihGcestt hyonpathogearmaais haihynuaeatdspbmetvaren cvprooahthieor
application in devel opi ng countries would be the devel opnent of transgenic
pl ant s | i 1S, : I i i nelshtei ty
agai nst n%@%@%ﬁ%ﬁ%@ﬁ 1&“%1{}\%98%? %t?g%k%ﬂcére/oo l%%%h/%g?gg% @Exﬁjrrgr y of the
Invention It is an object of the inventiop to ovid | ant . expL essi on
vect or s TBEAsRh gWﬁ@r tor|celular ingguRiin  MUces3 ml‘ﬁg’géf ltaégﬁf %ﬁ‘t?lt%%%%%n to
reduce transcriptional silencing of polynucleotide expression. It is

anot her pbjhetion of s¢dretoinigdnaritibodies ipsaowitides thay bdthpmanesabsiptasssindhe vect or s
for 5 expression of immunogenic pol ypeptides, including HBsAg. The pl ant

exXpr essi QghiMesl @fatt, AR AR HSRHnA1raRf, AHICRitbIFRIP GEEY, EndOk¥EGpohdglands.
i ncl udi nggblllBgﬁz, ai ne |b|g pl arrllt tissues. It is a further object of the

i nyenti to _provide.such i nogeni c. pol [ ' ' j ssue
tolG1' ci thsh ey BB et A ane Gt i Seblof g etk thaPCS
are consuned. These and ot her objects of the invention are prongqﬂ by one
or nore esfablifking atfseli st slefrage pgarstiinvesip| Sie PYOJECHIPRIINTRSS?! BfbPdiEs

i nvention provides a plant expression vector conprising two expression
casset t egan bERBithicd Yy 166 sRtRindonof heseaetpnt ylant betdsider by predenaticanof
antigen and the second expression cassette conprises a polynucl eotide
encodi n . j ) I : [ t ]! h&XBF 8Si On
casset { ane ARRATE Al BB e B AT P e P Bt 20
non-identical, to the | ynucl eot i the first expression cassette. The
first cd@@é@?@*@&ﬁ“ﬁﬁ?ﬁﬁﬂgFP?“Sﬂﬁggﬁgéja pol ynucl eoti de encodi ng a
hepatitis B surface antigen (HBsAg) and the second expression cassette can
colpri se a noNiicdsimominizetby parcheashiated by oud pragertatuBsafpntigprs. grpgrializede
first expression cassette can conprise a polynucl eotide encoding a

pl ant opt idyinest ddBs Ad d@gbymﬂtyir%%rﬁﬂﬁ@éd%awsm, lyiiphbidaissiesasdngaheinéssinil
optim zed codon, and wherein 20 the second expression cassette conprises a

pol ynucl got.i de ogi n t): Ve Vi - j his8€ andEven nore
prefer abﬁrf}c,t S?‘HB‘%E@F WE%I"SB??%% %?g{%%%gg?}é{)é@grﬁ?gzég‘gob%g{gggg\gt tse ’ggrrpri ses
SEQ I D NO: 3 and the polynucl eati de of the second expressi on cassette

conpr i semagp@olguigs: These arepgssedty theanderlying follicles where immune responses are

initiated and cells are dispersed to both mucosal and systemic immune compartments.
20 Epithelial cells are also an integral component of the regulatory cytokine network, including
those that are important in the differentiation of B cells.
Oral immunization also induces strong humoral immune responses. Humoral

immunity results from the production of circulating antibodies in the serum (especially IgG



PCT/ US99/ 31020 Preferably, gene silencing, including RNA-nedi ated .
transcri p¥vpDddarélgene silencing, is reduced or elim nated whenubsidozo

pol ynucl eoti des are expressed in a cell. Optionally, the plant expression
vector can have a pol ynucl eotide of.the first cassette and ol ynucl edt i de
of the SBUJANDoREsRRpthE FhageryIoSs P binyefipn hePaer s qebtalbPn ol viSshe ¢ han
90 or no nore than 60 S contiguous identical nucleotides. The plant

expr essiomplenemrmedigte gitotaxicitymgeinssibe pathpget A sxwlledsimented sgletienshipur t her
conprising a S transcribed, untranslated region and a second expression

casset t exeTBétWeENEIBY PRlectidf Rhd GRl amplitideddTihd §yREehic WAtiBRIYhatrestr egi on.
The pl ant expression vector can also conprise a first expression cassette

further I S| L L L. nt r. e ' a second 10
excpr ossi 'SPt BHBsRe Brob bENRE N Rhorcatahi e IR PhEbe SRR 0" T0F o at el
region: Additionally, the plant expression vector can conprise a first

exp? essi GHN¥HEON e furt her conprising a S transcribed, untransl ated
region and a 3' transcribed, untranslated region. The second expression
cassette can lnowptragdo thenlergeivdaetyiod alirrSitlytavanahde ithedableimdacars ket prbvidegi on
and a non-identical 3" transcribed, untranslated region as conpared to the
first expkRast AAmeASY Qlab&nesdinihisteddd rﬁ?ﬁpsry%tgﬁh@d\?lg]ptg sgll%ﬁi%?é hBcs&ANinkAGRE) Se a

TEV S' transcribed, untransl ated region and a transcri bed,
untransl ated rggi o nd a second expression.cassett onpri Si a TW S
Lranscr | Bede REr iy BREe e dbraReshema Hreno LA ere Raley FIBRRE TORT PYASEN ed
region. The plant expression vector can additionally conprise a first
expr essi fon veaswatavelopmept wih ol delpveanes dippreferetirouBseglebvtry pdpthiediesigndfa
second expression cassette conprising a native virus-derived HBsAg 20

poliypeptd siRcessful otdl lvhc@ng tWe asproRAdbdrPdpeial AttibAvand iof aanppropsiglel cel |
is transformed with the plant expression vector described above. Virus |ike
particl es: i I e i~ CT/ US99/ 31020 In
yet anot;ﬁ1 @gt@gﬁ@%%?elgﬂn%ﬂgf%ﬁe ne oar%? arétl gdre(%l‘%glg éér)tle’lgl'rn cell is
transfornmed with the plant expression vector described above. Virus |like
particles canvRsisunisibantigensgudigd for use anadnyants whebainmpisterest orrHy 1p &t i on
a plant cell is transformed with the plant expression vector described
above. \dasesfallitk @rgeakeiachessdantibedyaetgoase, but imsteedirdducdsa ethterefbl y t he pl ant
cell 5is selected fromthe group consisting of tomato, potato, banana, and

carrot cglrbdon&vVeitssBF SraPlofr&{@bICholckd xR @) 2B B €¢|§l§ h@dﬂ-lz\'lﬁ}étt@iini(ﬁﬁ) are

integrated into the nuclear genonme of the plant cell. In even another
e di ment._qf the.invention. nt . seed conpLi si t he.pl apt expression
veltor dReeR oo HbavaMd M BePCTRt TR PRGNS REh R aR e BreRR

i nvention a polynucleotide conprising a nucleic acid 10 sequence encodi ng a
hepat i t i @dpddifiongly campricyer 1pdusteg vl orgl totesirica dojunrpiptedysitigaricthaloe de i s
operably linked to a plant functional pronoter; a translation enhancenent
sequenceddnangteaed efatly ahingonitisthe @Ihael. T (Hisord. ynaic| B dinntdol. 46k 28012887
untranscri bed regi on between the transl ati on enhancenent sequence and the

HBsAg en@@é&)p.gTﬁ@s%eaﬁ@-su gkgt MYCC BT d\f;\iﬁécgt}é%qgﬁﬂ%%tc%ﬂ&qgifgﬂ)étol?e HBsAg can

conprise at Teast one alt d codon, erein the altered codon is a plant

8[ g‘;gr qu%gqlogﬁvﬁgéjsgga@gﬂﬁﬁ ke B bne HhaiRs R ound Rk OF a8 et irease ™ e

20 the immune response against an antigen that has been previously fed without CT (Xu-Amano,
J. Exp. Med. 178:1309-1320 (1993)). This is significant because it indicates that no immune
response is mounted against normal dietary antigens in the presence of CT. Generally, two

different approaches are taken to induction of tolerance versus immunization following the



nosai c virus (CaWw) 35S, tomato E8, ubiquitin, mannopi ne synthase, patatin,
and granuwwe obewaad starch synthase (GBSS) pronoters. The preqoiuspy/smayo ;

i ncl ude a dual enhancer region. The translation enhancenent sequence can be
séfected fromthe group consisting of tobacco etch vir (T and t.obacco
nosai ¢ \areladniimspiignehantigenn 9rahe Mu@mwfc%awewe’tsem%% ROWFNIgHlence
may be sel ected fromthe group consisting of a nopaline synthase (nos), a

veget at iiyadmiristagd adoret eihereay fyp vacanatmnprotoedlsnt gensiardisally admiipieredyin -~ -
term nati on sequence. Further the polynucl eotide may | ack an untranscri bed

regi on between therHBSAG ENEQALRAY sequence and the term nation sequence.
The pol chou eo?{lde can fﬁrt er conprise a nucleic acid 11 WO 00/ 37610

PCT/ US99/ 310 sequence encodi ng a. m crosonal r.etention signal erably
linked to theRgeenbadyagpesifEeRpic ANeRIERYs *B’%Péaﬂgﬁ‘ﬁ@‘? tﬂ‘ﬂ%“%%é%%g"?ral

retention signal can be Ser-Q u-Lys-Asp-Gu-Leu (SEQ I D NO:4). The
pol §nuc| temtstaten plants|ascilatavelyow-eoss carididatesrfoy therexpressiete pf MHBURAZERS omal
retention signal and the term nati on sequence. The pol ynucl eoti de can

further GomKd S8t nbHolcBiyledondsi #hd B&hoRs pREisnavabsingstally pahyfpemdd. de
operably linked to the 5° end of the HBsAg encodi ng sequence. The signal

pepti de can he selected from,th r LSk f b %heeishied age
b ot ei n {gapead ka2 diaf ire Bal ARG vAl Ll L AiRERRT iSRRI TY

t he pol ynucl eoti de can conprise an HBsAg encodi ng . sequence further

conpri si g callpea s digypisd to egiease sehares, (of M@uﬁjbk??ﬂfﬂ?lé%tflopégé%qs%?ﬁf/‘i’ se an
HBsAg encodi ng 10 sequence which conprises the nucleic acid sequence

opt i M zepNASIUSAPEESIi7as-1il M4P(1902). HiostninjeoteSmdo IncdahSparfibles pudlitatireleot i de
can be selected fromthe group of pol ynucl eotides consisting o f HB 104, HB

105, HB 1086 4B - , o ul. JSAB
1180 1 3851 HE vhihopgl Sdbery PP cppiiclgtr iy f Pl ENARURE® 1
yet anot her_ _enbodi nent_of_the inventign an expressi.on vector .conpri,sing a
bol ynucl SBt130E- 3081 AL TR Sesres fhat HAgPerstio! NI Sopl BT 1 SRaely My
conprise a selectable marker, an E. coli origin of replication, and/or an
Agr obact e siumiat implaacirdmanmiafimeadls. Unfoitenstdlpiow rpteapbpiatain syasrsistaibe of
the invention an E. coli cell transformed with the expression vector

descri begageNie platPha pieduded détdiled shidkes o el fofh&idhasT tReVERBIVivD. t he

cell. In even another enbodi nent of the invention an Agrobacteriumcell is
transforned w he i, O t I b bhSsdek KB
particle can%g‘eﬁrﬁg?rg%?on%ﬁg’%gglt? &%ﬁ%’ Iifg;}rgﬁgsgg glr?li%ﬁsfﬁ%gfegﬁqané?ﬁé{feuylt%ﬂgr
conprise a helper Ti plasmd. In still another enpodinent of .the invention

a tlfansgertigengir antigeus fetepmippntsi agathegenie MjsrgersaBisMdbat ey §idi? FE Ybove,
is provided. A virus like particle can be assenbled in the 12 '
W110/ 37 6ARuRETdspS22/i3 20 20ine| U.S. PlrentiNan,484)719 aad 51682 487 ¢éc e f pbm t he
group consisting of tomato, potato, banana, and
disclose obtaining antigenic particles from transgenic tobacco transformed to express HBsAg.
Presently, no method exists to predict the efficiency by which newly synthesized HBsAg
proteins will polymerize into antigenic structures in plant cells since the rate-limiting
20 factor(s) are not known. Accordingly, previous studies showing particle formation in
transgenic plants may involve non-specific insertion of the newly synthesized protein into

various cellular membranes, which could explain the low level of particles accumulating in

transgenic plants described to date.




carrot cells. The plant expression vector can be integrated into the
nucl ear g¥QOM76d6 the plant cell. In yet another enbodi merecoisdorseozo
invention a plant seed conprises the plant expression 5 vector as described
above. In sti]l another enbodi nent of the inventjon _an. inmunogenic N
conposi tion cHAbFErAL drxplapraninexpsnsine. saf pad beblstiseivapalwdpoe Mhadvi ded.
The plant cell can be present in plant tissue selected fromthe group

consi st i elpitefsysierhrcy g pleéafihly troersal ipinantityao peaventsepeltife Btvops agectioand

cal lus. The i m”munogeni ¢ conposition can conprise juice or extract of the
plant cehch AR cinBTsAANA B8 Bhased kipoh AHRPAIts I BntfRi o? bfithaFPERTdpe tcébfadinivant .
The adjuvant can be expressed as a fusion protein"with an antigen of the

i mmunogeni ¢ ¢C si.tion. In yet anot enbodi.nent _of the | L.on a

et nod o TR R b Roread BB Bs URR R RlesisB P Y8R Pt oo
coggrises the step of adm nistering the conposition described above to a
humain orPratfinfedesigngd iakipn dhe eediplon gstingefitleq nendy symibesizodpisaliely WHURlER be 15
adm nistered orally. The admi nistration can conprise consum ng the

t r ansgentke fulsivntprotelds.cad heve) nipeaidegdeNceiminel lagtier peiderk@dwnyto anteetieni que
selected fromthe group consisting of intranuscular, oral, intradernal,

i ntraper} < i . N : i can
be. adm rp e e e Rt K DA R0 OB BBk e e 01
cholera toxin ( , E. coli heat labile toxin (LT), anti.-idiotypic antibody
2F 10, c’é‘i‘%ﬂ%"i%ﬁ At/ Partisplagy seitpfactory appseneh E;’éﬁﬂgli%fli”ﬂﬁqﬂ.e"%ﬁ’@“}grnmne
response elicited can be selected fromthe group of immune responses

consi st i egingfeshwondd bt thendevelspmpentod]ttankgmjc plems havingadiblameos diat conssserdly and
cellular; nmucosal and cellular; and hunoral, nucosal and cellular. 13 WO

0045 7610cRETSSAI2HAAy bikianatberuienafiaRal of the invention a method of

i sol ating a reconbi nant SAg pol ypepti de expressed in a plant material is
provi ded. The nethod conprises subj ecting the plant naterial to a
detergent having a concentration of greater than 0.1 % and |1 ess than 0.5%

I n even anot her enbodi nent of the invention a transgenic plant or plant

cell is provided. 5 Wien the transgenic plant or plant cell is consuned as
a foodstuff in four or less feedings, it elicits an i mune response
conprising anti-HBsAg serum anti bodi es of greater than 50 mMiLJ/nL in a
manmal . The i nmune response can be a primary inmune response. The
transgenic plant cell can conprise any plant cell described above. Still
anot her enbodi nent of the invention provides a transgenic plant or plant
cell that; when 10 consuned as a foodstuff in four or |ess feedings,
elicits an anti-HBsSAg boosting i mmune response that increases serum
anti-HBsAg anti body levels at least four-fold or to | evels greater than 500
mMLT/m in a manmal . The transgenic plant or plant cell can conprise any

pl ant cell described above. As used herein, an "antigen" is a macronol ecul e
capable of eliciting an i nmune response in




15 a human or in an animal. An "epitope" is a portion of an antigen that
conpri seswoldesmaeti cul ar part of the antigen to which the rariusesiom nds._ A
"col oni zation or virulence antigen" is an antigen of a pathogenic

nftroorganisnlthat is associated with the ability of the mcroorganismto
col oni z € . 20 A "polynucl eotide,” "nucleic acid," and the
i ke is a polynucl eotide that encodes a pol ypeptide. The pol ynucl eoti de or
nucl ei ¢ acitisaambjast bfithe invention$q prowideqriarny enprsssien Yeriors sempeipwgHt least two
regul atory el enents, such as pronoters, enhancers and term nation
SequUeNCesur&8@dnt BRséitdseihal unct)R &P/rddifRé OtrRfstfipiERM F1CREANA éf pSlynucleotide

pol ynucl eotide is "non-identical'' to a second pol ynucl eoti de where at

| east one nucl eot.i de nd t o..and includi ng .85% r J: i

Lhe 1 i roexeBepRdf Bl oot R Rt Gt mbd R Rt Db 188

pol ynucl eoti de. An "expression vector" is a plasmd, such as pBR322, pUC,

or %ol E expressioh pfignmueoeeais polyieptdes sypiudirg Hgﬁﬁab iTge plant expressiAngreCiars g%‘ 40,
al phavirus vectors, and cytonegal ovirus and retroviral vectors, such as
nurine Sgy gRARo Bidduse iMMUAEEIRIFEIYHEptides) inchiding HBVAR pinesdibite planetidseek efrisa
virus, and Rous sarcoma virus. Bacterial vectors, such as Sal nonella ssp.,
Yer sini a NIy I : 'ﬂ@ﬁq' - Q@§§ ttidE0e
strain B%E{th{fgﬁ%t 3 E j[eh(réﬁgveﬁglr)llggd trgggﬁglsdﬂéan nggﬁrgggél?%ﬂé%ﬁsgwgﬁosor}gﬁs guc h as
MC and MC1, Dbacteriophages, virus 10 partjcles, virus-Iike particleﬁ,

cosni ds {opslligié AR BMUAE tesRATISe 1 iaage andamals sdendhe plantiissues greensiasdy (1885¢ and
replicons (genetic elenents that are capable of replication under their own
control iy &neebjicts BNHRIIFFnHB UiSstodRe@¥P RS Bt Ridrd/ 6CtheefboRingdney éddbibedan
expression vector is capable of transform ng eukaryotic cells, including,
for exanpl.e plant tissue. A "foodstuff or "edible plant material" and the
1 R8s ﬂ?wplant material that can be directly 15 ingested by aninmals or
human as a nutritiognal squrce or .dietary conplenent. .An edi bl e pl.ant

Tt er i al | ol GEEORTIA R (BF TANFPUARPECYIAT OBV TR g B8 SREPECHR'S o
suitable for ingestion by mammal or other aninmals including humans. This
termis expressocassetiésnheifiest canaetts comprisas epolynuelecfidepagoding prantgendad|the ¢ o
animals or processed plant nmaterial that is fed to aninmals, including

humans. 200AR exbfEIMBE JdaSseReNomprized R foiRfuclddtidé @Bpatisg thd sambastigén adrthe
antigen. A hunoral imune response conprises the production of antibodies

in response t n, ant i ar..ant.i I i -udes
rosponseBoSabfe Bt P His o RRtbPERG T RANBELITRAR (7 SRR SRl
| ynphocyte (CD8+) response. A nucosal inmune response (or se%ge%ory i Mmune
r edfonse¥assgte is pEn-glensya 1o thpeplyorgoetylees ghe first expression cassette. The first cassette

can optionally comprise a polynucleotide encoding a hepatitis B surface antigen (HBsAg) and
the second expression cassette can comprise a non-identical polynucleotide encoding a HBsAg.
Optionally the first expression cassette can comprise a polynucleotide encoding a plant-
optimized HBsAg polypeptide, preferably, with at least one plant optimized codon, and wherein
20 the second expression cassette comprises a polynucleotide encoding a native virus-derived
HBsAg polypeptide. Even more preferably, the polynucleotide of the first expression cassette
comprises SEQ ID NO:3 and the polynucleotide of the second expression cassette comprises

SEQ ID NO:1.



conprises the production of secretory (slgA) antibodies. An i nmune response
can correr@@O/@'heO or a conbination of these responses. An "RCTUSYOGEN2DC
agent” or irmmunogenic pol ypeptide" is an antigen or antigens capable of
eliciting an i nmune response. Preferab t he i mune response is elicited
in a humanPst eahlyﬁegens %lseﬁns»rwwdﬁgegﬁ%ﬁwemeg E%F‘%?‘{)agﬁel“?/ Sﬁﬁfﬁ%&s’éd
antigen. An, "imrunogenic conposition" contains one or nore inmMmunogenic
agent s, reﬁnhded wa Eliminatedoieni bogt padynusiebtides ataexpressed ad callanOptionalkyhthelplang. A
“fusion protein” is a protein containing at least 2, 3, 4, 5 10, or nore

same or ditisioBNecRicaR hﬂ@é o peBAHEIBGRR df tﬂgﬁgst'cﬁss@tt@@ﬁd/ E%Iynd@lewﬁ&f 6f thbe
sequences are not natlve y expressed as 10 a single protein. Fusion

protei ns_can, be ced n enet.ic e n tec

Beacri prictbresHie PR PEmd P iEs 58P Cof IR BRh D aBCRBl YaT 0, ,
of the present |nvent| on. Abbreviations: 35S = 358 pronoter of caulifl ower

mos&i ¢ viontighowsBdenticabrupheatidebound st arch synthase promoter 15 specific for
activity in tubers; TEV = tobacco etch virus, S~ = tobacco nosaic virus

omega = untihangslaad eﬁbrbﬁ@ﬁﬁlﬂ/eﬁeﬂuﬁﬂcﬁmhbmompﬂwal firse espreisiars eassyiBP farther
vegetative storage protein; PIN2 = proteinase inhibi tor 2; TPSS = tran5| t

pepti de Se f.qr I
are si gnczolngﬁgs 9'{&%%}11)68 m}tggflgtgﬁ r%gla pu(!ij%eltc\c}lgé\e/ gl%ats %ﬁgg@éﬁﬁﬁg gna
Fig. 1 B shows a pHB 131 and pHB 140.3 with sel ect ed I‘eT[I‘ICtIOI’I
endonuc| RAsEeRiGaby tiaﬁéﬁr@afhéaﬂr%atﬁd "@g‘O?ATB% plapt SXPEeSFIQR VR PRSP PTIATISE
plasm d pHB 103. Fig. 2B depicts a restriction map of plasmd pHB i 14.
Fi g. 2C sifipt etsesaionagssette firther nmppiding b & Standcniidd, Gdtvanskiag. re@iodepd etsecond
anti-HBsAg anti body responses elicited in mce following oral feeding with

HB$A\g tré%?&ﬁ@h%aé@@&@é&%s(% JnGaLtsRM PhrdSschifed dnfeans@ifeddadyion 0 AddRiond®y,and
chal l enged wth WO b0/ 37610 PCT/ U599/ 31020 yeast-derived r HBsAg

( Mer ck, . 60.. A contr i.ved
Controf HOCLES ergnng et grfdomiie S Hiptisnt AR Brulh RRRiSEE A Tenge
on day 60. Both experinmental and control groups of nice were fasted

over ni ghtransetiad, wranslatsid megiemandsol ér@m%bedg Hatransatediregip el e FEORDERISERE t o
verify consunption of the entire dose. Results are 5 expressed as D

492: 660 tusetfel @8 cohPribe 8aphidentibsl 5 @snsctibed intrasi aietbreivmuanid zatonaderpical dcol s
on mce fed with transgenic potato slices. Feeding Balb/c mce with 5 g

recombi ngud. @gefdgﬁﬂreﬁl%geﬁq bn 2% <{) n?a.ged%.' ReSird e‘k b@or( &IgettE hirge fitst BBesdion

meekly i nter gave pea ters of U nL, which could be

ted to titers of 1700; e sub ..p. ,dose’
?&Bs AgCAEBRsur ATy ?Oé’alprf%eoamﬁg/og ﬁﬁ?qﬁ%rﬁedyé%i‘ns{a&%r E&j° %‘{m& F&? b?%scélgﬁd
reI ated to HBsAg expression levels in potato) . The IeveI of response was
dose- r el anteaslstednragiimatandsa detdndeexpresion IcapsptteiBiomeprising gr BV’ prenserioed.Fi g.
4A) giving a lower and | ess prolonged response than potatoes delivering 8. 3

~g/g (F ﬁlmra@la)ated?egoﬁ A8 a HHEH' REndcaBbdRin{r8nstate@icglonefhefam éx pressiansdctd
single s.c. dose o

can additionally comprise a first expression cassette comprising a plant-optimized HBsAg
polypeptide and a second expression cassette comprising a native virus-derived HBsAg

20 polypeptide.
In still another embodiment of the invention, an E. coli cell is transformed with the plant

expression vector described above. Virus like particles can assemble in the cell.

10



HBsAg purified fromreconbi nant yeast to give peak antibody titers of 1000
m U nL (AvQ.004T)0 15 Boil ed tubers (5 min, 100C) gave no deCemsadde2d nmune
rgsponse (Fig. 4D) but a significant boost was observed on subsequent

adm nistration of a single i.p., dose of HBsAg ,purified. fromreconbi nant
yeast (Fi ginHetpnoepembstimentdtihe mipasinn, speraiagt ucHd® Sau B e
pre-S (pre-S 1/S2) peptide and the correspondi ng am no acid sequence. To
obt ai n tpiantdepiessionl veaqudsscabedidbove Vitus lilsepatidicn gandserblgantle dellr pre- S
was exam ned and one RNA polynerise Il term nation sequence as well as

twel ve " CGin RdiesHehodRdnt ¥t AL ifRnSrd £planedetl if @aiRormEReViM B8 blaBPEXpTestRa
sequence contains no cryptic signals and no CG sequences. 17 WD 00/ 37610

PCTNS99/ 31020, Fi g. .6. shows. a @l asni. . et sm d
map of pBeE feseriieq o8 Tl AR PICle (PR sl frerdhaf HEpEnELch
plasmd map of pHB 120. 5 Fig. 10 shows a plasmd nmap OprBlzh'g E?‘g? 11
shows a iplsalented frap thsT giomm canspsting; of tomptos RBKALS, RanaAngssRdICaRR) Cpl  MP3ey

13 shows a graph denonstrating that sucrose gradients of HB114-16 tubers
produce prefessbly,itkeppat bipeésivn vEbtoFisintegfhtahiavstha nuelsiregenotnk off thef plant cels
114-6 tuber extract. Fig. 15 shows a northern blot of HB 114-16 tuber and

| eaf RNA. Fi Jaleleat f (;Oqﬁ},-~ ' 1 RCR,
whi ch veri éggerﬁ%éﬁ%?\g?gﬁggﬁ%nftggﬁqt ranlgaegﬁ@?rgé?ég:v 1 réﬁ\ﬁgpgﬁgg%bﬁgﬁh&bl ot
of HB 114-6 denonstrating at .| east four insertions of HB 114. 15 Fig. 18
shows a YfcHpKeEasASPPYR SREYRK st abi ity of HBsAg transformed tubes stored
for 9 nmonths. Fig. 19 shows a western blot analysis of transgenic NT1l cells
expr essi ng I3 stllfanethenembodimeno bf Hsiagentiong polgnedientisiecompsismgre headeic acid
anal ysis of transgenic NT 1 cells expressing 6 different fornms of 20 HBsAg.
Fi 9o 21 ShoufccSemRbMaklahepRsNAIR %m%eralﬁﬁg%n %B%\%g) ik PYAAAddO MThefidlymidosiiows a

w | d-type HBsAg nucl eoti de sequence (S 1) and a plant optim zed

HBsAg nucl eqt.i de,sequence (SEQ.1D, NO: 3). 18 0 : 0
Fro. 23 Srony AR 48 Bt BeRirRhP o s  capmeRerpihoa Rt B WU

pl ant-optim zed HBsAg anmi no acid sequence (SEQ ID NO:40). Detailed )
Descri pt leoningfion srguensge A oplynnsieaiisiedarke apyntranseribediregian betwesibthe fFoBHEIGN 5
The invention conprises bacterial, viral, and parasitic antigens capabl e of
el i ci ti ngnraRcdnBY BeuERERMA e HBs Ag crtsodinglsequenbe. dBhemueivitsazid segbérice engpdingea
pi g, chicken, goose, duck, chinpanzee, macaque, baboon or a human.

Pref er ablpy qE & LTURBriEERRAEhe afterel LGAnS A hbRinAh &R codon is a plant preferred

. 15 codon. The plant-functional promoter can be selected from the group consisting of cauliflower
mosaic virus (CaMV) 35S, tomato E8, ubiquitin, mannopine synthase, patatin, and granule-
bound starch synthase (GBSS) promoters. The promoter may include a dual enhancer region.
The translation enhancement sequence can be selected from the group consisting of tobacco etch
virus (TEV) and tobacco mosaic virus (TMV) omega translation enhancers. The termination

20 sequence may be selected from the group consisting of a nopaline synthase (nos), a vegetative
storage protein (vsp), or a proteinase inhibitor — 2 (pin2) termination sequence.
Further the polynucleotide may lack an untranscribed region between the HBsAg encoding

sequence and the termination sequence. The polynucleotide can further comprise a nucleic acid

11



Viral antigens can be derived fromviruses such as Othonyxoviruses, such
as i nfl uew@a0sv4las 10 (hemaggl utini n and nucl eopr ot ei n ant Pgews99/$1020 )
exanpl e); Retroviruses, such as RSV and SIV, Herpesviruses, such-as EBV,

CW, or herpes sinplex virus (for exanple, the thym dine kinase antigen);
Lent i vi rif9REICCSHEN 1BE aqul?f(OP%‘PglerﬁﬁﬂﬁP’é,SIgR@fo,Pe’&gW, hféﬁdfzg}e ﬁﬁ@%,‘)f g 15335%,
and Pol antigens); Rhabdoviruses, such as rabies; Picornoviruses, such as
pol i ovi ransodiRgsequense sThsumadrosnal actentiminasigmabeanvba Se-GlRdrysodsp-Ghebea (BEQ -
Hepadnavi ruses, such as hepatitis B virus (for exanple, 15 HBSAQ).

Bacteri gb &u:4peimhe 1360 L8l 140k0M uhtPinsEFEHI e@ionMGRBAEL HRY MidFhSddial

Hel i cobacter pylori, Sal nonella spp., Shigella spp. (such as the Shigella
sonnei form.1 i coli (such the CEALL T nmbri {i t he
neat | atBug S A5 dmyiRioh 8, by bFmidiioe LpLBRbA soPBsERNARE

S
Pseudononas spp., Vibrio spp. (such as the O-antigen or cholera toxin),
Borl | i Acxb selweneforRreading patedat polynenpiidetapseably {inkgdhtogthepy ensoed feHBsAg
adenyl at e cycl ase-henpol ysin), and Costridiumtetani (such as the tetnus
t oxi n) . dlandifg béqueroet IThe Bignalaeptide chabe veldctéd fom thogroex aspistingPlofs weghtative spp.
(for exanple, circunsporozoite antigens, nerozoite surface antigen),
Trypano B L@ . i : i.a spp., Entanocba
spp. (sﬁsg‘fn}g%éﬁt%ﬁeem gié?gjcjé‘%é%gﬁslﬁ’éeg???@ﬂ Aegtg})%?‘ps,lg’i%ﬁﬁg‘ﬁﬁiae' 19 WD 00/ 37620
PCT/ US99/ 31020. . p., Leishnmanja spp. (such a 63), Schistosone spp.
(such as. + AELIongTIEL HicaP e PEUHBI SO CumBiears SO ARFPRE ey e
Fascida spp., Dirofilaria spp., Wichereria spp., and Onchocerea spp. In a
pr ef er r edmgmisod apretS ofgiarheOptaratyi tha palynhorettegenicompoly pe piBsde ancogingses
a 5 hepatitis B surface antigen (HBsAg). The nucleic acid sequence of an
HBSAY | Sseqitd8 wihith o priseNe huélEicGicidaéludieg o thfi RAAExPLdssof BSPRAGEhSwn AN
HBsAg is shown in SEQ ID NO:2 (Fig. 23). HBsAg epitopes are contained in
t hree HBY- veho nti des. _and | ik respecki -
ol yoosyl e BA2 5y NS TR HRE DR A e Bl AR s 53875 h¥Gmucigpyices
daltons) represent a 226 am no acid 6)0' eﬁ)ti de and th(eﬁﬁl %/cos lated form
of the seRESHRE FENMEB19D HYSeHBY Ms@ﬂi ddB1 k BRdA S AR U B RIS BB By on
of the S open reading frane of HBV. Two other proteins are a 33,000 dalton,
281 am ridBat?, HBMHOy pEiil dHB¢ 22qHB 513 HES 1 aAHBN40.a¢HRBISt Semd diRthy t he pre- S2
region of HBV and 226 am no acids encoded by the S region, and the

gl ycosyl at ggydiQhsh& enttd@iB@HBE 1L VBRI A xhrabeiBPR R bAPSding d WOyREIEtide
proteins are a 39,000 dalton (389-400 am no aci ds) pol ypeptide conpri sing

about 119 ami no, acids of . th re-Sl .regi on of HBV. and .15 sequences encoded -
by13 he  pescibsd ahAvads Piyidsils L0 REPTESSITEEIO) PR SOAFSF APPSR B At an £. col

pol ypeptide. Al of these proteins are found in infectious virions (often
r ef er r ecbrigin afrepéioatiopastd/cl @s)grobaauens duagudensrorigipbfreplcdtioam t he serum of -
infected patients. Serum sanples al so contain enpty spherical particles

aver agi ng %Mer‘éﬁibsﬁin%ﬁ%fﬁi;@wﬁ%%wcﬁi 38R s BFREEN S the MRPIRB b rATEcER! |

| ines transfected excl usive encoding the S protein release 20 nm
20 enpty,spheres sim]ar. .t hose.from. nf ect ed | I eover, yeast
cel | 5"t 1B R VRO VHES AN ke PR B PGBl b whi ch are as
i rmunogeni ¢ as the 22 nm spheres frominfected cells. 20 ,
In even another embodiment of the invention an Agrobacterium cell is transformed with the
20 expression vector described above. A virus like particle can assemble in the cell. The
Agrobacterium cell can further comprise a helper Ti plasmid.

In still another embodiment of the invention a transgenic plant cell comprising the

polynucleotide, as described above, is provided. A virus like particle can be assembled in the

12



WO 00/ 37610 PCT/ US99/ 31020 The i nmunogeni ¢ pol ypepti des of the invention
conpri'se WO U082610 one epitope that is recognized by an ant iPcodissy/Edee opes._
wi-t hin the pol ypeptides can be identified by several nethods. For exanple,
a pol ypeptide of the invention can be isol ated bﬁ neghods such as p

i munoaf faeHi £e plant celt san Be selested) e s SEPEneAnsISHRS BHIRM4G, PRlffg, Danana, an
pol ypeptide. The isolated 5 polypeptide sequence can then be screened. A
seri es ofcashbedlsp@pe phesexprdssioh veagetdndre isfegratediatoethe nneleprageppmstof dhee plant
sequence, can be prepared by proteolytic cleavage. By starting with, for
exanpl e, Qf-nmer polypeptide fragnents, each fragnent can be tested for the
presence of epitopes recognized in, for exanple, an anti-HBsAg

enzyme- | inked i sorbent assay, (ELI SA) . Praogr |V .
over | appi ng 1 FEGHUNES CRIPUREN Gant ANeH0? PR er s ibnfeed P fihe Bfession
map the epitope of interest. An HBsAg pol ypeptide of this invention can
conpf i se enctcd apdesepibpd Reveand can further conprise a pre-S 1 pol ypepti de.
An HBsAg pol ypeptide of the invention can further conprise a pre-S2

pol ypept i de 1 41} HRING HRdARREM b BR iATehtieA AR iMauneferdé cémpddittonSedmpriih any
pre-S2 pol ypeptides. Optionally, an HBsAg pol ypepti de can conprise nore
than one S, Pre-S 1, qr pre 15 S2 pol ypeptides, The S re-S |.,. and. pre-S2
pol ypepti‘h‘;e%leer%Ptt?@H?jg?ﬁ gd £PRYA ‘tgﬁ’éo‘)él‘g?fg J(gﬁe gl Efﬁ}eﬁén F%chﬁ?lgsm(ﬂla%%\%ue
Also, S, pre-S 1, and pre-S2 pol ypeptides can be prepared a as fusion
protei n oselatedsepa thet grogmeansisting desfruisdens, whert plpeiradn; pred profepisslears ¢alking
pre-S2 regions are effective in binding hepatocyte and can be neutralized.

Neur at h e’i"h@i'rmnﬁ-ﬁc%eni@%bmpbﬁtioﬁca%‘%n%&@e 7Y oEkktBlct 6flthd Plagt ceRr @hSim@@nogenic
sequences spanni ng residues 1-21, 12-32, 21-47, 27-49, 32-53, 94-117, and

120-},53 have en | if] ' genl Cq: ) :
Si n‘ilbarl y?onﬂ)‘?ole%ﬁ)'g? °§g§§é ﬁé@?qg%%ln%\%ﬁ?egﬁ%gﬂg&%%%ﬁe’gﬁ%ﬁ{z%fﬁ?ﬁ% r%tsem
bei ng i nmunogeni ¢. Thekefore, t hese residues are useful as imunogenic

pol ypept i WHE 28EBHERN Highe SNINBOSENGFAMRAT I her pepti des i nvol vi ng
insertions, 21 WO 00/ 37610 PCT/ US99/ 31020 del etions, or substitutions of
an af or enentlh yeethoteqamhedimeahofthe nvientienp aesteed oirlisHEN ANHAIMESAIRONES/IN dand
synt hesi s of such mutants by site-directed nutagenesis is within the skill

of the praghindl @R6vidédMTRir&hodcontprik88B step bLatmiaistefing thertgmpasition described
Labor at or ~Manual .. Col d Spring Harbor Laboratory). It should be appreciated

that 1o el MTIRGCH Elik.! AdTiniRe PAGERRAYIRILE A% UGHIRIRA @Rl bOpe

to a Garner, suc or ‘a |l i posone. I'S no nown precisely how t he

af orenenti oned epitopes.signal .an.i mune response, .however, it |

postldl at e ‘PW&[‘erF%ﬁraﬁéjATﬁ%g togratipy, gany ‘i?—“%’rﬂsg&@bstugw,lg ﬁ%éragggeélﬁcopgl?r)l}ccgg'rg %in

receptor, and GAPD may be involved A preferred pol(%/pept i de of the i.nvent%on

conpr i sespalypeBidentaro bacidmipistaredidy astecisiqueaselegied from the group consisting o
intramuscular, oral, intradermal, intraperitoneal, subcutaneous, and intranasal. Optionally an
adjuvant can be administered. The adjuvant can be selected from the group consisting of cholera
toxin (CT), E. coli heat labile toxin (LT), anti-idiotypic antibody 2F10, colonization factor, shiga-

20 like toxin, and intimin. The immune response elicited can be selected from the group of immune

responses consisting of humoral; mucosal; cellular; humoral and mucosal; humoral and cellular;

mucosal and cellular; and humoral, mucosal and cellular.
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inclusive 8 residue peptide, which is partially honol ogous to the group:
speci fi c wWod0/3g@0er m nant 10 of HBsAg. This peptide, whi chpopassdmomequence
AVYYCTRGYHGSSLY (SEQ I D NO: 6), reportedly has antigenic properties sinlar
to the group specific "a" determ.nant, and can dupljcate the B and T ceI

sti nul at or 1 ARPther teF@QdHrlerérﬂf the dnyngipn @ awthoso%rylsgrafmg dnteepmiingny B&s

e:g:; U S Patent Nos. 5,744,153; S, S31,990; 5,668,253 to Thanaval a, Y et
ul . ) . Acpalyphipndé yxpredsedinpairit deveriahid puaidedn The trietod @bmprises shlgeaingltBslant

i mrunogeni ¢ pol ypeptide as discussed herein, 15 and a pol ynucl eoti de

encodi ngm§Heh) @ a%‘e@érggﬁ Ha%ing A HoR Rt o x%Qt\ePth%H@ 105 GRf1ks hay Brbp.on. The

pol ypeptide can serve as an adjuvant |tse simlarly to antibody 2F10,

when admi n| stered her or an i nmunoge lde of, the
vent on. 18sver orolhEt SRRHRERo dRe HEMiGR & HATRR G G oF PIORF Bl BB Led
obt ai ned pol ypeptides by virtue of the various |eader and retention signals
enpf oy edWhenghe transgenisrmdension plabrell issoasuncd asnefoodshifio fpw grdesstipetings, 1t
conprises an HBsAg am no acid sequence covalently linked to a Cterm nal

Ser G u- dlitsts A8 Anfaible feSpbrse Bo1BHEhd 2pHQPTB EA SEbrdh ,anﬂ\bddrestdrgrdaﬁ:t {Rh SeeduaRLe
believed to target the protern to the ER The polypeptr es of the present

inventio S. n.a drffe from . OUS ~Rr
virtue o]g %Igvlflﬁlgia dT}%fﬁelr%@% “1§ p%gsoes%/alnatr “dn nmgr?’tlrelfnr?g O&% ﬂeq’%ﬁg%ﬁl%}q a’[ftt 22
WO 00/37610 PCT/ US99/ 31020 ’ of their retention time in the ER or the

di f f er entelitapcosyprise ponPBRLSARedeseiied 2haYe-be present in the ER Accordingly,
i nmunogeni ¢ pol ypepti des obtai ned can vary sonewhat in their imrunogenic
properti es Stillamfheestnboedimpntatfeienaventionpusides asrahgRgicasans ucplantrogil tiog evien
share a sufficient nunber of epitopes with those of the native i munogenic
POhyPept i enm@a o HTHRstfe ﬁsﬁ)‘ﬁp%? 1&@%&&%&0 ‘éﬂ&l’?&daﬁ rﬁf‘}ﬁ Hﬁsﬁé"f)&és@ihg NhrdnYune
cross-reactive wth the antigen. Preferab an HBsAg pol ypeptrde of t he
invention is c of formn rus artr V Eve

or o or et aine TRCRG <porypaRt Pt B AatibdRRIH €T é%ﬁéfp Rlsr e Bl e
"VLPs when produced by a plant cell. In a preferred enbodi nent of the
|nventroﬁmaﬁO®B§Wan®typ@pundeThsU@aﬂabmeﬂmﬁOfpkmiﬂ@lﬁmd©831$mkﬁﬁphﬁﬁmﬂers
via disulfide bridges. H ghly 10 crosslinked HBsAg can be nore stable and
nor e I Mmugededl sbovoee exanple 12. Various strains and isolates of hepatitis
and ot her organisns providing the antigens of the invention occur and

pol ypept i de, of 1 WS n - .
bresent. i nosriro A8 e b E SRS AL AR e efpe i
HBsAg, can either be fuII-Iength polypeptrdes fragnents of pol ypepti des,
or §runc%b@@a%8bﬁe%k%“%¥ pol ypeptides. For exanple 15 fragments of

i nmunogeni ¢ pol ypepti des can conprise at |least 6, 10, 25, 50, 75, 100, 150,
200, 250, 300"cpotop858,a gdlon 60 artigdn tHad 00mposes tbOPartinulaopat pltheantigorte of

i mmunogeni ¢ pol ypeptides. The invention further conprises a nutation or

mut at i oN§hidh-tRe ant@PdNGimeEl d substitutions, additions, deletions,
truncations, or conbinations thereof, in an i mmunogenic pol ypeptide. 20 An
i mrunogeni ¢y P nt i r i

with anot het %%ﬁ%é’rﬁ%nﬁ& BhuibBE b if 00 affiy 37 GRS i pHObMAR IR

i mrunogeni ¢ .pol. ypept i or _.a fuIIIength i mrunogeni.c pon eptide. For
exanpl e %PSP?%‘ijijré‘ﬁﬁ‘ £ aaww Afihe SYeRPEapsm sealqnee Qfélﬁvaéﬁh%%@e at |east 6,
10, 25, 50, 75, 100, 200, 300, 4000, 500, or 1000 am no acids of an

i rrr%ﬂnogeni oﬁﬁmbmpbbd@,” 'I”hecltimadidﬁ’nmdgmni likepdd ypp@yiwbdsotidaythite efiqodes tahe
sanme or 23

polypeptide. The polynucleotide or nucleic acid can include introns, marker genes, signal

sequences, regulatory elements, such as promoters, enhancers and termination sequences, and

the like.

14



WO 00/ 37610 PCTI US99/ 31020 ' different strains. Further, one or nore (i.e.,
2, 3, 4, wQ0we761®5, or 50) i munogeni c pol ypepti des of thePCTUsIwiloo, from
the sane or different strains can be conbined. Preferably, a polypeptide of
the invention is produced reconbipantly. A polynucleotide encoding a

pol ypept i dét &sttpRIyRuRleiide dh eRrdsansat 1 deeRit Pﬂ%ﬂl&fk@%@&@g? 8h kS PRs:

whi ch can 5 be expressed in a suitable expression systemusing techniques
wel | knonweléotidelrad aipto andl inclndiag B5Yfofloaeral ideatity of élesfirst polwmicleotdarifediffenent and
i nsect expression systens are available in the art and any such expression

syst em C@pmlBattTelk sedoR@pyRBIiIESRIeOf the invention can be isolated and
purified fromfor exanple, a eukaryotic cell, such as a plant cell, by

met hods wel .k j aj t ;188 Hhi ity il gatd

Opt i onal | y,Ana P \I{A%/Lrslft?gl‘ﬁeeg f?i{ég aeﬂg%@ﬁdhg‘”'é’ pgi ypezg’t ﬂdlg 811%%1 lf %gﬁl:ug\gg%ht Fon can
be translated in a cell-free translation system If desired, a qol.ypegtd de
of $he isdeapviren Tindbisevipisodineien HEsAG (APRAYIYS otcelors, ARAi SHOMESAIQYIRE an
contain other am no acid sequences, such as am no acid |linkers or signal
sequencegtro@igalWettorsa suchiag afiisic ysebndh virs, proatemampiary fuhwatviros) Mslondy masrine

gl ut at hi one-S-transferase, histidine tag, and staphyl ococcal protein A

Opt i onal Qne .or  no antigens C C [ i Ny, i 1S,

vi rul encié%g?mag‘élﬁ%s’,’ aré&ngogsblsatr%peasv‘%ﬁsér%%??rugﬁgg%shéeufﬂg(%r%r"%fgléﬁéll%ﬁs "uis’éer? %P?f or
the stinulation of ani mmune response in an ani mal or human_can be present
in a fusérgergeplitiel,nShigbliz spharlibrie dhatenes gbycebastsrippe straige BCSU canda disméng
can be present in a fusion protein. |If desired, various conbinations of,
for ex ambﬂo@a?%@eﬁ@imﬁeﬂﬂ@&infdhm@oﬁe@ setH adteCadridt ME 1S baaériuphagesi siphat es
can be included in a fusion protein. 20 Pol Ynucl eoti des Encodi ng

I no~en ol vpept.i des.. RPol ynucl L de: i i C i han
Rl R R e N R M
doubl e-stranded DNA. Preferably, the polynucleotides are purified free ?f
ot her coimsertrsherd re@d}@%Sa(gerwﬁlépémgt_s that @rerapytie of Baiirion uwdeihisir oy contro

i mmunogeni ¢ pol ypepti des descri bed above. Pol ynucl eoti des of the invention

can be i gpl aigdad sleebauganerkpressdon vaddrHOPRTGi8ly PRATdXpEISIoR 1820 is dapiblany
derived from nucl ei c acid sequences present in, for exanple, bacterial,

virus, or protozoan cell cultures. Preferabl .pol ynucl eotide is isol ated
f r om nuclarYoRuPg eE‘é?{M%‘h%%éilSp%‘é‘aH&g’ oﬁ,ex?'IBpl%’;l?éﬁ*BFSé{e' the plasma, serum or
liver of an HBV infected individual or a cell culture infected with HBY. An
anpl i fi cat i drifoedsthford edihleaiaportieiah’ and the ke is gnyuplant materia) that ran sdirge
fromeither 5 bacterial; viral, or protozoan genom ¢ RNA or cDNA encodi ng
an lismMmunagestcd byainypelpior Hemal hea palritiousl otdede sliatan campientimt.s intdddde pbait i n
the | aboratory, for exanple, using an automatic synthesizer. If desired,

the pol ypped BotddiaRs %?fl'alﬁ%r GhPRALraNERaRBd EBRT £HRIOWhYRGE @ﬁitﬁﬂ'&lfdrﬁﬁ%bﬁfi@lﬁ med
into, for exanple, bacterial,” yeast, insect, plant, or mammalian cells so

that the pol ypeptides of the inyention can.pe expr.es i i

from cel Pg’)éﬁﬁg’a\a@ or f@’e’i’ﬁlémﬁ‘gﬁ Vﬁﬁ@f%ﬁf‘ﬁa&?' cﬁﬂs Eetglﬁlplrginztgg%eggﬁo ﬁgg‘é’ gi%g"‘le"ﬂ&?gagtf or

natural |l y occurring inmunogeni c pol ypeptides or can encod?wgltered )

i mmunoge Magerisd Ithas ey brcied disetbntocrnimale o prasesses Plrat materiahtha isfed §haggmals,

mut ations in an i munogeni ¢ pol ynucl eoti de can be nmade by site-directed
including humans.

