WD 00/ 34490 PCT/ JP99/ 06881 DESCRI PTI ON A METHOD FOR MANUFACTURI NG
GLYCOPROTEI NS HAVI NG HUMAN- TYPE GLYCOSYLATI ON TECHNI CAL FI RLD The present

i nvention relates to expression of exogenous glycoproteins by plants.
BACKGROUND ART Many of the functional. proteins in Iiving o&ganisns are 10
gl ycopr ot IQWBH4Y has been. el uci dated that the diversityCEFRAES ygar
chains in glycoproteins play several inportant roles physiologically
(Lain, R A, dycobiology, 4, 759-767, 1994). 15 In recent years, it has

al so becone clear that the action. r_chains can be divided into two
categories. In the first case, su@%séﬁgi%#%ve a direct function as

ligands for binding cells, or as receptors for bacteria and viruses, in
t he cl ear anctMETHQ KR dENOTAGTHEINGGHHTIPRETERISOYYING JOGSOMPEZD YERRYY&TIDMg of

| ysosonme enzynes and the targeting by glycoproteins toward specific

ti ssues and organs. For exanple, the contribution of glycoprotein sugar

chains in theThReHNeDtATO¥IGLDt arget cells by the AIDS virus-(H V) has been
established ( I P - €] ' ol -=d6,. 25 1995) . The
surface os HIsﬁggq%ﬁﬁ%?%ﬁaﬂ?%ﬁt%%%é%%%%gﬁﬂg?e% :HE§%5€Z°Fﬁ3xBPﬁH?H@ of
gpl20 sugar ch@lyrenneteiasChy plantfget cells is the beginning of

i nfection by the HV virus. In the second case, the sugar chain itself is

not the functié§§gﬁaqgﬁ23§#%e but indirectly contributes to the formation of
t he 30 hi gher- re of proteins, solubility of proteins, :
prot ease resi Mk ehHithyr drwchdonphnPErisias e ddvigenproeylsmprarein
functi onioodi fgBaiddtennal €iTt hagepesmtdlvcinated B thaEe il vepdthy

adj ust mrent of § i STRANL. of, P10 £l s, M0, 004 14290 .£CIL ARSY 08881, xpr essed

in cell layers.” For e
roles physioclogically (Lain, R.A., Glycobiology, 4, 759-767,
1994). .
15 In. recent vears, it has also become clear that the action

of sugar chains can be divided into two categories. In the
first case, sugar chains have a direct function as ligands
for binding cells, or as reéeptbrs for bacteria and 1-r:i_t:izses',
in the clearance of glycpproteins from the blood, lysosome
20 targeting of lysosome e,rizy‘mes and the talrgeting by
glycoproteins toward specific tissues and organs. For
example, the contribution of glycoprotein sugar chains in
the infection of target cells by the AIDS virus-(HIV) has
been established (Rahebi, L. et al., €lycoconj. J., 12, 7-16,
25 1995). The surface of HIV is covered-with envelope protein
gpl20. The binding of gpl20 sugar chains to the €D4 of targef
cells i1s the beginning of infection by the HIV virus. In
the second case, the sugar chain itself is not the functional
molecule but indirectly contributes to the formation of the
30 highei'-order stmcture.of proteins, solublility of proteins,
protease resistance of proteins, inhibition of antigenicity,
protein function modification, protein regeneration rate
adjustment, and adjustment of the amount of proteins



instrumental in the adjustnment of the adhesion of nerve cell adhesion

nol ecul es which are distributed wdely in the nervous system (Edel man,

G M, Ann. Rev. Biochem, 54, 135-169, 1985). In eukaryotes, glycoprotein
sugar chains are synthesized on lipids of the Endoplasmc reticulum as
precursor sugar chains- The sugar chain portion is transferred to the 10
protein, twemMaeee of the sugar residues on the protei nPEFEPIE@BbOved in the
Endopl asm c reticulum and then the glycoprotein is transported to Gol gi
bodies. In the Goldi bodies, after the excess sugar residues have been
renmoved, further sugar residues (e.g. pnmannose) are added and the 15 sugar
chain is extended (Narimatsu, IL, Mcrobial. Inrnunol., 38, 489-504,

1994). More specifically, for exanple, G c3Man9d cNAc2 on dolichol anchors
i s transferregkpirespedt Bi reeli flhgeER mERbr exanKivor SFoAT26hddng areri nbl e,

R B. and Her sﬁ%‘f:'xﬁﬁeﬁtal g’xm&j%eﬁﬁ% tP@éﬂﬂéQﬁorﬂ-&Bn%ivegeﬁQos' dases of

t he asparagi ne-1|inked osacchari de PHOCES .an turm A
1995 N d ycEPe5iPBn™8 o fiit %’el hs. dflng i%r%npre nsi vgmé

Bi ocheni st ry.ne@vpospeystems | Edminapga G-MVondpeui Rev g Bigghegohadtier, H and
VIi egentpart, 3k ke (£6k9).. El sevier Science Publishers B.V., The

