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accumulate the proteins of interest in their "organs of
storage", such as seeds or tubers. This facilitates their
handling, their transportation and their storage at ambient
temperature, while affording the possibility of subsequent

20 extraction according to needs. Moreover, the transgenic
plant, or some of its parts, can be utilised as vector of
medicaments or of vaccines. In 1986, the team of Charles
Arntzen (Boyce Thompson Institute for Plant ﬁesearch, Cornell
University, New York) has demonstrated the production of a

25 recombinant vaccine against the thermolabile enterotoxin of
Escherichia coli by the potato. Its efficacy has been
demonstrated in mice and through clinical trials carried out
on volunteers having consumed 50 to 100 grams of raw
transgenic potatoes over a period of six months. Another

30 team, at Loma Linda, in California, has successfully tested
in mice a vaccine against cholera formed in the potato.
Traditional vaccination against germs responsible for
entercopathies is regarded as "too costly" to be generally
implemented in developing countries. However, the production
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production of proteins or glycoproteins for therapeutic use

has gone widely beyond the domain of science fiction since

20 soy, tobacco, the potato,'rice or rapeseed is the object of
investigations for the production of vaccines, proteins or
peptides of mammals such as: monoclonal antibodies, vaccine
antigens, enzymeé'such as canine .gastric lipase, cytokines
such as epidermal growth factor, interleukins 2 and 4,

25 erythropoietin, encephalins, interferon and serum albumin,
for the greater part of human origin. Some of these proteins
have already proven their efficacy in human volunteers,
however, their potential immunogenicity and their possible
allergenic character still restrict their development.

30 Several heterologous proteins have successfully been produced
in plants. Among these proteins are monoclonal antibodies,
hormones, vaccine antigens, enzymes and blood proteins
(Dieryck et al.,'i997; Florack et al., 1995; Ma et al., 1995)
Matsumoto et al., 1163; Saito et al., 1991; Thanavala et al.

35 1995) A major limitation of plants, shared with other
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containing complex N-glycans found in mammals, while also
al,6 1linked core fucose is never found (figure 1;
Schachter, 1991). A mouse monoclonal antibody produced in

20 tobacco plants (Ma et al., 1995) has a typical plant N-
glycosylation. 40% High-mannose glycans and 60% complex
glycans containing xylose, fucose and 0, 1 or 2 terminal
GlcNAc residues (Cabanes Macheteau et al., 1999).
In short, analyses of glycoproteins from plants have

25 indicated that several steps in the glycosylation pathways of
plants and mammals are very similar if not identical. There
are however also clear differences, particularly in the
synthesis of complex glycans. The complex glycans of plants
are generally much smaller and contain beta-1,2 xylose or

30 alpha-1,3 fucose residues attached to the Man3 (GlcNAc)2
core. Such residues on glycoprotein are known to be highly
immunogenic. This will cause problems for certain
applications of recombinant proteins carrying these sugars.
In addition, although common and often essential on mammalian

35 glycoproteins, sialic acid has never been found in plant
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require a strategy intended to prevent immunogenicity of
glycoproteins produced by transgenic plants. The aim of the
strategy is to moaify the genome of vegetable cells in such a
20 mannexr that they fipen their proteins like human cells would.
Numerous genes of g1ycosyl transferases of mammals have
already been cloned, which is not the case in plants. In view
of the ease of transformation of vegetable systems, the
temptation is strbng to "complement” the Golgi apparatus of
25 plants by glycosyi'transferases from mammals in order to
"humanize" or "mammalize" the glycans of the glycoproteins
they produce. The success of such a strategy is nonetheless
not evident. In particular, the galactosylation and
subsequent sialylation of recombinant glycoproteins in a
30 vegetable cell depends not only on the transfer and the
expression of the gene of the galactosyl and the sialyl
transferase: these foreign enzymes must also be active in the
vegetable cell, w1thout detrimental effects to the plant
cell, and last but not least, without detr1mental effects to
35 the transgenic plant as a whole.
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is normally not present in plants additionally comprising at

least a second mammalian protein or functional fragment

thereof that is normally not present in plants. It is

20 provided by the invention to produce in plants a desired
glycoprotein having a mammalian-type of glycosylation
pattern, at least in that said glycoprotein is
galactosylated. Again, desired glycoproteins may be any
useful glycoprotein for which mammalian-like glycosylation is

25 relevant.

In a preferred embodiment, the invention provides a plant
according to the invention wherein said functional mammalian
enzyme providing N-glycan biosynthesis that is normally not
present in plants comprises (human) f1,4-

30 galactosyltransferase. An important mammalian enzyme that is
missing in plants is this P1,4-galactosyltransferase. cDNA's
encoding this enzyme has been cloned from several mammalian
species (Masri et al., 1988; Schaper et al., 1986). The
enzyme transfers galactose from the activated sugar donor

35 UDP-Gal in B1,4 linkage towards GlcNAc residues in N-linked
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20 comprising mammalian glycosylation patterns have been
disclosed in the art. Many glycosylation mutants exist in
mammalian cell lines Stanley and loffe, 1995; Stanley et al.,
1996) . However, similar mutations in complete organisms cause
more or less serious malfunctioning of this organism (Asano
25 et al., 1997; Herman and Hovitz, 1999; Loffe and Stanley,
1994). It is therefor in general even expected that B1,4-
galactosyltransferase expression in a larger whole than cells
alone (such as in a cohesive tissue or total organism) will
also lead to such malfunctioning, for example during
30 embryogenesis and/or organogenesis. Indeed, no reports have
been made until now wherein a fully grown non-mammalian
organism, such as an insect or a plant, is disclosed having
the capacity to extend an N-linked glycan, at least not by
the addition of a galactose. From many eukaryotic
35 multicellular organisms, immortalized cell lines such as CHO,
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Serious malfunctlonlng of the organism (Aseno et al., 1997;
Herman and Hoxvitz, 1999; Loffe and Stanley, 1994). Indeed no
reports have been made that N-linked glycosylation can be

20 extended, in such a way that N-linked glycans are formed that
naturally do not occur, in eukaryotic cells which do have the
potency to regenerate into viable organisms. Apparently, as
compared to normal cells, immortalized cell lines are
flexible and tolerant to new, not normal types of N-linked

25 glycosylation but lack the capacity to develop into intact
organisms.

m

Also modification of the N glycosylation machinery of
immortalized tobacco BY2 cells has been reported.
Introduction of GalT into this cell line results in the

30 production of galactosylated N-linked glycans of endogenous
proteins Palacpac et al., 1999). However, cells from this BY2
cell line can not be regenerated into viable tobacco plants.
In addition and as described elsewhere in this patent
application, the largest population was an abnormal hybrid

35 type glycan (GlcNAc2Man5GlcNAcGal) suggesting premature
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conpr ilfes a galciagioseacild arpweifenyred embodimant i Budy invgmtiand heavy chain
or (functigfftides such a plant wherein said enzyme shows stable

expression. It is even provided that beyond said second

mammalian protein a third mammalian protein is expressed by a
plant as provided by the invention. The experimental part

20 provides such a plant that comprises a nucleic acid encoding
both an antibody iight and heavy chain or (functional)
fragment thereof. Of course, it is not necessary that a full
protein is expressed, the invention also provides a plant
according to the invention expression only a fragment,

25 preferably a functional fragment of said second mammalian
glycoprotein, said fragment having at least one activity of
the whole protein and further being characterised by for
example a truncated polypeptide chaih, or a not fully
extended glycan, for example only extended with galactose.

30 In a preferred embodiment, the invention provides a plant
according to the invention wherein said second mammalian
protein or functional fragment thereof comprises an extended
N-linked glycan that is devoid of xylose and/or of fucose. As
can be gseen from figure 3 , plant-derived galactosylated

35 glycoproteins still may contain xylose and fucose residues.
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fucosyltransferase) . The present invention provides an plant

in which galactosylation is essentially natural like it
occurs in mammals.

20 The N-terminal cytoplasmic, transmembrane and stem region of
glycosyltransferases determine the localisation of the enzyme
in the ER or Golgy membrane. To provide natural or desirable
glycosylation, glycosyltransferases can be expressed in
plants as they occur in mammals, but can also be expressed as

25 a fusion protein between two, or part of two, different
glycosyltransferases. In this case the localisation is
determined by one enzyme and the catalytic activity by a
second enzyme. As example, a fusion between the cytoplasmic,
transmembrane and stem region of plant xylosyltransferase and

30 the catalitic domain of mammalian galactosyltransferase,
providing an enzyme with galactosyltransferase activity and
localisation of the xylosyltransferase.