20 An "immune response" comprises the response of a host to an antigen. A humoral immune

response comprises the production of antibodies in response to an antigen or antigens. A cellular

immune response includes responses such as a helper T-cell (CD4") response and a cytotoxic T-

cell lymphocyte (CD8") response. A mucosal immune response (or secretory immune response)
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mut agenesi s usi ng conventional techniques. A library of nutant
pol ynucl e®td ®W&861®onpri si ng singl e, doubl e, or higher nutat pomaisswamnzel se be
prepared using random nutagenesi s techniques. 15 Mutagenesis techniques are
described generally, e.g., in Current Protocols in Ml ecular Biology,
Ausubel , cqmprgses éhe predystion giteprelry (8)g4) amgiBydies A WHAMRFETAPNERAREQTPNELINEo
referred to as "DNA shuffling"”) is the subject of U S Patent Nos.

5, 60S, 793 a SorBiba?@Bof thek3IBspdAdes. 5, 834, 252, and 5, 837,458 to Stenmer et al.
A pol ynucl eotide conprising nutations of an inmunogenic pol ypeptide can

al so be sy Meiﬁhﬁlﬁﬁ’aﬁbﬁlc gD RN gerd O pSly Fpat @l Yin aﬁ{’fl%dnmﬁﬁ’@%ﬁ cépable of

pol ynucl eoti de of the i nvent| on is engl neered such th t he bacteri al

codons arg.systematical | For e

Che cod: Hir SRR sk RS Ry e Repniteut fichEd f Sl SRR o
its codon usage. This codon usage can then be conpared with the frequency
of éodonupesngel rmgeamaéhteubarmtmaﬁy expigaged; aptigerp 5 An- oo gereq gomposition”

PCT/ US99/ 31020 . particular plant. See, e.g. WO 96/12801. The codons of a
pol ynucl eaithide omdocioteaiveniimmgenic agetts, dptiegalbnieyconbinasien iwithea @iraert adjavare
nodi fied by, for exanple, site directed nutagenesis or a polynucl eotide can
be synt hgsihgggtei N the | aboratory. The codon nodifications are made to
conformw th the plant codons used in the genes for the abundantly

expressed pj a rot |ns 5 Further f 4C 0S

o ye A ot griar s B e Prbi GBI ER & 4cO g Pt R Tl o
acids. Further, cryptlc' nal sequences, intron splice sites, and

pot ent i aRminstasid S&ﬂﬂ@ﬁe%hlﬂ"é’g i 4 polypeniwaviicesdhe ssuenaes ogMebRUIVEYSEQ Iser NG 3
(Fig. 22) (showing a nucleic acid sequence encodi ng HBsAg that has been
optlom zedsihgle peotpine Fasion piateifd @nbs prodhibel byepédlblaenergenetic Sighetiingteclonques.

pl ant - preferred codons for the correspondi~. g viral, 10 bacterial, or

prot ozoan-preferred codons can enhance the expression of the inmunogenic
pol ynucl eotides and can facilitate expression of the encoded pol ypeptide or

pol ypept i giﬁu ﬁbfi¢¥wwﬁllﬂk r part, e.g., the fruit or tuber, of the plant.

An |mrun0'g' de sequence such as HBsAg, which has had at
| east |, or nore codons nodified to tﬁq ant . preg eérred
codons is sFagdlA 6@%@8 Bfa&nfnw&mw@a cagseigst s nyesen inyntigp ARG AR

further conprises 15 nodification of codons encodi ng possi bl e signal
sequences,35Sniromntes pf cadiflowee sosain dinmet GRS i =i gramudd bemd sRiref symélissg pragnoter
pol ynucl eoti de of the invention encodi ng an i mmunogeni c pol ypepti de, such

as 1kBs Ags éc%@ﬁ%ra%lﬂk'}f{ ih '?l!ﬂf‘egs e ﬂoﬁﬁcof&mvirﬁﬁ‘@ =RbB4RD GhosalSvikiesinega
herein, "operably refers to the coding sequence for an |nnunogen|c

I
C ane ot PR e St SO TEn il fRuRsa TR, el RE Sl i 2

respective coding uences are farthfully transcri bed and translated
Accor di ngipyoteipge m@bg@rc% PSS TifEansis pertie sienakssaancy B thormal lsabuaHof gives y
fused, i.e., covalently, to adjoining defined sequences, but may be
provi ded VEPtds syddIb efel stpratipaptidésswAaR e LI ih¢lkéing a pandive becdolde eargtiing signdliRigt e
assenbly of the construct and expression vectors.
1B shows a map of pHB131 and pHB140.3 with selected restriction endonuclease sites indicated.
20 Fig. 2A depicts a restriction map of plasmid pHB103. Fig. 2B depicts a restriction map of
plasmid pHB114. Fig. 2C depicts a restriction map of plasmid pHB117.

Fig. 3 depicts anti-HBsAg antibody responses elicited in mice following oral feeding with

HBsAg transgenic potatoes (5 g/mouse) plus 10 ng CT on days 0, 10, 20 and challenged with
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26 WQ U0/ 37610 PCT/ US99/ 31020 A pronoter can be a constitutive pronoter,
wher eby ewprtesséion of an i nmunogeni ¢ pol ypepti de conti nual pgTiush®siopd ace
wi-thin a cell. Alternatively, a pronoter can be inducible, whereby a

chemi cal inducing agent or tjissue-specifjc¢ agent activates, the pronoter,
such as Yapsricrne? prane (Slsetls Npomeckdmames D208 b o FrgAlngh SO o

I nduci bl e pronoters conprise any S pronoter capable of increasing the
anmount ofcepadyontblmitatdd S grroouse) pius tueed adjuvantgindaacomabinanichaldangd eniday
response to exposure to an inducer. Inducible pronoters include, but are

not | i mghed3diR eRpditaéntsin@@kcoRirOMBYb8ps o PmBleUFRE PdstddCsicthiENiSirasto ¥R the
i nduci bl e, steroid inducible, phosphate deficiency inducible, and any

chem cal | y-i nducj.bl.e ,pr.omoter. i.ncludin b n | i47 t ed. et Lne,
ot byl ondo A B SRIREY P nptitr g By fbuflon i hd i flod SHARKE

U S. 10 Pat. Nos. S, 942,662, S, 977,441, S, 684,239, and 5,922,S64. A

pr &f er r sdpishsedtas $dABZ:6P0 nBL. CaMv 35S cont ai ni ng a dual enhancer regi on.
This pronoter is a constitutive pronoter and is effective in causing

expr essi onFigs, 4 £BVEpich R resie b$ varfdub @hmpnehts grdtopsle onnees fadneithuttensgetiat i n,
mas, tomato E8 (G ovanni et al., Plant Cell, 1:S3-63 (1989)), ubiquitin

(Quai | - . 7 ' o
ol - coneultyslshh Tt Mg amsoafly oo AR IR, SUTAVAR 1B By,
PNAS, 84;574S-S749 (1987)),, figwort sai ¢ yirus Rogers, U S. Pat.
No. 5, 318Tgtuse tl%%%ta%egkﬂvyﬁ&f:ﬁ@gsegavw% aibafy tlfsr\fA%,F b %ﬁ@&ﬁa@hlﬂl 59)
actin (\Wng et al., Mdl. Cell. Biol., 12:3399-3406 (1992)), isocitrate

| yase ( Hartabatedtto siters bf $700P3400 :WHU/nH, 689, sirkdy subaimsmynegenice-haloscioSHBs Ak
synt hase (GBSS) pronoters. Preferably, the pronoter includes a dual (or

dopl e) fﬁlﬁq‘éaqﬁm ree®fmbidnt 8&1st @Qeﬂe’k)’sﬁgﬁﬂi titeNNQire RIAd tolBBsAkaRprebbidn lebalk .-
No. S, 612,487; and Maiti, U S Pat. . 5,994,521. Sone exenplary plant

functional pr er ich can be . used to express a.structural e t he
br esent RGBT ofte lvel t rEmgREaves 4 eiple A oA Bertcgotg 1R rES %

U S Pat. No. 5,530, 196 - CaMv 35S and 19S pronoters; U S. Pat. No.

S, 436, 398am of petatoi (FigAAreivéng a lowsr armbless prglongedaeponsybampaiatpey SHyFmDH3a -
No. 5,436,393 - B33 pronoter sequence of a patatin gene derived from

Sol anum,d;g,l?ﬁicgsum). Thel smhie ededingadgintea(8a fgapivas frmidftb doestpr @sgle or. dbse of
sequences fused to the B33 pronoter; WD 94/24298 - tomato E8 pronoter; U. S.
Pat. No. . i t ; : 2 Pt d
5,510, 4 %’5%@3%?‘%‘?‘%3%@?%“%?‘3%%?@?%§?@%“%?§ tighd of 1400 5 82%@%4-@95'
cis-regulatory 5 elenments .of abscisic i d-responsi ve gen ressi.gn; U S
a3 " N Blesibgrs 75 iy tihsLa s i e mrSne fecenss ofi SR £ EriGRM
virus (RTBV); U.S. Pat. No. 5,789,214 - chemcally inducible pronoter

f r agmentboostomastdbeerFed ph amhsequent edmbrstatipn af esingletie. dosti ofHBwyg pyriligd Hom
tobacco PR-l1a gene; U S. Pat. No. 5,783,394 - raspberry drul pronoter; WO

98/ 3181 ZcsdhminRRryestRERMERr s and genes; U.S. Pat. No. 5,773,697 - napin
pronoter, phaseolin pronoter, and DC3 pronoter.; U S. 10 Pat. No. 5,723, 76S

- LEA prompter; . U S  Pat . 5,723, 75 7 - 5 _franserdnté y
regi on for T midepleBihP Bperrietedfad Sefsooat e B S R BTt M Y
rel ated sequence _ ) . i . )
corresponding amino acid sequence. To obtain the depicted sequence, the wild-type coding
20 sequence for pre-S was examined and one RNA polymerase II termination sequence as well as

twelve “CG” potential methylation sites were found. The plant-optimized sequence contains no

cryptic signals and no CG sequences.
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motifs, specifically Iw and PA notifs, which function as cis-elenents of
pr onot er swotoe3te@gul at e t he expressi on of het erol ogous genegci/sdorampoent C
pl-ants; U S. Pat. No. 5,633,440 -P 119 pronoters and their use; U S. Pat.
No. 5,608,144 - Goup 2 ((p2) plant pronoter sequences; U S. 15 Pat. No.

5, 608, | ¥22.6 shows aindasaaid anapr St 7f r agment s derived from several genes
fromcorn, petunia and tobacco; U S. Pat. No. 5,39],725 - pronoter
sequenceFid. r7aotvea plasphidaiapaenp@IB1ai8. chl or opl ast GS2 gl ut am ne synt het ase
and fromtw nucl ear genes for cytosolic GS3 glutam ne synthetase in the
pea pl antg:  Ri I s tig No. 5,378,619 - full-length transcript
promter%i-‘%-?n@ﬁ”é%%%s?"ﬂ?&’s i@p\llﬁil}g(lzl\/h/); U.S.-Pat. No. 5,689,040 -
isocitraﬁ:e Ig\y se pr?m)t,gr; 20 S, Pat. No. 5,633,438 - mcrospore-specific
regul at orfy8 [ SR of pIB128, 595 896 expression of heterol ogous
genes in transgenic: plants and plant cells using plant asparagine

syntShet a$eg. dOchowe aplasthiGmapatf pHRI214, 771, 002 - pronpter region that drives
expression of a | 450 base TR transcript in octopine-type crown gall tunors;
U.S. Pat giiNa1 shoW84 pPathid nipiph@12sequences fromthe gene fromthe small
subunit of ri bul ose-1, 5- bi sphoSphat e carboxyl ase; U. S. 28 WO 00/ 37610
PCT/ US99/.31Q20, ' Pat. .No. 5 ~288 - Arabi dopsis histone H4 pronoter;
U.S. Pat F?%lg% S&?Vg?,p%?lgn%agéjﬁ%éci fic plant pronoter; U.S. Pat. No.
5,023,179 - 21 by pronoter elenent which is capable of inparting root,

expr essi &ig-d3phpIvE pteyanhdemansegingAhprsypisse gradigpisadHB/ 14- Yy wbers praduge virus
specific pronoter; U S. Pat. No. 5,792,925 - pronoters of :
ti ssue- prniktpagitldsal transcription of associ ated DNA sequences 5 in plants;
particularly in the roots; U S. Pat. No. 5,689,053 - Brassica sp.

pol ypal a%%'rﬂ%?’@'sBr"p%"?hloébjf%‘a’t'lﬁqk%'d}lgb%g’ﬁgécjh%?’ - seed coat-specific

cryptic pronoter region, - chem cally inducible

nucl eic agid _pronmoter fra nt_i.solated from.t bacco PR-la gene is

i nduci bl }1%3561%&”?@é’toﬁgﬁmg?qg@fﬂﬁlzléfflée@}’?at ilﬁ‘%ﬁgg‘gl e, an isonicotinic acid
conmpound, or a salicylic acid conpound; U 'S. Pat. No. 5,654,4l4 - pronoter
f ragment Higol Gskevs rgal af genemculdiéy of HiMtlilAdSesubjestatdyioeP GRnwhidhaterifigs the

i nduci bl e by application of benzo-1, 2, 3-thiadiazole; U S. Pat. No.

5, 824, 87Preseh@¥Sthé Hhhten®r onoter from tobacco that directs expression in
at | east ovary, flower, inmature enbryo, mature enbryo, seed, stem | eaf
and root &i- S US. .Pa , - I ion
" pl ant 10 7B SugleALbipbr ) F48 dndnirAlnc Rt G0 106 £RF
expression i n nonocotyl edenous plants; W) 95/21248 -nmethod for using.1 S
TMWAR 0 oagpththaves pepmphdtemonsiatmedhe stabilityof Jaisge gansiorpgd (tahes siprpd) for 9
conprising shoot neristemspecific pronoter and regul ated sequence;

EP- B- 012Zd&iths. phaseolin pronoter and structural gene; U S. Pat. No.
5,097,025 - plant pronoters (sub domain of CaW 35S); WD 94/24294 - use of
tomat o Eq?ig.ew MR P @Hﬁéﬁrbﬁotté?na@%ﬁro?%n@%hﬁrm%&!‘ssex@?é@@iﬁg 3&4iffereRt forms of
adenosyl net hi oni ne hydrolase in‘ripening fruit; U S. "Pat. No. 5,801,027 -
met hod ofl_ééls' ng 20 transactivation proteins to control gene expression in
transgeni B#%nts; U S. Pat. No. 5,821,398 DNA nol ecul es encodi ng

i nduci bl e plant pronoters and tomato Adh2 enzyne; WO 97/47756 synthetic
pl ant corfidgptbshomsra wastemgdot analysised tlansgsnic Té%b aelis expressing Badiffengpt forms of
5,684,239 nonocot havi ng di cot wound inducible pronoter; U S. Pat. No.

S, 11®, 734BsAgl ective gene expression in plants; U S. Pat. No. 5,106,739 -
CaMv 35S enhanced nmannopi ne synt hase 29 WQ 00/ 37610

Fig. 21 shows synthetic HBsAg constructs of the invention.
Fig. 22 shows a wild-type HBsAg nucleotide sequence (SEQ ID NO:1) and a plant optimized

HBsAg nucleotide sequence (SEQ ID NO:3).
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PCT/ US99/ 31020 pronoter and method for using the sane; U S. Pat. No. :

S, 420, 034we o8Redospeci fic transcription regulation; U S. PattaNes3102623,-067
- -seed specific pronoter region;, US. Pat. No. S, 139,954 DNA pronoter _
fragments from wheat; WO 95/14098 - chineric regul atory regions and ene
casset t g fBrshowe aiwildpiypetEBsANUDILREBERquense PO 338 ﬁ@laﬂfﬁaﬂ’@?@ to
high levels; US. Pat. S No. 5;670;349 - HMG pronoter expression system and

post harH§§Ag%qu&qagé%@ﬁcquE@mp]®mp in plants and plant cell cultures;
US. Pat. No. 5,712,1 12 - gene expression system conprising the pronoter

regi on t he h ) in plants. A preferred pol ynucl eoti de
conpris € }] & WL € TSR M) S' transcribed, untransl ated region
(UTR) (onega) (Gallie et al. Nucleic Acids Res 20: 4b31-463 8 ( 1992)) or
10 a t oHaemunegeric Polvpeptidesof the Invention j phed, untransl ated region
(Carrington, et al.; J: Virol. 64:1 S90-1597 ( 1990)) or fragnents thereof,
betseen t hghprigy@iten cuitbrisep dayterigl eotl, dad geasditc antegeos dapeplan icheiting géni c
pol ypeptide. A TW 5' UIR facilitates translation of the coding sequence. A
pol ynucl i%%%-hrge[e &?8 delint Jheﬁniﬁﬁ[r@ﬁdhsﬁs 2 nldWe Srabbll Rofihed ﬁi%? BRiakén, tdoese afuck,

Urt har f a czl .,

whi ch can acilitate translation. Zeyenko et FEBS Lett.

354:271-273 (1994); Leathers et al., 1 | . |. Bio X 7,
(1993) : @umpEses; Miapadquenptioon At A quinigs Prourinbs oo Bupy Bl gpaiine o
expressi on vector conprises one or nore enhancers. Sone enhancers that can
be used mammalhe present invention are anong the following: U S. Pat. No.
5,424,200 and U. S. Pat. No. 5,196,525 - CaW 35S enhancer sequences; U. S

Pat. No. 5, 4 Alved MNom vaus32udBH OtthomyxBafruselGuctbaslifflucdlz® virand
U S. Pat. l@?a?g%ltﬁ%g,sg%lgbe-d%t a%dem y dupl iucat ed Cal\)ll\/x 20 35S enhancers; WO

87/07664 - S2' r.egion of TMV; .\WO 98/ 14604 - int : / | t he
PATD geniemageiid 4 sekapisup ol 4en, oreTD: RRDovnREg sith 4¢REPAnd SOV,
non-transl ated | eader of a chineric gene enhance expression inrgé.an}fs; U. S.
Pat. No. HErppeGruzes sual) a8 EB34{CMNp o kprpessirgplox Vipg(foy amplg, thapymsingkingse
pl ant enhancer el enent capabl e of being bound by an OCS 30 WO d0/ 37610
PCT/ US99431620, Léraiviiardspsicdinast HEV (dor, exdntle, Raef, pMb.gp320.90en4d 24 at, Revrand Eoldhl
intron; JP 8256777 - translation enhancer sequence. A polynucl eotide of the

present hr?}‘i’%%ﬂk)', BV iRkE&0 shdhClsWalfed PidodSGrus 6, bidh ds@olibviads; Poxwegas sueh
functi ona na plant host. Exenplary term nation sequences include

nopal i ne_synt has (no Bevan, N | G AC . 2: ]

1- 8721( 19%%3%{“‘% i’é’gft";‘%’is«?ear‘é{"b‘?l%eée“‘“% ?%k’%énﬁvﬁégg)%“%shgﬁég{s le%{r?s Eroxamp |
5:241-251 ( 1993)) and proteinase inhibitory -2 (pira2)tennination
seddence&iBsAg)et al. Plant Cell 1:115-122 (1989)). These sequences are
transcri bed, but untranslated. A polynucleotide of the invention can al so
encode a m Bigsdeintigetecin endaivgddiosefpnenaeples lyisobastcmpepp., Helicobacter
(Ser-Ad u-Lys-Asp-GJ u-Leu) (SEQ ID NO:4) or KDEL (SEQ ID NO:22), in 10 order
to incr %gﬁ)ﬁ[ SHIRMNERD s, th:%ll%ﬂi eSiRRds B! smgatal sdndi forh B astédeh), Frowli (such
exanpl e, “toncentrati on of SAg antigen conplex can be obtained by

providing th ent. pol ' LA ~ enkieRR s, ABlonelipi ch
0l anal s Anie G ERGtial TR B8 nebitshiR (B Rk ) T B8 o Sl
(ER) or other organelle. The m crosomal retentiqn signal ,sequence n be
oper abl y Prgwiketias, & sepdonenag ﬁEP-oY‘bF‘ﬁéPPnﬁﬁﬁbﬁe‘h? g"%ﬂggﬁ%ffi“’g%? ?Wg}’ ??Oéﬁpf/,
t he pol ynucl eoti de | acks an .

20 burgdorferi, Bordetella pertussis (such as pertactin and adenylate cyclase-hemolysin), and

Clostridium tetani (such as the tetnus toxin).

Parasitic antigens can be derived from, for example Plasmodium spp. (for example,
circumsporozoite antigens, merozoite surface antigen), Trypanosome spp., Giardia spp.,
Boophilus spp., Babesia spp., Entamocba spp. (such as the galactose specific lectin) , Eimeria
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15 untranscribed regi on between the microsomal retention signal and the -

t erm nat i wip cesagsence. The signal can be separated from t hepttamawaen ¢ -
pol ypeptide by, for exanple, a hinge region. Further, a polynucleotide of
thé invention can conprise a signal polypeptide operably linked to the 5
end of tdpe.,ireshnagenspp. (Gotly pegiaeSchBitepoale sppl (gpapasi tdese-phasphaie isofngrase),
exanpl e, a vegetative storage protein (VSP) aS signal peptide or a VSP aL
si gnal peRiidepp.VaweR Rt pahmyodH), Faasita Mpb., I&r@ﬁ1arialsp§§5w&516eréﬂize&§;)., afd

si gnal peptide serves to sor? a protein along a predefined pathway, such as

to the E@%ﬁﬁm?@&%@lve storage vesicles in the cell. A signal peptide
S acc

t hereby perm unul ati on and/or further processing of a pol ypeptide at
a targeted_ site. A signal, 31 00/ 3761 0 PCT/ US99/ 31020 epti de. can be
physi cal | y 13 @ppiefireed FPbefimany OFXFRLONH) %ﬂ??&f@lccaémv@&qf&gmew a

hinge region. In a preferred enmbodi ment, a pol ynucleotide of the invention
conpri seepatitui seifeceaniigens@iRsdigy eTenmwthingridsequenee 0 g FBBs Aok yhept ineEQsuch
as HBsAg, operably linked to a plant 5 functional pronoter, a translation

enhancengyjcs ?Qﬂbﬁgnm an@fle Ani®r i @hhote SE A EMER iEVRWITRY SEQBe0 Y. a
pol ynucl eoti de of tHe invention |acks an untranscribed regi on between the

transl atjqn hancenent sequence.apd t I nmunogeni ol ypept i de_encodi ng
sequenc ei.ﬁ'l'l#ﬁ]s‘ﬁgs?pl%?p?ﬁ\ﬁ{e ﬁgT‘V‘r’ng & B’I‘fﬁhﬂﬁ\}!ﬁlﬁﬂ 8%‘?‘?”6’8@135 H8%F§thd§ﬁ 3{1‘? n{?lglr
enhancenent sequence does not termnate transcription, but continues on to
t r anscr i ieepactize ighyeosdatedifernpol The pro dmabest odlyngptadeq dhee0 and 2EPOR dapes)
preferably, the polynucleotide | acks an untranscri bed regi on between the
l”WUHOQQQFﬁm&thmﬁp&hdﬁz&ﬂﬂﬁ&@ﬁ@ﬁﬁ@dmﬂhﬁegg&a&m&&;ﬁﬁnﬁ@ﬂﬂﬁnﬁﬁmJ£Mﬁk$ﬁa@Iy,
a polynucl eotide of the invention conprises a native virus-derived (or

W 116i -ty pFﬂ ser gél&%éspilgigg gjﬁ A Jidd h? 81%‘ ﬁ%ﬁl%ﬁ %!f'ﬁfégcg\%ﬁ 9{%&1@@8%ﬂ’@0’0r% otdre

corftespondi m no acl d” sequence is 2. An HBsAg

encodi ng sequence can be 15 synthesized directly by. ass |y of . synthetic
ol i goneriroteps g e Wefaltond 1rW938ém?MﬁeB?%r%{m%}SH¥r§ arg r%‘iiqglgfnf‘ d
sequence, or other vector, such as those discussed hereinbel ow

Al t er nat byak pre-82 peiopmfdHRG hindl22dminh acidsn vmotiedly tha S reginprand ¢heglggosylatedi ¢
versi on of the HBsAg encodi ng sequence, which incorporates one or nore

i nserti ofsm dftelcahin@PBlyphtiddsaboCatote)S MREAhdProtBiRE A¢e INmoctalthe (380000f

transformation, transcription, or translation in an 20 eul’<aryotic

i on. . 0., | an. | 1. . h het i di
The. rBs AgEopr PSP Seivf naabo s G feln SO £ REMIPIGERETSR "9

am no acid sequence is shown in SEQ ID NO:40 (Fig. 23). Anather such

sedbienceseqbenres cencodede kpribe srend2i #ndSarpgionsnaRt 1§ gyedddaied dermy o Shpsgmede,

is shown in Fig. 5 (SEQID NG S). 32 W 00/37610 PCT/ US99/31020 *
polypeptide. All of these proteins are found in infectious virions (often referred to as Dane

particles) recovered as 42 nm spheres from the serum of infected patients. Serum samples also
contain empty spherical particles averaging 22 nm, which contain primarily S class proteins.
Mammalian cell lines transfected exclusively with DNA encoding the S protein release 20 nm
20 empty spheres similar to those from infected cells. Moreover, yeast cells transformed with the
same gene form analogous spheres, which are as immunogenic as the 22 nm spheres from

infected cells.
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Nucl eoti de sequences having a high degree of honology to these HBsAg
sequenceswana3alieo contenpl ated. Preferably, the encoded apcnosewiigo
sequence remai ns substantially or wholly unchanged. In particular,
seguences at |east 80% nore preferably 90% honol ogous with an HBsAg .

pol ynucl eoflhddmapenagonicepniypaptides pfi thehmventianubempase &f leastpenecemitopradhell gy,
the S percentage of identical base pairs with reference to a pol ynucl eoti de
i s det errBtdpeizedt BKiad Gintibddy. 2EBALHYs Witinae Polypeptdesfcah eeidentifial byletwtralons,
or substitutions in the nucleic acid sequence. Further, the invention

cont enpl rﬁétﬁgdsp ORYPUL ?]ﬂg,' &ai ﬁg}yﬁ%ﬁ%‘ i %\;6913811 é:gxf) bg?#&%@‘%&%ét}ﬂ?@gqcﬂe&

essential Tor genera ne response. cor term na
N-term nal or y. other fragnents of the HBs ot ein _conprj Si a

epi t ope lmu@@ﬁg@%m cAUGRANTF & FOnPEIgRH P BAOE réﬁ%nolwgrg} ot e iplated
encoded in a polynucleotide of the invention as a single or repeat

sequenc epolypreatidesequensasa thenbe seragrted1 2 setiesof shart peptidesgwhichgogethg spaptie
400, SO0, 7S0; or 1000 nucleic acids in length. Particularly preferred

pol ynucl eeité gggp@;itidd@qhénb%nbéxﬂlﬁb prephred &yt fromelytie Sl@vage dBhataiing asthHbr103,
HB 104, HB 1 , HB 106, HB 107, HB 111, HB 114, HB 11 S, HB 116, HB 117,
HB 118, 1S4 : ! ande §Bok HB
131 and PRTLR SRR e e ook et G O Rl By Wi hre @ SpiSye
features mentioned above. The re| eyant expression.cassettes of th

ol asm d<eEREA ok foroxiple, an antFBsA ersnz ke rinkPd FERRBASIrEN s Ba{S A
114, which uses a 3 S S pronoter and a TEV transl ati on enhancer, as well as
a pr ot ei Pragessintly sintabler 2hd( pienlapping fragmants oan they bemested froma akadentifieil A0-mer
resi stance gene is used as a selectable marker in this 20 plasm d. The

vegy or itgrg@fﬁhg@gjtécggm@ehgsﬂary vector in A, tunefaciens, such as pBIN 9
(Bevan 1984) or (pGPTV-KAN) (Becker et al. Plant Mol. Biol.

20: 119S- 1197 - - - Sart Lt d Welvoastichas @ndudher
(%Bn( I]I%%K%)piﬁlﬁk? §§)§f Gggm%ﬁﬁod San {deldl s %lgg/é‘%\ﬂl haR @ntufhe

t
enhancer (fhson e §95Y" WO B0/ 37610 PCT/ 1020 '
Preferably, the polynucl eot.ide, of e invent.ion.conprises an.expression
casset t ESORHEE aiig?' Hlé’?%ﬂ}ﬂ%cf‘@cﬁésg@? yRﬁBbFl%Bf @‘elqﬁ\"ﬁ?gantcﬁngj bRYtRse
Optionally, a translation enhancement sequence, and/or a term nation
pol ynucl zptd-82 pobpepinde AantiBeAg men ¢dwgrishamncempinaden of Scagsel.tand metser
pol ynucl eoti des can al so be present in an expression cassette, such as a

si gnal Sguepeess. Gptiddaly, RheIBYALSHIFepri@Scin@BnpasSRbithad oid S, Frége dripper a
pol ynucl eot’i de encodi ng a plant optimzed or wild-type i mmunogenic

pol ynucl i h AQy | : i i

o ot or 52 BoRRenRHER bR S IEH L PREERb e Sty b B ol R
t obacco etch virus (T or tobaccq nosaic virus ([.TM\/) omel?a transl ation
enhancer difigrsneolates of BRSGr fAlsedS, meerd | 1andPEgiS? ReWASPUiAey carsha RISPrE a 4f diston
conprise a 3" transcribed, untranslated region 10 such as nopaline synthase
(nos), aproegedaisd sepaategpcdgeeppdet ei n (vsp), or a proteinase inhibitor such
as pint. An expression cassette can |lack an untranscribed regi on between
the transl aj . : L BtHReEE InDbiRAhY ReRitd and
encodi ng sequenggggﬁgﬁggﬁl%tr\%ggg%?ﬁ r%‘;gﬁj{er%%ggcri b%d, urrllt rlansga% dr;)gegi on.

(Mason, 1998 neutralized. Neurath ef al. U.S. Pat. No. 4,847,080 and EU-B1-0154902. Pre-SI

20 sequences spanning residues 1-21, 12-32, 21-47, 27-49, 32-53, 94-117, and 120-153 have been
identified as immunogenic. (Neurath et al. 1986). Similarly, pre-S2 sequences spanning
residues 120-145 are identified as being immunogenic. Therefore, these residues are useful as

immunogenic polypeptides according to the invention. Other peptides involving insertions,
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Expression cassettes of the invention can be designed to conprise pronoters
t hat direwp 0287410l ypepti de expression in particular parts péTauksmbant. - For
exanpl e, expression cassettes including the CaW 35S pronoter and a

pof ynucl eoti de of the invention can be used to constitutively transform

pl ants sdeletinns, ar sobstiveiensdel ax gfasmerfiongd seawinga fénedtq Be eépeqtf—fg 19 F08¥it i on
is produced in the | eaves of the plant. This allows for rapid anal ysis of
pol ynucl pehinigerisiy emdispmthagisotiuok htmimaby sitadiaster mamgemesisa within the skill

pol ynucl eoti de products. 20 Expression cassettes conprising a 2S al bum n

pr onot eroﬁﬁ?gﬁct@t}%ﬂépgflgﬁ%g q*?g@fggj dcMP B d e Ga0 HeSENIah@al COYRIS pring

seed- speci pol'ynucl eoti de expression to create the production of "a

pol ypeptide of the inventi in seed tjssue f.or exanpl.e canol.a ica
napzcs) g@'@&%ia@iam%t %@T’F‘@Pﬁg’é 413 f?‘rvﬁ?} lmnfmﬁﬁ‘%ﬁgg%ﬁ Wycbaesr{s? gs?%
conprising a patatin pronoter or a soybean vspB pronoter and a

pol §nucl eatonjheatfant dpitope temtarver, sunh 43 KL oda lipossanss & is npdmosyparpgipedy how

pol ynucl eoti de expression and tuber specific production of a polypeptide in

tuber tiggugsentitibra epRdithQighSodARiMdeUbionsd) ibwetptit @Ssdsaate@ dmettedgA
conprising fruit ripening specific pronoters and pol ynucl eoti des of the 5

i nvention can be used to transfqr | ants th l.de of the
i nvent i off*PHOF i eeﬁ‘ég r?cremotr,’tﬁ% ﬁ%ﬁoggg%é%tghnare %ttj%rgglg(gﬁ%?r%? gﬂ)g p?‘}eeg'si on
Vectors If desired, a pol ynucl eotide or an expressi on cassette conprising
pol ynucl eotA gesfersed polapentidsof thsrinkeion¢oppainest | haBmncibpsplde; a5Vl etsiar
and transforned into, for exanple, bacterial, 10 yeast, insect, plant, or
mamal i afcheive 8 regdiidysdptitibievied iy paiailgRsmologdiseo ittrevgrnty grecifian‘abdeterpimests ed
in and isolated fromcell culture. The pol ynucl eoti des can be contai ned

W tlp' n aoPh%EK'%d’T}ﬁ’s'g AR, PERALs 1 bequlce BN Yy CTHG AR GRS ROWHQY $D MO0 -
such as an aderovirus ‘Type 2 vector or Type 5 vector. Optionally, other
vectors can b sed, including.but not limted to Si.ndbi,s, virus, . sSiman

vi rus 40{6138115‘%&&%3151@“\58’&‘?(9@?6’ FaSEpeh i 4o SR e Pet %Wlbalht’v%@[ Bi's,
such as nurine 15 sarconma virus, nouse mammary tunor virus, Modloney nurine
| eukeni aduplicats thaBdn®3us]l samolatoey edtivitiss oBai-ishatapic vetghody 2F 1@ arhHRSAS (see,
Sal nonel l a ssp., Yersinia enterocolitica, Shigella spp., Vibrio chol erae,
Mycobact ggi, Wi Hafehk NoBG&F44Li531 £53 1209105668, SV EEnaRil] YAGr ghasteirdiuglysis
can be uséd. M ni chronpsones such as MC and MC 1, bacteriophages, virus

particles, .virus-like rii 1 ds. 1 i ] da
o5 si t oemeAt s A b e A A B Bl s DR e IS
capable of replication under their own control in a cegléﬁgan.also beyused.'
Pr dfer abryd 2 RelyByGieQtislsiearpdingcsush 2 pentisieiiserntommrlaed Mithp) the Rigp YRy THS on
to a polynucleotide of the invention. Exanples of selectable markers
i ncl ude aokpemitgchm sereaas ancadiBagl itseliy similaidis® @Ebody2F ) M3E6 2dministered with
PCT/ US99/ 31020 * _ gene, a neomycin transferase gene, a tfdA gene, a Pat

gene, a hygnhOemBsAR ofEh IRhEFRhR Jbaicptianss ek cagane. a dehal ogenase gene,
and a bar gene. An expression vector can al so conprise an
Some of polypeptides of the invention differ from previously obtained polypeptides by virtue
of the various leader and retention signals employed to sort the protein. For instance, one such
20 polypeptide comprises an HBsAg amino acid sequence covalently linked to a C-terminal Set-
Glu-Lys-Asp-Glu-Leu sequence (SEQ ID NO:4), with the latter sequence believed to target the

protein to the ER. The polypeptides of the present invention in some instances can also differ

from previous proteins by virtue of having different glycosylation patterns, which may be a result
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E. coli origin of replication, for exanple the Col E1 or pBR322 origin of ~
replicatiwggobmpacilitate replication of the vector in E. p€plukos/A0
expression vector of the invention can also conprise an S A tunefaciens
ofrigin of replication, to permt replication of the vector therein, such as
when A. dfitheif astéion time irothoERiewrtiie differgitaphycosylatiert enzymes gt m@yhe PeseahBY ng
can affect the |l evel of expression of a polynucleotide of the invention.
There argetiR difcterdaly Kirtinsfene polypeptRIes idbthindd ams sahpomewhatgen eheir
silencing (TGS) and pos¥~transcript|onal gene silencing (TPGS). Vaucher et

et al. Plant J. 16:65|-9.. One type of TGS | Sl IRV I Lch a
ONA | oc USTPRRERE PR TR P BE PR E Bk et B Rpa °Flshi i et L
met hyl ation rnay spread from adj acent sequences into transgenes and cause
gene’ si | esufficignt remalies of apitapsy aith thpseraf the napive gmmpgogenigpolypepiids, ajjjmmunc
optim zed sequence will have a reduced nunber of sites or no sites upon

whi gh netlydrt icamnbe afduaaduhiat i§ hefiskalecrobhieactivepeitiothegmtigersi | enci ng may be
m nim zed by use of a plant optim zed sequence for the transgenic protein.
15 Anot her e, of cissi,nactivatio c - WM Lt : &S] ; anme
nucl eot i de %é%{ﬁ???'c@n ;[‘ﬁ?fs pé){l}&)g&é#e Oro}r%ge ﬁgélﬁg)\ﬁnlggh %ﬁrjlIle to{f ﬁderﬁl rlrlgééﬁg‘%? lé%p&hl?&ess
silencing seens to involve nethylation (Ye and Sll?ner, . PNAS U%A Qg 1088] - 6
(1996) . WhPaintEveptmore peefeishly AnidBs AL PREBEPIAS TS HVeligthiyCaPFRle O fring
avoid this type of silencing. Post-transcriptional gene silencing can occur
when t r aNs@eeheRbodiwep byduslet catl. Hh glpréfered smbadiment abihe inteation s HRW\E of
a transgene is producing RNA then RNA may accunulate to a threshold | evel

that wil bolgi)%ﬁ}ﬁeafse agﬁﬁfe‘ b aefihd RidsOhiaked eishofiek£RE dgulfideusitiest MHighdy .
Plant J. 16:65[-9 (f 98). Sone studies suggest that as little as 60 by of

ek e NAH AR o e R idff RS SRR T® B nbrning

non-identical copies of a coding sequence jn a transgeni ant .can

00/ 37610 P@rﬁwgsﬁ@mz@d'lscgatﬁh&fgflqpﬁEV%%rsdeotL@\ﬁgg@lﬁPs ﬁ’iﬁmﬂcl?iﬁtﬁ a@HS?}HeO%?h%
sanme pol ypeptide wi thout stinmulation of the RNA nedi ated sil encing process.
In a prefmentsch exhogtidpolypeptidescfmysditimse viednoandcisplpies sasbe wisddR Preayssdh
cassettes. The first expression cassette can conprise a pol ynucl eoti de

encodi Ng;ARnkiMATURREEYgEniR 95%3{1{&9&@3 {rventeon, bigany HBEAg, smcsither et dasgtion
cassette can conprise a non-identical polynucleotide encoding the sane

. Gan 6nprise a non-dentical  pol yn .
e e P S s s
b | ant timzed. See, e.g., SEQID NO:3 (Fig. , 22).,.T

o piRob! GREDEE B TEmoRRTHarY LIPSt FoBFGR PR b 28mbdong s 170 1%

virus-derived (wld-type) HBsAg. An expression vector 10 conprising twy or
nore expréssiBOn, onsse) #ee, B0 ohiond 00heosAfR0 iaminmGgiEai @ OIS 96 PIBBIOZFNIF
i ncrease the production of the immunogenic pol ypeptide by increasing the

copy NnumbelypepRM&Y e The SQAMRIBACTAHE termpiies o rmuratioul éri pueartiongiies, amirmnacid
i dentical sequence can |ead to undesirable post-transcriptional gene

si | enci ng,, Depi.cker ;& o PEdmbifEidnsBhakot, % 34 3nBRurokeAe)
Vaucher eguléstl?ﬁgﬁlqr}s’ ﬁpifﬁgﬁ‘g%%g%ﬁ%i{ng%%ggﬁ%%ﬁ% ore, TS an obj e%t of
the 1 Sinvention to reduce or elimnate transcriptional gene silencing,
such as RUynseHdat ed post transcriptional gene silencing, by providing two

or nore expression cassettes in an expression vector that each conprise
nonzo dent i cAn ipmivnogetie polypeside of theiimgntisrecandesombined og synthesized with another

truncated immunogenic polypeptide, a fragment of another immunogenic polypeptide, or a full-
length immunogenic polypeptide. For example a fragment of an immunogenic polypeptide can
comprise at least 6, 10, 25, 50, 75, 100, 200, 300, 4000, 500, or 1000 amino acids of an
immunogenic polypeptide. The two immunogenic polypeptides may be from the same or
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pol ypeptide. Preferably, the cassettes conprise further m niml sequence”
identity Wy dohesigse of different or non-identical pronotergeraRehfgz@nd-3’
transcribed, untranslated regions, such as 20 translation enhancenent
sequences and term nation sequences. The expression cassettes can further
conpr i sedidickdne sedihs. PRurthet ohe of mdes(i.en2,djidng, 10 25, e s@nphmunegegivaolyneptiflefes.
Pref erably, each expression cassette conbined into one plant expression

vector s ibf gl tfd BRAYCHIE h@ftristcdn BE tomBMedher expr essi on
cassettegfﬁg?n@ug?’gﬁ er t%an 901 asee pairs, and 37 WO 00/ 3761 0

PCT/ US99/ 31 02 re preferabl 0.l ength. of se I: it A er
expr essi on ]%ﬁg%%ﬁi”ea gﬂ%eﬁ@edﬁé& B}Ve?{ﬁ%lsetﬁo %gg?%%?}ﬁél?ﬁgkd A ?@’I“B?%%?é;m y
no |l ength of sequence identity with another expression cassette that is
great er Eheeding pRlvpenhide pEthe Thgntion cans igiadicst intA 3R CERFBALVESLGTVEIEh FaTg
base pairs, or 30 base pairs) are identical within any length of the
expressi baecgassed irea suitable erpieksiarosystanending teohniques veol phrewei wrthe ag.s 8¢ agiety
(i.e., nucleic acids encoding a pronoter, imunogenic polypeptide, 5 and

3 tr ansBEB&%al,%as][t,%élt%%n{aﬁ&L QRS insBAGxARYsiSH HRfentOFPONERbR)initse aoamRr ed

to each conponent” of "a second expression cassette: A difference in

transcriptional gene.silencing,can be,neasur b . i t
expr essi 68 %“‘3} g&)r%sg}?&s]ygtieﬂbc G usg .nﬁpéb?yqeaﬁgff %%%1 ?ﬁ%b{lﬁ%érrg%s ;?%)rl]aﬁedj&?d"
cassettes each conprising 10 a polynucl eotide encoding an | ogeni.c

pol ypept pusfied frpmtfer egmpler peukavprfisicellf susk gs @ planberlloby frrﬁ%?is B g the
pol ypeptide in a plant cell can be conpared to the amount of expression of
t he | MmuaaAgeast & ipphypaffinigteuifieniont Opsiorally; epslgdudigotide pheodingeagypeptidaof
vector conprising for exanple; two non-identical expression cassettes

encie(i ng.t}yﬁvﬁﬁl&ﬁ%ﬂtbie%nﬂﬁteh@ﬁ £t8flree MaBlIf RISy sBADUNt Of the i munogenic
pol ypepti de expressed by the plant expression vector conprising 1 S two

non-i denticagl, expressi on cassgttes j.ndjcate 08 1.~ Cr Rk ene
1 enci ng 4Bt PONRRIAE O Th AL RUDT i PlateBl plbfibichpRASE, WRlh EAPysS
Preferably, transcriptional gene silencing is_reduced ‘b%/ at least 10,.25,
50, 75, GPNRTOYeAmingapid seguTRCRs BChssiEHNG aed Hnkas phsighal segHenessnpHR el 8%
vector may conprise the sanme or different pronoters, translation
enhancengigande qstflc &6 proacin pueifichtivat, isoch se @haathene-Saasfaases hintidiei @g, and
cassette can al so conprise other polynucl eoti de sequences encodi ng, for

exanpl e, sthphlBRE¢cab PAHEACK: GHRIRINADINe oiRfe hiies sHEH & EPEIARS SblRization
cassettes arée used in one p| ant eXpr essi on vect or, each exXpr essi on cassette

conprises a non-jdentical. inmj hGecPB) PLjqd G 3£640f0r th
PC%SQQPQ%%’ 'VI%?GQ%%\C?%@%& eht ?@%ﬁﬂgﬁesd?lfe %/egge&ndtd ?l}}lgﬁg?rg{) (I\A?I’ll enhancer(r)ént ©
sequence, and a non-identical or different term nat 'bon seq[uenc | n_anot her

or ef er r e FUEHBSHINRIANMEWAS FeSPRNsTJA A1 AEHPRL 0K INUEIRR AR OF BFFSTRICIT G WSIOR FOIE e

contai n an expression cassette for the sane pol ypeptide (or antigen) can be
used to tMareshaormedmphmiogenic polypeptide, such as HBsAg can be present in a fusion protein. If

desired, various combinations of, for example HBsAg polypeptides from different hepatitis
strains or isolates can be included in a fusion protein.