Net her| and, pp. 521-541). ER-glucosidase | and Il renoves three gl ucose
units (Sturm A 1995, supra; and Kaushal G P. and El bein A D., 1989,

d ycopr ot ei n Tor wEssrﬂ’gB%nE}wéeprﬁt%InaﬁPQarlW%’tsnéa§ %nﬁrﬁﬁwﬁldogy 179,
Conpl ex Car by dkpi & d2athe Fendoplabhii€@ Nétichedh as Acedarber Rwems, | nc. NY,

pp. 452-475) . the res Itig@%%ﬂi&gﬁa%%&?gﬁti#c%yg&gwg (}__%NQ%%) IS

tri med by FR TanNosi supra ornfeld, R WO
00/ 344900 PCT/RIP$9106SBE afRMKIE ithe qUIar reapfues RathRPIChett %58, 631- 664,

1985; removed in the Endoplasmic reticulum, and then the
glycoprotein is transported to Golgi bedies. In the Goldi
bodies, after the excess Sugar residues have been removed,
further sugar residues (e.g. mannose) are added and the

15 sugar chain is extended (Narimatsu, H., Microbiol. Immunol.,
38, 489-504, 1994).

More specifically, for example, Glc3Man%GlcNAc2 on dolichol
anchors is transferred to protein in the ER membrane (Moremen
20 K.W., Trimble, R.B. and Herscovics A., Glycobiclogy 1994
Apr:4(2):113-25, Glycosidases of the asparagine-linked
oligosaccharide processing pathway: and Sturm, A. 1995
N-Glycosylation of plant proteins. In: New Compi:‘ehensive
Biochemistry. Glycoproteins, Vol.29a., Montreuil, J.,
25 Schachter, H. and Vliegenthart, J.F.G.{eds). Elsevier
Science Publishers B.V., The Netherland, pp. 521-541).
ER-glucosidase I and II removes three Qlucose units (Sturm,
A. 1955, supra; and XKaushal G.P. and Elbein A.D., 1989,
Glycoprotein processing enzymes 1in plants. In Methods
30 Enzymology 179, Complex Carbohydrates Part F. Ginsburg V.
{ed), Academic Press, Inc. NY, pp.452-475). The resulting
high mannose structure (Man9GlcNAcl) is trimmed by ER-

mannosidase (Moremen K.W. et al, supra,: and Kornfeld, R.



Assenbl y of asparagi ne-linked oligosacchari.des). The nunber of nmannose
resi dues renoved varies according to the differences in the accessibility
to the processing enzynes. 5 The isomers Mang-, Manz-, Man6- and
ManSGE cNAc2 are produced during processing by ER mannosi dase and
Mannosi dase | (Kornfeld, R and Kornfeld, S., supra). Wen four nmannose
resi dues are | etely renoved by Mannosi dase | (Man |pcriaroHesgir oduct i s
Man5@ cNAgJQW)r:{@’g‘getyl gl ucosam nyl 10 transferase T (GLcNAc |) transfers
N-acetyl gl ucosam ne (GLcNAc) from UDP-GLcNAr. to Man5G cNAc2, resulting in
GLcNAcMan5d cNAc2 (Schachter, H., Narasginmhan, S-, deeson ,P., and Vella,
G, dycosyltr'ansferases involved i nYel ongation of N-glycosidically
| i nked ol i gosacchari des 15 of the conplex or N acetyl gal act osam ne type.
i n: Methods ? g”}?ﬁfegﬁi Bi ong,gmg angs,. Pak bohem Fls@i, s6hEF 6645, 198Ad

B®

Fl ei scher, Academ ¢_Pr ess, Bafi sy . 99ndé34, 1983).
Mannosi dase PESERBY | 19E r BBTERIMG l%ﬁ%ﬁ%seﬂlr esl %ﬁes rom’

d cNAcMan5d @Nﬁaar off ahohoge T@S@@M@Hﬁ!ﬁg@éﬁﬁé%wglmgécbthand El beirz,
AI D., SUpLa & %,i%éﬁ Nghgcg]a%cc%l@z iken oty ebdheSprocupria. en‘rgmes

0 |gosacc ari de chan cNAC2 .j s US rale a

N- acet yl gl uc FbgrsapersMandre Mok, N@ M %ﬁérf%lﬁh%%r&eneﬁpr W At al,
supra, | Kausfm;lr;_ngz Broaaslsﬁhsbebm ER-IEPHH ge ?B‘daﬁ?PWrsFngfﬁ R and
Kornfeld, S.  (OYRES . %&%&umal zes, stdpeaabmmardésorlnhmdwsﬁpr uctures of

N-1inked glycans and ~enz Vol v di ﬁé&&ﬂl on pat hway
in the Endomeagﬁvesr%ﬁel EhFRRe S cfrtd S ARG aRL T e 80

[ n Fklg %ot es O
denot es mannase, geodies gISucdé@Sq;l"N&é‘ﬁot eNELETENALYC gelﬂ actose, and
N denoteg si agﬂagsggkgsergspegamml y) thensfegay Nrdhtiettiydrlieosamineol di  bodi es

s cal | &9 termn | hesi $lanSBEHNACEe Steslitftfians 1 del y anong
VO 00/ 34490 %Ac) 483 L URRLB1syAd he an