If one would desire to further separate glycoproteins
comprising extended N-linked glycan that is devoid of xylose

35 and/or of fucose, or to produce these in a more purified way,
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bet t eRSadqnt&ert 8darpedske|® RAFSiRLe. Cheearny FRVRBELRR BeTPF 0%t des the
transfer Qfrovigesl tBeattrahdfers\oft hesialpatdmiy biosynthesis pathway
to plants. In this invention when referring to plants the
whole spectrum of plants ranging from algae to trees is
intended unless otherwise specified. Plants in general lack
20 sialic acid, a sugar residue needed for the enhanced function
of certain glycoproteins like antibodies and hormones, in
their N-linked glycans and also the substrates for
sialylation have never been found. The invention provides
plants that have the capacity to produce NeuAc containing N-
25 linked glycans on their proteins. To establish this, up to 5
different heterologous genes are expressed in plants (see
Table 1). To provide plants with the biosynthetic capacity to
produce sialic acid, genes encoding up to five enzymes acting
in the sialic acid biosynthesis pathway are transformed to
30 plants. These enzymes from bacterial and mammalian origin are
known: GlcNAc-2 epimerase, NeuAc synthase, CMP-NeuAc
synthetase, CMP-NeuAc transporter and NeuAc transferase. All
genes encoding the enzymes are if desired supplied with a
(FLAG) tag to follow expression, and are transformed to e.g.

35 tobacco and corn.
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bloaCtIVIthln Vlﬁfhdggg the binding of a thus modified protein to

the asialo-glycoprotein receptor of for example liver cells,
thereby effectively increasing half-life, and thus clearance
time, of such proteins, when used as therapeutic substance,

20 i.e. as pharmaceutical composition. The invention thus

' provides an organism derived, herein in particular a plant-
derived glycoprotein or functional fragment thereof
comprising an extended N-linked glycan at least comprising
galactose, said galactose further extended with a compound

25 capable of extending galactose with, such as Glca to function
in a similar way as silaic acid. For example, the invention
provides plants that have the capacity to produce GlcA
containing N-linked glycans on their proteins. To establish
this, a gene encoding for example glucuronyltransferase

30 (Terayama et al., PNAS 94:6093-6098, 1997) is expressed in
plants according to the invention using methods known in the
art or herein disclosed.
In this aspect, the invention is not limited to plants but
also provides other organisms like animals, fungi or yeast,

35 or cell lines like mammalian cell lines or insect cell lines
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compound, attached to galactose, that replaces or provides
sialic acid function and thus provides at least reduced

20 reactivity with a asialo-glycoprotein-receptor, preferably
wherein said receptor is at least present on a liver-cell.
Also more than one compound can be transferred to galactose,
for example glucuronic acid that is extended by sulfate by
expressing a sulfotransferase that transfers sulfate to

25 glucurconic acid. The invention is not limited to those cases
in which extension of galactose by other compounds than
sialic acid has the same effect as extension with sialic
acid. Extension of galactose by other compounds than sialic
acid can have a function by its own for example in

30 interaction with other compounds, cells or organisms.
Furthermore, it has the advantage that components, otherwise
extended by sialic acid, but now for example with glucoronic
acid, or sulfate of fucose groups, for that matter, can
easily be recognised and thus distinguished from like

35 endogenous compounds extended with sialic acid. For example,
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can, by d01ng that, increase the galactosylation. It can also
be of use in a purification procedure, for example by
facilitating affinity purification by specific antibodies,

20 lectins or other compounds. if desired, the compound by which
galactose is extended or further comprised can, after
purification of the recombinant glycoprotein, be removed, by
for example a specific glycosydase, sulfatase, phosphatase,
or other suitable enzyme.

25 In another preferred embodiment, the invention provides a
plant according to the invention wherein said N-linked glycan
comprising galactose is further comprising other sugar
residues not directly linked to galactose, for example core
alphal, 6 linked fucose or betal,4- or betal,6 linked N-

30 acetylglucosamine (GlcNAc). To establish this, a gene or
genes encoding for example core alphal,6 fucosyltransferase
or/and GlcNAc-transferase III, GlcNAc-transferase IV, GlcNAc-
transferase V and/or GlcNAc-transferase VI are expressed in
plants according to the invention using methods known in the

35 art or herein disclosed.
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gl ycopr ot esdudrivgd @htodAgi Rsglyddbyilatiionl mpdafying khzynelsyaadyl ati on
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typi cal nm I NS71 NVO cOoS I on such as, but
not |ilA télilifQ?Pq%t@&PSA A} E‘Pﬁ%%%ﬁﬁlﬁmaﬁfrﬁbias’é’éafaﬁﬁﬂg} &léﬁy'ﬁ which

t ransf er asgfoduce tailored glycoproteins with commercial interest can
be generated by simultaneous inoculation (co-transformation)
of two or more Agrobacterium strains each carrying a vector
comprising either nucleotide sequences encoding N-

20 glycosylation modyfying ehzymes or nucleotide sequences
encoding glycoprotelns of commercial interest. Alternatively,
stably transformed plants which produce tailored
glycoproteins with commercial interest can be generated by
(multiple) crossing(s) of plants with modified N-

25 glycosylation with plants which express nucleotide seguences
encoding proteins of commercial interest. In all of these
procedures, the vector may also comprise a nucleotide
sequence which confers resistance agéinst a selection agent.
In order to obtain satisfactorily expression of the proteins

30 involved in N-glycosylation and of the glycoproteins or
polypeptides of ¢QMmercial interest, the nucleotide sequences
may be adapted to the specific transcription and translation
machinery of the host plant as known to people skilled in the
art. For example, silent mutations in the coding regions may

35 Dbe introduced to'improve,codon usage and specific promoters



Generating stably transfornmed plants which produce tailored 10

gl ycoproteins with comrercial interest-can be established by inoculating
plant cells or tissues with Agrobacterium strains containing a (binary)
vect or whwolbusiogpri ses both nucl eotide sequences encodpagynbedoygosy! ati on
nmodi fyi ng enzynes and genes encodi ngigommercially interesting heterol ogous
15 glycoproteins. Alternatively, stably transforned plants which produce

tail or edmgi YB@ptﬁéEc?'tfbs d&‘fv@ @9‘ %id”zjx éf‘ttq'g e%%.fl enBE Qﬁn@ﬁ@t ed by
" ans

si mul taneo S inocul atiaon ormat | Qn or nore r obacteri um
strains 53 RVRRY é:]rarTbt &N b‘F&r Prompress mpish ree F?GHF%BPF‘%t%:gBUences
encodi ngragQDagdaqomswmIqmnanoﬂgf Induced zatea 14r, magl Pet wded sesjuences

encodi ngeﬂéufépéa%féébi&i‘ a‘i:o #gi?ore £ ¥ime) tfg?gg;‘%%%/h i or

transf or rrg Pb@ whi ch r&%Cdpr I'ns rcial
i nt erest 2E5H %é}*ﬁ%&?%?avenlaﬁw BVREESitAgTs Fhef fhebdhiandi ¢ h
nodi f i edbio@ghigl imtos \daxttired et hopd it cns\himh a@pthesendasesf i de sequences

encodi NgcREOLE 66 Sfp fe@y{%%a%séee %St cild) AvecllILRESE nPILRAGY 5. the

vect or \r/ al so cﬁ?rl se nuc eotl confers resi'stance
agai nst BTSBPLLE e g MCBPH%Fe%%S SmeFcial adBeFeSE expr essi on of
t he prot ehosl@be rmmrve:dlaltn tNegl grppydatimnncant tBelgl ysomXdwei ns or

pol VPPt bidesrod SOMMRIGIE akBbALEShoal Af-dUIHROLLER CguERCES MY be

adapt ed ? ecific transcription an hsl at 1-on nachi nery of the
host pl afl Yﬁ% to people skilled in the art. For exanple, silent
mutations in the coding regions may 35 be introduced to inprove codon usage

and SPeCEl g/ GURL £IcH Weocl0102 1047 RERMLGY Q0115005 iafe socd 10

drive' - I.on O he sal d: genes 1n van I SSuUes.
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relatively easy transformable plants, such as Arabidopsis

thaliana, or Zea mays, or plants related thereto, is also

particularly provided. For the production of recombinant

20 glycoproteins, use of duckweed offers specific advantages.
The plants are in general small and reproduce asexually
through vegetative budding. Nevertheless, most duckweed
species have all the tissues and organs of much larger plants
including roots, stems, flowers, seeds and fronds. Duckweed

25 can be grown cheaply and very fast as a free floating plant
on the surface of simple liquid solutions from which they can
easily be harvested. They can alsoc be grown on nutrient-rich
waste water, producing valuable products while simultaneously
cleaning wastewater for reuse. Particularly relevant for

30 pharmaceutical applications, duckweed can be grown indoors
under contained and controlled conditions. Stably transformed
Duckweed can for example be regenerated from tissues or cells
after (co)-inoculating with Agrobacterium strains containing
each a (binary) vector which comprises one or more nucleotide

35 sequences of interest encoding N-glycosylation modifying



brought into controlled conditions. In all these cases, choice of
expression cassettes of the glycosylation nodifying proteins and of the

gl ycoproteins of comrercial interest should be such that they express in

t he sane cwblow3teas al | ow 10 desired post translational nOBCT/NLOSN0TISS to the
said glycoprotein. In the detailed dé@$cription the invention provides a

pl ant as defined herein before according to the invention which 15

&onpr | Ses efz{MbaCcH 18 fene@r eabowtcmxmmfalﬁgl ahedréscimy genus
|cot|ana % 0 e y easy
transfor rraﬁpg%?'/géﬁuéj e'LLY c%%r%b:%\% gl S@I’és ({hcqﬁ?%%l §%3n{:ollr"23%e%§1lrrays or plants
rel ated t REREPHE ¢HRAIFS ther 9?§Hﬁa$l>iyr‘¥#€ti\liadesenp§rWP-'héfﬁocﬂﬁi'Hson of
reconbi nawblfﬁlgiyac,orb"xotte:lengenusew&mﬁlquémﬁdmahfaer SLERRS | hirti swditant ages.

