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domain of each heavy chain. Heterogeneity in the attachment of sugar residues is

associated with functional modulation (21-26) . Furthermore, studies show that the in-
vivo fate of IgG1 antibodies is drastically affected by the presence of a carbohydrate
of altered structure in CH2 (27)

25 Proteins for pharmaceutlcal use have been tradltlonally produced in-
mammalian or bacterial expression systems. In most cases, they are produced
transgenically in mammalian cell lines, primarily Chinese hamster .ovary (CHO), .or
.transgenic animals because these have been shown to fold and assemble the proteins
correctly and generate similar glycosylation patterns. However, such expression.

30 systems are expensive and are difficult to scale up to high levels of production.
Furthermore, there are safety concerns due to potential contamination with pathogenic
organisms or oncogemc DNA sequences. Also, the productlon yield and stability of
certain subclasses, for example IgG4, in these mammalian systems is quite low, such -

that production is very inefficient.



and nore difficult to produce in non-mamralian cell culture systens. For
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t he use omewdblgyanilipteAgrqbaetetismi 8 tecead\capitdgebduserting single stranded
DNA molecules (T-DNA) into the plant genome (1). Due to the relative simplicity of
25  introducing genes for mass production of proteins and peptides, this methodology is |
becoming increasingly popular as an alternative protein expression system in plants
2-4) (5).
Plant based systems represent an inexpensive, efficient and safe alternative for
the production of recombinant antibodies. Production of full size antibodies in plant
30 cells was first demonstrated in whole tobacco plants by sexual crossing of plants
expressing single gamma or kappa immunoglobulin chains (6). Assembly of IgG
(primarily IgG1l) and IgA antibodies in Nicotiana, Arabidopsis and other plants has
been described (3,7-10).



Pl ant - suspension cells are an in vitro systemthat can be used for

reconbi nant protein production under carefully controlled certified
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25  size recombinant antibody was retained by the plant cell wall. An ELISA procedure
demonstrated that the specificity and affinity of the recombinant antibody was
indistinguishable from its murine counterpart, indicating the potential of plant cell
suspension cultures as bio-reactors for the production of recombinant antibodies (18).

The production of antibodies in plants represents a special challenge because

30  the molecules must fold and assemble correctly to recognize their cognate antigens.
On the other hand, plant derived expression systems do facilitate post-translational -
modifications known to be crucial for protein expression and activity, unlike bacterial

expression systems for example. However, there are significant differences in post-

translational modifications between mammalian and plant cell culture systems, which



regarding their affect on proteins . Several approaches have been di scussed
to control and tailor protein glycosylation in plants (31) (32). Goss
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processing enzymes. These enzymes are "knocked-out" to prevent potentially

immunogenic sugars from being added during post-translational modification. For
example, knock-out of the gene encoding for Xylosyltransferase would result in the
25 absence of xylose in the glycan structure. Xylose is a sugar residue found only in
} plants and is thought to be potentially immunogenic. Introduction of human
carbohydrate processing enzyme genes such as sialyltransferase to the plant results in
the addition of sialic acid, which is not present in plants (see for -example Ragon C,
Lerouge P, Faye L.,1998 The protein N-glycosylation in plants, J. Exp. Botany Vol

30 49(326)1463-1472). |
The third approach tries to localize the expression. to a specific compartment in
the cell. For example, retaining the protein in the ER prevents plant specific
modification from being carried out in the Golgi (33) (34,35). Each cellular

~ compartment has different carbohydrate processing enzymes. Proteins that enter or are



provi ded a pl ant expression system based on genetically nodified (e.qg.,
transgenic) plant cells grown in suspension. This expression systemis
parti cul avbyoswmomaed for production of intact anti bodi esT(lBE8®0d6ted) or
anti body fragnents. These anti bodies are preferably functional antibodies
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According to preferred embodiments of the present invention, there is

provided a plant expression system based on genetically modified (e.g., transgenic)
plant cells grown in suspension. This expression system is particularly designed for
production of intact antibodies (assembeled) or antibody fragments.
- 25 These antibodies are preferably functional antibodies (i.e., capable of
| specifically binding a target antigen or having an effector function [e.g., activation of
complement function, such as the IgG4.
As used herein, the term “antibody”. refers to a substantially intact antibody
molecule.
30 As used herein, the phrase “antibody fragment” refers to a functional fragment
of an antibody that is capable of binding to an antigen.
Suitable antibody fragments for practicing the present invention include, inter
 alia, a complementarity-determining region (CDR) of an immunoglobulin light chain

(referred to herein as “light chain”), a CDR of an immunoglobulin heavy chain
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nmet hods, which nmay enpl oy induction of in vivo production of antibody
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to a schedphigeflBideHpesbriish Qpélﬁﬁnt%gﬁi Wedldcatk %Eta%ﬁ'ﬂ?fqgaﬁﬁg Wholctibsdym The
titers of thé | mun€ serum can readily be feasured using i munoassay
pr ocedur eswith itehenayme wepsin) kﬁmﬁvmed by tréduction (twhhabd dtagsents apbobiained pean be
used ect t)é ‘?PE rrge }on anti bodi es may be obtai ned, as descri bed
her ei VIO PBEEY P4 ment s may be obtai ned using methods well known in

the art. (See ?T(@emsﬁagiﬂ@ﬁﬂ 8Van Fantidbdly kﬁﬂ@cul@mgn\(;\t/&%@g?(a Maidvardt es: A

Laborat ory Manua ring Harbor Laboratory, For exarrpl e,

ant i body f%‘@%ﬁt@lm@n phan antibedy mraleails, obtainedthydreating wb@ ediBadied by
proteol ytigih the enzyme pepsin (i.e., a dimer of Fab’ fragments held together by two disulfide

bonds). ‘

25 Methods of generating monoclonal and polyclonal antibodies are well known
in the art. Antibodies may be generated via any one of several known methods, which
may employ induction of in vivo production of antibody molecules, screening of -
immunoglobulin libraries (Orlandi, R. et al. (1989). Cloning immunoglobulin variable
domains for expression by the polymerase chain reaction. Proc Natl Acad S¢i USA

30 86, 3833-3837; and Winter, G. and Milstein, C. (1991). Man-made antibodies. Nature

349, 293-299), or generation of monoclonal antibody molecules by continuous cell
lines in culture. These include, but are not limited to, the hybridoma technique, the
human B-cell hybridoma technique, and the Epstein-Barr virus (EBV)-hybridoma
technique (Kohlér, G. and Milstein, C. (1975). Continuous cultures of fused cells



hydrol ysis of the antibody or by expression in E. coli or mammalian cells
(e.g., Chinese hanster ovary (CHO cell culture or other protein expression
syst ens) wO 2DNA4esaodi ng the fragnent. Alternatively, amptrhorysbeiagrents
can be obtained by pepsin or papain digestion of whole antibodi es by

tional method described .her ei nab Fab' )2 .antj.bod
£ r agent SeEHRBENSP RS e PRy OV Ba s PS5 400s BRAREDUR A pepsi n
to provi 9@3%&&% ﬁﬁ%ﬁ{ugoglbbﬁliﬁ bﬁiﬂﬁ&gﬁn %ﬂnerﬁﬁnéédrth%ﬁ]gsﬂi@i@vaﬂlouﬁﬁ%:g a

t hi ol reduc gent, and optiona bl ocki ng groug or the sul fhydryl
groups r essaites grgwih ofrhemen hbridapiiasdi $mhfundeMethodagés31-4% Getediieet 8. 5S Fab'

nonoval en a nts, Alternativel n ti c cl.eavage i in
produces {lﬁgghg%srﬁfﬁgﬂtdl%gwanfrp%‘boﬁgwgaztxbg’%ﬁeﬁ rpactyy éﬁ%‘eﬁ#ﬁ%} %é@g y. Anple
gui dance PRE NaRAdadi 8¢ TBBhSIELOTEZ0I0S apdousldes. iPn ot he. (1984¢). ddunen of t he

art (for exanple, refer to: U S. Pat. Nos. 4,036,945 and 4, 331, 647; and
Porter, RmopoclonadgnybodigseMe) GeBBial &, d99-13bi t g- gl obul i n and anti bodi es

W th crystalli fc}ﬁcaggs[)@ilé}et %&%ﬁg%ng azgtoo]%nﬁﬂllta@icit %g?ér%ug@tiﬁﬁ%ogéni@l eavi ng

anti bodi es, su as separafl on heavy ains to nonoval ent
| i ght heaviespdiae whicn agneratisg adtibodesiin viveavahentferfsr (agfered ®©, asothaptene)

enzymatic, chem cal, or genetjc techniques y als . us so long as the
f ragment SC%P%F?PH?%th%‘?t}EePVabb et 1eg§]é1@nqq?begﬁolt%ﬁgpp§§iep@%adml zed by
the | 1§ aCtK A1 lob Adum Abslfitc (4 B BobiRk eAGROUBumAN (BIA))SciERTE] fof pai red

heavy charn variable and Iight chain variable domains. This associati on may
be noncovetamle,($BePatf Nos. SxBIpl 78, andrfz2d9,078). eupling a(hpgten)to ajcagigricamt i on of

ant i body- conpi ni sites.w,thin the varijabl rti t he . | i ght
chai ns. PRoSTREET Saagmanpty R0 ght B UCh) R o, AP abUBEda 21
her ei nabo}@ind BRupSchitbeCeffitrdi Asd Bpiomadly| folllseed thy @dueioat 6f thesintigb e- chai n
Fv by an internol ecul ar disulfide bond, or alternately such chains may be
cross- | i nkakagsyformedy AHersativeby the cgiTier Han| Reessppied wiipg é?‘&fﬁ‘?‘?g t3getEy js a
singlezchain Fv, S i B. r I -y, : ' anisdruct ur al
gene gso rrp?'i‘cshi %"‘B%A&%é‘g%%@é@@ﬁg c())gio(r?lrboptcﬁ@aﬁlglgbd% %&g@%ﬁé%r%%nﬁ;é and |ight
chai n var ca@peurden@innslse drnasidetd bifecnthel ¢ayphing| bathi lbenamftadiongl andept i de

|l i nker. The structural .gene is in ted into expr.essi on vect which is
subs equeni‘FS‘?rquﬁ‘P‘%}dlﬁ’éLHmI“ﬁ? @reaaYﬂSE’g{ecé?‘F‘ i "E.Ealc@?‘f‘l’a“?‘hg‘)?]gf:% i nant
host cel| TuisvR! 183l Afe Festlth! it osBRIR ARl tah theM Beinfectdd k@Y subgBlei de

bri dgi ng e two variable domains. "Anpl e gui dance for producing
si ngl e- chalamrfaliani subjeotsy bebbdas miceh erabbitseand ntkerdf Suitableaprotqeglseinvelvg. -

Vhi t 1 Qw, Fi | pul . .. ol ngl e-chai . ' i
Fusi oAl pr StRSFRA. nie PRt o iRk P RtiRhet S BB Bl o7

105; Bi rdgciRdufe dlendll to bb8&8roditiod! sF-aabiBbdieaiit thgeserdm. Mhentitepy of thens.
Sci ence 242, 423-4276; Pack, P. et al. (1993). Inproved bival ent

ni ni ant i béeimewe seiunh cheleeadilyae mepwred, Usise WMEIUROSIEY pERsEdyres b‘fh(‘ﬂhér@d by
hi gh cell d r]ésrff% f oL e tation of Escherichia coli. Biotechnology (NY.)
77(1 1), PEMPPTMMM TR NU S, Pat. No. 4,946, 778) . 1sol at ed |

conpl enent ar i t yFhdein€isdrh Rbk@ndde@inOte wedtditety oamdnecloblaintibadiby may be

25  obtained, as described hereinabove.

Antibody fragments may be obtained using methods well known in the art.
(See, for example, Harlow, E. and Lane, D. (1988). Antibodies: A Laboratory
. Manual, Cold Spring Harbor Laboratory, New York.) For . example, antibody
fragments according to the present invention éan be prepared by proteolytic
30  hydrolysis of the antibody or by,expression in E. coli or mammalian cells (e.g.,
Chinese hamster ovary (CHO) cell culture or other protein expression systems) of

" DNA encoding the fragment. ,
Alternatively, antibody fragments can be obtained by pepsin or papain

digestion of whole antibodies by conventional methods. As described hereinabove, an



constructing genes encoding the CDR of an anti body of interest. Such genes
may be prepared, for exanple, by RT-PCR of the nRNA of an

ant i body-woadesmisomscel | . Anpl e gui dance for practicing sgrhLIoes/bnds i s
provided in the literature of the art (e.g., Larrick, J . W and Fry, K E

(1991). PCR Amplification of Antibod nes. THODS:  A.Co ni.on.to

Met hods i&ﬁ%ﬁ?ﬂotﬁ‘é?ra@(“fﬂs oY) ‘?Er(’f‘@%dc%f CRGY gﬁﬁ%ﬁ’ﬁ?é’é?‘é@ 1A £ or
human t hegapy ©preiidgasH irfEmel UTRBIZ@heANtAPB FifttheA LRadeE M@ thiolised.
Humani zed fornms of non-human ( murine) antibodies are genetically

engi neer cudedingagerd, amt PHBRLS adlodAng Bowp or dumEAty A4S oNyS (BRINRE abl y
i ni mal ti der.i N . ) _ abl
ol ude dlioroganagt o At AR BRALETH R FUTEmp AR Enely Dot 2

ant i bady) ARéRatiRil a6 nbicr elsivdige suding®pepsiDptodfices tvan-mhemealeapdabes (donor

anti body), such as nouse, rat, or rabbit, having the desired functionality.
In sone |tagmaenieand amEc magmenhdifgsily- {’\%Wl‘ﬂ&‘é‘éla%gft)héraﬁﬂﬁﬁ% SY ?‘8@8@5 are

o . ! . At Tt |
repl ace gé,s@gag@ﬁ,fqggﬁy?%g{éﬁgt}yHRngﬁ%IflgxI%,greféﬂl{Hﬁmsz@Qt. AYsi $0%6,985 may al so

conprise r ues r in-'the recipient antibody nor in the
i mport ed &ER4G61 oA zEEND Phirtere RueR.c €959). riTlge hpdralysist ¢ferahbitranglebelitaand body

w Il conprise substantially all of at .|east _gn txpicall wQ

vari abl e %ﬁ;ﬁfj’ﬁé,wﬂ th@lh}{%map@,n. sEﬁB%tfeghts"i 531 j’l%'lq?g)ofésﬁ’ﬁlé %&&chr espond
to thgpe Qtadnd ARGHVHIERN s@SH hd9&paratiod ¥ hea®y chbins ttaTbindIrhohohlentfiglithe
framewor k regions correspond to those of a rel evant human consensus

sequence. hedyyeshaineliagments Guities clravageedf fagmess, ion otheg enaxmatica shemicplor t i on of

Puman. ant PUBIYE S §PaY i TsG Bohgad 8 Emen R GRLI ARG, O 2

conpl eﬁenbﬁhaitbmgmmhn@ récdghi28é by thedntatantibady.i body with those from a
nouse. Nature 321 22- 525; Riechmanp, L. et al. %1(19&?82/ eshgé)i ng human
ant i bodi es f or Astissephpd hegainabeve 3. Faisomppsedoplppgired heavychain yasfle’ oy

i n S rugty Bl Roin 5%36R610m00s PHES tsocktioft mést $32ncofMLADREY, f

engi negeri %Itgl]d %Iéglr Fﬁac%?\%?nglﬁl%t %%[ﬁ%lgT p??i)’%soﬁga}f-owrg)} NEt_hITc():gs‘ f orehprrrgrr\i zi ng

non- human exdahplboibars Daree alvgl 972 lowalization o aatibodyGemahining sitesawithimethe zed

anti body has one or nore am no.acid resjidu i nt rodu LRt bt m a
sour ce MWWQ?%P%HQ%B%W ?ﬂ@é‘gmﬁg’ﬁ‘-ﬂﬁ%ﬁm ‘&%ada g mg? ’0%32'%6% ‘of ten
referred LepmvOROLL &ftséftield dhesinabdVieC Ihanaridblo] dordins lyebe flinked ao

i nported variabl e’ domai n. Humani zation can be &erfor med essenti al | X as
descri bed géismate o singleschaipl B by emeistesmolgrulay dgHide trindc prraligmalelyaguch( 1988) ;

Ver hogyen, . M et al. (198 Reshapi,n i ies: grafting an
anti | ?éoszhaéf%‘??@? FV%S'gEF%dn@egﬁ%galﬁ%?ﬁ%ggg%ﬁﬁglg%@%.qs. Patg . No. 91 816, 567),
by substituti n@préfeaBr, RRFvWIst d stigld-aRpoFei Sgnglodesih [GBRae phepanedibrgl y,

humani zed anti bodi es are chinmeric antibodies, wherein substanti aLI.X | ess
than an i soRERCHIgAstyelnTakigERe eRIARISING RN seiercas coreding thafiFayy ghai

ant i boi oS e B B e e N P des and
possi bl y sepwde linker. The structural gene is inserted into an expression vector, which is
25 subsedﬁently introduced into a host cell such as E. coli. The recombinant host cells
syntheéize a single polypeptide chain with a linker peptide bridging the two variable
domains. Ample guidance for producing single-chain Fvs is provided in the literature
. of the art (see, e.g.: Whitlow, M. and Filpula, D. (1991). Single-chain Fv proteins and
their fusion proteins. METHODS: A Companion to Methods in Enzymology 2(2), 97-
30. 105; Bird, R. E. et al.‘ (1988). Single-chain antigen-binding proteins. Science 242,
423-426; Pack, P. et al. (1993). Improved bivaleﬁt miniantibodies, with identical
avidity as whole antibodies, produced by high cell density fermentation of Escherichia

coli. Biotechnology (N.Y.) 1/(11), 1271-1277; and U.S. Pat. No. 4,946,778).



framewor k residues are substituted by residues from anal ogous sites in
rodent antibodi es. Hunan anti bodi es can al so be produced using vari ous
addi ti onalvotzesaowues known in the art, including phagepdiraptm@yodiniy ari es
(Hoogenboom H. R and Wnter, G (1991). By-passing imunisation. Human

anti bodies fro het | ener:f oi : rodine.. S ,
rearranged in \r:ﬂlS@%%h g&k;gf&B@g{l{yZ%é}&ﬁg@Eg grgg; ?‘12‘\5‘{‘% % Sﬁ‘%e g%ggjlaa S11311991).
By- passi ngcdnstmuaing afehesenchbiding thea ODIRofl i antibodn ofigrerest. ISutlt geriessnadi spl ayed
on phage. J Mdl Bjol 222 81-597; le et_al. (1985). Mnocl anal

Ant i bodi esPrapRIcEa &ée]xaqaﬁlg!, Z’%;Rﬁ?%%c“%tﬁﬁl@@ﬁ Hé an %bOdi}?P@é,“C‘Bﬁoceﬂoer ner,
P. et al. Aﬁl%%lguidﬁ{ce%pbfafaﬁcigg ﬁam TS 9@@5{@@&?%@ HERRAE ONMe art

anti bodies frontin vitroprine uman spl eno : I munol 147, 86-95).
Humani 2ed @, bodiles]. ddnazd Evy, ke Er@a9Bd PER Antplifidatiomof detjbmstycesnesncodi ng

human i i oci into,transgeni c ani nal 0,1 NTO M ce in which
the endgg;ww mwp,{ogiﬁ%@%d%ﬂg@gzmglﬂg%§% ®6I'VO())T conpl etel y

i nactivated. Uppnwalhbk giprecidtdip lthR NGe, hudHiB theddplyl BO dyaghb Qe C hin@Bnilz&d
observed in such animal s which closely resenbleées that seen in humans in all

respects, ibodigs rige guaterabbn rusgghg Eivginized hiprms sefs aptrhyman n@-ganmusivgy
repertoire i C o] I ¢l.ng .such-.an. apnr I.S ded in
tho 11 ter BT i AARRG, ChnoBlRR Eh D seBfic SRR BRRRAY Bl EEC 0,
5, 545, RO6; hdvirgb@réferablyaminhal} portiobs 6&8/edom aomthomab AntibbdiesMAuanizdd D. et
al. (1992). assi [ ni zatjon:  buil di hi gh affinit, ti bodi
B T
. Uéxﬁib%ﬁ@%%%ﬁ%éd_ kR8s fom - ORI ) nMﬁH@mﬁpré@ic%ngoﬁHPcess in
Speci fication. ture 368, 812- 813; Fishwild, D. M et al. (1996).

Hi gh- avi di antibedydasutly@ kequpe nat moclablig| haying eddesaed funetianaldy.eln simai n of
mnilocus transgenj c M ce. Nat. Bi atechngl, 1 845- 851 Neuberger,, M
(1696) - ColEPATSnane 1gh SRMENRRS RN RBHAS et aniRlly o FOURRDI Pa, 826:
and Logoer grrdtboriith HiondaimanD reid@85 ) Huriizdd antibdiel @8ayf radid coapsieeni ¢
mce. Int Rev | mmunol 13, 65-93). After antibodi es have been obtai ned, they

may be t estesiduepdound ingithey inf ghe sscapiphte antibodynngmgn |the dawortadn FBBoPbent

assay (ELI or.di r : gpﬁg i ts..of: nt
i nventi on, §€%‘8‘?§&| %8%@%%%%&%?@&%&%%9% oogfy;%p c%?%fcri‘tﬁ% Pﬁogs%ﬁac i onal
| g&A anti baltlofst ledst pheqahd opidallg thvd,waeiablerdehraimbinywhiob tll pt sutistaatiblly alul t ur e
that is optjonally and nore preferably grown in sus ion., Optionally and
most pref ePhiF ﬁDﬁmorfﬂsa?ﬂd feé%seaﬁatrmnehyﬁwqt@eiy g pbpr ?l&)@tane@fx a _
ACCOr 3G b fid tmcRloR roflofi{ Gok@thorlTPRAKKRE! of A rel¥inP WERGR! cdniRAL T ON.
there 1's provided a system and nethod for producing antibodies in plant
cel | cul t useguemree flamadnizedr astbodicandptinsllly alsd tinelede hntledss aoportionadfl gn and

f I i ion, Ln which th i .bodi h t
g})rngi ﬁ[:]eal? 5&%0@%8}%@' ?e&fo&ifsﬁ&i{ag gaélni:g r_egllor(l:, typlC%ll?" n(}elrlvgéj 'fFom & himan 9" €&t €f

antibody (see, for example: Jones, P. T. et al. (1986). Replacing the complementarity- -

determining regions in a human antibody with those from a mouse. Nature 321, 522-
25  525; Riechmann, L. et al. (1988). Reshaping human antibodies for therapy. Nature
332, 323-327; Presta, L. G. (1992b). Curr Opin Struct Biol 2, 593-596; and Presta, L.

G. (1992a). Antibody engineering. Curr Opin Biotechnol 3(4), 394-398).
Methods for humanizihg non-human antibodies are well known in the art.
Generally, a humanized antibody has one or more amino acid residues introduced into
30 it from a source which is non-human. These non-human amino acid residues are often
referred to as imported residues, which are typically taken from an imported variable
domain. Humanization can be performed essentially as described (see, for example:
Jones et al. (1986); Riechmann et al. (1988); Verhoeyen, M. et al. (1988). Reshaping
human antibodies: grafting an antilysozyme activity. Science 239, 1534-1536; and
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t han correspondi ng anti bodies grown in manmalian cell culture. According to
still other preferred enbodi nents of the present invention, there is

provi ded wo 2a06/04bwdy havi ng a heavy chain and a |ight clrernLmesjpEose bei ng

at | east about 80% preferably at |east about 85% nore preferably at |east

about 90% and nost preferably at | east about 95% honol ogous,to SEQ I D NGs:
1 and 5, Ves d’é‘ét NQeF’};%&ﬁ a‘?"lﬁ’ﬁ}tuf‘ﬁ%r}‘é“ﬁag %Pg%ivﬂghc%rﬁgsaﬂ?‘?‘%dgld%%vi ng a
sequence g !ZAb&Qdiﬁgl%,enﬁﬁ:ﬁ&diyecpfarﬁiﬁga&%wﬁ% RN NEhibedisEQurerdis: 1 and
5. This antibody is of "an 1gd@ subtype. According to yet other preferred
enmbodi nensubstafitidlheless thearan intage hwinam vatighde doimginphas\tiesn ubgiitatad bydly havi ng
a heavy chain and a |light chain sequence bei at .l east abo 9
pr ef er abl ﬁorﬁfﬁp?%jg’& Segﬁ%fﬁe f%%'%a nﬂB’&’gnﬁnggﬂ%P‘gprﬁfmieeﬁg?a%lﬁ%&u%ntg’gé)egnd nost
pr ef erabl yadtoel tggicdlly2atin SRINARITH AERUSsdRe EDREFH4RIEE avd pesited sémem t he
group consisting of Genes 1-4 (heavg chain; SEQ ID NGs: 1-4) . and to a

\3

sequence famewprkd rgsidies tare wbsiifptedohy i ssidugy domcanalegans) sitgs iyHedetai n; SEQ
| D NGs: b5- )bod[egspecti vely. Optionally, there is provided an anti body

havi ng a heavy Chai n sequence sel ected fromthe group consisting of Genes
1-4 (heavy chaHomabE@ib&lidéOsan dlsdbegrddmet ivging nimus adéitiupaldeclsgiuest ed from

t he group, consisting of nes, 9-1 | ight .chain; SEQ I - H5-8). This
ant i body KSR iafhe Agiemeing peebatafiigricn Jeecanen Tty i Wier, " ©
e”bodmre”b?_(fy‘91?].*dﬁyép§s§ﬁl Mo &Hbh umbd) Shtthddies FFRY kRt repéttdiRa &Y havi ng

a heavy chai'n a i ght chain sequence being at |east about 80%
pr ef er abl geratlineeéd tgead segme@idgearrangedpn ofites. doMypl Bioll 224538 b%itMailiss hnd nost

preferably at | out 95% honnl Qgous, t 0 _a _sequenge sel ect fromthe

gr oup coni)r §{ F‘lng?g?}l)’ 'Bgssg’-gB?"(IH'é’Eﬁ%ghg%“ﬁ‘,anéﬁég&gesf\&m gfgf’f? ?{éﬁa&{e 0°a
sequence -a@k,@g&@dmf plRdpe! HeMal BBl CPDSis81isng; Toldenas Or988),(Mogbtlogdiai n; SEQ
I D NGCs: 5-8), respectively. Optionally, there is provided an anti body
havi ng a H@ﬁb?dlefh&ﬁdﬁcmcu&h@@l’&e’ﬁ@ét%&lﬁsﬁ &n6-1 pie T9r ¥ pad Boemer.rly ¢l Genes

rom the. SBIE Mosiech, of bifBendocktle Aaf nidson i ModBE MR fy SRIET P
Thi s anti beighedihamah splendaytes. 5 Lihinype. / 4/Ac8GH5). Rigntacized ahtibodidsern alsbddi nent s

of the present invention, there is provided an anti bod rising a plant
si gnal pefteRisd. by Brtkadyeing  seqyences: ERROGING; g‘“H@“aH“F‘@@éﬁgﬁ'ngB‘." é%?i onal ly

and pref ert:%;?%g\énict%%ﬂg,aag., $h@NAlce RERIHIEE tl{eaérﬂl%%&xohg' ‘?mﬂﬁinb?l%%ﬂiﬁ Gerdd
organel | e selecte rom the group consisting of Apo (apoplast), ER
(endopl ashiee be¢ri attially emdompletety dénackivated.p Upbe rambigenic t ¢hallgngsnthugiagnal

pept i targets th nti.body tq.the.ER. such.that the antjbody is .

ot ot | i sedochpuieramyd i aimah Wi Soen bl st (o ¢ ne
Col gi bodyyumehd irPNRkdspedtd) andllding Cgﬁﬁ‘@ Peak@nghienty @&ENisséfblyl andahtitodgy
segeunce to facilitate fusion wth the ER retention signal._ Al so

opti onal | yeperigirgetimpje tgyidanec foe psndicing sidhi ay edPPERACh nig oPovidad i gthg
sequence qodhiif bP'ind iRt BF URkRbleS AUt B9 SS9 RbkVESMA 6705545866, 13)

' 5,569,825; 5,625,126; 5,633,425; and 5,661,016; Marks, J. D. et al. (1992). By-

25  passing immunization: building high affinity human antibodies by chain shuffling.