GlcNAcManSGlcNAcz { Schachter, H., Narasimhan, S..
GCleeson ,P., and Vella, G., Glycosyltransferases involved
in elongation of N-glycosidically linked oligosaccharides
15 of the complex or N-acetylgalactosamine type. In: Methods
Enzymol 98: Biomembranes Part L. Fleischer, S., and
Fleischer, B. (ed), Academic Press, Inc. NY, pp.98-134 pp.
98-134, 1983). Mannosidase II (Man Il} removes two mannose

residues from GlcNAcMan5GlcNAc2, yielding
20 GlcNAcMan3GlcNAcz (Kaushal, G.P. and Elbein, A.D., supra;
and Xornfeld, R. and Kornfeld, S.. supra). The

oligosaccharide GlcNAcMandGlcNAc? is used as a substrate
of N-acetylglucosaminyl transferase I1I (GlcNAc II) (Moremen
K.W. et al, supra,: Kaushal, G.P. and Elbeln, A. D., supra:
25 and Xornfeld, R. and Kornfeld, S., supra). FIG19 summarizes
the above described structures of N- llnked glycans and
enzymes involved in sugar chain modification pathway in the
Endoplasmic reticulum and Goldi bodies. InFIG 19, { denotes
glucose, {] denotes GlcNAc, (O denotes mannose, ® denotes
30 galactose, and M denotes sialic acid, respectively.

The sugar addition in the Golgi bodies is called terminal

sugar chain synthesis. The process differs widely among



RPCT/J ('99/06881 living organi sns. The sugar chain synthesis depends on the
type of eukaryote. The resulting sugar chain structure is

speci es-specific, and reflects the evolution of sugar adding transferase
and the Golgi bodies (Narimatsu, H, Cellular 5 Biology, 15, 802-810,
1996) . Regardi ng aspargi ne- |inked (N-Iinked) sugar chains,, in animals,

there are high mannose-type sugar chains, conplex-typecugswosgthai ns and
hybri d-t ype gy chai ns 10 These structures are shown in FIG 1. The

conpl ex-type sugar chains in plants have (Y1,3 fucose and 131, 2 xyl ose
which are sugar residues that are not found in aninmals (Johnson, K D. and
Chrispeels, MJ., Plant Physiol., 84, 4301-1308, 1897, Kinura, Y. et al.,
Bi osci - Biotech. Biochem, 56, 15 215-222, 1992). In the case of N-1linked

sugar chains, sialic acid ha QUid ni SyranesBs cep@adsciathe but has
not been fodAding Oﬁﬂﬁﬁ’rs%'ga?h%%glgﬁé Renaér&di nq:t%%lnaﬁﬂ?&uﬂ@“hgh i's
general |y foupgeior ankamfotsugafhe F&FRITLIAY FHEAGR the ~ presence thereof has

been found igpggggsgl ; r3Hgahaceai net8@be Fakanbien of RUIGRGRSPPa, T.,
, 38

Bi ochemi stry, - 395 )1 ait DEaf&ANRbesmdther,eBl , dled dRE The
| i nkage- t ype t*eREFETRA"Y 8 f%‘%a‘g (I hkage (FEBS Lett 1997 Sep 29, 415(2),
186- 191, 5 | demtiolLbgy cakh.0808F 81 e n Lewis (a) carbohydrate nmotif in a

secretory peroxi.dase-froma plant cell suspension 25 cul ture(Vaccinium
nmytillus L.)., Mb NS, N mz M Conlfadt (n-1HSxdagVeaigaroRBaigsst &, Pl ant J.
1997 Dec. 12@spardinyg 1ﬁi¥rg%egﬁyc,ans har boring the Lewis @nfpis,ope are
expressed at antimelsur ftiwreof apfarfti el FE U5 tehet te- Lai n%ég‘ Gonord V.
Cabanes M Mghahskitdge Sajnt chacasyand Fetkier tBPC CAVETT €730 B, Hewes C
Lerouge P. 1-"aye L) . .ThiS Jrekaae 16 rabfl.ermnt cofplmm thpsesdanind in

ani mal s10Q yJ8Ke6t% €itis "deri ved from humans, ingl @de hygRapsdQsn 34490

chains in plants have al,3 :
are sugar residues that are not found in animals {(Johnson,

K.D. and Chrispeels, M.J., Plant Physiol., 84, 1301-1308,
1897, Kimura, Y- et al.. Biosci. Biotech. BioT:hem. ',- 56
15 215—;222 , 1992). Imn the case of N-linked sugar chains, sialic
acid has been found in animal sugar chains but has noi:. becjzn
found in plant sugar chains. Regarding galactose, whlch_ls_'
generally found in animal sugar chains, although 1':he
presence thereof has been found in some plant sugar chains
20 (Takahashi, N. and Hotta, T.., Biochemistry, 2?, ;388-395,
1986), the examples thereof are few. The linkage-type
thereof is a B 1,3 linkage (FEBS Lett 1997 Sep 29. 415(2),
186-191, Identification of the human Lewis(a} carbohydra-tte
motif in a secretory peroxidase from a plant cell suspens:x.onl
25 culture {Vaccinium mytillus L. }., Melo NS, Nimtz M, Contradt
HS, FevereiroPS, Costa J:; Plant J. 1997 Dec. 12(6) ,1411—1417f
N-glycans parboring the Lewis a epitope are expressed at
the surface of plant cells., Fitchette-Laine AC, Gomord‘v,
Cabanes M, Michalski JC, Saint Macary M, Foucher B, (.:aveln.er
30 B, Hawes C, Lerouge P, Faye L). This linkage is different

from those found in animals.