The pl ant r smal | and reproduce asexually through vegetative
buddi n%1 %@geg?@q?gﬂg ost duckweed species have all the tissues and

or gans of E?mgﬁwmrgelrn fomate Lruitai atpe fiferssspesific cadvantagesds and

fronds. Duwekuwesss a-,ﬁq Qﬁleaelg?og@oﬁﬁeﬁplgfe@mho\aeef& ﬁﬁ&%a@or&aﬁ&ﬁa floating
ut 1.ons m | C

plant on_the_s f_Si 0 h t can
easily be? ﬁlgrvel!sil eﬁgcongénlgflgog%%dmm e SRURGt %lgm?ssrl%?{l ri’v(é//aste wat er
pr oduci ngh@a'VeaE#% ancrd@@pysm Fbrgvmllfammr énecanPEPUGSt ewat er for
reuselp Paghhfitieidy. r’l&lee\dﬁlﬁbrirofr39t£$l@rd&£t%lihhﬁ | tRePY1 gedpBteinguckweed
can be gr oxéunll gogs[és a%n%er r(égatiu need alflaq:e%or%tro t:ﬁd cor d| té W3 St abl y
transforne can for exa%p?ép%e regen s ?? T ssties or cells
after (coyom%ﬂmim@’hmcbhaAéPUEa%Q%WIUrﬁtgtlrfapﬁiil@@n@él‘Fh#]g each a

(binary) wegteprotenh ExpRessE6n0NR SFordes o&gahQObfdeth&B nces of
| nt er est ‘ig%gur%{%]%@c ygesyhation E'S’déhe?’ 'ﬂ‘e‘%n 04£31045 H PC;tFerlE?,QQQOWS 16

enzynmes an es encoding conmercr a 8rest | rng -’ h 0 ogous
gl ycob? ot ef nsotm s lkhee geprianet nmegpre (ﬂeEdeﬁ?ﬁnﬁPEfl:@W iaxe @d€0genus
Spi r odel | attgeptbve\dlIfddrhatdeas swhih fidtilde, haget Bfofes il @¥aansLema

m nor, Leggg Q%{%ﬁmﬁgf%esting and processing technology is in place.

Herewith, the invention provides a method for providing a
20 transgenic plant, such as transgenic Nicotiana, Arabidopsis

thaliana, or corn, potato, tomato, or duckweed , which are

capable of expressing a recombinant protein, with the
additional desired capacity to extend an N-linked glycan with
galactose comprising crossing said transgenic plant with a

25 plant according to the invention comprising at least one
functional mammalian protein, e.g. a transporter or an enzyme
providing N-glycan biosynthesis that is normally not present
in plants, harvesting progeny from said crossing and
selecting a desired progeny plant expressing said recombinant

30 protein and expressing a functional (mammalian) enzyme
involved in mammalian-like N-glycan biosynthesis that is
normally not present in plants. In a preferred embodiment,
the invention provides a method according to the invention
further comprising selecting a desired progeny plant

35 expressing said recombinant protein comprising an extended N-



5 and Lemma gi bba. Expression in tomato fruits also offers specific
advant ages. Tomatoes can be easily grown in greenhouses under contai ned
and controlled conditions and tomato. fruit biomass can be harvested

cont i nuowgd ¥adp4soughout the year in enornous 10 'quantitt@%m]@ﬁ?yat ery
fraction containing the glycoproteinsof interest can be readily separated

fromthe rest of the tomato fruit which allows easier purification of the

gl ycopr otyali [ j t .ot gans_pf ot her crops .including but

not 1 m Cagres PRLCRE oF 1dhat HRP%: B1A8 Safaathel’ A TBR: deRAAtFRC “seeds
of rape SESFTdptignf# ofierthen dessyipsienaef s anetihast mecordénghteh provi de
huge bi omas invent gonsis f@iverhiugingat¥Bated G Btk P RIETToRG 1 hgshnol ogy is
in place..pd nggghantggmhgﬁgntion provi des a nmethod for providing a 20
transgeni c plant, such as transgeni c N cotiana, Arabidopsis thaliana, or
cor n, 2potity spdfamethed amarwsdded hii the ainventivabl dhef imxpnbéoing a
reconbi nallsoppebeiides Va il 4rite expdiskifgaka @ SHdesntianat broteigxagnd an
N—Iinkedgg%%%ggiﬂ%tg E&gé@g%g e(%gngrhsinﬂ Crossin sq&ﬂ t ransgeni c pl ant
with a 2 ant agcording 1o the TRUVBRERBA TEREIT SFREXEY &8st one

f unct i on&RMPRAFAR Akke Bt ¥eane bjosymtheaspothal i marmedlynmotprovi di ng

N gl ycanf;me@sm_t haspTahteas ﬁcsvdrtcpfa:ifalshgéhnatpga:ﬁ;seir% provikleant léhe{larvesti ng
progeRy fir. S and sel ecting,_a_desired progen apt _expressing
sai erB ec&r%%%%tb A g%Q%r%{%ln eefné"”&xﬁ%e?s ﬁ@“%gefrtﬁﬁ:tqq‘ I t\éngﬁ?fg‘l‘?%n) enzyme
i nvol ved & NefaxrRdl shycopRet einylop: §unpt dopat hissiameritatthegeofior il | y not
present igarglienlar whedeid a&f-8ld edyesBedta®ntor flif-didwaNt EeAgneRYi des a

or ogeny axtofdobliptifes B Lrcthet e oS A SSoRBRFEI ng an oxt ended
N WO 01/ SAORSipEng NERAGE 17 |inked glycan et |east conprising
gal aesoserhel Antbat deh adddrt iRl pEboddds falrditlodFoer bBELORIRG & Net hod
accord'thEﬁrehh81&9¥5¥géé¥hlé% %h%%@igﬁéfgféééﬁgh‘)dﬂe%25§ and crossings
comprising for example an extended N-linked glycan at least
comprising galactose comprising cultivating a plant according
to the invention until said plant has reached a harvestable
20 stage, for example when sufficient biomass has grown to allow
profitable harvesting, followed by harvesting said plant with
established techniques known in the art and fractionating
said plant with established techniques known in the art to
obtain fractionated plant material and at least partly
25 isolating said glycoprotein from said fractionated plant
material. In the detailed description (see for example figure
4) is further explained that an antibody having been provided
with an extended N-linked glycan at least comprising
galactose is provided.