Biotechnology (N.Y.) 10(7), 779-783; Lonberg et al., 1994. Nature 368:856-859;

Morrison, S. L. (1994). News and View: Success in Specification. Nature 368, 812-

" 813; Fishwild, D. M. et al. (1996). High-avidity human IgG kappa monoclonal

antibodies from a novel strain vof_ minilocus transgenic mice. Nat Biotechnol 14, 845-

30  851; Neuberger, M. (1996). Generating high-avidity human Mabs in mice. Nat

Biotechnol /4, 826; and Lonberg, N. and Huszar, D. (1995). Human antibodies from

transgenic mice. Int Rev Immunol 13, 65-93). ' '
After antibodies have been obtained, they may be tested for activity, for

example via enzyme-linked immunosorbent assay (ELISA).
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the stop codon. As used herein the term"plant"” refers to any plant such as
a noocot or dicot plant as well as to other plants such as coniferous

pl ants, mweo@vo4adegae, which are capabl e of bei ng genet ipcahiyosodbis ed.
According to presently known enbodi nent the plant is a carrot plant.
According to another enmbodinment,the plant is of the genus N cotiana, which
conpri ses wi t htsordingite atheb@refmir%do?m edimentstof thejnseseN Iy e dBET? i | o
Tobacco), Ni. il

cylvest 1 (ROVRE pBPReh ARERATA o pr ok e ARG ATRON Riodl FREIATE:

'r econbi naudurd) pedferakellylre6t pare ct:lélcnhuraslmll id thnahﬁagtabkqpm&fdﬂﬂ grawn i s
under st ood t hat suc ter refer not. o f)y l? ‘ltl cul ar SUbéarr%E cells
but to tH& SHIRS§EAY- SPtiged rﬁqdafpoispbe&%rﬁg fhesﬁ!.%‘ﬁ cgll euytyre CRIPHRE A8 t ai n
nDdlfgﬁalﬂgpézgay occur in succeeding generation due to either nutation or
environmental i nfluences, such progeny may not, in fact, be identical to
the parent celAgcoodinge etils DtHet prefiertedcmbogdiments of the @é%?péll‘dﬁmf% thege m as

used herej n. cel | a d,herein refers t e i e

r econbi naﬁt‘?rﬁ?v‘]lgo ‘ir‘?s%ﬁt%oa &lﬂgk@& Rsihicyie” ag l?ogée(sél i(SlnB{fj‘Yei)t(;tcglrl sC%ggrnegt ruct ed
usi ng recpRird trobtN\Mahe6dN caluas - thaﬁsslsu@iﬁbnﬁl@y ahdh mélhEpré&rahly erems fiect i on”
means the i nt roductl on of a nucleic acid, or an exlF)resm on

vect or, | suspensianesl whish thecantibedigsy hanecd &rﬁéteahﬁnéuwé %‘fié I 3dARget glige

"Tran tion: PEARSSS 1N which a cell’
genot gng Ahge eg@g&@%@g&%&@&% cé’li ar uptake of exogenous DNA or
RNA, and for exssmiiag tblssll toﬂ&n@fafmmﬁembddlmemqsroéslmmescm soentomadheref or m of

the desired protein. ]t should appreci at ed th t. a dru e5|sta e or
ot her sel Bdrayfed %W@P Y §ayipg a %"dp “paoﬂ%t 't‘%‘tic PISF(!Lng {’ gsgtl on of

the transforraabs rég%gi Qmﬁhétyabow%%r ﬁﬁ)%‘gﬂ:f&ﬁbl@r a&qb@,@taa&ht@mraher such
as drug resi st ance r use in keepi cont am nati ng
m croor gamoslmpréfenablynm tleask yahogt |95% Henealpganset e 4 patSculture

e SR ot 5L e RO AR G A R - oo

enotype"s SUrvival

i ndi cat edeﬁ@ﬁ’ﬁ'zﬁl’y 6ff'5%qﬁ'&‘é§s &@btdin®to §PE DNt 1 @nd rfayThie ahtibouyf is ©f ad or
transformed with a nucleic acid nolecule. As used herein, the term "nucleic

aci d" ref &Gl subtypst ynucl eoti des such as deoxyri bonucleic acid (DNA), and,
wher e appropri ?ﬁg?rd d{(§ t%;éé?eg{gf g?ﬁ%ﬂjed( SN dimdh Jf Ql'ié?ré&ﬁ%ﬂ:nﬂbﬁ? Qhbe

understood to ents, anal ogs of
from nucl ep@mdﬁe@mhmgmdymadmgaslea@pbhmmcba tnghttdhemaemmcabnmgbtaleng

descri bed, single-stranded (suc gnse or ns and d | e-,stranded
pol.ynd@| e@beweld%,| prefpabl hﬁbi%é‘rg‘l&%ég re ptr%grahg's?t @éﬁt abgpt ?w) 8 ent i on
may be tr ‘B”I%Fe%&blg) lat g&%{;&r%%ihmaﬂag&ﬁk t%l%q&eﬂc@ Belv@ed %npmagfo@l ng the

r econbi nan el C” acCl ecul e pr essi on Vectors" as used herein,
enconpass cessistingsofSGaies ds (Heawyrclgy; SEQ ID NOs: 1-4) and to a sequence selected

from the group consisting of Genes 9-12 (light chain; SEQ ID NOs: 5-8), respectively.

made

Optionally, there is provided an antibody having a heavy chain sequence selected

25  from the group consisting of Genes 1-4 (heavy chain; SEQ ID NOs: 1-4) and a light
" chain sequence selected from the group consisting of Genes 9-12 (light chain; SEQ ID
NOs: 5-8). This antibody. is of an IgG1 subtype. According to yet other preferred

7~ embodiments of the present invention, there is provided an antibody having a heavy
" chain and a light chain sequence being at leéét about 80%, preferably at least about

30 85%, more preferably at least about 90% and most preferably at least about 95%
" homologous to a sequence selected from the group conéisting of Genes 5-8 (heavy
chain; SEQ ID NOs: 9-12) and to a sequence selected from the group consisting of

Genes 9-12 (light chain; SEQ ID NOs: 5-8), respectively. Optionally, there is

provided an antibody having a heavy chain sequence selected from the group
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viruses, bacteriophage, integratable DNA fragments, and ot her vehicles,
whi ch enable the integration of DNA fragnents into the genone of the host.
Expr essi omoveay@omsare typically self-replicati ng DNA orCcRMR0OSBEDTUCE S
containing the desired gene or its fragnents, and operably |inked genetic

control elenents that ar ecogni zed, | itabl.e host .ce|]l. and effect
expr essi oﬁOBTl&Enrgeo dep QSB g’gﬁ@g&‘%&ﬁéyéﬁrﬁdiﬁlgg)@ﬂgﬁtﬁéghﬁ AR SPHISPES of
ef f ecti ng sepepic@ TEde thepidubeoasistihd 8P RnEPS112 GERREERIhYSEOND SeRetsig). control

el ements can include a prokaryotic pronoter systemor a eukaryotic pronoter
expr essi onltao#tibefly iyaftandeGEsubtyBs st em typi cal |y i ncl udes a transcriptional

pronoter, an opg|l e o] . t nset of .tra ri,ption,
transcription e}ﬁ Cgﬁgﬁ ggt %tﬁfe%g\l/egt %ﬁﬁ(ﬂagelﬁ]glét&epﬁﬁe Iﬁmegtxb?vgg{s}?%n% & sfsequence
t hat ecodrevidedsati amibody colpasing alpidnd siggalspeptide. RNAfs pbliy Cie jatilsddy A9 6f
sequences that_ term nat trrggscri ptigon and translation and so forth.

Expr essi oy BG4 PR aPpyonaliy: dn Preferably g ithe glant signak gepiide fasgsts 4h¢ ows t he

vector to i i e t i t nost
commonl y ua'rlslgg&]!}g?)tmﬁznb F%gg?%gagﬁ%dgﬁkeﬁﬁf %I]ragé Cgﬁﬁ%/tkené git gﬁ%@@ﬁs@f \}:Jeks3 an
equi val ent(ehdopasinan retimilwh) ahd ameyolor Mecopegfetabbpyrthe pladtesignal Eptdsui t abl e

f h in. .S .e..0. | t al. Coni Vectors:
Lg[)olrjait(:a or %fgﬁ@afhe((agtgg’gdgn@ E@Bﬁf‘esﬁé‘ﬁ‘? st%‘,lt g}esggt:ltg’%?' feﬁc?gtg S“é‘ll\lg wumShez, et
al . (a@s. )prvferbd fetaifedShy IRYERf anMOARS o pads! t8Nhe GoYE s @ﬂ%x{ah?gﬁe Uses,

Buttersworth, Boston, Mass (1988), which are incorporated herein (ﬁ/
r ef er ence.stamcasonds dlot psasent incthe gnbedynsegiewncei ta facititate dusions pithi the ERyenes

whi ch are ( vi di p |6 sel I I I or cells.
T a” oo SRRalL 8o, AL OEARHUR) LA RO TR E! LS,
t he genes caduagefoodinghfer el woaplar seting bighhleGDLYEXTM (k¢yy @inid: A3) deforal so
cont enpl attﬁg. Optionally, the vector may be a general plant vector (as
descri bed Hf §8PF d to the Exanples below). Alternatively, the vector may

opt i ong! |y be SRefidierdiRind @8 "BablSrerdr8PRR, PR &iched (SRR BPRfcor L he

host cell of the iInvention may a eukaryoti'c or prokaryotic cell.

speci fi c eplddisrmesllt as tchethhoplantseduch @ cohiferpns/ planfspmoiss oa algaekahightare cel |,
preferably bacterial cel referabl y, an Agrobacteri tunef aci ens
el |- Thesaplf PEbhe oudifals st | AGERB P SFsr TLO RATh eRBUeED  1's
descri bed thepRw islacadd@ bR, &é&fr&hF el aTRGEnBRA merdt g Past is @ette ghus he
invention may be an eukaryotic cell, preferably, a plant cell (e.g., root

cel | s, | edficekdnas whiche gpmprises, wisheut dimsitetian, dicoppiaseleta, J¥icptioranglaticai t
cel > 4P, SRR RGO DRkt PURLGAF RS, TP e R
t r ansf or melicpliadat rabsvain @@bhccoy.el ery cell, ginger cell, horseradish cell and
carrot cell. In a preferred enbodi nent, the plant root cell is a carrot
cell. It shoul dGslls”, “host cells” or “recombinant host cells” are terms used
" interchangeably herein. It is understood that such terms refer not only to the
- particular subject cells but to the progeny or potential progeny of such a cell. Because
25  certain modifications may occur in succeeding generation due to either mutation or
environmental influences, such progeny may not, in fact, be identical to the parent
cell, but are still included within the scope of the term as used herein. "Host cell” as
used herein refers to cells which can be recombinantly transformed with naked DNA
or expression vectors constructed using recombinant DNA techniques. As used
30 herein, the term “transfection” means the introduction of a nucleic acid, e.g., naked
DNA or an expression vector, into a recipient cells by nucleic acid-mediated gene

transfer. “Transformation”, as used herein, refers to a process in which a cell’s

genotype' is changed as a result of the cellular uptake of exogenous DNA or RNA, -
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noted that the transforned carrot cells of the invention are grown in
suspension. As nentioned above and described in the Exanples, these cells
wer e tranwbanesadowist h t he Agrobacterium tunefaci ens cel ipeTaf2dbeo1orsvent i oa
As mentioned, the nucleic aci d constructs of the present invention

I d, des b I d I
L anst or mBRake GRNPLS i BERSFa @l Sprthin 4 EfOmtihalh R o Elne dBREL P 1 o

of the pragséwin.i nvention |s integrated into the plant genone and as such
it represents astatfle and inherited trait. In transie 5 sformatlon
T

the nucl ei ¢ aciltshe) ‘éé’ﬁl@ﬂ%‘%‘i@pﬂ’é&ééﬁu&ywﬁ@%é}rl oth¢ H‘aEIﬁ’f ot
| nt egr at e(Inieﬂﬁéq]tgg?aﬁ%oﬂ%nllt%QCIh@%eEHﬁgh o?Hﬁsﬁﬁﬂgﬁnﬂa&tiaﬂam%aﬁf %hff There

are various i ntroduci ng foreign genes into both nonocoty edonous
and di cot ypresboooof apdektable l?natkey,kwh ds. diug 9editancenmiarkRemayl beyoPhgsiiml Pl ant
Mol Bi ol 205- 225; i manot o et al. (11989). Fertjle transgenic rice
bl ant s r egeRRRECaNARIBE ROPGmS R s A BY bl s dina gach
274-276) . JThgreRiultifd PRthe TRIERERe®hodthR1ISVARH Bel SH BB eﬂlt&inge%@gﬁngus DNA
into plant genom c DNA include two main approaches: (i

Agr obact erundes emditmnédvlg@memcmrgd@vr thginstuced phenobipe's surgivah| . (1987). Annu

I h K
CR:EI/t I:J)r 2n;ij> Iézlmﬁl (Ftt}e?cf 4%gttIlc§I8§tf eIlIS \4 th%n%vgﬂ%glrﬁ%I ec&?ar&z?dg%oggeI)I

Pl ant gucl eaisfdomed swittpp. nu2le?<5a01d mol&aliel As aned hereffg théasdrhn, “redkic addadem ¢
Publ i shers, San Di ef; ; and Gat enby, A 1989) . Regul ation and
Expr essi orfeErs Foa e Y@éﬁlégt“Ieﬁ Ry Gr 55‘?ﬁy§1rl?§n“‘ﬂ?}c ae3d 1 {ONAD gnd, where

Bi ot ech noI Opﬂgfej %HQ%%%IQ I?)I%g (IJhF;It pgkgth%% S%QI_éulfj: AR G@%}g@fﬁ&ﬁ&%&&&e rs,

Bost on, wski, J. :
(1989). Oedsl eqﬁlﬂatantseamioigs&frﬂmhelcRNAI or Mﬂakla«ksfrom Iﬂcbntldq anAbdgs, and, bl ecul ar

Bi ol ogy of Pl.a Nuc ear . 52-68, K. Vasil, eds.,
Acadeni c Ij‘IPBI‘FéI’II"ert% t 5@8“ @rp_g %SWEI‘ r?‘?gI%ﬁS?raRde% IIS“IgiI‘ as SEYERPr’

Bi o/ Tershnozim@ensé%%é&%ﬂe s(t%ﬁ@ﬂ)?cﬂyﬁ@ledﬂidéﬁc'[ upt ake of DNAinto

protopl asts). See al so: Zhang e (1988). Plant Cell Rep 7, 379- 384;

and Fr omn M Hn yst almther(em%ne@tthb hesticelh of therineantion msty hedransfeated F gene

transfer ectno atian, 9 93 ( by
brief el ec Stonq%ocﬁqf’)fanple’é%rte ce'I I 3t§11 ab, gi%glé: é’ﬁl %ﬁ@%@&%@%@&

Bi o/ TechnomeRyule. “Explessioa I echdi€ylae usdﬂ. hdfemﬁénoafnpa{sl\ﬂaﬁ&)s suShai Iptasmids,
transfornmation of saqybean (d ycine particle accel eratijon.

Bi o/ TechnoViB#§s, 6’30@239@2& m@ﬁ&ﬂt@ﬁ‘hp&% fragme@S *{“fgéb?r vepjcls; which epablat

or 11 <N oo np e R pEDN Aty it MR A RE e P oBpfffre el 1 <

(1987). Th'qprcan\ppélfmﬁemnﬂ@Db@OOBRNmmdnﬁhmtsaumaMmg thd dewietd @ea«nge iberg, G
C. (1990). PI%{SI ol Plant .79, é‘é‘lg 217 .(use ol mcropk1 ette s‘glste ) See
U S. Pat. Regmentyeindzaperaljy Jinked; groptic Gpnteol) elemants dhefi 418 A

transfor naidl@ﬂleq{osp @élI at%‘I:ffféUt %§pre§sﬂ&{ ¥PtheOdeshiad lpbifes! Tﬁ@s‘é%ntt&eﬁeﬁkﬁt@
DeVet . et al. (1985). "Exogenous gene transfer in maize (Zea

miys) are capable of effectmg expression within a suitable host. Generally, the genetic

25  control elements can include a prokaryotic promoter system or a eukaryotic promoter

-expression control system. Such system typically includes a transcriptional promoter,

~ * an optional operator to control the onset of transcription, transcription enhancers to.

‘ elevateIt'he level of RNA expression, a sequence that encodes a suitable ribosome

binding site, RNA splice junctions, sequences that terminate transcription and

30 translation and so forth. Expression vectors usually contain an origin of replication

that allows the vector to replicate independently of the host cell.
" Plasmids are the most commonly used form of vector but other forms of

vectors which serves an equivalent function and which are, or become, known in the

art are suitable for use herein. See, e.g., Pouwels et al. Cloning Vectors: a Laboratory
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using DNA-treated pollen,” Experinmental Manipulation of Ovule Tissue, G P.
Chapnman et al., eds., Longman, New York-London, pp. 197-209; and Chta, Y.
(1986). Hwvohewsidsdowmisency Cenetic Transformati on of Mi zepoy/1m20bbmdlore of

Pol | en and Exogenous DNA. Proc Natl Acad Sci USA 83, 715-719 (direct

i ncubat i op, of 1 1 Rl i | ) backi ety mvaegdiat ed
system i nc aﬂ%%%%%‘ﬁ‘s%"ggwﬁpgs@n@ ge\}\?%(’:i\]g?'é @%&%d@%@a?ﬁﬁd@?i ned D'rl\lﬁ
segment s aMSuplkyioftMgleatiler Chdning Nectptsoatd theirdides, BiNferSvdvitit, HiabtongfMass

i nocul ation of the plant tiss vary dependi ng upon the plant species and
t he Agrobd®8gk M‘i‘#ﬁ?’d’éF F‘%F@F%?r%tﬁ‘gﬁ%‘ﬁin%\"iﬁfﬂ%‘}cﬁ used approach is the I|eaf-disc

procedure, whi &fg&l@&l,%cméétefsmmﬁﬂtam,m a@di¥ioh, peiific @¥misANkich BAt capabi¥i des a

good source for Tnitiation of ole-plant differentiation (Horsch, R B. et

al . (1988)f prolvitifig ghetypiaseediomin tasforRledntellvbTec uscapf Broakpogiic Madual A5,
1-9, Kluwer, Academ ¢ Publ i sher Dordrecht). A's | nt ogch

enpl oys tﬁ‘@‘aﬁifrtlﬁﬂér@f %?fﬂftﬁ%"&‘e‘ie?(s?&sr&? e@EeLS%H%ei gﬁ“?o‘ﬁ@?‘%a@?@’ﬁ p\?\?iﬁ )%/H?B@%ééuoﬁ

i nfiltratjRhresthEinfeHiRRAcs 866 bontenplati | S especial Iy useful for in the
creation of transgenic dicotyl edenous plants. There are yariqus nethods of

di rect DNA tr afstieqallynths ysrignmayeie agenerpl é’!laé'étvﬁ%ﬁb@é_ldieiﬁﬁ‘,be@ Rathy e&8pl ast s
are brief l(%/ tgg)gaxt%leﬁgsfb%lo&v).s tAlPé?lgatRJeﬁp i ‘?ﬁ?tedra{& (I)}RR)?\QI'I Qe H;pecm(pfo'r RGeS to

al | ow DNA crol njection, s nmechanically 1 njected
directdy téltso the cells using mcropipettes. In mcroparticle bonbardnent,

the DNA is adsorbed on_m cropyoj.ectiles such as nesi um sul fate crystals
or tungsten paht iogecRrefesied eMBOGHMERL NG| i gells of the JRVRINER | MGy 0% &) or at ed

into cell y@lcRordiiaSyieseliFOl | owi ng stabl e transformation, plant
propagat i glrlll&t%er? otcp(gurs. The nost common net hod of plant propagation is by

seed. The di sattvaspengic embodigentrtht host doll of dhelinyentieryistd prekaryoegell, is the

| ack of uniformty, in the crop . due to hetero osity, Sinc re
produced BIFfgR tgb%f’&f&l ﬁfﬁn;dmﬁ)%pfﬁﬁ a é’n%'fg‘%mé’églle%{ﬁ@eﬂéma}f)l@lgr%n%zﬁg?}e ndel i an
rul esys | ncgidiee ur s infe&Aab thepdfdred gRaRhbgakllyddifibertamwand each will
growwth its own specific traits. Therefore, it is preferred that the

regeneration bén engther pigfestrdhembedimente the jasteselt daths| iBHNtRASIRY PRt al
traits and char.act eri std t t p S i I The

pr of o1 rod HEERUR S PRYBAED. R AR ARG s QAR Heof cAICAEH &) ol

m cr opr opaeids, | @eristedi célispandi fieis ellsafeigl, geapes). st &odordiepr edac preferradlfl t he
transforned plants. M cropropagation j's a process of .grown )

second- ge§Bbadingat feahn r?qtﬁﬁ%_l & %ql??&dfeé?fp g group ﬁ?ﬂsés_t‘g‘% S}Méggf’ barigriva

sel ecgg d Q%E%ep kadtoRhe L Hlahi ¥k cell Nicterh @A g BeEN, thordeRRishBSS and _
reproducti on pllants having the preferfed trsSue and expressing a fusion
protein. Theothw¥l y generated plants are genetically identical to, and have

oo e chen SRkt Wkl LTS k) SRSRRIE, 7L
offers a nRRIGhAKE itRinsforthé®Barddt cells of the invention are grown in suspension. As :
mentioned above and described in the Examples, these cells were transformed with
25  the Agrobacterium tumefaciens cells of the invention.
As mentioned, the nucleic acid constructs of the present invention (plasmid,
described hereihabove) can be utilized to stably or transiently transform plant cells. In
stable transformation, the nucleic acid molecule of the present invention is integrated
into the plant genome, and as such it represents a stable and inherited trait. In transient
30 transformation, the nucleic acid molecule is expressed by the cell transformed but not
integrated into the genome, and as such represents a transient trait. . '
There are various methods of introducing foreign genes into both

monocotyledonous and dicotyledonous plants (Potrykus, I. (1991). Annu Rev Plant
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selected cultivars wth preservation of the characteristics of the original
transgeni c or transformed plant. The advantages of this nethod of plant

cl oni ng iwol2eebm4dise speed of plant multiplication and tireTguzesboroand
uniformty of the plants produced. M cropropagation is a nmulti-stage

procedure that requires. alteratign of. cultur i r itions
bet ween sPhysel, Pl?’%el\dﬁf%ﬂ‘gp‘} 08%3‘?? ogh‘B}aBl’f’é%s‘g‘i %E\f’gl 62@% gg{tﬁ%géa?{g@g?ages:
stage 0neyicl Biahisibedu RPN G ItiatSfoRtied Blodfasts!Natlicq$989) GUBI LHE2T6).

mul tiplication; st%\ge three, differentiation and_ plant fm.l on) atnd st age
four, greenhoudte puintipai mgthadsiof thecahlen integmrtiomef axoggrous ANNALAR RIPRl e

culture is estabhlishe nd certifi ntam nant-free. During stage two,
the initi &Fn‘iq‘@ﬁ}gﬁdﬁ‘ﬁ‘c@c‘rtgq '?a‘r?ualpb?ogfllgegd until a sufficient nunber of

ti ssuessanpl es (§rerPRENLAnicdiatREdenp HamyeE.iSen: Kia) K. J.Dual 08Dt hr ee,
the newy grown tissue sanples are divided and gr‘g\/\ﬂ F@t?? gr@it\‘/lired
pl ant | et s ReAtPlantRasipbif. 46714861 KlggsHof raad Rnesrsy PetsUQPY- & YT (o a

a1 eenhouse. £ oficRATRENNAG: WPLAL V1P AbRcubOhRIARCEr PR Noltkad Segsadual |y

i ncreased can contrnue to grow in the natural environment.
Accor di ng gpo2r5e$eSdhelt akid dwrK.py ssile ede oA eadooié Rublisherst SahDiggoe §8ht aidhvent i on

th i t tej be . d db | t . : i . th
T esont i idaivon. By (19eT Reeniph 284 BEbrestoRal i G i ROl AGisS, | 1°
Pat e”tlogg'pgg’ﬁgll@%ﬁanti Bﬁﬂ@diimelag%/,gs, Kihg28QR Gany Asisdny edsc Byperwortd by

referen if fully set forth rein. Conditions for culturing plant
celI's in Sudpieinss,Boswing Mashi s device are described with regard to the US

pat ent appli cat eb‘grblﬁ%ttl I %ﬁza%hé\;‘ée%{e%?%s SR NG DE\h 689). BYR IEihAND

METHOD" by one s and owded in common with the
present appl4i §ahh CeGatics ohPlgiy Volc 6t Molatudat Biplomf of Blane Nugldar ful |y

set forth herein. Although stable transforpatjon is presentl ferred,
transi ent Gcmst’mri?aﬁ&dn%@h‘?ll peg Li Kstveﬁﬁﬂe‘?‘gﬁe‘%‘?aﬁﬁ@l“i ?ﬁﬁgfﬁssggﬁa T cel I s,
or the whol.g pl LSl i dBRYTERROIPE ERFDL1 07V BREHGAS forldiaasi ent
transflor ma ?elonanggfr’lorﬁ'zame ?(ggfgté( y 'ngmc/)f th% di rect DN\A(\ transfer nethods
descri bed @haneofdNBYintoi pratoplastsi e atsoughang atoli(19%8a. PratfeellRermded- Vi ruses

t hat have been shown to_be usef ul transf or i p t sts

i ncl ude cad%4:fangweiomms M- Ev el tls QWE‘%{%B S?%mr?oq%ai @J“II\?:&;ZSSAT#’\%#Q and
bacul ovir u&ar(s?é{)b ‘gg&&ég%ﬁgﬁl Rawed 3pband 57931 (DN A | wtdkevinduseak by sbrisdscr i bed
in, for. exanple: LS t. No.

4, 855, 237 (bean gol den nosai ¢ viru BGW) ;
EPA 67, 553eledit)shodapfplastcéishl Seshalsp: Aglgin etzali d) 8&%.818@69&‘&‘63%%3’( ‘?1\4%59;- EPA

194, 809 (BV): .EPA 278, 667, (,BY),.: ( £ e max) b
Conmun?@at %%%ﬁf’éa%gegu?%él' @B?ﬁ%ﬂﬁﬁ?&{%ﬁ? Icl)(ras S@Jgg?’g@%ﬁ ng H%r or
Labor at or yp?}t\%w XB&1KratiBR.- BibTRcARfogyT 5692359260 nd Senfdodsilr Gs (1980} ifipkisgici n
expressing foreign DNA in _many hosts, inc| udigsﬁ pl anc:tli?) s dllg%c(r:é pedr in WO
87/ 06261. Cplaat transformation. Bhysiel Riant vP.r 200:20% GPNALIISCHOP JARC PR CAR
expression _.of nonviral ex | 1.C NG fhis SE W EAGE T 1987) PR SAPSL
denonst r at é‘&s‘ﬁf/%?' I%rnzﬂ)eo oég% Bt 56 afo” Nelihdus; ‘ 1987) .
Genet 75, 30-36; and Neuhaus, J. M. and Spangenberg, G. C. (1990). Physiol Plant
25 79, 213-217 (use of micropipette systems). See U.S. Pat. No. 5,464,765 (glass fibers
or silicon carbide whisker transformation of cell cultures, embryos or callus tissue). .
See also: DeWet, J. M. J. et al. (1985). "Exogenous gene transfer in maize (Zea mays)
using DNA-treated pollen," Experimental Manipulation of Ovule Tissue, G. P,
Chapman et al., eds., Longman, New York-London, pp. 197-209; and Ohta, Y.
30  (1986). High-Efficiency Genetic Transformation of Maize by a Mixture of Pollen and

Exogenous DNA. Proc Natl Acad Sci USA 83, 715-719 (direct inpubation of DNA

with germinating pollen). _

The Agrobacterium-mediated system includes the use of plasmid vectors that

contain defined DNA segments which integrate into the plant genomic DNA.
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references as well as by: Dawson, W O et al. (1989). A tobacco nosaic
virus-hybrid expresses and | oses an added gene. Virology 172, 285-292;
French, Rvoebosal407641986) Science 231, 1294-1297; and Taleemaizws/o0Mo7et al .
(1990). Production of enkephalin in tobacco protoplasts using tobacco
nmosai ¢ virus RNA vector. FEBS Lett. 269, 73-76..1f the,tr ] virus is
a DNA vi r ethaslsof dnqepjatign of ﬂ%@r@a’&rqssﬁeay’ar%éj@e%dﬁ'i’% H%Q%thﬁr?%%?%‘g%ﬁso%%g to the
virus itsglf. | VRliVeryt B&tofh! US wRIelyf ius&d rdakpnigdthentaaf-disoact eri al
pl asm d fﬁ}e é%s?\&eﬁag{eﬁ?g{nst r‘u((”:r i % t he desi rgyzi Vi raélwvect or wi,th the foreign
DNA. The yidcbdureamhichecanbbe prdosedl witnamhtsyeaapiaat that RrAwdes A #0%0s 2 pNA

virus, a bacterial, origi f. replication can t t > npbdgfal  DNA,
which is SPHERe fQSriP‘i“é‘%‘?’gﬂpﬁg(’lFszgﬁgbf?eé??tffm?r %P?%gcﬁ g’i:ﬁgggghg%?gngl ation of
t he ihde PARHRELShe RP?N%@"MQE@&I@& Biolehy MMartial L5eneBpsiugar écatemigi r al

DNA. IT the virus 1s an virus, the virus is geperally.clgned. a cDNA
and i nser Patlishetsy Rordrechhi 0A Supplosneadary damoaqheﬁnm@aa thg é&kocei’agﬁeflgo t he
pl ant genetj.c constructs. . T V] P t RO A6 Edvagdriitisystelne Vi r al
sequence @F{‘Y% Siﬁ’fstﬁrgrﬁl&?mfbg}qﬁg&e%%%{cp rﬁgnlgﬁgfh?igﬁ of the viral ggglr;les to
produce t he.soghilpugieifosinhe chagncafisirdgtric tivetylideadusplmts.Const ruct i on of

pl ant RNA viruses for the introductign, and ression.in t f
non-vi ral exogekhsts afkiciaEpys JB§tao e&geﬂﬁg,ﬁs&ﬁmﬁg{g’i H%tgeBilaﬁglcgl ée)'dh} n the

construct of the | ' i FRastor A¢teshei dledttie fialdpupeniwd er ences
2 vellP ase??°H°Pf‘§85‘gg‘ﬁ%T\%§m§%?%,rbg“io,éf@ e?‘? one enbodigrrent " there | ! ovi ded
for inser tigmid-goranto allovaDNWab enteralyi thicroimiqstipa, the RNAeis s SaAnSHY e
native coat_ praotein, codi sequence .from theVik ' '

non- nat i velnierH &gy ﬂlt%ﬂ% C\?ﬁ? gring 83?0811;’8#‘25{ %X%%%%)%gﬁglg%gﬁ gfg,&gﬁgh%

non- nat i venRMOR0iESbeP bl hftdblojedtiid sl ge Rnighesiyn enifstecrytals betungstemat i ve

coat protern coding sequence, and capahbl e of éxl;é)ir ssjon.in tlhet fs!s@e@t host ,
packagi ng mittitlbe ané thericrapnejegtilavare whysieally acrelpiatedanty celin gr RAT SIS a

A torniively. Erbae YD G bR, R TR PAROR B e

Al ternkivel Y, pro i'ng” sequence may be nade
non- t r anscgdRiabh theod dTgdrt ipedpagitidohis by aeed) Fhe disadvantageof segeaciabionBlice

within it, such that a non-native protei.p i s praduced. T L:nant
pl ant vi r aseed propagetions hewevsthis's rﬂEFcllaleTB{/ung)ﬁ’tnét?'_ﬁn TR d%@&%%%%ﬁgl _
non- nat i ve ;3Ubgenonte nRIA0RE G%F%lanﬁamoﬂﬂﬁg Rile/ gortib gariades govaned by i s
capabl e of PFARECT | |Rg or expressing adj ace.nté,(%gnes or nucleic, acid

sequences MenHB@npuRs! Ihostr wndlsj eachpersl ie goneticaliy Atbferrnt ppheam WL ot her

and with native subgengm c! pr ters.. In i ' pl ant
viral Hicl S QW F5H FrtE?é‘g' ﬁg’grei%fﬁ’t LisP r%%gﬂegrt Qari;it)l}ete&g?ge?%g{@r?;@ i}gté:gl atory

el ements, 3 N 3SiENDARCE S plahl K jabmitabtrbitans deiricgistiegtd tiosy of
regul ate the transcription o? i

a codi ng sequence | ocated dofvvnst({ eénn%t her et o.
Non- nat i ve patat eamsgenic planeqlienpreterredymebod o§ svacperating 2 ERFIOTB°G RE it i ve
pl ant viral suhgenom c pronpi.e [ ' ; - Ratddvetidt Tt tha 1 al
subgenoni c P¥r g4 PB‘r"é’ag"ftgﬂbr‘@hlf{%aﬁrogﬁdeégngz{aglﬁg g@?g@gqﬁgnce i's included.