Glycoproteins derived from humans include human



PCTIJ P99/ 06881 erythropoietin (EPO In order to produce gl ycoproteins

with sugar chain structures simlar to humans, these glycoproteins are
produced in ani mal host cells- However, EPO produced in aninmal cells has a
sugar chain structure 5 that is different fromthe natural human sugar
chain structure. As a result, in vivo activity of EPOis reduced

(Takeuchi, M et al., Proc. Natl. Acad. Sci. USA, 86, mMa19»¥&28, 1989).
The sugar WOP8BHSt ructure in other proteins derived from humans, such as
hor mones and 10 interferon, have al so been anal yzed and manufactured with

t he sanme glycosylation Iimtations. The nethods used to introduce exogenous
genes to plants include the AgrobacteFi um net hod (Weising. K at al.,

Annu. 15 Rev. Genet., 22, 421, 1988), the el ectroporation mnethod

(Toriyama. K et al.,.Bio/T ol orfer 164 Zroi88) glueepraiedngol d
particle net WP@B%%‘?BEEC.@%BQFMQ%{M Y. 1RiTar +SCI1ERGRs, 24hesk293, 1989).
Al bumin (Sij mond, sRoBr eghain ,Stlﬁcﬁ}l’fgﬁhr%fnog% &7 217, 1990) . enkephal i n
(Vandeker ckhQyguogBodei®d agk.prdsiuotdeichadibyl, opt aplds-q arld

nonocl onal anti bodi.es (ﬁBﬁn\gﬁgHLQ-célseba@ a suddmnhabb| stBiegffure 17 865,

1991 and Hi at%PO RXOBP°H ture, 242, 7 9 have, henenamnuf Act ur ed
in plants. Hepstt tis gi@quﬁ‘tslﬁrf"é{‘ce&h dRiratd §ind e

Tt ens HBsAgé ‘é}l\slasggucéé S. at al.,
Proc. Natl. AcathctSeb. USAa,re2®189,im v¥48 actdys}y AdEERcretFon-type I gA
(Hatt, A and Ma .. .J. 5 Ky BEBS bebé., n30Y. Xdsa.l99d). Hie at%o been
manuf act ur ed W‘F";ﬁ éfRfL'ceI | S. However g@eghgygaﬁﬁ,g@gdr\éedin gbyEePpr ot ei ns
are expr essed71ppledaes 199Aé- sugdf ERAThs “'h " the manufactured,
gl ycopr ot ei nspasa @i f deranta seromt owange tTRAR t AB. SUJA"Chains in the
gl ycoprat ei ns_ lgré)rdfté%%ﬂ,i R fWIEARS bharauakytéd sugerneriirefethEhi smin
pl ants i*@ di f+&F%en fomt he si%%a&.ﬁggé%,{gqcham smin animals. As a
result, gl ycthr NS IGORGt  have the ofginal physi ol ogi cal
The methods used to introduce exogenous genes to plants
include the Agrobacterium method (Weising, K. et al.. Annu.
15 Rev. Genet., 22, 421, 1988), the electroporation rmethed
(Toriyéma K. et al., Bio/Technelogy, 6, 1072, 1988}, and
the gold particle method (Gasser, C.G. and Fraley. R.T.,
Science, 244, 1293, 1989). Albumin (Sijmeons, P.C. et al..,
Bio/Technolody. 8, 217, 1990), enkephalin (vandekerckhove,
20 J. et al Bic/Technology, 7. 929, 1989), and monoclonal
antibodies (Benvenulo, E. et al., Plant Mol. Biol., 17, B65,
1991 and Hiatt, A. et al., Nature, 342, 76, 1989) ?ave been
manufactured in plants. Hepatitis B virus surface antigens
(HBsAg) (Mason, H.S. et al., Proc. Natl. acad. Sci. USA.,
25 g9, 11745, 1992) and secretion-type IgA (Hiatt, A. and Ma,.
J.S KV FEBS Lett., 307, 71, 1992) have also been;
mapnufactured in plant cells. However, when human-derived
glycoproteins are expressed in plants, the sugar chains 1n
the manufactured glycoproteins have different structures
30 than the sugar chains in the glycoproteins produced in humans
because the sugar adding mechanism in plants is different
from the sugar adding mechanism in animals. As a result,

glycoproteins do not have the original physiological



WO 00/ 34490 PCT/J P99/06881 activity and may be i munogenic in humans
(Wlson. I . B. H. et a.l.., dycobiol., Vol. B, No. 7, pp. 651-661,
1998). DI SCLOSURE OF THE | NVENTI ON The purpose of the present invention is
to solve the problens associated with the prior art by providing

pl ant - produced reconbinant gl ycoproteins with manmalian, e.g., human- type
sugar chains. 10 The present invention is a nmethod of nepemfrPag6ssli ng a