30 The invention thus provides a plant-derived glycoprotein or
functional fragment thereof comprising an extended N-linked
glycan at least comprising galactose, for example obtained by
a method as explained above. Such a plant-derived
glycoprotein with an extended glycan at least comprising

35 galactose essentially can be any desired glycoprotein that



thereof as an exanple. 5 Wth said nethod as provided by the invention, the
I nvention also provides a plant expressing said reconbi nant protein and
expressing a functional (manmalian) enzynme involved in mamalian-1ike

N-gl ycan bygoyafdsesis that is nornally not present in phapiBooncb®y that
such a plant is provided, the 10 i nvemgi on al so provi des use of a
transgenic plant to produce a desired glycoproteln or functional fragnent

thereof, (g, pardi s%red"“igeg ﬁ&?&nkerg:lﬁ"'e&% 8' n Rélﬁckﬁlcéé OBl fragment

t her eof co rrses an exten Peast compri si ng ‘
gal act oseTSH 520 Pthere horBRng ogt Y‘que}%’ﬁnoﬂ‘ﬂ% Bormpanast ke EBPai ning a
desired gégtzymes)thlke entitegpsonealof rlagamet, bémlebeir adirgariiomi ng for exanpl e

an eXte“dﬁglé\EM{%%]@ 8k ¢8fRgerd U L3' B tﬂ?g: TR Lakng

cul tivating a plant ‘according |nvent|o unt| sal ant ~has
reached a ﬁaP’F/%‘é’tdoﬁﬂ &ish epggrtiably é‘i?éflﬁi‘lléaﬂh%Y%‘EﬁY]r%H’é?ﬂ bi onmass has

grown to phtrnw:ns)r @Ehipirelslse ohas f esid prdtelinewesn bye i‘;a?emmﬂﬁneag bgai d pl ant
with est éﬁﬁgp oWk 1}t h r hieNg sai d plant
i g?l sied techni i ﬁﬁ £ b, ol Exgﬂg %ﬁ ain

with esta known in the art to ractlonated pl ant

mat eri al SERFYESIARIiay FP?aQSeF%‘P Hadigtedi BrangEIPAIG™h from sai d
fracti onaébecttapiratidinebicapart el dotitiaaidmedt (elsat i g by see for exanpl e

figurgy 4l éxﬁﬁéﬂi%‘é!px%égkéhnﬁg}rgai v%%u%“’irle@@gi‘ ﬂﬁg d HEn0QeN ophaY! ded  with

an ext ended ﬁ nprisrn ctose Is prOV|ded 30
The i nven'E'?'é‘?PcithSle;ﬁ‘DW geansfpragas (SR?r We&tﬁ?’flcﬁy‘ﬁf?"cﬂ’é"r ®x$endindct i onal
fragment ghpeaofbicaymthesiy, aandidremadd Mlicokeotein yrandabel east

COMPr i 51 NG AL AR O3 raelOLREATP! 6 W'Y 1B pr BN, 28c01RLaEGEd above.

Such a plan erived glycoprotein with an ex gl ycan at | east

conpri si nﬁx%’Se SRAOR g SegEatht FLFgups: QF Bégéﬁ‘@ de5| red glycoprotein that WO
01/ 31Bl5 Redewdt)/ @heé/Snvéft tam disceppoedded use cofplsarth aFplaskanpl e,

antlbodleaerfﬁgé glycoprotein or functional fragment thereof according
to the invention for the production of a pharmaceutical

composition, for example for the treatment of a patient with
an antibody, a hormone, a vaccine antigen, an enzyme, or the

20 like. Such a pharmaceutical composition comprising a
glycoprotein or functional fragment thereof is now also
provided. The invention is further explained in the detailed
description without limiting it thereto.

25
Detailed description

One important enzyme involved in mammalian N-glycan
biosynthesis that is not present in plants is p1,4-

30 galactosyltransferése. Here, for one, the stable expression
of B1, 4-galactosy1transferase in tobacco plants is
described. The physiology of these plants is not obviously
changed by introducing f1,4-galactosyltransferase and the
feature is inheritable. Crossings of a tobacco plant

35 expressing Pl,4-galactosyltransferase with a plant expressing



TSH and ot her hornone gl ycoproteins, other:hornones |ike EPO  enzynes |ike
antitrypsine or |ipase, cellular adhesion nolecules |ike NCAM or collagen
can be produced in plants and 5 be provided with essentially manmmalian

gl ycosyl awiomsigaat t er ns. Expression of such protei ns capcesipetdey ned by
using a nethod known in the art. For aganple, by stable expression via
Agrobacterium nmedi ated transformation, electroporation or particle

borbar dneghe Kadn2lS@ tmgiae Eﬁéﬂﬁ'@f‘ta FRARS 8heRbld %nﬂr@dtyéédls vector like

PVX or othe cos ans erases .or arn. rot ei n extendi ng

gl ycan bi 82@%‘?&%"‘1 d% é'FnS&B‘EI ﬁrb% Wt &ed under
control ohyhrigeses fpmdmcminaetlbodim.l | iHeatedn expu.as’sh‘osl shovwgertthaitn ti ssues
or organswé&&i&s tdhzyimde chAVEat kbl ¥R ?Olh@‘fédﬁéédoin PG pl ant -

deriv froteln or _fynctional fragment, thereof according . to the
i nvent The PHEREE FOnIBH2 PR ‘:?gFﬁ’cF@dﬂlE‘ﬁl gl¥eApEteinsh 1% or exanpl e
for the tpbaemﬂ Morpoyetri, ehhigi féntare dst iibbdyitabheramhesherevdeci ne

antigen, a8 PSR ;ﬁfenU&?pggafL'&f’ffé&?:eab@tﬁrégﬁc‘éﬁéi cal conposition
f ereof is now al so

conprisin Qprotein or functional fragnent t

provi ded. 8#:%‘“?% e§aPGrPﬁ%’i‘t%>&ﬂ al"ﬁég EHPEhePdBPY#S ed description
wi t hout | nene¢innal artdbedy. p2édBeediiredtieeec plphionhden idqmnrdennif enzyne
i nvol Med tanﬂﬁmlg}aa.rad&o%)écaa Qf&éwtébe‘ﬂy%rata%a Sr88hcdi esent in plants

is pl,4 30 |.t ransf er Here, .for aqne, e stable expression of
pi, 4-gal & ’8'?%‘3)‘? g%gﬁers usi ﬁﬁ?‘bb‘é@cc?”&yaﬁng?mH%sEF?tEfe’d‘s HBFEPRysi ol ogy
of t hese Qahmfsosyslarmd boti elisbya cdromisichalpy lynerpdessed mammalian

01, 4- gal aF{;@g;yiﬁ_r ansferase and the feature is inheritable. Crossings of a
tobacco plant 35 expressing f31, 4-gal actosyltransferase with a pl ant
expressing WO 01/ 31045 PCT/ NLOO' 00775 19 the heavy and light. chain of a

nous elTant Makeriyd aolrsb dunde Hlethods

Plasmids and plant transformation
A plant transformation vector containing human p1,4-
galactosyltransferase was constructed as follows: a 1.4 kb
20 BamHI/XbaI fragment of pcDNAI-GalT (Acki et al., 1992;
Yamaguchi and Fukuda, 1995) was ligated in the corresponding
sites of pUCl9. Subsequently, this fragment was re-isolated
using surrounding Kpnl and HincII sites and cloned into the
KonI and Smal site of pRAP33 (named pRAP33-HgalT). Using AscI
25 and PacI sites the CaMV35S promotor-cDNA-Nos terminator
cassette of pRAP33-HgalT was cloned in the binary vector
PBINPLUS (van Engelen et al., 1995). Modifications to the
published protocol are: After incubation with A. tum., leaf

discs were incubated for three days in medium containing 1

30 mg/ml of NAA and 0.2 mg/ml BAP and the use of 0.25 mg/ml
cefotaxime and vancomycine to inhibit bacterial growth in the
callus and shoot inducing medium. 25 rooted shoots were
transformed from in vitro medium to soil and, after several
weeks, leaf material of these plants was analysed.

35



anti body having termnal galactose in simlar anmounts as hybridoma
produced anti bodies. Herein it is thus shown that the foreign enzyne can
be successfully introduced in plants. 5 A clear increase in gal actose

cont ai ni nowe@leyg@ws oteins is observed. Mreover, this fepgbiNEoolodrrs

i nheritable and there is no visible phenotypical difference between the
gal actosyltransferase plants and wild type. A nouse nonoclonal antibody
pr oduced as a degree of 10 term nal gal act oses conparabl e
to hybri d%Eﬁg%{éugié&ﬁl i_body. This shows that not_ only endogenous

prot ei ns BEEoREs 4 A LRITRSY é‘rﬁ-‘é&sSﬁFa%?s‘%}"%\ JevednBrn§he| YranggrEsed
mamm:c i an plahegewals dria INRieRY ][bgrl aoaaHeMtﬂsm&t i Satbrask &t ., .
t or | r -
o act ooy OSINSRR B LANTER BRohChed B8l ANGBER, BN B L, e

fragneht &12pEBNAP- dpporibeski(Det Vaies qogpl. vad#dddchFeRndo ik R¥al1995) was
ligated i lkllihhﬁaéoﬁé@é%&dlééﬂlplsl t@ﬁe%w&JQ{f%Hp%B& agquwenh! ¥, [’Pﬁ]c&m{j agrrfnt
was re-is | S undi n an i n es ned into
the ' Kpnt LaRaTERSSLE Pl "Famal BB ATHRE B wPol € GRTE O o5 M
Pacl si teQSPﬂlétélémqﬁmngm Nos term nator cassette of

pRAP33- Hgal T was cl oned in the binary vector pBINPLUS (van Engelen et al.
1995) ol\/b?,,g_flgaté nfnto 2 publ i shed protocol are: After incubation with
A tum FOPEP ST viEr% yr:"gubat ed for three days in mediumcontaining 1
30 ng/ M GPtRAAPEeten 2ahyastsBAP tPlkRe¢r iexre preparsdnpy rgrindingt axi ne and

vagcorfymz neatse ughlﬁyﬁld)&ﬁtt%gah Ot owbAY inthteiealCahbuai Rlked haot | nduc: ng
nmedal um root e ots I ne Ltr to sol
and, aft er%lsever AP 0eEE - Oad aﬁuéﬂe ngof t"ﬁlmg ntlgdmgi ?g]asl'ysed 35
VO 01/ 31048 ptyrerab/ (DA SD§® 2No¢m HFF 1A -6t dovgl Bromophenol