The nonnat ig@sformed plants.

25 Micropropagation is a process of growing secofld-generation plants from a
single tissue sample excised from a selected parent plant or cultivar. This process
permits the mass reproduction of plants having the preferred tissue and expressing a
fusion protein. The newly generated plants are genetically identical to, and have all of

| the characteristics of, the original plaht. Micropropagation allows for mass production

30  of quality plant material in a short period of time and offers a rapid multiplication of
selected cultivars with preservation of the characteristics of the original transgeni_c or
transformed plant. The advantages of this method of plant cloning include the speed

of plant multipl'ication and the quality and uniformity of the plants produced.
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nucl eic acid sequences are transcri bed or expressed in the host plant under
control of the subgenom c pronoter(s) to produce the desired products. In a
second emvodesanbicsa reconbi nant plant viral nucleic acipdTapDr®snMo1s i S
provided as in the first enbodi nent except that the native coat protein
codi ng sequence is placed adjacent to one of the nan- r;\ﬁti v.e CPatlH‘Br otein
subgenom ¢ pr oMixrepropagation asia srultifage drrcedwre dhat gad e iAEaHER O BB n

codi ng sequence D ft [ j -0 i 30tesy ifvdlvegucl ei c
acid cons‘?‘?ﬁgp ?rsérpr ov%%’gg%gg%%seﬁ%{g&g&?g%?r\?/lg%g@tggp?otﬁe}i n gene placed

adj acent fo@r i BaSics vlagenostage ne Titidal aissheo neltwingynstagen dwondissuge culisgenoni ¢
pronoters inserted into the viral nucleic acid construct. T i ted

non- nat i vEU¥pbigaty Hags ShEe-e Flkf?eé‘?r@‘af,‘@ba%de piﬂnt tfggﬂgborni’ bar%lg Q%%é g?ggllr”essi ng
adj aceqt B kOc@uRingdhd IatfenRBADAfiRe LASAORDUR Rbud aM@disrstablshedd t h each
ot her %;.ndgr\%l t u'Fgla(t:liij}ve ngu.bgenom' c@pr o_rlrg% ers. Non-native nucleic acid
sequencesanthycehified nsantamihantfres enDuring t $tegendwon she vritislybgBISo AP int vi r al

promoters such. that.. said sequences.are transcrib r kn_the host
bl ant unqmaitagist B SR RRBRCHERER RS ABRS bl FhaHea B Bo 6 Setin. 12
product. Lgaa ﬁ&ufgtéaadg@rfm@j {18 RewlyRglo®@astud euniple @adividedadndrgrewaiintoaci d
construct "is provided as in the third enbodi nent except thage(r} e native

coat pr ot gidividendi plantiettudh stage ok phe degsioymed rbantiety AEFelraRs 8 &in _
codi n Sgg}lel,ee Co%ﬁ%}@rr}?a%de\éﬁ%?flac @ﬁfplﬁﬁ't@%f%kﬂl@& f‘cﬂli@%f S YRUEARLH AR sBr ot ei ns

encod econbi nan viral® nucleic acid nstructs as descri bed
her ei nabowgt tHe9 cpri o6htime 2o pecomthaaaturabeavitormientis.  The reconbi nant pl ant

viral nucleic acid construct ,or reconhi nant Idant vi{p S is uts.eder;%ni nf ect
appropri at e hodecondig: @ pregsatly kpoywp preisire q"é‘?ﬂ IHERE P Hﬁcﬂr%‘cieré B onst r uct
i's capabl § of..b&Bldafidbtd@n! Ma@ bBOsthductd Bye Platit SBUMLActordihSitd thd@rdzemt , and

transcription or expression of one or nore foreign genes (isqglated nucleic
aci d) in fientiasby coltpinglincedevies dhssiibadawith sgardhio Uh Patrat Nooh,3Pb08%e above,

h | ei, id I f ' ' ! i duced
i o S5 chieehpadiny o2 ik RSB ARGMorEL D e B2 b Ay Sor g0 cce

t echni que pEREn. | Nt RALGASN BresdarMmouplantictlly ¢n aaspinsion ueils ahist deviidee agenone: of
the chloroplasts is known. This technique inyolves the fagl Ew,ﬁg
pr ocedur eslesaribed t with| segard elo| sheardS ¢ pdtc apphcafipn senttiled , "GELLATISSHE e t he

nunber of I @DMEIQF@D” cleic
acid is |n(tc[ghﬂo gg\ééﬁ?]}?\é@fe%'*?@o%ﬁeferab y v;i;g%ggr(){f% Ig%%%ﬁbﬂg/?gtﬁewnt, wth
t he ai m ofand Rivned ie cogndh Witadte mraene xoeators whidl i terehyi idcorpbrated| by i nt o,

t he chl oropl asts. The exogenous nucleic acid is selected by one ordinarily
ski | | @8 i refepraceas iffpllpget B§Teinof integration into the chloroplast's

genone via ho mAlﬁﬁ%gﬁ s{a]%&qmsﬂﬁ'ﬁ{aﬁf?n 15%}5%%1%; $réfeRél, tansibh@ednedriaxti@nzy mes

i nherent to the ¢ roplast. To this end, e exogenous nuclejc acid
conpri ses,of] for attirice deaft ells, mensieroftid exllsr essthe vetolg plast is ghe anyispegdcbiaci d
sequence dﬁri ved from.t he chloroplast's genone. In addition, the exogenous
nucl ei ¢ adPEPESTRYICBYOY se| ect abl e marker, which by

Transient transformation can be effected by any of the direct DNA transfer
25  methods described above or by viral infection using modified plant viruses.

Viruses. that have been shown to be useful for the transformation of plant hosts
include cauliflower mosaic virus (CaMV), tobacco mosaic virus (TMV), and
baculovirus (BV). Transformation of plants using plant viruses is described in, for
example: U.S. Pat. No. 4,855,237 (bean golden mosaic v_irus, BGMYV); EPA 67,553

30 (TMV); Japanese Published Application No. 63-14693 (TMV); EPA 194,809'(BV);
EPA 278,667 (BV); and Gluzman, Y. et al. (1988). Communications in Molecular
Biology: Viral Vectors, Cold Spring Harbor Laboratory, New York, pp. 172-189. The
use of pseudovirus particles in expressing foreign DNA in many hosts, including

plants, is described in WO 87/06261.
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sequential selection procedures serves to allow an artisan to ascertain
that all or substantially all copies of the chloroplast genone follow ng
such sel ewbi2005/040mude t he exogenous nucl eic acid. Furt lper1dmosodis7s el ati ng
to this technique are found in U S. Pat. Nos. 4,945,050 and 5, 693, 507,

whi ch ar e i nconas@icidnEPRInG RBJA KRiKE FHCHe ifrRRENAERID S@réssion biusnbe
produced by the protein expression systemof the chloroplast and becone

| nt egr at ediehe¥ogaREUE Musleisp Peid t sequenise rinnplanis aif edenpyistintedeic thepebeie of t he
Dr awt ngs | re%Eésaa%*l%ibié el soh) WA 0L & Sl\.ﬂlgf‘dsbg'zgoﬁ@&ﬁﬁlﬁsa?{ vﬁ&?hrp'{ﬂme”t Hon
e imting 1 nany y. Fl Shows

but are not neant to he amno acid
sequence ekpiebses iahll Uedes ahiaddedpérieb Misolggyo dirg; @85i292f Aeenph,alit etcabl (19861 t ur e

p - . PLOLIE, a5 1292} Peen ;
the oxdn Stsaenasb 13p4Tabh P dakeman e 1. (<P raieion X FRHRIEER I 1 od.
The Seque@&&%@&@ﬁﬁ%ﬁﬂ@ba&@M&%iﬁsﬁﬁw‘eﬁ@ FEBSIG1 Jeavy-7gnd i ght

chains; and p4 CRKd - 1g&4 heavy and |ight chains. FIG 2 shows
sequences of t HE theyramséorinmung omres i ar DNie viams, i dnedskilledhim dhe cart ety amieo aci d

sequence is. di;spl d..aboye t he nucl eoti de sequence. Major. restrictjon
i tos ar e YT BRNERELI e Vinti Gel auCReltencts iARpR AT GR Spfed "lsea
for subcl qiong baéterialNplasthid foY RAse 5h%o§§ﬁiéﬁﬂ%&§e Aefre@SvitD| Ve WifRARS
followed by the restriction sites present; those used for cloni nlg are in

bol d #Qpe)foreEmNENA. The s epmthen bercised Gom theqrasnagNE the veusis adhibidn 1 Apo
EcoRl - Sal |_. in.d F ' . L. EcoRl
CoOR ot DR AR R i PR (BRI YiPBION SR e Eop

Sai | Gene réplidasedybydthEBatiead Traadckiptiem end triesiationdof\the DA Wil SaoducEeine 9

Li ght chain Native Sail oRl ne 10 Light chain Apo Eco Saj | ne 11
Li ght chaiSRAEROtEXb Y %wﬁ eR3est %eﬁbf‘gwfalg?ﬂﬁn Ig‘a}t? VHUS A asENA piressthes o ang

3B show t Rgng 'ié’QéEil%%al@‘;%&&% SAUDRA! sdIRRERA IR Q AXRABSThOPlaSARPRth& and

bi nary vectors; shows constructi'on of the synthetic genes wth the
pl ant 16ar geed bynekgnallof théplany gedutici congtewnts. cldiet RINAsviosseis dhert transtobédowi ng -

a stop codon hefore the restriction. site, that it i argeted to the
Apopl aot  (BORLTS tedlseasaged of ecpladtaids flwelhon §tatiop a8 b SR et fng
peptide f girbdwethddoabpiotdis WRRRRnédpsidaRitRelvirsl KNS, vacuol e; constructs 4, 8,
12), or no signal sequence and is fused to an ER retention signal (targeted
to the ER, cons¢qnstruefion off plany RN rusey fefh Higsintroduction and expression 1n

plants of non-viral exogenous nucleic acid sequences, such as those included in the
20  construct of the present invention, is demonstrated in the above references as well as
in U.S. Pat. No. 5,316,931.

In one embodiment, there is provided for insertion a plant viral nucleic acid,
comprising a deletion of the native coat protein coding sequence from the viral
nucleic acid, a non-native (foreign) plant viral coat protein coding sequence, and a-

25 non-native promoter, preferably the sﬁbgenomic promoter of the non-native coat
protein coding sequence, and capable of expression in the plant host, packaging of the
recombinant plant viral nucleic acid, and ensuring a systemic infection of the host by
the recombinant plant viral nucleic acid. Alternatively, the native coat protein coding
sequence may be made non-transcribable by insertion of the non-native nucleic acid

30  sequence within it, such that a non-native protein is produced. The recombinant plant
viral nucleic acid construct may contain one or more additional non-native
subgenomic promoters. Each non-native subgenomic promoter is capabie of
transcribing or expressing adjacent genes or nucleic acid sequences in the plant host

and incapable of recombination with each other and with native subgenomic!
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construction of the synthetic genes with the human signal peptide sequnece.
The synthetic genes start with the human natural antibody signal and end
with a stwp 20@damesFl GS. 4A and 4B show expressi on of | @@ria(teososid)s and
g4 (Fig 4B) heavy and |ight chains as detected by Western bl ot anal ysis.
Transfornmed carrot calli were screened for production of heavy and |ight
ant i body Biegotas. In agdigioncthe reco nf, plesty el 2egleig acid W%@t‘?@%’oﬂfﬁ? er and

15 mg werg,d Upnﬂge %%aﬁ@?ﬁggyo@ra&ﬁmy &intR e'ﬁh&r{cgfs,ewh%hoﬁi‘ﬁd faOfra¥ESt €r n

bl ot anal ysi s. avy an hains were detected with specific anti FC
and anti #aimga reguldtdrocing sregilagpurthe 4ttarstiopiiont roding f codimgl sequdnice ebopated si ng

gd (1 +9). Stande St.) | h i ght chai . [Mglel d. Th
| anes. + epflesistiead fersite MoreSirive LR Fis A seqfiitecma b oted AR Sed cal 1
expr essi Nghel @ie OPan? ViraShpdasHic(bmbtdr HPAhd faNve aRtindd-SativeCchlaitngradr e

i ndi cated. The | anes represent different calli screened. FI 5 shows a
West er n bsuhigenronaicypspmotsts rmomsdbareenernusdeie agidviearense ddinetuded Thenont i nes

according_to the, pr nt_nventio i - . ) (B).
ol 1 susp Bt A eabET ol onglibly 32 REPILH In R oGl Bl 15) o
pr oduct i ogortidl of #ersabgenbmid p@mdier(R td prodace the degedipzethctsi t h extracti on

buf f er and 15"%50f sol ubl e extract and 20m of medi umwere run on.
non-reducing S

_ a paegnd Aabadimes 8 rpeambiBaniniard el grdsie Ak coisEreS b ot
anal ygj s. gf%%ﬁﬁﬂbése% ltﬂ@ﬁr?tngmbg&ﬁxeﬁh%k%t WRAE tHiChRRleCEbaM frbreRDbdiR

anti bodi e nmbers represent different calli 1solated and standarg lgHA is
i ndi cat edseduakfi®. i5pldoed holjweste raroati o thef nby@hatiex poats protgjn cabgermnticact on
Macro Prep Hi gh S catian,exchange colum The first.step in |Igd

purifi cat PR §l$§é§afid’$ﬁélac%’g}?‘b%%?f8?%b‘3r“§8 9”@%‘1‘ SoditeEeiieons: o arified
extract was | ogdedipl @nisddinbs, aaletabiRXeNBIRBE vizsll miblkié Mol eonireq i gh- S
support, Bio-Rad) equilibrated in 25mM sodiumcitrate buffer pH 5.5.

El uti on opravided epBnprising parafive seet Riotein ggug Plaseaflivpens ie fits subseromifi ng | M

NadCl . Fractions collecte urjng _the n e : ']Qg- S- PAGE
and a}‘nal y?&odn(b?r %ds?réer %%r gwo n%rh'a?@% %Jbtéﬁ?égﬁ{cep ré&&seg%\l/\r}rsgglgé{?‘g(g't ard §1rl?un of
cel | extr agtleRmuckBédnefiu@xThahgert&iohatirativel subgeneprie peinicerahsocdpablefat 280
nm and green represents conductivity. Fraction Bunbers are indicated.

Fi gure GBUSRHBING: QF CXBIFESIRG | adiAceRd SERFS| g at Hant Aast 3nd are Wspeablepfon
-reduci . t i bl ot
hon-re uc&&g@ﬁ?ﬁgﬁgﬁg@%’% SRBSERS Wafl agve 'sﬁ%@{nﬁ}& Rafotdd’ NdishfiR bl o

anal ysi s. alns were detecte nti FC antibody. Total
protei n | aadenadid bauendes evay(beTnseated adjatientatoctic Nomnetive swWhgergrictplatut i on

| goa. &pr a8 gL Sk P eI RIS F o B TR OSSR RER AR ol unm,
The first §ligRohfol GEe Ribibddrfidir@RoteRSo pesdues MRMUcbived bt ogr aphy col um:
as follows: Carified extract was | oaded on a strong cati on exchange col um
(Macr o- Prep hi gih-aSfougthporhodirging, Raegondnuant iphandrvedl indelegmeid construct is -
' :Vprovided as in the third embodiment except that the native coat protein_coding
sequence is replaced by a non-native coat protein coding sequence.

25 Viral vectors are encapsidated by expressed coat proteins encoded by
recombinant plant viral nucleic acid constructs as described hereinabove, to produce a
recombinant plant virus. The recombinant plant viral nucleic acid construct or
recombinant plant virus is used to infect appropriate host plants. The recombinant
plant viral nucleic acid construct is capable of replication in a host, systemic spread

30  within the host, and transcription or expression of one or more foreign genes (isolated

 nucleic acid) in the host to produce the desired protein.

In addition to the above, the nucleic acid molecule of the present invention can

also be introduced into a chloroplast genome thereby enabling chloroplast expression.
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sodiumcitrate buffer pH 5.5. Elution of the 1g&4 was perforned with
equilibration buffer containing M NaC . Fractions collected during the run
wer e run wo 20eniesyci ng SDS- PAGE and anal yzed by west er rclviintooso@byssi s.
Figure 7A shows a standard run of cell extract on cation exchange col umm.

Bl ue represent s, alRRGRARGSnAbd %3 84D e@% I{L@Qié £R4 Fs‘écﬁn@hﬁsst@ltﬁe gRleent .

Fracti on nunbers are indicated. gure ractions’ collected during the
run wer e rofitheochloroplasts duknown. Sibés RABGEqanthvdivas tedblewingprodednesdfitstl ose for

western bl ot anal ysis. enbl ed | chai were detecte ith ti FC
Bt bodi e ant BT & pRermiSRY HEreEsn TP sbohen s rioe OEsDrop et st bloed
Nunbers r epp@ssRt Thdny tiedkobérful nQBISicaRM SHRRAREL indfFheicelld plicgallgdia FI CS.
8a-b and 9a-b represent a typical run on protein A of Igd (Fig. 8A) and

| g ( Bi g.pagisje banbpdmant; Withdhe aiphofonteduging atdeast orfe exepensus gugleig@eidons
(Fig. 8B ap hg-: . Fl a- h I nt aini ng.f hons from
Cation exgﬂ%ﬁglégé?tgﬁh Sn&gg%gfagéédqgg %\r,(\),g?%ol%rg]; %%%épﬁ5@058e§el%ﬁ%& Ig gc%nr?d step
in 119G puwrdihailgtskilledvinsheait tobereapable & itegtatioA intortheralilogphty gaopmem as
follows: 1g4 containi ng{pﬁr actions fromcati gn exchange cql um were pool ed
and separ atizBogalogoys rseempinatian el ssereadilsifected; pnenzymes drhessnt &9 thene | g@

was per f ordiRoGhdr 16 diybhe rth@tex%né}uénu&&fi%ihge@yﬁgés', ﬂps&ﬂ%ﬁggd ggg}ege run

were run on non-reduci ng SDS-PAGE and anal yze western si s.
Fi gur d08A ofhieresta as teastdmechuclerc and Beqiestandetived (ftvan deechéarbplast's gengme.e 8B.

Fractions coll,ected during the run were run on non-reduci SDSP, and
Transt or s db addfing e Erodiobl St 35 Goirohrta SR pERSRule SHBER DY G0
chai ns wers@?\l&gﬁslcg@ebtwt ProdéturestSerddt iR allbwSan d@kR] tdaSdeRlath HRARALI &
i ndi cated. Nunmbers represent elution fractions and standard I1gd is

i ndi cat ed.substatiallggllivopicewi thechlareplastigsneme follpving suchiselsptianinclyide hechange
el ution se t rot el . The ;

purifi cat |e§§é&m}§§gﬁl§§fe g’r%ﬁa@l lﬂi,rﬁﬁfgg %ﬂ%?%g% %ntahisg%rggxgﬂ';é %%1 %)%%& as '%‘I | ows:

| g4 qesnéI i Ngs. f 4@@5j060$anﬁrir)]6\93qﬂl7i, Whliﬂxadae(iﬂqu&?tddrflfewiﬁr@ n?@éxﬁﬁ and
separated on a Protein-A sepharose colum_ (Sigma). Elutign of the 1g&4 was
per f or med RAIXBSPHde sancthys be grodygedhy theproteingxpression systemof dbe ehipiorlyst he run’

were run < i west ern bl ot anal ysi s.
%ﬁ HRErh€é g{tt@rﬁgcri ﬁ*l?&ﬂ%%‘ﬁ'ﬁ;r%@gst% RétleY ARehHYne! y

Fi gure 9A shows a run on otein A sepharose colum. Figure 9B.
Fractions collected during the run were run on nonreduci ng SDS- PAGE and

transferred.t nitroceItJt | pse for western blot analysis. Assenbled Ig4
chai ns mrﬁﬁ&%@@%ﬁ—(—ﬁ@ﬁw S INE¥ antibodies. Total protein load is

i ndi caped. NUNDEHeSafRRES TRFesClllubirQ8 bi@at Aspiis JTAnS imRAabe tuf@fe nt
indicated. FIGS. 10a-b and Il a-b show Western bl ot and Coonmassi e stai ning

of the purh¢dngth begl@nitingdn pa=¥aps ot ei ns, respectively. Figure 10 shows
Vestern blot SncETaRRSHS, 35 TR o PR gt 00
: the plant cell culture system according to the present invention, in the Super vector
sequences; the exon sequences of both light and heavy chains are highlighted in red.
25 The seqﬁences are as follows: pG1KD210.BAT-RHcRKd - IgG1 heavy and light
chains; and pG4KD110-BARHcRKd - IgG4 heavy and light chains.
FIG. 2 shows sequences of the synthetic genes for the antibody; the deduced
amino acid sequence is displayed above the nucleotide sequence. Major restriction
- - sites are displayed below the nucleotide sequence. Restriction sites used for
30  subcloning are in bqld type. The sequences are as follows (names followed by the
" restriction sites present; those used for cloning are in bold type):
GENE 1 -Heavy chain 1 NATIVE Sal-EcoRI
GENE 2 Heavy chain 1 Apo EcoRI-Sall

GENE 3 Heavy chain 1| ER EcoRI Sall
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and anal yzed by western blot (A) wth anti FC anti bodi es and Coonassi e
stain (B). Figure 10A shows 1gd standard 50ng (1), Protalix 1gd diluted
1:5 (2). wWoQueem4d@®B shows | gd@ standard: Ing (1), O.5ngpCTiL20bséomarkers
(3), Protalix Il (4-7). Size of MVWmarkers are indicated Figure 11 shows
a Western blot _and coomassje stain of purified 1g&4. Purified Protalix-1g&4
and commer ci al C¢ngrbHeayphaingloacksoRESAM on non- r educi ng SDS- PAGE and

anal yzed by V"?iérf‘e@HQé\@tc&%ﬁ\M Wa%% @F g&]gfg[ anti bodi es and Coonmssi e stain
1 ar

(B). Figure 11 A"shows Ig st an g (1), 50ng (2), 25ng (3), Protalix
| g&4 di | ut edl: Ger{ed) HediygOlzen M Aposbealdd Sajlc4 st andard: Ing (1), 0.5ngy (2),

0.25 ng (3), 0,125 4 rotal.i &4 (5). Size of MW markers are :
i ndi cated. FI ¢gen 72ﬁgiga‘ﬁ)d4 EEE@D@W shift in fluorescent intensity of cells
incubgt ed W t hgEr0f Akhvy 4 Yat BebRI B9F4 and CureTech's 1gd as determ ned
w th FACS anal ysis. Jurkat cells ex%rcessi ng specific surface antigen were

i ncubat ed wi t hGenel9 MghbthaymNafivedald kicoBbdy at 50ng/ ml . Bound anti body was
det ect ed usi ng.biofdinilated anti-. h ny! gG anti body foll owed by

PE- conj ugat ed g?‘?ee{')qg\#g‘fl}%m%ﬁ?gﬁgﬁggagel s were used as control. A FACS
anal ysis of ceikge Bt Bightchdit ER EdoRIe(®it anti bodi es (see | egend), B: Mean
fluorescence of sanples anal yzed. DETAI LED DESCRI PTI ON OF PREFERRED
EMBODI MENTS Theeps Eskight chajiag BepRISH} 5 system and method for produci ng
antibgdies in plant cell culture. The present invention al so enconpasses

the anti bodi es produced according to the system and nethod thereof (with
t he exception BIGS.A Gude3Rchownthe loboyng wh thehsyinghetic egengs wpd sxpression body

h [ d i i.ded f t f illustrati . th t
mvent | oncesst FL BB loR O D waicpru Tt idhy P SR RS GfesbifRg
limting ll'{(l, ﬁgﬁi t‘é@é?ir@ A aR B0 syHISdic Gk ToAfaths el dTTthe fbIRIvARE - a stop

g ) n

Surprisin and contrary to the teachings of the background art, the
i nvent of s codonebéforenthet teatrictipee sitet $h gt dt isatasgnter i) theo apadash (NSHECE nvent i on

o Oor i TF L i ) .
rarmald an 26l aPesRes oRiFR it Qe ER BRR s pEpRY 108 tyPA BRERA0h 0
produce a(mtgakidao andvdtuglel yorlstiaet 4ogial2),| giHo sigpal saqienboayd isvhsedtiobad not

been previously denonstrated in plant cell culture, |nd pressi on of
| g4 has H8veetenfiasn sigapb (gtaetedetp the FiRangonskpgts c{:l?’u#&?@?}-aﬁ? & of
plant cell 7 Il | Thd BEmAY Bord] REDEINYRARARS The it 15
possi bl e fﬁ%sftm%%'pg?g%%mgflngﬁ%dF%begg‘?ifﬂ:l %ty %lf asﬁ%i b%dfl)es pérzlg(.juced accordi ng
to the preg@hétid pateststarn withsthepiposadnatoral hoskodyr sigeal endi endnwithred stan cel |
culture, may be related to differential glycosylation. Antibodies have at

| east 28wo P rtant biological functions that are differently affected by

the gl ycosy! at ipggspak bad AB%hoi&paRtibRofiges! (FienRyhneRGAFE hBYhesyneed to
be able to bind an antigen, on tRe one hand, but also need to be able to
activat e tahé lighf elwimy as degenteisby \Westege blat @nalysis.y Brapstprieed eariph saldy wetem
screened for production of heavy and light antibody chains. 1 g of callus was
homogenized with extraction buffer and 15 mg were run on SDS-PAGE and
25  transferred to nitrocellulose for western blot analysis. Hezivy and light chains were
- detected with specific anti FC and anti Kappa antibodies. Figure 4A shows
transformed calli expressing 1gG1(1-+9). Standard (St.) IgGl heavy and light chains
are indicated. The lanes represent different calli screened. Figure 4B shows
transformed calli expressing IgG4 (5+9). Standard (Sf.) IgG4 heavy and light chains
30  are indicated. Tﬁe lanes represent different calli screened.
| FIG. 5 shows a Western blot analysis of antibodies produced with productive
cell lines according to the present invention, with assembled IgG1 (A) and IgG4 (B).
" Cell suspensions of selected calli were analyzed -for assembled IgGl or IgG4

production and secretion. 1 g of cells was homogenized with extraction buffer and 15
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An operative antibody activates the i nmmune systemas follows. Once the
anti body has bound to its antigen, the anti body recruits the i mune system
anddest r oye 2éw4dmaget featuring the antigen (for exanplreTaLrab/o@oznt
cell). The FC region of the antibody can interact with factors that

activate the i nmmune system.an hat. cause recruitnment. of r cells,
B and T GBE RS SOPlF FBAELB 3DB5LBEIVR WoEHES b AR BRI LY EACTATGh
i ncl udes I ofgiAStof ﬂﬁggelluh[bste her RieQfeh bRdtofaIyMst M ss@hbied dgGl hendi TgGsne

system CSnce activated, the conplenent systemcan bring about a variety of
r esponseschaifisi wercodgtaad nrits psti b cotibpdies Vambpiserepessenyr differeat tallht i on

triggers:, (1) ,antibo i ndi ng ..t cell surface, (2) formation of immune

conpl exes‘,s‘glég?ﬂa(‘é)“aﬁg%g?%@ﬁif’dﬁglfée)te@orrponent of a foreign cell membrane. The

abilitsy to actfnal gabhehodkfepiratiod bOBIGHS exressidoeadieektigt bhpao tHreul ar type

and extent of glycosylation, as g{evi ously descri bped. Howev bj Qdi ng of

the anti bdigh § eattomeexghanggealumn Fog figst ﬁ*@Eﬂ%&ngbpgql‘g%ep s iPSﬁE”E‘E"éje ¥ or

exanpl e r%e&e@§9a§h§ Z:oﬁﬁ'rﬂ: 2 3o110BRE Cldrl AL @bV G S &P EY aPfiRepGabon N the
£y r ystem g

pl ant cel according to the present invention I's shown to
have greagehasdel colutin {MiaciobRrep rtiiglySn sappodrt; BiboiRudl) t ¢ppiilématedein 2B st rongl y

h | 9d i bod d d j ' |1s. Al i I
ant 1 body ST Ay DptEb ot dEuHon BhitE 8t e Rrrpren i 6 DR Eh: Tt

whi chy sy, el B ﬁiﬂgsl'M NP NShdRhE Lo BE dBESS it fur Weke Phabh M@k |
culture system Plant cells can be cultivated in vitro as clunps of

de- di f f er mdbiciag SDSPAGE and swhlydedrbyliwestera bletsgnalysis. aFigues OAsHIBN3 ons,

usi ng current ' Good. Laboratory Practice’ ) e NSy turing
Practi ce' St@'&‘iﬁ%}’“"(%@eﬁ eﬁf{fﬁ%éﬁ%‘:&ﬁ%e’%ﬁ%ﬁ (l(’oglgng'e ﬁ]@gfﬁrﬁggs, t h%ﬁc%u tivation
of plant gl hs, hid srebmidpyabats cHRKREVISY. Feactind nufibeselrt mdivaeedgEiparabBy nor e
robust . than animal cell cultures. Inportantly, plant cells Ssthe :
endogenoushavenfisactioas egllectechduriae therpp, whigh WFER%‘PI?“H%&’BHF‘E%‘% g@g%ﬁr@% for the
correct assenbl { ol di OfSI el dafRiOfAl PIbGPWhhaihs -

I niti % pfY éﬁaﬂyf&?'i/dg%%?ﬁ%@tc?@%o% g)zeléls?errrg?)g tez';sdatg}r%:aS ;?astk{}g?rﬂﬁ observed in
manmal i an weys dewsted abitth antg IF@ affiterdgn Tl pasteinblad apd sftaw dhirewi (fhinatehe

term nal sugar residues of reconbi pant protein 45). (18).. .The basic
bi osynt he#idicated Numbers femesgat o %ﬂb@@tﬁﬂgﬁ%@ﬁaﬁék‘é caé?d;cans is highly
conserved amongygl ly e&EﬁM@é Sratibf LMY Slppdtsing cBhexuaa af Micfd Prepnt
si gnal pepti des, anc?t us different intracellular trafficki n? can _al ter
qQ

gl ycosyl aHiginSpatioreexvhazgectolurpn.oVke firsbstep in kgbid murifipationiwas Bg rmeg bYonpar ed

to other expression systens e e.g. . es of
the NV nﬁg’%nﬁtﬁﬁé}? éﬁ\“ﬁe I?&(Jt%ﬁ%wst: h%aﬂ%%%’gg%g?\%gq%@eg r?glhgrrgﬁ%@g%a >

anti body @uhahod ol Udetré-Prépk AHOS NuBprObBIGRa®) @qiliblapidai | BadYiGuy' s
13) were identrfied and conpared to those found in the coLres ndi ng 1 g4

of *muri ne sodiugi eitraedhuifenebh> & Fluiesxfithe fefrt avas psripaped with squilipsatipnyyy

f Egi zur?It) elt,bl?lngP -8 giiélpn%dy 11 Nat1 IraBidhs oAb HEQ SUHiAL B A WBre"RMSEh nblavever,

reducing SDS-PAGE and analyzed by western blot analysis. Figure 7A shows a

25  standard run of cell extract on cation exchange column. Blue represents absorbance at
280 nm, and red represents salt gradient. Fraction numbers are indicated. Figure 7B.
Fractions collected during the run were run on non-reducing SDS-PAGE and
transferred to nitrocellulose for western blot analysis. Assembled IgG4 chains were
detected with anti FC antibodies. Total protein load and flow threw (FT1,FT2) are

30 iﬁdicated. Numbers represent elution fractions and standard [gG4 is indicated.