20 Polvnucleotides Encoding Immunogenic Polypeptides

Polynucleotides of the invention contain less than an entire bacterial, viral, or protozoan
genome and can be single- or double-stranded DNA. Preferably, the polynucleotides are purified
free of other components, such as proteins. The polynucleotides encode the immunogenic
polypeptides described above. Polynucleotides of the invention can be isolated from a genomic

24



S sequentially. Further, two transgenic plants that harbor non-identical
expressi omoowsmeotes for the same pol ypeptide (or anti gen)pcpwsipesisaxual-ly
crossed to conbine the two expression cassettes within the genomes of _
sel ected progeny. Simlarly, breeding of different p ogen l.i nes, each
cont ai nilivepryrdenivedifeony Brcleig acidiseqneness presedin dorexawpie E%F ‘?flﬁ){’ e oL grRgozoan
pol ypeptide (or antigen) can yield even greater nunbers of non-identical
expr essicen celagset Rreferabily, hipolynnelegtidednisobtedt froam nacteic boidisagliencesyaesept nfor
Thus the nmultiple expression cassettes need not be present on the sane

express i&%\ﬂ{ﬁcﬁlg ?;1;;8}?19} sefiffl dPSivirifan g*@%&f?&&ﬁ%&itvﬁiu‘él & RUIcORbre HEBUENwItA]

transforimattoh o y sexual crossin eferably, a plant expression vector

of the invention conprises at |eas , 3, 4, S, 10...0r .mor ressi

cassor t 60 L mmplieRes DRthed sibis ECR e b6 Hﬁdisfg aTpfEy ROVl SRR IR st s
or 1 S different polynucleotides. Transfornmati on and Regeneration of Plants
Wi th Polbaoiechle wiralles paerzoER geeasicdtiNVar cBINA pndodinghasy inygpragenigiprolfpsphidesent
invention is a eukaryotic or prokaryotic cell that conprises, e.g., is

transf orfGoWrubleoBddR b A6 be SyrtRGi RN it I 1hvtdty, G cxample XIping a8 iantomatic
cassette conprising a polynucleotide of the invention. Preferably, the cell

is a plant cell, t. ot her, types of I 0. I . i.aRn,
and bact*¥PiEF2ge| Fg;d%isr‘rggtg}?t éﬁﬁ?%c?%oéﬁg%/\ﬁ%}lg\gllegri&a%p]lng‘ﬁtah(rf%? Fésiﬂg enp (%yagg, it
is preferred that the polynucleotide is integrated into the néfl ear ‘gﬁgoms
of the pgramformefllintoo farrexamely, becterialpyeast ynseald PRSI gBammalan cellsye thatthe A
pol ynucl eoti de of the invention can also in sone cases be nuaintained

out si de eghawmnm\zeﬁmhcmei dxptdasediih and ohaked fom celilcoltarel ast or 39
WO 00/ 3761 CT/ US99/ 31020 cytoplasm A preferred node of transfer of a

poj ynucl eoty ! isd SodfhPse JrIERANY oot EimrRmdgeaici on
caL(ybe mai %gﬁﬁﬁug@?{#%ﬁcﬁ%ﬁg@ghﬁ ?Oyd\{%(’f‘seé{;&lﬁh% gér at i on}F ml\?bt hoggls of tg:'éansfer
of pol ynucl eotjdes into | i an and bacterial .cells.ar Il _known. in the
art. A tROARSPHLRREF ?ﬂ“aerﬂcg@’rejg?er? IyERQECAlS] %PEWBtl&’rsom?‘fa&‘pfoa%ﬁ Q[Cﬁ'gtmélgwr%e
consuned as a foodstuff 5 or that expresses the desired protein or

pol ypept Adautation or eadtatiyns ohatmanhegdnir polyRegeadientaat hey magde iyt Sterditactede

t obacco, banana, tonato, potato, carrot, soybean, corn, rice, wheat, and

sunflower. Particularl r.ef notatp . I I.ef: b . iee"

and FL TBREpls (s e BRG] (SGpRRE" A HBRL) SE RS ALl b TopbRIrCT
Rhi nel ander, W. A preferred tomato, |line, TA234, can be obtai nec{ from

St even Tumgledoyblepprdiighesmmutations, oap alsa bR grepaish HEINE IgFepPEREEesSIRdRLuSRy 10
14853. A transgenic plant seed transforned with a pol ynucl eotide of the

i NYeNt i OMfutaghihasts technopiesineddsdpedgopradiat ¢ gnindfureent Peateepdnind{gleanar, Bipkgyet a
further aspect of the invention. Anong the principal nethods for effecting

t ransf er AqfubkDFebat). 4G lI8hE WAklyd 1998)sdrlduahdonh Riubagehesid Gilsorefered Ao as "DNA
tumefaci ens transformati on technique. This nethod is based upon the

eti ol ogi iy .t C | ' fof & ' rage7of sH300y! ns
and gy nn%‘su ggfr%gs) 19@9]%%@{{&%39@; 'tP%g °§|5a¢1q§ﬁ9§é?’8ﬂ’qgﬁ’£ept’i%’3993%952’ 20
infection, the A tunefaciens sysgam provides hi.gh rates of. transfornation
and pred?88&HP8 1@ HERBISHIeE - nt's GOMUEIROUE FURRESINEAGEEHANS 1 h{mRHTgFIIC
normal ly infects a plant at wound sites, carries a |arge

polypeptide can also be synthesized in a laboratory.

20 Preferably, an immunogenic polynucleotide of the invention is engineered such that the
bacterial codons are systematically replaced by plant-preferred codons. For example, the coding
sequence of an HBsAg, or a portion thereof, can be analyzed for its codon usage. This codon

usage can then be compared with the frequency of codon usage in abundant proteins found in a
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extrachronmosonal elenment called Ti (tumor inducing) plasmid. Ti plasmds
contai n twoaoagélons required for tunor induction. One regi POTiUSY31€20T- DNA
(transferred DNA) which is the DNA 20 sequence that is ultimtely stably
transferred to ant genomic DNA. The other region is the vir (virul ence)

r egi on, m@&armﬁemt b%@ne EnPiQ At 28911 Rhe epslons efrsfobmugisetidsvhigh hayerd A 95 EP he
vir region is required for stable transformation, the vir region DNA is not
t r ansf erfr@ghehey bhasd itf £ptaadcpl Brinodifiedrisf, (ﬁbrrmtahmhe,csite pliracted osltigenassionted
by infection with Agrobacterium and subsequent transfer 40 WQ b0/ 37610

PCT/ USO94chlrfefitic (B bE-syhtheSiauLinD@@NatMRhtbryd OTHEBHd EImoBifi¢atiors! arélmadeltpt -
Rev. Cenet’ 16: 357 (1982) The Agrobacteriumsystemis well devel oped and

permtsr tine f. y of
P ant ¢ 1<eatue i RERIRLRlong Uslin he et o HE st ERRER Bl KRELELY
potato Iglopl ar and soybean can be transforrred wi th the Agrobacieriu
system Wurthestssgrisnts ofigeders With possilria ppnd sianal saauendes 53 Po Hicrfo Sfher
plants with a pol ynucl eotide of the invention is used, flanking T-DNA

bor der ragions forothe Aame wmehaatidns Fartkerpeiypiic eignalTsehchgrivteon sk itss, and
23-25 base pair direct repeats involved in the transfer of T-DNA to the

pl ant genAERial anh{haokisies JaPhARRIRRr 5890 DIRokeSEQND NODAFn d2)

si gnal t'he pol ynuc eotide that is to be transferred and |ntegrated into the

rvont | ot augrd Gisghf gt sayeRS ERIEIGRIAE B b RRERRLAD SFEHRP B0,

bor der. Optl onal ly, a polynucl eotide to be del i vered to_a plant genome i's
sandwi cHdlantbet MisarPlesrnens of suhsatutiog ief pirntirysfastsd gefens f?h@etferraﬂwg ngy3h

obtained fromany Ti or Ri (see below) plasmd and nmay be joined to an
expo essimteradt @r patozpahipnefetred todims boanammhaoeenthentxipogsailon nafatie . infiBunogenic
Typically, a vector containing the polynucleotide to be transferred is

first c 20Ad taPkcARiEe Bsskon Gfathe encbakd pYEHERIdeCR BStidds ih @ast
one ri gﬁéﬁ%ﬁ%&%& ag? %fe)gal on, g)lsl}ir %Srenf er ableryl/c a g lf%aIﬁd er| grpﬁﬁlpbgrlderl

gene enct e el if?zi?%fﬁ?g??ﬁ}ﬁf %“fe?r?*éh@iﬂi‘ﬁl&’?a“ﬁ%ff o
P hext aRSHBS g PISh AgH B LG lutn Sooif 2 Sbe b sedeBnpracifiade ol a

conjugation mating systemor by direct uptake. Once inside the
Agr obact erefemeyl codmsvestidro olardiopiimiget h Brofirhlilyu g idoptioezatian furiee egfgprises
honol ogous reconbination with a Ti plasmd of the Agrobacteriumto

i Ngor por mbaifichgonloflINGohs ¥nodingd bosBibds Bigflal sé?u-Ehcd@! AGth epliveRitey, asd medBlatdh
i nduci bl e vir genes that effect trans er of the T-DNA to plant cells. 41
WD 00/ 37S§ PCT/ US99/ 31020 Alternatively, the vector conprising the
pol ynucl eoti de can be subjected in traps to the vir genes of the Ti

plasmds In eferred c a.Ti plasm d, of a given str
P sar ned, ProiEbbby Rohns e gented svephet Fetidies Tetoasic Ao s PRl Pebs e
to avoid for mation of tunors in the transformed plant, but the vir genes
provi dedas iBsAgps ogarably liskddetota plana fiicaenad promabiyA Asoised berein, “operably linked
refers to the coding sequence for an immunogenic polypeptide, being fused in-frame to a
20 promoter, transcription or translation enhancer, termination sequence, and the like, so that the
respective coding sequences are faithfully transcribed and translated. Accordingly, the respective
nucleotide sequences need not be contiguously fused, i.e., covalently, to adjoining defined

sequences, but may be provided with synthetic adaptors and linkers, and the like, to facilitate

assembly of the construct and expression vectors.
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5 plant host. See, e.g., Hood, Transgenic Res. 2: 208-218 ( 1993); Sinpson,
Pl ant 'MolwoBomste1i06: 403-41 5 ( 1986). For exanple, in a bi parysweom -
system an E. coli plasm d vector is constructed conprising a _
pot ynucl eoti de of interest flanked by T-DNA border regions_and a sel ectable
mar ker. Thé& proasoten] caedeod CPBStityties piontater. iwhesehy, exuessionnal #RdMMUIeEFEned
E. coli is then mated to Agrobacterium by conjugation. The recipient

Agr 0baCtp%wljémia@mraimsllﬁta&esgmde Within @e¢tl. dAerétiredl e proémopdr &smbd nduleile,
contains vir genes, but has been nodified by renoval. of its T-DNA
fragment_ . T ARy : ] L L ey I RS I suhadat
cel 11 P Ehfton inaifE Thch B pis AR A L SRS TR Aotk b
transferred to the plant cell The A. _tupefaciens %XS{) mpermts routine

t r ansf orupanithe plant seaghing drdesed prgmef difisteptiationselpdug! E.p,r BAler ghpprise any
Scientific American 248:50 (1983); Gelvin) Plant Physiol. 92: 281-285
(1990) ; phembeewssasie oflifdttasiyl thBi hount 3f p8RASIE6LIdelfiBaANct froduved tof a given
Sci ence 227: 1229-1231 (1985). Representative plants that have been
transforned with .thi S r [ : | Gt on
Tabl o 1. Py eoopat SRt R LER IR R AR, WLl FOARRES el bR
afford isolated protein, can be transforped by the sa t hods. .or . rquti ne
o £ 1 cAtmiserbicrbaabeRock Premoter. ASIHACORISOI: AP, TEBAA GG 6 ,TOIR}“%{C%QF’. ,
(1983) Cell 32, 1033 Tomato Fillatti, J. et al., (1987) Biol Technol ogy 5,
726- 730 fiaisphaie defikiensy inducible, ahd ,ang|h8djcably shdustiie prerggtes: inglpdingy gut not
Eggpl ant Fili pponee, E. et al., (1989) Plant Cell Rep. 8. 370-373 42 WC~

00/ 37610;,Refi Qe RYEIRRY B8 HRnE R Epper, S ic REA! and®leh#iC 2, BefihdipPpSte, €gl, &1.§.
Carrot 16 Asparggugbgwgl}/on@dlapg?/iéne Miskmel on Strawberry 15 Ri ce Sunfl ower

Rapgesee o] e | ton Wl nut Spruce/ Conifer
P usggé%ﬁ%%%% o%ﬁﬁ&*@#@#&é@??%?g% Cel | Rep. 10: 208-212
Shafer, W et al., (1987) Nature. 327:S29-532 Del zer, B., et al., (1990)
Crop Sci. 30pref2@dlamt primhaser iSCabtV 35S contdinigg p dpplanhanssy regrsp . Thas prompoter7 7
Kal l erhoff, J. et al., (1990) Plant Cell Rep. 9: 224-22 8 Mchelnore, R,

et al., {19&fktifdtieBirémbler BaPis Bfectddimidisinglexpidbsion imleayes arfio@perd] ddtherCel |
Rep. 9: 360-3 64 Liu, CN et al.) (1992) Plant Mol. Biol. 1071-1087 Liu,

CN. et al ' l inBJ lepyi 1,8t5363 (198bH93)
ot ant *Cob st prp ey ar Bla h sonkiRflem R Lp R LB Bl BRILES 28 (19605
69: 249-257 Baribault, T., et al., (Il 98%) Plant Cell Rep. £{5 137-140 Eang,
G, et aubiguitino@ailpiawhtUSePat. RN 5,500,474 mamorpg synthage Elliel al., ‘9‘96%%&
Plant Cell Rep. 9: 10-13 Raineri, D. et al., (1990) Biol Technology. 8 3 3

-318 SehG@H&Ehbﬁr4663¢73e€19@ajg; nofalli89QYntRhRNELER Ik dRENAS; 84574505 Pisa(1987))et
al ., (1987) Biol Technology 5. 815 Money, P. et al., (1991) Plant Cell

The 255 Bafipd misaiciing MY ] aBRmRofs baiio 378 ol kool LRb AL valtZ gl

al., (1988) Plant Cell Rep. 7: 512-5|6 Unbeck, P. et al., §1987)
Bi ol TechRMASyYS7: 5t 4268L4866 98By astmh@Nangset ek, Mol.. Cell |Riok) 183903494 (198D,
8:512-516 Ellis, D. et al., (1989) Plant Cell Rep. 8:16-20 43 \Q 00/ 37610

Popl ar stogl%%gé lyErse %Illal%ha et gz) %g) Pﬁi. NoT%fé?S@?M@ﬁyan@:érgx%ﬁe-bound starch synthase
(GBSS) promoters. Preferably, the promoter includes a dual (or double) enhancer. See Artzen,

20 U.S. Pat. No. 5,914,123; Lam, U.S. Pat. No. 5,612,487; and Maiti, U.S. Pat. No. 5,994,521.
Some exemplary plant functional promoters, which can be used to express a structural gene
of the present invention, are among the following: U.S. Pat. No. 5,352,605 and U.S. Pat. No.

5,530,196 - CaMV 35S and 198 promoters; U.S. Pat. No. 5,436,393 - patatin promoter; U.S. Pat.
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Appl e Janes, D. et al:, (1989) Plant Cell Rep. 7:658-661 PCT/US99/31020. -
Ot her Agrwbaosmioum strains such as A rhizogenes can be .psgdsaSsigrovect or
for plant 5 transformation. A rhizogenes; which incites root hair B
formation i n many di cotyl edonous plant species, carries a |large
ext r a- chNonf4361393 -eBEhpomotalséq@nee dfia patatiatgeneddrived frgin Joll@sm Gpenatswrgand
functions in a manner anal ogous to the Ti plasmd of A tunefaciens.

Tr ansf or ghich WS &) DGbéspbdiid SGRASRN BRSeqHERE RREN o INAB TDRRIoYer! WO 924208 A
tumef aci ens and has been used successfully, e.g., to transformalfalfa and
[

popl ar. Sukhapinda et al.o oPl ant 8 2 t f
i nocul at 1%8 Waﬁfﬁ? Re ant%{hp's[' |P§%s 3@ é/’gs é/“a:gbtg{r?& }On%lﬁ u%rgﬁnoﬁg Up? a‘?ﬁq' Ig%’e%g?ggn d
t he Agrobacteriumdelivery system A convenient appr g% éi he 1eaf disc
pr ocedur @dahd E®4¢4n piast yRiguEInRampter By stas U3 dipe Q-p?’ Shat PEEREUARYY,
good source for initiation of whole plant differentiation. The addition of
nur §e ti clsmentyny alizeisttesid-mhpansiva gene egpresaion; Udh @iat Non§,82¢x802r pprmoetediieas
such as in vitro transformation of regenerating protoplasts with A

t umef aci g PR, Aee B8gbOLtiaMeSEh VirusqRIrBV); Ursapsf K6 METRd 1antchemlchBy Aduyiblel -
Direct gene transfer procedures can be used to transform plants and pl ant

ti ssues w thqut.the of, Ady, terium pk: 1 ds. . Rot r Bl 04,009V .
5: S35 S4BT SBoT e b iea) Tag g regiph RURR t cobBle Bl Ror AP POk
transformation i nvol ves the uptake of exogenous genetic material into plant
cel I's orggneotopPaisNe. 5, B %34 rprsplerry di! promotda L d HIf lg sHayberprREpmoLes a«i’gent s
or electric 20 fields. For exanple, a polynucleotide of the invention can
be transgaresdd.Si httoNpr H7 18 Wstmpmfprampieaphateplin peatoten and D A3rmomotsr opl Sist s
with an electric pulse in the presence of the protoplast using

el ggt r oppgaNP R, 7B0765el EBEAMRBRLRE 08, Pal NP B5o0pIsast §' gisctif@bidl eskuddisly
suspended in a mannitol solution. Supercoiled or circular plasm d DNA

conprising.a polynucl eotide. of the. i nyentd i S ._Hh ' '

i xed antRibREclR el Poicun St A N oo oo Rt it Bk

WQ U0/ 37610 PCT/ US99/ 31020 ' for _about 10 to 1Q0 g’cr os%conds. A revelr si bl e
physi cal MefiEarresilicaly Iwtand FévpptifseWBich dinction atcig-RigMmep iSO PEYTRPIGH: BHTeRE
material is transferred into the protoplasts. The foreign genetic naterial
can t hentheeexpm¢ssmpnadfelittérntogoth genes dh ecansgpaoplents SEV®rRdt. Nond638,48P oP odiPast s
have al so been transfornmed by this procedure including rice and maize. 5

Li posonepforsdté ahdthedr ase; 1S &faf. 8ft 5668, 184 haebup Qr(Ghr pplaitEsrasdtenseqaéncpd; aNS.
cells. In this nmethod, protoplasts are brought together with |iposones

cankying | leqt.i he | ' NS AEARLARSSdIBE §8m diE
forléi gn Sgtng%)ss%é}?gf erglr%}aegé ?%Hﬁ ﬁaerﬂ%trgg%rg%ﬂ %nsf%otg?ﬁ%ghayes et af., ENYI%]O J.
4.2731. (198,5).. Smlarl direct transfer usin ol yet hyl ene gl.ycol
(PEG)  rebP Do BharBs ek P8 Nind B0dAs caraima Sebeiere RO So bt (e ai Yot )
and Loliummnultiflorum (a nonocot). 10 Direct gene transfer is effected by
t he synerlgpspiast GR2 ghgamine ayritketaseand fgaptwopRECleangenep dyFiybispliceS2 glwlaging i u
et al., Plant Mol. Biol. 8: 363 (1987). Alternatively, exogenous DNA can be
i nt r oduceghthéthse Hethe e pldhit,OPR M aGEiSuAY US. Padi Mg e5;378)61 Df fisll-fepigthf iranscpt
pl asm d DNA conpri sing

promoter from flagwort mosaic virus (FMV); U.S. Pat. No. 5,689,040 - isocitrate lyase promoter;

20 U.S. Pat. No. 5,633,438 - microspore-specific regulatory element; U.S. Pat. No. 5,595,896 -
expression of heterologous genes in transgenic plants and plant cells using plant asparagine
synthetase promoters; U.S. Pat. No. 4,771,002 - promoter region that drives expression of a 1450
base TR transcript in octopine-type crown gall tumors; U.S. Pat. No. 4,962,028 - promoter

sequences from the gene from the small subunit of ribulose-1,5-bisphosphate carboxylase; U.S.
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a polynucl eotide of the invention directly into the cell with a finely
pul | ed glwesosmedl e. Direct gene transfer can al so be accopptisied odry
particle bonbardnent (or microparticle 15 accel eration), which involves
bofbar dment of plant cells by mcroprojectiles carryin pol ynucl eot i de of
t he i nvdht.iNm 5,491 28R - etrabidopsiNaistone H3iptomotet] GS7 Pat. Sb)ngdﬁa,}”@’h?@ﬂdcﬁpemlﬁpant
79: 206-209 ( 1990). In'this procedure, chemcally inert nmetal particles,

such as i gfdnsdield U. S Patl NG 58028 agb e d 1 b ipbordotBrod|athettt wetidl id @apable dfémpardi@gt i on
and accélerated toward the tar get plant cells. The particles penetrate the

e or SrtSHPREt Labeb BRI oS 3R Rl KOS 1’?%?"2‘&%8%%?@?2%@@%“3@5 abl e

expreSS| on_in ceI | s _susp ended in cultures, oto | as tu

b yos TO8 WA 203,935 Eram g Gk Profeienedl (BBHRRRT oo AR SR o
al ., Bio/ Technol ogy. 6: 923 (1988). Additi onaII DNA vi ruses can be used
as jene iugdins, partreupdrhninsthe Foots e dimPlag Nog kﬁﬁQLQ%I -ofikassine spi RO1YSMAgEUTeBRsLy i ng
a nodified bacterial nethotrexate-resistance gene has been used to infect

45 WO A16m3Rt0U RCPAtIDI/SHIUEIA -asehd 8oHi-spddific E9pat grongraeregion] BtBatHacalid.y
spr eads throughout t he pl ant. Brisson et al., Nature 310:511 ( 1984). The

advant a e n thin
the pl ancosiad ThfpRi AEbE AR %%pf%g*eﬁéﬁﬁr‘c’%‘ﬁ*ml YEh SR SOAEPIR Y Ve
been transformed, there are a variety .hods for enerati Iants
The par t8e86ISPdyritla &Y 2pplicaligR Ak B@qzeﬂ %N’r rhla gn bse?m[cagmgtaﬁ?‘t' H@OBP@
tissue and the particular plant species to be regenerated. Many plants can
be regenesatwticfacaincompbuisd;tUsSs Pat.dee. §,684.#Fbmpsbmater dqgnent dsolated ifigam Ag,
but not limted to corn, rice, barley, wheat, rye, sunflower, soybean,

cofg on, J@%%&ea}mmg/ws@hﬁﬁ@@ena%ﬁ@eﬂ@himbpﬁ micamrmwammzssueamazole
transformed with A tunefaci ens has been dem)nst rated in plants including,

but not ﬂlgﬂ’%eﬁot 0954054 Ow@ﬂstlt&qrg%ﬁr&not%roer'tB@ac% g}’?ﬁlre&é‘Qﬁﬁ@ﬁ‘i% i Qt feast

t obacco, marze, ric nmerous vegetable cro
regeneration fromprotoplasts is apatlcul hni g
been den®aet flaWey immagig & W%Fﬂaﬂﬂ?ﬁ‘@ rygutee éfe\‘/‘TH?ﬁ rqogﬁfsb‘f)%g‘g%aﬂ]agﬁ%t 0,

popl ar, corn, and soybean. Evans et al., Handbook of Plant Cell ulture 1,
| 24 (1983223 FPtﬁel-laﬂtemaDy ftgede esprohsion anpfantsnﬁlSOPlatpN@t 5890924 arfgcerrinpRtie
can be explored through the use I 5 of a reporter gene to gauge the

ef ficiengp ﬁn&ﬁeﬁ%ﬁ?@@éx@%s@foh(iﬁ dasndustyie @@ planss Wio5/2 1 B mitasd farapipt er
genes encode (3-glucuronidase (GJS), chloranphenicol acetyl transferase, ~i

g?Ct OST LIRS ¢ ogérg%hucé k&?ét?@e%ea%h REREE! o 3RAHsh ¥ L i ﬁ?ceam&) B8R n&%hlsﬁoot

hsformed w th ene “or pal ynucleotide o he pres 'nvention

can be assayed for eveI s of expressjon in Far st ance,

st andar dMSHIEMEIPSCISC PRRPPIFE Pﬁ‘?fﬂpg&} raf‘idlrﬁq“‘fgé?% Q#WMLOV\gég?h%Bmtm& rnzlmqrzli ues
can be perfornmed on selected plant tissues. plants Expressin

| mruno~estiusti?el genep.SleRatolNot 189702 nplavhprometiers (bt dasrpin 9€ Q%Me\é 3ahl 1 WO

pl ants, plant cells, plant organs, plant tissues, plant seeds, protoplasts,

callus, gobhoguil tuseest tGstoapy- derieddp pRfim it nto é»qiréss lstgatigoasl gentso e.g. 5-
structural and/ or functional units capable of expressing at |east a

pol ynucl ot din@hiddifie h)HSMsk 3 ripehfbGhALY'S. Pat. No. 5,801,027 - method of using

20 transactivation proteins to control gene expression in transgenic plants; U.S. Pat. No. 5,821,398 -
DNA molecules encoding inducible plant promoters and tomato Adh2 enzyme; WO 97/47756 -
synthetic plant core promoter and upstream regulatory element; U.S. Pat. No. 5,684,239 -
monocot having dicot wound inducible promoter; U.S. Pat. No. 5,110,732 - selective gene

expression in plants; U.S. Pat. No. 5,106,739 - CaMV 35S enhanced mannopine synthase
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46 WQ 00/ 37610 PCT/ US99/ 31020 ' _ whole plants, plant cells, plant ,
organs, pvemvstdissues, plant seeds, protoplasts, callus, cettuseshhemoes, -and
any group of plant cells produce at |east 0.001, 0.01, 1, S, 10, 25, 50,
100, 500, or 1000 ~g of polypeptide of the invention per gramof taotal ~

sol ubl e ppiraoter angt methatl forusitatha bipe; &SpPatnNous.4280,03¢ asced sHemMEerMsCHPE:

i nvention should contain at |least 5 ~cg and preferably fromabout 7 ~g to 5
about 1pegulgticef; U-BsHg. Wers,62330670f sepd syviciflopgremiotdr régiorydJ.BnBatsNeds, 1 Ih@54 - ’
animal, e.g. a human, will usually ingest sufficient plant material to

provi de HNi RB:aR8k fhchRnANRIth wheSt: FB 987148080 ChikirR re@llatdey rdgidn? Gha Femd

body wei ght.” The 1nvention further conprises inmunogeni c pol ypeptides of

the invention,. such a E i at ed urified, o rtialdl «fhed
From t nésspamoRer gl B ao FRES RO e Eineg B e bt e Bl S b8
Extracts of plant tissue can be assayed for_ expression of inmunogenic

polSy peptNad 8670348+ FMG pEmetet grpression aystasaagd past harvest prodactianetigrpa Regusts ¢

pol ypepti de can be coated on, using various techniques, for exanple,

pol yst yhiepRnislan8Alalt 2tk sultvikd; €7.S aPat ANEr QXi 278E2e! gend chressiomsysteat camprating oom
tenperature the buffer is washed off wth for exanple, PBS and the wells

bl ocked B L i1 ] %0, I in PBS. Plant extract sanples
to be aé@%rgﬁ%&ré@%%h{oggq gééﬁgnat lét(gﬁggrvl\%ll?gdnkﬁd obtain a standard curve for
quantification_.of the i ogeni c_pol ypeptides differen ' Jd.0n

Bact er | al 1 BT PPHIGUGR SR b Raee Buhge Bl Vo AlSelisd
plate. The plates are washed with buffer after 1 hour incubation at room

t enper atgiransiged regsen (W Rs@areca)(Gedlie o i NedleimAsidsRas?i0s 46 a3 UA74d °f he

i rmunogeni ¢ pol ypeptide, are diluted in buffer and BSA and i ncubated in the

vejd for l,hRes ofth ﬁ%_"Q[T%i/)tﬁﬁﬁﬁ&&iﬂéﬂ,euntﬁfn%lﬁfed% 3hQattirdetdS: Wi.1 h Wigdlf er ,
the wells are probed with, for exanple rabbit antiserum agai nst goat |gG

conjugated with al kaline phosphatase diluted in buffer and BSA., After
washi ng & OHOJaPT ePP0Diee figgperds thpieof hetiissh B PrTEie @d’ﬁ?}gwgﬁo CEPHALS
substrate in 47 W 00/ 37610 PCT/ US99/31020 - _ diethanol am ne buffer.

After i fa:ﬁbﬂitﬂh%@ﬂ ifeundRem® polypefitiis. tAEMESC UTR facHitstoppesthtion cidok oglitig OH
and the absorbance read at 410 nm The toxic effect of the pol ypeptides of

the inv ' o] 4 ' i 0l BaRVvKIEn
tested %gé%g@rre}ja'?ipglgﬁ%l ﬁg&bdregﬁwwﬁf“g‘? elt)élbgn t %E%mgcfﬁgrl?ﬁiﬁg%@%igﬁ des of the

5 inventio 0 _plants. that. do,not. produ e pol ypept P ,
o1 ant o 5Po Ao el perieh: FatrBr SRR IE P AR ot LE LR
rate of ﬁr ow h as plants that do not produce the pol ype8t i des. 181
Cohposi tMehEeloRinti 353 IrRAIn b Galbe leyals fruchercids Res VAR ErOI B A PR
i nvention provides i mmunogeni ¢ pol ypepti de conpositions, such as HBsSAg in
whol e Preferably, an expression vector comprises one or more enhancers. Some enhancers that can
be used with the present invention are among the following: U.S. Pat. No. 5,424,200 and U.S.
Pat. No. 5,196,525 - CaMV 35S enhancer sequences; U.S. Pat. No. 5,359,142, U.S. Pat. No.
5,322,938, U.S. Pat. No. 5,164,316, and U.S. Pat. No. 5,424,200 - tandemly duplicated CaMV
20 35S enhancers; WO 87/07664 - Q' region of TMV; WO 98/14604 - intron 1 and/or intron 2 of
the PATI gene.; U.S. 5,593,874 -HSP70 introns that when present in a non-translated leader of
a chimeric gene enhance expression in plants; U.S. Pat. No. 5,710,267, U.S. Pat. No. 5,573,932,

and U.S. Pat. No. 5,837,849 - plant enhancer element capable of being bound by an OCS
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pl ants, plant cells, plant organs, plant seeds, protoplasts, callus, cell
cul tures,wand3zmy group of plant. cells organized into strpetussziand/ or-
functional units capable of expressing at |east a pol ynucl eotide of the
invention. The plant matter, such as leaves, fruit, and tubers, is o

pr ef er abransatptiamnfanios; ErSe dat Noa SRS 40ra maizaeddhdrntrany JP BRE6T H etitnsdation
further conprises i munogeni c pol ypeptides of the invention that have been
i sol at ecknhpricee esfretice. purified, or partially purified fromthe plant cells,’
or plant tissue in which they were produced. For exanple, The plant

mat eri al C%npeg,gg&tem&é g th&ﬁﬁm:inwﬁkisﬁrdﬁﬁeagso fRRide CalBtheriPROP 48 RIiZAdn and

the like, to' p uce a final product 1n the formof, for exanple, an

extract, juice, li.quid er ablet. 1t.is 20 particularl dvant ageous
T Gor t sehiorce BuckiSt Bt RBRER, chRBlie rbinfigt bR LR ptp R ATaRgE
vaccine in a juice for ease of adm nistration such as juice of tomato,
soybean, (randBewars DucleigrAaidy Res., TRS731 82 L (B8O ivagetatiys storagspreieingepy (ason
processed in a way that renders it nore pal atabl e through the addition of
flavor coapdremiCell b4yl ¢1990))had protsiess titinrae (pa2tandeationatquentes4Bdn WO
00/ 3761 0 PCT/1JS99/31020 * _ purify the antigenic conponents of the plant
in orderg,tg ﬁ%%ﬁ:?hﬁlﬂmgg?ﬁ'hﬁs@ge B&lceLhre 1B GHTB DU Lh@hsiAbd hough 1 t
is generally not preferred to do so, extracts of the plant material can be
obt ai ned, sterilized, and reconstituted as an injectable |iquid, which can
be adni ni step@unysigodide ef tieliyventiogean alagenoydpp apigiosemyl reteplom FIgBYSEANECSt eps
used to concentrate or condition the plant nmaterial avoids significant
denat ur i sugh af SEEKOEISerdgladi - pg-Gheptu)dSEQ B YO 4B ADPRI(SEQIIBsNOs22)1 inat
antigenic properties are not lost. The |ikely inmuno.genic properties of

t hgy CONMPAYLA th HbrERB rdiéntioR D B Pre¥dedPolpephd SRMNOEIM Hd? efithblel Esift8ntration
anti bodi es. The invention also provides conpositions conprising

pol ynucl eoj i des of. the inyention. 10, ositigns of the invention can
oot SeolarBRARAISEEY COmPIGH St b AR oy praiing B pastfricPoiSReus WaF »
itself induce the production of antibodies harnful to the host. .
Phar mac emicresalia) redentiop signhle whishrsigaals thatghayerioleik isgabe resycled e therendpplagimic,
Such carriers include, but are not limted to, large, slowy netabolized,

macr ool REL B (FRYR oftier BFhEI SThP Rl Y SRERN RS sﬁﬁ‘iﬁhseﬁﬁeﬂc%tc@ﬁ be oRerably
functionalized sepharose, agarose, cellulose, cellul ose beads and 15 the

| i ke, polylactic acids, polyglycolic acids, pol ri c.amno acids such as
pol ygl utl&ked tgéhey3 ees|0§|t%ﬁmfé9n°&%awtm§vnepwé% %rﬁf\:egﬁ%h‘zi the E%WBP‘;F@F%, facks an
peptoids, lipitoids, and inactive virus particles. Pharmaceutically
act®pt ablrgragpsdribed ceprorshetwedngheimamtosomat tatgntisn sigoalsind thettéraninatioarsequsnce. f e
exanpl e, mneral salts such as hydrochl ori des, hydrobrom des, phosphates,

or sulfag t [ ' c t i

or opr i onaf oAb Eirar@% Rl e Rhh AR oA BRAT UF T OB A e rogion
substrates are serum al bum ns, keyhol e |inpet henpcyanin, inmmunoglobulin
nol ecul es, Furheipgpelynh¢lpotids\dthsinyantion eemmenmprise R 5izaal Rodpentidreopepraly nked
wel | known to those of skill in the art. Conpositions of the invention can
al so congoathe 3 ieqdiofshoim@xtdgEnpcypeptidb. &sgnabpelypestales mecludy, Yareexaimple, a
dextrose, nmal odextrin, ethanol, or the like, singly or in conbination, as

49 vegetative storage protein (VSP) aS signal peptide or a VSP oL signal peptide. Mason et al.,

20 Plant Mol. Biol. 11:845-856 (1988). A signal peptide serves to sort a protein along a predefined
pathway, such as to the ER or putative storage vesicles in the cell. A signal peptide thereby

permits accumulation and/or further processing of a polypeptide at a targeted site. A signal
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WO 00/ 37610 PCT1US99/31020 wel | as substances such as wetting agents, -
enul si fyi wp @gesibs, or pH buffering agents. Liposomes can pts@s@gsipmed as a
carrier for a conposition of the invention. If desired, co-stinulatory

nol ecul es, which inprove immnogen presentation to Iyrrpho 'tes, such as
B7-1 or peptide car be physidaliy separatad fron en Inmunegenic-podypeptifie peding s¢qyeree h2a S
conposition of the invention. Optionally, adjuvants can also be included in
a corrposﬁlﬁgcqagloﬁdj uvants which can be used include, but are not limted to
MF59- 0, aI um num hydr oxXi de N—acetyl mur arryl -L-threonyl - D-i sogl ut am ne

ﬁgp (rar fe d t aC eft i(reﬂﬁnogjrb a pIGIy%luglngtld tl t?xoqn\lflen%% %%n(p%@gs }%ga%}c acid

N acet yl rrurarryl -L-al anyl -D-i sogl ut am nyl - L- al ani ne- 2- ( r& al m | -sn
10 - gl ySeAernse (shending ph upNBPgAnix9ly Ratiflr.atteh és H@@lﬂgi%qshbly I P‘EF‘? ad

MIP- PE) bacterial plasm d DNA, anti-HB anti body, oligodeoxynucl eoti des

cort ai nifogctionalipesidten) batanslyti@péhhahqu@hismuendﬁrahd'atti:ména:tfcmmqngncediEpelpt i de
(MDP-Lys (L18)), alum num phosphate or aluminumsulfate, core protein of

hepat i tigode.préfethbi, Bl pol cﬁe%ﬁ&@ﬂf HeNfRvdnfbs Sacks AR ANEMsSriBed fe@fonetthécthe
bacteri a, rmnophosphory lipid a, trehal ose dinycolate and cell wall

skeleton 1 ual ene/ Twee r

2 v anCEPRRANL BTy seopByt R e R B PR Do e BB s IeREET TS )

anti idiotypic antibody 2F10, colonization factor, shiga-like toxin

i ntinin,is r?d%ﬂ Arobpnesase thatitigngeriges @pmaw\g@o(nlgnganop@pgt,ﬁeqmcesiogyzotéqu)matgut er
surface protein a (GspA), sodiumfluoride, chitosan, subunits thereof, and
mut ant s ttame¢rgmfon, H 1@l conemics oatto alanscrivatiod in&nurﬁgﬁrﬁ@pﬁl}rpepti@%l)ts)didg s@Mepian et
al ., Vaccine. 14: 260-266 (1996); De Magi stri s, "Non-toxic derivatives of

heg - | abiJe hR¥ Q%epe@&blﬁstﬂéuge%hc@gd@evmw an Mﬂﬁ@ﬁs@hbémgioadbemen Gaeetic
Approaches & Adj uvants.” | BC Bi onedi cal Library, Southboxough, M\, pp.

1.8.1-1..8.12 (Based, on _a. presentat at .t nference, Cctober

16 18, lg’é%uno&Sl }ypgpu%%eq‘ied’ﬁg amﬁ]&gktl gtﬁ%se&& §8| nfect. |mmun. SO V\C
ool 37610 P /U899/31020 6l. 7- 1623 199 t al. lnf

| mun, tforably g M@%}wﬂé&ﬁf R i comprspbpeve i o (oD ey
(1995); HoI ngren et al. Vaccine, | 1: 1179- 1184 (1993); Nedrud et al. Reg.

| munol ,HBsA&g-en@Riing nededtidemeqemceshawn in SEQERINOMEJ. Thewpresmondag (BsAg) :
and U.S. patents to Thanavala et al.) 5 The adjuvant can be provided

concur r efbing afid Bequehces RodHoly RESBQEIPNGL elAn HBeXpSinosdiag stqeentcenoambgeni ¢
corrp05| tion. Al'so; the adjuvant can be provided integrally with the

Wg}' nog esrl)]l'nﬁ}eg%g)& €C lg Bg assgmgly of%grrx O&@h%?ss gldcaB b8 %98% d?[fror{n Q%DN@H&Q?} iac

can sep conveni en
|IC|UId to be taken with the product Preferably the adjuvant is an
i munol oypeRidisgraingdpe %P&Iu@*%dPWB?ﬁVCCIOféUCh Bhibopediscuyss QEOEAWi rmrune
response 10 without serious deleterious effect.
Alternatively, a polynucleotide of the invention can comprise a synthetic version of the

HBsAg encoding sequence, which incorporates one or more insertions, deletions, or mutations
designed to improve the efficiency of transformation, transcription, or translation in an
20 eukaryotic expression system, €.g., a plant cell. One such synthetic sequence encoding the
HBsAg S protein is shown in SEQ ID NO: 3 (Fig. 22); the corresponding amino acid sequence
is shown in SEQ ID NO:40 (Fig. 23). Another such sequence adapted for expression in plants,

which encodes the preS peptide, is shown in Fig. 5 (SEQ ID NO:5).
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The conpositions of the invention can conprise a sustained rel ease
fornul ati wmoeememri c fornul ations, tablets, chewabl e tabl etpggT/0PpP51LRES,
sol utions, parenteral solutions, intranasal sprays or powders, troches, _
supp05|tor|es t ransder nal patches and suspensions. In _general,

conposi t i ohecisotideseruences kaying ohigh degyeq of homalogysto theye HEFA gwquenges &9 alsgQ,
70, or 80% of the 15 polypeptides or polynucl eotides of the invention in
total, depemthlgdoPréifbrablicshe atodabaainandid stquénceaemhing auipaitiallp or twkhollg
used. Method of Eliciting an |mune Response | nmunogeni ¢ pol ypeptides of

the | v aph i A% BEiSRH JQuLekieRNsATHBR Vér%?e?ﬁﬂ 90} nBib[TRbss Sifpas

cattl e, gui nea 'pi gs, such as'c ucks

and 20 eese I npanz baboon macaques in hu

Pr ef er abiys gﬂ’é?l)f“r\‘fﬂa’fﬁﬁg%ﬁf"c C%FVBg"ﬁq thg ¢ ﬁ‘élafl?ﬂl t4 BWCEWNBﬂql?OlPéYE Wa/ or
| gA antlbodles (see exanples 21 and 23) and/or a cell-nediated inmune

r espons epefceatmgevfifehtcdl dpse firs wittOre@e8'e6d @ pPIyIN LISt 2Grhined, tokipg éntoed
aspect; an inmunogeni c pol ypeptide of the invention is a nucosal inmunogen,
such as JfdBsda anlf%cax#@lcewmaﬁﬁm@fdeqéaﬁng Qb tRtiorR iNWEORR)cié BHREGRACE.S
one t hat has the ability to speC|f|caI y prime the rnucosal immne system
In an ey nDre referre i N nung t he ention
5 one MR BLHRR <ileBR AR PRy SRS Hng S PR e SR B
hunoral i mmune response in a dose-dependent nmanner, w thout inducing

syst eni cessapitiakfangenemitg animewne resaonse e dce@ainglys Estemiaaly Hsisgmpel @rrﬁniyg\éhﬁr
System c tolerance is defined herein as a phenonenon occurring with certain

anti genSfrac/ngdhlfs éfitee HE3ARt @ oicih fodgbrishgpanepitope areedutchiplged withirsthe tivientiad.| y
di m ni shed subsequent anti-antigen response. A nucosal response to an

! minog c%f frl}é}ﬁ ﬂtg\é%{fmo' U chFed A0S @8@888&@9@' et hléq v&iton" &SP O ?l% c]'rorepeat

generat e i mmunogen sti nu e nucosa I nmune sys

Typi cal ly, the gut aSSOCIated | ynphoi d_ti T 4ﬁ§) i.vat

f eedi ng GAUENFE: FREMDBIR AR I5AS ,é55%15§c?'5e,r4§2§ﬁ€93’ 3&4 ’Sﬂ@#’o‘eﬁ@%&
i ntroduction of the immunogen to the nmucosal nenbranes provi des access to
t he smalduciait esds mdeddthel | s which overlie the Peyer's Patches and ot her

| ynphoid clusters of the GALT. However, any nucosal nenbrane accessible for

contact W tphrtlall, ﬁrme%wélebmsldif\ﬂ@éﬁﬁalv@ﬁndnsm@ms kHdse Aei¥ndt@Chardigths
within the definition of such nmenbranes (e.g., nucosal nenbranes of the air

0 the TAPOES HH BuTHRLo; @E@tdé?%%ﬂ‘éﬁﬂgpﬁ@%%?ﬁgﬁgs;@@ﬁgI 1 18%R1 0N

ant i bodi es by the i mmunogenic eptides of the invention can be used, -
ThiBr i IGO0 GBS b e e BEg LT B e1dHR1 65 KB 131 ond BRIABO oI FORBDAG
anti body responses to HBV 20 and to provi de prophylactic or therapeutic

t r eat menfaragdicogibitdBivns of thd btctiral feanires mentiotsdsabove priteomievast expoession
exanpl e, detection and/or quantification of anti-HBsSAg anti body titers

after de éat %/]e%tteyoﬂilesae}rl“ Cé?aﬁ%)f@ﬁ?% &S, P@Qn@‘??uwgst bk chsiiBeAS 114,

epi t opes at are arly e ctlve at icitihg anti-HBsAg anti body
titers. es res Si for stron
ﬁ a E? Sppromotelp and 2 ”Plli\g translation enhancger as well as a proteinase inhibitor 2

(pin2) termination sequence. The kanamycin resistance gene is used as a selectable marker in this
20 plasmid. The vector is derived from a binary vector in 4. tumefaciens, such as pBIN19 (Bevan

1984) or (pGPTV-KAN) (Becker et al. Plant Mol. Biol. 20:1195-1197(1992)). The 35S

promoter is "constitutive" and has a dual enhancer (Mason et al. 1992).
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WO 00/ 37610 PCT/ US99/ 31020 HBsAg anti body response agai nst HBV canbe
identifi edobysmld citing HBsAg antibodi es directed agai nst pdBSé®o/31020
pol ypeptides of different |engths. Anti-HBsAg antibodies elicited by a
particul ar HBsAg pol ypeptide epitope can then be tested using an anti-HBV
ELI SA assaRrefemabdisities polymucidetidhoftbe yyeiondemprissstaai enprepiierogrssette hhatas, dhapst
effective at generating a strong response. S HBsAg pol ypepti des or fusion
pr ot ei npomMhiclBotideis icfablEEedePh hrofRter C0phciYIpLCtratlatide entancamttinngqufiece,

epi topes can then be constructed and used to elicit a strong HBsAg anti body
respons i I I : hO§ ster i

naman Ut (EPHERAGHRGBRVARR sboEnCo i AUTIH B RpresRof BTN i o
pol ypeptide is preferred, Adm ni.stration. of a pol ptide can be by any
moans. kRBUAUFIROEIFS oaR AISObREERTIE B PRIESHR SAFAISCIIFARS 2 FRPFLAGYErS 10
intraperitoneal, or subcutaneous injection; including injection usinP a

bi 8l ogi cal Inbalpréferred eypressigre wassgiin'of .the\dnwention papelpricienyidg| engodiag a plant
intranasal. Preferably, an i munogenic pol ypeptide is acconpanied by a

pr ot ei nopafizedrorvoild-Gfprl imsliHoBerit halynadleothier Quthi ad HBAE, if opedabilniiakedtoi 0n

met hods nmay al so be used to elicit an anti-HBsAg i nmune response. For

exanp egbaglﬂﬁlrﬁﬂaﬁalq;ror&l\ﬂfef,g%g{’ﬁ%ﬂ'\ﬁﬁmgﬁfa{d %%Omi'hel?,ﬁahia@ é{él hebedrily one

rout e, as oral, ose or ster adm ni st er ed

by transdernmal, subcu ous,, i ntravenous, i anuscul ar,. i ntyanasal., ,or
Ut 1 o oRURNACRRAIEB IS NG 245D BOSEREIiS Y] BRCES Fp iR RS heni o
pol ypeptide, or a conbination thereof is adm nistered in a manner )
conpat i i teanggritredt b uptransiated. g casentiocsi alsoeomprisd adhdariseribed, witsaslatedmigion i s
effective to elicit an i mune response to the inmunogeni ¢ pol ypeptide, for
201 ;exanmghdh @mopilline SyBGHASE @D Hoshétative Storags pbedie Oisp)] oby prviteifelst Bhibildrauch
particul ar dosages of an antigenic conposition of the invention wll depend

on many ,f 2T Al BEbHE NP caddbtte ?ﬁt Jabk Hht tah&ritbg@ rSREE IbefvecAYBe t@Rdag@ner al

an i
condi tion o’% t he hﬁé’rran or animal to whic e conposition is adm ni stered,

and the de of admnistration of the 5 00/ 37610 PCT/ US99/ 3102
Composi ENGHCeREGruses gl it Gniose e REDERISEST I SRTKE TRV S0 Man be
readi |y determ ned using only routine experinmentation. In vitro and in vivo
nmodel s desansctibetl, hatransatediregivn. dMssoyd@92) i dentify appropriate doses.
CGenerally, at least 0.001 , 0.001, 0.1, 1.0, 1.5, 2.0, 5, or 10 ng/kg of an
anti gen wi Expessiadoasséisdsarfate iveatidracgebdrdesiged ts wompaise prdmadiasrihat direct

chi npanzee, S or human. Preferably, 10-100 pg/kg is adm nistered. I|f

degsi red gﬁﬁ?ggﬁaénékﬁje%% ﬁpg%%lﬁls g%s BEHAVARES FaNeRInffe, Do pPsevh dRssass or e, -

after, ether" wth the antigenic conpositions. |nmunogenic

o ophy! Sisiag e Y EN pRHGE s TR FRE PratShBRRE R b o

portion thereof to be consuned be suffjcient to provide an anpunt of
i MunogEANELRGYSI drnpfgen rigth sa$hatss pglypeptide expressed by a polynucleotide of the

invention is produced in the leaves of the plant. This allows for rapid analysis of polynucleotide
expression and biochemical characterization of polynucleotide products.