15 Blue). After incubation at 100°C for 5 min insoluble material
was pelleted. Supernatants (12.5 pl/sample) were run on 10%
SDS-PAGE and blotted to nitrocellulose. Blots were blocked
overnight in 0.5% Tween-20 in TBS and incubated for 2 hours
with peroxidase conjugated RCA,,, (Ricinus Communis

20 Agglutinin, Sigma) (1 pg/ml) in TBS-0.1% tween-20. Blots were
washed 4 times 10 minutes in TBS-0.1% tween-20 and incubated
with Lumi-Light western blotting substrate (Roche) and
analysed in a lumianalyst (Roche). A rabbit polyclonal
antibody directed against Horseradish peroxidase (HRP,

25 Rockland Immunochemicals) was split in reactivity against the
xylose and fucose of complex plant glycans by affinity
chromatography with bee venom phospholipase according to
(Faye et al., 1993). A rabbit anti LewisA antibody was
prepared as described (Fitchette Laine et al., 1997). Blots

30 were blocked with 2% milkpowder in TBS and incubated in the
same buffer with anti-HRP, anti-xylose, anti-fucose or anti-
Lewis-A. As secondary antibody alkaline HRP-conjugated sheep-
anti-mouse was uséd and detection was as described above.



The $1, 4-gal actosyltransferase RNA | evel in the transgenic plants was
anal yzed by northern blotting (Sanbrook et al., 1989) RNA was isol ated
from| eaf nsgeni ¢ and control 5 plants as descri T’ﬁﬁ“ i es et

al ., 1991‘?9 g%‘%'ﬁﬁ of total - RNA was ed per sanple. Thgsg \?\21% pr obed
with a [32P] dATP | abeled Sstl/Xhol fragnent, containing the whole GI1T
cDNA . iol at ed frpn%%Bl NPLUS- Hgal T. 10 d ycoprotein anal ysis Tot al

protei n ExPPECPECYF1Fbacco were prepared by grinding leafs in |iquid

ni t r ogenMg@A8uh8Smamt ext &l Wad 98i7) uteda Ifoude mendilcB8BS gggethandham buffer
(20 MM OboThi Sxbldsdlh Gb moricdl yoghol, Ad%End WULRTIor2 5 o/

Br onophenol 1 lue). After, jncubation at 10 .mn 1nsoluble materi al
arpet

was pel | &FEASLREPRT IR MRS YOPRLSRLSBRPPIOHIEL FREGROMYIFLSDS- PAGE and

bl ot t 8d exprebsedein utalseccdl (alan Bagelsh oskead . ,0u®Pa) ghFlowebs 586 Tween- 20

in TBS a ' Ry e | can wgased RCAL120

(Rici nus%%%%%%??%a%%g I%%}%H]%lglﬁng%g?ﬂ(éﬁ% ‘ %nl %QTE%'%. 1% t ween- 20.

Bl ot s wePElagheRElcrans RIS RS PRSI pR B Wi thymlResR- eBPERES IR ubat ed

W th LuniMgiridghanvsisédy N THeotrtl R@nenhsicntwad Redded and sbahysewerd a

| um anal h | lsvcl | i e I nst

Hor ser ad%%Ee%grggx?%s%%ﬁ%%ﬁr%%&égk?g;%ﬁ%dﬁg%g(énv%% g%?%&‘ %}é@%pl it in
reactPvi PFoRgai HRE-¢9ri ugghess 8hes - pruebsBovde @KLY pl ant gl ycans by

af fi ni ty gathtoseydgrapiferddd) peeEsion Phoshaeld FRserabear dbogef o (Faye
et al., 1993). A rabbit anti Lew sA antibody was prepared as descri bed
(Fitchette Laine et al., 1997). Blots 30 were blocked with 2% m | kpowder in
TBS and ENEABAFRELPR hIIFafEBUEPBRCAPt h anti- HRP, anti - xyl ose,

anti - f uc@Fseshlyahairvedisad Tobacks 3eavsdarerairduedy ial Kabiip& HRP- conj ugat ed

o1/ 51342 BAFARERD B AL Y B MR e bEM AR o R 10 HBs. )
a nouse FORGELBHAT 1Q@M A¥A=Siths 0.5 mM EDTA, 0.5 mM PMSF and 5 g
polyvinylpolypyrrolid, was added. After soaking for 1 hour

(rotating at 4°C), insoluble material was removed by
. centrifugation (15 min, 15,000g, 4°C). The supernatant was

20 incubated overnight (rotating at 4°C) with 1 ml of proteinG-
agarose beads. The beads were collected in a column and
washed with 10 volumes of PBS. Bound protein was eluted with
0.1 M glycine pH 2.7 and immediately brought to neutral pH by
mixing with 1 M Tris pH 9.0 (50 gl per ml of eluate).

25 Purified antibody was quantified by comparison of the binding
of HRP-conjugated sheep-anti-mouse to the heavy chain on a
western blot with Mgr48 of known concentration purified from
hybridoma medium (Smant et al., 1997).

Hybridoma Mgr48 and plant produced Mgr48 was run on 10% SDS-

30 PAGE and blotted as described above. Detection with RCA was
as described above. For antibody detection, blots were probed
with HRP-conjugated sheep-anti-mouse and detected with Lumi-
Light western blotting substrate as described above.




been expressed in Tobacco plants. The construct used for transformation
was identical to nonoclonal antibody 21C5 5 expressed in tobacco (van
Engelen et al., 1994). Flowers of selected tobacco plants with high

expr essi orwep1/1845 4- gal act osyl transferase were pol | i nat BCE/NLWATE ant s
expressing Mr48 anti body. The F1 ger&* ati on was seeded and plants were
screened for |eaf expression of antibody by western blots 10 probed

HRP- conj ugris@dtgheep- anti - nouse and for gal actosyltransferase expression
by RCA as described above. Purification of 1g@ fromtobacco Freshly
harvested tobacco | eaves were ground in liquid 15 nitrogen. To 50 g of
powder ed piueR Rér éryatactosylifiragelippase SRAAiaHGEes FRARESTSHES, 0.5 nM
EDTA, 0.5 prddelibe andNbegtigmad Wwabayumol ypyrrolid, was added. After soaking
for.1 pbour (rotating at 4C), insoluble material was renoved by
centrifugation (15 mn, 15,000g, 4C). The supernatant was 20 incubated
over ni ght Humanapl ng-galaPosyilthrahsferage pfMasyiin@t adaroie8deawss The beads
vere coll agkedalied fﬁ'wﬁa&admpl\mgeﬂ VAF{;%H&%CQ{JMHP eiaarﬁé 180und

protein uted wt cln |ate brought to
neutr al V\%lﬁ% tﬁPQFﬂW‘i’I’P“l% TPX?S'B*?-F‘gP%n(%‘d’SAF*Q r FrPnlErT*l ht%). 25
Purified abNAboOUatwaschuday i icethphygteoopding Gequentckee Twantyngt i

HRP- cgpj u%qtaadsseeﬁec@éﬁlfa@lﬁ%amc& er @@fg/e/aﬁfé@mrgnaﬁawsé&ef& blot with
Myr48 of Known_congcentration purlf from medi um ( Smant et al .

1997). HyBRNAREVRAP 487 SRFSREER BDBHGL%%I':W4§%§A anTBR 3988 SDS- 30 PAGE
and bl ot t @laassdwscei dmalydsd/ &y Pbeegalactagd biRGAngadectin R bed above.