FIGS. 8a-b and 9a-b represent a typical run on protein A of IgG1 (Fig. 8A)
| ~and IgG4 (Fig. 9A), along with western blot analysis of selected fractions (Fig. 8B

and Fig. 9B).
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13 glycofornms is higher in the plant than in the mammal i an expression
system Despite the high structural diversity of the plantibody N-glycans,
gl ycosyl avoamcaapmars to be sufficient for the producti eoraf20esembidl e and
biologically active 1gGin the plant system Since plant glycoproteins

di splay different glycosylation patterns to those exhi bit y. mral i an

gl ycopr ot ei ns, Figwes B@)‘Peﬁhﬂ”éllggﬂ @H@%n%l%ré‘ﬁ?oqsefgﬁ‘ﬁb' HIoRt exgﬁ%g%oeéﬁrﬁg%n to

i nduce undesirable p €A ' SPRADKESThE sEBSHELEpWES 15GY epirifyation. wAnal yses
showed u%gé%%%?a%fe i evel s %? ant i body Sdi rect eg agalgnstpbot h the protein
and the geyfonnedant Podteinhe pihaothatograplnhi avduman aast ifdlbas: TEGEs ORBENNE s have a

direct relevance for the application of plant, reconii r : NS, as

t her apeutflf%?ua@‘?agrf’g‘ 8?*5"\/%5?‘??@scqqu‘ﬁgﬁ§°P% ) an @e%nﬁ]%%gdp%ﬁlﬂo%ugh
plants gly Ra?bféeaéoﬁuﬂmmgmw. H@iohSofake I Wa peefirmp Slitkic daffet &t érdposi ti on
of fully processed conplex g{iant gl ycans differ from mannal idan | { nked

gl ycans. hetivins gblestersdutingribe runavese tyeon BomadyringSHS-BALE 4 a0aYdte or

gal act ose_resi due Q n. i i gral i ¥é 0se or
Pricose.r d81 AECH) PIE APk AgsTEnEF shEhySmARe rll bRTPACRNE A Stpfatt

(Jenki ns @flurdh. Figdté SRAFwiction aillectod 9dba® 8k r(d 986) runCricopediangiBSFaye in

transgeni c plants . 99- 114 n, and Pen, J., eds. W/ ns, NY.
1996; RUS%EIE mbtr%{)ﬁfwedﬁs’pmtwé%o% Wﬁ%‘ﬁﬁbl%PO‘ (@raysy- Aé?)ee‘%bﬁ ‘?%&Fy,
pl ant g cogptlSEead 'ehiﬁe ath éﬂﬁtﬁ? éﬁt%ohieekﬁﬁaw!l)@mbad anddiehteaNdmBerk i nked

I C

f ucosyl - resi dues are not found in mamals. Conversely they do not

conpri se fepesitlehitiof-fraetonkresl sinidedd Ig6d ipindisated. i n marmal s. Thus, the

present inventjon teaches nti bodi es r ef I f L:spt ype
ﬂ/@% s%?fatétsﬁ%‘ﬁolgg}t%t ¢Quiainipg ﬁ%cglé)nﬁ%&g ();(atf%)nI E)Q:t%axgﬁgeeélu'tlﬁ !

with a plant g erein’a plan f'ycosyl ation

pattern C&{&fdt&ﬁ%nai’rdt&ﬂsk QEphalRb.a The 2sdcbndk estep< ih ORY34 @urifitatiomastasone
al pha 1-3 't nked fucosyl -residue. The glycosyl ati on pat ig(é‘? may .al so partly

conpri se petforned by yRwotain adi ehropatogeaphy - celugin  ag follewss Qe aci d

residuyes. .lt.wll be regi t . Shal ' j FONi red for
phar rrgfokfrﬁ‘étf‘iné R ﬁgg&@g%gig%aﬁl e“?{r\e?b?(\yllg&%g?fs-éﬁ %‘ltg&lg)f?f ?E)gmgssoci at ed
pol ypept i gghifbst kelubiMESigme) iBditiont of fiaugG4tvres perfsmad witlyeitrid bwffer at
contenpl ates for exanple, the use of various strategies E aﬂgégsasn t he

i ssue of PHUhknFraetions wollestedydyrang the syn WRES HYAR ‘b%"a‘&g‘é“tlgg @rsrf 224 in

plants Soa}lilﬁiaetdlt v@e@{eh{’%{ a‘ﬁé@%ﬁ?h EHAT g § QURHLESRINB0P PEdtein A

pl ant gl ycosy n pattern and-"a part human glycosyl ation pattern
(descri begephardse rgtumm effigira b Vi pctioris poesed dunhg tpannaweicoddi snks been

described in mlk _of nsgeni ¢ goats and | h L line
NSO (38, aggducis, SDPAGERS aisrBRl do Jifiordhulgld B8 FECRIB AT 1 1Y (g
TGrbet a2 %&Qeega@& rlgd}it 288nt heraiit @D Withemat Fo ansbddiet Tofal pfeiatlad isand has
been suggested in therapy of fibrotic diseases nedi ated by TGrbeat 2.

However , tindicaéd: Momyhens tepresenttetusion fesctipnspnd;siandanddatid dyindiralg8o cel | s
- FIGS. 10a-b and 11a-b show Western blot and Coomassie staining of the

purified IgG1 and IgG4 proteihs, respectively.
25 Figure 10 shows Western blot and coomassie stain of purified IgG1. Purified
* Protalix-IgG1 and commercial (standard) IgG1 were run on non-reducing SDS-PAGE
and analyzed by Westem blot (A) with anti FC antibodies and Coomassie stain (B).
Figure 10A shows IgG1 standard 50ng (1), Protalix IgG1 diluted 1:5 (2). Figure 10B
- shows IgG1 standard: 1mg (1), 0.5mg (2), MW markers (3), Protalix IGgl (4-7). Size

30 of MW markers are indicated

Figure 11 shows a Western blot and coomassie stain of purified IgG4. Purified
Protalix-IgG4 and commeréial (standard) IgG4 were run on non-reducing SDS-PAGE
and analyzed by western blot (A) with anti FC antibodies and Coomassie stain (B).

Figure 11A shows IgG4 standard 100ng (1), 50ng (2), 25ng (3), Protalix IgG4 diluted
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differs fromthat in humans. For exanple, the glycoside structure includes
an additional gal actose al pha(l-3) structure that represents an inmunogenic
epi t ope .wot2odc4emlti mat ed that 1% of circul ating | gG i spatapmosbile7sant i body
directed against this epitope. Infusion of reconbinant anti body bearing
that epit opg (#ouFigutehiietlves Ig€Hdstamdardrel the ( R0ISeE (), I0Lng GopiExes and

Kk tem.c inf oLy r nse (49) (50). D sclosed and descri bed,
:O'[ o;/g ?osﬁgg@wd%?téﬂﬁkﬁ%té'%ﬁf)gﬁ/ﬁ_&\}%l‘i(’réﬁzq igdigated, | mted to the particular
exanpl es, proceggsstieAsandaiB RR6W!d &ift iﬁ'%r&%ﬁg iﬂ%@i{t};g oggglw&ﬁu%«@&ess

steps and materials matc}’fﬂ vary sonmewhat. It Is also to erstood that the
t er mi nol ogyithuBeadalixés E(H, IgGhsnd GueeTechis 1gGi psietentimdd seith BAQS qratysiscul ar

present. 1 TRt pei RProPbe SRR bR sy ore tppidead] E et Bffea ' "°

equi val entamtibbdy #0mghial. Bownd @niisody Wayddiddid st BieaRildied A h@had BQ™s used

t hroughout the application. Throughout this specification and the clains
whi ch f ol 1384bodin [feltawadn By clfrcaningsted Streptavidine plabeledt mﬁsmp@ ﬂzﬁdnp‘ri sg" ,
and vari atJ SMC " rj " " ok S1 g o W e, undgrstood to
inply the dloﬁg lus%dbﬁAg? aartﬁ tatdefz;%ﬁ?\fg %glgg vgﬁpg&fggéngrgn%?o\gﬁ% (cs)$e lleg?% ers or

st eps but Medn flinecermdeudisamplet analyzedt her i nteger or step or group of
integers or steps. It nmust be noted that, as used in this specification and
t he appended clains, the singular forns "a", "an" and "the" include plural
referents unless the content clearly dictates otherwi se. The foll ow ng

exanpl es are representative of techni ques enployed by the inventors in
carryi ng dAETAHAH DESGRIPREON QIS BREFERRER EMBODIMENGS d be appreci at ed

t hat whi | e t hese~t echni gues. are. e lary o r.eferred enbodi nents for the
practice of thgn}erﬁgsr?fll ger,emf%?e&gaf”Pysg%"%/ I"mﬁE Hpeflf?éi f;[QF tp_,m‘f“ﬁmlgi oé)‘f’s {he
present digaiteslreluil | The preogitiideentibatalsoUsRbAPassBP tel drgidbdied prodlede nade
wi t hout. departing fromthe spirit and intended scope of the invention.

Exanplle 1 aofgdingt tootheotysism And imehgd ithereafe(vahs thenexseptiore ofrthe dhureteelvent i on

Thi s Ex i he ks N Ll rati.v tibody ip the
sylstS em :%ﬁg?ﬁgg{ﬂé&[ﬁéﬁ%&é@%&ﬁ%&%ﬂ}@ﬁ%}?féﬁ%ﬂﬁdéyﬁéﬂv;ﬁ}eélnt‘gr ﬁ%t%"%gos%s %gnt hetic
genes Recadlibstration ofithepmesegiGnsagioaambitsbese praetied) wad withot £ayriatkadbn and are
shown with regard to Figure 1. Vechors erned pd KD21Q and pGAKD1 10

cont ai n bgﬂf‘ &awgé%r*fw adalsohet § _V.ecﬁS?@tkEﬁ? codes for heavy
chain-g | and magkdingtd L8RS 1o BRAYCHHIRIOR tbdcREBuhid 34 e fdvenfdrd 9€N€S

contai ned introns. _
20 have found that the antibodies according to the present invention have higher binding

efficiency as compared to antibodies produced in mammalian cell culture.

Furthermore, the inventors were also able to produce a stable and highly functional

IgG4 type antibody, which had not been previously demonstrated in plant cell culture.

Indeed, expression of IgG4 has never been demonstrated in plant cell culture (or any
25  type of plant cells).

' Without wishing to be limited by a single hypothesis, it is possible that the
greater binding affinity of antibodies produced according to the present invention, as
opposed to those produced in mammalian cell culture, may be related to differential

“glycosylation. Antibodies have at least two important biological functions that are

30 differently affected b/y the glycosylation pattern of the antibodies themselves.

' - Antibodies need to be able to bind an antigen, on the one hand, but also need to be
able to activate the effector ligands in order to activate the immune system.

An operative antibody activates the immune system as follows. Once the

-antibody has bound to its antigen, the antibody recruits the immune system and
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Usi ng dat abases and nol ecul ar bi ol ogy prograns that are publically
avai l abl e, the coding regions of the heavy and |light chains and the splice
sites of wbeoentsdisady genes were mapped. Prediction of eplricmosidies was
performed by using the Net Gene2 program found at:

www. cbs. dt u. dk/ servi ces/ Net Gene2/, (see al so the follow hg eE rences: S.M
Hebsgaar ddestroys thrgarastieatunpg theagtigen(fonexamplgamakisrant celp. Té&‘) gé?g‘S‘.‘ Br unak:
Splice si redicti g i i i B’c\:“}nﬁ% (oY p aTIAY al and
gl obal se%ﬁ%lgcag’ﬂlbﬁ}lo?%a%ﬁ%#@?ggg,g&kﬁc&@ﬁ%tg@é%s. , %&3 3{96?rl 3?1%12?&& unak,
S., Engel &se idcruifimentanfomatmoptsgn cells,: B Anddil ctlls mmafbobigsmtson®itixa®@other and

Acceptor Sites fromthe DNA Seguence, 1991 J M. Biql, 220:.49-65). This
was requi ?‘é’élﬁFWe'btrsdétFmt 8"%’6‘& _e%lp%ﬁflﬁg‘?‘}né lﬁé{ﬁ%b%"gh?}lﬁ?g Mt %eﬁg of hat
woul d §Oq§1efiﬁhllﬁlg§ys§é}ff?0ﬁ‘£€ NPvACH hE SIMBRERNASystdAE 4 b @oublWadletant i body
am no aci d sequence, since the human introns might be incorrectly

r ecogni zedf fespgisentliis pfmplemert $yisieinngonsints pf thires separatf agtbv@soNiHEEer et ech

th i gj,nat f. t.ne h b th
L anst at ot qef g CndBE A7 820 sffthcsy O homb i JAMRE Blibls BTN, .

modi fi ed tQbéhdrale r@giponéiti 6N asfor€ign artsmagmbreesThd1ability gbtactinaterther e wi t h
hi gh | evel expression, w thout nodi f%i ng the protein sequence.  The codon

usage per effecieinligands dp ablscted byg thenpatigulen s ardh getepaphgaycgsylation, as

(www. kazu I /) . Usually, the frequency of the codon usage
reflects ?%’é'%%%lg%gér?\g%&of their cognate tRNAs. Therefore, when the codon

usage of your Hawgedr, psindiagnofli thé eatiteidgnid ithandrdtige r smnbheaffeetedadpy codon
usage of the expression host, 1his could cause,proble durin Xpr essi on.
The f ol | o8R8 G foy _é’XB‘F‘P{?nr%?fGB‘iﬁﬁt%fé’&a %ﬂoﬁﬁweﬂ@éﬁm&@o@zgw ity
(by sl ow g&aﬁ@&mntm@g%hﬁ%élfmlm’}e By &R b Rdih @ tdkiapre @it fvehfi@dN &CdhbRhi On

IC

and/ or translation, _ eads to a variety of truncated protein products
* Franeshid have grehtet affinityafiod the sntigeorgngr ot bind he entigen| merengtrangly thegi ni ne) .

onser vea TR pEOBHS lpil; i Bt Etq BE%: Ao cRPRBRRERRRaY 021 o

at all, espeGiadly prddic&inaesa foh@iohal axsnglo ddrke 4¢@4 Bublypat whichtwe Bot- end of
the nRNA or in clusters. This causes expression |evels to be | ow, and
t r uncat edPisvistuslyflepronsiated tosdhepasgibledn aphant eglbpelide dYyihel s can be i nproved

by replacing c ; L ds ey BRI EssRE GREIGAL genes
wth nore favo?gaglpgel?%]‘?%lqﬁéegwl&@&géélc]i in g?ircr ot Sg(g: ?,esjgl)f(iodons thI’OL(I)ghOU'[ t he
whol e gensolidResdiai(cdllus)) osiat esll vespensioris; oslog edrrére ' Goed daborafore Practiee’

Foegges 0 O MSSATHERY EOTMTTALP Lompdta G¥hlald
cell cultures, the cultivation of plant cells is relatively inexpensive and the cells are
generally more robust than animal cell cultures. Importantly, plant cells possess the
endogenous membrane system and auxiliary protein machinery required for the
correct assembly, folding and possible secretion of immunoglobulins. Initial protein

25  glycosylation closely matches the pattern observed in mammalian systems, although
differences have been observed within the terminal sugar residues of recombinant
proteins (45) (18). '

The basic biosynthesis pathway of high-mannose and complex N-linked

A, glycans is highly conserved among all eukaryotes including plants. The use of

| 30 different signal peptides, and thus different intraceliular trafﬁcking can alter

_glycosylation patterns and improve protein activity and stability compared to other
expression systéms (see e.g., WO2004/O96978).

The structures of the N-linked glycans attached to the heavy chains of the

monoclonal antibody Guy's 13 produced in transgenic tobacco plants (plantibody
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to Figure 2. Different nodifications of the sequences were perforned to
permt the reconbinant anti body to be targeted to different organelles in
t he pl antwoebdsmgoisn order to examnmi ne where naxi mal expr essiinrosemerss and
alternative glycosylation patterns may be achieved (33-36). For this

purpose additional cqonstructs were prepare in. which restr.icti ites
were int rguuE &e) Wﬁ@t‘g . ‘th’f‘LFi @ﬁéoglé’a[fﬁﬁeg oség‘ﬂV‘?fg“‘fV\%F wqgwgp?@gﬁ%‘gpﬁit i ve
human si %ﬁin@%ﬂ?lrﬂ@%! Boft Seplyt&ylRihagRs Ib&u& dhahe PRy dEaitidfhtha

sequence for a plant Signal peptide. In order to target the antibodies to
the ER tplentitody Guytioh aresNradyrosddted aisfinoiduse.dilewevesi tha nwmber oheuEr

retention signal. Targeting.tg t vacuol e was achieve ] ating a
sequence p(s)@g'ﬁ@ Y8y ?%helgb%{cﬁloﬁlaer It;Ilgn(}tr ?Tarrllgmsfhﬁn&a“@%%ﬁ%pf%ggﬂ?%&%g{ 13)
bef ore t hpes&te Pthe OHigR . stilteurslodB/ersityt 6f W laNibbie N pbdahy Jlhersyiatibiybai d
GrbH (U m rmany). Plasm d vectors CE-K - WAS constru,cth fro @lﬂasm d CE
obt ai ned #npsarspe & suficient fory thp prodyciipmeka spyblemnd Dialggically NG J&HIRr 22,

(1994)]. Pl i d.. s di i ' : ' iV, s made
biunt » enclos HA g S Paf pARFpCoptblothsiglay (fercrt ey IR ACERR 28 o
was di gesthese witibitddstiyl mamehaliag glyedproteiss, Diddpdteraighefthesoplamtgedombingng ER
targeting sjgnal fromthe pasic¢c endochitinase gene r abi dopsj.s

L hal | ana) PHAAARAGT ARRSP MPAPTOSTer FFERT CRPR TSR puas nvestigated.

ATTAT(ET hdGed GAdtd Fab0levdid of aftibdFRiRBela @%&iﬁﬂ bottome lprdtBiland37)
digested wth Smal and Pstl. pGREENII - obtained fromDr. P. Mil]|ineaux

(38). Expthesgliyom fpasnef the pBREERcambinanst antibiody.c dheseordsalis hpve e dizert

thesiyom fg | . o35
oroga. ¢ afurarofs RRaiseben O Bl npheR Mt R ReaRRARER LT

sequence {iQMeAH Phagaisqa7ydm t unef aci ens. Construction of expression plasmd
The synthetic ggnes were digested wth endonucl eases EcoRl and Sail, beside
gene 11 |ight AsamentEmednalthopgk Rlpgfe stlyepsilats hrrgmr PSR e comect

recogpitiQn. c | | ' y | C n T codi ng
For - nbbyy PGS S ElcRIntRiEh, 4 R Dbyl EOMBek ol B kans 0GR, D0 he
expr essi omaaassaht ¥-1thkgd i wdnsi tHarffcgiRtanantd Bati haveTthe tgemies! siald acidf or

light chains were ligated jnto an inter.nedi ate vegtaqr carrying the
expr essi offSEHE 98 ealacEsRredidyeS FWINQR {ThargRElY SIS aggiq%.en Sff%gt%%p’fyég%el Bn
cassette Wdbe fiRius ¥thelihkade! tHittis GoAAIIYRHEFOVAS itf Haniidls Bletkiasl ef slom t he
internmedi ate vector and ligated into the binary vector carrying the

cor r espond# MNptireBiytech 875981 i MM gChtispepisraad Fayprie fransgenicadens PPFYure 3).
Ky ESLSEREE o SR ST, BB S P po
expr essi oMieRBHERS ingnindl. (1999). iSpekifigallye plantsTedthgrisk siditional Bas 1thknldid f er ent
constructs and their desj gnati on. Est:abl_i shment of carrot callus arld cell
suspensi opyloaylt @ndalpha 1-3 linked fucosyl-residues which are not found in mammals.
' Conversely they do not comprise fucosyl-1-6-residues which are present in mammals.
. Thus, the present invention teaches of antibodies, preferably of the IgG4 isotype with
25  aplant glycosylation pattern. 4
As used herein a plant glycosylation pattern comprises at least one beta 1-2
linked xylosyl or at least one alpha 1-3 linked fucosyl-residue. The glycosylation
paftem may also partly comprisé a human glycosylation pattern - e.g., galactose or
sialic acid residues.
30 It will be appreciated that sialic acid residues are required for pharmacokinetic
reasons extending the in-vivo half-life of the associated polypeptide in the human '
‘recipient. Thus, the present invention contemplates for example, the use of various

strategies to address the issue of "humanization” of glycans of antibody products

synthesized in plants so that the antibody product preferably comprises a part plant
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Est abl i shnent of carrot callus and cell suspension cultures was perforned
as described previously by Torres K. C. (Tissue culture techniques for
horti cul awvocoesao7ep. p. | | | , 169 ). Transformati on of pcanLmbsembis and
isolation of transfornmed cells. Transformation of carrot cells was
preformed using Agrobacterium tunefaciens transformation by an adaptation
of a net halydszlehonedttpmenidoagiagt haean hBpsyl@adn attgrovidessriped lin dength medi a
wer e used ﬁehg'oéh%bg)Ut the process instead of calli. Incubation and growth
times were édﬁp ed"for transformation of cells in liquid culture. Briefly,

Agrobact eri a wepréssnsdfdpGedntibdbdied ig treRidebiribed i &lilk ofStydisgenidyoats
el ectroporation, and then sel ected usi arononyci ne anti biotic.

. , ng 30 ng/
Carrot celdnd indhemopsgawelopmaccel ling I)i@@&%&é?bﬁlﬁl Eﬁgb%té LERIEIRY B0 ny/ m
of par@no i McIRe} ¥ i el i ; e : d
car ot Soel S0 FEER 1RUPAIIRY 18 TAFRHaS o b ral 6] B ALl RUAPHIR O | gt
14 days f oI'GBvdtaly dodahss deemtsuggestedein shdrapymof Uiiirotie disensespiadietdoby sol i d

media at dilutia f 3% packed ce|l. volunme for the forpation cal,li from
i ndi vi dual TGt r‘go%?ve&eﬁﬁesgelng‘él‘?“ioﬂ ey f PEAFIS FRAERb 4" 1550 Gl 1 _

di aneter, JiffersCBbirS tRr i RORBAE NFFedxdnipleX KA GlycB8idd Wifuefuranfelhitd hesul ting
protein extracts were separated on SDS-PACGE and transferred to

ni t rocel | iddgnakegabacsore alphabloApstactire that edpiresenis an immaBogdnig epitopArtris ham

Life i ence). terp blot for. d tion aof.-heavyy and.light_ chaj was
ot ef orifea oisatel 1R & Sishitint GhO7) A orstindoibaBp il agiiRt Mis)

ant i bodi esepitopéMBifasiah oMadon{bhi@iantitoliyheading tHak gfrfope Sh@ila tHAS3E) lead

anti bodi es were used as_ standard. Calli_ expressing significant |evels of

1 g3 or | qedhefrrmatipn abidamang compleseeandeproy ke mStHHE iHlamm PE 15ERANSE f or
scal e up, @gféﬁzn purification and anal ysis. Upscale culture growth in
Protalix's reactors An individual callus, 1-2 cmin dianeter, of

geneti cal | y nodDisclestdcandrdescribed) # isstofreamgenstpotl gliat tids idvgtiomasioplimitedl ont o

e e SRR S DL OB b B S0 0
(Sigma) 0. 5aBdsk skp9hhd mdRigehiRy vadPSbthewhdalt is aRE 18 beMMidbrsiod thht(thk 9ma) .

The cal lus were subcultured every Z-3 weeks, and grown at 250C. Suspension
cel | cul t uesminalgpneghhesdinhy u thet purporg affdesaribangspastiender embddiments VSD

l'iquid nmediym The suspension.cel.ls were cultivated in 250ni..Er| yer
1 ask. (wortignd 851 AUERERT B0 iAghing sHEC Thecitobt KPS ytdhof PREUST WA IR s
added to S@wlted adly B9Qke ¥ppehdahdkinizgind RgeidalehtsikfledtPM Subsequently, cells
were sub-cultured every 7 days in fresh nmedia. ]noculumof the small

bi o-r &dct or (109!lopang ais ng neem Llinviting ndesctmiionef &wms; ned Byoughent it of
400m of Séﬁﬂggfd'non cells derived from

Throughout this specification and the claims which follow, unless the context

requires otherwise, the word “comprise”, and variations such as “comprises” and

25  “comprising”, will be understood to imply the inclusion of a stated integer or step or
group of integers or steps but not the exclusion of any other integer or step or group of

integers or steps.

It must be noted that, as used in this specification and the appended claims, the
30 singular forms “a”, “an” and “the” include plural referents unless the content clearly

dictates otherwise.

The following examples are representative of techniques employed by the

inventors in carrying out aspects of the present invention. It should be appreciated that
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seven-day cell culture. After a week of cultivation at 25C with | Lpm
airflow, MSD nedium was added up to 10L and the cultivation continued under
t he sane wondiddsorss. After additional seven days of cul cratioosoies | s were
harvest ed and col |l ected by passing the cell nedia through 100 nesh net. The
access nmedi umwas squeezed out and the packed cell c was stor at -70

ke
0C. SDS- Prhite thegeteghmawasgre sipamlay of greferreshembediments o tBE BrashOPh6t ei n
Sanpl s WHUEnRHPRHOAE S in¥HS aROIRSH: %shm@g&%eg@&is&&%fé, ANRGIARRIZE 1) under
reduci ng or non reducing conditions. e gels were elther stained with
Coonmssi entrhereus traidificatorsotant beomadBivithSatf de p@oimgafsen ¢hdCspirit agd inpergied
Bi o- Rad), or t nsfer{.ed to nitrocell ul ose nmenbrane (Schl ei cher and
Schuel |, ﬁ&gggf@ef‘%‘fe"v@%'tern bl ot analysis. After transfer to
nitrocel | ul ose nenbranes, free binding sites on the nitrocellul ose were
saturated at 4 C over-night with bl ocking buffer containing 1%dry mlk
(Dairy America), and 0.1% Tween 20 (Sigma Cat P1379) diluted with phosphate
buffer ( 'gglgl edleHaen, catal og nunber 30435). The blots were incubated with
an HPR—c%-mg-g‘!-eﬂ anti body (anti FC (Sigma A-0 170) and/or anti Kappa
(SidgmaA- 7nﬂuctidhlolﬂhho’f)htiﬁbﬂ656®hé Sy & s ol | Erésuﬁﬁmveﬁmh ai n; ng 1% dr% mi |k
and 0. 1% Tween_20 as above, pH 7.5, at 25 C for 1.5 hour. After incubation
with the anti bEBgs,Ef%plswfﬁsgr%r@ev@gﬂwl%? an illyptzativg  antibody dp thgse 10
m nut ' B Y and three times with PBS. The bl ot
stri pgﬁm&%&ggﬁ&%ﬁ@g@&gg@ﬁggg} reagents (Amersham RPN 2209). After
imrersing the blots in the ECL reagents the blots were exposed to X-ray
film FUJI er. RX 18x24 . and devel oped with FUJI- ANATOM X devel oper and
fixer ( FLB%@’)‘F'?')?“B&W‘E?%TU 1 out of 2) The bands featuring proteins that
were boungyfgedid\gereiit i body became visible after this treatnent. Protein
purification The purification procedure was the same for both 1gd and
| g&. For |gG Beedmbiganti manf ke spquearss weleereseinediifionh Guapbash andkgrewet

wei ghi. ce th t.h I ' i-on of the
cel |l stl n 5A°Em\2§’ tp 58;49@20 tﬁl& eerl' (%’fg%r% mé%%??%@%@pﬁgtﬂgzgﬂggwf&g% EDTA,
0. 1M PMSboth Zaaivy amdolighit cchaiti stquencksMpOTRD2 10 hwdbo fiagkesaty echans ytlaadi f i ed by
centrifugation at 1700 for 20min at 40C. The pe]let was discarded and the
super nat aRt4d 18 sivdeniqraesyy wgaleﬂ T4 bxer | HIBuE| ﬁn"ﬁ PN RNINASS WERBS-ane. The
pH of therg ' nt ¥ BB A9mATlaENgEN! T at ed
citric acPE%T‘ﬁa?%?g‘%ﬁﬁggﬁ’zefg%? (gil?g}é%%ﬁﬂggjtustt rr%%t \}v;s?cl ar?f i ’egl by

cent ri f ugeddingragimhsof thecheasyrand tiglati chiaims and gecsplibe sites b viae arfibodi genes

puri f#q:ati on was gerfor med by chromat ography columms as follows: 1250 m of
clarifi edV&&PdR%nere 1 oaded on 135 M strong cation exchange resin

E)'V]?]?r 0- Pl’Hep hi Bfkd&ti%ﬁp(ﬂoﬁﬂlice Biies Ragh) p&idthledbbatusilgi the 206tene ipHdpramt r at e
urrer .
P found at: www.cbs.dtu.dk/services/NetGene2/ (see also the following references:

S.M. Hebsgaard, P.G. Korning, N. Tolstrup, J. Engelbrecht, P. Rouze, S. Brunak:

Splice site prediction in Arabidopsis thaliana DNA by combining local and global

25  sequence information, 1996, Nuc. Acids Res., 24:3439-3452; Brunak, S., Engelbrecht,
J., and Knudsen, S.: Prediction of Human mRNA Donor and Acceptor Sites from the

DNA Sequence, 1991 J. Mol. Biol., 220:49-65). |
This was required in order to prepare a synthetic gene without introns that

would code for the same amino acid sequence as the original human antibody amino

- 30 acid sequence, since the human introns might be incorrectly recognized in plants.