gl ycopr ot HNGFAP ng a human-type sugar chain conprising a step in which a
transforned plant cell is obtained by introducing to a plant cell the gene
of an enzyne capable of conducting a transfer reaction of a gal actose
residue 15 to a non-reducing term nal aéetyl gl ucosani ne residue and the
gene of a exogenous gl ycoprotein, and a step in which the obtained
transforned plant, cell i | £ Vs Lhid he phesent(wingent i byB.H.he

gl ycoprotein vﬁ‘iﬂvégﬁu%‘?\ﬂ%gpiéé 1%"%§89ar chqi n gaqgﬁqgglii S@ogg FOr e sugar
chain arid an @utdr .sGyeeeRdRdi-n, Yehe 'g‘opg‘suga? chain consists essentially
of .a plurality of mannose and acety.|glucosanm ne, and the outer sugar

chai n contai nsw#m&mmworti on with a non-reducing term nal
gal act ose. 25 esent 1 nvent| the oyl el SHIR Mk phsbLa: have a

Qn
strai ght 6hai rlieoPMTRAFPT SHe HFe5OBF ARCRR con%l_ uration. "In the present
i nvention, the,d¥cyiehed wigathegiivmertish pregading @130 HRE UM | tri- or

tetra configuration.. I RE B &8RN I WaRmADI BN .t 8eg g) iopprotyier can
contain neith’é‘?c?’"&%gggtrﬁc}ﬁngose. The present invention is also a plant

cel | having a swapr SA@LDSf 34490 10

10 The present invention is a method of manufacturing a
glycoprotein having a human-type sugar chain comprising a
step in which a transformed plant cell is obtained by
introducing to a plant cell the gene of an enzyme capable
of conducting a transfer reaction of a galactose residue

15 to a non-reducing terminal acetylglucosamine residue and
the gene of a exogenous glycoprotein, and a step in which

the obtained transformed plant cell is cultivated.

In the present invention, the glycoprotein with a human-type
20 sugar chain can comprise a core sugar chain and an outer
sugar chain, the core sugar chain consists essentially of
a plurality of mannose and acetylglucosamine, and ’the outer
sugar chain contains a terminal sugar chain portion with

a non-reducing terminal galactose.

* In the present invention, the outer sugar chain can have.
a straight chain configuration or a branched configuration.
in the present invention, the branched sugar chain portion _
can have a mono-, bi-, tri- or tetra configuration.

30 In the present invention, the glycoprotein can contain

neither fucose nor xXylose.

The present invention is also a plant cell having a sugar



PCT/ JP99i 06881 chai n addi ng mechani sm whi ch can conduct a transfer reaction
of a gal actose residue to a non-reducing termnal a cetylglucosam ne

resi due, wherein the sugar chain adding mnechanismacts on a sugar chain
containing a core sugar chain and an outer sugar chain, wherein the . core
sugar chain consists essentially of a plurality of mannose and and wherein

the outer sugar chain acetyl glucosam ne, contains a teaigreslsssuigar chain
porti on wwbhoeassion-reducing term nal gal actose. In the present invention,
a glycoprotein with a human-t sugar chain is obtained using this method.
15 FIG 1. A schematic drawi ng of typical N-1inked sugar chain
configurations. FIG 2. Schematic draw nfs of the cloning nethod for hGI.
FIG 3. Schematic drawi ngs of the nethod used to construct vector pGAhG'

for hGI expression. 20 FIG 4. A phot 2phoshovd AE ranSedt rerntbbBt anal ysi s
of a genonme chatwedfiag BECRPH %?Jﬁ%gétobgcco celL

. [l G4 rfnihal shows
el ectrophor esi,s aht ejalidecogencrsionNg (B9 1A, né’)n'ﬁgs&%%‘gdn ,t%i lest ed by EcoRl
and HindlIl. The nf%&r@aﬁ&né%éieﬁub, whehiecat the [Fa995sFR30h 2P F'He DNA
er

mol ecul ar wei GAET . 25 FIG 4 Shevst A Selkensbie sdyanichginf a 2.2 kb
f r agment conmaphﬁﬁigs%aﬁ%ﬁﬂtaesr‘,}g#@ and term pat OfsrdMlivifad $halint egr at ed
into the &ranghar aadoaekt . sWaE PG EMPECHR bt ogr aph of t he Wstern

blotting of i mrung%gacésjs\égtpapj;}ei o£f rampluand ity e t 8RR 1892 cells 30

(W) and wi | d¥¥}fe tobacco BY2 celd s(Win #He Putéei Bugas d&wddured,
el ect r ophor esweéﬁlié%%‘-llgﬂeﬁa%gnd then . transt

: d Ucidld y to
ni t rocel | ul 0sg.ditkfins Eheersinnll 8398feFRALE PP %%\)/\gﬁ%f’:angg%eﬁé%l. glceI I
extract; | ane tvéomqggyélgpactose_

* i -type
in the present invention, a glycoprotein with a human-ty¥p

sugar chain is obtained using this method.

15 FIG1. A schematic drawing of typical N-linked sugar chain
i ions.
:'igf:?ur:cfhematic drawings of the cloning method for hGT.’
FIG 3. Schematic drawings of the method used to construct
oT for hGT expression.