For anti bqﬂc@LﬁhEC&ﬁ@cﬂunﬂ ngg;l‘ﬁ%&ﬁlﬁf Obﬁéh By @Bptﬁgnkygé‘ﬁ%
sheep- antl-m&gse a detﬁaé é@r Light western blqtting substrate
as descri BF§4FbvE! To4&a ptfﬁﬁ’? 3250 P ¥ Hunan
(31, 418al aetrodnhlr fnbimtat gagakaosesysad deend®gAnbinds ptoteEianor n :
Nlcotlanan&ggaﬁggh molecular weight proteins isolated from non

transgenic control tobacco plants (fig 2B). Probably these

are Arabinogalactan or similar proteins. RCA is known to bind
to Arabinogalactén proteins (Schindler et al., 1985). In a

20 number of the plant transformed with Human PB1,4-
galactosyltransferase, in addition, binding of RCA to a smear
of proteins is observed. This indicates that in these plants
many proteins cohtain terminal B linked galactose residues.
There is a good correlation between the galactosyltransferase

25 RNA expression levei and the RCA reactivity of the trangenic
plants. Human B1,4-galactosyltransferase expressed in
transgenic plants is therefor able to galactosylate
endogenous glycoproteins in tobacco plants.
As it is known that galactosylated N-glycans are poor

30 acceptors for plant xylosyl- and fucosyltransferase (Johnson
and Chrispeels, 1987), the influence of expression of P1,4-
galactosyltransférase on the occurrence of the xylose and
fucose epitope was investigated by specific antibodies. A
polyclonal rabbit anti-HRP antibody that reacts with both the

35 xylose and fucose epitope shows a clear difference in binding



5 Human 01, 4-gal actosyl transferase (Masri et al., 1988) was introduced in
tobacco plants by Agrobacterium nedi ated | eaf disk transformation of

pl asm d pBI NPLUS-Hgal T containing a cDNA that includes a conplete coding
sequence. wonarsaedsf i ve 10 pl ants sel ected for kanam cin rEsSLo069s Wer e
anal ysed for nRNA | evels by northern2Bybridization (fig 2A). The sane

pl ants were anal yzed by the gal actose binding | ectin RCA120 (Ricinus

Qummuni s Agua8lated) prBEAiAI PLSm bt &dritaehi BRd. RELANGénE Pidhed GalT
(Gal (31, 4%(:NA%Q 3aut also to other 15 term nal (3"finked galactose
i n

resi dues s to one or nore high nolecular weight proteins isolated
fromnon transgenic control tobacco plants (fig 2B). Probably these are
Ar abi nogaRecdmln rem tdiynpratdupedt ehtibbod3CA 4 efifdeventdybi nd to

Ar abi npgal a¢l a0, &igs (Schindler et al., 1995). In a 20 nunber of the
pl ant trg%sfor %l\%l{th Human 131, 4- gal actosyltransferase, in addition,

bi nding of RCAto a snear of proteins is observed. This indicates that in

these pl aphs eﬂ!iafbt RIEOERbREsE08H b [164TgRAk L3l PKOls St ALd Q3 af €Si dues.
There is a ((rg%r@& correl ati on between the gal gct osyl transferase 25 RNA

expr essi oh® nantdY: REPREASFRARIPTAIY ER¥eEFAAREST e THShts. Human
131, 4- gal bebagse mlam;fseleapgeeﬁpm@diﬂedﬂgalat:tQEEQEmnsf.JémEes drsa .t herefor

abl e {0 0@k pé O%Qﬂtaeananégge?%rghyﬁ%qr %eugg el BelQ @&&q? s§ As it is

known t hat ., gal act Qsyl at e cans ar € poor acce ors ant
xyl osyl - ¥heP i3 CPaR PQFa% ¥SHish R "eNGeCHPRSH %l @9:8’- PPyt he
i nf | uenceThbis exmErEssiexprebsing, Mongsl aeilomghriBaishanaset ol & helstw(;urrence

of the xy\!vgéep@mcégagfog,sne.@sw@e;ﬁf NeeRth0BEed BYogoeeidd Gant | bod es.

A pol ycl onhal bit an HRP, ant | reac e 35 xyl ose

and fucosBPESF t LS YT CaPRL LiPa G § FTER - bPRAFRY KA IPHeFEGAST
PCf / NI2D0/ DB /iseged® pdansel af edaqh otissifngowelbet Anabpsed| fandHe ansgeni ¢

plants (&k9kd&siDn of both antibody and P1,4-galactosyltransferase by

the method described in materials and methods. Of crossing
GalTéxmgr48 and GalTl5xmgr48 no plants were found with both
mgr48 and GalT expression. Several were found in crossing

20 GalT8xmgr48. Two of these plants (no.11 and 12), were
selected for further analysis.
Using proteinG affinity, antibody was isolated from tobacco
plants expressing mgr48 and from the two selected plants
expressing both mgr48 and PB1,4-galactosyltransferase. Equal

25 amounts of isolated antibody was run on a protein gel and
blotted. The binding of sheep-anti-mouse-IgG and RCA to mgr4s
from hybridoma cells, tobacco and crossings GalT8xmgr48-11
and 12 was compared (figure 4). Sheep-anti-mouse-IgG bound to
both heavy and light chain of all four antibodies isolated.

30 RCA, in contrast, bound to hybridoma and GalT plant produced
antibody but not to the antibody produced in plants
expressing only mgr48. When the binding of sheep-anti-mouse-
IgG and RCA to the heavy chain of the antibody is quantified,
the relative reaction of RCA (RCA binding / sheep-anti-mouse-

35 1IgG binding) to GalT8xmgr48-11 and 12 is respectively 1.27



Reconbi nantly produced antibody is efficiently 5 galactosylated. The

ef fect of expression of 131, 4-gal actosyltransferase on a reconbinantly
expressed protein was investigated. Three tobacco plants expressing

131, 4- gal awoos3i083 ansf erase (no. 10 GalT6, Gal T8 and Gal FaENLeom176i g. 2)
were selected to cross wth a tobacco2pl ant expressing a nouse nonocl onal
anti body. This plant, expressing nonoclonal ngr48 (Smant et al., 1997),

was previ ogsd y1 geadinie’d higheur thah aild GfatioFb&Waybr ddohd rdduced pl ants

were pollinp | t r43. eney.ati on 12. progeny. pl ants of
each cross?%f?gv\% € rg‘%{azl%yéglg‘f’%Fﬁgﬁefa%%plrng&s ogoo%g%o?ﬁ%ﬁf?q l%fdy and
f 31, 4- gal aghetRedy Hradicede ipyGalEeolantfod sdeveni béghen tharetiaal s and
met hods. Chyls# D) prdduictax ggt 48o@nd AIinbugkTehdSgabadt seyimusne found

with bagth F expression.  Several .were.found i rossing 20
Gal T8x%r4§fgpﬁémn§f%wt}%§e£dgﬁ§n?§ ’%ér)% n\éﬁﬁf Y, Eﬁ%‘?els s‘aelseqzc{c’él%sf_or further
anal ysi s. iR{igppran &hat &hei gplgctesulaldop wésansibedy dradiaedobacco

pl ants exptreses el 448 sardrr eprideedto sel ected plants expressing both
ngr48 and (31, 4-gal actosyl transferase. Equal 25 anmpbunts of isol ated

anti body was run on,a protein gel and , blotted. The binding of ,
sheep- ant | SABEERHT GO R R&HFOEW%%SJ'% FRHPBE HohRR %@H'gﬁ §5RLERS and

Cr ossi{Ws T8X - fgr}g 2 £ '
Sheep-iauﬁltifgan%hse%éﬁb%%ns 1 osgebo)tﬁﬁf'h:’g%y §%§n$' ?Eggﬁ%ﬁé%anseo 21 four

anti bodi esgi 504 fLrhctdbyRebankPesdd r ast, bound to hybridoma and GalT pl ant
produced antibody but not to the antibody produced in plants expressing

only nyr 48Thevasrpilabls Rdilnd-orlatagylsrensiegaee YeRbem®aRCACEoiRM heavy
Binding | Sheoneant st et b e o P o 48 11 and 12 15
res pec'?i vefi? ﬁff%fg%%?foﬂ%d%%'ﬂ:@gﬁﬁg‘%‘%ﬂﬁﬁaﬁfﬁ%{%ﬁ ctj‘lPHE? hi gher than
t he rats o Dhetyfureloy msddgcPOR, attid kedingThegishoos B Nae-RCA binding to
the'glycanéafgctosyl-transfg#ase cDNA, a 2,6-sialyltransferase cDNA
and B 1,3-glucuronyl-transferase cDNA have been cloned in
plant expression'ﬁectors. Constructs are made in which
galactosyltransfefase is combined with either
20 sialyltransferase or glucuronyltransferase in one vector, in
order to enable éimultaneous expression of the enzymes in
transgenic plants after only one transformation. The
galactosyltransferase expression is controlled by the 358
promoter, whereas;expression of sialyltransferase and
25 glucuronyltransferase is controlled by the 2'promoter.