After verifying the protein sequences with Curetech (the originators of the

human antibody), the sequences were reverse translated using the carrot optimal

codon usage. The DNA sequences were modified to avoid restriction sites and
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5.5, packed in a XK colum (2.6x20cm. The colum was integrated with an
AKTA prinme system (Aner sham Pharnaci a Bi ot ech) that allowed nonitoring of

t he conduwbieesiopp76pH and absor bency at 280nm The sanpl ecras2dosedders at

45m /mn, afterwards the colum was washed with equilibration buffer (25mM
sodiumcitrate buffer pH5.5) at flowrate of 45m /mn until UV absorbency
reached t$raupnese thatpmight)ipterfere withi neh g axpeespiens vitheyt WoAHYBEUOFi br ati on
buf f er co&o?gilg%)%glk NaCl . Fractions collected during the run were run on
non-r educi ng M and anal yzed by western blot analysis. Fractions

cont ai ni ng | gGI'inecedquoodagd .pep brgahispo ohre e Sanpl a5 theaGoduh UsagedDatabasde5 wi t h
NaOH. Sanpl e containi.n he | S lied to a, 10 rot ei n, A sepharose

g arafedenly. el BE Frsnhen PIrYe fedan gegirglirers e

col um. :
equi | idr aphpRa Rl §remhbil QEEMICHINAL STRROHRN afiRnME BliorPlisage D yoE idr%éthe w
absorbance reached the baseline. The purified assenbled 1gGwas elfuted with
0. 1M G t r proteib diffezs sighifRant]y fiow the averagmendoonisagenefithe pyessionehgsbdhisd. The

pH of the el ution pool,was adjusted to S.with | i.s..(S.9 - 6066)
pH 8 and SUJ efFUsE Prfé!f&s é‘f‘bgm@r‘%ﬁ%ﬂpﬁz‘f ofe wb‘r“%{\ﬂer%lle%lgng}een{@ ati on
Protei n cefaniefadti ons in cell extracts and fractions were assayed by the

nmet hod of Lowr¥/ Bradford (Bio Rad protein assay Cat. 500-0006) (42), using
a bovi ne serum aPerigdspd §}R§MQWBIIGB§A’ flowing;dopmragsighania- 2153) .

Alterpatively, «C ' ' rm ned
by abor pt fon &t OUG VG rifith, of FHBSERGUT RIG! RS RIPHERA IE RO

280/ 260nmnviirgdty of triviniredl prateinGabluatul t ure Jurkat cells, clone E6-1 (ATCC -
Catal og No. TIB-1'52), weye grown in.RPM nedi ym (,Bi.ol ogi cal. ipdustries O
000701 sup BRI ESeToH R R T DInS 4 &1 IO BB 157 1) 2
L- gl ut am ne ( Bkol,@#i%sH o g}\rﬁﬂ&ﬁ{_{yhﬁﬁsigﬁh@ggt g8wth.| ™ Na- pyruvate (Biol ogi cal

i ndustries 03-042-1B), 1 Hepes (Biol ogi cal industries 03-025- 1Q),

Pen- St rep- Nys @Biagioosfiquericej thd wbserietlepds 0Bexpresion agepften loay er therswilli n

i ncubat or,at 370C wit % COR. .These cells were chosen sinc h

appar tht | 9€89 ﬁ?‘%@%m?[h% ailnf’?pﬁglr?n%fn FHes glhgrr?trlaf:?oc s %ﬁ P ?'nsgmc%lﬂlge gﬁer ace.

Det er m nabf g ARNAG irréldstt@GATHIG 68lisBg expreshivikiziels @ bs 1&Y, dddugieardnt

stai ning and FACS anal ysis. 5xI0 5-1xl10 6 Jurkat cells expressing specific
surface abtdtgjeprqdussgghiorad by the previously described antibodi es) were
centrifuged for 7 mn at 1500 rpm the nedia was renoved and cells were
washed 3 tinmes with 0.5m wash buffer ( PBS with 5%CS and 0. 05% Sodi um

Azi de (Sigma STRAEQZpjessaddievels waattedimprohed by mplacihg podofs duit and rdvelyy at
50nmg/ . After, 45 nmin incubation on ice, cells re washed twi.ce with wash
uf Fef0 pdun in bahboaPHe] Quradeats WAR TS RO ket Pt AT G

anti body (GBAcb@ns (RBA2ABIhedihdiE Behel: 100 in wash buffer, 10OM /sanple for
45 mn

P (®)

Restriction sites were introduced before and after the sequences coding for the
three antibody chains (y1, y4, and «) to facilitate easy cloning, as shown with regard
to Figure 2. Different modifications of the sequences were performed to permit the
25  recombinant antibody to be targeted to different organelles in the plant cells, in order

to examine where maximal expréssion levels and alternative glycosylation patterns
may be achieved (33-36). For this purpose additional constructs were prepared, in
* which restriction sites were- introduced instead of the sequences coding for the
original native human signal peptide, in order to replace the signal peptide with a
30  sequence for a plant signal peptide. In order to target the antibodies to the ER, the stop
codon was removed to facilitate fusion with the ER retention signal. Targeting to the
vacuole was achieved by incorporating a sequence coding for the vacuolar sorting
signal GLLVDTM (seq id no: 13) before the stbp codon.
The constructs were syrithesized by Thermo Hybaid GmbH (Ulm, Germany). |
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on ice. Cells were then washed twice with wash buffer followed by

i ncubation with PE-conjugated Streptavidin (R-Phycoenythrin conjugated
st r ept aviwonposkasieson Cat. 016-1 10-084) diluted 1:100, rc@®intooserpte for 30
mn on ice in the dark. Unl abeled cells and cells stained only with

PE- conj ugated streptavidin were used as control. Thecells were then washed
twice with wash buffer and suspended in Iml wash buffer. FACS anal ysis was
pref ormed on @gﬁ)&g )5 D cki nson FACS- Cal i ber machine with Cell quest

sof t war e. ResufD preSS| on of 1gd and g4 heavy and light chains in
transf ormed ca€CEdf —cWlab sonsitrtubtediffdne plasimid CHaobedihed framgxof. r@pliliTmnited

reconbi napt anti bo rgef ed, . nt iffere or neII o) hi eve
maxi mal BFeérsi?fe&hgﬁggﬁfghgﬁg'“h‘F&@r ﬁ]aﬁ%4ﬂ {’%‘F 58@9 at“f&‘r : For this
pur pos¢ add' ti ?H@Sal?@&l?efsfv@(éhé vs)’é@h?ad@'bﬁﬁﬁ“eﬁ&’ed 1&1 6|i‘ar @Fra%fhéxﬁ'olfﬁNﬁat Ive
human si gnal peptide was replaced by a plant sig Ant i bodi es

wi th the patymetasel.ilhendhgplasmidiwas digestasl with Beif tandmgg&ccgt%a DNgnfragmerdnst r uct

devoi d of t er.m nal tin hat t ts the recombi nant
protei n 1 STREEHHE G PrESineSe R ML o bt eniolfinise pigif REBRICES
transfor rraiahaﬁh]Aer@amACma&T@TbYTmrroﬂaumrcmrmme:hmmmmrﬂ@pr ession
of heavy and | If%lt chai ns was exam ned. Interestingly, screening of cells

t r ansf or nAd MIECCTREGEGGAAITC Genhdd poictd, anchBRIRetention signel KN €5t r uct

havi ngh t h ab i i body signal sequence of both Igd and | g&4
(corrgospogﬁpén{g@talgﬂconét%mg?% Genes 1 and 9, and CGenes 5 and 9 [Seq id no's:

3 and 7, and 1pGREGENII r-eslpaintd \fedny | Dr. vléerﬂlh&auns(BSchmﬂssmnnﬁd)muthbs whi |l e
the ot hers g@lﬁh\f)m ed undet ec Hgl)e Iev | s of G ( at not W|thout

wi shing t 8G Yeglgr (ycontsfIFE Y ey oy megmer BNV may
have been etV Qoses CN?I0§ah@ vlﬁfsylotn%ga tPArRlafbAA éiﬁﬁin&%‘ ddmémbla ard so
degraded). Expression of 1gd@ (Fig 4A) and 1g&4 (Fig 4B) heavy and |ight
chai ns by otépine synthasettcranindtgsiequense fross dgrabacteriumitymetackenswhi ch features a
random screening of calli (about 100 calli were screened for each
construct). Furthernore, it is clear fromFigure 4 that there are different

| evel s of ConsEGNUF eRprekdion pryd and 1i ght chains. Further screening was
done to assess the amount of .assenbl ed IgG expressed and the | evel of

secretion to thbe mudhelin geoes weee digested it &nqiqnusweéa%&@nqi Sakks kesids | i ne
were sel -eg&fedﬁ ‘?{ he G B0 (M eigeéie&’gﬁi IEQOIHU%M hehgt é&gfxﬁmﬁ shows a

West ern bFot analfysi's of anti bo pro pr o uc ve C i nes
accor di ngséquehdes updertiaad ini the eyﬁthaiu geied)eThegereakbding farhehire chammst weﬂe _
screepni ng..(Figure 4) were transf to liquid nediumfor rowth
expandd onlibesed G, (&b BiSirs et Ui ergresian Pt obsehiedon ed

1 9@ or | 9fth PEORILGhd OSalANLS §eh&d 'c@&lnéofogrl@gﬂ&hcﬂﬁﬁﬂ' WE}e igatdl CinkA ah! 9G )

shows that al though some protein was found in the nmedium nore was found in
t he extr aottenhediate véapors(CHK )geareyitgBthe expression cassette and digested with EcoRI

and Sall. The expression cassette with the synthetic light chain gene was cut and
cluted from the intermediate vector and ligated into the binary vector carrying the

25  corresponding heavy chain, forming the final expfession vector (Figure 3).
Kanamycin resistance is conferred by the NPTII gene driven by the nos promoter .
.obtained together with the pGREEN vector (Figure 3). The resulting expression
cassette is shown in Figure 3.

Table 1 summarizes the different constructs and their designation.
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(1gA) shows little to no protein in the medium wth sone in the extracted
fractions. Purification of 1gd@ and Ig&Afromtransforned carrot cells The
puri fi catworo@roascswdure was the same for both 1gd@ and | gGfaLieosbawing
honogeni zation, soluble 1gGs were purified using chromatography techniques,

including cati &xchange nd Protein A affinity colums, as described in
mat eri al — —and-7ZA show the results-of—-atypigal run
of clari )95&“4“"’5* eilt G?U‘P? act—of—|-gEiEchHgal j 3
+ . i

col umm. FERctions—dabilthes ed e inguher SIS ‘i%v("“g.’"ﬁlﬁ‘g&. HER i§cduC| ey
SDS- PAGE SHHiaraty et by —westernbiakcied ol ppoplast i ind

) 3T, ST ey TRt targeted to, 1eyen oplasnjic reficulium 9
Fig. 7B. |_'v_:'12| gG € f

d

.ULH LIJ_LL poot—fron ltar'@te B iheJde B TaTge ¢ cotumm was puni fi ed
Tt 44'19' U T O ERe G Fort (G REGRRM SeqientedP! CAl_TUN ON

on Prot e[k

protein AeOp TUG |-[Jwg+L 8A) and 1 - he agéPlast western Bl ot
anal ysi s[@f; | Sel eCt¢ayu¥acti oNS (| GargefBtoARbnidplsmidfliculdfE ST €7 N_ DI ot _and

Coonassi ggHbai ni Ng | giyathe puri 11 ef dhrg@lel torhdladudle® pr ot ei ns shown in Fi gures
10 and 1 denonsirate that the TgGs produced in plant cells exhibit |several
maj or proteln bands. While the expected size of 1gGs run under non-reducing
conditions on SDS-PAGE is >175kDa, as denobnstrated by the conmerci al
standard Kethtishreat ofgerrotgallus gndsell sespensigmeuléuresl | g3 exhi bits anot her

maj or band at e Da and
SCkDa. These alartTaRRt ohefo SAIL A chFRuBEid NBhes AT Rmt ™2 200
as of Sslegdesdeibéd previniuslyohst TairshKiQ. (Tasshe chitude ttechnbjues fe hitgha:lhlycpropshem S.
Assenbl ed ant | bo% 35 consi st of 2 heavy chains and 2 |light chains, they are
hel d togeP’rPeF ’o ddsul phi de bridges and other protein-protein interactions.
However, in sone cases the bonds can break and formagain resulting in
dlfferent conbi nati ons of heavy-heavy, heavy light or light-1light that have
di fferent Tsamsﬁzrnmmnwﬂcuﬂghmllsmnﬂﬂmidmn oftmisfarmegogllPAGE and western bl ot

anal ysi s. Degra is |les | nce these nds appear ;even in
preparations t qns&n@ fcsl?r? e8f| utcg f "M BF< i?ré[?e '%ﬁo %«% TobGHETIM ar o
speci fo c t@n@@@@mﬂﬂfdrﬂ@noﬂy%ﬂm Qtioh df\d Methed (Héﬁdiﬂﬁdcﬁre\h@.@ly (39)

hal f - nol ecul es iﬂne heavy and one I| ght chain gig anong 1 g4, due to _changes
P

bet ween i Ay el growing rindtq%mdw Were Nﬁ%ﬁhﬁél mtdg@ﬁrqcag)lnstweofrr@blw and

| i ght chi but
there ar e RuoforiioCrb QAR Wi aalbh BRRRBARAR ofiBly il SlGRe! n B

i nt rachai Briefdef e!rgmbmtevtmn wete Itgﬁ];foaneﬂ Ivgj (B4 tlina PGREEN dI Jwectoat systehd dyby

fl uorescent staining and FA Tech's 1gd . I ed agai nst
nenbr anes e]IeF'é?R(Baté‘&g Ianaéﬁ‘?{’eﬁﬁ %Fte‘%ﬁé s-”Qe‘P [érﬁ RATRMPRETIC ra\égé‘f){l%o&l‘ré‘? ggt and
actividy bdiPLRveke CahhsFormidd® vl | igooRbrerdt ARPdeREteli Itking 60 mg/ml of

paromomycine antibiotics in liquid media.

Screening of transformed carrot cells for isolation of calli expressing high levels of
IgGl and IgG4
20 14 days following transformation, cells from culture were plated on solid
| media at dilution of 3% packed cell volume for the formation of calli from individual
clusters of celis. When individual calli reached 1-2 cm in diameter, the cells wefe
homogenized in extraction buffer and the resulting protein extracts were separéted on-
 SDS-PAGE and transferred to nitrocellulose membrane (hybond C nitrocellulose,
25  0.45 micron: Amersham Life Science). Western blot for detection of heavy and light
chains was preformed using anti FC (Sigmé A-0170) and anti Kappa (Sigma A-7164)
antibodies. Commercial higG1 (Sigma 15154) and higG4 (Sigma I4639) antibodies

were used as standard. Calli expressing significant levels of IgGl or IgG4 were
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and 1g4, produced in the cell culture systemaccording to the present
invention, to bind the specific antigen present on Jurkat cells (acute T
cel | | eukwoiza)e/ta070whi ch the original 1gd@ antibody boungcwas20dgb@nrs ned.
Results of FACS anal ysis, presented in Figure 12, show a shift in

fluorescent intensity of cells incubated with Protalix's Igd,.lg® and

Cur eTech' se’ﬂpgesﬁe% aﬂ‘?e%‘ﬁéf@gé‘é gfwtﬁéaﬂlqlul%@ﬁ%c,f@h é‘@leo‘llp,liprr%t?g‘l P@E‘tjécaila'ﬁs

conpar ed té}ldgﬁﬁg,}jﬁph' s 1gd presented in Fig. 12B indicate that the binding
of plant cell expressed 1gd and 1g4 to target is at higher affinity than

manmal i an CHO cel |l expressed 1gd . D scussion: The reconbi nant anti body was
targeted ipto different organelles, gccording to the present invention to
achi eve _rraQﬁ"?ﬁfec %’g‘r’eeg’sﬁ"’d{ﬂg'f gGoeff’éx é%ﬂ"ﬁ‘l’ ¥’native glycosylation patterns.
Interestingly, Agniedvidog @flusel-bent diaheleRBst gnbicallpanstiifiéLe/dt cells
constructs, denpnstrated that the constructs containin e native ER

t h
si gnal of VoressingdeGamy [pgbavasarated patonsuirashige and Slcgﬂg%M{Séﬁgmi damelers of
gquantity. LSyl i el I b id i he. "[Qei It in”
targeting agag?tnéalldgpl{l hgd?e %@‘Bg’ﬁa‘ﬂ %%rﬁ?ﬁgﬁhﬁ%&?lﬁ%adwlﬁch%at;tdhée%%tﬁé%gml iﬁgkt chain
genes. The(Dpobstapi 0.6ty fiflicaadd i (Signga)dd Sigylebiotigl (Mehyfant 30wl padareand on t he
sane protein b i pul ati of intracellular traffic (apd hence the
resul t ant %E%ﬁé% f%asﬂah ey wete spbepltired gyeny 2sd d@eﬁﬁ aﬁgc&r%wmt with
di ffergnt g% cosylation structures that will provide information about the

role of carbohydrate in protein function, and insights into how changes in
car bohydr at e st3uspensien edlf edturpmas erepacdntyosubatiloming ke pamdemtedi callest | on

denonstr at.e . using.the.native human, | eader .pepti de nti bodi es are
accuml at o8 YR, gt affutels THEMphEu TR RS BREd Scp i Cedimargt o €
shown) . Pufiaski(oatiting vefunieRardith 08 and bR PUayy fr&dl hediBhonisddded id | zed
state of the art_extraction and chromatography techni ques which

advant ageotfmly at, 22 Crwidh shakingespsedhal/ ] 20y RBM. Subseguensly) cellssverpseh-eilhsed n t hese
met hodal ogi nger ' Ay f.th ar r ot
nostcal | pED; 2iebs AR fad HEEuRRLOALR SO b Bltor TRE! oBlablif 451 Lo,
whi | e t he M§Gsmedhinhiwed dbvaihdieby aldition of 08mé bl ewspendi@t célBpdedivpdi fiohi cat i on
of ~anti bodi es from I he plant cell proteins, after which the assenbl ed

ant i bodi esSeXEraaY g6t pture it spednofswltiwatign at 2p3C wathsklipm airBoweM$R er ni ned
if the gly, ati.qn t o] h ' j: S i.n.pl cells
is siml arrﬁ?(gxt ;*ago?&?hesé&f) i II/%]E p%@?éﬁfchgﬁg %@ﬁg‘%ﬁﬁlﬁlﬁtgr gg%éﬁngﬁgy%e because
of the st alwnbitiops.aAdtef wdditioaalakeveahdayisosf obltiviorandellbogére shardseedabnd i ty of

pl ant cel l ressed antibodies to bind to their antigen at conparative
Cevel 2o t%%?ﬁ_sg rsl?é(rﬁ?ﬁ?‘f‘%ﬁh"p%‘ful m@ﬂlartggg'ga amestes b BeEs MEHBsYRRL ed
(18,46) . Alqubdtell YuPindHE Ffidk%g Pl 8ile A& orEX R emsed antibody C5-1 for its
antigen was conpared to that of hybridoma expressed anti body C5-1 by

measuring the dissociation constants at equilibrium results were 4.7x|0.
10M and 4'.?5&-9’A~(}19,|\4’Vestem blot analysis and Coomassie blue staining
Protein samples were separated by SDS polyacrylamide gel electrophoresis
25  (41) under reducing or non reducing conditions. The gels were either stained with
Coomassie blue staining solution (Bio Safe Coomassie Cat. 161-0786, Bio-Rad), or
 transferred to nitrocellulose membrane (Schleicher and Schuell, Dassel) for western
blot analysis.
. After transfer to nitrocellulose membranes, free binding sites on the
30  nitrocellulose were saturated at 4 °C over-night with blocking buffer containing 1%
“dry milk (Dairy America), and 0.1% Tween 20 (Sigrha Cat P1379) diluted with
phosphate buffer (Riedel deHaen, catalog number 30435). The blots were incubated
with an HPR-conjugated antibody (anti FC (Sigma A-0170) and/or anti Kappa (Sigma
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respectively. Stability and bl ood cl earance rates were al so conpared and
were found to be simlar for both plant cell and manmal i an cell expressed
ant i body wé@pos/Byreaontrast, the results with the systempemdLroes/buadss
according to the present invention show that surprisingly the binding of

pl ant cell essed | g( nd 1.gG4 antihodies to their antigen gurred
with a hi ﬁ‘ﬁfei)rgaétf 5?@1%93&99;1%@%@8%%2@“%3& GPRawing M’ eromille s Oaea’ o7 ng
of 1gG4 t Pyaed 2@eNabRS, [T 915, st 7R 1t 93, indicating a higher
affinity of this antibody subclass, Expression levels of Ig&4 in this plant

based syst em afdterrincubafigphwith ttheapntibledycthe dvots iwereravashed; threedimes @xpressi on
system (d Thins, of o h t he.uni i 4 1ies of
the. pl ant sty e R BB e Wi B BRI ERF P R 1R bk,

mol ecud esblon spipavtere etained usifie BSLodevelopat reagentd (Amershym FRe200%d Adred able to
recogni ze, their epi e, introduces a new technique that_comhjned with

Prot al i x' ¥MBFSHE tg? i&ﬁs 54 H}Cel:a‘g]f 6??g85tﬁfth"gblf°§( Vet %PPFedatPI)&KP%lSHS:&JiIon of
recombi nagfydi R Mg EIH | at?fadde%aopéd %BfmﬁmNA’femﬁe%ve@ Br SRNRY %Ft?h- scal e.
Thus, the present invention provides a novel, scalea Ipe, cost-effective
product i oX fandatf XRIE Al icwhop2pThe barfdsrfeatedogrprateing thatimeare kovnd ydhe s
produced in.transgenic pla el ]| s in suspension, such as transgenic carrot
cel I s. EXAﬁQLb@dﬁ%‘T%@fTW@F% ISTHEABERSENT | NVENTI ON The reconbi nant
protejgm produced according to the present invention preferably conprises an

ant i body gr oduced by a plant cell culture, which is preferably 1gG4 but
whi ch mayPopleinanaificgtipie | g3 . According to preferred enbodi nents herein,

t he anti body pi or dj te i i 5. ,Sui e for
treatnent of ol SondeRiiedbtind Gk 1 RLFE R A 601 R BATROL B 2

ant i body. putfécatiehhfoezeafcell rcaled commiinimptaboutal ky wetdefphetelsaldsythawedahdes: (a)
provi di ng . ,a reconbi nant biglogically actjve antibody purified from

t r ansf or nig IgPawas qxér@gteegyﬁlggnogmz%tglﬁémt ﬁ?lﬁéf‘fliIcF’étFﬁCWn p&&%fe‘tzpﬁ’é’l an
anti ggg.. ; bt VEBDHTAL b PO j - 4U y the
met ho?of g(ﬁl\%n%lgé nlté%re n (r?raqg be prltc))gé(’:ggrrg\g t he ,@g%M?%Hng? lflhg?ﬁlrl}}\i/)enti on.
Pr ef er abl PTTHhThe hamogaretd wasclarified bpcenteifugatiBy at i20fidg foaA0mirbated’C: or

" manmal i tient" j t .any manmpl for which therapy is desired,
S R R e e T A

pr ef er abl 30K avIWOBmMeMBI86! The pHSGOHed3dIe rich@ft Whsthdfubed iterpH 5ty gt ment ™
al so includes anelioration or alleviation of a pathological condition

and/ or onadditionef congantratedsciiritepeids Tugbidityn gerpuathd afteopli adjostment wasevent i ng

t he s S, I 0. [e odi nent, anti body
i's agﬁ?gegﬁﬂgé‘li ?\%%ﬁ@@%@&l ‘%)Ili&r%g fhr?gs Q@%%Q‘%@ﬁ??gs&egé‘?ﬂe&na%%ﬁ ‘igen than the
equi val ent | gGuphedhiedidation maspatfommiedcBY Ichromatography columns as follows:

1250 ml of clarified extract were loaded on 135 ml strong cation exchange resin
(Macro-Prep high-S support, Bio-Rad) equilibrated in 25mM sodium citrate buffer pH
5.5, packed in a XK column (2.6x20cm). The column was integrated with an AKTA
25 prime system (Amersham Pharmacia Biotech) that allowed monitoring of the
conductivity, pH and absorbency at 280nm. The sample was loaded at 45ml/min,
afterwards the column was washed with equilibration buffer (25mM sodium citrate
buffer pH 5.5) at flow rate of 45ml/min until UV absorbency reached the base line.
Elution of the IgG4 was performed with equilibration buffer containing 1M NaCl.
30  Fractions collected during the run were run on non-reducing SDS-PAGE and analyzed
by western blot analysis. Fractions containing IgG were pooled. pH of pooled samples

was adjusted to 7.5 with NaOH.
Sample containing the IgG was applied to a 10ml protein A sepharose column.

Sample was loaded at 10ml/min followed by washing with equilibration buffer
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culture. Therefore, each dose may optionally be less than the dose of the
anti body that would otherwi se be admnistered in a simlar manner to
achi eve twe wbwmnapeuti c effect. Alternatively, the anti poggLreyoders
adm nistered in a simlar dose to achieve a higher therapeutic effect. The

protein (antrbo ) of thewP e t invention can be used to ?1
phar maceutiofaM SPI?QSB te ‘Ibdgg’ A€o drmy the HNO?IPﬁQFba&g%éE”EC ‘kltﬁ‘he
present ipuemid %etﬂiﬁrfedla%s&myd@g@@aspéi H%ﬁ%n%b&amw bAR3whi ch

i ncl udes, as an active ingredient ther eo?é a protein and a pharmaceuti cal
accept abl mcbﬁaauoes containingddGheereipeoked. T)lhmpﬂwfdlﬁelmmn pwhpas iatjusted to ef ers to

a preparatj.o 0 re of nts descri bed herein,

such as aP ]IFI 23 flhgﬁ‘tﬂﬁr(gogé’il%? 6\?&&1"@& g(}%corrponents such as

tradi t4 onal drugs, physiologically sui tabl e carriers and excipients. The
3

purpose of a pharmaceutical conposition is to facilitate admnistration of
apr ot ei n Detepisinatipn ofifotepratein eancehéatieiteut i cal conpositions of the present

| nvention may Pf téIR“%B@&%AESHs c@floéi&saﬁfisaﬁ’&eh]a %V%eﬂenastséeedahg th€- 9 ’

neans of conventl ona m Xi n ol vi'ng ranu
| evi gat i ng;etlﬁﬂuéiSwaryﬁBradﬁrrda@BwIIadd pg)telﬂrﬁssa@pmangﬁaﬁ)rod()@)mhﬂ, msmgga

processes, In a preferred enbodi the term.' pharma utjcall
accept abl B"Vlﬂ%éﬁ’émhﬁg?‘@%‘éds%‘}ﬂa&l r(gg(}l Spetiqn AgeigyR df-2 I'—‘%l&Fé’i’%{K’eB'P a state

gover mrenéor%?&atehec% HdindgeRodd ﬁote'ﬁh%ﬂ@rs@% Qieféfmﬁkﬁ% aqe&%rlah lay 28gcogni zed

phar nacopei a use 1 n ani mal articularly 1n humans.

Her ei naf t em, 1mganlghd«3 ks Btmytslwﬂscdgtea:midegl byLZiSO/chDmncramr er" and
"pharnmaceutical |y acceptable carrier” are interchangeably used and refer to
an approved carrier or a diluent that does not cause si gnificant irritation

to an or 9afimmuRaFCEReaIyet abrogate the biol ogi cal activity and properties
of the adm nistered conjugate. The term"carrier" refers to a dil uent,

adj uvant, exci pirbsttcellarelonshEAl(ARGH GatalegNenEIR-AaD)aerr BrOWNSInIPMA| stered.
Such Eldk n e C jand
oi ls, Pé]ncfnugr%%h@ﬁlo ol A(Rle 1re g)l%eul%a B S{‘rg}) Enflehf&ejltvgi eé%rlrté@z]?%%? ¢ ori gin,
such as paakstkieoiod, mGM»eali L- glummereadBlabgwalseﬂaﬁBem}B ()andH)heniM ke.