20 :‘eI:t:].: p;zl:mtograph showing a Southern blot analysis of a
genome of cultivated transformed tobacco cells. FIG 4 (3)
shows electrophoresis after the genome DNA (40 ug)_ has :e::
digested by EcoRI and HindIII. The numbers -at the le
indicate the position of the DNA molecular weight marker;:

25 FIG¢ 4 {B) shows a schematic drawing of a 2.2 kb fx:agmer.l
containing a promoter, her and terminator, which :1.s_
jintegrated into the transformed cell. _ )
FIG 5. FIG 5 is & photograph of the Western blotting o
immunoreactive protein from transformed tobacco BY2 .cells

30 (WT) and wild type tobacco BYZ cells (WT). The protein was
denatured, electrophoresed on 10% SDS-PAGE, ‘and then
transferred electrically to nitrocellulose film. The

samples were as follows: lane 1 = GT1 cell extract: lane



1' CT/JP99106881 2 = G1' 6 cell extract; lane 3 = GI8 cell

extract; lane 4
GI9 cell extract; lane 5 = wld type cell extract; lane 6 = GI1 m crosone
fragnent; lane 7 = GI6 m crosone fragnent |ane 8 =

= GI8 m crosone fragnent;
lane 9 = GT9 microsone 5 fragnment; lane |0 = wild type mcrosone fragnent.
FIG 6. An el ectrophoresis photograph showi ng the detection of

gal act osyl ated gl ycoprotein using R cinus conmuni s ( Red¥28sambdsini ty
chr omat ogwapbryss9oThe el ectrophoresed gel was visualized by silver staining.

Lanes 1 and 2 show the 10 protein fromw ld type BYZ cells, while Lanes 3
and 4 show the protein fromtransfornmed GI6 cells. The nol ecul ar weight
isin KDa units. FIG 7_ A photograph ofé Western blotting a showi ng the
detection of gal actosyl ated gl ycoprotein using Ricinus 15 communis (RCAZZO

)affinity chromatography. After th gl gct raRhekes eskigalcthadabeeh bl otted
on a nitrocel kukoBe 6 wmeAbr aREF2THi aﬁ%ng '

rane was visualized.byahgctin
(RCA120) st alLnipg.cehianestdaand 12nshovw F’Hédpﬁﬁeef:ﬁi?r%!{n# a wl da ype BY2
Tre ol mout ar BRI ofoRb BabREnY JuedT £ CBMTECTOFARETGATRE"ET6 cel | s.
t7rs Iin

The ol ecul ar &gl KDa. ~_FI Ahetpgraph @fe aniwroseiAg i n which
the gal act osykhaeed gl@%&lﬁrﬁﬁm?rgﬁ . ZCi nus_co

CA120 ) affinity
chr omat ogg aphy:WameRt phiashenilph=avi khtiyder Iﬂ?ﬁ’r%?é“&n%?gbtﬁ%ﬁgcﬁo ein

conpl ex-type plant g ropReESs ik Iﬁﬁ)tajyiazhghgwifxﬁé:hpoq eclion.:
extracts fr ome§\é' akﬁé%g%%?oi’ y

respect jvielsy, a6 qlatee Sush onenming s
gl ycoprotein fafong@artesyapted ﬂﬁf%#oa%fl ?ﬁni &% gi_{e%g,%gggyd gehe
mol ecul ar wei gliea,$ afEBaYURNTEIatoEEPBRY A SBfictat | ¢ dr aw ggwq{hea pl asmi d
PBI HM HRH  whi ch i § ., 305 AedbRagirweactbaimits ddaataky@@h-2 PBEY stant gene

and a hygrom/®&h-Tesistant ge aRd has A kDL€ DAesP @nt04 PHBt ogr aphs
of isoel @otri PHVEIE ﬁﬁ""éﬁ’&lgegf%er N

the protein from transformed GT6 cells. The molecular
i i ir its. '
weight is 1D KDa uni _
FI1G 7 A photograph of Western blotting a showing the
: i i icinus
detection of galactosylated glycoproteln using Rici

the
15 communis {(RCAyzo ) affinity chromatography . After

electrophoresed gel had been blotted on a nitrocelluliose

membrane, this membrane was visualized by lectin.(RCAuo)'
staining. Lanes 1 and 2 show the protein from a w::]_d type
BY2 cell, while Lanes 3 and 4 show t%le px_jote':m [f)rom
20 transformed GT6 cells. The molecular Welgh-t is :L’n K a.t;]e
FIc 8. A photograph of a blotting 1n which ;
galactosylate.d glycoprotein from Ricinus commun1's (r—{CAuo
affinity chromatography Wwas probed with an ani;;l.sir_s'm:
specific to xylose in complex-type plant glycans. :nGT6 |
25 and 2 show the total protein extracts from BY.Z Zn i GT;
respectively, and Lane 3 shows the glycoproteln 1ro o
after RCAiz affinity chromatography. The molecular welg
i i nits. -
;i(:: . KD: thematic drawing of a plasmid pBIHm—HRP which is
30 a binary vector with a kanamycin-resistant gene and a
hygromycin—resistant gene, and has a HRP ?DNA. o
FIG 10. Photographs of isocelectric focusiling and Wes

plotting which show HRP production in a suspension culture



bl otti ng which show HRP production in a suspension culture W _) 00/ 34490
PCF/ . JP99106881 of transgenic cells. FIG 10 (A shows the results