There is a need for an accessible and standardised source of
FSH for therape@tic and diagnostic purposes, which is

30 guaranteed to be free of LH activity.
FSH preparations normally are derived from ovine or porcine
pituitaries, which always implies the presence of (traces of)
LH, and the risk.of contamination with prion-like proteins.
Substitution of'brain derived FSH for plant produced



ant i body produced in GI1T plants is even higher than to hybridoma produced
anti body. Al though the galactosylation 5 ngr48 from hybridoma is not
gquantified, this is a strong indication that the gal actosyl ati on of

anti body wofdeRsg in these plants is very efficient. Ccy*a%hkd | of pl ant
expression vectors with cDNA's encodipg 10 a 2,6 sialytrans g@(ggg; 6

1,3-glucuronyltransferase and ,8 1, 4-gal actosyltransferase. The available a
1, 4-gal ac ecto 3 Nt L.table.format to easily
conbi ne vm&tgﬁél&%{g s%gsﬁsﬁt &a%éférﬁg c}:hao%l°§ S#EIE‘EIPSﬁW S%r ase

cl ones. 1B* t@?orfpwemeruspﬁgdmwmf ch;daarfwglwsgaammel (3 1, 4-

gal act osyglyeapsdtariane ioDMAanes 2, éslsé@iaalty%&f 2hesep e@e& ﬁ&i‘!.@bc(s%s

1, 3-¢l t
1.0 weopglis st (Gl Deen Saned L "l B Silon
with et t hdrmemaiay (%PgnSfegdyeans . Jfhg vmyepitioanpteradesin one vector, in

order to eeebheirrantl HFSHEBYS 1ﬁ£§é@§z§¢ BraMiyt f&%aﬁ%@é!?ﬁéd' n transgenic

plants af r mat . The al.acto trapsferase expression
i s cont rokﬁgﬁgﬁéﬁ%&%gggg%;"%n%n?et é'}fé'ﬂ’a&% F‘ei&?‘c’)n gfglycans'

si al yl t r af&kRrEgeoniimant é’PhéGﬂ@nlyWaJemﬁlew@sé'MNs cophainingdhs t he

2' pronot egenddefdr irsH decdrbAR. an accessi bl e and st andardi sed source of

FSH f t herapeutic and di agnostic purposes, which is 30 guaranteed to be
free of LH activit FSH preparations normally are derived from ovine or
porci ne ?’f‘ﬁ?’f‘é’?‘f%ﬁ“ AfhEERILPWERR IR nfiGle igteseREe(bt (traces of) LH,
and t he rbékemrmmmatl oanmhhcmomrbﬁ isee St @MUSand SSP-BEIpt | on of
brai n der gygdmyrpH for plant produced WO 01/31045 PCT/NLOO/ 00775 25

reconbi nant FSH nmay be a good nethod of a "iihinating these problens.
However, BRORERST GiP GRIBMBYERE vEhafigrsd ofglsjoupratesns expyssmitos of

especiml | yhé otws haspapatki GeRYE POS BRSHADKA" 8RA"BEsHLEEtd WhRhnits
pl ant - Spefﬁfﬁféﬁﬁgyi eshggcgganéolégnstruct a bFSH fusion gene.
By overlap PCR we fused the carboxyl end of the beta subunit
to the amino end of the alpha subunit (without a linker). In
addition, we constructed a second sc-bFSH version carrying a
20 6x HIS tag at the C-terminus of the alpha subunit, which will
allow us to purify the recombinant protein from the plant.
Both, sc-bFSH and sc-bFSH-HIS constructs were subcloned into
the cloning vector pKS(+) bluescript. The correctness of the
clones was confirmed by sequence analysis.
25 Sc-bFSH was subcloned into the TMV vector. Two positive
clones were chosen to make in vitro transcripts and Inoculate
N. Bentahamiana plants. After a few days, plants showed

typical viral infection symptoms, which suggested the
infective capacity of the recombinant TMV clones. In order to

30 test whether the sc-bFSH RNA is stably expressed in
systemically infected leaves, 8 days post inoculation RNA was
isolated from infected N. benthamiana leaves and a reverse
transcriptase polymerase chain reactions using bFSH specific
primers was performed. In all cases we obtained a PCR

35 fragment of the expected size, indicating the stability of



5 a mammal i an type of glycans. The invention provides reconbinant bFSH by
infecting stably transforned tobaccoplants capable of form ng mamral i an
type of glycans, wth reconbi nant Tobacco Mdsaic Virus TMW containing the
genes for vwoeiA1e4s bFSHR. 10 Construction of single chai redia@ood?s | nto pKS.
(+) bluescript vector, construction dae sc-bFSH TW and sc-bFSH H S-TW In
order to circunvent the need of sinultaneous expression of 15 the two

separat e snescldahiSuine! bhias @A P Siichelfs SUbURld e dd pabARLSarae deci ded

to construct a bFSH fusio ene over | fuse car%bhﬁlyl end
of the betuas%l’f&? tWesFSr’E‘H%g%'?nW ﬁ&SoPn?h%LIaﬁ%H%P &?&aﬁnenw

linker). ISc-bF$d tisorxpwessead Hndidodded peopexilw.c- bFSH version carrying a
20 6x H S tag at the Cterm nus of the al pha subunit, which will allow us
to purify the reconbinant protein fromthe plant. Both, sc-bFSH and

sc- bFSH HAPREsvdRtdons ’v\»‘é‘?g subcl oned into the cloning vector pKS(+)

bl uescri ptGlchiae:,cti-reet pbghucdsdntiitme ;C Faagstna@sse,0@al, rrgdlh;ztesquence

anal ysis. @Al $HoutscSull Gk ebbble! Ml Mk ppesitive
clones were cHosen tg3. rak vitro tranScripts an nocu ate N

Bent ahani Mlﬁt&ﬁﬁg' EpPLes 4 few days, plants showed typical viral

i nfection synptons, which suggested the infective capacity of the

reconbi nant TW clones. In order to 30 test whether the sc-bFSH RNA is
stably expressed in systemically infected | eaves, 8 days post inoculation
RNA was isolated frominfected N. bentaam ana | eaves and a reverse
transcri ptase pol ynerase chain reactions using bFSH specific priners was
performed. In all cases we obtained a PCR 35 fragnent of the expected size,
indicating the stability of WD 01/31045 PCT/ NLOO 00775 26 our Sc-bFSH TW/
construct. Extracts of infected plants are wused for Wstern bl ot anal yses
and ELI SA to determ ne whet her
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Aggl utinin;

GlT,

gal act ose;
Ri ci nus Cunmuni s

fucose;
RCA,

al, 4-gal act osyl transferase;

Sc-bFSH i s expressed and fol ded properly. 5 Abbreviations used: GLcNAc,
Fuc, Gl ,
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Uuowri Id" rl (da) >4Ea)ld ;: z7r9zUUzO0 .ri '"r{ (1) a) U U
a) UU UcU(U b.. 44 4.) Ouk (dO0) a) a) 04 44 44 se: ': Url Wco (U
ri CU d) a) a) ANrd HHW 01/31045 PCT/ NLOQ' 00775 28 Figure | egends
Figure 1 Wovaseessdi ff erences between mammal i an and pl antcrompieexsN- | i nked
gl ycans. Drawn are typical N-1ink® glycans. Nunerous- variations, both
extended or truncated, occur in mamuals and plants. 10 Figure 2 Conpari son
of RNA | eveldignuaiad 1pgegEet of f31,4- gal actosyltransferase. Upper panel:
Northern bl'ot of total RNA isolated from25 transgenic plants, including a
not transforned control plant (0), detected wth a human 91,4 15

gal act osyl trignsfeenase probe. Lower panel: Western blot of the sane plant

bed wit - ' - Ceine. M
e cat s, (IR, PLEERLERd MBI, ABNAGHESF arl £ FIONE BRpBLY 16PT 0\ 0 0
the bi ndi ngigkelegiyRaRpd REaYHEFe typical N-linked glycans. Numerous

variations, both extended or truncated, occur in mammals and

plants.

10 Figure 2
Comparison of RNA levels and product of #1,4-
galactosyltransferase. Upper panel: Northern blot of total
RNA isolated from 25 transgenic plants, including a not
transformed control plant (0), detected with a human £1,4-

15 galactosyltransferase probe. Lower panel: Western blot of the
same plant probed with RCA to detect terminal galactose
residues on glycoproteins. M. indicates the molecular weight

marker.

20 Figure 3
Western blot showing the binding of lectin and antibody to
protein isolated from wild-type and a £1,4-
galactosyltransferase plant {(no.8 from figure 2). A: RCA as
in figure 2, B: anti HRP (detecting both xylose and fucose)
25 antibody, C: anti xylose antibody, D: anti fucose antibody.)

Figure 4
Western blot showing RCA and sheep-anti-mouse-IgG binding to
purified antibody produced in hybridoma culture (Hyb),

30 tobacco plants (plant) and tobacco plants co-expressing f81,4-
galactosyltransferase (GalTll and GalTl2). H.C.: heavy chain,
L.C. light cain.