Water is a preferred carrier when the phar ut i cal 0S n
admi ni st ePBPYIRae (Riglagigal mdearrreﬁéBsQﬂ?u&B)oH@mgwega%é%gy%i ‘g‘asfé‘eénd
gl ycer ol 69' 5-'1 SPGRASH &a@x&&safes'daooyz%)arcafsr@erepnghqﬂl arly

for inject ab 1 uti on‘Z‘J 1iugu?t :ab e pharnmaceutical éxcipients 1nclude
starch, ginwb&er; at 31O sweith St GRe, Thyet atiln wemalchosem since fheyuapparhtlyk,

silica gel, sod um st earate er ol rate, talc, sodiumchloride,
dri ed?gkr FRRRETSL e@qgﬂ@g,ogﬁ‘esi,?lggéﬁ@ﬁgn%ﬁi ur aGter, ethanol and the |ike.
The conposition, if desired, can also contai n m nor anmounts of wetting or
enul si fying agents, or pH buf feri ng agents. These conpositions can take the
f or m.of saetnrmwnwdg&wdr{gWMmg enJurkatxelds by flyptaseent stgiysug and

powder s, nyié i ned-.r el ease fornul ati ons and the | i ke. The conposition can
be formul 'égs:upposrtory W th

5x10°-1x10° Jurkat cells expressing specific surface antigen (recognized by

25  the previously described antibodies) were centrifuged for 7 min at 1500 rpm, the
media was removed and cells were washed 3 times with 0.5ml wash buffer ( PBS with
5%FCS and 0.05% Sodium Azide (Sigma S-2002)) and incubated with 0.1 ml of
purified antibody at 50pug/ml. After 45 min incubation on ice, cells were washed twice

with wash buffer. Bound antibody was detected using biotinylated anti human IgG

30 antibody (SBA Cat. 2040-08) diluted 1:100 in wash buffer, 100ul/sample for 45 min
on ice. Cells were then washed twice with wash buffer followed by incubation with
PE-conjugated Streptavidin (R-Phycoenythrin conjugated streptavidin, Jackson Cat.

- 016-110-084) diluted 1:100, 100pl/sample for 30 min on ice in the dark. Unlabeled

cells and cells stained only with PE-conjugated streptavidin were used as control. The
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traditional binders and carriers such as triglycerides. Oal fornulation
can include standard carriers such as pharmaceutical grades of mannitol,

| act ose, wDan@m4oTvAgNESi um st earate, sodi um sacchari ne, pcelL2loss®@p7s
magnesi um car bonate, etc. Exanples of suitable pharmaceutical carriers are
descri bedcdify wERMHEIWANA FRE WREWAICRlrePShE MiGRnBY ifi m b, Such
conpositions wll contain a therapeutically ef ctiVeamount o e
protein, PpA€Seamdbysys wasquefofmed ohoa Beckaget-Déckindoh FACSldlibbt enashimant of
carrier so.as . to provide the formfor proper admnistration to the patient.
The f or muMAi AL SPHEVHE suitabl e for the node of administration. Herein
the term"excipient"” refers to an inert substance added to a pharnaceuti cal
conposition to further facilitate processes and adm nistration of the
activedingredients. Exanples, without linmtation, of excipients include
calciun1c%rbqnate, cal ci um phosphate, various sugars and types of starch,
cel | ul ose™§&Pat i ves, gelatin, vegetable oils and pol yet hyl ene gl ycols.
Further techniques for formnulation and adm nistration of active ingredients

may be found in "Rem ngton's Pharnmaceutical Sciences,” Mack Publishing Co.,
Easton, PExpressiestof dg(iliand I8fd beavwy sandnbightchainsetn ranpsformed corsoteeedlsce as i f

fully set “;‘i&r‘;{ﬁe}}g{g} nﬁlpgﬁg‘{;,?g.naceuti cal conpositions herein described

may al so conprrse suita or gel phase carriers or excipients.
Exanmpl@s of such carriers or excipients include, but are not limted to,

cal ci um carbongt e, cal.ci um phosphate, vari qQus ars, starches, .cellul ose
derivati ves, gg?‘ﬁtrFW“&H’afi%@F‘ygr@%swéﬁéﬁg%fgd ﬁ%y@?fgvpbﬁga@%otps@m%ﬁ abl e
routes of npdihall SdptdbibRNevEY and Alte@XAP bBcolyMilddfatRERl Fof 8k Flurpose

transnucosal , transdermal, intestinal or "parenteral delivery, 'including
i nt r anuscadditipnal gbearugisevers prapdredrin mdmadthe losiginal mjtivethuorae signahpéptides

i ntrathecal , direct int tricular,,int . ddit it ,
|t r anasares sFPIRGEE by Bl SERHAPET oo SRR e T BRI BN e or use
i n ace®r dandplatisbAingegral, emant conSiren IdeOoidIITS tafminab Garf Qingecgh@fde ithat

conventi onal manner us,tmr;g one or nore pharnmaceutically acceptable carriers
conpri si népraste thsirespmbinand pPeaisin forserredon (gpoplest) averq alt pieratsd.ocessi ng of t he

active ingredi j nt -af i i a : I { cally.
proper 1 ormal af iy ing' GRERRANGH o0 \BnBcEll b BBl ARALIRARLC2

For i nj ecekmmnssidrhef vy aad ilight elthimntvas efantihed. ilnteentingln, scagenirgr H0¢alisl ated i n
aqueous sol uti ons, eferaply in physiol ogi cal conpati bl e buffers such as
Hank's soff@Rff ,éwﬁéébe gl?@b%/%fpwucsrdoeawéﬁr%}%&a_& &he soppsiruel vingethe For

t 1 anSHRIC OfahaR HAluAISIBbAP SignRERGLERRL ST BHIR Ig@?%urlgblaecct)&&iﬂaha&gqe- Such
penetrants are génerally known in the art. For oral "adm nistration, the
active i ngomsthiuetstGerearl el BpandoGandsyS and MulSaq ed nolsr duagd Bdmidni Isandaf7i on of

1 o o ek RS S G0 RO b Bt ARG LB O™
levels of IgG (data not shown; without wishing to be limited by a single hypothesis,
the expression levels may have been very low and/or the resultant proteins may be

25 ~ unstable and so degraded). ' _
Expression of IgG1 (Fig 4A) and IgG4 (Fig 4B) heavy and light chains by
Western blot analysis is presented in Figure 4, which features a random screening lof
calli (about 100 calli were screened for each construct).
Furthermore, it is clear from Figuré 4 that there are different levels of
30  expression of the heavy and light chains. Further screening was done to assess the
amount of assembled IgG expressed and the level of secretion to the medium. Of the
various calli tested, one from each line were selected for scale-up growth and protein

* purification.
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active ingredients and/or the cells with pharmaceutically acceptable
carriers well known in the art. Such carriers enable the active ingredients
of the inwenvismnaoicd be fornmulated as tablets, pills, drageasooseEsis es,

| i quids, gels, syrups, slurries, suspensions, and the like, for oral

i ngestion by a _patient. Pharnmacol ogi cal preparations for use can be

g or.al
made using a sBiguEe shovsideWestemnlpianalysis of aphbpdies nrﬁ@icreéé‘ﬁ&‘mfﬂ GHVRt ur e,
and processj t ' r i ' LLiaries
oot r egpll (e s Borlre e Bles i AfieiDn, Subata gy THY LBl BcRUELRC! 5
parti cul a(Eigdrel 4)e vers ucansfesred ugatiguidi medinh nigr | @otvths @nd sexpansien. alini t ol ,

bitol; [ | ul ti , | e, i t h,
eheat st avtser st SErRH A pateomenzd for gsrablen TG hr gl RARHROR ot by
cel | ul 9seqnydriom s eldawing eFigutOsR (1807 sHow S dabaIRupY k6fé brdtase;

and/ or physi ol ogi cal I'y accept abl e pol yners such as pol yvinyl pyrrolidone
(PVP) . | f wdedoynddin thesnedingys andragvasglonnd indle et fractiansh Hgueer 98s- | i nked

pol yvi nyl rtalid agar, . or. ini,c aci.d or _a r8of... h as

Boat um a1 GRTH) Shoviste o RER ot b Bl h RSPl b bRE e " 07 i
pur pose, concentrated sugar solutions may be used which may optionally
contain gumarabic, talc, J)oléyvi nyl pyrrolidone, carbopol gel, polyethylene
gl ycol , t Putificetiaroe/dRGd caand Ig6dfearm dgrisforraed carkat ¢elfst abl e or gani ¢ sol vent's
or_sojgyent M X{HE G ENBR MR whl GRS BRYoRTEBIdeA [hBal Pendwahket s or
dr agee coati ngs Frdentifrcation or to Characterize di fferent

conbi nat i hamogdnizatibn,y eolublyr dgive nverd o pasfiedPhaimga chwniatedraghympadniquens, whi ch
can be used orally, inc]ude -fit capsul es made of gelatin as well as
sof t, seaP@H“@%%%ioése ﬁ’@e(??ﬁég?t&’ﬂ f %ﬁﬂ#%cﬁllugg‘ﬁ 5 Q"éﬁf‘i’aﬁ‘hmﬁ@n\éﬁycer ol
or sorbitghd méedpush-fit capsules may contain the active ingredients in
adm xture with filler such as |actose, binders such as starches, |ubricants
such as tal c oFigwesrfes a7 A tshew shereaylts of agypisalaun wf clarifid proteipextragt sof t

capsul gs, cti i ngredi ent s pbe .di ssgl or n [n. suitable

Tt b oh B8 1Ry, OEHRCBP Buad Fotih lations ol BARE SROEE His e

gl ycol s. krref@dn n-redhcis SD3EP AGRBYd bAalgdetebly wabtern loMataddsispassdear or al

adm ni stration should be in dosages suitable for the chosen route of

adni ni st r # Fign6Bpad Figu®al adninistration, the conpositions nmay take the

form of tablet M0 f I‘fﬁ]ll]l, ki i:%ﬂl?ripn”@&“ hrifi&P"

adm ni strati on%gg Iigg}hgﬁgtgﬁzpr?fpt e 2%%9:1;325'? f\eg%ﬁ{éents or us réfé{cgrogi ng to

t he' pr eseProteinvA riffidity eslemao Riganisehtthd 9depiesent edtyipitat ner dbompnoteih Arofaer osol

spray_.prese ion . fro ressurize ack or nepul i zer with {he use of a

soi ¢ 2B 1oh et B R i35 SAE et S RaRetiot hdkeid SrelsRdnet hane

di chl or ot %E@stl{P{gQQBQﬂ@@ig?QBg.ar bon dioxide. In the case of a pressurized

aerosol, the dosage unit nay be determ ne roviding a valve to deliver
I he dosag [ d i ned by providing I del i

a netered anmpunesteda biatland agsie tstairdne of dfe, pusifted Ig6pd| andi lgGrtaprotgss i n an
i nhal er or, i nsuffl ator,,ma e formul atedco i ning a,powder m x .t he
act e i ngeth e 10 MR s e AR PR RPHRL ol bk

several major protein bands. While the expected size of IgGs run under non-reducing

25  conditions on SDS-PAGE is >175kDa, as demonstrated by the commercial standard
human IgG1 and IgG4, plant cell éxpressed IgG1 exhibits another major band at
150kDa and IgG4 exhibits two additional bands at 150kDa and 50kDa. These
additional bands may be result of dis or mis assembly, as well as of degradation,
Without wishing to be limited by a single hypothesis. N

30 Assembled antibodies consist of 2 heavy chains and 2 light chains, they are
held fogethér’ by disulphide bridges and other protein-protein interactions. However,
in some cases the bonds can break and form again resulting in different combinations
of heavy-heavy, heavy light or light-light that have different sizes and will show
different bands in SDS-PAGE and western blot analysis.
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| actose or starch. The active ingredients described herein may be

formul ated for parenteral adm nistration, e.g., by bolus injection or
cont i nuouwsoi2ndeadmn. Fornul ations for injection may be predemoeo1nTs uni t
dosage form e.g., in anpoules or in nultidose containers with optionally,

an added preservative. The conpositions nmay be suspensions, solutjons or
enul si ons in oPegragationgigdetsslikebh pire these handsedppedingvan in fRISAAAUNS thatagent s

such as SySPARLYYGIwEA ARidh iFbilth AL \IRAT S RARN assBHBIIGRN | cal

conposi tions parenteral adm nistr on i nc e aqueous sol utions of the
active pr Epaleade afrinivivorertchangeodfillgiGehdl HmislecAlid i oriedreal y wnd sos pightséhaimg of t he

active ingredi b repared as appropriate qily injectipn
suspensi 0 9“%3@%£b$‘§yﬁ %ﬁﬁpg‘&twﬁ? \}%tﬁ{éga@rm\fleﬂ‘i“@widﬁéﬁm Eré‘i.l%eﬁ oils
such -as sSeBINThOiHeavPang NghRdhins At hotd %'%aﬁexesy efisulSiad eadet-hydlleal eat e,
triglyceridés or |iposonmes. Aqueous injection susgenm ons may contain

subst anceinterghdin, byt igre ase alsp bonds withint the dfeavh and lighteehsiinsnthemsdyesas sodi um
car boxyrretggﬁlfgcel | ul ose, sorbitol or dextran. Optionally, the suspension

may al so AW suitable stabilizers or agents which increase the

solubility of the active ingredients to allow for the preparation of highly
concentrated solutions. In a preferred enbodi nent, the conposition is

f or nul at e@efermination oS Aeel gnd AeGd hinding (o birkad sells by flugraspent sieduitigiakd
corrpog%,ti m(%dg,glt, for intravenous adm nistration to human bei ngs.

Typi cal | y, pharneceuti cal conpositions for intravenous adm nistration are
sol utions in sCardllech’s dgGbdwas raigerbagrindd nfcdhehrancGdien 8 ¢afl letkemianDredli ent s

are suppl i ei fher separately qr m.xed taogeth in.unit dosage form for
exanpl e, ﬁéijsaa‘l# @e‘lrﬁﬁ?%efi ?azrg‘if ab‘g\f\’ﬂtéY‘tyo‘F Oﬂg? ‘é‘i&lsﬁléee&dlbtﬁé)é ﬁf‘&%‘f‘%esi Iﬁ&é _ -
her met i cabhy 1884 REHECA § RkIREEISHLUrd §ystiin ABRRYING 16 fthe prebidt tilvenfiBh,cdt i ng t he
quantity of active agent. Wiere the conposition is to be adm nistered by

i nfusi on, bind thespaseficianigen peesenti ethJuakati ogtle §acgie boek leukemimdp nitieh Beeri | e

R

o en?e%m stered
St eri I'nj ection ali ne can be

provi ded Fpurddd, shb\e aishift mdilwiéssentdptehsityoieells picubdted with ®Potalies IgG1,0n. The
pharmaceuti cal conpositions of the invention can be fornul ated, as peutral

or salt f &Gk angairekachi el IKheduersptieatn mean fugreserncg b RraBlY s gGsed wit h
ani ons su i» | pyvd : i : i oxali c,
tartaric g{)}lng%?& g%) gﬁrquﬂ}jg%%fs B&?%I??r(ggﬂ\%?t ﬁz%gﬂ%@gﬂgﬁ bgnsd“t?grclgﬁs%&[geri ved
from sodi well pxqiressed [pG1 anhigdidumtarget is iatihgghéreaffinity thad nosordalsan CHO cell

i soprQpyl am ne, ﬁr' t hyl am ne, 2- ethylam no ethanol, histidine, procaine,
etc. e Sélfrie%séd'gé) ‘edi ents of the present invention may al so be formul ated
in rectal conpositions such as suppositories or retention enenmas, using,

e.g., conventional suppository bases such as cocoa butter or other
gl ycer i dediscussiophar maceut i cal conpositions herein described may al so

conmprise suit a%g recombinant antibody was targeted into different organelles according to
the present invention to achieve maximal expression levels and alternative

25 glycosylation patterns. Interestingly, screening of cells transformed with the different
constructs, demonstrated that the constructs containing the native ER signal of both
IgG1 and IgG4 were the most potent constructs in terms of quantity. This implies that
plant cells are able to utilize the “built in” targeting signals that are part of the human
antibody heavy and light chain genes.

30 - The possibility of acquiring different glycosylation patterns on the same
protein by manipulation of intracellular traffic (and hence the resultant glycosylation)
can serve as a tool for producing proteins with different_ glycosylation structures that
will provide information about the role of carbohydrate in protein function, and

insights into how changes in carbohydrate structure affect protein conformation.
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solid of gel phase carriers or excipients. Exanples of such carriers or
exci pients include, but are not limted to, calciumcarbonate, calcium
phosphat evovasdmaumssugars, starches, cellul ose derivati ves/jLgesedinrs and

pol ymers such as pol yethyl ene glycols. The topical route is optionally
performed, and is assisted by a topical carrier. The topical carrier is one
whi ch is gener &h¢ ypresgnt davengpn ¢ dasmensiratss t thote usingr thei BRfVeadHAR slerditi on and
 ncl udes AidE 0 aiFEhd:UrS &AMk id (B BN ag 1B o QRUGEL (P th&iurh S

sel ected as’ to provi de T he conmposi tion in“the d23iTed orm e.g., as a

| i quid or(daenhitghodn) Purifieation aft theantibsdianfrompagare celj ahaterpdwtibred statet nent ,

solvent, ljquid diluent, drops and the |ike, and. be, co i sed,of a
mat eri al Of thei arh&xtrachion 24 |‘§“‘BE%‘8$WR&§ teshnidp Wi’ﬂ‘iq"cig‘hvraf‘té‘gﬁo.r{gh ugegthe
essenty al uniﬁh@@éllla)(/?]ortMlaﬁth&llsﬁés?%&ginQQH th&b rﬁ&ﬁdd‘l@%ieﬁqv%rsélam;ﬂé,f ect the

active agent or other conponents of the topical fornulation, and which is
st abl e wi tinder espaotconditiah$, mented thn carasthosheelt potaimidid oetnbind te 8ie ioBxanpl es

of suitable,topical carriers for use.herein ing¢lude ter, h and

ot her non?’ﬁibiaﬂé)eof ma?O%?ﬁ eﬁ(flgt,mgl"@%@r{hﬁ,ngsn‘iﬁda&ngy\%,&giﬁoﬁ‘l(h:%ﬁ'e?h%etroI eum
jelly, | appdvied fdrahpid pugifidstione0&itiolRs Tidns thdplanbestisprovins afteawtlichhe | i ke,
Preferred formul ati ons herein are col orl ess, odorless Qintnments, . |iquids,

| oti ons, theassamblediangibodies merm Msthespuitfiedasmpratsin - Biepil teihegstermiigdcn are
typicagdly. i ' i pecific
of Pt mi 08 T3BuREA 'S M@ b AN bl LUK i ©F T e
art, is otmattofiahe wiative peateind altheughojit prexsimaidy iiv decauge editbatsqabileliandry, and,
preferably, will provide for other desired characteristics as well, e.g.,
enol | i encé"mlo’ﬂ*}*\@ehw."fﬁ%e th’ﬁg’(‘}f-he_r carriers or vehicles, an ointnent
base shoul d berypefiit S&faﬁiaﬁt cBPNixpFdstt hitgband ROBRANGS ik Hﬁliggeﬁsat
expl ai ned i n Rem ngt OKZ The Science and Practice of Pharmacy, 19th Ed.
(East on, Pempamtiek Rudlsi shthnghComamheddh, cell pepressed 39gibindg4 hag heament

omit <1on (eBe@ AT iy, Alfinif) AR E0ee PERGS] MBre X i R B R o g

for examphgtigenewsy @(ﬂi&ﬁaréﬂ ks that 3F hybld@ha egpressethaaiibe®l €5-1abyl neasirig i d
hydr ocar bons™ obt ai ned from petrol eum Enul sifable oin{nent bases,al so

known as #issdispusiationi ennsiants Yaeralibriamt kst were é-7€5i?101\‘@vé‘f’€r4-@fﬂ(9 |Mcl ude,
for exanbl pe AXANCKYIRA!E 1Rolld Aban@RUIAHS alsBMBhrprcd dl'{»{e%&% dic

pet rol at um on ol ntnen ases are elther water-in-ol enul si ons
or oil -i ntoeé similafdfboenpihmst cel sind arthrhalénud expressedaatipédy, (46t yl  al cohol ,

gl yceryl nonostearate, |lanolin and stearic acid. Preferted water-sol uble

oi nt m%&t bases Bir eontagh, dredgsylisoith drs st é?é"ljﬂif’éloq%o'iﬁlf“%/@\r,\@‘f’ RSB ecul ar
wei ght;  agfeition ?fl@\xf?ﬁ‘ﬁ%ufﬁﬂén@?y fRAGind1 !ﬁrﬂlﬁ}ﬁtc@ﬂ:exg%seﬁclgmcﬁldalgg}f ractice
of Pharmacy for further i1nformdtion. Lo_gl ons are preparations to be applied
to the skiantisodidsetodheir aritigan ofeuretivath a higherafbnity poropdreq ta Igduli expessed

2gent . ar i BHEEEIE TR Bkt TG 16 B Pizca®n Fmesh Bl feClbifege ' @

suspensi oRshigher affinity of this antibody subclass. Expression levels of IgG4 in this plant

25  based system are much higher than those seen in mammalian cell expression system
(data not shown). This further strengthens the unique abilities of the plant cell system.
| Production of recombinant human IgGl and IgG4 molecules in plant cell
suspension, that are properly assembled and able to recognize their epitope, introduces
a new technique that combined with Protalix’s proprietary bioreactor configuration
30  will allow production of recombinant human antibodies of different isotopes on a
commercial scale.
Thﬁs, the present invehtion' provides a novel, scaleable, cost-effective
production and purification process for recombinant human antibodies produced in.

transgenic plant cells in suspension, such as transgenic carrot cells.
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solids, and may conprise a liquid oily emulsion of the oil-in-water type.
Lotions are preferred formul ations herein for treating |arge body areas,
because oWothe/meme of applying a nore fluid conpositiorcTii2ooso@ereral ly
necessary that the insoluble matter in a lotion be finely divided. Lotions
will typically contain suspending agents to produce better dispersions as
wel | as active ingredients useful for localizing and hol ding the active
agent in %@%t h the skin, e.g., nethylcellul ose, sodium
car boxyne ose, or the like. Creans containing the selected active
i ngredi enTRERX’EMEmTme”HHEMSENT INVENTEONI qui d or semisolid
enul sions, either oil - vvater or pr%#gr-l n- ol m bases are

I

wat er - washabl e h%rfﬁc% él?t PEQieid; gt aceprd It§| ?l?erpr%ﬁ‘?at JRVeRgi9Bous

phase.5 Thﬁreﬂ!rﬁbl?G@ﬁﬁrlseﬁlaﬁ%ﬁg&?}lﬁrﬁ'&&&% |ae;?aﬁthféll c'ul'lﬁ[%r Glch iPpREGabI! S
general |y conprised of petrol atumand a“fatty al cohol such as cety

stearyl alg§uhit Wftlﬂemaﬁaemllmﬂi’aé@c*hsual |y, although not necessaril y

exceeds the oil Se .in_V erall h ctant. The
enul sifier in écgorrg e BF?%%C{TE%R?&%g%;}BF%H’ ‘§8 {H'b(% R cealggsoﬁ%rﬁ 5 IS
gener al | ytoathe paésent BvedbinOBisGitakl@ foromdabmerit GIipdiee lvﬂuaursfsasde@fible teel

formul ations are preferred for application to the scalp. As wll be

appr eci at E@Ptﬁ‘?mtm%éu%nlénﬁéo‘hh the fi eI d of topl cal active ingredients
formyagtion, g ase gels
cont ail();’]‘ or ganlgh%an%F@% ecuﬁlll tri ute s?yag(%(rﬁggﬁ@ %??W%(ﬁr;?gg

t hr oughoutecoiabinaar biokogidallgactlye umbﬂdyl pnrtfyepl fmih Itganaﬁqueedl planb uwiot akHy,

r ef er abl con |n an..al cohol and, optionally, an_.oil V ri,.,ous. a d|t|ves
Ponn to. HithSabail of STgim gy durgfie AR an@ary Y ipaBptoried RUSpARTERL e

formul ati %8m9fnahh§ntilﬁ&? RiséP By tf@heﬁ?&ﬁ"ﬁf' tBe iMRMEN ik gr&ypﬂaaudéaq@ e
solubilize certain active ingredi ents substances. er optional” additives

i ncl ude sk@smCﬁéoﬁ@aum\@n@ﬂmd’m@fem@ly,dpabbstlcelrlssa@mtqtccikl dants, gelling
agent t hi ckegi n | i zer.s nd t he. topi c

compol ti one obvt ungralEr bRl etn FEhtmal R L R S
usi ng conwafthi eieadpydey ra{aélretdynﬁclnalhghmna{ BoVihg| equinsheintne) dnlde felfiei ve
i ngredi ents conposition is contained within a | am nated structure, that
serves asSubiestygnasepiefesaly cidwymean ubiask affi xed to the skin. In such a

structure, t heltgﬁlto}lfﬂebé NGERding Hﬁa QI%pQ%aFﬂa&R” 'a?s?h leafu%'eg' eclﬁlehgraﬁoh gyer., or

"reservoir" yi ng an upper ayer am nated structure may
contain aalﬂaevmgioe crfespa‘th(dbgl,caloa:ondttlammndﬁmrmlalm marktsypippomethereofii cusingl N one

enbod] the reservoir canprises a I ric.atrix of a
pharn% eu?‘f‘%‘é‘l ‘l“?dﬁ’é’&?e‘ﬁft%{ﬁ'feé‘t‘ggmeaﬁ?f‘esdﬁlﬁgg{gg QRPN that serves to affix
the system {0t preftirdd\eBcdiinkf, hABRYi OB CIPhiwR HrodBlPPRLRS O

suitabl e skin contact adhesive materials include, but are not Iimted to,
pol yet hy| eapabilitpdby ol ant@nlestharpélhwlegmbal@m dgled pr@fbicyédnyﬂnammhan cell .

oY, Rl P OO in AL oy AE B

would otherwise be administered in a similar manner to achieve the therapeutic effect.

25  Alternatively, the antibody may be administered in a similar dose to achieve a higher
therapeutic effect.

The protein (antibody) of the present invention can be used to produce a

| pharmaceutical composition. Thus, according to another aspect of the present '

invention there is provided a pharmaceutical composition which includes, as an active

30  ingredient thereof, a pfotein and a pharmaceutical acceptable carrier. As used herein a

"pharmaceutical composition" refers to a preparation of one or more of the active

ingredients described herein, such as a recombinant protein, with other chemical

components such as traditional drugs, physiologically suitable carriers and excipients.

The purpose of a pharmaceutical composition is to facilitate administration of a
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t he adhesive nmust be conpatible with all conponents of the active

i ngr edi ent scontai ni ng conposition. Alternatively, the active

i ngr edi enwe-20@ni4aicdi ng reservoir and skin contact adhesipee/iBrods/priesent as
separate and distinct layers, with the adhesive underlying the reservoir

which, in this ca nmay be either I ic.mtri ‘ i b ,
or 1ty PHFEOT FaLio G ERy S o AR Bp P g hy R B TRER T or m
The backi gy | 5 @fanlifacthhEs byl ProcBsFes SwelMinelvnS BT RS 28§ d.§1¢ bypprans wff ace of

the device, functions as the pri rrar)( structural elenment of the | am nated
st r uct ur ecamventimmel Mipesg.tdigsobiang, gaanylatingndiggecomaking, leyigaiupg. [ cmust

material sel ected f WalsPle ial .should be selected so that it is
substanti%ﬂcﬁglsuﬁ%%lgr%gwglg?%qmgé%ﬁ@H’g&f%rsl%f?edi ents and to any ot her
conporgent s IOf Imhe pefeiréd dnitgydedesnitise cevmit SpHaimacentogilys addeptablet hueans
preventing | oss of any conponents_ through the upper surface.of, the device.
me backi RPrOvedty HrEREUROT AeRRGY Ft§§illj"?fél Yra ﬁ%ﬁ%-&?(‘fﬁ"lnf}?ln gt ligged th®Eng on
ether iy d 1]%%56 fial A8 thiNgerkdin J@e&@mdh%tms BUfok e 36 bhigal
i ngr edi enp'sg'?e |ver0;[;).mT(ﬂg(S ac% ng iys preferably ma g of a‘esheetl.ors’fi | m of
a pref er almdy mbkepartib@lady as homens.c Hertinaflea) the phsasps &physfolgmealiyesuitablaat ar e

suitabl e for. the hacking |layer inc e pol yet hyl ene l.ypr.opyl en and

pol yest er 3™y Ay Pg%fmﬂg l'%ﬁxl a_f)“reip&ﬂlf’?et ‘c‘)aprﬂgée/,ar‘f ernléa}ﬁgﬁé\hlgé‘ S%(fér}llﬁigrtegerre
incluges @& helappRfed ich@ler orATBHLEH &hot ddes Aot tc@udesSignifidark irdeon its ahenmoved
fromthe device to expose the basal surface the,reo?, ei ther the active

i ngr edi enbrganismeandi doesr net abisgnatst thec binlegicd draiitye apdyyrpperties ofathet he
system may, be.affixe the skin. The rel ease liner should be made from an
active i néﬁl%ﬁllsgﬁfésfvgﬁéag?'e i nperneabl e material. Such devices may be

fabri cat ed]c :JSi THe Gay eedrtiorateféreabni dilesnt, kdjovamt,i excigientaot vehiole wxthnpl e by
casting a uid adm xt f. ad i i i i i

he. backi Midheiier TORBEHS fSRBYnISETF 1B TR D) Sa0s | R SSiE Larly,
the ag .es'li}i&i{ig'," ﬁ}cH 8§ Wat¥r ofist ian'ﬁHf?nIgt #6sd 6f paRSedrh NSlimal OlbomBl &y

| am nation of ‘the backing layer. Alternatively, the active ingredients
reser voi r symbetiveorfgigpacikds peartuh eilasybaaeoibf mimetal vd, sesame dilleandsthe like.

exci pient, and. then J oaded by "soaking" in an active .i.ngr.edi.ent.s/vehicle
ot i o MG b PRRCRGhECT U R AR OeR oyl of FRSEE, o

i ngredi enhﬁra{%@mgl. SaRfle ARG Mubdisnddxi8sesid Y§ceroDidtdii@Rtcan afder voi rs
of these | am nated system may contain a nunber of conponents. |n sone
cases, thbeaemploged nagr dighishtcarmiaag partigalarly e fard imipedakle * sqlutions. j fpitahle apsence

T AR i L e R

be di ( rsed or suspen ep cedtic
accept abl glovug thelkesility pélc sddivmastenedty,aflycens] gerhoste@tats rtalc psploure chiridehi ch may
be present, include preservatives, stabhilizers,

It shoul ddped ik dmilkatelyaeenlamronybeny. HYd0he Wk rafBﬁilclt’d‘gg bﬁéf‘g%gbﬁ{}e ke
92?} 21: ts|t 5:58%&%%%{)&]% RaLiteNah RidEEA IR RifofhhEGits b8 VRN br cARISRE herein,
agents, or pH buffering agents. These compositions can take the form of solutions,

25 suspensions, emulsion, tablets, pills, capsules, powders, sustained-release"
formulations and the like. The composition can be formulated as a suppository, with
traditional binders and carriers such as triglycerides. Oral formulation can include
standard carriers such as pharmaceutical grades of mannitol;, lactose, starch,
magnesium stearate, sodium saccharine, cellulose, magnesium carbonate, "etc.