i soel ectric focusing and FIG 10 (B) shows the results of Wstern blotting.
The abbreviations are as follows: WI = wld-type; BY2 - HRP 1, 5 and 7 =

the clone nunbers for BY2 5 cells transfornmed with a HRP gene; and GI-6 -
fIRP 4, 5 and 8 = the clone nunbers for GI6 cells transfrorsedsshith a HRP
gene. Fl GVOPO349Gr aph showi ng the reverse-phase HPLC pattern of a PA sugar
chain eluted in 0-15% acetonitrile linear gradient 10 in 0.02% TFA over 60
mnutes and at a flowrate of 1.2 m/mn. I-Xl shows the fractions eluted
and purified fromsize- fractionation I—ﬁ’LC_‘ Exci tation wavel ength and

em ssion wavel ength were 310mm and 380mm respectively FIG 12. G aphs

showi ng the size-fractionationHPLerpaticeria) bhoet tthe RAsshBar °Ehain in

FIG 11. Eluti8f W&E*PEYTor med in - 50% wat agh&ntedl tshegwat er
-acetonitril eisbﬂlkw’éricb\f@lc“ﬂﬁn%ad& ggGag(g é?’ Thopt Y

_ aflowraﬁ4 of, QuB_m / mn.
The excitati gpspamelwngithngnd Tewi sBPOAVIGIIEPENYEH AR f8L39%° hm® and 380 nm
respectively. 20 FIG 13,4 graphi showhag thenekabhemymbsicsi & 8F 2peak- K2 on
reverse phase"#PEC¥Rer6in two s

stan ar, chailepl glechs s Anand B are
conpar ed mi t h ceidspeEanSEPImeH f’?%é\ %ﬁ i't?ﬁs were the sangpas in FIG

P
11. That is, g utike cresepemtemsedor GF60cebbs 4xepsheTPed &4 Pne;ﬁ;{ gr adi ent
in 0.02% TFA over 60 25 minutes and at a flowrate of 1.2 mM/mn FIG 14.

Graphs showi nd¥ffe SF- HPLC profil es ,of h{a&t_ Latgst, PPatugas oEhai ns
obt ai ned aft erFIGekdgl Pc8E: §€°H?§%sﬁ?’leoﬁg@ u on »

3L S0% e o o eegh Emcsesma eAn i someeP TS TS AT
and at al]':)I ow irnaB .eof’i TQA oaem dd’fﬁlﬂlut(e%)aﬂasugﬁlow rateof 1.2 ml/rftln.
1-X1 shbws t+he fractions eluted and purified from.sn_?e-
fractionation HPLC. Excitation wavelength and emisslion
wavelength were 310mm and 380mm, respectively.
FIG 12. Graphs showing the size-fractionation HPLC pattex'rn
15 of the PA sugar chain in FIG 11. Elution was perforr'ned in
a 30-50% water gradient in the water-acetonitrile mixture
over 490 rﬁinutes and at a flow rate of 0.8 ml/min. Thq
excitation wavelength and emission wavelength were 310 nm
and 380 nm, respectively. ) 7
20 FIG 13. A graph showing the elution position of peak-K2 on
reverse phase HPLC wherein two standard sugar chain prc-xdl-lcts
A and B are compared with the peakX2. The elution c?ndltlons
were the same as in FIG 11. That is, elution was performed
in 0-15% acetonitrile linear gradient in 0.02% TFA over 60.
25 minutes and at a flow rate of 1.2 ml/min. -
FIG 14. Graphs showing the SF-HPLC profiles of_
galact:osylated PA sugar chains optained a-fter
exoglycosidase digestion. Elution was performed 1in a
30-50% water gradient in the water-acetonitrile mixture over
30 25 minutes and at a flow rate of 0.8 mi/min. {A) PA-sugar
chain K-2: 1T is the elution position of the galactosylated
PA sugar chain used; II is B ~galactosidase digests of I:

TIT is a N-acetyl- B -D-glucosaminidase digests of 1I; IV is



chain K-2: | is the elution position of the galactosylated PA sugar chain
used; Il is 0O-gal actosidase digests of I; Ill is a Nacetyl- /3

-D- gl ucosam ni dase digests of 11: IVis %, o0 00/34490 pCT/ 3[ 199/ 06891 10
j ack bean a -mannosi dase digests of IIl. (B) PA-sugar chain L:1 is the
elution position of the gal actosylated PA sugar chain used; Il is O

gal actosi dase digests of |;Ill is N acetyl-a -D gl ucogmmmeaasse, di gests
O 1l; |'wosowadads, 2 5 nmannosi dase digests of I11;V is jack bean

a- mannosi dase digests of I11. FI G 15, Estimate structures of the N-1inked
gl ycans obtained fromthe transforned cells. The nunbers in the

P.,entheses indicate tile nolar ratio X0 FIG 16. phot ographs of Ricinus

comuni s 120 agglutinin (RCA -,a) affinity chromatography show ng the

detection of glycosylated HRF - FIL.G 16 SHoWggh lpe- sugauldteibr om si | ver

stai ning, and;ddkGrdan @B)na@neﬁéd?’rf‘edﬁg%ﬁﬁ @ffr mcltgggjsé{hm,%gar stai ni ng.