20 - Expression cassettes comprising a 28 albumin promoter and a polynucleotide of the invention
can be used to cause seed-specific polynucleotide expression to create the production of a

polypeptide of the invention in seed tissues, for example canola (Brassica napus) seeds.
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10 conprises at least 0.1, 1, 2, 5, 10, 50, 100, 500 ug/g of food consuned
by the ary@gd37@io human. Further, extracts of the plant natmsri/esoozasobe }
prepared and/ or concentrated to increase the amount of pol ypeptide per gram
of “prepared or concentrated food material, which can then be consuned, ~

| Mrune r esPrpression icasktich crgnpising & patatin prHmMoteG carrdsaybeary pspkh PraseRiFeandiAd/ or
a cell nmediated i mune response, in an aninmal or human generated by the

del i ver o RfudleSHIBuTThd in0htich chie dsad idvaass tubdt-spacifibpolgmivtentidd expressimyandg
t he dosage, route of adm nistration, or boosting reginens. Conpositions of

the invention r ' [ | | She! ABLMsim.a
mut 1 pl dntroSeeeun i Elof? amBlyRedidth B BEwEs ARMA ot (RIFLAL APl
1-10 separate doses, followed by other doses, given at subsequent.ii

i nterval s Eepfgpsitcasstisn Fompmsinhiig! Bpe%é’ewslﬁgé’r%otﬁmﬁ80332‘38%&8? gfgﬁg
exanple, at 1-4 nonths for a second dose, and if needed, a subsequent 20
dos® or ifesesn ait be usdve trahsforonplists that prodneed yolypeptide afthe dmeentipn imapened
adm nistrations is perforned orally to elicit a nucosal imune response as

wel | as #Qt akeasant eaesicus@diaand conveni ence. Oral administration
conprises consumng a transgenic plant or plant part of the invention.

Preferaié a ser:’ festo% i ngestions of the plant material is undertaken, e.g.
a serie L , 54 WD 00/ 37610 PCT/~JS99/31020 five, ten, or
nore, each_jngestion bei separated by.at |east three, and ar by
at |east a%@ﬁm@évérPOFY(S‘“&gB?&g‘érnarb@W?% ol ercé)lmp&rsf“gfpoﬁ%‘%&\%&@ﬁ?g{r the
pol ypeptides can elicit an antibody titer and/or cellular inmune response
in the aniemionean henianed i an expressfonrveator hditransformediintopfagsspaples bagkifiah, 2
5 nmonths, 3 nonths, 4 nonths, 6 nonths, 1 year, or longer. Optionally, an

| Mpyine 1 @S0OMSE Gt RE ridhRAIBNREHs d0th@ThEuIPFptiads Tt Avdyiop cavbakixpgesamie o
nore booster 1 njections of the i munogenic polypeptide at 1 nonth, 2

rr~onths, 3,nonth 4 nt s n . . : i t he
br i mar y R PR PLEP B oAbl s dr e bR SR 8hl B e Ryl MR, bikh
of the invention as plant matter or foodstuff is used,as a b;I')ost r Cgfter a
primary sPpRR32%»UE. ot CGUELATReAIEROHIUs /5eton sHEh £ ath lenAKiS: Y%es%éfﬁ &r Ot
desired i muni zation regi men can include adm nistering one or nore booster
anount s Dfipd reecpire Santionaliyt, othenivetaroog teused, ineluding but niohiméted éo Sindbisrivivse
response of the subject. Accordingly, adm nistration of an instant
transgeni.c. i | lbg,%;b i rdR@0FA18/ectols) shidteasTATENOr
ot her in%&ﬁ%lg‘gﬂ%@za@gﬁ{@%ﬁﬁ?%g@% r ir%?jgﬁgi?@rheg@r esul ts of

adm ni stering transgeni c potato sli.ces with CT .adjuvant, .fol 6
wedRs | atasponyg YIRSy @Ruey BmepRaRg: Mo FE‘PBFieu HRAE ’3%1 gg%lqﬁ %‘.réog?al
s.c. are shown in Figs. 4A-E. Simlarly, transgenic potato and CT can be
adni ni st eired Bestariaboasdrsy such anSalmeneiladspi, Heovitiz gnicoecolitice, Shglagppw ityio
antibody titers being increased. Initially, an oral booster vaccine for use
wi th indiyi I i ; I W } &, @4n be
current MRy MRGURKR RERIBEE LR e B bt Bl o
can be used alone in a 20 vaccination re%iéng for,qu{af ective Erol ecti onl.kThe
f r equencysesind Minishramesomes ffleRs M AT n BRALEFGRIREHe VHHS JRRISISSn ¥R IKC
provoke toleration of the antigen, and this condition can be determ ned
through patitiesosmftiplasnidaintewhich phage lambda cos sites have been inserted) and replicons

20 (genetic elements that are capable of replication under their own control in a cell) can also be

used.
Preferably, an expression vector comprises a selectable marker in additionto a polynucleotide

of the invention. Examples of selectable markers include a kanamycin gene, a B-glucuronidase

35



55 WD 00/37610 PCT/US99/ 31020 To determ ne the imunogenicity of L
pl ant - derwoed3sienrunogeni ¢ pol ypepti des of the invention whesn{gsd 968 | Y-
extracts or plant tissues from plants expressing the inmunogenic- -
polypeptides of the invention can be fed to animals, such as mce or
humans. e, ereompycan transéerape @ane, aftfddi gere, edtut gencf e dyagerex & muthotigkata-redistant or
a plant tissue where the plant expresses a 5 pol ypeptide of the invention. .

Anot her DHERpeedt, Dddtaloganash ek, Wad a oL 8l NaNéxppRkReREIE 85 A8 Edrhithefanom”
E. coli expressing the sanme antigen froma reconbinant plasm d. Serum and
mucosal i7 1 [(ed N Lo LS BsAg
ant i bodyE'?clto!ther Y%?%gﬁ%flﬁ’/%&g?’ Iﬁgt@ 8@i ‘53"%@22 ?ﬁﬁﬁls&r%@lﬁléggﬂ%gmﬁéged
t hat curre{i)t .vacg' nes gene ate anti body. titers%é)% at | east 1q0 mU oL to
al | ow f of*PHERURD QEHIC WRELCT 1! 4+ 908 HORCSEIORY SCtpF @k 1P Yhieytion, ey 4l3peqMmAThiRe
resgonse elicited by an HBsAg immunogenic pol ypeEti de of the invention

ach? evesAdumglacienPagg o eaplipativnt folpsuyit replishtiayr efithe veatorathe®t, sudly astwhen 4. our
or | ess feedings. Wiere the conpositions of the invention serve as a
boost er humefigns ¢f readed fatpldh eranstbim4tBaAg serum anti body | evel increases
at least four fold or greater than 500 MU nL in four or |less feedings. 15

In oral HB I i i i i c : T
has been use egggﬂgg{ a j{l&\gg%t% ltl g@%&@?ﬁ%%sgo,ﬁ%é ?’?@“‘6@%&? O%Cgég%@g%b%%ljger
slices expressi t he .HBs and .consunmed by aninals in canj ion with the
anti gen. & hté’oc‘i*??eéer%f %‘gtf’ 869%Slgﬁﬁ‘ﬁ‘é‘ﬁbi‘rﬁﬁscf1ﬁ8°’?33:ﬁfﬁé Sﬂé%%%i@%é@&éip&?%d
wth HBsAg. Prelimnary data indicate that CT is a nore effective oral

adj uvant trfnssriReAgank alenciiee EPGEO| |Vaneleretieapl Plant bxlito I TR~ORCPeoAAGS is
devel oped by John 20 C enents of Tulane University. Significantly,

seto et or yisdightiaatidrbiadikish e DN Adodsties i ethefhgldicid M@t the HNW cofindcdasiy. nant
tubers; which are not elicited wth parenteral adm nistration of HBsAg. 56

VO 00/ 3715‘1&%,Pﬁ%ﬁﬁ%%rﬁIik%ggstp'réa'duﬁaﬁaa&gg%gfd)Eﬁl{%ﬁcéfB'i‘ém?d“ 'a{t? eh& LOP chRedidg of

mce with Sg of reco potato c ee tinmes at” weekly
interval s. This_progr Y Kk j titers of 70-110 M Ui, which
can’ be bosetBy PRI ey BRabb 2ol s B Al o hited et niinaeni
i.p. dose of HBsAg purijfied fromreconbi nant yeast (Merck). The actual
titers risducRderpmales of sies eraloatites upen MBishaneskylpéers¢asrodeay shesefore, ghis &tps.of The

| evel of dose response is dose-related with potatoes delivering 1.1 pg/g
HBsAg gi genagilencingweay Endinireizsd py odearfg@ihnt estiminaksetjbarne futtd wasgaid proein.ng
8.3 ~g/g. The sane feeding reginme is found to boost a single s.c. dose of

HB$Ag PUAhbthedtybE QMcIsAEATRAAGNbciBeRith hIGINY Gofeaks MRhRe M cikbi® £q8nci000 -
m U nL. Boiled tubers (S
integrated at one locus. Again, the mechanism of silencing seems to involve methylation (Ye
and Signer, PNAS USA 93:10881-6 (1996). A plant optimized sequence without potential
methylation sites may avoid this type of silencing.
- Post-transcriptional gene silencing can occur when transgene RNA is produced at high levels.
20 If more than one copy of a transgene is producing RNA, then RNA may accumulate to a
threshold level that will stimulate post-transcriptional gene silencing (Vaucheret et al. Plant J.
16:651-9 (1998). Some studies suggest that as little as 60 bp of sequence identity within the

transcribed region can mediate this process. Depicker & Van Mantagu, Curr. Opin. Cell. Biol.

9:373-82 (1997). Combining non-identical copies of a coding sequence in a transgenic plant can
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m n, 100C) gave no detectable imune response but a significant boost was
obser ved wo 0d/876s01bsequent admini stration of a single i.p. pepesHiz1BSAT - _
purified fxom reconbinant yeast. The follow ng are provided for :
exenplification purposes only and are not intended to linmt the scope of

t he | nvetius increhes Evels efmRN A thmaehcbde the sabopalypaitide mithentestivudation vétheiRNA| s
di scl osure are incorporated herein by reference. 57 WO 00/ 37610 .

~XAl Vf PLES iBXadRiefcihe prodesd.r uction of HB101 and HB102 vectors
PCT/ US99/ 31020 pHB%(S’l: The HBsAg coding region on the Pst Il H ndlll

fragment from -SA (kindly provi Iz : ' - AC o
Sci ences) v&gsa @’%’% egﬁgﬁ)opﬁp%m’p@le Ege%%f’giéeﬁ@ g"q?‘gﬁ%%‘%gﬂ%@%@ %gé:e%%K@h?—BS
The HBsAg gene in pKS-HBS was opened 116 base pairs (bp) 3' to the i
t er ni nat fios expressiongassetBsrBIcomatise yipolypunieatids gneafing HeiampPQgenicPAbyPeplife | ng
wi th Kl enow enzynme and dCTP/ dGTP. The entire coding regi on was then excised

16 By upgsr Bapeaf. tihe f6énd esrbwiont ¢desdBanddn. copiPrisela f&i-akhtied) dolmckbdde es;
Palo Alto, CA) was digested with Sac | and the ends were blunted with nung

bean nucl ease. [The ' I eqi S r '

tho vect Srogate SRR diAlSrEETLRRIR Hifarlc BegsPlpi s capEte R
@QUS-less pBl 121 to yield pHB 101, where its expression,is drhi v&gfby 1tILle
caul i f| oWeMPHER i polynvqleotideasnopdineHBsae Wasrsipether POWRYstolids has RsepPlan o
| A): The Caw 35S pronoter with duplicated enhancer |inked to the tobacco
et ch vi r optifa¥AeY) S&, el tSEMED A3 (Figa22dr Thespeembexpraeshion hasseitescanghen comprise
transl ati onal enhancer 15 (Carrington, et al. J. Virol., 64:1590-|597

(1990) , ' f ~ .S ' - a kdssidh Yo 62
(1001 §) Yl b AmiAT L o 3 g b e A i, Gt et et

bl unted wi th .mung bean nucl ease. The pronoter-:|eader fra nt S. I .

el R BPHIGBLYS Smard FRoRERR oo spe eroine s ARG bup bESUER R palfifalifit Wan
Sma | to release the 35S pronoter fragnent, and the vector was purified.
The pr omit@easeethd gwoductigneeft thaammunegenic gwingpde bhtiacrepang-ithed Fony Bigeber.

| -digested pHB 1 Ol to yield pHB 102. The HBsAg coding region |lies upstream

of the nopaldveg fYiédtasdpliestiBnaber muRipkotbpieo b6 bn Udérsicall kegupha@serandisad to
contain the left and right border regions, which denote the Iimts of the

DNA that Is intedrated ik Ak e BN ML QOB ORI Biol
t unef aci &l §95ﬁ@§1§§f) %ﬁ%’?gﬁgﬁgyr%??%ﬁemlggw S t he ngo cin o
phosphot ransf erase gene, which allows sel ecti ity kanamycin. 58
00/ 3761 0 W—%QW%%DY@U%@%{ élné’lwﬂeé6165119r(3§?3vx81ﬂ’2f%?m%t1§ 2 Og‘e"%‘ﬁ%}%
untransl at ed regi ons of HBsAg cDNA _

15 invention to reduce or eliminate transcriptional gene silencing, such as RNA-mediated post-

transcriptional gene silencing, by providing two or more expression cassettes in an expression

vector that each comprise non-identical polynucleotides encoding the same immunogenic

polypeptide. Preferably, the cassettes comprise further minimal sequence identity by the use of

different or non-identical promoters, and 5' and 3' transcribed, untranslated regions, such as

20 translation enhancement sequences and termination sequences. The expression cassettes can
further comprise different polynucleotides encoding, for example, signal peptides.

Preferably, each expression cassette combined into one plant expression vector shares no

length of sequence identity with another expression cassette that is greater than 90 base pairs, and
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5 10 15 20 pHB103 (Fig. 1 A): Construction of plasmd HB 102 is described
above andvomodesaon, H., et al. ( 1992). Deletion of sel ectg@r¥kdoRiozo

untransl ated sequences was observed to inprove accunul ation of the :
reconbi nant protein in plants. Thus, construct HB 103 is identical to HB
102 exceperepefegaile np dengds of ssauensa ddaiingwith andthercaxprassien casspiite thatis gneater
decrease transcription rate or translation efficiency. The HBsAg codi ng .
regi on fihafe@bastPatts HeG-nilRSptiErasl) notleddth of Q@Qﬁce\/}@éilti@ﬁlithfah%elb& ow th
the oligos HBNco ( 5 CATGCCATGGAGAACACAACATCA GG 3') (SEQ ID No:7) and

HBSac (5. NP : ' - ' e

i nt roduccé‘a%%t% gqg% rgﬁ%fql%ggé%gﬁﬁ% 8%@?}%@%’%4 @E?P lélga@p? ﬁéasse ﬁ%&
codon of trbl codi.ng regi on. The PCR fragnent was, cloned using the Ncol and
Sacl si t ¥V hREoPIse ateddfind Ay ithinanydengsh ofbs pepratsion catsette Fien caqhcompongnt
Sci ence 268:714-716 (199S)), which resulted in the plasmd

pl BY210. dfBeCihfEssidheaskbttd (i£0 neeic abidagnending 1 pronpit@Tduddgaaichitlypeptde,
subcl oned into pBluescript SK+ to create the internedi ate pBSSKHBsC#6. The
unmodi fi 8dndholyrdnQeritRal uht AYHRIA repfohs SHRCAH G er! wnﬂ)o%EﬁIﬁﬂslc&nﬁa?cd & &chhe

i nternediate pl BT211. 1 HBsC#9. Vector plBT211.1 was nmade by ligation of the
Nos term nat or tfrfa mentd obt ai ned bé di gestion of pBI 101 (d ontech;

Jef f er sorPHONE © %WJ?XPF?S@QG%S-S 487 ( 1987)) with Sacl and EcoRl into
the sane sites of plBT210.1, with elimnation of the VSP term nator. The

Hi ndl | | / EcdRiliffarenpedn tirapscoiptiph@ ER2N4 silendBgChe beaseasutsd |byrmoastruntiontofie pamnt
transformati on vector pBl 101 to create pHB 103. This plasm d contains the
35S pr onadpedssiohivecidu pbipidigg faAARABRY twd fd¥nfi@deiressidBsAkeaoddeatd copptiding and
Nos term nator between the Hindlll and EcoRl sites. The expression cassette

angnrestriGtl : i ol d ki ' -
b0 et SRTARIESRE ofloghliif infh Rt BolyBenof taBR gtmgetyafgrpression
PCT/ US99/ 31020 The foll qvvl ng . constructs are all nodifications_of HB 103 in
whi ch a % BISENBROAGTHES P9 gpe@ﬁe?amwti% &80 PoeomRarsddo e araouné pf Ggession of
(wild-type) HBsAg cDNA. Rel evant cassettes are shown in Fig. 1 A

35S- TEV- thBsguseiidiE pdigsptidnwhenit tis expressiRi BB4 Flagt exprekyionorttar cempriched &iri on
of the Cterminal Ile codon of the HBsAg codi hg sequence and an insertion
encodi NgexahplSti6 hom-RhtieX baRed R el entaliby the pdBpdtid T ihiREst R ate

cl one was constructed by a three-fragnent ligation consisting of the Xhol
by anneal T AN CLg o T BRRsEN Pl ReR e Qe b (e pland exfiosiond AR UbmBRliR; "<
5' ATACTCTGAGAAAGATGACCTATGAGACCT3', (SEQ I D NO:9) 10 and aSEKDELs-R 5
CTEATAGEMOAROTHGtirelesnrspsign cqssittos indipatys 1t pastttringerivtional ggnasyiencipg hamkasn of
pBl uescri pt SK+. The resulting plasm d, pBSSKHBsCK#3, was subcl oned as
descri beddaied\we hiomot bEEilAd vied ithehe ol £8hcPreferatd parinsériitionpl g¥he bilerkingaind

t hen the

reduced by at least 10, 25, 50, 75, or 100%.

Further, each expression cassette in a plant expression vector may comprise the same or

different promoters, translation enhancement sequences, and termination sequences. Each

20 expression cassette can also comprise other polynucleotide sequences encoding, for example, a
signal sequence. Preferably, when two or more expression cassettes are used in one plant

expression vector, each expression cassette comprises a non-identical immunogenic polypeptide,
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H ndl11/EcoRl fragnent into pBl | O1 to give pHB 1 (5.

35S- TEV- We@a@3tBs AQ- NOS construct. 15 pHBLO6(Fig. 1 A) conp@ifg§9ediozo
insertion encoding the soybean V SP "aS" signal peptide (Mason et al.;
1988), creating an N-term nal extension of the HBsAg codi ng sequence with
21 ani noaaenddensigaloereifiprgnt translation enhancement sequence, and a non-identical or different
CCATGGCAATGAAGGTCCTTGTTTTCTTCGTTGCTACAATTTTGGTAGCATG GCAATGCCATACC (SEQ ID.
NO | 1) . tpiSRikoBsedieneas di gested with Ncol and ligated with the 67 by Ncol
fragnent from pVSP-al pha-Si g- QUS (DeWal d, Ph.D. Thesis, Dept. of 20

Bi ochem str ' j | vers) i T 4
1993)) . The o P RalRcf Smod kSt BA A EldBhd ot ol T bR thf ok ot
descri bed above .for pHB 103 by the Xhol/ Sacl f,ra%mant into pl BT%ll. 1, and
then t he 2MEKRISFIIPIECHIRFLS fox dhratrme PRI¥PPEAS far angegilsen brpisedty trepsiormgplant
U0/ 37610 PCT/ US99/ 31020 ~5S- TEV- VSPaL- HBsAg- NOS construct. pHB107(Fig. |A)
contai ns sequentglyr Furthrer gmodtinsgentddargninbelzanbor Sien-iddrticalieypeksipre passates (dviison

et al., 1988), creating an N-term nal extension of the HBsAg codi ng

sequencegihé ﬁoﬁe@'@rﬂe g_?r} z@lﬁ%&}@ @R Be48hally crossed to combine the two e)_(lpression cassettes
CCATGGCAATGAA TGTTTT CGTTGCTACAATTTTGGTA $ GCATGGCAATGCCATGCGTA

CGATATGIT CCGAAT GAACA! ATCGT, SEQ | D NO; . PBSSKHBsCH6 was

i gest ocIRh FRCRTORRS of PG ELPHELRY 1 MR By SREs PT PEEaFR Ao R P e fmcs, cheh
pVSP- al pha- Leader - GUS (DeWal d, 1992). The resulting plasmd, _

pSKHBs C- appmaingimultipledogudentisalepepssioreeassatise tr sivosamernolypspBdo®r lsptigdne can
Xhol / Sacl fragnent into plBT211.1, and then the H ndll1/EcoRl fragnment into

PBI | Ol yletd Qe gréid? nhfhbersd ndhftchtidal ¥Vighassidnba e t SR NEh-thNOBe oaess 1 tHE kame
pHB108 contains an insertion into pHB 1 OS encodi ng the soybean VSP "aS"

signal pepfi: ( 0 .988 eat | t ) t | O
tha s ag iy ERE LR (% ot} Shpr RHER (o bk BETE BresBi! 6T Lol
CCATGGCAATGAAGGTCCTTGITTTCTTCGT TGCTACAATTTTGGT  AGCATGGCAATGCCATACC (SEQ I D

NO: 13) . PFHUSHLEE vechar REGCH Riedtraduar sppatptsly bangither sequeptial dEpnfiormationeony by

Ncol fragnent from pVSP-al pha-Si g- QUS (DeWal d, 1992). The resulting plasmd,
p SKHBs CKadxplabSb&3ng.was subcl oned as descri bed above for pHB 103 by the

Xhol / Sacl fragnent into plBT211.1, and then the Hindl1I/EcoR fragment into
PBI 101 to opréRraMiB aMiiht expressida\etorst thERvARioaeRipks NP1 B 4161 10,RIFRLRS

contains an insertion into pHB 105 encodi ng the soybean VSP "aL® signal 20

peptide (Mason et al. 198 creatin N-term nal . extensi gn of t.he HBSAgQ
coding s ﬁﬁlf&?ﬁé‘é’ \%E'S[Sﬁtt§4 Eﬁ(ﬁ%Sxpa{Eﬁs&%i (é%é%%e@nbggmprlse the “same pocfynucfleotnges or
CCATGCCAATGAAGGTCCTTGITTTCTTCGTT

GCTACAAT i fessit RCDARCISENAESGCCAT GCGT ACGATAT GT TCCCTCTCOGAAT GAACACT GGCT
ATGGTGCC (SEQ I D NO: 14). pBSSKHBsCK#3 was di gested with Ncol and |igated

W t h t he TiQfhsfbymiNg Rep@aivratisrof BINHS-vetiphe "

The resulting plasmd, 6

A further aspect of the present invention is a eukaryotic or prokaryotic cell that comprises,

S
*

e.g., is transformed with, a polynucleotide of the invention or a expression cassette comprising
a polynucleotide of the invention. Preferably, the cell is a plant cell, but other types of cells, such
20 as insect, mammalian, and bacterial cells are contemplated. Whenever a plant cell is employed,
it is preferred that the polynucleotide is integrated into the nuclear genome of the plant cell to
ensure its stability and passage into the germline. A polynucleotide of the invention can also in

some cases be maintained outside the chromosome, such as in the mitochondrion, chloroplast or
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WD 00/ 37610 PCT/ US99/ 31020 pSKHBsCKal phalL#29, was subcl oned as descri bed
above for wgHB/3¥68® by t he Xhol/Sacl fragnent into pl BT211. 1pcangeé/sepo t he
Hi-ndl I 1/ EcCoRl fragnent into pBI 101 to give pHB109. 355- TEV- TPSS- HBsA~, ~~10S
construct. pHBl 10 (Fig. 1 contains an insertion into pHB 103 encodi’ ng
the transyioDispti efepmf@rfai g@dsuoiltraﬁﬁﬁenpéap@bmue@owwﬁ R dngeck eqlhishua el pea
rbcS (Nawath et al., "Plastid targeting of the enzynes required for the . .
product i mnsﬂor(padhyﬂ&)tdpltmﬁ&utwl&trﬁaihﬁaidaﬂ ghtezchfinassbsially bnby Bitegletyra ddbtheds
Plastics and Pol ymers, eds) Doi Y, Fukuda K, Elsevier, Ansterdam pp. 136

149 ( 1994)Hran§fére@ftc}id"ﬁué[hohldéselhm x'ﬂ%n?alﬁﬁx?ﬂxﬁi Piedfal LR HB3AT K86 RoEaAUENCE
with 82 am no acids encoded by:

mgg@%@m@w@&%mmwwtw

TACTTCCATTACAAGCAAT GGT GGAAGAGT AAAGT GCATGCAGGT GTGECCT CCAAT TGGAAA
AAGPTTGAAEIPETRPressssthy tesited rotgroneelXpoRtas ook adity @@@eﬁﬁerﬁ@‘&é}@fﬁwaﬁrﬁss
(Nawrath et al., 1994) was subjected to PCRwith the prinmers 5 TPSS (5'I S
GGAT CCAT GBETSTIGTATEWbAIG Bandha, (Gifo) fotdie) chfidt) saybeah, 8orhiPSS, (MBeat, and sunflower.
GGATCCATGGAATCTCTGGT CAATGGIGG -3' (SEQ ID NO: 17)) that were designed to

add Ncol lsdﬁxéﬁaﬂ}ppx%?&*&d%Bﬁt@lﬁos&hﬁclﬁ@&%ﬁ&umﬁee"Fhﬁ@%"ﬁﬁﬂ@#@%ia?'1@9?”)9(1
with Ncol and li'gated with the Ncol-digested PCR product containing the

TPSS codi regi.on I Li | a HB ned
as descr |"1r']gﬁ‘ "a’g&?é’bfaé?edpgﬁﬁn Egy R%Sg?ﬁ%ql?r%ﬁle%? éé’ﬁ@s 'Ere‘gfﬁ’“?aﬁ? gn?alfiblég?

and then the Hi ndl 11/ EcoRI fragrrent into pGPTV-Kan (Becker et al., 1992) to
gi ve pHB can be oftrinag fremiSteydn Eanksley.JRept. of RianbBiesdingeqomat dniedrsite {thpese BiYh
accunul ati on 62 W9 00/ 37610 PCT/ US99/ 31020 ' The constructs di scussed in
Exanpl e 34890t Al Rardspénit 9%@ §&d€t}£@foﬁhwsmﬁ1;ﬁ§0éymléoﬁa§ bﬁt&dnbm@ﬁrwﬁm i{ he
nos 3' end. Vectors pHB 1 114 (Fig. A,
respectively, contain the and pint 3 er ends nstead of the nos
3' end. PRESEEANCRTEPAZAEHPR R ayéasg&nw.pé%rls pe Fr ppetaf he{gvaigPat i on per
nRNA than HB 103. pHB 104 was obtained by 5 subcl oning the fragment from
Sacl to EcoRmdngche ptiBdipdlondthBéChot 0ffeating trnet08f foreige pleleie actdecoNsisucts into
termnator with the VSP term nator. The expression cassettes are shown in

Fig. 1. phidlsliéaeid aimsations 48Rhan6h &chnighd)t ThiS iBiiAliobadefupth tHdl etioldddB9) .
pDP687 (P| oneer Hi -Bred International; Johnson Cty, |IA) was digested with

BarH| c&&é&%‘?k_rhe lh@lhl}:goaﬂl?&égl ue{ggtrﬁ{g@o@ ﬂfcgfyéé(wﬂg Ia@%@&rhﬁgp@rms Where the

pBl uescri esulting I°nt " was est 10 Sacl and
Eco to obtain the nt t nat r fra |ch at.ed

03 i gedtie’ %ﬁ%hoga% Slspeprif Ry nfestiph A g s, e B eonaEp SRET B ¢
TW S2 | eader pHBIII (Fi | A) contains the tobacco nosaic virus "SZ" UTR

(Gallie étangﬂonnamcgg@d pradiciehl chromorenTEEteRIPHON PALEBHRY/ Xhol fragnent from
pl asm d pBSG660 (Bi osource
Agrobacterium, which normally infects a plant at wound sites, carries a large

extrachromosomal element called Ti (tumor inducing) plasmid. Ti plasmids contain two regions
required for tumor induction. One region is the T-DNA (transferred DNA), which is the DNA
20 sequence that is ultimately stably transferred to plant genomic DNA. The other region is the vir
(virulence) region, which has been implicated in the transfer mechanism. Although the vir region
is required for stable transformation, the vir region DNA is not transferred to the infected plant.

Transformation of plant cells mediated by infection with Agrobacterium and subsequent transfer
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15 Technol ogi es, Inc., Vacaville, CA) containing the 3' end of the 35S -
pronot er WAEPBHE0S2- UTR was subcl oned into the EcoRV/ Xho | PeTiU889/31020 )
of pl BT211. 1HBSC#9 to create the internediate plasmd pHB211 SZ-5'. In order
to delete the TEV | eader, pHB211 SZ-5' was digested with Xhol and Ncol

fol | owed dftherfiridNAdmavehaen wall documentertBevan eeabidnt. &ed. Geuatt 16:3 41987, Thie
resulting plasm d pHB211 was digested with Hindlll to EcoRl and the
eXpr essi ofgrodsaetiig syemcis aeticievBloped Al deraits KoiNi{eBeamis foimeatiombf DNFORo the
give pHB 111. Exanple 6. Alternative uronoter sequences. The 35S pronoter

from caul | j j I r J I t
SﬂlEJrl]tO%!lﬁm far}éa:tf HBplagt Gssidd O r%gie', tdtabdes tcHﬁQcHPéx&'ﬂoW%f} cotton,

expresse ant” t1ssues. Clheg ronoters tested are the
pronoter for tatin, ichis the major stora tein in potato, and the
D oot or 1OrseBf i nebifrcrndt sy bt PR o Bt BEE R B A e B a5 020
(GBSS). Both pronpters drive strong expression in the tuber. These i
constructs Hreferadbntilfered. muefagicramedibted transfyrmatign Bpieet With g polynpgleetide
shown in Fig. 1. Mcrotuber formation nust be induced to test expression

| evel s besfabs@vemih it st BarkapTDDNIE beddar i¢gieds vf A humbasenscaaptovidet s T-INA
Pat at i n- TEV- HBsAg- SEKDEL- NOS construct. 5 pHBl45contains the potato

t uber-s p?ﬁé égj%él?ﬁ%b B3 98Has ﬁ@k’gfj Bc%?at?irﬁlﬁfve fin Eﬁ?:etéﬁlq'}?flﬂ/ oPPDNAGERHE laht!

pHB105. was obt al ne oning the Hn BanmHl patatin

fragment from pPS20- GUS ler et al., Plan Bi al . : 41- 50 989)
o Che ST ITRZABAGE ﬁf\éﬁ%b%ﬁie@fﬁws irackhhe YRRN @3&@#@5 AEhR bl
pBSSKHBsCK#3 was |igated to pl BT240.1 digested with Ncol and Sacl, and the
Hi ndl || tthaBsdRbeftransicrad and int¢grated snip thewpjantgeppmeniPaeforgblys apelyonelgoiidn &
pBl 101 to give pHB 145. B. GBSS- TEV- HBsAg- SEKDEL- NOS construct. pHB165
cont@i ns éxpeeskishiccp o€ tiel ifivation tbRphisisnd |Skrore! T-DINA basier, paiict)arlyrtbemgier
(Visser et al., Plant Mol. Biol., 17:691-699 (1991)) in place of the Caw
35S pr onotein : i -wh £4h
Sarl "and CANATEEF, ptne R ERohrb eRaR e Rliereli 37 plant Behofl IR SRRvithdd
pBSSKHBsCK#3 t o, form pHB165.  C. Pi n2- TMWS2- HBSAQ- pi ni. construct ... ,

pHBI 31 contAVRL qlﬁge%?{{%l %é’é‘ﬁé%&é @5@?%9%@%515@?%@%3gF\?éﬁlr‘Sg}%[OH’earB'oTlaqr&hdfﬁt
pronoter fused to the tobacco nosaic virus (TW) "S2" 5 UIR (Gallie et

al ., 1992Yelowhplasreidiand saydetiginedio ap sxpressiqu yeetogor polEmskotidaheani Gonveskionak er
i s wound-induci ble and may allow controll ed 20 expression of HBSAg in
tubers. Theasonstruction involved an internediate step to obtain the
pint-3 elenment on a Sacl-EcoR fragnent, in which the Sacl-Pstl fragnent
of 38 wa 0, j : j ; A Pt | ' ter
(Pallin ot ar LYPARL 8 REp ot Re B R RAGELIbE Bon T P B SR i
from pRT24 (Robert,. Thorpnbur Dept. of. 6 A 6.10 .PCT/.US99/,31020

B ochom <FPYeRSERd ol TS Vebiras B & it ous Beby DN Borapai5g iyt HtRoly
H ndlI'l-BanHl fragnment of pRT24 ( 1 kb) and the pKS-SaHBB anHl - Sacl (750
bp) frag n%wftsandmgt bergar region Alapkipgithedesisrinodyrickgtidhe Assips@ile mapker (such as
termnator) digested with Hndlll/Sacl to obtain pHB231. The Sacl - EcoRl

fragment ofemK&ddUa feRetaacd toTdroamibiot, suCke s kamimysigalae misetbreypréseht to permit
Bi ophysics, lowa State University, Ames, |A 50011) containing pint-3

ter m nat Ofe,WRSeIbARIM of transformed cells. The E. coli vector is next transferred to Agrobacterium,
20 which can be accomplished via a conjugation mating system or by direct uptake. Once inside the
Agrobacterium, the vector containing the polynucleotide can undergo homologous recombination

with a Ti plasmid of the Agrobacterium to incorporate the T-DNA into a Ti plasmid. A Ti

plasmid contains a set of inducible vir genes that effect transfer of the T-DNA to plant cells.
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obtained and |igated with pHB231/H ndll1-Ncol containing the pint-TW S2
pr onot er we@aglgrsi@l enent, the pHB 103/ Nco 1-Sac 1 fragnent momisponidag t he _
HBsAg codi ng sequence, and pGPTV Kan/H ndlIl-EcoR to give pHB131. D.- _
Pat at i n- TWSZ- HBsAg- vspB construct. 10 pHB140.3 contains the native HBsAg
codi ng sequahemativdly.dhe setarrompsismigdhe pelgnucenside e bpsiibagated #drmsie Sivoter
fused to the tobacco nosaic virus (TW) "S2" 5 UIR (Gallie et al., 1992), .
and t er mgeadsest thy Ti péasaigsdara prefeled asgdce nETitplastniBafbllgiwint stravneis "diseahel]" at
the 5 end of the TW S2 UTR using the nutagenic priner "Qrega-Bam' (5
GATCGGAT 9@}9@&& TEACCHAGe - ' ' B ad formaticn §PMhfoRs 15
of the T%/Iﬁ\/;glsé;6 5'- UT%ﬁPCR Wai3 %@5%%1%%???%)5“@?@8?&%9;%&? primer and a
downst r eam,pri e " " ' - CGCCAACAGGATTCAATC- 3! |.D-NO:; a angd a
PR 1t ag LB B iapr b0 i o0y PR oA oG SHheer wanereh T S B M s
to give pKS-SZHB. The pPS20Bi ndl || - BanH frazgrrent (2.35 kb 1E)at atin_
pr oot er plaggdost; dieeetizwHond pkensserpiRas-£ 82187309 Dp Fimapsgn, Plant Mol. Biol. 6:
pUCl 9/ Hi ndl Il -Sacl (2.7 kb) to give pPS-S2HB. Finally, the pUC V/ Sacl 20
EcoR fr aQpeans (ra8e).af¢ricagmplecinadyingnnecdtappsteml an Aabbplasasd Véagatiecbnistroaed
pPS- SZHB to gi ve pHB240. 3, which contains the patatin pronoter fused to the
TW *S2" céfngHHﬁg %gﬁgkﬁ&@&ﬁﬁt&%@em QO B TR ARG 02 A48 D¥elddble

spB 3" “e nt. The

soybean v expressi on cassette was obtained by digestion

of pHB240. 3 wi i ndl ]I and EcoRl n i gat ed .jnto pGPTV-Kan. t (Y HB
"a0" 5. e The s Yoot to s bimeS g RrePRsheREniy Er o efnffte®
codon usage varies anong plants and aninmals and many signals within S the
DNA sequénderahastenipn osanspgasgn( Abe tasitientEgrehactgrium eqaing 4 serend & plasmid
Protocols in Ml ecular Biology, vol. 3, pp. A1 C3). For instance, a 10-20
folld i nceelper Tinplespide siwit oontains arsyened) dut hagieee nadified by reradval ef ta di-BN/al
sequence has been expressed in plants. Analysis of the native HBsAg gene

reveal s tfaheft. %eqelﬁeh?i ﬁl@gﬁi@aviﬁrsﬁpwbﬁ%faﬁ@mcesswfo BRGRN Sn et bnBb&%bndy €

unfavorabl € for dicots (such as potatoes). In parficular, there is a RNA 10

Pol 11 term.nation.se ear. t he beqi nning. of t e, 29 CnGtriners
and 16 Cg’egb'n‘éoll’smoqqﬁggﬁ%ﬁ@%@ﬁﬁeﬁg&ﬁé&%ﬁogtgteipgaﬁlt gﬁg stability of the
transcript, and therefore decrease HBsSAg protein. }herefore, unf,avorg%e
codons and UhIdsimaficens sYsial PYBYS EoRtBS Iragsfprmagion of ayarighy o1 pRANK{ISSHES- oPFe,
sites can be changed while maintaining the sane or simlar native am no
aci d sequeenc€hiltear StiBstiir Anteotal 24F:50 6983); GBdinbBleetsPhysiad. 221283 B5\HPIG®;
mai ntai ni ng the native 15 am no acid sequence of the protein. See SEQ ID

NO: 35 (Fi HoodRdasaPHnSHQI BRING: 32536 (1990); ﬁ%rsr&w! $¢iBgceAD 7 PR M3 11 @989, 42%

and unfavorabl e signal have been altered. e vectors are provided with the

VSP 3" t 1 i I el . i J een
orovi ded AT Stk 0 By BhBFIFGRRALE WM i ER i BPRPIp BB < e T
21 ) A 35S-TEV-sHBsAg-VSP construct. 20 pHBI 1 S (Figqg. A and 21 )

cont ai ns % &yterpriadle] dathepplapts; @é{&’gs@d@ér?@gs’ﬁcwfhﬁa? %@ Wﬁ@%ﬁP&f@F%.
The HBsAg native sequence was scanned for codon use and for potenti al

pr obl em Sswjated passinj cral hedrangfosped by the saRkimphatses souimesnaefitasiogs drerend.

pol yadenyl ati on

Table 1
20 Plant Reference
Tobacco Barton, K. et al,, (1983) Cell 32,1033
Tomato Fillatti, J. et al., (1987) Bio/Technology 5, 726-730
Potato Hoekema, A. et al., (1989) Bio/Technology 7: 273-278

Eggplant Filipponee, E. et al., (1989) Plant Cell Rep. 8: 370-373
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signals, splices sites, and transcription term nation signals, nRNA :
dest abi | iwa dgsgaguences such as "ATTTA" (Ohne- Takagi et alpgr/B§0B81020at | -
Acad. Sci. USA 90:11811-11815 (1993)) and 66 * w0 00/37610 PCT/US99/ 31020
"DST" sequences (Newnman et al., Plant Cell 5:701-714 (1993)), and the ~
cyt osi nePemindyl at i on notAtkins@CEGe! alA (¢9%tBl®m¢aﬂ&edléeiiﬁ$-2\b25 desi gned t hat
uses plant-preferred codons and | acks the potential problem sequences. The. .

desi gnedyggne was then aEhspbivee:r 41, @rosyy dlakapB276529-592 gonucl eot i des usi ng
t he nethod descri bed by Stemmer et al., 1992. The final product was

di gested%%t%a Ncol and %ﬁ%er?gfzf%,%@%d '&ter ggegr&%gﬁ.aﬁhe cl ones #7 and #3

had one e each so s ‘conbined wth the 3' of #3. A
Hincl |/ Sacl fragment was,isol ated,f #7 an Ncal fragnent was

i sol at edgf"‘? om #3. These%ﬁbi?érgrﬂ 51'@?@)4:%?”’\/@‘#&% gi éE‘EZhl gated toget her
wi th the pGEMSZf + vector cut with Ncol and Sacl. The resulting clone, #8
was 510 s8ygarbsed, nared KedleB®tR J. etrd, 61996) BlvatiCelhRap.(H: B744€8.81 at the Ncol
and Sacl sites (mni # 18), then subcloned into pGPTV-Kan at the Hi ndl |

and EcoRI efiidees to make NatdReltidre, RNk Gl 039) PR SubRepuenBby4ound to
contain one nucleotide error (nt 595 is "G' instead of "T", which causes a

single am [ d substit.yty i he. } i ng region which
led to t gng)r@@a%ri on of ang’o‘?V(r?gtc( é?%@é%”z?ceg@ﬁ séég‘gbel ow). 15 pHBI 17
(Fig. 6 and 21 )is the sane pH ith the nucleoti correction in

t he HBsAgjegeé}ﬁe. The incir‘l‘e‘%’?‘ir‘?ﬁeﬁeé%?aglf"ﬁ%@ﬁlﬁi}é1?@6%8& on 595 "G') was
corrected to "T" by site-directed nmutagenesis (Axis Genetics plc,

Canbr i dg€arBhgl and) and InanedN.pHBVI (99 IRamddel. B! SHUIL-F08dgment was

subcl oned into pl BT210.1 to create plBT210.1HBV then the Hindl 1/ EcoRl

fr ggment A&Emgwed i nt o IPSERTSL; Bagy 4.0 (B9S8R PRIABCAL Rep. 2Q: B29-13 2

35S- TEV- VSPaL- sHBsAg- VSP construct. pHB116(Fig. | A and 21) contains the

soybean gﬂlfoﬁ' aL" sequenqgork@gﬁgﬁgﬁ%gi_, (tjb@)(?r%mgtfgﬁghg%gagrgﬁeu ¢ HBsAg gene

cont ai ne n pHB 115. The ragment | phaL#29 was |i gated
to the Ncol to Sacl fra t of psHB3 th ctor 1210. 1 di gested
with 67 CHR§VaE7610 P%@Q@’éﬂéng» kfgg?? gﬁwf %ﬁ&%e("ng'ﬁgbﬁf%al phal), then
subcl oned into pGPTV-Kan (Becker, D., et al. 1992) at the H ndlll and EcoRl
sites. CMGEBeRBV- aS- sHESNG, GV8Pal dhsld) den:§HB Repg9( Wi0yl647 and 21 )
contai ns the soybean "aS" sequence inserted at the 5 of the 5 synthetic
HBsAg of Spfaberty. The NadéhrhMNGHRNL (/000 Riani Ol REE 9" @813f rom
15 Rice Raineri, D. et al., (1990) Bio/Technology. 8:33 -3 8
Sunflower Schrammeijer, B. et al., (1990) Plant Cell Rep. 9: 55-60

Rapeseed/Canola Pua, E. et al., (1987) Bio/Technology 5. 815

Wheat Mooney, P. et al., (1991) Plant Cell Tiss. Organ Cult. 25:209-218
Oats Donson, J. et al., (1988) Virology. 162: 248-250
20 Maize Gould, J. et al., (1991) Plant Physiol. 95: 426-434
Alfalfa Chabaud, M. et al., (1988) Plant Cell Rep. 7: 512-516
Cotton Umbeck, P. et al., (1987) Bio/Technology. 5:263-266
Walnut McGranahan, G. et al., (1990) Plant Cell Rep. 8:512-516

Spruce/Conifer Ellis, D. et al., (1989) Plant Cell Rep. 8:16-20
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pl BT210. 1HBsCKaS (pHB308) was |ligated to psHB317 to nmake psHB318. The -

Hi ndl Il twokwsfio f ragment was then ligated to pGPTV-Kan t opacpii&opkiBd18. - D.
35S- TEV-alL-sHBsAg -VSP construct pHBI 19 (Fig. 8 and 21 ) contains the -
soybean "alL" sequence inserted at the 5 of the 10 synthetic HBsAg of pHB
117. ThePreler fragment &othoadnt g ol hd 98B\ Biofleskniqhe 1219231 HBsCKaL ( pHB309)
was ligated to psHB317 to make psHB319. The Hindlll to EcoRl fragnent was -
then |igaipptt t 0 pGPTV- Kdameg Drekel, yHBI9) Plakt. CdiRep. §1dB884661ni n2 construct
pHB120 (Fig. 9 and 21 ) contains the E8 pronoter linked to the sHBSAg with
the pint 15 3' end. The Ncol to Sacl fragnment containing sHBSAg gene from
psHBVY 10 was ligated to the EcoRI to Ncol E8 pronoter and pBluescript I

SK+ digested.with EcoRl .and, Sacl to make,psHB520. The Hi,ndl] | C
ragment 1 rameh Bl Rl gt suth ool TAFPRETER fongth wifgi? eatp Rihant
containing the pint termnator resulting in pHB 120. F. .