30 Examples of suitable pharmaceutical carriers are described in "Remington's
Pharmaceutical Sciences" by E. W. Martin. Such compositions will contain a
therapeutically effective amount of the protein, preferably in purified form, together

with a suitable amount of carrier so as to provide the form for proper administration to

the patient. The formulation should be suitable for the mode of administration.
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means an anmount necessary to achieve a selected result. For exanple, an
effecti ve anount of the conposition of the invention may be sel ected for
bei ng useaWol2bemsoiche treat ment of cancer. Pharnmaceuti calpcranmosodiomns
suitable for use in context of the present invention include conpositions

wherein the actlve 'ﬂ redients . are contained in an apount eff t|ve to
achi eve the intg g fe5s eSXQURIFRL" SRS f 1o AN ypnerh, SURSADCSe fi 1Py

effective mus@uueﬁaé&nﬁd@nm%nﬁ& eemta&e graageglaeatadm@@mo\ﬁeoﬁ @ePrevent,
al | evi ate or aneliorate synptons of disease or prolong the survival of the

subj ect baitivg ingealicnts. E@tmmsaamthnutolﬁmaatlmerdpexmmcaﬂsllylclelfi*P eeldivia anpunt

11 wit th bi | f th kil led h |
| Toht of  PHBOS aFERRG: Basbi BHEH oBtinep Drko Gl aC PIEARE Y e

used g t hgivEBLEDFElath, \Ieﬁetablé\tﬂﬁtdlﬂrbol)tdﬂﬁ'léﬂéeglwtl cally effective anmount
or dose can be esti nated initially fromactivity assays in animls. For

exanpl e, a dosEuhgs @@mwmﬁoatfemulwl%%pdmm%mw a%or'i‘l"é\}égrﬁéliep@ul ating
concentra a

assays. T;élx 3&%% f{]hfé?%‘%gﬁ‘k{?c e %clgéé&l 85801%%%2?\:4 g(géj Fﬁglrl e en s

descri bedEbﬁmelF]Achtt:sbedndehewhicheisl 1bgorp¢rauadarech1mrbarneﬁa¢m¢elasaf fyhyosgtdures in

experinental aninmals, e.g., by determning the | C50 and the LD50 (I ethal
dose causfq‘\'g‘l%fé%ﬁ‘h in 50 % of the tested animals) for a subject active

i ngregjent. Th?héi?ﬁﬁnfa@&ﬁicap&xﬁ;s&m&@ﬁélenﬁ&ésbﬁbé&/mags SRY SoPHsediimBle St udi es
can be used in formulating a range of dosage for use in humans. The dosage

may vary sdjpend |gnlgphqsc rcarﬂtms dosagipicnty: mEsamblsy ed sanbl cafyery euescipfents
adm nistra

f d
dosage caﬁmltl)‘@qc 't')tsaé?‘n "Btylnpﬁ ff%&%f%gz{r ?ﬁ@t :cg ?aur{n |p n hgte %ﬂ}tuﬁ ﬁ%{r?f Ie(rjl? ' a;m
condi ti ONstafches c@ll&lose &irivativesegelatin ancﬂ&ﬂﬁneﬂs@ucﬁri@dﬂftﬂhﬁ&@él?@lﬁ al Basis of

Ther apeuti cs” "Ch. p.l). Dosage amount and interval nmay be adjusted
i ndi vi dual |y tﬁumldmr@eteel efs agmindspeation omay.h foraexampde. nijchidg W@i’c’f?c%l

Suffi ?% en‘ra}ls?n%%is:%) ?fh%%l%%gﬂlqéﬁlﬂﬁgﬂ Var a@%r(tgrﬁf aelh\}eg){’ qﬁgualla 1H2r ﬁ@%hla? ffective

concentration or eac epar at ut may
opti onal | yuthataasbusredrel] intamedbitdre amemadnsdaisa w@bsagemtrwlmcalal shrean al so

be determ ned usjng the MEC val ue. arations naﬁﬁoqp%onal L
adni ni st e#‘éEPVG%tF‘ﬁ!@la%t IRtERYCRRYS, IWPE‘PFO ﬂf‘ﬁ?‘ﬁ@a pPEE jgct ve the MEC

for 10-90 % of ghﬁﬁnécwﬁoal RERpSYiAsFoPBleRRectBaRe Whtie piBeht Rveltmabl y

50-90 % Depending on the severity and responsiveness of the condition to
be treat ethusdoay be faamlaed o bemvantsoml imanaeiisirigsoncaer maregfhagmagdepticallyl ease

g O R T NG R
the di seage tht akcvé Sn@6HieM¥dto preparations which, can be used pharmaceutically.
Proper formulation is dependent upon the route of administration chosen.

For injection, the active ingredients of the invention may be formulated in

aqueous solutions, preferably in physiologically compatible buffers such as Hank’s

25  solution, Ringer’s solution, or physiological salihe buffer. For transmucosal

administration, penetrants are used in the formulation. Such penetrants are generally
known in the art.

For oral administration, the active ingredients can be optionally formulated

through administration of the whole cells producing an antibody according to the

30 present invention.. The active ingredients can also be formulated by combining the

active ingredients and/or the cells with pharmaceutically acceptable carriers -well

known in the art. Such carriers enable the active ingredients of the invention to be

formulated as tablets, pills, dragees, capsules, liquids, gels, syrups, slurries,

suspensions, and the like, for oral ingestion by a patient. Pharmacological
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Conpositions of the present invention may, if desired, be presented in a
pack or dispenser device, such as an FDA approved kit, which may contain
one or nowe uss/d4oasage forns containing the active i ngrediterns/oiides pack
may, for exanple, conprise metal or plastic foil, such as a blister pack.

The pack or dis er device e ac i ed b instructi r

admi ni st rafqpé’ﬁ‘t‘g% é@l&‘sﬁr"a’ﬂ Eé‘lsmﬁré;’p i‘lﬂﬁcw&yﬂ& %‘ﬁ' %ﬂg &‘ ®hoti ce
associ at edesiitind ﬁﬁbau&o Hnd ﬁ%eeésﬂlgath@ﬁmtﬁfeeﬁﬁ rgrztiﬁfﬁesbxéﬁ@r GA¥RENSBRAbRI agency
regul ating the manufacture, use or sale of pharmaceuticals, which notice is
reflecti veumflalaqsprfcdﬁallredg;mtdb@vagdﬂdy opfdragee doogsm Shitabiie eé@m%@lﬁtr?,oms or
human or ve adm_ni stration t| ce, for I e of

| abel i ngaBﬁ‘&%k}fgﬁa@gﬂf ﬁgclbaé S“ﬁ%%u"‘&h‘@“t& H’ﬁ REnPUTLEr 413 |n§fr§&f (;%r pr esc?rl ption
drugs or eélhasseappparu@shsPsuch e} for x@iple, FROSthich OWhe GgIch, SideGstadh,act i ve
ingredient of the invention fornulated in a conpatible pharnmaceuti cal

carrier nigtaiy strefe gelatimr em Hageaath rfnaqhyhpfﬁklblsm,ah@remramﬂ@ﬁt Y&nd
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lubricants such as talc or magnesium stearate and, optionally, stabilizers. In soft

capsules, the active ingredients may be dissolved or suspended in suitable liquids,
such as fatty oils, liquid paraffin, or liquid polyethylene glycols. In addition,
stabilizers may be added. All formulations for oral administration should be in
25  dosages suitable for the chosen route of administration. ‘
For buccal administration, the compositions may take the form of tablets or
lozenges formulated in conventional manner.
For administration by inhalation, the active ingredients for use according to
the present invention are conveniently delivered in the form of an aerosol spray
30 presentation from a pressurized pack or a nebulizer with the use of a suitabie-
propellant, e.g., dichlbrodiﬂuoromethane, . trichlorofluoromethane, dichloro- -
tetrafluoroethane or carbon dioxide. In the case of a pressurized aerosol, the dosage
unit may be determined by providing a valve to deliver a metered amount. Capsules

and cartridges of, e.g., gelatin for use in an inhaler or insufflator may be formulated

42



11. Schillberg, S., Fischer, R, and Emans, N. (2003) Cell Ml Life Sci 60,
433-445 12. Schillberg, S., Fischer, R, and Emans, N. (2003)

Nat ur v sswoeodsaisdmn 90, 145-155 13. Schillberg, S., Zi mrermmos/o@o7s Voss,
A., and Fi scher R (1999) Transgenic Res 8 255- 263 14. Fischer, R,

Hof f mann, .SChI | | ber Emans, 00 ol Re meost
Agent s 14°°'E§‘§n§‘§ HROW g@ﬁé}f th@ac ivgj 1pgredipnt édz Fb‘}qbﬂ%ﬂ Aek bages%%’;‘oalsber g,
S., and EpRpse oPktalch999) Bi ol Chem 380, 825-839 16 Fi scher R, Drossard,

J., Commandeur, U., Schillberg, S., and Emans, (1999) B| ot echnol Appl
Bi ochem 30 ( Pfhe)activeingredients deserihedr hergin n@mlz% gounulged forparentesgl

%ﬁgge%dmﬁlm 1(e’rr(il Ie—|el IIWLgolll§ 9"(61'@?9)“ 3R%J§ossar (fjlé%?ll %fggg'@%él nér'rurFl)tol 2

Met hods 2 @fectibn iflayl Be p‘iésfég%d infunit &evake fdfm, &b.sdhampoties oarnnl niiitidsseou, P.
(2002) Curr Qpin Bi otechnol 13, 161-166 20. ,Chadd HE, C. S (2001) Curr
Opi n Bi ot 6@Hmees With epionplly, anqaddpds peeseryative. g Thg CompoREARHKBAN PeNash P,

Cand 3 Rt Bl k8 Bl 04145, Sl pind 20

| mrunol Lédrinulatdry apdts tuchiasZdspending, slablllizmgland/&)ddaérlsmg/[agMﬂnd JD, Jefferis
R (1995) Bi oc gm Soc Tr ns 23, 102% F % JD, Goodal |
N Nakaohve b PBEmAGE R ompay T Rscairergal plipinistiopgineHEE AbaSy, £

T., Mp SUkGulfonsOSIRE AeN e ef)ﬁ*aliéﬁ\"'m WatdkQSHOR: form | AK&UGbhally, sidp¥sicso T,
kobata A (1989) J Rheum 16, 285-290 27. Wight A, M S. (1994) J Exp

Med. 180, o @&7acmgangasdlegann@r be prepagdr asoapprogriatapily frieqtion suspapsionsonor d.

-5 et Syl PGSt or F R e IR Y. ©1

Cabanes- Maghihéteafatty Meids Febfefshgich @s kethiyh 6leatd, tx(glycelnﬂai ot liposoBesir Bigacos
Lange, C, Vine, N D,, Ma, J. K, Lerouge, .F and Faye,

G ycobi ol HY§CtHN’ SEBensONS Fpay E@ﬁ‘%@g@‘bptan@SMWIM’ ineEgASH the VFSF%%We?f?g‘eLal ne
AC, Gpgror gus\éﬂenf gﬁ%ukh ad dodvdh cgllb%%méﬁﬂ'l @lﬁhose?’&rblﬁ)]r oflﬁextran. Optionally,

the suspension may also contain suitable stabilizers or agents which increase the

solubility of the active ingredients to allow for the preparation of highly concentrated
solutions.

In a preferred embodiment, the composition is formulated in accordance with

20 routine procedures as a pharmaceutical composition adapted for intravenous

| administration to human beings. Typically, pharmaceutical compositions for

intravenous administration are solutions in sterile isotonic aqueous buffer. Generally,

the ingredients are supplied either separately or mixed together in unit ddsage form,

for example, as a dry lyophilized powder or water free concentrate in a hermetically

25  sealed container such as an ampoule or sachette indicating the quantity of active

- agent. Where the composition is to be administered by infusion, it can be dispensed

with an infusion bottle containing sterile pharmaceutical grade water or saline. Where

the composition is administered by injection, an ampoule of sterile water for injection

.or saline can be provided so that the ingredients may be mixed prior to administration.

30 The pharmaceutical compositions of the invention can be formulated as

neutral or salt forms. Pharmaceutically acceptable salfs include those formed with

anions such as those derived from hydrochloric, phosphoric, acetic, oxalic, tartaric

acids, etc., and those formed with cations such as those derived from sodium,
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stable with respect to all components of the topical formulation. Examples of suitable
topical carriers for use herein include water, alcohols and other nontoxic organic
20  solvents, glycerin, mineral oil, silicone, petroleum jelly, lanolin, fatty acids, vegetable - -
oils, parabens, waxes, and the like. Preferred formulations herein' are colorless,
odorless ointments, liquids, lotions, creams and gels.
Ointments are semisolid preparations, which are typically based on
petrolatum or other petroleum derivatives. The specific ointment base to be used, as
25  will be appreciated by those skilled in the art, is one that will provide for optirhum
active ingrediénts delivery, and, preferably, will provide for other desired
characteristics as well, e.g., emolliency or the like. As with other carriers or vehicles,
an ointment base should ‘be inert, stable, nonirritating and nonsensitizing. As
explained in Remington: The Science and Practice of Pharmacy, 19th Ed. (Easton,
30  Pa.: Mack Publishing Co., 1995), at pages 1399-1404;-0intment bases may be grouped
in four classes: oleaginous bases; emulsifiable bases; emulsion bases; and water-
soluble bases. Oleaginous ointment bases include, for example, vegetable oils, fats

obtained from animalé, and semisolid hydrocarbons obtained from petroleum.

Emulsifiable ointment bases, also known as absorbent ointment bases, contain little or
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produce anti bodies. 2. The systemof claim1, wherein said genetically

nodi fied plant cells conprise stably nodified plant cells. 3. The system of
claim 1, wbene/aomai d genetically nodified plant cells eorpriesodwansi ently
nodified plant cells. 4. The systemof claim1, wherein said antibodies
conprise functional antjbodies. 5. The systemof claim erein said

1,
ant i bodi eBo cHHpT ik ingdudentien expaple; hystipxssteagn wtfétesylglﬂbé#ﬁ?‘&me%w nd,
wherei n s%e?ghmni& gg?ﬂgﬁa‘éurﬁpnﬁgix}ﬁ&ﬁ‘%iﬁt%é&%%sf RRAYTRIY: - wdter-iHIGi1 SBO5M Of

cl aim 6, ant 1 bo ragnent conprises a single chain antibody
or a si ngkmubiomsion oflriniveately(O/V) dinelsionstaih inéludd, Fomedamplbesetsil mleohiol
ant i bodi es, conprise | g&4 antibodigs, 9. The temof claiml,. wherein said
pl ant cel BY® nﬁﬁ‘?qné’éteg@ﬁ’ 3%1%@%"2&6?‘}“6% he§é§UEFﬁ E?'Bﬁé'lsglll’mr‘?gblb‘m’]?%ot
celI's,5| egises@kd prepatcdmr&pl polyetRPbhOlos 6R! (Bt_svargﬁg!tﬁ@)l%_@illﬁlebvleﬁgh@,_n&hafr{,u' t
cells 10. The systemof claim 1,  wheréin said antibodies conprise

ant i bodi eseferavéenmay tei mhde to RemingtpnhTheliSaigned AndhiPractice of dthagmadygts t han a
correspon%iﬂ_gg a Si ba%d}’x produced in mammalian cell culture.1ll. The system of
claim1l, EIMOER$ ant i bodi es conprise a human anti body natural signal

pepti de sequendetiohare Pr€pasatidng1d b asplRdnd the siMiesiefade Sdthdutafiictibgdings
conprises a plant signal peptide for sending said antibody to a plant cell
or ganel | eareitypicalhy ligudias semliquud, prpparationg, ép whichsselid Paftisaseinchiding dg| ect ed
from {pe leSrdagl c Saduallf ¥Peliot
vacuo?dg. g%%%%g&g?gﬁ}erénﬁg% lﬂcﬂ ‘g'%nr %PQ%@?E?SS' gg@ %k ant ar§c;)ots(ﬁcel? S conprise
carrot cebkolgls, 4 miheompaseanliqhidadili emdsionto€ thei ail-sawateptypat Logbhsareonpri se

Cxcpr esel nATLaTe EHERHUENG ST Treyet B ee g o PRt UG FRE o 15. 17
of T ecomb Pt e o L e e atercul fure
r econbi naint aplotigm be| fansly dividede odiotigns will $yriehlkynedniainisuspendingtagenisgosai d
ant i bbi 8ot oS B0 SRR oS AT AP FoNG RIS SR I Y hiBthe S
holding the active agent in contact with the skin, e.g., methylcellulose, sodium
carboxymethylcellulose, or the like.
Creams containing the selected active ingredients are, as known in the art,
viscous liquid or semisolid emulsions, either oil-in-water or water-in-oil. Cream bases
20 are water-washable, and contain an oil phase, an emulsifier and an aqueous phase.
The oil phase, also sometimes called the "internal" phase, is generally comprised of
petrolatum and a fatfy alcohol such as cetyl or stearyl alcohol; the aqueous phase
usually, although not necessarily, exceeds the oil phase in volume, and generally
contains a humectant. The emulsifier in a cream formulation, as explained in
25 Remington, supra, is generally a nonionic, anionic, cationic or amphoteric surfactant.
Gel formulations are preferred for application to the scalp. As will be
appreciated by those working in the field of topical active ingredients formulaﬁon,
gels are semisolid, suspension-type systems. Single-phase gels contain organic
maCromolecules distributed substantially uniformly throughout the carrier liquid,
30  which is typically aqueous, but also, pfeferably, contain an alcohol and, optionally, an
oil.
Various additives, known to those skilled in the art, may be included in the

topical formulations of the invention. For example, solvents may be used to solubilize

certain active ingredients substances. Other optional additives include skin permeation
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purifying said antibodies followng culturing. 19. An antibody produced by
the system of any of clains 1-14 or according to the nethod of any of

cl ai ns 16wd&0064Q0764 host cell producing an | g&4 anti bodpCTADIOS/H@EDTE) @

pol ynucl eoti de encoding the 1g&4 antibody.21. The cell of claim 20, further

conpri si ”?%@Hqééﬂ,@%ifﬁgfs, %ﬂ%k@ggt%,ggéélﬁ&c%ﬁg&t {&%Xinﬁﬁaﬁgﬁs,psrtﬁﬁl% dang2. The

cell of ¢ erern sail rises a n ‘anti body nat ur al

si gnal sethgdikee. 23. The cell of claim 20, wherein said polynucl eotide
conprises a first nucleic acid sequence encoding sai nt,i body, oper ably
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pol ynucl eoti.de f.urfher noter _that is _functiopal in plant

Dol T Lt Hionskia i dpiDe Arape ingredigas kel ey | Eraiaples of shuatle SEorom

mol ecul e. @RsivEnmalPials fRlude2®GPREH MGt Uiifddato polyetif1&ie8] PoBsilckahgsombi nant
pol ynucl eotide further conprises a termnator that i's functional in plant

cel | s, wheokisobutaleges, polyianryiates, pelyursthraaps, ynd ithekleke. The paitigulae peliviieriant
nol ecul e. 31, The host, cel |l ace¢ordjn 0 ¢l ai.m 30 erein .sai recombi nant
ol BaF  dorhd Rhring BuliPiet Bt dls iRerelRER” sEEB e 55

pol ynucl ed S a ional” contr pronoti ng.

and r egul gieohdhesivernmuitsbandipatiie! with alll eorfipdreatsSof When@ive mgtedigntgul at ory
el ements are operably |inked to said reconbi nant nol ecule. 32. An anti body
produced FontainigseonaositioncAbemptively.dhe agtivsfingnedichis-coptaming reservois apd| ecul e
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of a xyl O?ieesc?iggd gbc];vue(,: 8rs ?tlrr-lagl be a liquid or hydrogel reservoir, or may take some other
20 form. '
The backing layer in these laminates, which serves as the upper surface of the
device, functions as the primary structural element of the laminated structure and
provides the device with much of its flexibility. The material selécted for the backing
material should be selected so that it is substantially impermeable to the active
25 | ingredients and to any other components of the active ingredients-containing
composition, thus preventing loss of any components through the upper surface of the
 device. The backing layer may be either occlusive or non-occlusive, depending on
whether it is desired that the skin become hydrated during active ingredients delivery.
The backing is preferably made of a sheet or film of a preferably flexible elastomeric
30 material. Examples of polymers that are suitable for the backing léyer include
| polyethylene, polypropylene, and polyesters.
' During storage and prior to ﬁse, the laminated structure includes a release

liner. Immediately prior to use, this layer is removed from the device to expose the

basal surface thereof, either the active ingredients reservoir or a separate contact
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35. A nethod of producing a reconbinant anti body, the nethod conprising:
(a) generating a suspension culture conprising plant cells being

genet i calwy 20wlisbicead t o express the reconbi nant anti bodecTanthospitomnal |y
(b) recovering the reconbinant antibody from sai d suspension culture

t her eby producing the reconbi nant anti hody. SEQUENCE LI STI NG.< 1
Shaal ti el ?dhﬁé’é’éme%ﬁ'hﬂéh‘? systgi sy beattred 19 thgkin elhegglease eﬂéé‘gﬁﬁat z, Tal

M zrachi  pERAt (GA! fRicle indPhiAs/TdadE ighahRIbRMuRYNOd Tor producti on of
anti bodies 1n plant cell culture <130> 61 1 <160> 14 <170> Patentln

version 3.2 <28%0ch dew@s may bet f:dricae usibiAongd@iondlr te¢chnigiesl knpepuienibe <220>
<223> Synt het.i c gen odi ng forga .heavy .chain <400> 1 gt t qg
St agacet BlomRsceIIRe BF  cantt or A, Rt b adfisiie v B fERS 3
aact t g§ gCIKtIc G the badiaas 1:98Ada AIROR0E ATt GRICRRAsRL ASIhitidgt a
aggctagtgg ttacactttc accaaCtacg gaat daactg ggttaggcaa 180, gcacctggac

agggt ct t c theqadhepiveymipeutegnait baeashorip dhg relqasglingjafollowsd fy Japinaienyet s gg
agttcaa a t -
g 99 ac;kér%g %1&%19 Atelifeive Chfegact?lgz?g@r%@?%ts gg@g\gogxglgltﬁg bg g)geﬂa?&f:fnt Haga

tcacctctt gag gacaccqg ggct at gatg

ccct cgact abhggolactiag iggradients tog gxeigiran @hd algent loadedciyt GaaliRf)' acdraagiygt C
catcagtgtt ccgtctcget ccatctagta agtctacatc aggtggaact 480 gctgcccttg
gat gcct t gingredgysiveiele MiXREs gage cagttacagt ttcat ggaac 540 agt ggagcct

tgaccygtgg tot Q%a@ﬁﬁttht:t&)?ﬁ:‘élg%lﬂuﬁﬁﬁ)tngcﬁaﬂﬁ AROMEH, Gheé £L80e liRgblehisot

cttetgttgt tactgtgcca tcatcatctc tcggaaccca aacatatatc 660 t ? aat gt ca
accat aagccompesitiart @outamad gwitijacthe agtieg gugyedients cewagtict of7 d@se laminated
system may contain a number of components. In some cases, the active ingredients
may be delivered "neat," i.e., in the absence of additional liquid. In most cases,
however, the active ingredients will be dissblved, dispersed or suspended in a suitable
15 pharmaceutically acceptable vehicle, typically a solvent or gel. Other components,
which may be present, include preservatives, stabilizers, surfactants, and the like.

It should be noted that the antibody of the invention is preferably administered
to the patient in need in an effective amount. As used herein, “effective amount”
means an amount necessary to achieve a selected result. For example, an effective

20  amount of the composition of the invention may be selected for being useful for the
treatment of cancer.

Pharmaceutical compositions suitable for use in context of the present

“invention include compositions wherein the active ingredients are contained in an
amount effective to achieve the intended purpose. More specifically, a therapeutically

25  effective amount means an amount of active ingredient effective to prevent, alleviate
or ameliorate symptoms of disease or prolong the survival of the subject being treated.

Determination of a therapeutically effective amount is well within the
capability of those skilled in the art, especially in light of the detailed disclosure
provided herein. '

=30 | | For any active ingredient used in the methods of the invention, the
therapeutically effective amount or dose can be estimated initially from activity assays

in animals. For example, a dose can be formulated in animal models to achieve a
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t gcgacaaga cccacacctg cccaccttgt cctgctccag agttccttgg aggtccttct 780
gtgtttctct tcccacctaa gccaaaagat acactgatga tcagtagaac acctgaagtt 840
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tacagagttg.tgtctgtctt gaccgttctt,hK caccaagat cttaa t.aaggagt at .1020
aagt gt aag Q‘r?'ﬁ?ﬂéﬁﬁ%“fngﬁ%‘i“t e tha HE@‘E‘%F ctbe ggééaaéc g%’?m&lflﬁcgg’é/g 6“33’“{080
aagggacagcsct agggaacc acaggtgtac accttgccac cttctaggga ggaaatgacc 1140
aagaaccaad>*¥e¢tcactcac ttgccttgtt aaaggtttct acccttcaga cattgctgtt 1200
gagt gggaat ccagegiitgandteegronatifidas sahesaivetingadiens desogibgd hggaccah260
tcagatggat ctttcttttt gtattctaag ctgacagtcg ataagagtag atggcagcaa 1320
ggt aat gt getdetesmingdiby &%gtd@éé pharmageitisak eme%dua%@tf‘e@@tu&e'&%gg%% §-81:380

tectete C%ﬁ@}&ﬁ@gg%@@@% ggg@%%f@&ﬁ %Q%agsixgé deatit itk 3065242 theDNA

<213> Arti al uence < ynt het1c ge coding for an Ab
chai n f usegiddoantiBflsp fiedubfetPRRive iBgelibRC Dk ddts BBGIdeafrone aike agdlity
tctgagttga agaagccagg agcctcagtc 6 O aaaatttctt gtaaggctag tggttacact
t t caccaactassays gad agaral ctusigst eaadhe used indfagoaleting agangeyeigdesage delghsggit g
ggat ggatcq acactgattc tggtgagtca 180 acatacgctg aggagttcaa gggaaggttc
gtgttctct CU@G%cacct ¢ agt caacacc 240 gcataccttc agatcacctc tttgactgct
gaggacaccg gt atfhk detdge Gyodirgagendidg vpba ggcdadt@ fohgeaplegd aal det 9ot
cagggaactc tggtgacagt gagttctgct 360 tcaactaag tccat.cagf gttccctctc
gct ccaPet é’%&é‘&ﬁ%‘&“&& “gii‘é%b gTB“g%I‘a&‘Zf?“QBlaﬁ‘eﬂ’g‘@E% q%taﬂﬁ’é’?‘ ’t(’“t@flc‘g’é@%fac
Lact t coct g, AgeeRgh 3 RONALD PhAf0aPRCABL AN GAhEACHRihIBtA gL ac
acttttcctg ctgtcctgca atcaagtggt 540 ctctactctt tgtcttctgt tgttactgtg
ccat cat catFinglcétah g, oc'dhadhhonacoBRical Bagjs abTherepatice'aChal gdat t caaat
accaaggttg acaagaaggt agcgt.aag 660 tcttgcgaca cccacac ctgcccacct
tgtcctgctc cag sf‘g‘g?mgg‘&zf@at‘e@?"a??@ytl&et @‘868?‘%@‘@%&1‘% ctgcl?:mf”ggd)gis 2a
gat acact ggeJeBabe At RUvANGGS WiRSh 4ROsEiERACIOMPintdis it hfodalatifif et ac
gaggacccag aagtgaagtt caactggtac 840 gt cgat ag_ttgaggtgca taacgcaaag
acaaadéct denpedalganinimalt effestive sangoaker M@ggagﬂnq &écgwgt vagy tfgneadt t
cttcaccaag attggcttaa cgqtaa 9 t aa caaggctttg
ccagccccc r?pca&gg’élaé‘gtcmfpg&tct °8§‘§/§§e i%%&‘%i@%ﬁ%ﬁ“@%fﬁ%%@‘?a%ggav accacaggtg

tacaccttgc cacdddsag@ihtggalgpanalsd BOdlemdaangsiag chaMPC valae! Prepartatigect t

gttaaaggtt tctacccttc agacattgct 1140 . ) .
may optionally be administéred using a regimen, which maintains plasma levels

* above the MEC for 10-90 % of the time, ‘preferable between 30-90 % and most
20  preferably 50-90 %. |

Depending on the severity and responsiveness of the condition to be treated,
dosing can also be a single administration of a slow release composition described
hereinabove, with course of treatment lasting from several days to several weeks or
until cure is effected or diminution of the disease state is achieved.