Figure 5

35 Tobacco cell cultures expressing galactosyltransferase
produce unnatural hybrid N-glycans while tobacco plants
expressing galactosyltransferase have natural, mammalian like



protein isolated fromw |l d-type and a f31, 4- gal actosyltransferase pl ant
(no.8 fromfigure 2). A RCAas in figure 2, B: anti HRP (detecting both
xyl ose and fucose) 25 antibody, C anti xylose antibody, D. anti fucose
ant i body . woomigasw e 4 Western bl ot show ng RCA and sheeppeniioowonse- | gG
binding to purified antibody produced2®n hybri doma culture (Hyb), 30
tobacco plants (plant) and tobacco plants co-expressing 91, 4-

gal act osyl gz bacfes st icBal Tblgahdn&ah#dP)galdc€osyhaayyngchain, L. C. |ight
cain. Figusg BedbelOhanEesabl CHbLIA o2 SUHEISINAG81A0L05YS Lopns! erase
pr oduce unnftural brid N-glycans i1'e tobacco plants expressing

gal act osyl F+ NRFEY 9¥2aP& hdtural, nanmalian |ike WD 01/ 31045

PCTI NLOO 00775 29 gal actosyl ation. To get natural gal actosyl ation,

gal act asyl £{gnsf eg ase shoul d act after mannosidase Il and
GlcNAcTransferase I1. 5 Figure 6 Western bl ot show ng the expression of
GlcA( 31, 3GAFSERFR R A% sfiom'lpsaﬁéaewer%m@fbgalsaﬁgi #eabf st cEREEbody

(412) dir int efamgpdrist Hohacg?uﬁyrbﬁhclﬂ)ir@:idf G2l aetessd Gl@fséﬁ(lj, 3Ga}1)
stucture tg. .0l _at ant s .expressin

gal act osyl ?%g%g#% ana%;iglns% ?’gf é’?fqé‘glé?%l(:%raoc ;%F %Fgﬁg%ggﬁsg@% '5%\}?&1l)dt ype
control | pfRAEtYrg tonpr@tednoisobPoredl BOME P3ans6 eRefessimedivieki , D.
Lee, No YpUpgugdiactdsylPwbfkBerdse &M dtkpdas M ychbokyidSnsrehdb
retention glfl aatrﬁ;% ol %lP rreng_{anﬁ 18{,0 ein, 5 gal actosyltransferase,
requires cyatel &t HHYHR SPPEFREL (R4 uel wi t hi n the menbrane-anchoring
domai n. Proceedings O The National Acadeny of Sciences O The United
States O America 89, 4319-4323.
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15 extended N-linked glycan. 6. A plant according to claim4 or 5 wherein
said second mammalian protein or functional fragnment thereof is stabily
expressed. 7. A plant according to claim5 or 6 wherein said N-linked 20

gl ycan copgbises gal actose. 8. A plant according to anypefmgsw.ﬁlﬁgi mn 5 to 7
wherein said second mammalian protein $ functional fragnment thereof

conpri ses an extended N-1inked glycan that is devoid of xylose. 25 9. A
plant according to anyone of clains 60948 Wherein said second manmal i an
protein or functional fragnment thereof conprises an extended N-Iinked
glycan that is essentially devoid of fucose. 10. A plant according to
ol oo iy Eabas csmgraitog 0 il pes dlycnicamn %0
of olaim P oREereek R Sl IR DT i garaReBe fur t er
conpri s&s tdarESfoRryPrviding N-gl yambigsyottragsto anyone of clains 1 to 11
whi ch Corma;.i se%/ glhﬁbasg@o%ﬂ{g td H}(L?gh\f grJaddr;%i%dariﬁnliyéid'tdrmﬂﬁ/ébgﬁélcaﬂlliml VO
capabl o of LR doorhand” namat A Besedh, BEYaie NEbd AREREC P 2
an N-1inkedhfing®dn with gal act ose conprising crossing said transgenic
plant with=: pl anplaseoadtdaiy diclaim 2 BArY od A PrREG@N¥EnkyRan sai d
crossiﬁg anqm§%h%%giqgu%agfﬁé{qﬁ_ ro| en&ﬁglant g&ﬁée§sing sai d reconbi nant
protei n and &Xpressing a ct %ﬁﬁ Fra®y S &5 me i nvol ved in
(manmmal i an)4 -N- gy pdanbi asyexdigsg S lkdiaims 2nehemeiy swid smoesdnt in pl ants.
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5. A plant according to claim 2 wherein said second
mammalian protein or functional fragment thereof comprises an
15 extended N-linked glycan.
6. A plant according to claim 4 or 5 wherein said second
mammalian protein or functional fragment thereof is stabily
expressed.
7. A plant according to claim 5 or 6 wherein said N-linked
20 glycan comprises galactose.
8. A plant according to anyone of claims S to 7 wherein
said second mammalian protein or functional fragment thereof
comprises an extended N-linked glycan that is devoid of
xylose.
25 9. A plant according to anyone of claims 6 to 8 wherein
said second mammalian protein or functiocnal fragment thereof
comprises an extended N-linked glycan that is essentially
devoid of fucose.
10. A plant according to anyone of claims 7 to 9 wherein
30 said N-linked glycan comprising galactose further comprises
sialic acid.
11. A plant according to anyone of claims 7 to 9 wherein
said N-linked glycan comprising galactose further comprises
glucoronyl.
35 12. A plant according to anyone of claims 1 to 11 which
comprises a tobacco plant.
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selecting a desired progeny plant expressing said reconbinant protein
conprising an extended N-Iinked glycan at |east conprising galactose. 15.
A nmet hod according to claim13 or 14 wherein said plant 15 conprises a

t obacco pl wa0131085 A pl ant obtai nabl e by a net hod accor drogNLewvoemgone of
claims 13 to 15. 17. Use of a plant acceeding to claim2 or 16 to produce a
desired glycoprotein or functional fragnment thereof. 20 18. Use according

to claim17;whergimethcRifdr0byeoRAdASI & HandderGll phahe f a9@d deher eof
conprises an ex‘teesnded aN- lelcréll]('r%dn gl:ycan at lweigtﬁf t%%ngrl Si neyggé aclase: 19. A
met hod for GBPEFRTHY & dESITEA Gy cBpY BTt nEPPBRAFY fragnent t her eof
conpri si ng 8l ¥ vinked) ol yslaanwitRsgabzeotele camprilsing erogsigg (#Rid sai d
pl ant has reashegedi MRt 3aka &t BOSnt kot cand1bimcij onating sai d
pl ant to_ obtain Eracthpated Elant terial, anaﬁgt Iiasé. entlﬁés.&%glatlng
sai d gl yRopPoF SRR SETTY FA0F) BANY TF TS EFraF-13 24
pl ant - der i vedogeyy aprastteiexpaessingt s$aid| récagrimant plietedh awhpri sing an
extended N-Lipkeds Oy GaEdictlieast (RAHRL1 SN0 HBhAet 986oivdd #h
plant-derlvgd I fqgrpéquip% fgnctlo al frqﬂyent theregL obt.ai ned by a
met hod accolBRRIRTEA] A HLGan PipsyRthasts SHAE i GFS1b45 BT/ NLOO 00775
37 22. Use pfesegtyuomlandisn or functional fragnent thereof according to
claim29gor;21 fRrmddiodPrReveting 06 AafmaTacehbeatofPnasid ion. 23. A
pharnaceutlcai ng@%SIt on c§ﬁ§r|3|n %H%L¥CO rotei,n 5 or func Hpg%k
fragment th8FeBF @t HRITE EFAPRTDP LT R £*Pressips) 8339 HEbif
11~h111111~ptéteim*comprising an extended N-linked glycan at least
comprising galactose.
15. A method according to claim 13 or 14 wherein said plant
15 comprises a tobacco plant.
16. A plant obtainable by a method according to anyone of
claims 13 to 15.
17. Use of a plant according to claim 2 or 16 to produce a
desired glycoprotein or functional fragment thereof.
20 18. Use according to claim 17 wherein a said glycoprotein or
functional fragment thereof comprises an extended N-linked
glycan at least comprising galactose.
19. A method for obtaining a desired glycoprotein or
functional fragment thereof comprising cultivating a plant
25 according to claim 2 or 16 until said plant has reached a
harvestable stage, harvesting and fractionating said plant to
obtain fractionated plant material and at least partly
isolating said glycoprotein from said fractionated plant
material.
30 20. A plant-derived glycoprotein or functional fragment
thereof comprising an extended N-linked glycan at least
comprising galactose.
21. A plant-derived glycoprotein or functional fragment
thereof obtained by a method according to claim 185.
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22. Use of a glycoprotein or functional fragment thereof
according to claim 20 or 21 for the production of a
pharmaceutical composition.

23. A pharmaceutical composition comprising a glycoprotein

or functional fragment thereof according tec c¢laim 20 or 21.
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