35SSTEV- $pBegnagorDEL hizagenesy wWhidbl ipditesirept haiy famepton)in smany sigesyledamous plant
endoplasm c retention signal inserted at the 3 of the sHBsAg gene. The

ol i gos 5'spRTSTETAGAMSATEACKIDMOASM3! el¢rBerD chIANDR R (potamdludingEABHGIKT @hich
CTACTCGAAATTTAGA 5° (SEQ ID NO: 21 ) were hybridized and ligated to psHBV 10
di gest ed fctiBn SRS maGRH hidBghus fo BBk mid BEA NeflefdcRn$2 lank forg iRt udin @
psHB521 was ligated to the Hndlll to Sacl fragnment from HB 131 i ncl udi ng

t he pGPTV, Kan 6 WO .b0/ 37610 P 9/.31020 .vect or , Wi t.h the pin

Lot nat SHEGERAEY 1o SE RO BBt S AN g e A P esh e B Sty
containing the 35 S pronoter to create pHB 121. ~= 35S- TEV- aS- sHBsSAg- SEKDEL
-pi nt pHBIZZo trpgform alfakiyamhpoplareRwihapinde Beala Llen dhel Bigli29hd F9KDEL (SEQ I D
NO: 22) signal 5 on the sHBsAg. The BstXl fragment from pHB 121 cont ai ni ng
thel(3' end Mffetitode of HE®AGtinh toffi tHsHKREELtis6BEQr) Dephidiyg @puoh thbelant siectesramil izt or
was ligated into pHB 118 replacing the 3' end of the sHBsAg gene and the
VSP t er Mgabmbd A eioehked. AtasendEYpibacHBaRde oclRAvREBLABbe
(Fig. 12 and 21 ) conbineS the aL signal with the KDEL (SEQ I D NO: 22)

si gnal 10 t he sHBSAgQ. Th St fra nt frompHB-121. il 3'
end of ¢ RetarRehy TN sk rtesy SRS sahf e s fEPh SR bk
ligated into pHB 119 replacing the 3 end of the sHBsAg gene and the_ys

t er mi nat differentipgive. Jibg afdition of ggse tisye mayhsrdssiwatle Bﬂdf’éﬁe‘g%}n&%(ﬂ%lﬂ%ss %%a% e
transformati on of potato (Solanum tuberosum"Frito-Lay |607") is achieved
by 15 axemocediresfuctias & worotmahsforradtionrof régeqgerafing proteilasty Wb 3) rumieciérsrmayH,
et al. (1989). The steps are summari zed as foll ows: Explants are cut and

putisabaxipglfolfdwil teRbeiin kishsfimAddesatt@ellBasdvelnys. Explants are placed in agro-
dilution for 10 mnutes (agitation by hand), then blotted on sterile paper

tovel . Aft ?ir@%%{eﬂe -rﬁ'ﬂlsfe?)ﬁ (%C\%a 185 %%eglg%d t%taﬁ)ﬁ&f%lm gtag?s aﬂﬁfg?lihscsﬁgsp#%o&lﬂ% es

for 3-4 days. cocul Ion, explants are on at es
containi rllx e <l)(fa Ege}*o a(z:citeq’iu%glagn%{dg.eggt%klug,i é]lo/Technology. 8:535-542 (1990); Smith et al. Crop
Sci., 35: 01-309 (1995). Direct transformation involves the uptake of exogenous genetic material
into plant cells or protoplasts. Such uptake can be enhanced by use of chemical agents or electric
20 fields. For example, a polynucleotide of the invention can be transformed into protoplasts of a
plant by treatment of the protoplasts with an electric pulse in the presence of the protoplast using
electroporation. For electroporation, the protoplasts are isolated and suspended in a mannitol

solution. Supercoiled or circular plasmid DNA comprising a polynucleotide of the invention is

added. The solution is mixed and subjected to a pulse of about 400 V/cm at room temperature
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20 for 5-7 days until callus is devel oped. Explants with well devel oped-

cal lus arwoglog¢ed i n LC2CK boxes for 2 weeks; after 2 weekvcensogmioso are _
plraced on fresh LC2CK nedi a and shoots are devel oped. When the shoots are
about 1.5 cmin_ | engt they are transferred to _cm nedia for root

f or mat i ofOr WRUbEKIT ?‘PQ rmcrpgecawe& ey cesiblewhysical Sreakdownof igcmembrane EGHEE h

in excess. 69 W 00/37610 PCTNS99131020 Growi ng Agrobacterium -LB stuck: -
One col omych that thet foreign gematici rgdteridlns paedenaking thegnetoplasts,; THY feteimkgeneatie
colony is cultured over 36-48 hour period in presence of kananycin. Because

SONE Var ingdrfi cAth6x BE RitSdrABd APHE nubIgAIRAGERR! SEvea1 SARLERIrORpRYE Nade hiSo
expected due to randomsite of insertion, independent transgenl c lines are

screened peci fic probes. Wen a 35S
pr onot er b?és(nﬁ%s)l{etgg}g{eﬁ tgls m%ﬁlk P‘gl& g\%ggag&sziereened When the patatin
pronoter is used, RNA i.s obtained from m.crotubers devel oped in axenic

cul Pure. ThkiPpsamq fusionds Yppansifeshyamethed for fnsfernation ebpirpisells karthis misdhod,
generated by subculture of stem node cuttings from nascent transforned
shoot s oproweslass e dihoiight tigetheswith ihesomes cappyiagiagohguticandd of the thventies As e
propagated by axenic culture of node 10 cuttings; and rooted plantlets are

transpl apieifletBrafifd teR%he F¥3n igbnd 8 @raﬂﬁ@ﬁ&ﬂ@ Qﬁ@prof@la@ﬂt ?DéEa‘%éé% LB, EMBO

pl ant s are grown in a two-stage protocol for the firs 5-2 mont hs,
or untrl % tativ deeo .0

i ghti ng wher EUE TR, flﬁ%‘ A fiate f"% iR BPed YR o ey
1.5-2 nont hs under short day conditions. The tubers are typically

r ecover edrangfoxm roeaé%bee@o@rr@é@ublnd\é rabszcgrar(ﬁ disopand hpkiar mufiifiorar (a mgppcot).

00/ 37610 PCT/ US99/ 31020 3-4 nonth regi me. Tubers harvested fromthe first
crd® canDbecugsnd ttansfenisteffatted hp thepiyaergstiafinteractor] betwaerhMgd’, REGG yngpossidy
Exanpl e 9 Increase of HBsAg accumulation in ~l _ant cells The | evel of HBsAg

expressi @i IN@rafh L8 | BamtaoPBibING! BAD8 DY Al”t'&ﬁétﬁ)@l)ate'xﬂgen‘éuk N O eBaL S
in the plant expr essr on vect or that increase transcriptionltranslation of

e et b (AR bioR A oy NS REATSS R R R BN Bompriving o,

by corrponeniy of the x reSS| on vectaor. Prelimpary studjes have

dermonst r 2PelymClepfiels i dayantiphAireqtlvaaioghe celbWaB Atinsy BHicdielaih nesllas senbl y
of VLPs consisting of HBsAg subunits is accelerated, and that VLPs are nore
st abl e 10 tPanctugeas senbice darsaibube heconipbisiagl bﬁmiclnﬂmmlmaghmdw (cteampirommatle y
of Northern blot signal) is linear when plotted agai nst rHBsSAg protein

(megsur edederflidnyAWHIH hNBVEGEORGhbatamenttBr HRidt aBls BB hXfopréjeB@RSidAh9ing a

explanation for this result is that the HBSAg i s noie stable/resistant to

g(g%l gy%gﬁ)nﬁa%t?depo'f%eeﬁ%@xﬁloﬁ Kidin'eParSNaBEE 5YFHY (19875 Safifbrd, PHYA1 BBint. 79:

206-209 (1990). In this procedure, chemically inert metal particles, such as tungsten or gold, are

coated with a polynucleotide of the invention and accelerated toward the target plant cells. The

particles penetrate the cells, carrying with them the coated polynucleotide. Microparticle

20 acceleration has been shown to lead to both transient expression and stable expression in cells

suspended in cultures, protoplasts, and immature embryos of plants, including onion, maize,
soybean, and tobacco. McCabe et al., Bio/Technology. 6: 923 (1988).

Additionally, DNA viruses can be used as gene vectors in plants. For example, a cauliflower

mosaic virus carrying a modified bacterial methotrexate-resistance gene has been used to infect
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15 Transformed potato plants are grown in pots in a glasshouse or growh.
TransgeniwQpb/arsie expressi ng HBsAg showed an al tered growtpceszieet hough
tubers were produced, which could Iimt absolute |evels of antigen :
expression in plants. The results of HBsAg protein assays in |eaf tissue
and tube# p%arnésﬁbe frreigpesne atematicgHy spreersvihraygheis theplanly Brissas ef @otNataisown
in Fig. 1 are given in Table 2. The level of HBsAg is shown as %t ot al -
sol ubl e PrpiKi (1984 Theedhhantdpesof (BB systpmeassihagasendinfedion) systearis §preadawithior
each construct. There is considerable variation in HBSAg expression |evels

bet ween dhleﬁb%t,tafnanﬁm{omF%bhm&'ﬁn&géwen?r ying from0.2 to 16 ~g per ¢
tuber. The HBsAg protein Torns particles ire planta and nay be

gl ycosyl at Three potentjal N cosylati on sequences pcecur. in the..

ot gen, - aiies RimiioeRE HEFS heth RutrabFel Ris 5 A PER S Reffoloy etrtfiine: on
It is believed that only one of the N-linked sites is glycosylated in 71
WO 90/ 37820tspdhepaniyuiar anghothphiseenaratiopsviddepardion Hieystaring plagbgsupatdther om
earlier studies in transgenic tobacco show that plants can assenbl e HBsAg

i nto vi rpstitulioeplpalr dpeciee® §oAeRsnerstedd Manyiplarss e ticoreltrisateld frioechllus dinsue
reconbi nant yeast and fromsera of infected individuals (although the size
di stri bugdriRRd totd SlhftexpldRS, iREIEGHS But ARG ENli%aL %}n,q{cet%eﬁ,%ﬁﬁﬁ Byasintloed
tuber is not known, although profein 5 | evels axe thought to be highest’ in
the | ayer just derneath t ski n., Amount s rified/ extracted. HBSAg can
be- i nos exrabiiin SHRREPRARE e Tormfee, AFRITh Sl o SR AR Rme g Y
Tabl e 210HBsAg expression in best individual Constructsl ope nRNA vs

pr ot ei n| @are/aciens hias bgen daveqnsirpisd we plants inglugingobw . nod liigddo syuigiqver, tomato,
1030. 0010. 0230. 33HB | 050. 0040. 0481. 2515 HB 1 OX0. 0040. 03 50. 8HB

1070. 00 S@hitd dovidrPrafdso&DOdIRIMB tabaddd, PEd0, thaiae, 7HdB, dhli4n30H0 vEget42Ocrbik. Plant
145ND0. 0631. 1HB 165ND0. 021- - HB111NDO. 0410. 3372 WO 0U/ 37610 PCT/ US99/ 31020
HB 115 Niggbhekatich HBmIpkBtoDlas@ is b paRicAlafyanbhubtebinihesiRCARHedR bR MatddURer S

of transgenic potato line HB114-16. This exanpl e describes experinents

desi gned I .he, rec i nant . HBsAg, 5 produced in tuyhers of

ot at o psg Sk bty Ll 36 SR R HoBies, SEh b GRS ef s
data indjcate roduced in these tubers has the structure

expect edtifRAL0QH Of FHaRkGE ﬁﬁ@ﬂﬁhbé?ﬂél%$&tein, conparabl e to the yeast

reconbi nant HBsAg used for the comercial vaccine. Specifically, the
assenbl ed \Preliminaiyisendirsiof trensdormatiph pfatearlsoind-Be ke, ican boexplareditbranghibe use

i mrunogeni ¢ than unassenbl ed subunits, and is thus considered a crucial 10
chas act esflaseprtepigedidte giagathdeffieithtPeMxpMesions MEraed byby givbe EStud! Bxemplargnt .
We exam ned extracts fromHB 114-16 tubers and contro% nont ransgeni c tubers

by sucr i.ent TR ' m t ted as
W ps oo HEalbr bl shefic BBkl ORahe FOLSI NkRErbIReaRo [BRGP PRUGHE T
extract of a tuber was, obtained by powdering a tuber in [iquid nitrogen in
a bl ende&%lac{%ﬁS%uﬁa?%WWéC%pmﬁ%ga angd lpeifegpse. Plangeells tansigrmed, with axpporgery
%lriton X-100, 10 mM EDTA. The buffer froze upon mxing with the frozen
powder agmhewaspodyrusieetde of seowkyent reventigrocan eeassdyed foe saveperftxgressibn act was
centrifuged at 14, 000xg for 5 mn at 4 C, and 0.5 m of the supernatant

was | ayenftherBOWRyR K23 idrict &Bind S TR RmsrAd BRI B1BithE, PR SAM ithRbasRYat
pH 7.0, 0.15 M NaCl. Gadients containing 2 ~cg purifred yeast-derived

regonbi nant .HBsAg (rHBsAgQ) particles.in..0.5 m of 1X 20 PBS (pH 7.2),

0. %Aﬂi ttSQ“%‘ieéﬁ,gng?ﬁpFﬁﬁ”%%?ﬁ T e{el‘iLel(aR}\?n[tﬁ‘S%‘r"SWthout FL1607 tuber extract
were run_at the sane tinme for conparison. The gradients were centrifuged in
t he BeckBlantsdynressing theshmmunogenie Rolvipeptidesiof eNHONSA f or HBSAg
(Auszyme nonocl onal, Abbott Laboratories) was performed on gradi ent
fractions, dn{éRiok0iRUGARSHhAE Ydrd Yt LIRS phnt SAED-pidnt tissile) PRASIHERED
PCT/ US99/ 31020 Fig. 13 shows that all HBsAg garrpl €s sepdl mented I n a rather

br oad pe%to%%s‘ff%@lh%?Qer:li)éllll{{l%s? Ia%{d any group of plant cells organized into structural and/or

functional units capable of expressing at least a polynucleotide of the invention. Preferably,
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8% and 22% sucrose. The profile for the tuber material is shifted slightly
toward hiwoee3wensity, but in all sanples the greatest propetfikeysigio HBSAg
sedi nents between 10 and 15% sucrose. Yeast rHBsAg added to an extract of
nont ransgeni ¢ FL1607 tubers showed a profile similar to 5 purified yeast

r HBsAg, Wheleplantsplagicallsriantorgens.olans Hesnhs planbseeds, praieplasin selivs eelqultaces,
tubers showed no ELI SA signhals on the gradient. These data show that the .
t uber - desridvay grifgpPef planteelld prodbce aviéd3t §.60510.@lgn| 5,8d, PBSAY 108805 gIEStug hat
t he tuber-derived HBsAg assenbles as VLPs. Western Blot. W perforned a
Western : i 1 : §

react wi TH P haar ey s 8 o o el ot HO e R e
buffer (., 100 DTT. é% SDS,.) % oiling 5 mnutes, electrophoresed

bl ott ed PACPYBRNSTRTE) he dnvertiopionidropiaimat east 2 pgsafl prefenshly fapmiabent fwg to
agai nst HBsAg. Fig. 14 shows the Western blot and a duplicate gel run at

t he5 saneabduint5 g aif Bl Ag peh gl@ooofgd @it enatéftabtostedngmtbdg dlhe ianidhat,at @ o luhmn, will
simlar amounts of total tuber protein were |oaded for both HB 1 14-16

(l'ane HB)glhfry ﬁ&@st@ﬁmﬁ&i@ﬁﬁﬁﬂhﬁteg&ﬂgg%xge?fb% ﬁl)ou?@fﬂ)e{tfogt 5 Ehinld 8%?&1‘5&331

bl ot, the 10" ng of yeast-derived r | ane +) yielded a nonomer of about

25 kDa as expected and a,di at M- about 40 kDa.(bands marked "Y' at
left). TH%%‘G%‘@F“— Vé‘@‘ﬁi‘éﬁ{‘? ‘é‘lveltqoé%%%“m)co@%ieéPﬁ%’“&%ﬁ%ﬁ)ﬂé}’l’e@f’éﬂﬁgﬁe 28
kDa and | arger bands that may represent diners (bands marked "P" at left).
The t ubemvegtidny eGchmITOBEAg,iiSolhte& ghuyifigl yorgamiadiy earisied fiohethelpdire cells, ar panger
size than the yeast-derived 20 nononer. In nontransgenic tubers (lane -)

sever al ?%Qqn%%gﬁ%i%%%é?mdshomd, but did not cross-react in the

regi on of nononer an . Interestingly, the relative proportion of
dingrs to noners. i.n the tuber material is much hi.gher than that for yeast
FHBEAG. Al (ROTIGR QHTIEnt SRS S bedssaxed fos RRETRB Y BUCERYC ONMEPIEREY t he
substantial proportion of diners in tuber 74 V%SOI 37610 PCT/ US99/ 31020 '
mat er i al ELKg}.cBrielly.tanantibadyiis buiferdo thegfhinjunagenie palybgptifiesnan bie ¢eated essisingked,
and thus potentially nore resistant to degradation, especially when

del i ver edartdl teghniquebiofor keample| poly¥@senp EIfISANFEteON Alffek ah aApbibxiheeBr Edofir om
tubers of potato |line HB 114-16 as descri bed (Mason et al., 1996). As a

negati vejcomniilat r&g‘@ téthPatuHPBE Dutbr R vﬁ'%ﬂ&f oy id g\gﬁﬂ?o? e?@%ﬁlﬁ%’ﬁé@ﬁd el OO Was

exam ned. Five ,ug each sanple were nat ur W th dehyde in

MOPS/ acet at e/ EDTA buf f at..65 . r..15 mn, el ectrophoresed on a 1

Mgar ove. PBF KRR MY ShrG s NG with So i P B Fiah St RT SR s a1

bl otting. The nmenbrane was fixed by UV irradiation in a Stratalinker
(St at agadsd ana thaevelliasTe ohlaied sipndardreumng | fenguasttifisation ¢ the ymmppogenic
integrity and | oading density. A probe was prepared using random 10 pri ned
| abel i ngpalfpeptideddiffefaNAdilutagseiibactetiatip dersved gmivao s Agolypelititys sagbeloaddd
obtai ned by digesting pHB 114 with Ncol and Sacl. The bl ot was hybri di zed

Wi th the,prigbal HawC e Qiges M QALY RRAUMRL GfteP!T Ko inédBatian: atlrodM
EDTA for 16 h. The nenbrane was washed wth wash buffer 1 (40 mM sodi um

phosphat H.7.2; 1. EDTA: 5% SDS) .2 tinmes for 30. m nutes each at 65 C.
e heb T OAE” w PR Ut Pt St Pl VST g PP RO BT,
Phosphor | mager (Mol ecul ar Dynam cs). Fig. 15 shows the results obtained.
Dupl i cat BolyRertidenare dinted dntbaiffsr aad B sadrdncabaigAtin the well for 1 hour at room

20 temperature. After washing 4 times with buffer, the wells are probed with, for example rabbit
antiserum against goat 1gG conjugated with alkaline phosphatase diluted in buffer and BSA.

After washing with buffer, the wells are incubated with nitrophenyl phosphate substrate in
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of each RNA sanple; one set of |anes was nethyl ene blue stained after -

bl ot ti ng. wbesaphiot ogr aph at right shows the nethyl ene bl uepgiaisegsiofy) ot - of
hal f of the gel, which indicates that nore total RNA from | eaf sanples were
| 6aded than from tuber sanples. The quality of the RNA is good 20 as judged
by i nt egdictiyanoianinee huffays dyftelr irkMbativanfds 10-BReniphiss dugrrapttioatis stoppdddsst ack{m/s
the hybridization pattern obtained. HB 114-16 RNA has one nmjor band at

appr oxi mMNa@H add #2 absorbaide rtdiattaubaim.and | eaf sanpl es representing the
full-length HBsAg transcript. The snmear underneath the 1 kb band may

represent BVA i Qﬁrﬁ% nnr i!:pmt : |

RNA sanpl ed?n%{ﬁggc%rf esenfttﬂ-érlé(ggﬁ??g%g rlg%]%@p?p?? |)§1 r11 o?ﬂ Qtoﬁlgh ﬁ%séAgluﬁﬁésgﬁi to
a 75 WO 00/ 37610, PCT/ US99/ 31020 ,. novel insertion, site,. Neither

nont r ans@é‘?ﬁ“&e‘;Eari% st copprnng b E0Lh ShBlal motHang hapobperidisafhe pcr
anal ysis was perfornmed on genom c DNA isolated fromHB 114-16 | eaves. Fig.
16 $hows investinglte plajte thas atednetaprodixteathn exdlypspiadesp PrafenablyT Blanfssprogucing the
GCATTCTACTTCTATTGCAGC) (SEQ I D NO: 23) and PIN2 flanking the HBsAg gene at

S' and 3'poBpestides 65 HRGhiventiby havEl samBaR SiniRs ratd6f growth Biplatedatiddatot praducd i ed
fromthe plasmd pHB 114 and was not visible in the control FL 1607 genom c
DNA. The t was excised fromthe gel and sequenced to verify that
t here me}}gc‘pn%éillgn%?gtggl?ons fromthe pHB 114 sequence. The sequences were
identical. This shows there was no nutation or change in the 10 HBsAg gene
upon transformng the HB114-16 |ine. A Southern blot was perfornmed on the
sanme genom ¢ DNA sanples used for PCR analysis. Fifteen ,ug of each DNA
sanple, and 10 ng of pHB 114 plasm d were digested with various restriction
enzynmes or |eft undigested before fractionation on a 0.8% agarose gel,

depny i natdm;mp&x'tiéﬂse@é@;?migg' InimithbgenfEPbIypéptiddsiofBhe Bivdntib@nsfer to

Zet aProbe nenbrane 15 (BioRad) by capillary blotting. The nenbrane was
fixed by UVpirradiati i ratali r (Strat ne)..

pr epar ed usT SR ENEP| s b Bhec Ribentist FaNBRIR S offnRl PREANA ol
the S35 pronmoter, TEV 5-UTR and the HBsAg codi ng sequence) obtained b

di gest i ng'35tiRpEat cglisnplanterers, ala! s5ds progrwéam&@llwagéiﬁw e SRRy %rﬁur%/ RE
probe at 65 Cin 0.25 M sodi um phosphate, pH 7.2; 7% SDS; 1 nM EDTA for 16
h. The npidntzabs weesnizad hetd swucturd Gandéos Hutsfohealr urtits( i alpiiviof atpressiph ok [sastt
pH 7.2; 1 mM EDTA, 5% SDS) 2 tinmes for 30 m nutes each at 65 C. The

nmenbr ane pBsueaRRadt thdinPémivhi The Rt Mb@dR! dubilhd eV, inBARE tiMetd)istpreferably
Phosphor I mager (Mol ecul ar Dynamics). Fig. 17 shows the resulting pattern of

22 o Sk Myt e LG ™ ety RS BBl BT RE R AT 1o

robe. The di ts ol and Hncll result in a fra nt. .7 . .
P polypegt?ges of [%Ee inventgon tlhat have eenulsolateg, processg({,r%unﬁecg or partially purified

from the plant cells, or plant tissue in which they were produced. For example, The plant
material can be extracted, ground, pulverized, desiccated, homogenized, and the like, to produce
a final product in the form of, for example, an extract, juice, liquid, powder, tablet. It is
20 particularly advantageous in certain disease prevention protocols for human infants to produce
a vaccine in a juice for ease of administration such as juice of tomato, soybean, and carrot, or
milk. The plant material can alternatively be processed in a way that renders it more palatable

through the addition of flavor components. It may also be processed so as to concentrate or
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wQ 00/ 37610 PCT/ US99/ 31020 ' internal to the T-DNA cassette that hybridize
to the prwb@oftdld) as well as another fragnent that extendpcifiiksoilis
insertion site of the T-DNA. In the HB 114-16 | anes digested with Ncol or
Hhcll, at |least four bands other than the internal band can be counted
(see nunipuriy the anfiggmic esmpogerss o plantdn owsler tof enhaice theimmppegeniceffecrpithapst
| i kely explanation of these data is that there 5 are at | east 4 copies of

the T- DNRogpotitibni Adthbligh RS Aghed9Rs piedéiraidwisogeitic P dicslaftimatefidlenant |
sites in HB 114-16 nucl ear genoni ¢ DNA (see nunbers on bands The | anes

cont ai ni #&ﬁ Ajyd r i
yi el ded E’%e@tt)éggé res Mfecg%%lédstg%ég a{‘ gnj%)‘t'z} Blﬁlagi Q%Hs?ﬁ E%P(ﬁ)%/a@?gﬁﬁ&ed
activity, and VY?S thusd gnored. Stability of the HBsAg in tubers stored 9
mont hs. ~ SeteRtesppdesigtd- iB 114- 16 tubers were 10 harvested in May 1998. The
tubers were stored at 4 Cin separate paper bags for each pot. One tuber
from each oPrefdralplyt snymecessmg\seps hyedEb|cSAcdntmateHBAgditidn dryplentnoatedd] ameids
Abbott Laboratories) within two weeks of the harvest Ni ne nonths |ater,

two tuber, h
stent QM ddManSARRf hk 1919{&10%&{ p?il/gﬁ 99 8 ;%I tﬁ]ﬁ@%% gg{tﬁfé@ dthhd egmﬁe c

shows t he Tanount of HBsAg measur e bars and t

anount neasured in in.white bars rs had .15 si antly
ror e HE RIS A ST g ST RIKHE THBHRSEH D ARG of (56PmRPRLAT fat BhiesledRts
may be explained by partial dehydration of the tubers such that the weight
of a tube¥va By |seigeningfwish asti diBsdes anfthodigienlhe inventiqn also paowidest eumposHisnier
expl anation may be that sone HBsAg is present at harvest as inproperly

fol ded neBmpekingPoltivckotiddkbfithainvemtidnlg storage these subunits fold
correctly and assenble to form VLPs, thus allowi ng nore of the HBsAg to be

detgeted. F

occﬁfred duF?nSoéP8§90fhw 3 @ﬁ&@(?hé@éﬂ%é@éﬁ%%ﬁﬁ&ﬁﬁﬁ&ﬁ@' h@n%h ctagEﬁ%Sy
the ELISA. (It is _known that potato tuber cells are physiolo |caIIy %ftlve
during ste8fgeshguld net iigelfoindyesthe prpdusiinged anfibadigs: ha

content, and ultimtely sprouting of the eyes and grow h of shoots ) These
data s hoW}mhaaceuﬁeallyBEég)tmlodmiert arawel &negeno those beths aits Satlabdraefsonclade,

| east nine nonths upon storage at 4C. 77 WO 00/ 37610 PCT/ US99/ 31020
Exanpl e 2y Bpr /S ligditearl tdmmge esdow@r %ﬁé?ﬂ)%l&éd HE3Avothdldtulelbagar a@,e*)ffo‘teiﬁﬂd
anal ysi s of disulfide crossl i nking This exanp e describes the stab
expresslon nsgeni ¢, t obac s of

o1 Bt - optoheaslia IR ut il oo phFatte sbstioss YhRe Ginlope Bpags and
targeting. 5 These studi es show that certain nodifications cause a

si ghi f i cdhe like, gplyiacte aeids. @atyzbicolie aeids, pakimrgicomine aeidesuchvis aobigduipmicaeid,
bridges. Since nore highly crosslinked HBsAg is potentially nore stable and

nore i Mpadgedine an@thedikBaitR6REGH copolPiesspdphkiils) Uipitside ape diaetvé oiryd wirticlas.
better vaccine antigen. Further, since yeast-derived reconbi nant HBsAg

(rHBsag) is | td
chemical s ¢ o™ ?t@?%r%&?%%%ﬂé‘%ﬂgﬁﬂ Pt %68291391@&%9°t5 G InWdihn, for
E., Boger, M Al nj ck E, M lle c cal for of th
hepati ti el PRz S %h aﬁ?% geRigrifes, b@%rgt {55 PREPhiED & IR Ifates, as e

| 985; 82, 6830 6834), the plant-derived HBSAg represents a potenti aI ly nore
i mmnogertiscsaltabé D'ralniwmédﬁ such as acetates, proprionates, malonates, or benzoates. Especially

20 useful protein substrates are serum albumins, keyhole limpet hemocyanin, immunoglobulin
molecules, thyroglobulin, ovalbumin, tetanus toxoid, and other proteins well known to those of
skill in the art. Compositions of the invention can also contain liquids or excipients, such as

water, saline, glycerol, dextrose, malodextrin, ethanol, or the like, singly or in combination, as
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delivered orally w thout purification and/or chemcal treatnent. W created
transgeniwobobadeo NT 1 cell lines by Agrobacterium nedi at@er 03860 Very
15 with plasmds pHB 117, pHB 118, pHB 119, pHB 121, pHB 122, and pHB | 23.
These constructs are described nore fully in Exanple 7, but we briefly”
descri bewedhleps spbdlatdes suflores Weftimalsigents, panlsifyingl deeatsntodi pH thvdfesipga agehisc

pl ant - opti m zed HBsAg gene described in Exanple 7, which has been nodified-

here by elipdiemed cid aléd b&udedradianatrice Xore Gingpbsitioh dfdidinvéationt at i onal e
suggests that a N-term nal plant signal peptide may nore effectively target

t he nascent 20. D e ! e 0 fl el holkdi ng
of nononer slfgﬁgégesd S e(r:r(g%rx@? R)(E:’* olglgfe?% g’d “5%}52913 Jg E‘E?R{ngﬁg’{s ;%r\%e‘éguo BTlrt]dg asS
signal peptide contajns_21 aming acids, while the aL sjgnal pepti .
conpri sesyrPhogytsst SUSRAF BYal P1eRT-dudiscytoidngssHen %ﬁ@?«s@gﬁgﬁ, %ﬁ?épﬁsﬁ@e@ Mt
contains a potential vacuolar |ocalization signal (Mason et al. 1988).

Fur tSher , cam@esitipmiofighe HBRemtétne nOpidonallg, adjWRand0¢R7440bPERINdsd Sh J@Rgpositingnal
"SEKDEL" (SEQ ID NO:4) nmay concentrate the subunits in the ER by sal vage

from downgdinemi GREANRAYARG] HYRRR, biESe ot Aiticl e MER50-0f AlM@iniRh By6fokRie! | ve
associ at i o% and crosslinking of nononers: Table 3. Plasmds used in this

Exanpl e 10 N-term nal ; ext ensi on, G.t erm nal, ext.ensi on pHB _ v
TL7NbneNhEhRE TIaUbBRCEEY o LAh TERutT eRoHe R LSV R at s Rofd MPP ).
pepti deNonepHB 121NoneSEKDELpHB 122vspA ocS si gnal pepti deSEKDELpHB123vspA
aL si gnalN-pegtyl-erysermeyl-healand dD-1segbamping s @ U&3t7§aw§¢rmdmt<t oisaseoMph),
cells essentially as described (Newman 15 20 25 TC, Ohne-Takagi M Tayl or
CB, GreemPa%etﬁ%ﬁwencg%nfymmhhagm@ﬁeﬁyleg-ﬂmmﬂem—@ntz'wﬁlgﬁm,sn
target reporter transcripts for raprd decay in tobacco. Plant Cell 1993;

S: 7l 714%1386%.'3'-1'1'}%&&@%&)%8@'x%fs_]ggﬁga?rﬁ!gﬁésﬂ9@%9)"44%&&1 t§%9 M‘ﬁ‘-i;q?( gin

Were assa or expressron-o were éxtracted wth per g

cells in buff BS,.. 7.2, .50 .mM sodi um ascor bate, 10 nM EDTA, 0.

BNSF. 0. PSR COWo AR P iR el BodRm eI Ay g SRrbmp it GpC
16, 000xg for 3 mn at 4C, and supernatants tested for total soluble protein
(TSP) by lrapbilisrdgrisatbapf (Brarddjpeatide AOPPH3s Agl By alngunymphesphale PH#EMIEN SA
(Abbott Laboratories). Expression varied greatly anong the lines, but the

l'ines t haplfespioes stk BEheaBHE 6T ahEREBIS whith coatihsaiies tompbnety extprrpidgat ed
and used for further study. Table 4 bel ow shows expression data froma

repr esentati.ve e I i iich, a ed: 1] r e t re
nesayed. AP rEBROUTRMorl BT (EARGE Qs LA CREN GRIE g
forpns were expressed to hiz%her | evel s of HBsSAg than the unnodified formin
I . _

i n® HB :(M;EI@:TWWﬁ}])@ a 2% squalene/Tween 80 emulsion.

Preferred adjuvants include cholera toxin (CT), E. coli heat-labile enterotoxin (LT), anti-

idiotypic antibody 2F10, colonization factor, shiga-like toxin, intimin, monophosphoryl lipid a,
OPTIVAX (U.S. Patent No. 5,622,649), outer surface protein a (OspA), sodium fluoride,
chitosan, subunits thereof, and mutants thereof, (Clements et al., Vaccine. 6:269-277 (1988); de
20 Haan et al., Vaccine. 14: 260-266 (1996); De Magistris, “Non-toxic derivatives of heat-labile
toxins act as mucosal adjuvants,” Mucosal Immunization: Genetic Approaches & Adjuvants.
IBC Biomedical Library, Southborough, MA, pp. 1.8.1-1.8.12 (Based on a presentation at the

IBC Conference, October 16-18, 1995, Rockville, MD) 1996; Dickinson et al., Infect. Immun.
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HB 118-3 giving the highest level. W nust interpret the data with caution,
si nce we wiohornod1079 WO 00/ 37610 PCT/ US99/ 31020 quantify mpeNASieyRbe, )
whi ch woul d have accounted for sone differences. However, these Iines 5 10
15 were selected as the best lines from 20 random events

t r ansf or f&t Pbfr162h EVA%wrPi Temmash gisal; Infee. Jmumpn. o4 R44-9¢ ?tél(‘?\%él’l Eqr\é@af%ﬂ(m
performat |east as well as the unnodified HBsAg. Table 4. HBsAg and total -
prot ei n Infledt.rfamage 68 c2396+2 3661 (1993)nHe InlgRHBsAgV aevém, /1 i1 Agd1nB4 (1 9PSRNrud
117-94. 7867HB 118- 34.28261HB 119-53. 8 8121HB121-113.40118HB | 22-84. 80133HB
123-14. 4 2 tya

or oss! | kg Ui ‘SEREDES 21 (O Bl P A A TR IS 1 930 a1 S
HBsAg by V\éster bl ot aft r 20 25 fractionation of inmunoprecipitates under
partial PUGYS 3 @5W6Vﬁ¥6 Cel|'s were extracted and assayed as above for
TSP and HBsAg. Sanpl es contalnlng 1 ng TSP were diluted 10-fold with PBS
conbai ni ng Thewditvianioranbelpdayid@l EMcawehtlynwidls ox phortly detore aneftey, nroyssmf ththen
mxed with 1 p,g of goat anti-HBsAg (Fitzgerald Industries, Concord, M).
The reacih@indRsid ddeipesiiof. AR, the Rdjavant darlbe ﬁﬂddé&ﬁfég’fﬁl%ﬂltﬂ\th%hmﬁﬁncéemc

Protein G Pl us- Agarose (Cal bi ochen) and incubated on a rotating m xer at 4C

for 16 h arose matrix was e n d

suppl | er CTMPRUETTCE Bods baroPeeraneiiy i SRR ‘g G e
buffer containing 80 nmM DTT. Sanpl es of east rHBsA

i mrunopr expapAtelytie g copvement Serb eviayas 4 kaumk e P fakep Wit tbaﬁtﬂd@gt fRreferablndhe 1
117-9, HB 118-3, and HB 121-11 were exam ned. The i nmunoprecipitated (IP)
sanpl es hdju&dab1PAGmeRIo geddly fat @ptabby £1jihaat, tel, aie thitGrémstedaminmGipatetponke
reduci ng condition), centrifuged 16, 000xg for 2 mn, and 10 ~cl of

supe@r nat gp 7610 PCT/ US99/ 31020 on a 4-20% gr adi ent

m Ircti:BgeI ?@tf]mkt‘)%g%gsrﬁ%et;gxnﬁ %?éncg mat eri al was resuspended and heat ed at 100C
for 20 mn (stringent redu0| ng condition), centrifu ed 16, %ﬂ?é‘? or 2 mn,
and 10 ~cl Bie cupeasitiansraf the 4iention can cubpiivg yaistal ease ation, enteric

el ectrophoresed, electroblotted to PVDF nmenbranes, and probed with the sanme
goat ant iferniBétipns eahlets,ichewalflotableR, cﬁsghs,eohaﬁo@pmnteﬂaescﬁuﬁmmiemmabaltsp@ys

obt ai ned. Panel A shows sanples that were subjected to partial reducing

condi ti oBr (Rfvdeks, f @bcts MstipposAhilesd apsddniah QPatchea raplde SuspeNEonsst rinngemdral,
condition ( 100 C for 20 m n). Yeast rHBsAg (SO ng) in lanes 1 shows a

| adder of ﬁgtt i85 BoMRdel: 1@%&td@ardﬁdy°§'soﬁo ' §8) dod sBUBD, oS Wrbqgﬂged

under str) |on 't’érns "are séen’fof the ’yeast

purified b Ianes 2) ., al though the recovery vyi ess ha

expéct edPO bRticeh aF Palyllegiges QRE BvEation in tolgledepen §oé a%ﬁtedief @S? B8 R
that represents the heavy chain of the goat 1gG that was used both as the

| P hook &me dffvermpésitienito bé¢ vsedpr obe, and included in lanes 7 as control. The
HBsAg di mer and trinmer signals bracket this signal and are well resolved
fromit. Mé&hotide NiicitiipoaImimuneaR@pensdB 117-9 (unnodi fi ed HBsAQ)
co-mgrates with the yeast rHBsAg nononer, and is present with diner and

faint multi 7 31?%%2?({ éﬁ!ﬁ%ﬁiﬁf@@ftﬂe":\}wéﬁgﬁ%ﬁh BB usddoSelfent 4 d{]ﬁlﬁtﬁﬁﬁ@l%sﬁ&ﬁfe in

HBsAg r eadi ormnultinmers when expresse | ant” cel
Even . . .
animals such as cattle, swine, mice, guinea pigs, rabbits, fowl, such as chickens, ducks, and
20 geese, chimpanzees, baboons, and macaques, and in humans. Preferably, the immunogenic

polypeptides of the invention elicit IgG and/or IgA antibodies (see examples 21 and 23) and/or

a cell-mediated immune response (see example 24).
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under stringent reduction, a strong dimer signal is evident in sanple HB
17-9. A pworondfsidai nt | oner M- si gnals is seen in the HB lptr/(sfd/#iadup! e-
that is not present in the yeast-derived material, suggesting a single
cleavage event that yields 2 HBsAg fragnents. Fur t her study is needed to
det er m ne whea prefernefl pepegt, amipagunagesig pelypeptidgef theunyegtierisiagnggosgldmpunagem, ¢

of extraction. The 20 nontransgenic NT1 cell sanple (lanes 6) shows a faint.
nonspeci fsuch as HlBaA gt Hadr theparpbset W e ihventioBsAguossad irmhuasginds 6B thanhlasithe
wel | resolved fromboth. Lanes 4 contain NT1l cell sanmple HB 118-3 with the

HBs Ag nDc!l'O Htgdto%nlgéélﬁ(ﬁﬁg’ﬁ‘rplﬁé nﬂl@ %uco§§ lmm:l n% yS?ﬂQIﬂal rlﬁ)gd%t E% %? g%éi@ﬂcd The

nmononer sign e runs at slight I ghe w0 00 610

PCT/ US99/ 310 , _Whi ch suggests that.the, plant sjgnal peptide is.not
Clenved ipRgag g STESEh aiths sterd § onenbrind Bt ggesf ine
partially reduced sanple HB 118-3 is nore intense than the nononer, and
mul t3 mer systpmt andéorstimtudatey the Ammioeal dingtving gespshsedn avdorserdapmdeetrmummrvdﬁlout
i ndi cating substantially higher-order nultiners are present. Even with

st ri ngentindRGWE byreerkieNeletdned and Rethout theMREd dexiceisirN®ises bRl genarysrafe | y
di stingui shed, showi ng that the disulfide crosslinks between nonomers are

quite st I chdon | 18- e
117-9, Zq&ar n?pg deﬁgédﬁ/f%}n hsenglﬁlaréoens c%mf}%r”tltr%a “%I’o e%e?l 'FJrh cclﬁc esx%ggéte:d_l
Lanes S in_ Experiment 1 cont ain sanpl es from NT1 cell Irne HB121- 11 vvrth
the HBsAJeHis MREwNa) yesultingan paperifieallyeliménighed fubssapentionti EBEEST ISINGSA) . The
partially reduced sanple 10 shows a nononer that runs at slightly higher
M, which i A monsilgtspohsanbiah imhenézeherf Heriavendxsh ensidentooffus inokikde amgitespaRe S
up to tetramer are easily observed showi ng substantially greater degree of

crofgl i ngeﬂeareaawhénnmrs h@rﬁrﬁogy stn @l L%he ﬂu[:bs’&gFrﬂﬁluEQQ#«%&lO?yﬁE’zﬂﬁﬁ'iﬁeS%ﬁfost

mul t1 mer t o nononers ut a strong I mer signal 1s st present

117 and HB 11 fain artial

or ot ol ywcereblyRRRoidtisshn fral BN bE ol e lie R BRhisaRin wally oy
all 6 transgenic lines were exam ned. In this case, separate |IP reactions
wer e per fsubjretdndromal hlsingghisirente pbigtreducton pémexmnﬂgfm)toah@mslwsah@enrioranes

reduction (100C x 20 mn), in order to obtain a nore quantitative result.

Fi gure 2GQreviawsaddass tetiédl dngdll afatine Rarells sV Lhe McePHRI'S Patchys et UaRe
and Panel B sanples are strr ngently reduced Sanmpl es HB 117-9, HB 118-3,

and HB 1 I he
resol uti g%mé&o EQﬂﬁeJrréagr I?P,[SI%I (?T‘Le‘rgdsé}r I ess Iééag%ﬁr neglt’ 6%901%1?0? Cgﬁﬁmltﬁ
reduction. .-The HB 118-3 sa le in Panel B (stringent reductr on) again shows-
highly r&8iepameset odhe rrrrﬁrﬂrr@ igsrefifically imeded withidhe deftion ofisuch wEpbranes
multimers likely in the snear at higher MI. 82 WD 00/ 37610 PCT/ US99J31020
Lanes 4e.gnnicpsl mesrbrares oﬁﬂnt: airpasdigesaetdssibieipylishdiBg I8u®sal mbmbhaseBEIhg
nodi fied with the N-termnal "alL" plant signal peptide extension. In Panel

A si gnal taenhal%r@cr&cmﬁﬂargéqﬁeme dcBes3PRAGE&pp bﬁtoapr&@yl mat el y equi nol ar
ratio with a larger signal that |ikely represent

‘Elicitation of antibodies by the immunogenic polypeptides of the invention can be used, inter

alia, to provide mode] systems to optimize, for example anti-HBsAg antibody responses to HBV

20 and to provide prophylactic or therapeutic treatment against HBV, or other bacteria, viruses or
protozoans. For example, detection and/or quantification of anti-HBsAg antibody titers after
delivery of an HBsAg polypeptide can be used to identify HBsAg epitopes that are particularly

effective at eliciting anti-HBsAg antibody titers. HBsAg epitopes responsible for a strong
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t he unprocessed form Miltinmers are al so present, which are largely shifted
to monomsveoasWid di mers in the stringent reducing conditimrr/usame0G and, 7
contain sanples HB 122-8 and HB 123-1, respectively, in whi ch the HBsSAg i s
extended on both N- and G-termni. In these sanples anel tetramer

are evi dERSAGAHDRANIEFPOTE? AHBhH BVetId dengi§adby F%tln&HﬁéAsrsmib?S‘lef d“ﬁﬂ?‘i h
carries the "alL" plant signal peptide extension and the Cterm nal SEKDEL -
(SEQ | D hehirst HBsiAsulypeptidds@iv ffegand dangthis. AﬂtitHBdAglﬂxti}bD(ﬁeesli;iiueg bpf patizular
signal peptide, like line HB 119-5 that carries the "alL" plant signal

pepti de ?l:lﬁi&%r Tgﬁje}ug@: E‘Rﬁﬁ?{lﬁ tfrﬂg be felfed |u9f?1g% anBLIBY BNRIA RERY iHI8etbinif®r €

efficien rter signal peptide in these NT1
cells. In_¢conclusion, HBs expres in cuI red t. obacc
I G ey e S R R

enhanced when either "aS" or "alL" fornms of the 15 soybean vspA signal
pepti de HBsAgyetypeptiddsor Risicarprotains wiichtchntaf thmeepmneﬁpmdwmgwgdgsewéodlm ese
data indicate that plant-produced HBsAg, especially when :fused to a plant

si gnal paRtdpit8ped SandhSNPEEIRIruMBE Bhd'Esednd EBENa fie6ndBsA g antitddydetpories.y of
crude or unprocessed host material. Exanple 13. Expression of oral adjuvant

in o~ tato Jhe E. coli bun| e t a
form t hat |/§n§6m| H‘ﬁ%ﬁ%cg‘eol}'pep§ be iy r}]rlgelgrteﬁi(oo{ Oﬁ%ﬁ%eo'r@mu %(R)ﬁotalﬁrtggmurgn
other than slicing, with the am no aci d sequence SEKDEL (SEQ | D, NO: 4)
i ncr easi rR§pedssrie &P oPrglidstjvery of an ingmpnogenigPplypARtidrdn Preserees hféﬁharmst{%l@n@f B
protein can be used as a vaccine carrier. Expression of the 83 W0
00/ 37610 a BehpefSia® 3h B2 0ylafy Brepfiitrivh iaalfe 4 iglating yragifsaeedukt,ithiradenmaher
by enpl oyi ng pl ant-optim zed codons of the codi ng sequence of the protein.
Th di ff

a1l ol FipetiBineEh B SRIORen RFlcS AL SpelaMR Pl AN uns pIE paliiBun,
LT B (pLTB 110) Optl m.ze transl ation start si LTB: SEKDE Kl
Gt or 1 nA|ESERIED, AARIASIHION 50 SAa R P i o BB B RSk
codons, elimnate 4640 spurious pol yadenyl ati on and splicing signals
* Const r uds aamomplaniefHyl Dprcteinl earier frrdralradivhsistatian. | A eéemhination 0fadmimigeadione,
16: 1336-1343. 10 | ~xanple 14 Transgenic potato plants that coexpress HBsAg
and nucoggl &anir’;iélad] us%@ltd el[BittadRhti HBI A} fmiR@icSrespoRs@ T Eiitexh@pRY Bhdlddsee
| ogi stical prob i nvolved in mXxing and stabilizing pr epar ations
cont ai ni ng vaccine antigen and adj uvant, IS conveni ent rov di bIe
mat eri al tRERHYNOZANEC CHRPRFHET MaX\PE ﬁ@mmsﬁ%réér by ope ﬁ?l&fyasrlg'r PHAra ﬂshli%‘?fg’
transgeni ¢ potato plants, which coexpress 15 and accunul ate HBsAg and E
col i5 nut aote dribdostet ay be ad:tuensgc;reat by trimsdpmead LsubehitarRions rmfda\«r:eemaansrqnerswlat,r ng
the co-expression in plants of A and B subunits of E. coli heat labile
ent er ot OX}tharlaball) ordiRGafBdtadfuse.t her eof have been constructed. These are al so
t he subj ect of co-pending application U S. Serial No. 60/113,507. In order

to co-expr eﬁscoﬁﬁ%'sbﬁioi’x"ioﬁ” thelidvention comprising an immunogenic polypeptide, or a combination
thereof is administered in a manner compatible with the particular composition used and in an
amount which is effective to elicit an immune response to the immunogenic polypeptide, for

20 example an anti-HBsAg antibody titer as detected by an ELISA.
The particular dosages of an antigenic composition of the invention will depend on many

factors including, but not limited to the species, age, and general condition of the human or

animal to which the composition is administered, and the mode of administration of the
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in potato plants, a potato plant is transforned with a plasnid used as a
host for Waemsskmr mation 20 with a bi nary vector that cont 3cRsy®s1iBeAd -
expressi on cassette and confers antibiotic resistance. An exanpl-e of the
former plasmid is pSLT102, which expresses assenbled LT-K63 (S62 to K63
mut at i orfOMROEHoR Aaﬁﬁfe%aﬁrawyn&q{éhmw@m of g inventienecanbe-readily determined
Exanpl es of suitable plasm ds for preparing a vector having antibiotic
resi st amsmgaoslypGRiive kehiisriphstgationy CImyinanshdd faPTiVo BARle( s ibéd atdetn eélmibe
(Becker, D. et al. 1992). The desired plasmd is constructed 84

40/ 376 1Qn{Ridyedd ﬂfeﬁﬁ%{)m pi)itegi S tC’reﬂQraﬁ%M ap L{ﬁstcjglpq({}vml_@gl B0 dw ?%FSC gRl to

obtain the HBsAg casset gatl on

di gest e I i kew he r bi n vect or e ransform
he hostOrEREST & pale P by ttefisterrd o'y 6 g B eh s 41 ﬁ%\ shiBREEen] ng
Zgg/ L hygronycin or rrg/ L phosphinothricin. 5 Exam-,le 15 O al

i ni z& hymaps Pragtewbly, L B- 198318 wie pduinistdradn Ihdesired, coutsinwlatBry Bolecnics er ar e
fed potato slices (5 g potato/feed/ animal) expressing HBsAg. As shown in

Fi gs. 3adhsrad®-dan auktebmpe@wdayebw@%ft@ﬁr&%F&%ﬁmhItﬁ@aﬁﬁwé&ﬁpwﬁénsw e
specific to HBsAg. A group of control animals fed non-transforned pot at oes

failed tp 9&n e ol e toxin (S

used as gln Orgfzﬁ F@f&g,ﬁ?&gg etg; I Igtlon cap () %‘ra 1tms§eer agx,era eutl\égilg BT aced
on the pot slices and consuned by the ani rral s aI ong with the antige

Thi s ex;?é?l? el Coperall édlttlsmidéfére@h thet thetagroant of plept At pertion therenf tchbe
experinental and control groups. The potato tubers in these experinents
expr essednomied He suffigiehiBoAgbide pataatonnt Fhmimimsgenicagatypeptidaauick acEiBsad, onl y
5.5 pg HBsAg per feed. This likely directly reflects the nodest prinmary

r ons t whan t %U‘HE th a
1eﬁpsub%?ﬁn%&%§lr§1éggag%a%@£2e§? lyeastlg‘ggplo\%g %sA%ngﬁﬁga\@pgbec on%y t %lsa\gl fed
with th ans ot es secon ant i - HBs resp

cont i ¢ miAg e SRRl ool BT E e iy pilonCutsp i S i

i mmune response was anal yzed in terns of |nnunoglobulln cl ass and subcl ass,
an | gM oéBpipeside or1 Sarmd! Byeprigdor eansenteatedfaad otatesials sdidhrean thendgisohausmds. No
serum | gA response coul d be neasured. 20 xanple 16 Transformation of tonato

pl ants Tonmhmu ﬁﬁﬁ@s@s@ﬂlchﬁlﬂgreﬁhﬂﬁitﬁfnr&‘(ﬂg@@ﬁ@bﬂg%n‘tlﬁodlgﬁarw&ta%p Imediated
Frary/Fillati et al 1987) Bi ot echnol ogy 5:726-730), as nodified herein:

Seed I d
n 200 CHGEOR BraaeR” PhenSHI gk Fedfalhey @6 Roial o iy foh BT S
1%' Q 1nvent101$ nobe er;r)Banceg %y A% Wi)ﬁg tgl ggs%ée() rc?lgt:;:r /O%J 'c%?nglé%%‘gt%o% or boosting regimens.