Compositions of the present invention may, if desired, be presented in a pack
or dispenser device, such as an FDA approved kit, which may contain one or more
unit dosage forms containing the active ingredient. The paék may, for example,
Acomprise metal or plastic foil, such as a blister pack. The pack or dispenser device
may be accompanied by instructions for administration. The pack or dispenser may
also be accompanied by a notice associated with the container in a form prescribed by
a' governmental agency regulating the manufacture, use or sale of pharmaceuticals,
which notice is reflective of épproval by the agency of the form of the compositions

or human or veterinary administration. Such notice, for example, may be of labeling
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gttgagt ggg aat ccaacgg tcaaccagag aataactaca agactacacc acctgtgctg 1200
gactcagatg gatctttctt tttgtattct aagctgacag tcgataagag tagatggcag 1260
caaggt aatwotgiédisdbmat g ttctgtcatg cat gaggctc tccacaat ca rraapnbsagois320
aaatctctct cattgtctcc cggaaagtaa gtcgac 1356 <210> 3 <21 1> 1352 <212> DNA
<213> Artificial sequence <220> <223> Synthetic gene codi for an Ab heavy
chai n fusaeprevedery thegdat Feadend Pryg Adminisation torrescyptigft Q&ge é)gg’? an

tctgagttg tc ; _ t; t t
L caccanc P e A o e T R e T o

g tgat tgg ?t ;:mv?nﬁmt gzrtrmtat t¢(b?t g@gmati:é;ggahanm%;gugﬁ Ganipg andyt @ltaa bgtg?alafg?it ;:
gtgttctctc, tcgacacctc _agt caacacc ccttc agatcacetc c
1 0 a reatme icate 1

gaggacaccﬁaﬁ?gwﬁpé@Pfp@?ﬁé@?@ﬁ&@ 18§ Efﬁ?ﬁ’ﬁ? é@é?@ﬁ% f%@fg@@gt
cagggaact ¢ t ggigagadhersimJiHeGb@it 'm3@lafet ARMRIIObsHtiaRY GRabitiff { #6Wingt C
gctccatcta gtaagtctac atcaggtgga 420 actgctgccc ttggatg%pt t gt caaggac
t aﬂ E ;:cc': gr m?e?agztbgprog?qsﬂpeta gghsqwaa&)at@ngt@égame:h%rw wlfta%, gxlgpfgw;:

ac cctgectgtcctgca C g .ot ct act ct. g
ccat cat cag F& ‘[Sgaéﬁg(e’arcc%}ggatgogga a%Ubgégu%lgyctp 9 Vaeﬁ{‘%g %@ea%éé%%%{ge g(%tcp?rgg%at
accaaggt t gyrapeagadgdiseg@ageohdition 6 80 nichil g6 Atacfognidciudesan adegcwhivhct

t gt cct

gat acatt g&¥ydur

gaggacccag
acaaagcct a
cttcaccaag
ccagccccca
tacaccttgc
gt t aaaggt t
aat aact aca
aagct ¢@cag
cat gaggct c
1352 <210>

aagt gaagt t
gagaggaaca
attggcttaa
t cgagaaaac
caccttctag
tctacccttc
agact acacc
t cgat aagag
t ccacaat ca

4 <21 1> 1377 <212> DNA <213> Artifici

caact ggt ac
gtacaattca
cggt aaggag
t at ct caaag
ggaggaaat g
agacat t gct
acctgtgctg
t agat ggcag
ttacact cag

ctc cagagttcct tggaggtcect 720 tctgtgtttc tcttcccacc taagccaaaa
¢ adissae oE coyHHO™80 gttacctgeg ttgtggtcga tgtttctcac

840 gtcgatggag ttgaggtgca taacgcaaag

900 acctacagag ttgtgtctgt cttgaccgtt

960 tataagtgta aggtttctaa caaggctttg
1020 gcaaagggac agcctaggga accacaggtg
1080 accaagaacc aagtctcact cacttgcctt
1140 gttgagtggg aat ccaacgg tcaaccagag
1200 gactcagatg gatctttctt tttgtattct
1260 caaggtaatg tgttttcatg ttctgtcatg
1320 aaatctctct cattgtctcc cggaaagtcg ac
al sequence
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<220> <223> Synthetic gene coding for an Ab heavy chain fused to Vac signal
<400> 4 gaattccagg ttcaacttgt gcagtcaggt tctgagttga agaagccagg agcctcagtc
60 aaaat twot2bogguemggct ag tggttacact ttcaccaact acggaat geeTaLpggodiagg 120
caagcacctg gacagggtct tcagtggatg ggatggatca acactgattc tggtgagtca 180

acat acgctg aggagttcaa aaggttc gtgttctctc tcgacacctc agtcaacacc 240
gcataccttc aga&%ﬁ&&ﬁ@gﬁf gact gct gaggacaccg gtatgtactt ctgcgtgagg 300

gt cggctat g at gccctcga ctactggggt cagggaact c tggtgacagt gagttctgct 360
t caact aagg gtccatcagt gttccctctc gctccatcta gtaagtctac atcaggtgga 420

act gct gccc ttggat gcedn EgitanBAAS. AadMdlthoft IV ARcasiat X, Saliegtlt DaksgWGL80
aacagtggag ccttgacctc tggtgtgcac acttttcctg ctgt atc t, 540
ct ct act ct Pchals & tRakler {5339@w&@,3eagwwa &t 1@%@@?’@%@3@&?@12 00
at ct gt aat g7dcppqrat aa gccttcaaat accaaggttg acaagaaggt ggagcctaag 660

tcttgcgaca agacccacac ctgcccacct tgtcctgctc cagagttcct tg a&gﬁt}cct 720
tctgtgtttc tctQcccab/ta,ﬂaﬁgd@au,aa.,giaetiradﬂqt\giae,tl‘gat)cdymFa,a‘gta daavapgo

0t coat ggagle Yt Gontorhee oAt A8l d 209 §Rn Rt ofkaar' ca s0o
acctacagag ttgggtct gfa, gt Kaagikeis, Bl YGawgesty Ri NJgeiNap.,atgkgsggeg D60

tataagtgta aggtttctaa caaggctttg ccagccccca tcgagaaaac tatctcaaag 1020
gcaaagggadua Géieag@éeB-a@@gg@lg@t,gﬁl(b%g%éMéf@dé‘ag@?‘ﬁ%ag ggaggaaat g 1080

accaagaacc aagyct cagk, @g%.tﬂcéﬁﬁst&if.gggggt&att%% 551 4Cregeat t gct 1140

gttgagt ggg aat ccaacdg aaccagag aa ca a ag?acaci: acctgtgctg ,
1200gact cagat g5gat cFischérf R.} Egiaast Nt, Sdgstegak.addiodat Sagmd Dagsdrdgdag 1260

caaggtaatg tagttttcatg ttctgtcatg c ggctc. tccacaatca ttacactcag 1320
aaat ct ct c?l%gﬂﬁg’("%ﬁhéel%@d @g’“ﬁt%a&%gl%t actatgta agtcgac 1377 <210> 5
<21 1> 720 <21§E lDI\I@.,’i gktﬁ?c?)é’ ﬁf,tﬂcfvi'cﬁélﬂk. @9@m93r6<§4§976-‘7%23> Synt hetic gene

coding for an al n <400> 5 gtcgacatgg atat gagagt tccagctcag
cttttgggac tctfigct cle Negght, €t da MO Jgupbg ¢, Aan HgudfddaKalyra Be Weidledda

L cat cogt oV BT a6 bh TEPEGTt Ko Dot Bkt & G0 dadact co aamact ot og
atttacagga cttgaaat ¢fe Ggifdd ot.9d% ket 8CCBeEkmBALT.CITAPRvVE! M.gMdnCt
ggaacatcat attgtcttac tattaattct 300
Montagu, M., Engler, G., and Depicker, A. (1998) Plant Cell Physiol 39, 639-646
9, Ramirez N, R. M., Ayala M, Cremata J, Perez M, Martinez A, Linares
M, Hevia Y, Paez R, Valdes R, Gavilondo JV, Selman-Housein G. (2003) Biotechnol
Appl Biochem. 38, 223-230
10. Larrick, J. W., Yu, L., Naftzger, C., Jaiswal, S., and Wycoff, K. (2001)
Biomol Eng 18, 87-94
11. Schillberg, S., Fischer, R., and Emans, N. (2003) Cell Mol Life Sci 60,
433-445 | |
12. Schillberg, S., Fischer, R., and Emans, N. (2003) Naturwissenschafien
90, 145-155
13.  Schillberg, S., Zimmermann, S., Voss, A., and Fischer, R. (1999)
Transgenic Res 8, 255-263
' 14. Fischer, R., Hoffmann, K., Schillberg, S., and Emans, N. (2000) J Biol
Regul Homeost Agents 14, 83-92
15. Fischer, R., Liao, Y. C., Hoffmann, K., Schillberg, S., and Emans, N.
(1999) Biol Chem 380, 825-839 |
16. Fischer, R., Drossard, J., Commandeur, U., Schillberg, S., and Emans,
- N. (1999) Biotechnol Appl Biochem 30 ( Pt 2), 101-108
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ttgcagccag aagattttgc aacctattac tgccaacaga ggtcttcatt ccctcttact 360
ttcggcggag gt acaaaatt ggagatcaag agaactgttg ctgccccatc cgttttcatc 420
tttcct ccavoru@aagmaca act caagtca ggaacagcat cagtggtttg tectrgoiésedio7s80
aacttttacc caagagaggc taaagttcag tggaaggtgg ataatgcttt gcaatccggt 540
aact ct cagg aat cagtcac cgagcaggat tcaaaagatt ctacttattc_actt tct 600
acacttactc ttt é?-aaglj@Cl&‘@a]gta Qg@%@érdaég@&ta&&é&a Epm@éﬂrgUt,@gatgpf & %60

cat caaggc 1823 0LGR0E Caat gggagaat g ctaagaattc 720 <210>
6 <21 1> @gig%g%%%ﬁlé@g% Arti f(iq?iztzh 19@tegzu(gnce <220> <223> Synthetic gene

coding for an A |i §istherhBi,LiteiSEACt, andddrossaghal. (k9500 Brmyaml Magharh
ttgttcttagzéca tctcct tcttcactgt cagcatccgt gggagatagg 60 gttacaatta
cttgctctg dg catcc gtctcttata tgcattggtt tcagcagaag 120 cctggtaaag

ctccaaagct gtggattt 86eaFaCAkaM AFeREC R CadIQRALEE . (2802) CHalapbHCT
caggatctgg ttctggaaca tcatattgtc ttactattaa ttctttgcag 240 ccagaagatt

tt gcaacct Biarechovigbcdal-dafgaggt ctt cattccctct tactttcgge 300 ggaggt acaa

aat t ggagat caagagaa ckgec tccgtttt catgtt t,o36{yCccat ct gacg
aacaactcaa gt cgg'gaa@ha(g&cggcggs'g(gog@t%‘f’%tddgért' B t% %1%5'8}(::? ?118%2%4t acccaagag
aggct aaagt tcagl ggadeffgisdoat.adt, TisHchég@av] NashoRtiamdtic (1998 4dnfemaediag
t caccgagca (gggttcaaaa gattctactt attcactttc ctctacactt 540 actctttcta

aggcagact & fakjcat aaagtttatg cctgtgaggt gacccatcaa 600 ggcttgtcct

ctcctgtcac taagpcat Efffqut ’qggg@gug@mggggggggﬂg,gﬁgglgg}%g <21 1> 650

<212> DNA <213>"Artificial’ sequence < nthetic gene coding for an
Ab |ight chai n28usedeffaisiR [siJgGrodall B0 X1 995 dartuoglr. #dgiltlekl’/ac t caat ct cct

gictcitata t godht gottnddabedodiabote bPuH et Tierd i AL Bl
aggactt cag,aioizcgeid ¢ tggagtgcct 180 tccagattct caggatctgg ttctggaaca
tcatattgtc ttacfattaa ttctttgcag 240 ccagg?g/gtt ttgcaaccta ttactgccaa

cagaggt ctt cat 28cct &und dcTt NodlpanddD, Giga é\éa@awagblaé%ﬁfertsa%g@g%)ct
gttgctgcc%ﬁ%%%gthtst_lfgatctttcct 360

26. Tsuchiya N, E. T., Matsuta K, Yoshinoya S, Aikawa T, Kosuge E,
Takeuchi F, Miyamoto T, Kobata A. (1989) J Rheumatol. 16, 285-290
27.  Wright A, M. S. (1994) J Exp Med. 180, 1087-1096
28. Bakker, H., Bardor, M., Molthoff, J. W., Gomord, V., Elbers, I,
Stevens, L. H., Jordi, W., Lommen, A., Faye, L._, Lerouge, P., and Bosch, D. (2001)
Proc Natl Acad Sci U S A 98, 2899-2904
29. Cabanes-Macheteau, M., Fitchette-Laine, A. C., Loutelier-Bourhis, C.,
Lange, C., Vine, N. D., Ma, J. K., Lerouge, P., and Faye, L. (1999) Glycobiology 9,
. 365-372 _ _ _
30. Lerouge P, C.-M. M., Rayon C, Fischette-Laine AC, Gomord V, Faye
L. (1998) Plant Mol Biol. 38,31-48
31. Dwek RA, B. T., Platt FM, Zitzmann N. (2002) Nat Rev Drug Discov.
1,65-75
32. Ko, K., Tekoah, Y., Rudd, P. M., Harvey, D. J., Dwek, R. A., Spitsin,
S., Hanlon, C. A., Rupprecht, C., Dietzschold, B., Golovkin, M., and Koprowski, H.
(2003) Proc Natl Acad Sci U S A 100, 8013-8018 '
33.  Neuhaus, J. M., Rogers, J.C. (1998) Plant Mol Biol 38, 127-144
‘ 34. Frigerio, L., Pastres, A., Prada, A., and Vitale, A. (2001) Plant Cell 13,
1109-1126
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ccat ct gacg aacaactcaa gtcaggaaca gcatcagtgg tttgtctgct taataacttt 420
t acccaagag aggctaaagt tcagtggaag gtggataatg ctttgcaatc cggtaactct 480
caggaat cagoto@nagmgca ggattcaaaa gattctactt attcactttc etcupmasddlot40
actctttcta aggcagacta cgaaaagcat aaagtttatg cctgtgaggt gacccatcaa 600

ggcttgtcct ctcctgtcac taagtcattc aat ggag. aat gctc 0 < > 8 <2U> 675
<212> DNA <213;§-Art PeLIC s '&G’elﬂcﬁwgg@i”&?f&ﬁ@?nﬁﬁ%t’%a@%%%&{ng for
an Ab i gt GBajifid WS eghdop PR PRLADRI23< 4> dHqgaat t cgaga ttgttcttac

tcaatctcct "tcttcactgt cagcatccgt gggagatagg 60 gttacaatta cttgctctge
cagat cat cc gt cB@t t atadlingten {lgd?.tJ. (2080 Ggaadpit Fdart RiglyB 2 g ccaaaget

gtggatttac aggagttc at ctcgctt.c tggagtgect, 180 tccagal.t,ct caggatct.ag
ttctggaaca t cathtt g?’ga‘i"f’g’cﬁgt Shima@d 3% g&‘&gN'f W"Eﬂ’aga%%hr‘?‘“faf %géélg@t a
t t act gccagfiganka@hCrl (2069 teat /iy soaaB ! 89aci9900 ggaggt acaa aatt ggagat
caagagaact gttgctgccc catccgéttt catctttcct 360 ccatctgg&g,aacaactcaa

gt caggaaca gcab&agt fgllens: He.cidpards, dad adeylend MR+ Bears SalyBlinggyet hlbgt

t cagt ggaa C geap cggt aactct 480 caggaat cag tcaccgagca
ggattcaaagzogg??%}'g%{()?jgg({l%%ag t %2 ctctacactt 540 actctttcta aggcagacta

;:gaa?agf?t aa?gm t atlen Du?@Rgagng?@mPclael%GgMggmw g{atdﬁolfﬁ@ﬂg/tgggc 210
aagt cattc aat aggggag aat gcggcc C . ac ag tcgac <210>
9 <21 1> 1404 48-12>V%NI§?"<%1%> B&}&lﬁ’g'zﬁéﬁﬂﬁﬂﬁgﬁ’c@’ég%%§?<223> Synt heti ¢

gene coding fogjan AReMRYy. KDeI9T0TABRZe PevilhixI252E QP68 ggacct g gagaatcctg

ttcctcgttg ctgctgcaac aggfgcetcat 60 tctcaggttc aacttgtgca gtcaggttct
gagt t gaaga agcdaggaBeadforcialyf. Mad 91001l Biccheyt72, 2452349t gg ttacactttc

Goat caaca or gdtt ot 9 EhsgReoaans Db aAn, FARD MRPAbeCR2bad: 2605
ttctctctcg acaqgt ca@faneBRCRCHIT 189D RekRdst Biagahidr.a0; B80S 809 gact gct gag
gacaceuLs Lol gelt clg cAl goaal Do a0uaL 93t Sl pacta ot ongtcas
46. Khoudi, H., Laberge, S., Ferullo, J. M., Bazin, R., Darveau, A.,
Castonguay, Y., Allard, G., Lemieux, R., and Vezina, L. P. (1999) Biotechnol Bioeng
64, 135-143
47. Chargelegue, D., Vine, N. D., van Dolleweerd, C. J., Drake, P. M., and
Ma, J. K. (2000) Transgenic Res 9, 187-194 |
48. Pollock DP, K. J., Birck-Wilson E, Williams JL, Echelard Y, Meade
HM. (1999) J Immunol Methods 231, 147-157
49, Thompson JE, V. T., Williams AJ, Wilton J, Johnson KS, Bacon L,
Green JA, Field R, Ruddock S, Martins M, Pope AR, Tempest PR, Jackson RH.
(1999) J Immunol Methods 227, 17-29 | o
50. | Rossmann C, S. N., Allen G, Gewert D. (1996) Protein Expr Purif. 7,
335-342
51. Bardor, M., Faveeuw, C., Fitchette, A.-C., Gilbert, D., Galas, L.,
Trottein, F., Faye, L., and Lerouge, P. (2003) Glycobiology 13, 427-434 ‘
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actaagggtc catcagtgtt ccctctcgct ccatgtagta ggtctacatc agagtctact 480
gcagcccttg gatgccttgt caaggactac ttccctgagc cagttacagt ttcatggaac 540
agt ggagcowotgemabdmigg t gt gcacact tttcctgctg tcctgcaat c aegugposd@ot00
tactctttgt cttctgttgt tactgtgcca tcatcatctc tcggaaccaa aacatatact 660
tgtaatgtcg atcataagcc ttcaaatacc aaggttgaca agagggtgga gtcaaagtat 720
ggt ccacct I‘b%@é%%ﬁlyﬁleé@gctcca gagttccttg gaggtccttc tgtgtttctc 780
ttcccaccta agccaaaaga tacactgatg atcagtagaa cacctgaagt tacctgcgtt 840
gtggtcgatg tttctcagga ggacccagaa gtgcagttca actggtacgt cgatggagtt 900
gaggt gcat a acgtaaagAcystamfor pmgucigg gutatasliestin plaabcelbadors copaysger 960
gtgtctgtct tgaccgttcet tcaccaagat tggct.t.aac a agta.t 020
gtttctaaca agy ‘t‘beilé gé?‘é{%f‘b?‘g{’ﬁns 5%%&6?@?’& c?'ést @%g%ga&e“&g@g}g‘%g@g%‘ 080
cct agggaagrogaciadibedids.caccttgcca ccttctcaag aggaaat gac caagaaccaa 1140

gtctcactca cttgccttgt taaaggtttc tacccttcag acattgctgt tgagtgggaa 1200
t ccaacggt c aaccagagaa taactacaag actacaccac ctgtgctgga ctcagatgga 1260

tctttctttt tgtattct C : t ta: @gtgg,da@ 320
ttttcatgtt ct g?‘cat g?ge ? g%%gc%%ﬁl%ngg’cgg%gﬁ %Kggglgegfcég%ggl atctc %‘?ttc%l%%o
tt gt ct ct t gorpraseGtabigmodified plaiddelts210> 10 <2U> 1347 <212> DNA <213>
Artificial sequence <220> <223> Synthetic gene coding for an Ab heavy chain
fused to Apo signal <400> 10 gaattccagg ttcaacttgt gcagtcaggt tctgagttga
agaagccagg agcgt cagife @gsté}ﬁacﬁtéléiﬁ; §, $heRE0sidgeh ARl paRsdlifidd FRACEARL
acggaatgaa ctgggttagg 120 caagcacctg gacagggtct tcagtggatg ggat ggatca
acact gat t corhpugegegsicatl 8®ddcdtpaycelds. aggagt t caa gggaaggttc gtgttctctc

t cgacacctc agtcaacacc 240 gcataccttc agatcacctc tttgactgct gaggacaccg
gtatgtactt ctgcgtgagg 300 gtcggctatg atgccctcga ctactggggt cagggaactc

t ggt gacagt gagit gthgChys&ed) JfCaRfh aRgWhetent dhidaghtigdissC coaptiseg Clrtiahgt a
gtaggtctac atcagagtct 420 actgctgccc ttggatgcct tgtcaaggac tacttccctg
agccagt t agntthgdiascat gg 480 aacagtggag ccttgacctc tggtgtgcac acttttcctg
ctgtcctgca atcaagtg t ctt ti.€ : al
ctctcggaac c aagac at g%le gg%ergcﬁcgéiglag ’gw%l%glt %:ag(% gggl%ogﬁ:étstac% a atge %g%ggg Igetgt g
acaagaggguntflgaidscaaag 660 tatggtccac cttgcccaag ttgtcctgct ccagagttcc
ttggaggtcc ttctgtgttt 720 ctcttcccac ctaagccaaa agatacactg atgatcagta
gaacacctga agttacctgc 780

6. The system of claim 1, wherein said antibodies comprise an antibody
fragment.
7. The system of claim 6, wherein said antibody fragment comprises a

single chain antibody or a single domain antibody.

8. The system of claim 1, wherein said antibodies comprise IgG4 antibodies.

9. The system of claim 1, wherein said plant cells comprise cells selected
from the group consisting of root cells, leaf cells, stem cells, petiols cells, meristem

cells and fruit cells
10. The system of claim 1, wherein said antibodies comprise antibodies having

a higher level of binding affinity for an antigen than a corresponding antibody

produced in mammalian cell culture. -
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gttgtggtcg atgtttctca ggaggaccca gaagtgcagt tcaactggta cgtcgatgga 840

gtt gaggt gc at aacgcaaa gacaaagcct agagaggaac agtttaattc aacctacaga 900
gt t gt gt ctwyoteoddigamegt tcttcaccaa gattggctta acggt aagga @UaMBRGS/GI1075
960aaggtttcta acaagggatt gccatcatct atcgagaaaa ctatctcaaa ggcaaaggga 1020

cagcct aggg aac t acaectt cacctt.ctc.aa aat 080
caagtctcac tcag?tcgg%tsygérf]t ggé:gaé% tq t cvfcd?ie&l&)saé%g%@%%& %Ogrrp?léggggl 40

gaat ccaacgnibsdyantrgdaigabpepdt 3equaagact acac cacct gt gct ggact cagat 1200
ggatctttct ttttgtattc taggctgaca gtcgataaga gtagatggca ggaaggtaat 1260
gtgttttcat gttctgtcat gcatgaggct ctccacaatc attacactca gaaatctctc 1320
tcattgtctc ttggaa ith3tt % 0> 21 4k ise2d OB 5213>
Artificial squg'n?gé %%é%g%g‘§> Sywnlti%él?i Sggdé%lﬁ?og%eéic%gl% 1(S)? a% a&bp%relgvy chain

fused to peptidegbhasenditGaidingibady ©capgntt detlaaginetie. gcagt caggt tctgagttga
agaagccagg agcctcagtc 60 aaaatttctt gtaaggctag tggttacact ttcaccaact

acggaat gaa ctgggttagg 120 caagcacctg gacagggtct tcagtggatg ggat ggatca

acactgattc tggtigaghesyskddoflain?¢9ChRereRdAt §1gaf1Rd9886@éd frodl @k loedupt C
t cgacacctc agt caacacC 240 gcataccttc agatcacCtc tttgactgct gaggacaccg

gt at gt act constigjingtod &dy apaasit ahdgroplastgciospd end wepaolet act ggggt  cagggaact ¢
t ggt gacagt gagttctgct 360 tcaactaagg gtccatcagt gttccctctc gcetccatgta
gt aggt ct ac at cagagtct 420 actgctgecc ttggatgect tgtcaaggac tacttccctg
agccagttac agttigcat dhe 4§Semacioghiag 99 whetdiy 34id tptarit ggdt0¢dls avngeist icheot g
ctgtcctgca atcaagtggt 540 ctctactctt tgtcttctgt tgttactgtg ccatcatcat
ct ct cggaa€eldmaaacat at 600 acttgtaatg tcgatcataa gccttcaaat accaaggttg
acaagagggt ggagtcaaag 660 tatggtccac cttgcccaag ttgtcctget ccagagttcc
ttggaggtcc ttctgtgttt 720 ctcttcccac ctaagccaaa agatacactg atgatcagta

gaacacct ga agt tldcct JheEgQemgtof glaiygtSc gvhatei sdid plnat cpila ggmposaNgatgnagleat
tcaactggta ¢gtcgatgga 840 gttgaggtgc ataacgcaaa gacaaagcct agagaggaac
agtttaatt®aacctacaga 900 gttgtgtctg tcttgaccgt tcttcaccaa gattggctta
acggt aagga gtataagtgt 960 aaggtttcta acaagggatt gccatcatct atcgagaaaa
ctatctcaaa ggcaaaggga 1020 cagcctaggg aaccacaggt gtacaccttg ccaccttctc
aagaggaaat gacd&adanethed o nr ng yubodisa.ceomprisingt gpressing geidrantibediect t

cagacat’ 06, AR ARl RufPRt GFARcE 9L craccasa sastanctac aagact acac
gt agat ggca ggaaggt aat 1260
17. The method of claim 16, further comprising:
preparing a suspension culture of recombinant plant host cells transformed or
transfected with a recombinant polynucleotide encoding for said antibodies;

culturing said host cell culture under conditions permitting the expression of

said antibodies.
18.  The method of claim 17, further comprising:
purifying said antibodies following culturing.
19. An antibody produced by the system of any of claims 1-14 or according to

the method of any of claims 16-18.

20. A host cell producing an IgG4 antibody, comprising a polynucleotide
encoding the IgG4 antibody.
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gtgttttcat gttctgtcat gcatgaggct ctccacaatc attacactca gaaatctctc 1320
tcattgtctc ttggaaagtc gaccaag 1347 <210> 12 <21 i> 1368 <212> DNA <213>
Artifici avoeguaome <220> <223> Synt hetic gene codi ng f ecTtan2edodiemvy chain
fused to Vac signal <400> 12 gaattccagg ttcaacttgt gcagtcaggt tctgagttga
agaagccagg agcctcagtc 60 aaaatttctt gtaaggctag tggttacact ttcac

acggaat gaa ctgdgtt a@bﬁ seibotelaije aﬁcﬁ“gtggra@a@ggﬁltﬁ a sigagh i9 Q&?‘&“{fg@f’ 3%@%

acactgattc ﬁ @%d%@g acat acgct g aggagttcaa gggaaggttc gtgttctctc
t cgacacct & Q’g Taaca 0" gcataccttc agatcacctc tttgactgct gaggacaccg

gtatgtactt ctgcgtgagg 300 gtcggct atg at gccctcga ctact ggggt cagggaactc
t ggt gacagt gagttctgct 360 tcaac Icc ca ttccctc

gt aggt ct ac at c%agt Lhe ﬂ‘ﬁg"%@?@’éég W erf"c"g?j 5‘&’&15%?9@@\‘& %}:1 cc tg
agccagttaﬁ gﬁg}tsg &80 aacagt ggag ccttgacctc tggtgtgcac acttttcctg
ctgtcct gca gt gg 540 ctctactctt tgtcttctgt tgttactgtg ccatcatcat
ctct cggaac caaaacat at 600 acttgtaatg tcgatcataa gccttcaaat accaaggttg

acaagagggt gga caa ac,ctt aa g cc
tt ggaggt cc ttc tgt goéa@%?rbgg’a@'hg'i gg&g@ agat0 gg%%&lpﬁ?%a?gg&ta
gaacacct ggua&it faaﬁc‘sw&enw Onidirt A8t £0ibelgbpérablainged guascond gadgt geidgt
tcaactggta cgtcgatgga 840 gttgaggtgc ataacgcaaa gacaaagcct agagaggaac
agt tt aat t seqpiareEt Ac gg@(gngtmfzjﬁ ¢ctg tcttgaccgt tcttcaccaa gattggctta
acggt aagga gtataagtgt 960 aaggtttcta acaagggatt gccatcatct atcgagaaaa
ctat ct caaa ggcaaaggga 1020 cagcctaggg aaccacaggt gtacaccttg ccaccttctc
aagaggaaat gacgaagadte LOBOfchagtaot edereic said pglynticlegtideazramyytses & aveleisct t
cagacattgc tgttg t 9g 118'8 ga, tccaflcgplstcaaccaga gaat aact ac aagact acac
cacct gt gcﬁ‘“é@ﬁ&ffl dag eneo tSE80RL REPUCE t gt at t ¢ t aggct gaca gt cgat aaga
gt agat ggca ggaaggt aat 1260 gtgttttcat gttctgtcat gcatgaggct ctccacaatc
attacactca gaaatctctc 1320 tcattgtctc ttg aaaagg ccttttagtc gatactatgt
aagt cgac 1368 2210>The k&t dell acemrding RRTlaim) 28, avhergincsad hoshueHc®s <220>

<223> Vac lflroalns ectg E)II' t?gns?orgn %lwﬂlez? proﬁaryotlc cell.

26. The host cell according to claim 25, wherein said prokaryotic cell is a

bacterial cell, preferably an Agrobacterium tumefaciens cell.

27. The host cell according to claim 20, wherein said plant cell is a plant
cell selected from the group consisting of Agrobacterium rihzogenes transformed root

cell, celery cell, ginger. cell, horseradish cell and carrot cell, a tobacco cell, and a

grape cell.

28. The host cell according to claim 27, wherein said plant cell is a carrot
root cell.

29. The host cell according to claim - 28, wherein said recombinant

polynucleotide further comprises a promoter that is functional in plant cells, wherein

said promoter is operably linked to said recombinant molecule.

30. The host cell according to claim 29, wherein said recombinant
polynucleotide further comprises a terminator that is functional in plant cells, wherein

said terminator is operably linked to said recombinant molecule.
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<400> 13 Gy Leu Leu Val Asp Thr Met 1 5 <210> 14 <21 1> 66 <212> DNA <213>
Artificial sequence <220> <223> Nucl eic acid sequence coding for the ER

t ar get i ngweegesanem4f r om endochi ti nase and an ER retenti eaTaLposbo1eZ00> 14
atgaagacta atcUttct ctttctcatc ttttcacttc tcctatcatt atcctcggcc 60 gaaltc

66
31.  The host cell according to claim 30, wherein said recombinant

polynucleotide optionally further comprises additional control, promoting and
regulatory elements and/or selectable markers, wherein said regulatory elements are

operably linked to said recombinant molecule.
32.  An antibody produced in a host cell according to any of claims 20-31.
33. A molecule comprising an antibody and a terminal mannose.

34. A molecule comprising an [gG4 antibody and at least one carbohydrate
moiety attached to said IgG4 antibody, said carbohydrate moiety being selected from

_ the group consisting of a xylose and a fucosel-3

35. A method of producing a recombinant antibody, the method
comprising:
(@ generating a suspension culture comprising plant cells being genetically
modified to express the recombinant antibody; and optionally
(b) recovering the recombinant antibody from said suspension culture thereby

producing the recombinant antibody.
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