Compositions of the invention may be given in a single dose schedule, or preferably in a multiple

dose schedule in which a primary course of vaccination includes 1-10 separate doses, followed
by other doses given at subsequent time intervals required to maintain and/or reenforce an
immune response, for example, at 1-4 months for a second dose, and if needed, a subsequent
20 dose or doses after several months. Preferably, at least one of these administrations is performed
orally to elicit a mucosal immune response as well as to take advantage of cost and convenience.
Oral administration comprises consuming a transgenic plant or plant part of the invention.

Preferably a series of ingestions of the plant material is undertaken, e.g. a series of three four,
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times) and sowed in Magenta boxes containing '/Z MSO (approxi mately 30
seeds/’boxXyQ 0@A®16lay prior to cutting cotyledons, 2 nL of arPonwsssrk200! d - _
NF-1 suspension culture is pipetted onto a KCV5 nedia plate. (NT-1 cells
are subcul tured weekly (2:48).in KCVS |iqguid di u . The suspension i
covered WVEntcR BT, gaéhﬁlggﬁséwn%em%epgﬁgﬁ&m at ?aéH{Rf%F’ #RLP ?TIQ&YHC(YeartHP"Eﬁt.
The 5 cotyl edons are cut 8 days after sowi ng. Seedlings are placed on a :
steril e pbmerscvavielfomticntdaged with sterile water. The cotyl edons are
excised at the petiole and the tips cut off They are cut in half again if

si ze of cot xhiRgRGrdtRdnAERiRindglAR pbl tia-&ecaﬁ)@ﬂcﬁrﬁnsarﬁi%%d? RGeS deRBHET
pl at es adaxi al side down and cultured at 25 C, 16 hourphot operi od,

overnight. For the transfornatio Agr cteriumis stre d _ont

el ect P vane acippnv e AR of hyuml B TER T el e T B Oh g ot e
at 30 C. Liquid selective nediumis inoculated with the Agrobacterium by
pi cli ng masithsgB manthsohnastlis, @months, Lysasardengsr-aPetionaily, pmBBINAE T§PONSE GED YM
medium wi th 150 pg kananycin sulfate. The culture is vigorously shaken at
30 C f obe4Baifiuied. inQie afimad for thagnagUyt prowidisg ohe ©dlmdére dbdosted idfSctiths Yl the
mediumwith 2.5 ng kananycin sulfate and cultured in a 250 nL flask shaken

vi gor ouslk. - - . t4 ensi 15 .1

Opt mum CHEEeEEHEe pORatidy 4 V1ot 4t Shidplho 2 S HBANL X pBINE™
centrifuged at 8,000 rpm. (Sorvall, centrifuge, ss34 rotor), for. 10 mn.. The
YMis polE&dodpereafier thearigary admipisiafoge Qpaanally, %s-aés}nré%aﬁ?ﬂef e palpetiges
shoul d be between 0.5 and 0.6. Twenty five nL of the Agrobacteriumculture
i s pi pet tofchd imventiorsasarlatem ey en faodsimkt is Tkl asxpbaustes afierea primanfigfacton 6f am 2
to 3 plates into inoculumin a magenta 20 box and i ncubated for 5 rnin.
Wity Occ%fn%@i'tioﬁ hidtieigits 2R EmBNRk R IR A IR R\ rhniatfirerelinferP@RShcluaye! .
The explants are returned to feeder plates, adaxial side down and the

pl at es arﬁ sealed with Nes%o film The_.expl ants ﬁre .cocullti vat ﬁdrtfoorc Qe
16- hour PABIBHET YA "H° ES’SF%P“%?BBHS&ﬁ\%’f"éFVa? BHMC THEP'EX BT ARY'S O AT
transferred to selection nedia (2Z) adaxial side up. The plates are seal ed
with ni citiepiormeuncapspoaseiofithe subirstt Aecardingly, pdmindstpgion ofipn pistanbpansgeric pimt
W ~ b0/ 37610 PCT/US99/ 31020 ' The explants are transferred to new | Z

sel ect i ons ARGHMUTY PalBsg@) oF ¥s 3 “barks” tohe Barbdhoodtheligighimdgen appeaemblatad. ar e
transferred to | Z Magenta boxes. Exanple 17. Regeneration of transgenic

t omat oes.; W .1 hi g 0Lt t . @p@@r : 0 .
exci sed fr g\{rﬁs ge’ @(%@%Lﬁ%sgﬁ(é%ﬂéﬂéiﬁgat@&g%ﬁ g?@?fgéggpﬁ cmagjr?gglls*h%l?lg eega7t

| east 1 node. They are placed in_lMagenta boxes. (4/box ontai nin onmat.o
Rootd ng NOJYeEkeAater widh weast-gernadahibs: gés%@egq‘éhéfam&éﬁ%ﬁg tB %{apfeaa% %{ﬂwawaut
2 weeks. Standard Greenhouse growth conditions are enployed: 16 hour day;
aver age thegpdAaEuSanilaly, Sra@sgehirpatatd aed CTaxah beiadmimatcrades:a Hoestep nan EXEEL L
(15-S-1S) with extra cal ciumand nmagnesi um potatoes grown in METRO M X

360; t oMBhRRMIAkiIOWAViItNIEBEAL! WitMaxtidQiy hiteRMaind iRt st L alnif AN, ral sraldbcdstes ed
whenever possible to inprove overall plant quality. Exanple 18 ELI SA Assay

for Meas VaElE for (l).l];e \%ﬁ it i\'?i@luil_s '\_J!' o VCS Bge%i gr{rrcl:ecﬁg]); f)ggﬂlex"ﬁ administration of current
vaccines is demonstrated. More preferred is an oral vaccine that can be used alone in a

20 vaccination regime for effective protection. The frequency and amount of complex consumed
should not be so great as to provoke toleration of the antigen, and this condition can be

determined through routine experimentation.
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Mouse sera is evaluated for anti-HBsAg-specific antibodies using a
commer ci YQ Y3F6HI | abl e AUSAB enzyne i munoassay (ElA) di agraaaises/3kizb
(Abbott Di agnostics, Chicago, IL) using the nmethods described el sewhere
(Pride, M et al.. 1998). Use of .t he.AUSAB quantitation, 15 panel, pernjts
conver si onT%fdeg%%?%i*h%mePa%?l% M @fﬂt&%@dﬁ?‘@“ﬂ%ﬁ?%ﬁ@%ﬁpﬁdﬁ) roifl%‘?i on
of the Anti-HBsAg Response The isotype distribution of the anti-HBSAg -
r espons énveatign vdier; fed @rallyi, sytragteonplanictissygscliron parits expyrpising the impmnes®ael;
Ri chnmond, CA). Sera, saliva, and fecal extracts are incubated on

HBs Ag- c patypeptiriea d$ thefinvemibi ean’tofed to dnialsj suph anshideathtinans.i Bardkaimplelenect ed
using rabbit anti 20 nouse subcl ass-specific antiserum (Bi o-Rad, enzyne

| mminoa § e SAEerOHS ' LTI
Speci f | o opmite o on@’%r}%gﬁ %R%gé’) 2 p%%‘gggi“f;‘gll%g%l%‘?%?%d{ Thi s
assay is included.to.serve as a_ positive control. The system c anti bod
re?ﬁonsQQIYQSP%‘?%%%&’F%Y%%Pﬁgiﬂ“ﬂﬁ“ebg‘é’lupé’ FHIRE 30 Bt BISFR BRCORPMa &‘ﬁép%’idraz
docunmented, and therefore allow evaluation if the responses are conparable:
CT- B i s pagiag dobnad. dek cxpizesing jheMasmnantigen lfrom 4 982mbie98 plasmidEx Semive akd
Measur enent of Anti body Responses in Miucosal Secretions. To neasure

ant i bodyndcay lasitibsdyMessints GRVeknARddyaIIsAnd saliva sanples are
collected as follows: Stools: Freshly voided fecal pellets are collected

fromindivy i ared..in n f tubes at.-70G Prior. to the
assay, pel 4t§%‘?n8§r§ @sﬁgg‘g‘%@bg?fy B*%g %@889%%@;‘ %Slﬂr%tteﬁt,wel]ﬁ%%aqsubléés t hen
allowed to stand_at roomtenperature for 15 mns, then vortexed vigorously
and i ncltsemuaended gt currang vacpings generatesaifody titerreaf af leasid 0P axlbdmLen@liow for
centrifuged at 1,000xg for 5 mn. The supernatant is collected and used

i nifedi atealegling imtitdd WBA thas.aPrefdiably, aptihngy iBmass espomel efichsd Bean HBL by
deVos & Dick. J. Immunol. Methods. 141:285-288(1991). Saliva: Saliva is

col [ ect . . : S i . Ny . -y
15 of o IR R b Of e WA Riickesi hMESIARMh afy Paty T,
flush of, saliva.in all cases. Sanples are_transferred Eppendorf tubes
and st oFlé%agaq m?‘%@&wmfwr Oéi%sé;?“e"'ggpgéxgﬂtﬂ'%thfmePP@HB%sr thHP"gPU%‘? YRR |
suspensi ons. Single-cell suspensions are obtained fromspleens by gently

t easi ng bopder it sspreferted dhajthaarst- HBsAg semai anitibody kvekincwesasah leaftcfpar fodd or

Pat ches (PP) |ynphoid cells are isolated by excising the PP 20 fromthe

smal | i gteasdritig S9l iUl isfodr 6r WisSfeedingl ed i n Joklik's nodified medi um
(A BCO Gand Island, NY) containing 1.5 ng of the neutral protease enzyne

Di spase ( i ' i ochen | ndi ' 0.5 -
ot ool | Senndnahe MEROREAI En ORIt ok B 5ty T0PPbefor L Pho e el
79: 596- gg %dj(u]{’%gtz ) %6r esxsample, CT is placed onto potato tuber slices expressing the HBsAg and

consumed by animals in conjunction with the antigen. The CT is effective in enhancing the
immune response associated with HBsAg. Preliminary data indicate that CT is a more effective
oral adjuvant for HBsAg than the E. coli heat labile toxin LTg,e, mutant developed by John
20 Clements of Tulane University. Significantly, secretory IgA antibodies can be detected
following feeding of recombinant tubers; which are not elicited with parenteral administration

of HBsAg.
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WO 00/ 37610 Exanple 23, B cell ELISPOT PCT/US99/31020 ' This assay is

per f or mredwQoonatsicel | s i sol ated as descri bed above from t hepepiusesziond )
Peyer's Patches allow ng for conparison of the responses seen in-systemnic
(spl een), and nucosal induction (Peyer's Patches). Antigen-specific _an
total IgM Ilﬂlg%t,amawatbg GvepAn ip W%ﬂ% Ipice yithgregf regomtipankBeialosqaied vl |
suspensi ons by antigen-specific ELI SPOT as descri bed el sewhere (see, e.g., -
Current Ry 6Tcheeei timésmatweekhewjervdix aThiser@gtay givesspeak ahtifdudy tamg ofD-Xld) | s
in nmurine system c and gut-associated tissues follow ng oral ingestion of

t ransgenheumal, #f&scan Be®oBaEIRit&8 df 170083408 $a1@ImbLbS abifgid dublifHReRdgEnic i.p,

generated as a consequence of Feeding mce 10 tranSgenic plants expressing
HBsAg or,any J ogenic .pol ypepti.de can he.exam ned. Usi T cells

enri ched$F oorﬁ ﬁﬁuéxggﬁuélg‘rc‘?dof%’%éﬁ‘gqm@nﬁgty@ﬁ s(l\gffrgﬂ' cig? ﬁﬁ%&ﬁfﬂ?&s BEATSA @S h a
synthetic mcroencapsul ated peptide elicited antigen-specific T cell
prof i f ercortelated tedPRsisgexpresision levelssn pafates Therdevsdobéase sesperpeiindesedelated dvithhe
transgeni ¢ potatoes. The frequency of Thl and Th2 type cells in both

syst eni cpcaded el DAing 3 SIogs/RIHREAd Siviesa [bvePindeSeproftiged ARPERB ititanhiBsAges
expressing plants can al so be analyzed. The frequency of Thl or Th2 cells
in nmucosal: ti. C S 3 - Ld. 0kl he |

speci 11 0 HEHBR S e, TS P LA O R 6 bhitt g R s ok pPHERAE
cyt oki ne-specific single cell assays to guantitate the nu

nber_ of
ant i gen-RpHtediam gespmbingatyeasttp givg psalk antibafwfitessRidioPR &lUimly Beglsd tyberedt of
secreted cytokines using specific ELISA assays, and (iii) cytokine specific
PCR anal mi,sLO0Tag gale ho rdetectabte mppunacdapensp éiutriat sighefieantiboostgwishebseened| onof
synt hesis and secretion of the various cytokines whereas the third approach
W hp detghaidieni {arhinReGias 6f £RERMIH! 8tle 3 ATG ST AT PERHbGIdnOPeast N
conbi nat1 on of these approaches™w I'l allow determnation if an increase in
a particul okine is a direct copsequence of increase in.cytokine nmRNA
oxbress: on ThadSINGpE G B BrKcRBRpETEDGaTHSeA PG 25 STEmOb TG b finth
Splenic and Peyer's Patches T Cells. One week after the third feeding the
ani mal s theecqeef ithd ineehtion idescribpd dmombieimecabose. Aldefetencesatited irpthisi discdapuees
described previously (Pride, M et al. 1993). The Peyer's Patches are

col | ect eﬁemr?ﬂb{ea hetens B¢ refbrelceds descri bed above. The enriched T cells
(2.5 x 105 cells per well) are plated in 96-well flat 5 bottomed pl ates
along with 5 x 105 irradi ated syngenei c spleen cells as a source of antigen
presenting cells. Followi ng addition of antigen, the cells are cultured for
120 h as described. Proliferation, as nmeasured by [3H thym di ne
incorporation, are determned by liquid scintillation spectroscopy. Results
are expressed as the nean cpmof ['H -TdR i ncorporated of triplicate
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wel l's. 10 Enuneration of Cytokine producing T cells. Enumeration of

cyt oki ne woamdaniiag cells within in vitro restimlated antigenusgpmbz‘oi c T_
cell cultures is determ ned by ELISPOT using matched pairs anti-cytokine
nohocl onal anti bodi es Cyt oki ne specific ELI SA assays. The ampunt of

cyt oki nes produced in cul ture super EXAMBLES spleen cells and Peyer's
Patches T cells is assessed by an ELISA (Current 15 Protocols in

| mrunol Oﬂﬁgg\kﬂkﬂg@hﬂxﬁ@tﬁ@l SNHIB10Y hed HB102WRetos used in the ELI SPOT -
assays. Cyto |ne-specifi c PCR anal ysis. For the detection of IFN-"y, IL-2,
IL-4, IL-S, L T 3 dl
Peyer's Pat @ﬁm?‘b Tl% ﬁg% |thz/at l?(%gﬁg%%rﬂocgﬁrﬁg’%%ggé}e% }zlind
nodi fied as usl des |bed

i sol at i orPrBYIBPéEIXW 1F‘h§ Gee-Honee %%ﬁﬂxﬁﬁrﬁcbqnﬁ?ﬁstwsosé% demﬁ‘hgﬁhfescnpt KS

chl orof orm 20 extraction procedure is used (Chontz nskl & Sacchi, Anal.
Bi ochem ($622858) (01087 pKS-FRB. The EisAg@enelingkes- H}E%wmenectt kabase pewe(bp)
cyt oki ne-specific RT-PCR using 2.5 U ~L Superscript Il Reverse

Transcri pt'agahé kérEndiRmhetaon grias Bs/BPGRd Ahe esakinig sapamatetluaied by filling with
el ectrophoresis in 2% agarose gels are stained with ethidiumbromde (0.5

qg/ ) ang Mb\%%ﬂ%)ﬂﬁ?gnd"ﬁgﬁ’/d%}'ﬂ B u%)?ﬁgﬁﬁq gﬁlﬁy% cg%erﬁ%ﬁ%&%% L LarOX

quantitation o speC| een dopt ed

usi ng recorrbl t. nR I ndar. ecte

| FN-y, | LQf4he BRdsits Wgtl@ﬁ(aﬁﬁﬁggéﬂa@r{ci%ﬁ#i@@% P%B’s‘@’rt‘? By ‘E?Ss‘g&ﬁiw t{}\ang
et al. PNAS USA 86: 9717-9721 (1989)). The PCR reaction is conducted in 50
p. L of PGRcHunidehe eadsivernvipdined with mvigdfear avtiede d TipSUS codinpregian yRnken
forward and reverse priners for IFNy, IL-4, and ~-actin, 200 ng genonic

DNA; § s paceleag@n@ih BidHPakl e vEdor hagh imluymmmaé&g edding Ehg‘rﬁdfnt @ek ligateFastd er
Cty, CA at 85C Suitable primers are listed in Table 6. After heating at

94C for 330dRys Egﬂgéﬁ?l ] pr ess 13818\%53%%)5%‘6&%22 s ddveh tgﬁtﬂét:z&lﬂfﬂ&g/e?hﬁ)ﬁalcc)

(940, a second S extension step (72

in a thernal Per Ki.n- El ). A5-mn extension step 10 (72 O
i s perforfB (%ﬁ’{\ﬁé”élﬁlﬁt%fle‘i‘ﬁél%?r&%@mﬁ The PCR products are puri fi ed
with the Wzard PCR Preps DNA Purification System ( Pronega

W). After ob&Bd0?(Eei bth) dhe OaMyV 33hpieatoter wjdrBipheatedgnhppegr llmdjo thq_tohaccand
(3-actin, the PCR product is inserted into a pGEM T Vector containing the
T7 poly Testels &ifas ATEMVYrS’ (itenmmeige)l. leddeansfomont whithi &tpay horamsbhtiogalusibagceer
Escherichia coli JML09. To obtain rcRNA, a purified synthetic gene is

| near Zegc? ng%'ﬁééz@ Vfr’aprmgﬁé% ﬂ@7qb9@)nwmxcfsb@%frpmydm tCaRsEohPt S

are treat rorrega) and then f urther purlfled by using

3500 1y AL SR B, Sl L il

Prl mer 5' - TGGAATCCTGTGGCATCCATGAAAC- 3' (SEQ I D NO 24 20 3' Prine
TAAAACGCATDY BaRGTRRusGFathanang bermugisas: Tispremeatey ] e(ade‘cfﬁa@nenewawh%FlessedTGA
ACG CTA CAC ACT GCA TCT TGG-3 (SEQ ID N0:26) 3' Primer 5 -CGA CTC CTT TTC
CGC TTC CHEdikEstidn WREQIEIINOpHB) O] twa? (fRiep with HindBl iandSn&’ 1 toATIBaFAle ACS
ATG CAG CTC GCA TG-3' (SEQ | D NO: 28)

promoter fragment, and the vector was purified. The promoter-leader fragment was then ligated

20 into the HindIll/Sma I-digested pHB101 to yield pHB102. The HBsAg coding region lies
upstream of the nopaline synthase terminator in both constructs. The plasmids contain the left
and right border regions, which denote the limits of the DNA that is integrated into the plant
genomic DNA via Agrobacterium tumefaciens-mediated transformation, as well as the neomycin

phosphotransferase gene, which allows selection with kanamycin.
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3' Primer 5 -GGC TGG TTG AGA TGA TGC TTT GAC A-3' (SEQ ID N0:29) 91 WO
00/ 37610 VAGTH/AB99/ 31020 ,' 1 L-4 (399bp) : 5 Primer 5 - ATECHES9BI620AAC-CCC
CAG GAA GTC-3' (SEQ ID N0:30) 3' Primer 5 -GCT CTT TAG GCT TTC CAG GAA
GTC-3' (SEQ 1D No: 31) 5 Primer 8 -ATG ACT GIG CCT CTG TGC
CTG GAG Exampiet.(aletig s B A P ansigiea '- TN O] & .
G3 (SEQID N0:33) 5 IL- 6(155bp) 5 Prlrrer 5 -CTG TTT TTC CTG GAG TAA
ACT GGG G PHEBBQFId 1 N): Cejstrctidy ofiptasnfid HBID2 isTdeicribad a66@ A@TnGABoGAH., BGT -
CCA C-3' (SEQ ID NO:35) IL-10(237bp) : 5 Primer 5 -ACC TGG TAG AAG TGA

TGC CCC A %@9 (lﬁgldrpom&é@ed:avxrﬂ rﬂllﬁ?&hslﬁted {ehfented WisTodseve@G0 THprotAA
A-3'" (SEQ I “37) 10 TNF-a(354bp) :5' Priner

5' - TTCTGICTA GAT R

: gAT@MM%% il e PR IEHEI2 T al o HB102

RT-PCR, total RNA is run with cytqkine-specific rcRNA as a 15 corrpetltlve
t emdl at e eXoRpt Budelstion of e apnaudme arabsuupRses oYhigRIEh) deergasg HRnFFIIGR (e o8,
and 0.19 1 S pg for (3-actin) are spiked with a series of diluted rnRNA

i nt er nal trahdstitardfficierdtys tThrdiBh FodR(gRegion tifvanp laenidpKe-HRS 6dastate ¢!.,7)992)

Quantitation is achieved by addition of 5 ~G of [32P] dCTP (Anersham

Arlingto t ATGENGRIRINCAACHTCA OA
and Cel | Qvl???%ﬁngmilgd %PQJR&&I%Q@EF%I@BN% LSNC%@%gog&t s are el ectrophoresed

as descri dCIP

~i -acti n3§p§gﬁafbﬁ¥?%%§g§négﬁ%%$n§}@b§} F‘%f&-u é‘yzsm rﬁlfrAI %‘Oth% GAgCA 20
Tab RT Condition P_. CR Condition 42 C 15 mn m n cle 99C 5 mn
95C 1 i AVGHHE TDAVGE 835 Thyws reiicsd an AlcbBion! e siar Eqdamcing s Sachpe a9
PCT/ US99/ 31020 4C soak Exanple 25 Effect of Detergent Concentra ion on
Extyoact i eadaf ofBs Aodifig oegith.afhs PEARpMdgntamt wias tondd g&nghedNeadiand Sxclmiee thto
plant virus vector was used to express hepatitis B surface anti gen (HBsAg)
in plant BSAG 1184 4494, B6lendd a8 ALl S8ioh
was arrpl? %ﬁn@ﬁg{gh@%?gége chgﬁﬁg?ggﬂo@fromthe plasm d ps BB

descri bed 5 in | e . 7 under PHB 11 usi ng ol igonucleotide priners into
whi ch si tf@“éﬂt\e@)in%hﬁéﬂ%s&:}@ﬂ%'fji% %ﬁicﬁﬂ@s Cal and Xhol had been i ntroduced.
The anplification product was digested with these enzynes and the digestion
product conThé KholgotSael Rswent GonepiRa2 1DilgHsE 10 was hebotined ifolrFiaeseripla¥ -+
fragnent of the plasm d pDXl Ga digested wth the sane enzynes. Plasmd

pDXl Ca i ¢ &réifs itMatihtéAn&fiat YBSSKMBYCHE Giha!l knisdifiéd Stholl abi Suel Stagarnt hab
bracket the coat protein coding

15 subcloned into pIBT211.1 to form the intermediate pIBT211.1HBsC#9. Vector pIBT211.1 was

made by ligation of the Nos terminator fragment obtained by digestion of pBI101 (Clontech;
Jefferson et al.,, EMBO J. 13:3901-3907 (1987)) with Sacl and EcoRI into the same sites of
pIBT210.1, with elimination of the VSP terminator. The HindIII/EcoRI fragment from
pIBT211.1HBsC#9 was subcloned into the plant transformation vector pBI101 to create pHB103.
20 This plasmid contains the 35S promoter with duplicated enhancer, TEV leader, HBsAg coding
region, and Nos terminator between the HindIIl and EcoRI sites. The expression cassette and

restriction map of HB103 are shown in Fig. 1A and Fig. 2A, respectively.

Example 3. Modifications of HB103.
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10 sequence of the PVX genonme. This produced a plasnid, pDXl Ga-HBVG that
cont ai nedVQ09/31610 | engt h i nfecti ous cDNA cl one of PVX str airci¥sssnater the
control of a T7 pronoter, in which the coat protein gene of PVX was
reblaced with the gene for HBsAg. The pons%ﬂuct Was designed so thatz$E§Ag
expr essi on Ho‘ﬁ@gd’PP%Wtstaﬁ‘?@ﬁ‘ﬁﬁdlﬁﬁ@oﬁFB BLObin Whicka ORIQLE i WG AABs Ag
fromthe subgenom c pronoter that naturally directs the production of the -
subgenonilivkedRNAatiGe Vigus-deniye®(xild-tygte) PiBsAgicDNAhRelsxitQasseBs oo wimin Fig.
linearized with the restriction enzynme Spel and the linearized DNA
transcrihad in vitro with T7 pol ynerase using an Ambion T7 m\Vessage

mvachi ne kit according to the nmanufacturer's instructions. Transcription

product s %rﬁm% g?%%%mgn&p&& Ni cotiana bent ham ana pl ants
transgen 20 protein. The nodified formof the
V|r S produced nfections Qn nts when e

| ement ed P@?ﬁ@%éﬁéf@@w PgFleEj‘é‘hgfl {he fetemiag! ?s?fia%rqut@éhéﬁxé@%ma 93

V\D 00/ 37610 PCT/ US99/ 31020 Western bl ot anal ysis of extracts frominfected
pl ants deepiesce andan itvertmupmesding theof-tenwingraxtassion SERDELGSEQ bt eddt i ve
wi th HBsAg specific antiserum these were presuned to represent

gl ycosy! aitegheange slofe #hycasith@tEnly h eHras fragmehgigati bt dnsistinp o€ Brechdilts Agcl
protein. Purification of the in planta, virally expressed HBsAg protein was

attenpt e agﬁffeﬂgﬁ%np e ffo, ﬁ‘ﬂ%ic%'@‘ e ALS tBr%%f"?}Ag] gﬁ&%@?%g%%ﬁ%kﬁ

al. (199 erm Its actehzatlon y infe

ti ssue wa enl z oI unes of extraction buffer estle
and mor  QREOTRETH GORKRERE: SERCTCT GGeA AN OO0 ATEA TS SERCEOND Sho

t he supernatant was centrlfuged at 27,000 x g for 15 m nutes. The 27, 000 X
g sliper nandaSERBELsdhtY WQQW@CAIWTOW%@ T 6SEQ ThoN©; 1 0AmiiteoXkolgp Seblk
crude honogenate and supernatants from 10 each of the centrifugation steps
wer e t akéngient SDPBRAGEIABK Ve Ihe resutingl plastaldy pBS SKIHBsCHBSA\Gvas pabtibhal as
anti serum Visual inspection of the western blot showed that there was no

signi ficaple el to'vé"gl"op ﬁ%:ﬁ\)r?’e Afle %Ho'l of Iﬁ%glfneﬁtsﬁntl) WBFREEY. and the ep the

centrifugation, t tha s Si gn I can of the expresse

protein eco atio p and that the majority of the
resi dual ?EB‘!I’IE‘%‘F%J@ ‘?ﬂggﬁ gmﬁrﬂ (}She third hi gh speed

centrifugation. 15 The observatl on that substantial quantities of HBsAg
wer e | os83ddk f-HBs AL gerslgigeed centrifugation suggested that the
protein was |neff| Ci ently extract ed with the buffer used, possibly because
of 5%ts known pmélRI0&[Feg. 42\ @ontains ag insbrdiba eheodigg uheSoybElaederaS”ts«gﬁaEpépnde
whet her extraction of the protein could be enhanced its extraction was

at t enpt egviskdr el 164, 85) GO A NWerHirkdl %fct%ﬂéloﬁ 6V @k H@Aéj(%d%%gﬁﬂﬁencg With 21

Systenical l'y inf ected 1eaf tissue was hompgeni zed in two vol umes of buff

pest e addsrds R BERTAIRO & R Gt B e OB AR S e OBl e gﬂ% ]
honogeni zed for a further 2 mnutes in pestle and nortars with an equal

vol unme ofCANTFETATAGHIPERR NE: 1)t RBESKKEsCHO 2eas digasted migh Noglsnd figated with
the 67 bp Ncol fragment from pVSP-alpha-Sig-GUS (DeWald, Ph.D. Thesis, Dept. of

20 Biochemistry & Biophysics, Texas A&M University, College Station, TX. (1992)). The

resulting plasmid, pSKHBsC-alphaS#90, was subcloned as described above for pHB103 by the
Xhol/SacI fragment into pIBT211.1, and then the HindIII/EcoRI fragment into pBI101 to give

pHB106.
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Triton X-100, as a representative non-ionic detergent. The honbgenates were
i ncubat edworvoize@094 WO 00/ 37610 PCT/ US99/ 31020 for one hegrnsesiatoben subj
ected to centrifugation at 27,000 x g for 15 m nutes. Equal quantities of
crude hormenate and super natants fromeach of the five extraction

pr ocedur&x-uk BR: BSOS poistuglad western bl ot analysis with HBs Ag
specific antiserum \/ sual i nspection of the western blot showed that in

t he absence opHB20ZFipehA) tidgdigs svemserscouerodthgihe koybenty VISBWod. sfdnatpepicly i n
t he supernatant after centrifugation, but that extraction with a final

concentr @tts% Pl 1 &éx?rcréyuag% NCtdrin@al &ifQod S6ME b Agcolidd ehfstce vaaPYLT Y.

Thus, reasing the I'evel Of detergent up to 1 %resulted In m)re

ef fici ent extraction of de SAg
2s an | nifSgetres TudtrbeRt” RuEReRA R SR g R AR e
form being nore i mmunogenic that free protein. Therefore, HBsA

ext P act e@CAT QCFCP@TﬁC%\T@C@% MTJ@TG%‘CCF?T%@C%@%%%UECFQS}TATEF@TQ% (ﬁEQJd%s
further analyzed by rate zonal centrifugation discontinuous 32 nlL sucrose
gr adi ent NOAE2)e pBREKHBsC#rivas didiestad phithpdedtaad (ighted wi)h thad 06 bpBNdod dicigorent
chloride (8nL each of 5% 13.3% 21.6% and 30% sucrose) and left to diffuse

overni gh 0 WepSKHRR
gr adi entfsmlztl quScPe%i Fgﬁade%?j C?@%@?‘@al%zﬁng%’%ﬁﬁf‘%?ﬁ?t 291’)000 rgﬁ‘td?%}t#%l

hour s at nmL 15 fr S he thre nd
Al 1 quot s™an iy B 55 d<sbaEY B8V NG PHESD PN e Seel S TR AR AEIR F o In
Western blot of the fractions fromthe gradient | oaded wwth materi al

ext r act ethenithdhHindJblfcoR fragmegiontogiléa! theive pHB10AI |y al | the HBsAg rel at ed
protein was present in the four fractions fromthe top of the gradient

i ndpcat i pSS-TiEAL-VISPe SHEBAW KIDEONOS capmtiexes had been conpletely
solubilized with this IeveI of detergent. In contrast, the Western 20 bl ot

of the fracti g TR QUBnIAS T ARb&Bh ih@astes1 0 Eﬁboﬂﬁ{geﬂhb%h%lﬁ‘éﬁhr‘é‘SPe‘QSWsl%%hp 1%

Triton X-100 owed a broad peak in the fractions Tromtihe mddle of

gradi ent i in t HB tract d ate
form g?fg’ng (%58{‘; et‘%a l\%gg)f 8Ireﬁtsltﬁq SFTRIAE 7’(}9’315{ nooﬁéhee{;lggggﬁ %e‘ii'le%gé
sucrose gradi ent. showed that the nmj or|t of the HBsAg had been conr%l etely
sol ubi | i with 2dyenaixe agids ieaepdgd bi: @%T§Q%0@GA©‘FGU&T€9§W TTEETRCTAC AN TTOGT
Triton X-100. 95 WO 00/ 37610 PCT/ US99/ 31020 Therefore, although the |evel
of HBsAgaeghTeetAGoCATALE (SBQrIOVEO: 18). ipBRISKEEBsOK#hevak etr'/@lstedfwidet\bpgem
above the 0. 1% used by Mason et al., use of O S% or higher concentrations

Of 1? It Oﬂéﬁﬁe&Qﬂh‘tlﬁ‘e%’ﬂ EpsNtdt el AR pVeP-aififa- m%‘ us rrbaverdf P9y ofhd#8shang hat

t efficacious for use as a vaccine. us, levels of detergent

Iess than 0. 5/os oLl f ox r

i nt ended ltaB }%80 St &(’ﬁg‘)hﬁggﬁ PRYOS # dI%S%I%Ieél%oﬁll%u ri{llézjlera(ﬁ%/ %t‘%ﬁsras"l
desired. In conclusion, levels of greater than or equal to 0.1 %Pﬁ | ess
than 0. 5ﬁ@gmpntdnt%1t3d@1éapeatths@the%ﬁmdtIHEC%B&ﬁragétltrtsrrﬁeﬂoB% 9:81YS REPAPS
form of HBsAg expressed in pI anta Exanpl e 26 An i nmune response to
hepatiti 858 HiBisE NO3Y comgtrube obt ai ned when the 10 anti gen
is expressed in a pl ant and the plant material is fed to the animal when
the animal is,HHRRUSREERN b skRiohNtoHHIAY05 Sccditig e S3eaneVIRAGL” signal

i m"runoreceptl {/)e toHBsAg by adm ni steri ng the plant” material containing

ihor BB/ BHeEn 2 ol g8, SfeetRg g R Greer R A (PP Ao RuRReace

an i mmune response to HBSAg may be boosted in the animal by feeding the
ani mal tMdthp| 34t amino acids encoded by: CCATGGCAATGAAGGTCCTTGTTTTCTTCGTT

GCTACAATTTTGGTAGCATGGCAATGCCATGCGTACGATATGTTCCCTCTCCGAATGAACACTGGCT
ATGGTGCC (SEQ ID NO:14). pBSSKHBsCK#3 was digested with Ncol and ligated with the 106

bp Ncol fragment from pVSP-alpha-Leader-GUS (DeWald, 1992). The resulting plasmid,
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15 material containing the HBsAg. The |lines of potatoes expressing HBsAg
sel ect ed WO08%d0i n accordance with exanples 27 to 30 are peposiosiozd Irnes
fromS. tuberosumlL. c.v. Frito-Lay 1607 HB-7. The transforned |ines are
desi gnated FL-1607 HB-7 and HB 114-16. To obtain these lines, the HBsAg
gene fr omSKHRACIGHPBALAHS, ofas subblioned es dgecribed|ahore dar PBR1ORDYI W§e¥¥‘?§6€aicht 0
transformation plasmd 20 vectors (pHB-7 and pHB 114) that were nobilized -
i nt o Agr dhgeadieat interp IBTHf &G iard theh tIRAY M/ BebRI fragsertt ineto pBI 20l togive pBAOY.m
Sol anum tuberosum L cv. "Frito-Lay 1607." The plasm d vectors used to

construct35ghpEwppﬁfq:;SQHh3isg§§1@§lgogstﬂﬁ pHBl 14-16 used in these exanples both
contain the gene neonyclt n phosp otransferase (NPTI'l, also known as
APH(3' ) 1| VWO 00/.376

"t ear atet” i ndBi8 DGR 20 cquiiraRe T an P RBI A gne SR e B Re and

toll derived NPTII has been shown to be biochem cal I y eqw val ent to gtlﬁ
expriessedaNEimaturgpeptide fios) the determings Ngarbee Naweth ¢ api drlpstisargeting of the
conditions of sinulated mammalian di gestion and has been shown to cause no

del et eri eusy@t{ eehsirdhefor Ptk Etcﬁﬂc@éxﬁt@ﬂ ol diorgbiitprats cia alghep plants,”Sih kg
body wei ght The transformed FL-1607 was cured of the A tunefaciens and

clonally. R | et ed
for thei r%l(lg)(g%g‘féeve ﬁﬂ?’ %ﬁgl%g Abe};’gér%sésd?oﬂnma%%drﬂ?g%gggs @vﬁféqﬁﬁﬂ%@%@ pp- 136
transforned lines were tested for HBsAg concentration by ELI SA techni ques.
HB- 7 averld8dd994).cueatigeapMerpunal griensign of tisdiBeke goAng Seavepae With §2 AR ged
8500 ng t 2100 ng of HBsAg per gram of tuber weight. 10 The extracted HBsAg
spont aneQidfsenfdic@®yvi rus like particles (VLPs) that sedinment at the sane
density as yeast derl ved HBsAg VLPs. El ectrophoretic nobility and western

nald sf‘f‘ﬁ'gﬁysﬁ’fﬁgs‘?ﬁéfﬁ?ftg ) Batrras R AR LS RE R gagegngprgeee

propagated to nultiply the nunber of plants and potted in soil to _|produce
the t uber%ﬂ%éFTFﬁATTW@G@Q&EﬁTW“ﬂ%Wﬁﬁ?@@ﬂW@@WT%W CRACACRI HEd Toy

invitro 15 clonal propagation. The untransforned parent potato |line,
FL-1 607, ™agTOGATHAZIAAGEABYGGT @Y GAT TAPAGAGCOTCHTIETFOCCeATAAATTEHNs8CAMBET S
that were used as the placebo control. The tissues fromthese tubers do not

expr ess HRGTITOACA T TIREdTAATEGERRCATTYEA M AT GAE BIENTGE (SBEQIE BIC:1$)B SAg.
Exanpl e 27 20 BALB/c mce were fed either peeled HB-7 potato slices or

control non-tr t I gm

feedi ngs of pota o on @L{ays e?%f 1&%‘5?@9 ﬁ.’lﬂ@ct%f ‘?}%W?‘gé’ﬁ‘%ﬁﬁr SFI'?%S(?%
was used as an oral adj nt t he adj uv .

pl ai‘i—:‘d orPQ’ﬁ)TE%S?%?HCgM%E“T(C%T?’h e%ﬁﬁﬁ neﬂigal Bﬁﬁ?@mtr%ﬂ g([ﬁcgbgnsur{féd by

the animals in 97 wo 00/ 3610 PCT/US99/31020 ' conjunction vm th the

ant i gen. GAgCanTAEASTATERGEHBCRATEEIGS Gf SHQ R iNQA 7 Arthaiwesra desigiicd3ozdd iNpol

HBsAg per feeding, or a total average does of 16.5 ~cg HBsAg over the 3
f eedi ngs e ddeiilend of the rbeS sequence. pBSSKHBsC#6 was digested with Ncol and ligated with

the Ncol-digested PCR product containing the TPSS coding region. The resulting plasmid,
pHB211.1TPSS#23, was subcloned as described above for pHB103 by the Xhol/Sacl fragment
20 into pIBT211.1, and then the HindIII/EcoRI fragment into pGPTV-Kan (Becker et al., 1992) to

give pHB110.

Example 4. Alternative termination sequences affect protein accumulation.
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M ce fed HB-7 devel oped serum I gM and |1gG responses that were specific to
HBsAg, whwodas7dibe group of aninmals fed control non-transf ecrrdopsiozd oes _
failed to nmake any 5 antibodies. After the third feeding an i mune response
was observed that peaked at around 70m U/ m . After a single i.p

i nocul ati on ofThe censtugtseiscyssad in Branpied consei s tabasco FIBE AFus ﬁ@é)AbﬁfaPﬂa‘S‘il um
(a normal |y subi mmunogeni ¢ dose) a strong secondary response was observed -
t hat peak@defindteuid T 7AM Vidtdrs pHB 194r(E8H AR andasIPY dd@ig. Nk, kespeai@elyNo
primary or secondary response was seen in the control mce fed

non-tran i ] " u ed®
B S A S i

line expressiqn is driven fromthe 35S ter tuber

expr essi & eﬁq?Y‘Fe qf Rrofell qoGuIUlRIs ReTe ?m gﬁ\r}gé %%396—‘%& ars-lli? ed et
wei ght of tuber. 15 G oups of BALB/c mce grou&ﬁﬁv\ere.fed elther W|th HB
114516 owsubmlering thetfragmenbfiomSanktgdisoR1 fomatlBT2 16 1 HBs6# tainde pHB 103 ¢p toplagss
added to the potato. The feeding was repeated one and two weeks later. The

total averaNes temeatdt vaaCthe BB RrmanatdBsHE: dxprdskien cassesgeare shgai atigwhs
125.55 ,ug over the 3-week period. Then, at the later of 70 days follow ng

the first fee I-B.f] I%o 5ifs tiﬁ%gbé Rgfpt)ﬁfo éﬁi%?tetrﬂin%to?hwm ze§9g§ﬁ p;SI'i'PWr(?ﬁmeer

returned to b |ne eve were i

sub-i mu dose_0 HBs A r.ck

adj uvant qﬁ%’?ﬂﬁ@%ﬁﬁ‘ﬁ@ﬁ Qhmsen ?ltyr#’\gé’fz‘lsglﬁél\%p“flhbg 3%89/& %nCH? dirh’al
i mmune response was seen inmedi ately after the second feedl ng. This i mmune
r esponse pochteiminatdr sebalonsd intecbBlueserintie. The eestlling nRuekSpin2 wandigpsied wyb
WO U0/ 37610 PCT/ US99/ 31020 ' A titer of only | OMCJ/m in a human after a

thrae dosRcPindEBRI (Edbtaih tigeIsEG@mhinhtoe Gaghlest, Wajehtwasiligated wathqitRl 03 sligested
considered to reflect successful immnization. The response returned to
basel i ne ks the animals were given the boost dose
of rHBsA dﬁh%%ﬁﬂ@ﬁﬁEﬁ?%ﬂgw%ﬁﬁiggfgﬁé rise in inmne titer to >3000m U m ,

whi ch renalned Qv the 5 remai nder of the experinent (40
weeks) . AR i o¥%HEr v i nmuni zati on generated antigen
speci fic i mmune neno ceIIs that were rapidly and stron Iy recal | ed ?
secondary boostiiByl/ (IHXIE thhcowhing thertobaccoonosaty wiresc ey i {Gelligte! wer e958% ven
non-transgenic potato + CT did not develop a S|gn|f|cant i mmune response to
HBsAg andnstp&h o eleo AT TR alAre BgeR WiXHol tirugnikdt $obi phasmid @BISG6d0 IBjosasrce
descri bed above, no secondary response was seen, establishing the

spegi fici ”fééhﬁélo% g? IMF {zl(ﬁé %Afeon@?ﬂhé 9]'68.5 éﬁd\(ﬁ'thetj 5@'}3?&%8!69 aRPhaDOUTR tWiigut

CT only deve eve’I titer for a primary response

Subi Aﬁhﬁs&@%ﬁeédﬁlaba 32 3‘3%’@?*?%@%@8@@@%@1{55@%% S BB Sﬁ%%ﬁélp% 1y

SOMUnm and return to onlgl 10 MUmM in onlzltwo weeks. 15 Exa 1\?
pHB211Q-5". In order to delete the TEV leader, pHBZ11Q-5' was digested w1thXh d col,

followed by mung bean nuclease to blunt the ends, and blunt ligation. The resulting plasmid
pHB211 was digested with HindIII to EcoRI and the expression cassette was cloned into pGPTV-
20 KAN (Becker et al. 1992) to give pHB111.
Example 6. Alternative promoter sequences.
The 35S promoter from cauliflower mosaic virus is a strong constitutive promoter that
expresses in almost all plant tissues. Other promoters tested are the promoter for patatin, which

is the major storage protein in potato, and the promoter for granule bound starch synthase
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The transgeni c potato has al so been used to boost a pre-existing -
sub- i muri¥gemBwitlose of rHBsAg in nmice. In this experinentpgrospsiei BALB/ c
m-ce (5/group) were inmmuni zed with a sub-i mmunogeni ¢ dose of rHBsAg (Merck)
delivered s.c. in alum S weeks |later each nouse was fed either with ~
HB114- 16(@BSW-t Bothgnemgterndiive sieons gapricesigvbinghe tuben ‘Blgsa censtrausts are idgptifted 20
was added to the potato. The feeding was repeated one and two weeks | ater. -
The t ot abs HB@4a (& gdbApartdHBa6H (FipUls) and shd®b iiSbigud. Mierotitbee fdmagek must beod.
A secondary response devel oped that had started to appear at the tinme of

the thireghdueasioBstaRPresbibs eveRTRcdile RAPHMME TRLRY Ye & Wik théde cpGikscraf ter
the initial primng I mmunization 99 WO 00/ 37610 PCT/ US99/ 31020 before

declining. xln..a t 0l . O\ ne_response devel oped in the group fed
t he non %%&H@M%ﬁ%ﬁ%ty two human subjects testing
free of H'V and _being previously jnmmunized with a 5 comercjal HB vacci ne
anddafter an &&BdAdroatansthe paigiofyberiprcifiBPAGLR Bers RIoBWIE W Rince o the GaMV wer e
fed potatoes contai ning HBsAg or an HBsAg free potato control in a

random z8&6S goarbdter inl pHiE 1 &%, ydBT2W0é wds lvbtatmdeb yweabclonimigehe Hintd[dsindét matatimed
that G oup 1 was a control group that received three doses of 100 grans of

nont r ans g@BmenP &loat pPERO-LHOT - (WP £ JrecmbmeRiol WBid10SIgs41050 ¥PeRyr e gach
of transgenic potato FL-1607 HB 114-16 and one dose of nontransgénic FL 10

1607 pot ato oup. 3 received three doses of 100 graps, _each Qf transgenjc
potato F JWEH%}@%qufeﬂBi&%m-ﬂ-aEh%NﬁPIéSftcﬂ FREREN TRIP ROD IR R A S ligeyedon a
wei ght basis, mce freely consune of up to 25% of their body weight in

pot at o wikd pid 246\ digested with ™ol and Yacdreohd (29 HandBl to-EgoRlofsagnadnt biBhAagesultirs gm
of potato is inmunogenic as a primary series with an oral adjuvant. The 15
avaigl abl glagmidivaabutdainad Wb pB2tdieh i plIR14ACCi nes indicate that (1)
consunption of 100 gmof raw potato is generally well tolerated and (2) on

a wei ght Bb@S“E—T]]EQQHggAE— §E-I\I%S @or]s%‘.ugtg person woul d represent 0.14% of

body wei ght.” This anount 15 approximatety | 78-fold | ess than has been
consuned, by pght, in.mce in pre-¢linical experinments. T in the
exanmpl e for h‘%‘ﬁ%& CPEEIRSt if@’%‘ﬁ?%fcl‘b&a&?@m i%&giyw%swﬁﬁﬁhp%?@%er
20 dose. The clinical lot scheduled for use in this study contained 8.5t
2.1 ,ug ¢OYispBsAg/pdlangivelf Bialt, adlf7c09 1509 @89E)) wihplace oéitheedaMiVo 319 prametdodes
of transgenic potato received a total dose of 1,280 to 2,120 ~cg of HBsAg
and subj iR 05 eERGHN 19iskd £ 51 4098 BSw st &isiadvit a0 A SAET dnd 938 el Yith tAERhol1T
of HBsAgﬁover tﬁgﬁcogglsse of 78 dg);‘g.s 1%35 Wo 00/ 37610 Fedheli i ?
15 to Sacl fragment from pBSSKHBsCK#3 to form pHB165.

C. Pin2-TMVQ-HBsAg-pin2 construct.

pHBI3Icontains the native HBsAg coding sequence driven by the potato pin2 promoter

fused to the tobacco mosaic virus (TMV) “Q” 5° UTR (Gallie et al., 1992), and terminated by

the potato pin2 3’ element. The pin2 promoter is wound-inducible and may allow controlled

20 expression of HBsAg in tubers. The construction involved an intermediate step to obtain the
pin2-3’ element on a Sacl-EcoR1 fragment, in which the Sacl-Pstl fragment of pRT38 was

subcloned in pBluescriptKS to form pKS-RT38. The pin2 promoter (Palm et al., Proc. Natl.

Acad. Sci. USA 87:603-607 (1990)) was obtained from pRT24 (Robert Thornburg, Dept. of
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PCT/ US99/ 31020 On each day of dosing (days 0, 14 and 28) the appropriate
nunber ofw@odzmeoes for each group (placebo and control) werer/espamiedoel v -
renoved and processed into individual 100 to 110 gm doses by pharmacy _
personnel using clean techniques. Briefly, selected potatoes wvere wastf_ﬁd,
peel ed, Bipehamighy & Biephysios: BwinStateeUniyetsitiatiaresp it $00 bbe Tiha d11ge11L{-Ram

pot at oes was done 5 to renove the skin that contains the al kal oi d sol ani ne.
Thi s al Kelgaietit 68¢R T20E kb)) nkd the p&KIS-QHBBarhi HE-Sad (7 5hbp)dfeagaraitsragre digated into
bitter taste. Follow ng peeling and dicing, 100 to 110 gm doses of potato
was vei gheelyoghnfafiingieRopieafl s %hﬁﬁﬁtoﬁmghrséu@@tﬂmnanysaclas Sb@NFHB23Nd

Subj ect ‘I dentification Nunber (SID). Peel s and any unused portions of

pot at oes_weg.e | l ect.ed and pr fgor, d r i | i - pot gt o
For "eacrTiés i Sufobaemat eEpRSRALS (EPape Il P ensft B Shsndhisy 2
oxi dation between the tine the potato was diced until the study subj ect
consunedBiophysigs, dpwe Spate hindvessivp Aanest 1 PBRED sontagungpw d?ﬁf@ﬁéﬁr a5 thshat
each feeding was retained and frozen for further processing to verify

ant i gen gheaib@hind Hdweedswhh pEBR 3 WeHiadHRNtedcdmainmgtthe piB3AMVI @ proretet-teedetay s
shown in Tables 8, 9, and 10. The results clearly show an increased

respons eelérﬁerft{"t;ﬁe ?ﬁ@l 0881 &dc fﬁ?%fﬂerﬁ BértSiRMhedRe ABEAS bbdin@deqhence NGEaPGPTY/-Of

t he genetica ransforned potat oes. Over 60 percent of the subjects

receivi thre S of .pot s contai ni ng HBsAg showed a significant
i ncr easgg?q{ﬁ?qfﬁﬂg%@st&%ge&ﬁ#ﬁg't ables clearly indicate that, in many
cases, ingesting of plant tri al containing genetically expressed HBsAg

can act lasPatalied MisrNBshegysniz HlCHr i mary HB vacci nati on. None of the
control subjects that received three doses of non-transgenic control

pot@t oes had gMB]4haograihsithg AatbvetHBxodbycodirtgesequenes drivea beritd potato tubesepesifict he
observation. 101 w0 00/ 37610 PCT/ US99/ 31020 TABLE 8 Group 1 (Received 3
doses of f | t kdiVinds (TMW ) “CyonmiEe(Gallkew L., Bion),7
oy 14 BTG ERE FEE R0 R bpBEd il Eligls (TMW) ey niTee :
172647374787863572171412122510363515667697488 { 7 *710
61291218%&“8‘1‘%‘1‘??@?@% 2R R Pk gSéfoﬁtlﬁ%ﬁ%ﬁgﬁgﬁ%ﬁéﬂ%%%gg%ﬁ}% No
Sanple Drawn 102 WD 00/37610 TABLE 9 PCT/ US99/31020 ' | oup% Recej_yed 2
doses of TMVansg@ni ¢ IR dosndf NBait r JHYGERIIE poPrémﬁrtungﬁ’egPr Jl§/'rr1)
5 volunteers Day O Day 7 Day 14 Day 21 Day 28 Day 35 Day 42 Day 56
12929292Q297GGATCETH2EAA CAVEIZACTC AAIBE 1SBQAD 0 14)): 15a3pi3B3B3as8san a2 10
51315151411111717A3374677698585787Gr3747578089777381171 141141361761 912009

0&362628%3%@55?2@@&115&1 was performed using the “Omega-Bam” primer and a downstream
| 08326222121252529111 07929G89938395901221225511 2I20219395458136568G6G389103

137258142024181512121 , .
100000 0PB 5D THO: 31 60T G A AT ICAAT (Y 4SHODNOAN s 3 PRR fgagment of
Drawn 103 WD 00/37610 PCT/US99/ 31020 TABLE 10 . .

approximately 800 bp was cloned into T-tailed pBluescriptkS to give pKS-QHB. The

pPS20/Hindl1I-BamH]1 fragment (2.35 kb patatin promoter) was ligated with pKS-QHB/BamHI-
Sacl (750 bp) and pUC19/HindIII-Sac1 (2.7 kb) to give pPS-QHB. Finally, the pUC-V/Sacl-
20 EcoR1 fragment containing the soybean vspB terminator was ligated into pPS-QHB to give

pHB240.3, which contains the patatin promoter fused to the TMV “Q” 5* UTR, and terminated
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G oup 3(Received 3 doses of Transgenic potato tuber) Titer (m U mn)

vol unt eeMsDR8376ay 7Day 14Day 21Day 28Day 35Day 42Day 565 PCT/US99/31020 -
1172070140269428401 46329487 00998879878833334323327343132400000000599537474
85656110

6204157834 29897 6B A slemenihe sxmsssinsroassetiowsveinaisebhndisosion o pHG2593 3628
239060566715831 7171091 | 14131 31811 1515

110000000041 PliRd N13dFo0B4,o0d3patd ia@dGI F8HE7-684 14 givk pHRIAD163144035397111 91223
30430155651598525240752074520 1611 521351 110S41964306929663449 25 104 WO
00/ 3761 Og¥¥n iR ok tirni22d sddmit for IBsAleant expressi on vector conprising

t wo expreSS|on cassettes, ereln the 1i1rst cassette conprises a

pol ynucl eot i dﬁh S&%{%Qén fo? tds ema%nga \é\éé}l at}tsh n%edr; T51S %\'?d I?r?;sﬁérfatl Oithin

cassette conprises a po de énc ane

_.

pol ynucl gotl dg of the fi rst 5 expre55| Qn cassette wherein

pol Ynucl BBt 4é avenes Wesghaonssrdddugbebds cbaf ecds R (v dirotosolsrs
pol ynucl eoti de of the first expression cassette. 2. The plant expression
vect or o¥olicalamBiglogiheoki3npp . 1€00.3)stFoc astatt, @ 10elfpfold asreaspil sxpeskion i de
encoding a hepatitis B surface antigen (HBsAg) and wherein the second

expr essi tﬁéﬁs,%eﬁé@v&qm{dt@eea@eem&eqﬁaaé h&x3eel SXprBIs6d BOPlMAE. encoding a
HBsAg. 1 e plant expression vector of claim1, wherein gene silencing

Ias Cglelducleld ‘?’L‘%ﬂly% Fﬁ%ggatmeﬁBpR% éc re§%1lsdthﬁtoé ?%é)%ﬁ%Od%ﬁ? ?‘% u%f%?ab?é fo ?d in

expression erern
silencing is RNA nedi at ed transcriptional gene silencing e I ant

expr essiBANGFEEAHH 8ot70 areingavorafiretos ﬁWOszéuc&cﬂs PRI bt Lnderteﬁulerh@eﬁ ip §tRNA

expression 1 S cassette and the pol ynucleotide of the second expression
cas@et t ePad dhtermetiorosequenee nbarth®Begimming giithe genal @AtGnEatrimers had i 6 d€sdinkds
WO 00/37610 PCT/US99/31020 6. The plant expression vector of claiml

wher ei n THige Highyobe @ﬂédt@ﬁmgitldnhﬁdfstabﬁffty 6P¢RE SasteR, ARSEEtiot: ddtteabdHEBsAg
polynucleotlde of the second expression cassette conprise no nore than 60

conti .guoétfﬁte'u? f‘\e%renffr?ijag&tablgec%doﬁ aJ&ﬁnc@si%Hle %Qﬂéﬁ?egﬂug&egesg)th?é 3%8 Caha' m 2

wher ei n i rst expression cassette conpri ses nucl e énc0d|n

a plant-o zed HBsA i de and mhere n t he secand expression
cassett én%bfgnpge%tea C?}g Pg ﬁw&’e@twg BALGRIVAG TBe FRIRG 0B Siifaiaf iy ApwR Fid Ag
pol ypeptide. 8. The plant expression vector of claim7 wherein the

pol ynuclssquérde. dor HidsAfg a total of po@ eE6Yinbases wertetchangedpyhiamaintainiag she mieve

pl ant optim zed codon. 10 9. The plant expression vector of claim?7 wherein
t hes pol yamiab acitlisefienie diige profeiit. S SBERK) NO: TESS QL) sdSHQID 3&S:S 88 3)DTNG: 3
and wherein the pol ynucl eotide of the second expression cassette conprises

e e e R e L
f P gn\é\@requeflggldt (Emtﬁi?%ovg? SXPCF R (?.}P mgl%ﬁ %1estcﬁs%ed1 a%o(\:/g g.lIi)J an o s1gr121 pepltlgee Has been
provided in one. These vectors are designated HB115-HB117 (Fig. 1A and 21)
A. 355-TEV-sHBsAg-VSP construct.

20 pHBI115 (Fig. 1A and 21) contains a synthetic plant-optimized sequence encoding the
HBsAg protein. The HBsAg native sequence was scanned for codon use and for potential
problem sequences, including spurious mRNA processing signals such as polyadenylation
signals, splices sites, and transcription termination signals, mRNA destabilizing sequences such

as “ATTTA” (Ohme-Takagi et al., Proc. Natl. Acad. Sci. USA 90:11811-11815 (1993)) and
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11. The plant expression vector of claim1 wherein the first expression-
casset't e wQOo/bmsa0 conpri ses a 3' transcribed, untransl ated Pegfummmi
wherein the second expression cassette conprises a non-identical -

transcri bed, untransl ated region. " WD 60/ 37610 PCT/ U899/31020 12.

The pl antD$K prequericon(Newmen esn/ cPlantr@eil SR &1H(1OPP By andhthe e¥oping megydaiane
further corrprlses a 5 transcribed, untranslated region and a 3' B
transcriheds«d@gens! at ed region and wherein the second expressi on cassette
conprises a non |dent| cal 5' transcri bed, untranslated region and a

non-i denti cal transcri unt r.ansl| fn, as ared | I st
expr essi on caés%lfn?t optinized gﬁ*i?ewﬁﬁ driiene 36&%&?@3 %B‘E"'&"r"e codons %ﬁc&%@ Ea}}eel n
the first expression cassette conprises a TEV 5' transcribed, unt ransl at ed
regi on aprieriialspBbRM sequenessi bdbe depignehsben Bis rthep @psembied feay everlapping
second expression cassette conprises a TW 5' transcribed, untranslated

regson agiboublebfided ushfgatﬂé eidtiRRTdestiibddcBIss einfiter oL gl 01@9214Ihem1 prodnét was
expression vector of claim 13 wherein the first expression cassette

et osor dactsell REOLORAFLEE ASRRO OB AR o Fs ORlesielnl AohBudFiale 1o

An E. coli cell transformed with the plant expression vector of claim1l.
16. The ®acheefhe S5&pm #Jrwascambines wikdhe 30t #3.r AdlinslkSac] fragmenbuasisolatgd &amb)| ed

inthe cell. 17. An Agrobacteriumcell transformed with the plant
expr essi #hand a Nool/@bsE fragmrerit. wakSsdlgted Tioen #8)r Thesetfeagimentscweéte cof with dd fad drid
wher ei n vi rus |ike particles are assenbled in the cell. 19. A plant cell

tr ansf or gede WobbhERgiet h%%@ﬂ%f?z &PcM%th(ch?fan@ Kadimrhe rekQifing cMhe, 0k #7610
PCT/ US99/31020720. The plant cell of claim 19 wherein vi rus I Tke particles

nbl ed th 1. Th R ant
celP™ o SR EidgnPERPERRS 17 g BB s BB e She AL AR Sl Rudel o 3
carrot cells. 22. The plant _cell of claim 19 wherein the plant_ expression
vector i élﬁ)nﬂ»@grsab@am PABTE - piche HyptEmind SooRhaites ta make gHB 1153 Thys

pl ant seed conprising the plant expression vector of claiml1l. 24. A
pol ynucl eloh¢ des cobserguaitlygfoand tic ceitainamiechuskequidm erzore(me 685 ng G rspeatd iof i“S™B
surface antigen (HBsAg) operably linked to: (i) a plant functional

pronot er whikfl dahdes adidgdlaAdliR AN sfRNAMER '@?tforsﬁﬁ}'MQ HEB6Hifg tdglondwhich led
term nation sequence wherein, the pol ynucl eotide | acks an untranscri bed

regi on bgt ransl Jon .enh ence and the HBsAg encoding
sequence{90 h Bf)?y%%ﬁ %o‘f‘?rﬂgncﬂ%%ﬁar? e%bf??c/{vﬁ)erel n the nucleic acid
guence encodl ng t he HBsAg 15 conprises at | east one al ter ed codon,

Pein the apHbdéd (Eigddrands2isghasemppepEblée vBubs nuglsgtide V@MP?JM‘W
PCT/ US99/ 31020 26. The pol ynucl eotide of claim 24, wherein said
pl ant - f uHBsAgrgahe. pTlonint@rect saudeitde iepsHBX 2 (pbeitiar iﬁﬁp“Cc’ Onsissbitagedfo “T” by
caul i fl ower nosaic virus (CaWw) 35S, tomato E8, ubiquitin,
site-directed mutagenesis (Axis Genetics plc, Cambridge, England) and named pHBV10. The
Ncol to Sacl fragment was subcloned into pIBT210.1 to create pIBT210.1HBV then the
HindIII/EcoRI fragment subcloned into pGPTV-Kan to give pHB117.
20 B. -TEV-VSPal -sHBsAg-VSP construct.
pHBI116(Fig. 1A and 21) contains the soybean VSP “aL” sequence inserted at the 5' of
the synthetic HBsAg gene contained in pHB115. The Ncol fragment from pSKHBsC-alphal #29

was ligated to the Ncol to Sacl fragment of psHB312 and the vector pIBT210.1 digested with
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mannopi ne synt hase, patatin, and granul e-bound starch synt hase (GBSS)

pr onot er 0o B¥W3761he pol ynucl eoti de of claim 24, wherein th@(nrmsmb“w:o
includes a dual enhancer region. 5 28. The pol ynucl eotide of claim 24,
wherein said translation enhancement sequence is selected fromthe group
consi st i NgolefndtSabl(euioi #4 alphali)sthen gubslohedintd n@BC-KanrtBsekiet, Dvi ¢/ @b IP?W thsnega
transl ati on enhancers. 29. The pol ynucl eotide of claim24, wherein said :
t er m nat HUIEAHER6eR] kitessel ected from the group consisting of a nopaline ~
synthase (nos), a vegetative storage prot ein (vsp), or 10 a proteinase

hi bi t t 30. Th I | eotid f clai
o b1 Lok RS/t LEpskpagguence, 0. he polynucteol de of claim
HBs Al d he t t
e 1 LRI T A SN

encoding a mcrosomal retention signal operably linked to the 3' end of the
HBsAg enswdisgiy HBsAzqlipHBé17.32he Woel fagnyant cordainingdhe e &pmh 31, wherein the
m crosomal retention signal is Ser Au-Lys-Asp-Gu-Leu (SEQ ID NO:4). 109

WA 00/ 37 BT ROTYHB St (P83 08) 9ds lighted popsHBRI7a0make peHBAI & Th8HindiHetoei n
t he pol ynucl eoti de | acks an untranscri bed regi on between the m crosonal

retentio The pol ynucl eoti de of
claim 24ﬁc@p{}%m&{g§vats?§%n| 1%a%&8@cﬁfﬁ\§%§§ﬁgﬁ§1éa§g§ée encodi ng a signal
pol ypept |de oper ably Ianked the 5' end of the HBsAg encodi ng 5 sequence.

9
&8 40URKL ei n the signal peptide is sel ected
fromthe group consisting of a veget ative storage protein (VSP)h as si gnal
peptide and ap¥BR/4IFigi §and 2 pegoniaes. thssoybtme“ng?wu@monﬁeﬂéd af the paphibe4,
wherein the HBsAg encoding sequence further 10 conprises a pre-S region.

37.10The ppitiatciiBOA depHB1CY alThie Rédol ftdidieit BorithiaingBhégaEnfrodi ng sequence
conprises the nuclelc acid sequence optim zed for expression in plants

showun | 1o 100 i85 Ca B fpEBBEo AR %sﬁgagég%ﬁ)sﬁgsﬁ hADHBNOC T HihdML o

pol ynucl e 1I's select oup of polynucl eotides consisting

of HB 10 105, HB | ,..HB 107, 1, HB 11 HB | 15, HB 116, HB 117,
HB 118, Fio IEPffa@“elﬁE‘{W}S ‘g@’ liggied: toé’qm%nﬁﬁlakﬁéﬁ?lé HB 131, HB 140.3 HB
145 and HB 165. 39. An expression vector conprising t he pol ynucl eoti de of
cl ai m 24 E. E80 sHBsAgANNZ zanstruptCT/ US99/ 31020 40. The expression vector of
claim39 further conprising a selectable marker. 41. The expression vector
of claim 39 fwWHBYLD (Bigrprahd 2hpcouails the BRipromb@t Hinlodd toelnd sSHBsAwith4ig: pilhe
expression vector of claim39 further conprising an Agrobacterium5

tungf aci gngnPr el Nc@[f torS%Qi fr%ﬁén@ 'aont géﬁIEEsAgCQJn'e f%ll sHB QD6 hak mestedid h t he

expression vector of claim cel | claim43 wherein a

!y anst or REREGIRHO P! BESTUREebi A %ﬁ%%Bfﬁcﬁl‘% AR i

Agrobacteriumcel | of claim45 wherein a virus like PeglrtlcleI is %Sag nbl ed

in the cesHB529. TheHindHdpSeeldraemeant Epm reflR28wasdigated te Fland ng a
hel per Ti plasmd, 48. A transgenic plant cell conprising the
pol ynucl epgestd i1 7 @infaiRidg the pin2 terminator resulting in pHB120.
F. 35S-TEV-sHBsAg-SEKDEL -pin2
20 pHBI21(Fig. 10 and 21) contains the endoplasmic retention signal inserted at the 3” of

the sHBsAg gene. The oligos 5> ATCTCTGAGAAGGATGAGCTTTAA 3’ (SEQ ID NO:20)
and 3’ GACTCTTC CTACTCGAAATTTAGA 5’ (SEQ ID NO:21) were hybridized and ligated
to psHBV10 digested with Bbsl resulting in psHB521. The Ncol to Sacl fragment from

psHB521 was ligated to the HindIlI to Sacl fragment from HB131 including the pGPTV Kan
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of cl ai nvet®naish shenpinfderpringior andbligaed tonthe dandll toNeql fragment fropy, g
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expr essi gyhtMfigigQhe 85 Sqiramobteft & cré@e pABl2imunogeni ¢ conposi tion conpri sing
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callus. 10 S5. E}
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r esponseSERDRINSHQ U0 ND:#sandghé pie2 séranandr veadriigated irgo pHEp 11 8 eepdasinoibe 81 end of
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or less Ings, elicits an i nmune response conprising anti-HBSAg serum
anti bodies of greater . than.50 MU nL in a ] . t I | ant
o pl ant SEEParBF & S0, PRI he HREELYAs fp ol ITFIARF AEAE gR)
i rmune response. 68. The transgenic plant cell of claim®6g, erein th
pl ant celﬂxpwﬁ%ﬁfﬁﬁ@eﬂh@agpmg%fqr 19rminutes (Rg HLgR H%?‘%Q&%ﬁ?@fﬁ%@ﬁe
pl ant or plant cell that, when consuned as a foodstuff in four or |ess
f eedi ngs papdritoivts AftebibitingBeddartometpun gbaxiahsive updsobosd Glplates forleddays.
serum anti - HBsAg 10 anti body |l evels at |least four-fold or to |l evels greater
than 500 Hifatfor BAPRts artPut 30 €1 CRNSIRE kbbntRind{d kaAbmPLianind cafbeniefllin
claim 69,Amv€{f/g§%lllr% tﬁ)él’pl antsgeﬁylu conpri seg1 t he pl ag{gt, cell of claim18 or
47._ 114 . A9 U As,..A . A@. Al . A, . :
. AZ0e. A)ﬁ_gr_ K AAY SAV?‘K&Q&V}%‘?‘%L?P%@ Explants with el dgyelapgdcaljus gre placed,ip LE2CK, o ¢
_.AS . AH Aa,r.Ar. AN@ Au. Aa_. AS. A" aL. AySr. A9Nr. AyA. Ayr. Ay. AfNr. A", AL. Au. ANr.
| A'S. Afr. ,hb_xm_fqr_zqyle_elgs‘, gfiern? weeks explants are placed on’ fresh’ LC2CK media and shoots are
@A N AN A.A@A S AL. AN, . Af (. Af,r.AS(. A A A&a. Af. A9a, r. Af (. A9a. Af (. Aa. A.

A&a, . Ay. AielopSdVEER thA8hddas dre Abali],5.ofn i, lerfiith AlRSY. abe hansferred to cm media for root
r. A ANSr. A9. A@ AYu. A3@ AFu. AF. A3. A., . Al .AFu,r.A AvaSr. A

- AS. ASh. Apritidll € 4Beniéillin 18-afded to N hiddiatGBP&/&ht bacterial growth in excess.
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Table 2

10 HBsAg expression in best individual
Construct slope mRNA vs protein leaf tissue (9 tuber tissue (ug/
HB102 0.001 0.016 0.18
HB103 0.001 0.023 0.33
HB105 0.004 0.048 1.25

15 HB106 0.004 0.035 0.8
HB107 0.005 0.11 24
HB110 ND 0 ND
HB104 0.004 0.19 6.5
HB114 0.005 0.22 16

20 HB145 ND 0.063 1.1
HB165 ND 0.021 -

HBI111 ND 0.041 0.33
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immunogenic vaccine protein, comparable to the yeast recombinant HBsAg used for the

commercial vaccine. Specifically, the assembled virus-like particle (VLP) form of HBsAg is
more stable and immunogenic than unassembled subunits, and is thus considered a crucial

10 characteristic ’of the vaccine antigen.
VLP content by sucrose gradient. We examined extracts from HB114-16 tubers and control
nontransgenic tubers by sucrose gradient sedimentation to determine whether HBsAg aggregated
as VLPs as described for tobacco expression (Mason et al. 1992). A crude extract of a tuber was
obtained by powdering a tuber in liquid nitrogen in a blender, then adding two volumes by weight
| 15 of 1X PBS (pH 7.2), 0.1%Triton X-100, 10 mM EDTA. The buffer froze upon mixing with the
frozen powder and was allowed to slowly thaw upon ice. The resuspended extract was
centrifuged at 14,000xg for 5 min at 4°C, and 0.5 ml of the superatant was layered above a 5-
30% linear sucrose gradient in 10 mM sodium phosphate pH 7.0, 0.15 M NaCl. Gradients
containing 2 ug purified yeast-derived recombinant HBsAg (rHBsAg) particles in 0.5 ml of 1X
20 PBS (pH 7.2), 0.1%Triton X-100, 10 mM EDTA either with or without FL.1607 tuber extract
were run at the same time for comparison. The gradients were centrifuged in the Beckman SW41
rotor at 33,000 rpm for 5 h at 4°C. ELISA for HBsAg (Auszyme monoclonal, Abbott

Laboratories) was performed on gradient fractions, and the % sucrose plotted vs. the ELISA OD.
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tubers showed no ELISA signals on the gradient. These data show that the tuber-derived HBsAg

co-sediments with yeast-derived HBsAg, and suggest that the tuber-derived HBsAg assembles

as VLPs.
Western Blot. We performed a Western blot to observe HBsAg polypeptides in HB114-
10 16 tubers that react with antibodies. Samples were denatured in reducing SDS-PAGE sample

buffer (100 mM DTT, 2% SDS,) by boiling 5 minutes, electrophoresed, blotted to PVDF

membrane and probed with polyclonal rabbit antiserum against HBsAg. Fig. 14 shows the

Western blot and a duplicate gel run at the same time stained with Coomassie. The stained gel
indicates that similar amounts of total tuber protein were loaded for both HB114-16 (lane HB)
15 and nontransgenic FL1607 (lane -) samples. On the Western blot, the 10 ng of yeast-derived
rHBsAg (lane +) yielded a monomer of about 25 kDa as expected and a dimer at M, about 40
kDa (bands marked ‘Y™ at left). The tuber-derived material (lane HB) contains a monomer of
about 28 kDa and larger bands that may represent dimers (bands marked “P” at left). The tuber-
derived monomer is likely glycosylated and therefore of a larger size than the yeast-derived
20 monomer. In nontransgenic tubers (lane -) several faint nonspecific bands showed, but did not
cross-react in the region of monomer and dimer. Interestingly, the relative proportion of dimers
to monomers in the tuber material is much higher than that for yeast rHBsAg. Although this

analysis was performed under reducing conditions, the substantial proportion of dimers in tuber
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methylene blue to verify RNA integrity and loading density. A probe was prepared using random
10 primed labeling of a 700bp DNA fragment (comprising the HBsAg coding sequence) obtained
by digesting pHB114 with Ncol and Sacl. The blot was hybridized with the probe at 65°C in
0.25 M sodium phosphate, pH 7.2; 7% SDS; 1 mM EDTA for 16 h. The membrane was washed
with wash buffer 1 (40 mM sodium phosphate, pH 7.2; 1 mM EDTA; 5% SDS) 2 times for 30
minutes each at 65°C. The membrane was wrapped in plastic, and quantitatively imaged with
15 a PhosphorIlmager (Molecular Dynamics).

Fig. 15 shows the results obtained. Duplicate lanes were run containing the same amount
of each RNA sample; one set of lanes was methylene blue stained after blotting. The photograph
at right shows the methylene blue-stained blot of half of the gel, which indicates that more total
RNA from leaf samples were loaded than from tuber samples. The quality of the RNA is good

20 as judged by integrity of the ribosomal RNA bands. The photograph at the left shows the
hybridization pattern obtained. HB114-16 RNA has one major band at approximately 1 kb in
both the tuber and leaf samples representing the full-length HBsAg transcript. The smear
underneath the 1 kb band may represent degraded RNA. The faint band at approximately 3 kb
in the leaf RNA sample may represent readthrough transcription of the HBsAg unit due to a
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shows a single major band was obtained wusing primers TEV (5’-
5 GCATTCTACTTCTATTGCAGC) (SEQ ID NO:23) and PIN2 flanking the HBsAg gene at 5’
and 3’ ends, respectively. This band was the same size as that amplified from the plasmid
pHB114 and was not visible in the control FL1607 genomic DNA. The PCR fragment was
excised from the gel and sequenced to verify that there were no mutations from the pHB114
sequence. The sequences were identical. This shows there was no mutation or change in the

10 HBsAg gene upon transforming the HB114-16 line.

A Southern blot was performed on the same genomic DNA samples used for PCR
analysis. Fifteen ug of each DNA sample, and 10 ng of pHB114 plasmid were digested with
various restriction enzymes or left undigested before fractionation on a 0.8% agarose gel,
depurination by treatment with HCI, neutralization, and transfer to ZetaProbe membrane

15 (BioRad) by capillary blotting. The membrane was fixed by UV irradiation in a Stratalinker
(Stratagene). A probe was prepared using random primed labeling of a 2 kb DNA fragment
(comprising the S35 promoter, TEV 5-UTR and the HBsAg coding sequence) obtained by
digesting pHB203 with HindIII and Sacl. The blot was hybridized with the probe at 65°C in 0.25
M sodium phosphate, pH 7.2; 7% SDS; 1 mM EDTA for 16 h. The membrane was washed with

20 wash buffer 1 (40 mM sodium phosphate, pH 7.2; 1 mM EDTA; 5% SDS) 2 times for 30
minutes each at 65°C. The membrane was wrapped in plastic, and quantitatively imaged with
a PhosphorIlmager (Molecular Dynamics). Fig. 17 shows the resulting pattern of hybridization,
the ethidium bromide stain of the gel before transfer to Zetaprobe, a map of the T-DNA cassette,

and the part of the DNA used as the probe. The digests Ncol and Hincll result in a fragment
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<OJEYNC gifferent sites in HB114-16 nuclear genomic DNA (see numbers on bands). The lanes containing
FL1607 DNA did not hybridize to the probe. The EcoRV digest yielded unexpected results,

perhaps due to partial digestion or star activity, and was thus ignored.
Stability of the HBsAg in tubers stored 9 months. Sevéral pots of HB114-16 tubers were
10 harvested in May 1998. The tubers were stored at 4 °C in separate paper bags for each pot. One
tuber from each of 11 pots was assayed by ELISA for HBsAg (Auszyme monoclonal, Abbott
Laboratories) within two weeks of the harvest. Nine months later, two tubers from the same 11
pots were assayed. The bar graph in Fig. 18 shows the amount of HBsAg measured in May 1998
with black bars and the amount measured in Feb. 1999 in white bars. The tubers had
15 significantly more HBsAg after aging for nine months, based on tuber fresh weight. This may
be explained by partial dehydration of the tubers such that the weight of a tuber is lower after
storage than when it is first harvested. Another explanation may be that some HBsAg is present
at harvest as improperly folded monomer subunits, and that during storage these subunits fold
correctly and assemble to form VLPs, thus allowing more of the HBsAg to be detected. Finally,
20 it is possible that further synthesis of monomers occurred during storage and that these assembled
into forms detectable by the ELISA. (Itis known that potato tuber cells are physiologically active
during storage at 4°C, as evidenced by changes in starch and sugar content, and ultimately
sprouting of the eyes and growth of shoots.) These data show that the HBsAg produced in

transgenic tubers is stable for at least nine months upon storage at 4°C.
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synthetic plant-optimized HBsAg gene modified in different ways for subcellular targeting.
These studies show that certain modifications cause a significantly greater extent of crosslinking
of monomers via disulfide bridges. Since more highly crosslinked HBsAg is potentially more
stable and more immunogenic, an enhancement of crosslinking is expected to yield a better
vaccine antigen. Further, since yeast-derived recombinant HBsAg (rHBsag) is not highly
crosslinked unless extracted and treated with chemicals that drive disulfide bridge formation
(Wampler, D., Lehman, E., Boger, J., McAleer, W. & Scolnick, E. Multiple chemical forms of
the hepatitis B surface antigen produced in yeast. Proc Nat Acad of Sci, USA 1985; 82, 6830-
6834), the plant-derived HBsAg represents a potentially more immunogenic material when
delivered orally without purification and/or chemical treatment.

We created transgenic tobacco NT1 cell lines by Agrobacterium-mediated DNA delivery
with plasmids pHB117, pHB118, pHB119, pHB121, pHB122, and pHB123. These constructs
are described more fully in Example 7, but we briefly describe their modifications in Table 3
below. All contain the synthetic plant-optimized HBsAg gene described in Example 7, which
has been modified here by either a N- or C-terminal extension, or both. Our rationale suggests
that a N-terminal plant signal peptide may more effectively target the nascent HBsAg
polypeptide to the ER and allow more efficient folding of monomers and assembly of crosslinked
virus-like particles (VLPs). The aS signal peptide contains 21 amino acids, while the oL signal
peptide comprises an additional 14 residues from the same soybean vspA4 gene that contains a

potential vacuolar localization signal (Mason et al. 1988). Further, a C-terminal ER retention
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5 Name N-terminal extension C-terminal extension
pHB117 - None None
pHB118 vspA oS signal peptide None
pHB119 vspA oL signal peptide None
pHB121 None SEKDEL
10 pHB122 vspA oS signal peptide SEKDEL
pHB123 vspA oL signal peptide SEKDEL

We used these plasmids to transform tobacco NT1 cells essentially as described (Newman

TC, Ohme-Takagi M, Taylor CB, Green PJ. DST sequences, highly conserved among plant

15 SAUR genes, target reporter transcripts for rapid decay in tobacco. Plant Cell 1993; 5:701-714).
Callus cell colonies selected for growth on 300 mg/L kanamycin were assayed for expression of
HBsAg. Cells were extracted with 2 ml per g cells in buffer (PBS, pH 7.2; 50 mM sodium
ascorbate, 10 mM EDTA, 0.2 mM PMSF, 0.1% Triton-X-100). Extracts were clarified by
centrifugation at 16,000xg for 3 min at 4°C, and supernatants tested for total soluble protein

20 (TSP) by Bradford assay (BioRad) and for HBsAg by Auszyme monoclonal ELISA (Abbott
Laboratories). Expression varied greatly among the lines, but the lines that expressed the highest

levels for each construct were propagated and used for further study. Table 4 below shows
expression data from a representative experiment in which a selected line from each construct

were assayed. All lines expressed similar levels of TSP. All of the modified forms were

25 expressed to higher levels of HBsAg than the unmodified form in line HB117-9, with line

HB118-3 giving the highest level. We must interpret the data with caution, since we did not
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5 Table 4. HBsAg and total protein in transgenic NT1 cell lines

TSP HBsAg

_Line mg/ml (ng/mg TSP)
HB117-9 . 4.78 67
HB118-3 4.28 261

10 HB119-5 3.88 121
HB121-11 3.40 118
HB122-8 4.80 133
HB123-1 4.46 155
NT1 control 3.12 0

15
Immunoprecipitation and analysis of crosslinking

We examined the NT1 cell extracts for multimeric forms of HBsAg by Western blot after
fractionation of immunoprecipitates under partial reducing conditions. Cells were extracted and
assayed as above for TSP and HBsAg. Samples containing 1 mg TSP were diluted 10-fold with

20 PBS containing 1% Triton-x-100, 0.5% sodium deoxycholate, and 0.1% SDS, then mixed with
1 pg of goat anti-HBsAg (Fitzgerald Industries, Concord, MA). The reaction was incubated for
1 h at 23°C, and then mixed with 15 pl Protein G Plus-Agarose (Calbiochem) and incubated on
a rotating mixer at 4°C for 16 h. The agarose matrix was pelleted and washed according to the
supplier’s instructions before suspending in 25 1 of 1.5X SDS-PAGE sample buffer containing
25 80 mM DTT. Samples of yeast tHBsAg were immunoprecipitated in the same way.

In Experiment 1, samples from lines HB117-9, HB118-3, and HB121-11 were examined.

The immunoprecipitated (IP) samples in SDS-PAGE sample buffer were heated at 50°C for 5

min (partial reducing condition), centrifuged 16,000xg for 2 min, and 10 w1 of supernatant loaded
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5 Western blots obtained. Panel A shows samples that were subjected to partial reducing condition

(50°C for 5 min), and panel B shows samples given stringent condition (100°C for 20 min).

Yeast rHBsAg (50 ng) in lanes 1 shows a ladder of multimers under partial reduction, which is

much less pronounced under stringent reduction. Similar patterns are seen for the yeast THBsAg

purified by IP (lanes 2), although the recovery yield was less than expected. Note that all lanes

10 contain a signal at approximately 50 kDa that represents the heavy chain of the goat IgG that was

used both as the IP hook and the Western blot probe, and included in lanes 7 as control. The

HBsAg dimer and trimer signals bracket this signal and are well resolved from it. The HBsAg

monomer in sample HB117-9 (unmodified HBsAg) co-migrates with the yeast rHBsAg

monomer, and is present with dimer and faint multimer signals under partial reduction. This

15 indicates that HBsAg readily crosslinks to form multimers when expressed in plant cells. Even

under stringent reduction, a strong dimer signal is evident in sample HB117-9. A pair of faint

lower M, signals is seen in the HB117-9 sample that is not present in the yeast-derived material,

suggesting a single cleavage event that yields 2 HBsAg fragments. Further study is needed to

determine whether this cleavage occurs in the living cells or as a result of extraction. The

20 nontransgenic NT1 cell sample (lanes 6) shows a faint nonspecific signal that runs between the
HBsAg monomer and dimer and is well resolved from both.

Lanes 4 contain NT1 cell sample HB118-3 with the HBsAg modified with the N-terminal

“0S” plant signal peptide extension. The monomer signal in this sample runs at slightly higher
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10H1Jd Eséb&a%ﬁ!ﬁ}ﬁ%f&-@d’er ﬁﬂ)?t&légfs (a}e present. Even with stringent reducmg condition, the

5 trimer and tetramer signals are easily distinguished, showing that the disulfide crosslinks between
monomers are quite stable and resistant to reduction in HB118-3 cells. Like sample HB117-9,
2 faint lower M, signals suggest a partial proteolytic cleavage.
Lanes 5 in Experiment 1 contain samples from NT1 cell line HB121-11 with the HBsAg
modified by the C-terminal extension “SEKDEL” (SEQ ID NO:4). The partially reduced sample

10 shows a monomer that runs at slightly higher M,, which is consistent with the C-terminal
extension. Further, multimers up to tetramer are easily observed showing substantially greater
degree of crosslinking than in the HB117-3 cells. Stringent reduction converts most multimers
to monomers, but a strong dimer signal is still present. Like HB117 and HB118 lines, 2 faint
lower M, signals suggest a partial proteolytic cleavage in sample HB121.

15 In Experiment 2, samples from all 6 transgenic lines were examined. In this case,
separate IP reactions were performed for the partial reduction (50°C x 5 min) and stringent
reduction (100°C x 20 min), in order to obtain a more quantitative result. Figure 20 shows the
results; again Panel A samples are partially reduced and Panel B samples are stringently reduced.
Samples HB117-9, HB118-3, and HB121-11 show results consistent with Experiment 1,

20 although the resolution of higher-order multimers is less defined under partial reduction. The
HB118-3 sample in Panel B (stringent reduction) again shows highly resistant crosslinking with

tetramers evident and higher-order multimers likely in the smear at higher M..
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5 dimers in the stringent reducing condition.

Lanes 6 and 7 contain samples HB122-8 and HB123-1, respectively, in which the HBsAg
is extended on both N- and C-termini. In these samples (Panel B), tetramers are evident even
under stringent reducing condition. Line HB123-1, which carries the “aL” plant signal peptide
extension and the C-terminal SEKDEL (SEQ ID NO:4) extension, showed apparent partial

10 processing of the signal peptide, like line HB119-5 that carries the “oL” plant signal peptide
alone. Thus it appears that the longer “aL” signal peptide is more efficiently processed than the
shorter “aS” signal peptide in these NT1 cells.

In conclusion, HBsAg expressed in cultured tobacco NT1 cells readily forms disulfide-
crosslinked multimers. Crosslinking is greatly enhanced when either “«S” or “aL.” forms of the

15 soybean vspd signal peptide is fused to the N-terminus of the Plant-optimized HBsAg gene.
These data indicate that plant-produced HBsAg, especially when fused to a plant signal peptide,
is a superior vaccine antigen for use in oral delivery of crude or unprocessed host material.
Example 13. Expression of oral adjuvant in potato

The E. coli LT B subunit can be expressed in potato tubers in a form that 1s

20 immunogenic when fed directly to mice without preparation other than slicing, with the
amino acid sequence SEKDEL (SEQ ID NO:4) increasing expression (Hagq, T. er al. 1995).

As mentioned herein the LT-B protein can be used as a vaccine carrier. Expression of the
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*Construction of pTH110 is described in Méson, H., et al. (1998), Vaccine, 16: 1336-1343.

10 Example 14. Transgenic potato plants that coexpress HBsAg and mucosal adjuvant E. coli
mutant LT in tubers.

In order to avoid the logistical problems involved in mixing and stabilizing preparations
containing vaccine antigen and adjuvant, it is convenient to provide edible material having both
components without need for preparation. To this end, transgenic potato plants, which coexpress

15 and accumulate HBsAg and E. coli mutant LT in their tubers, can be produced.

Plasmid vectors permitting the co-expression in plants of A and B subunits of E. coli heat
labile enterotoxin (LT) and mutants thereof have been constructed. These are also the subject
of co-pending application U.S. Serial No. 60/113,507. In order to co-express HB.sAg with LT
in potafo plants, a potato plant is transformed with a plasmid used as a host for transformation

20 with a binary vector that contains an HBsAg expression cassette and confers antibiotic resistance.
An example of the former plasmid is pSLT102, which expresses assembled LT-K63 (S62 to K63
mutation in LT-A) and carries the kanamycin-resistance NPT-II gene. Examples of suitable
plasmids for preparing a vector having antibiotic resistance are pGPTV-HYG (hygromycin) and

pGPTV-BAR (phosphinothricin) (Becker, D. et al. 1992). The desired plasmid is constructed
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BALB/c mice are fed potato slices (5 g potato/feed/animal) expressing HBsAg. As
shown in Figs. 3 and 4A-E, the mice developed serum IgM and IgG responses that are specific
to HBsAg. A group of control animals fed non-transformed potatoes failed to generate
antibodies. Cholera toxin (Sigma, St. Louis, MO) was used as an oral adjuvant in these studies.
10 Ten pg of adjuvant is placed on the potato slices and consumed by the animals along with the
antigen. This experiment was repeated twice with a total of 10 mice in both the experimental and
control groups. The potato tubers in these experiments expressed only 1.1 ng HBsAg/gm potato.
Therefore, each animal received only 5.5 ug HBsAg per feed. This likely directly reflects the
modest primary response elicited. Even so, when both groups of mice were challenged with a
15 sub-immunogenic dose of yeast-derived rHBsAg on day 60, only those fed with the transgenic
potatoes made a secondary anti-HBsAg response, confirming that a memory cell response had
been established. When the immune response was analyzed in terms of immunoglobulin class
and subclass, an IgM response followed by IgG response was observed in all subclasses. No
serum IgA response could be measured.
20 Example 16. Transformation of tomato plants
Tomato plants can be transformed according to the protocol of Frary/Fillati ez al. (1987)
Biotechnology 5:726-730), as modified herein:

Seeds (100 seeds~380mg.) (Tanksley TA234TM2R) are sterilized and immersed in 20%

CHLOROX bleach for 20 min. The seeds are rinsed well with sterile milli-Q water (2 or more
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10 1 week prior to transformation and incubated at 30°C. Liquid selective medium is inoculated

with the Agrobacterium by picking a single colony off of the streaked plate, and inoculating 3
mL YM medium with 150 pg kanamycin sulfate. The culture is vigorously shaken at 30°C for
48 hours. One mL of the culture is inoculated into 49 mL YM medium with 2.5 mg kanamycin
sulfate and cultured in a 250 mL flask shaken vigorously at 30°C for 24 h. The optical density
15 is measured at 600nm. Optimum O.D. is considered to be 0.5 to 0.6.
The Agrobacterium culture is centrifuged at 8,000 rpm (Sorvall centrifuge, ss34 rotor)
for 10 min. The YM is poured off and the pellet resuspended in MS-O, 2%. The final O.D.
should be between 0.5 and 0.6. Twenty five mL of the Agrobacterium culture is pipetted into
a sterile Magenta box. The explants are transferred from 2 to 3 plates into inoculum in a magenta
20 box and incubated for 5 min. with occasional shaking. The explants are removed to a sterile
paper towel. The explants are returned to feeder plates, adaxial side down and the plates are
sealed with Nesco film. The explants are cocultivated for a 16-hour photoperiod at 25°C for
approximately 24 h. The explants are transferred to selection media (2Z) adaxial side up. The

plates are sealed with micropore tape and returned to 25°C, for a 16-hour photoperiod.
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Y" 199%&' (When shootsgare pt bggo&prp)anglmgie(gt_lqz@tcl node. They are placed in Magenta boxes

(4/box) containing Tomato Rooting Media with selective agents. Roots should begin to appear

in about 2 weeks. Standard Greenhouse growth conditions are employed: 16 hour day; average

temperature: 24.5 °C; fertilized each time watered: 100 ppm. EXCELL (15-5-15) with extra

calcium and magnesium; potatoes grown in METRO-MIX 360; tomatoes grown in Cornell Mix
10 + OSMO; biological controls are used whenever possible to improve overall plant quality.

Ex le .18 ELISA Assay for Measurement of Serum Anti-HBsAg Specific Antibodies.

Mouse sera is evaluated for anti-HBsAg-specific antibodies using a commercially
available AUSAB enzyme immunoassay (EIA) diagnostic kit (Abbott Diagnostics, Chicago, IL)
using the methods described elsewhere (Pride, M. et al., 1998). Use of the AUSAB quantitation

15 panel permits conversion of absorbance values to mIU/mL.
Example 19. Isotype Distribution of the Anti-HBsAg Response.

The isotype distribution of the anti-HBsAg response is determined using the mouse typer
sub-isotyping kit (Bio-Rad; Richmond, CA). Sera, saliva, and fecal extracts are incubated on
HBsAg-coated beads (from the Abbott EIA kit) and bound antibody is detected using rabbit anti-

20 mouse subclass-specific antiserum (Bio-Rad, enzyme immunoassay (EIA) grade Mouse Typer
panel).

E le 20. Detection of CT Speci ntibody Production by ELISA.
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Stools: Freshly voided fecal pellets are collected from individual animals and stored in
Eppendorf tubes at -70°C. Prior to the assay, pellets are resuspended in PBS (50 pL per pellet),
10 the tubes then allowed to stand at room temperature for 15 mins, then vortexed vigorously and
incubated at 20°C for 15 min. Samples then re-vortexed, and centrifuged at 1,000xg for 5 min.
The supernatant is collected and used immediately in an ELISA assay. This method is essentially
as described by deVos & Dick. J. Immunol. Methods. 141:285-288(1991).
Saliva: Saliva is collected in capillary tubes following i.p. injection of mice with 0.1 mL
15 of a 1 mg/mL solution of pilocarpine. Care is taken to collect the first flush of saliva in all cases.
Samples are transferred to Eppendorf tubes and stored at -70°C until assayed.
Example 22. Preparation of single-cell suspensions.
Single-cell suspensions are obtained from spleens by gently teasing the tissue through a
sterile stainless steel screen. Peyer's Patches (PP) lymphoid cells are isolated by excising the PP
20 from the small intestine wall. Cells are dissociated in Joklik's modified medium (GIBCO, Grand
Island, NY) containing 1.5 mg of the neutral protease enzyme Dispase (Boehringer Mannheim
Biochemicals, Indianapolis, IN) per mL or 0.5 mg/mL collagenase as described previously

(Kiyono, H. et al, PNAS USA 79:596-600 (1982)).
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10 transgenic plants expressing HBsAg or any immunogenic polypeptide can be examined. Using
T cells enriched from the spleen or Peyer's Patches of mice immunized orally with a synthetic
microencapsulated peptide elicited antigen-specific T cell proliferative responses. Similar studies
can be performed in mice fed the transgenic potatoes.

The frequency of Th1 and Th2 type cells in both systemic and mucosa-associated tissues

15 of mice fed transgenic HBsAg expressing plants can also be analyzed. The frequency of Thi or
Th2 cells in mucosal tissues such as Peyer's Patches could influence the isotype specific
responses that occur. Three approaches can be taken: (i) cytokine-specific single cell assays to
quantitate the number of antigen-specific cells secreting a particular cytokine, (it) measurement

of secreted cytokines using specific ELISA assays, and (iii) cytokine specific PCR analysis. The

20 first two approaches permit determining the level of synthesis and secretion of the various
cytokines whereas the third approach will determine if these are concomitant changes in mRNA
production. The combination of these approaches will allow determination if an increase in a

particular cytokine is a direct consequence of increase in cytokine mRNA expression.
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presenting cells. Following addition of antigen, the cells are cultured for 120 h as described.

Proliferation, as measured by [*H]thymidine incorporation, are determined by liquid scintillation
spectroscopy. Results are expressed as the mean cpm of [’H]-TdR incorporated of triplicate
wells.

10 - Enumeration of Cytokine producing T cells. Enumeration of cytokine producing cells
within in vitro restimulated antigen-specific T cell cultures is determined by ELISPOT using
matched pairs anti-cytokine monoclonal antibodies

Cytokine specific ELISA assays. The amount of cytokines produced in culture
supernatants of spleen cells and Peyer's Patches T cells is assessed by an ELISA (Current

15 Protocols in Immunology) using the same anti-cytokine mAbs as used in the ELISPOT assays.

Cytokine-specific PCR analysis. For the detection of IFN-vy, IL-2, IL-4, IL-5, and IL-6
specific mRNA in CD4+ T cells (spleen cells and Peyer's Patches), a standard RT-PCR
amplification protocol is employed and modified as previously described (Kiyono, H. et al.
1982). For the isolation of RNA, the method of acid guanidium thiocyanate phenol chloroform

20 extraction procedure is used (Chomczynski & Sacchi, Anal. Biochem. 162:156 (1987)). RNA

is extracted and then subjected to the cytokine-specific RT-PCR using 2.5 U/uL. Superscript II
Reverse Transcriptase (Life Technologies). PCR products separated by electrophoresis in 2%

agarose gels are stained with ethidium bromide (0.5 pg/mL) and visualized under UV light.
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(1989)) e PCR reaction is conducted in 50 uL of PCR buffer, 3 mM M

dNTPs, 30 pmol of mRNA forward and reverse primers for IFN-y, IL-4, and p-actin, 200 ng
genomic DNA (spacer gene) and 2.5 units Tag polymerase (Perkin-Elmer Cetus, Foster City,
CA) at 85°C. Suitable primers are listed in Table 6. After heating at 94°C for 3 min, samples
are cycled 30 times with a 30-s denaturing step (94°C), a second annealing process (59°C), and
a 45-s extension step (72°C) in a thermal cycler (Perkin-Elmer Cetus). A 5-min extension step
(72°C) is performed at the end of the procedure. The PCR products are purified with the Wizard
PCR Preps DNA Purification System (Promega Corp., Madison, WI). After construction of this
synthetic gene containing IFN-vy, IL-4, and p-actin, the PCR product is inserted into a pPGEM-T
Vector containing the T7 polymerase promotor (Promega). Transformation is performed by
using Escherichia coli IM109. To obtain rcRNA, a purified synthetic gene is linearized by Spel
(Promega). To obtain purified rcRNA, the transcripts are treated with RQIDNase (Promega) and
then further purified by using Oligotex-dT latex particles (Oligotex-dT mRNA Kkits, Qiagen,
Chatsworth, CA).
Table 6. List of primers for specifi kine

B-Actin (349bp):5’ Primer 5'-TGGAATCCTGTGGCATCCATGAAAC-3' (SEQ ID NO:24)

3’ Primer 5'- TAAAACGCAGCTCAGTAACAGTCCG-3' (SEQ ID NO:25)
IFN-y (460bp): 5' Primer 5'-TGA ACG CTA CAC ACT GCA TCT TGG-3 (SEQ ID NO:26)

3’ Primer 5' -CGA CTC CTT TTC CGC TTC CTG AG-3' (SEQ ID NO:27)

IL-2(502bp) : 5’ Primer 5’ -ATG TAC AGC ATG CAG CTC GCA TC-3' (SEQ ID NO:28)

3" Primer 5’ -GGC TGG TTG AGA TGA TGC TTT GAC A-3' (SEQ ID NO:29)
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y&L0%&' () - 9#109%& @) y&mw%’sqr)cmwmmv TTO CAG GAKESKQ-3'(SEQ ID NO:31)

109& () - 9#109%& ()-SZ"109%& () - & nPA0%& ()- 9#10%& ()-*+7Bu.xY:/ 10#10%g& ()-

LF" 10%9#§ - 6X243E” f:189@8inde) 5~ ATS/M&T G)TG‘Ed@f/@&G@GC@@MAG £=3' ISEGMIND!32)
10&109g& () - #10%;&' ()- f#109g& ()- L#109g& ()-#10%9& ()- S&10%g& ()-

21098 () ahiovgd (TS T | 105 ENGE PGSR TR, -
’ #%00/@] &IIL(-%( 15 ;%Z)LOO Q&Pgl)mer 5" -CTG TTT TTC CTG GAG TAA ACT GGG G-3' (SEQ ID NO:34)
3’ Primer 5’ -5’ -TCT GAC CAC AGT GAG GAA TGT CCA C-3' (SEQ ID NO:35)
IL-10(237bp) : 5' Primer 5’ -ACC TGG TAG AAG TGA TGC CCC AGG C-3' (SEQ ID NO:36)
3’ Primer 5' -CTA TGC AGT TGA AGA TGT CAA A-3' (SEQ ID NO:37)
TNF-0(354bp) :5'Primer 5'-TTCTGTCTACTGAACTTCGGGGTGATCGGTCC-3' (SEQ ID NO:38)

10 3’ Primer 5'-GTATGAGATAGCAAATCGGCTGACGGTGTGCC-3' (SEQID NO:39)

For competitive RT-PCR, total RNA is run with cytokine-specific rTcRNA as a

competitive template. Aliquots of total RNA (8-630 ng for IFN-vy, 11-900 ng for IL-4, and 0.19-

15 pg for B-actin) are spiked with a series of diluted mRNA internal standards. A standard RT-

15 PCR is then performed (see Table 7). Quantitation is achieved by addition of 5 pCi of [*P}dCTP
(Amersham, Arlington Heights, IL) to the PCR reaction mixture. Duchmann et al., DNA and

Cell Biol. 12:217. 1993. Finally, the PCR products are electrophoresed as described above.

The [**P]dCTP content of IFN-y, IL-4, and B-actin-specific bands is determined by liquid

scintillation counting.

20 Table 7
RT Condition PCR Condition
42°C 15 min 95°C 2 min 1 cycle
99°C 5 min 95°C 1 min 60°C 1 min 35 cycle
5°C S5 min 60°C 7 min 1 cycle
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A potato virus X (PVX) strain DX based plant virus vector was used to express hepatitis

B surface antigen (HBsAg) in plants. The synthetic HBsAg gene, optimized for in planta
expression, was amplified by polymerase chain reaction from the plasmid psHB312 described
5 in Example 7 under pHB115, using oligonuéleotide primers into which sites for the restriction
enzymes Clal and Xhol had been introduced. The amplification product was digested with these
enzymes and the digestion product containing the HBsAg gene was ligated to the nine kilobase
pair fragment of the plasmid pDX10a digested with the same enzymes. Plasmid pDX10a is a
derivative of pUC19 having Clal/Xhol restriction sites that bracket the coat protein coding
10 sequence of the PVX genome. This produced a plasmid, pDX10a-HBV®6, that contained a full-
length infectious cDNA clone of PVX strain DX, under the control of a T7 promoter, in which
the coat protein gene of PVX was replaced with the gene for HBsAg. The construct was designed
so that HBsAg expression would be driven through the production of a mRNA encoding HBsAg
from the subgenomic promoter that naturally directs the production of the subgenomic mRNA

15 for the PVX coat protein.

The pDX10a-HBV6 DNA was linearized with the restriction enzyme Spel and the
linearized DNA transcribed in vitro with T7 polymerase using an Ambion T7 mMessage
mMachine kit according to the manufacturer’s instructions. Transcription products were
manually inoculated onto Nicotiana benthamiana plants transgenically expressing the PVX coat

20 protein. The modified form of the virus produced systemic infections on plants when

transgenically complemented for the deleted viral gene, the coat protein. SDS-PAGE and
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Systemically infected leaf tissne was homogenized in four volumes of extraction buffer using a
pestle and mortar. The homogenate was centrifuged at 1000 x g for 5 minutes, and the
supernatant was centrifuged at 27,000 x g for 15 minutes. The 27,000 x g supernatant was
centrifuged at 100,000 x g for 1 hour. Aliquots of the crude homogenate and supernatants from

10 each of the centrifugation steps were taken for SDS-PAGE and Western blot analysis with
HBsAg specific antiserum. Visual inspection of the western blot showed that there was no
significant pelleting of the HBsAg during the first low speed centrifugation, but that there was
significant loss of the expressed protein during the second centrifugation step and that the
majority of the residual soluble HBsAg was pelleted during the third high speed centrifugation.

15 The observation that substantial quantities of HBsAg were lost during the intermediate speed
centrifugation suggested that the protein was inefficiently extracted with the buffer used, possibly
because of its known membrane associating characteristics. Therefore to test whether extraction
of the protein could be enhanced its extraction was attempted with buffers containing different
levels of detergent.

20 Systemically infected leaf tissue was homogenized in two volumes of buffer containing
0.1M sodium phosphate (pH 7.0) and 0.1M sodium ascorbate using a pestle and mortar. Aliquots
of SmL of the crude homogenate were taken and homogenized for a further 2 minutes in pestle
and mortars with an equal volume of buffer supplemented with either 0.2%, 1%, 2%, 5% or 10%

Triton X-100, as a representative non-ionic detergent, The homogenates were incubated on ice
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detergent up to 1% resulted in more efficient extraction of the desired protein.
However the efficacy of HBsAg as an immunogen is dependent upon its aggregation
state, the particulate form being more immunogenic that free protein. Therefore, HBsAg
10 extracted with 0.1%, 0.5% and 1.0%, final concentration, Triton X-100 was further analyzed by
rate zonal centrifugation discontinuous 32 mL sucrose gradients were made in 10mM sodium
phosphate (pH 7.0) and 0.15M sodium chloride (8mL each of 5%, 13.3%, 21.6% and 30%
sucrose) and left to diffuse overnight at 4°C. 2mL of the 27,000 x g supernatants were loaded
onto gradients and centrifuged in a Sorvall AH629 rotor at 29,000 rpm for 6 hours at 5 °C.2mL
15 fractions were collected from the three gradients and aliquots analyzed by SDS-PAGE and
Western blotting. Inspection of the Western blot of the fractions from the gradient loaded with
material extracted with 1% Triton X-100 showed that virtually all the HBsAg related protein was
present in the four fractions from the top of the gradient indicating that the HB sAg lipoprotein
complexes had been completely solubilized with this level of detergent. In contrast, the Western
20 blot of the fractions from the gradient loaded with material extracted with 0.1% Triton X-100
showed a broad peak in the fractions from the middle of the gradient indicating that the HBsAg
extracted was in the desired particulate form. Inspection of the western blot of the fractions from

the third sucrose gradient showed that the majority of the HBsAg had been completely

solubilized by extraction with this level of detergent, as with the 1% Triton X-100.
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for use as a vaccine. Thus, levels of detergent less than 0.5% should be used for antigen
5 purification unless it is intended to reconstitute particles or completely solubilized protein is
desired. In conclusion, levels of greater than or equal to 0.1%, but less than 0.5% Triton X-100

appear optimal for extraction of the particulate form of HBsAg expressed in planta.

Example 26

An immune response to hepatitis B surface antigen ( HBsAg ) can be obtained when the
10 antigen is expressed in a plant and the plant material is fed to the animal when the animal is
immunoreceptive to the HBsAg. An animal may be made immunoreceptive toHBsAg by
administering the plant material containing HBsAg in conjunction with a suitable adjuvant. The
animal may also be immunoreceptive due to a prior , e.g. primary, immunization in which case
an immune response to HBsAg may be boosted in the animal by feeding the animal the plant

15 material containing the HBsAg.
The lines of potatoes expressing HBsAg selected for use in accordance with examples
27 to 30 are transformed lines from S. tuberosum L. c.v. Frito-Lay 1607 HB-7. The transformed
lines are designated FL-1607 HB-7 and HB114-16. To obtain these lines, the HBsAg gene from
a pMT-SA clone of a Chinese adr isolate of HBV was inserted into transformation plasmid
20 vectors (pHB-7 and pHB114) that were mobilized into Agrobacterium tumefaciens (LBA4404)
that was then used to transform Solanum tuberosum L cv. “Frito-Lay 1607.” The plasmid
vectors used to construct the potato lines pHB-7 and pHB114-16 used in these examples both

contain the gene for neomycin phosphotransferase (NPTII, also known as APH(3)II). This gene
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has been shown to cause no deleterious effects when purified protein was fed to mice at up to

5 5g/kg body weight. The transformed FL-1607 was cured of the A. tumefaciens and clonally

propagated and the FL-1607 HB-7 and HB114-16 lines were selected for their high level of
HBsAg expression. Extracts of the FL-1607 transformed lines were tested for HBsAg
concentration by ELISA techniques. HB-7 averaged 1100 ng HBsAg per gram of tuber weight
and HB114-16 averaged 8500 ng + 2100 ng of HBsAg per gram of tuber weight.

10 The extracted HBsAg spontaneously forms virus like particles (VLPs) that sediment at
the same density as yeast derived HBsAg VLPs. Electrophoretic mobility and western blot
analysis indicate that the tuber expressed antigen is indistinguishable from ycast derived antigen.

The lines were clonally propagated to multiply the number of plants and potted in soil to
produce the tubers used in the examples. The transformed lines were maintained by in vitro

15 clonal propagation.

The untransformed parent potato line, FL-1607, was maintained by clonal propagation
and potted to produce tubers that were used as the placebo control. The tissues from these tubers
do not express any proteins that are reactive with reagents to detect HBsAg.

Example 27

20 BALB/c mice were fed either peeled HB-7 potato slices or control non-transformed

potatoes. Each group of mice was given three 5 gm feedings of potato on days 0, 7, and 14. The

B subunit of cholera toxin (CT) (Sigma) was used as an oral adjuvant. Ten ug of the adjuvant

was placed on the potato slices (both experimental and control) and consumed by the animals in
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secondary response was seen in the control mice fed non-transgenic potato and CT. Without the

10 oral adjuvant, there was no significant response to HBsAg.
Example 28
In the Frito-Lay 1607 HB114-16 line expression is driven from the 35S promoter and
average tuber expression in the lot used for these experiments was 8.37 ug HBsAg/gm wet
weight of tuber.

15 Groups of BALB/c mice (5/group) were fed either with HB114-16 or with control non-
transgenic potato. In both cases 10 g CT was added to the potato. The feeding was repeated
one and two weeks later. The total average dose to each mouse of HBsAg in the transgenic
potato was 125.55 ug over the 3-week period. Then, at the later of 70 days following the first
feed or at 3-6 weeks after the initial immune response had returned to baseline levels, the mice

20 were immunized with a sub-immunogenic (0.5 ng) dose of rHBsAg (Merck) delivered in
aluminum adjuvant by subcutaneous (s.c.) injection.

At these dose levels an initial immune response was seen immediately after the second

feeding. This immune response continued to rise and peaked at around 6 weeks at 100mIU/ml.

98



10#3B#! &#10%rbnb& () - Mb! &#10%bnb&' () - Mb! &#10%bnb&' () - MB&H#10%rbb &’ () - Mb#3
B#3: @l JQvis; 0pf34610 PCT/US99/31020
10#&#10%bnb& () - Mb#3BH! &#10%bb& () - MB! &#10%rbnb&: () - Mb! &#10%bnb&’ () - MB&
#10%bmb& () - MBQN " j mvY7{"A

10#! &#10%iterrbRonly -1mmwwdm&xaopﬂmﬁlm@ﬁmmt@yemd i aahle ReRatitis - V!
8#10%rbrb& () - Mbmswx{ Y7{ *A

10#! &#1 Q9 i§ Lommwﬁhm&u&&smmmtuﬁa& (Dhe Espo e r&tabOAth ivh&eling - ME!
&#10%rbnb& () - MB{ Y7{ A

10 &#1%2}) W’ﬁ A%eel@mgba%lrﬁgls Wrégf %Qn/ ﬁ;@'ﬁag‘st@osé\@fgﬁ-ﬂﬁ’sﬁ@ nﬁﬁ‘s (e)d tWﬁP’B#'

&#10%rb

10#! #3BH#&&#10%TbITh&' () - MB! &#10%Thh& Urbb & (
3B#W5 mnnqﬂmmsmpetpmumd%r(tpg%?‘)rng nil\%% gewl@df@fgiﬁ%”q&ﬁ%bw
10nbnb  10mbnb&#10%rbnb&: () - MB6DN| [ W5 10 f&#10% (f& ()- f10% (& ()-
f 03#10%rbinginr of ki@ &dYinidnk (4) wWaeks)1 OVHi§ fektablist@rh that1 Gefp(ngary )imnpmization
f&/[&%%lo fs 6#10%(f&§) f34#10% (f& ()- f 1#10% (f& ()-

; HRIQUE ¢ Ye rapldly hid @td A1fd upo
f &#109% (ggeéﬁéeh@#%ﬁﬂe? (%@?%‘E}s %zﬁ(ﬁa&vfe 106 ’f'gc}) fg}/’%im(f of (fm
f11096 (T& ()-11""" L4 [1vUA 10 f f&@L09% (f& ()-f f&#lo%(f&() f
f&#lo% (SP@Pr(d)afbfb‘?OSl%lo%(f& ()- fS#10% (f& ()-m
f#109% (f& () - #SnBSUWoB4 [ vU4 10 f fOF"#10% (f& ()-f & #10% (f& ()-f
f &f #1096 ( f & (hefconBullotinalssdy this exBar0ngnt fhat were given non-transgenic potato + CT did
109 (f& ()- YM&R&G ' (|[:vU4 10 f f/&10% (f& ()-f f9 -#10% (f& ()-f f9

+#10% ( fist @evdlop 86 ant §nfnline FREHLAY8 s &R Afy&ha)l h th
(f((!)$)%t&)v)%§|ob 10 f, 105}5@ () - 1?){?{%1{\%?(1*13&‘(” fﬁ’fyu?ﬁ}c%?%gﬂ‘f T‘e

b s A B HBS P e dbbiipu 1

f &#10%@ @& () - *P+++R, bU4 10 f fL#10%

f &&10%@ s@clél))my pf ﬂ@%ﬁ&@ @Bulty. 2antrpb?fg¢mb)€g"@?‘¥9 potaog @?@% %Vfﬂ?ped
fo#10%@ @ ()- .9...R//O[[:bU4 10 f & /"109@ @& ()- f° #100/(@@(?- f
f*#10%Q@ @& qavel,fi,ef 10 EILOBAERI@% 10) a prifid@BrebPonEk @Rt (r¢tumeﬁ9$ baseline in only one
10%@ @& () 0a001n1qglr1s1t1|[NA4 1010@ @0@ @ 0@ @f: 10%D @& ()-f

f 8#10%@
{111111 2 ?& J{h]e_% %gﬁ%&;g@ % (t}} | %lﬁrﬁﬁ%% S5 1@60@ -as N dsSrbled LABE@: @ly )gave a

secondary response of 50mIU/m! and return to only 10 mIU/ml in only two weeks.

15 Example 29

The transgenic potato has also been used to boost a pre-existing sub-immunogenic dose

of rtHBsAg in mice. In this experiment groups of BALB/c mice (5/group) were immunized with

a sub-immunogenic dose of rHBsAg (Merck) delivered s.c. in alum. 5 weeks later each mouse

was fed either with HB114-16 or with control non-transgenic potato. In both cases 10 ug CT

20 was added to the potato. The feeding was repeated one and two weeks later. The total average
dose to each mouse was 125.55 ug over the 3-week period.

A secondary response developed that had started to appear at the time of the third feeding

and which rose to approximately 1000mIU/ml 11 weeks after the initial priming immunization
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to 25% of their body weight in potato without evidence of toxicity and (2) a 50 ug dose of
HBsAg in 5 gm of potato is immunogenic as a primary series with an oral adjuvant. The
15 available clinical data with other potato vaccines indicate that (1) consumption of 100 gm of raw
potato is generally well tolerated and (2) on a weight basis, 100 gm consumed by a 70 kg person
would represent 0.14% of body weight. This amount is approximately 178-fold less than has
been consumed, by weight, in mice in pre-clinical experiments.
Thus, in the example for humans, 100 to 110 gm of potato was ingested by volunteers per
20 dose. The clinical Jot scheduled for use in this study contained 8.5 £ 2.1 ug of HBsAg per gm
of potato. Subjects who received two 100 gm doses of transgenic potato received a total dose

of 1,280 to 2,120 ug of HBsAg and subjects receiving three doses received a total of 1,920 to

3,180 ug of HBsAg over the course of 28 days.
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SFT#10% & ()- &F5%0% & ()- bn% Mikd4AEABnBF10%8&L () -& & $10%R&' () -
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$10988' ()- 36 &f #10%B& () -26 &#10W&! () 21 &#10%&& () 25 &#10YERS () 29

&YA0Y8& () - IiSB[ g % 1010 #100/ ' () - 4&a& 10% &y#l
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109R&E ()-G #% & & #100/ ¢ 10%& ()-& 100/ 24) - 863
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&8H#10%8&' ()-3& & 10%8& ()- & &&10%&& ()-& & #10%8& ()-3 & $10%8& () - 4
&#10Y8& o 8&$ 10988 ()- & &L3"Z10%8& () - 3& &9#H10%&& () -
&O#10%88! o%ré‘gl‘éﬁ%&gg &3FYA0%&& ()- u)|[:vU410 & &, 2| 109%8& () &
& ZY40%8& ()- & & - #10%&& ()- & & 3+#1098& ()- &L(#10%8& ()- &&&

109R& ()- yvU410 &Y"f10%*& ()- &LOYR& ()- 10&10&108&& & 109&& () -

&s6#109R& ()- &LY4 109R& ()- Qdg#}|[:vU410 & &#109R& ()- & & $109R& () -
&y 1098& ()- & & 1098& ()- &3100&& ()- &H#109&& ()- }:V|[:vU4l0 & &

1098& ()- & &SF109R& ()- & 9YH0YR& ()- & &H109R& ()- &H109R& ()

QL#10YREL ()- Vm f|[:vU410 & &3+109&& ()- & & #109&R& ()- &&H#109&R&L ()- & &L$
VA0YRS ()- & #100R& ()- &H10%B& ()- f }|[:-4108& &S: YI0%8& ()- &
89610988 ()- &&34#10%8& () -
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& &RI#109R&' ()- & Y0Y%R& ()- & - 109%&& ()-/bA410&& & &P$109RS&' () - T
J$1098& WO 0B76VRS () -3 & "@0%W& ()-3 & 10%R& () - 10&10&pchaisho/AbiH&& -
&' #10%8&' ()-4 & 109R&' ()-4 &10%RE ()- &L#10%R&E ()-4 &FZWWOYRE ()-4 T
&H109R&' () - & >?@\ | obU410 q( 109Z%&' () - @L0&10&10& &y: 3109&&' () -

&/ MO%R&' ()- &&H10YR& () - &YL$Z°/<1]£>%’BSF(}O4\ dzZ: bU410 gqc $10% & () - pc
$10% & ()-p & ! E#109% & ()-- & 10% & ()-- P(10%!e& ()- @' v(10%& ()- @ ?bU410

qc $10% & () - pc_$1Q¥dp G(Received K doses oPTran c pbtate thbepf & () - pc

$10% & ()-p aA?bU410 gc $10% & ()-pc $10% & ()-pc $10% & () - pAo2 1! $c

$10% & ()-p_CbW10 qc $10% & () - p%fl % 8 ()}-pc $10% & ()-pc $10% & ()-pc

$10% & ()-pc $10% & ()-p!$' *~">ChUHED ﬁﬂm & ()-pc $10% & ()-pc

glocyé & 8» pc go% &'(8- pAoé 1! $*- 0369_cgu41o gc $10% & ()-pc $10% & () -pc
10% & VphupteefslOPa ( ) 1054v%14) -Day 210%D&y (28 pPay233=b Bray il 0 56

$100/4§ ()-gc $10% -().‘Eg $100/§,§- ()-pf}()mm ng)-pp@gg 1!$§b|1<NQT?C?Ié%410 qc

$10% & ()¢

2 94 87 100 99 88 79 87 88

3 33 34 32 33 27 34 31 32

4 0 0 0 0 0 0 0 0

5 9 9 53 74 74 85 65 61

10 6 20 41 57 84 452 475 897 652

7 85 76 496 1212 3058 3572 4152 4526

8 13 19 19 15 28 14 20 21

9 120 236 282 390 605 667 1583 1717

10 ) 11 14 13 13 18 11 15

15 11 0 0 0 0 0 0 0 0

12 72 77 137 270 349 523 1098 1226

13 85 76 84 74 111 215 175 163

14 40 35 39 71 119 122 330 430

15 56 51 59 85 252 407 520 745

20 16 115 213 511 1054 1964 3069 2966 3449
25

104



$10% & ()-pc $10% & ()-pc $10% & ()-pc $10% & ()-pc

$10% &. (MQTUARRIG bBCbU410 qc $10% & ()-pc $10% & () - pc $1OBGRUSHPIHR0 -
$10% &. ()-ppAo2 1!$] _aceg_CbU410 qc $10% & ()c $10% & ()-pc $10% & () -pc
$10% &. %Eg AilO%{ & ()-pc $10% & () - pghnmprubBCbU410 gqc $10% & () - pc )
$10% & LAYBog & () - pc $10% & () - ppAo2 1! $ux{~_CbU410 gqc $10% & ()c
$10% &. ()-pc $10% & ()-pc $10% & ()-pc $10% & ()-pc $10% & () - pbBCHU4A10 qc-
$10% &. ()-pc $10% & ()-pc $10% & ()-pc $10% &' ()-ppAo2 1!'$_CbU410 qc _
$10% & ()c $10% & ()-pc $10% & ()-pc $10% & ()-pc $10°£v% Q

$10% & () - pbBGH M EBPrEsSiP VSR COMPPSing NO/(F)&)r@smﬁccassettes, er | tR€ first cassette

comprises a polynucleotide encoding an antigen and wherein the second expression cassette
comprises a polynucleotide encoding the same antigen as the polynucleotide of the first
5 expression cassette, wherein the polynucleotide of the second expression cassette is non-

identical to the polynucleotide of the first expression cassette.

2. The plant expression vector of claim 1, wherein the first cassette comprises a
polynucleotide encoding a hepatitis B surface antigen (HBsAg) and wherein the second

expression cassette comprises a non-identical polynucleotide encoding a HBsAg.

10 3. The plant expression vector of claim 1, wherein gene silencing is reduced or eliminated

when both of said polynucleotides are expressed in a cell.

4, The plant expression vector of claim 3 wherein the gene silencing is RNA-mediated

transcriptional gene silencing.

5. The plant expression vector of claim 1 wherein the polynucleotide of the first expression
15 cassette and the polynucleotide of the second expression cassette comprise no more than 90

contiguous identical nucleotides.
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$10% & ()wpc $10%1 & ()-ppAo2 1!'$_CbUA10 qc $10% & ()c $10% & () - pc -
$10% & () WOLOBTGY & ()-pc $10% & ()-pc $L0% & () - pbBCOU410 PQuABIDRE () - -pC
SLO% & () - pc $10% & ()-pc $10% & ()-ppAo2 11$_CbUAL0 qc $10% & ()c »

$109% &' ¢ $10% 09% c.$ 00 aTG 410~
q10( 10( ﬁﬁﬁg%}% g}(}%rfg 1%\62{3@' él%] ";gid‘%f &fﬁ bélxg liq ?‘h(e)fggtoexaressxon
$10%3&3&' -* WP310%V&' () - 310%3&3&' "S109898& ()-p 310%3&3&' q&{
S1098&3& ( yasseﬁezallé tlp polyauizpldeof the B@pondmw(cpsswe oRIDPBEI® Mpradhan 60
%4.09B8&3&' () - KY %09B&3& ()-KY %409B&3& ()-K] A?: 410 q Y %09%B&3& () - KAo

i Y: {! % 4 08@IRASHY JdehcaVhAdRARRS () - KY %409B&3& ()-K ?:410 q Y

f%iog/d%&3&' ()- K% fm%%ga&s&' ()-KY %409883& ()-KY %40988&3& ()- KY %09%8&3& () - KY
9409B8&3& ()-K}aA?: 410 q Y %09B&3& () - KY

7. The plant expression vector of claim 2 wherein the first expression cassette comprises a
5 polynucleotide encoding a plant-optimized HBsAg polypeptide and wherein the second
expression cassette comprises a polynucleotide encoding a native virus derived HBsAg

polypeptide.

8. The plant expression vector of claim 7 wherein the polynucleotide of the first expression

cassette comprises at least one plant optimized codon.

10 9. The plant expression vector of claim 7 wherein the polynucleotide of the first expression
cassette comprises SEQ ID NO:3 and wherein the polynucleotide of the second expression

cassette comprises SEQ ID NO:1.

10.  The plant expression vector of claim 1 wherein the first expression cassette further
comprises a 5' transcribed, untranslated region and wherein the second expression cassette

15 comprises a non-identical 5' transcribed, untranslated region.

11.  The plant expression vector of claim 1 wherein the first expression cassette further
comprises a 3' transcribed, untranslated region and wherein the second expression cassette

comprises a non-identical 3' transcribed, untranslated region.
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%409883& ()-KAo i Y:{! % 9%4098&3& ()-KY %0988&3& ()-K _?:410 q Y :

94 098 83&'WQ 606U 0YBE3&' () - KY %09B&3&' () - KY %0%B&3& () - KACTASHBIBE () - KY
fy%hoz/a&s&' (%) -K aA?:410 q Y %4098&3& () - KY %09B&3& ()-KY %d09%B&3& ()-KAo

i Y- {1 % 9%409R88&38&' ()- K #9% ?: 410 .q, Y %QYB&3& ()-KY Y409B&3&: () -KY .
0409B&3KE- () - Kie DAFOIORRELS! ‘TY‘?@VW{8%&&’%5@%6‘5&5’6%%’?&@?33gﬁ"(%“%ﬁrfé’g’?:”ﬂso q v
9409883& ()-KY %09B&3&" () - KY %09B&3& ()-KY %d09B&3& () - KKAo ,

i Y: {1 9% =@3trms¢ibedy uytradshe@Rgion pivd s o@eaived) unnsiziodmasa qud-wherein the
9409883& ()-KY %409B8&3& () - KY %098&3& ()- KFG LORDB?: 410 q Y %4098&3& () - KY
gﬁggﬁg g Esj):chﬁM KPRYBES EashtteO¥nYHOOREH-1AIntIsKIAD tratscribeBUbKiraAsited tégieh ahd

anon-identical 3' transcribed, untranslated region as compared to the first expression cassette.

5 13.  The plant expression vector of claim 12 wherein the first expression cassette comprises
a TEV 5' transcribed, untranslated region and a vspB 3' transcribed, untranslated region, and
wherein the second expression cassette comprises a TMV 5' transcribed, untranslated region

and a pin2 3' transcribed, untranslated region.

14.  The plant expression vector of claim 13 wherein the first expression cassette comprises
10 a plant-optimized HBsAg polypeptide and wherein the second expression cassette comprises

a native virus-derived HBsAg polypeptide.

15.  AnE. coli cell transformed with the plant expression vector of claim 1.

16.  The E. coli cell of claim 15 wherein virus like particles are assembled in the cell.

17.  An Agrobacterium cell transformed with the plant expression vector of claim 1.

15 18.  The Agrobacterium cell of claim 17 wherein virus like particles are assembled in the cell.

19. A plant cell transformed with the plant expression vector of claim 1.
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%098&3&' ()-KY %0%B&3& ()-KY %0%B&3& ()-KY %0YB&3& () - KY ‘
%1098&3&' WPR-RERBEG] nhB?: 410 q Y %4098&3& () - KY %09B8&3& () - KTAARERX () KY
%4.098&3& ()-KKAo i Y:{!%mpsvy| _?:410 q Y %09B&3& ()Y %4098&3& () -KY
%098&38& ()-KY %0%B&3& ()-KY 9098838 ().- KY % 0YB8&3& Qﬁ&bﬁ? 4

040988380 ) - @@ﬂ@%&@&fegﬂﬂkwm%&mu?( kwr%e%f&%egbl 6 “w“{ll % ?: 410
q Y %098&3& ()Y %409B&3& ()-KY %0%B&3& ()-KY %09B&3&" (

% 098&3&' ()-KY %4098&3& ()-KbB?:410 q Y %09B&3& () -KY %10%3&3&' ()-KY
%098&3& ()-KY %0%B&3& ()-KKAo iY:{!1%?:410 q Y %09B&3& ()Y
%4098&3&1( ) - Khheyd 0¥@EIB &S ¢lainkh %@@@&B@pl@:}t acl igmedsgdFeont thegyroup consisting of
%098&3&' ()-KbB?: 410 q Y %409%8&3& ()- KY %409B&3&' () - KY

tomato, potato, banana, and carrot cells.

22.  The plant cell of claim 19 wherein the plant expression vector is integrated into the
5 nuclear genome of the plant cell.

23. A plant seed comprising the plant expression vector of claim 1.

24. A polynucleotide comprising a nucleic acid sequence encoding a hepatitis B surface

antigen (HBsAg) operably linked to:

(i) a plant functional promoter;

10 (i1) a translation enhancement sequence; and

(i)  atermination sequence

wherein, the polynucleotide lacks an untranscribed region between the translation

enhancement sequence and the HBsAg encoding sequence.

25. The polynucleotide of claim 24 wherein the nucleic acid sequence encoding the HBsAg

15 comprises at least one altered codon, wherein the altered codon is a plant preferred codon.

108



0d0%8&38& () - KY %0%3&38& ()-KKAD iY:{!%?:410 q Y %0%3&3& ()Y -
94.09B&3& W-0B3704 09B83&' () - KY YA09B&3& () - KY YA0YB&3&' () - KIFCT/US99/31020
04098&38& () - KbB?: 410 q Y %09%8&3& () - KY %4098&3& () - KY %0%8&3& () - KY

0d09B883& () - KKAo i Y:{!%?:410 q IBE3E YA 0YBRIE )
94 098838&6( ) - I’\fhemmas@l%qf@@m@éwﬁwn@?l @Q‘%‘W@& P(?&(ﬁé’?: sglegteq fpm
% 09B&3&' () - KY %09BE&3& ()-KY %09B&3& ()-KY %L09B&3& ()-KKAo iY:{!% ?: 410 -

q Y %0Y3888 grpp YbASERRROL Lakifl MDIMBERE (Iruk (CIMOYBXISS’ tomatoyE8, ubiquitin,
% 09B&3&" ()-KY %098&3& ()-K #& bB?:410 q Y %4098&3& ()-KY %09B&3& () - KY

% 09B&3&" ()3 94 09
e (RatOri AL, (aralShd Saddi o] siaith 43 nse (AT s

27.  The polynucleotide of claim 24, wherein the promoter includes a dual enhancer region.

5 28. The polynucleotide of claim 24, wherein said translation enhancement sequence
is selected from the group consisting of tobacco etch virus (TEV) and tobacco mosaic virus

(TMV) omega translation enhancers.

29. The polynucleotide of claim 24, wherein said termination sequence is selected
from the group consisting of a nopaline synthase (nos), a vegetative storage protein (vsp), or

10 a proteinase inhibitor — 2 (pin2) termination sequence.

30. The polynucleotide of claim 24, wherein the polynucleotide lacks an

untranscribed region between the HBsAg encoding sequence and the termination sequence.

31. The polynucleotide of claim 24, further comprising a nucleic acid sequence
encoding a microsomal retention signal operably linked to the 3’ end of the HBsAg encoding

15 sequence.

32. The polynucleotide of claim 31, wherein the microsomal retention signal is Ser-

Glu-Lys-Asp-Glu-Leu (SEQ ID NO:4).

109



%4098&3&' ()-KY %0¥B8&3& ()-K; <?BEHbB?: 410 q Y %0¥B&3& ()-KY %4098&3& ()-KY
% 0Y8&3&WP 067611 09B&3& () - KKAO i Y: {! %HKNQTW ?: 410 q Y W&Oﬁ@l&agiggb)()ﬁo
%1098&3& () - KY %4098&3& () - KY % 0YB&3& () - KY %4098&3& () - KY
94 098&38& () - KWK~ bdbB?: 410 q Y. %4.0%B&3& g/ﬁ KY %4093&3& KY (V 09 3&' () KY
040988&383( ) - KKAo iTke{ Pojymusleptide pfockiny Shombersm (e pal ) 14
% 0YB&3& () -KY %4098&3& ()-KY %40%B8&3& () - KY %09B&3& () - Knorux| bB?:410 q Y .
% 098&3& (Yntiésibod@eRRdti Herwieh thd ARGEDMa] JetdtrobERUBISBE tifo) terthinatidnysefiuerce?: 410
g Y %0%3&3& ()Y %09B&3& ()-KY %40938&3& () - KY %409B&3& () - KY
%0%38&3& () -KY %0938&3& ()-KbB?:410 q Y %40%B&3& ()-KY %40%8&3&' () - KY
% 09Y8&3& ()-KY %4098&3& ()-KKAo 1Y:{!%7?:410 q Y

34. The polynucleotide of claim 24, further comprising a nucleic acid sequence

encoding a signal polypeptide operably linked to the 5’ end of the HBsAg encoding

5 sequence.

35. The polypeptide of claim 34, wherein the signal peptide is selected from the group

consisting of a vegetative storage protein (VSP) aS signal peptide and a VSP «L signal

peptide.
36. The polynucleotide of claim 24, wherein the HBsAg encoding sequence further
10 comprises a pre-S region.
37. The polynucleotide of claim 24, wherein the HBsAg encoding sequence

comprises the nucleic acid sequence optimized for expression in plants shown in SEQ ID

NO:3.

38. The polynucleotide of claim 24 wherein the polynucleotide is selected from the
15 group of polynucleotides consisting of HB104, HB105, HB106, HB107, HB111, HB114,
HB115, HB116, HB117, HB118, HB119, HB120, HB121, HB122, HB123, HB131,

HB140.3 HB145 and HB165.

39. An expression vector comprising the polynucleotide of claim 24.
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% 09B&3& ()Y %09B8&3&' ()-KY % 09B&3& ()-KY %09B&3& ()-KY %09B&3& () - KY

%4 098 &3 &w(Q eokkadie 410 q10&10&10& Y: GLO%&E ()- Y& z109%R&' () PC/US99/31020 -~
% 098&3& ()-KKAD i Y: {! %B5@[;:410 q &$109089& ()- YS 1090&9&' () -

Y3g109089& ()- Y91090&9& ()-K Y@ 1099#9& ()-& Y 1090&9I&: ( %@LSZah ?:410 q
8$109088K () - &$1TbOERRe{sion CSLOUIehiEn B9 fukisr compuging p-selegtrbigRasker: ) -
&$1090&9& () - hovw{ ~} aA?: 410 q &$109089& ()- &$109089& () - Ao+O RPSdb! $
&$109089&' () - &$109W&I& ()-~_?:410 g &$109089&' ()- &$1090&I& () -

&$10998&98& () &$1090&9& () - &$109W&IE& ()- &$109W&9& ()-aA?: 410 q

8$109%0 - &$109 ' ()i YR&I&. . | S 9YPEQH biizin?of10 g
&$10%9&§1§ - &$18§g%§§’ %%mn Q’ﬁ@’bﬁg’i ‘i@‘%‘% -34\%@6%5&89%%’@%1@8%&9&' 7y
8$1090&9& () bB?: 410 q &$1090&I& ()- &$109W&I& ()- &$109W&I&’ () -
8$109989& TEPlicA D RPSdb'$ 2:410 q &$109089& () &$1090&I& ()- &$109YD&I& () -
8&$109989& () - &$10908&9& () - &$100/@&9&' ()-bB?:410 q &$1090&9& () -
8&$10908&9& () - &$1090&I& ()- &$1090&9& ()- Ao+O RPSdb!$_?: 410 q &$1090&9& ()
&$109089& () - &$109089& () - &$109WEI& () - &$1090&9& () - .
8$10%089% () - bB?: Ao expedtionorator pi ckbmodd ughen comprising saygAgyebacterium
8&$109989& () - Ao+O RPSdb! $_?: 410 q &$1090&I& () &$109W&I& ()- &$109W&I& () -
&F10Y08I&! i ofubiehO YBEAE f(rpp [i84RYDEI&' ()- bB?: 410 g &$109089&' () -
8&$10908&9¢& () - &$10%9 9& ()- &$109P&9& ()- Ao+O RPSdb!'$ ?: 410 q
831099898 () &$109089& ()- &$L0YD&IE ()- &$L090&I& ()- &$L0YD&IE () -
8$109989& () - #& bB?: 410 q &$109089& ()- &$1090&I& ()- &$1090&9& () -
&$10‘V<9 §§ ()- Aot &gd&'h%eﬂ Qfo%né&%ﬂ HSSQIOBOR VebtoR SLOURRIE! () -
8$1090& 9& 1099&9&" ( 10998&9&' () - CDFI LObB?: 410 q
&$10%9&9&() &$10%9&9&() &$10%9&9&() 8$109989& () - Ao+O
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10 55. The immunogenic composition of claim 53 comprising juice or extract of the
plant cell.
56. The immunogenic composition of claim 53 further comprising an adjuvant.
57. The immunogenic composition of claim 56 wherein the adjuvant is expressed as

a fusion protein with an antigen of the immunogenic composition.

15 58. A method of eliciting an immune response in mammal comprising the step of
administering the composition of claim 53 to a mammal, wherein an immune response is
elicited.
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62. The method of claim 58 further comprising the step of administering an adjuvant.

63. The method of claim 62 wherein the adjuvant is selected from the group
consisting of cholera toxin (CT), E. coli heat labile toxin (LT), anti-idiotypic antibody 2F10,

10 colonization factor, shiga-like toxin, and intimin.

64.  The method of claims 58 wherein the immune response elicited is selected from the group
of immune responses consisting of humoral; mucosal; cellular; humoral and mucosal;
humoral and cellular; mucosal and cellular; and humoral, mucosal and cellular.

immunogenic compositions.

15 65. A method of isolating a recombinant HBsAg polypeptide expressed in a plant material
comprising the step of subjecting the plant material to a detergent having a concentration of

greater than 0.1% and less than 0.5%, whereby a recombinant HBsAg is isolated.
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66.

67.

68.

69.

70.

A transgenic plant or plant cell that, when consumed as a foodstuff in four or less
feedings, elicits an immune response comprising anti-HBsAg serum antibodies of greater

than 50 mIU/mL in a mammal.

The transgenic plant or plant cell of claim 66, wherein the immune response is a primary

immune response.

The transgenic plant cell of claim 66, wherein the plant cell comprises the plant cell of

claim 18 or 47.

A transgenic plant or plant cell that, when consumed as a foodstuff in four or less
feedings, elicits an anti-HBsAg boosting immune response that increases serum anti-HBsAg

antibody levels at least four-fold or to levels greater than 500 mIU/mL in a mammal.

The transgenic plant or plant cell of claim 69, wherein the plant cell comprises the plant

cell of claim 18 or 47.
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