The | ectin-sta-ingd hibldieitierspaitipht®F $PFi5ar t hen rfb%d usi ng

| ectin RCA120 pre-i ncuba&fgdig\/i ?hgmgé&;si&ﬁs@n@igbs’aﬁd@ 13: orth i¢ubat ed i
S€

in
buffer with edwdds U§gfac I, = in 46 1d)kes HP 1s v éat @l ad th ~
- gal act osi dasg- £dey - B 1 Beoeee %anséaarcrlggﬁ;; Y

oni ae hefore SDS: PAGasdane | is a
col l ected fraction caabakidesrsB¥Z- HP ¥nds R g’e'lag g ?‘g Col I ected fractlon
cont ai ni Rg Gl’dga;%?egfﬁ 'é’%eﬂ nbers to the. left refer to the location and the
size (KDa) ofd9t dard” protein. Gs10s Angraphiskedi 94YERRS resul ts of
re-ver se- phasgi&PLE. oESTifRE-4%) %tmctﬁ!r i

ugar chains f r gl af ter
RCA, 20 af f injtyindP semonne ograsprRee 48 Fho r(% Pfé{%)nlrl]bsérosf Q\% Isclt?Ee’r 2
blotting showt B9 Ifr.TtT:teusnees indicate the molar ratio. o
e 1 Photographs of Ricinus communis 120 agglutinin
* o ffinity chromatography showing the detection of
O e a Hrp. FIG 16 (a) shows the results from siiver
gly?o?y’late d FIC-‘: 16 (B) shows the results from lectin RCAiz
2z:12i23' ar‘;'he lectiﬁ—stained Filter was cut into .stribpusfzrexi
bed using lectin RCARaze pre-—incubated with
v e pr: nd ITI) or incubated in buffer with excess galactose
??IH:: .( :n (11), HRP was treated with B —galactosidalse ::o:
piplococcus pneumoniae before SDS-PAGE. . Lf::e A
collected fraction containing BY2-HRP an e e
20 collected fraction containing GT6—-HRP .( K:::Dr;u:he o
1eft refer to the jocation and the size
B aph showing the results of reverse-phase HPLC
zzGt:: ;JA zuf;rpchains £rom purified HRP after RCA120 affinitg
” chror;astog};?xit:i;}raphs of Western -blotting showing :'meune‘
z];f:ect;.on of plant specific complex-type glyc;:;sr .e dT:z
purified HRP is fractioned by SDS—PAG.E, tra-ln;RP o E_md
nitrocellulose, and confirmed with rabbit anti- "
i serum which is specific for complex-type glycans
> o m::f:) Lane 1 = galactosylated HRP from GT6-HRP after
i:l(-::io affinity chromatography; Lane 2 = purlf::jrﬂiRsPSflz:rz
py2-HRP. The position of the molecule size mar



detection of plant specific conplex-type glycans- The purified 11RP is
fractioned. by SDS-PAGF., transferred to nitrocellul ose, and confirned
with rabbit antl-HRP (A) and 30 an antiseruMwhich is specif ic for

conpl ex-type glycans of plants (B) , Lane 1 = gal -actosyl at ed HITf rom
GT6 - 11RP %,EEE% RCA ,, af f inity chromatography; LanePGTPt jed HRP
f rom BYZ- .. The, position of tbe nolecule size inarker is shovm WD
00/ 34490 11 PCT/J P99/06881 to the left in KDa. The gal actosyl ated N gl ycan
on HRP derived fromthe transformant GI6 HRP cells did not react wth an
anti serum whi ch has been shown to specifically react wth 131,2 xyl ose
residue indicative of plant Nglycans. 5 FIG 19. Structures of N-|inked

gl ycans and enz%(ngﬁ?im/p,[ vl kpan t Re Syghac i 1a tedd N BEEER B NP aF y in
Endopl asmi ¢ réti cul um and_GCol di ' depg ghutosEid hotteneaes

d cNAc, 0 denofiesivih ool t%eci‘-err?&%%gkg%flgct osca}ﬁ@and "1 FE0Oi BSrehati ¢ acid,
respectivel y. #Qtflad &0cissmumchirckshas bREPSHOXR 1T FRERS 2Rd the rati o of
each N-linked %ﬁicgq Enxggsgegésilah@eiﬁhﬂ@Qth loft pdseti R-gl ¢t ype BY2
cell line deteF edsimfarly. "f 1q_ef ﬁgﬂgﬁgmm@eﬁggﬂ&eiuﬁameée, 19
denot es gdl act BEE 1%andSBrUGHSESE STali ¢ acid,

al | respect.ivel v 13 .EEG 21
i | | ustrates ongpoftheheugabodhadnt meﬁlﬁféa%é?ﬂt?‘wlgﬁvéﬁt F‘El'(gpﬁri.OP%'nsGT 6 cell

line, the isoners,Mnz-, M50 Qho2eBry maisEs 1 gongsna, o8
t hose hi gh- rranﬁSiéch“’“ adPeB1adnsh

processi ng enmmscgg&@%ﬁ%gfigggaégf Y %e%?’gg-ﬁggi‘géﬁfﬁﬁﬁsﬂg' o
(Gal T), introdiegbires ofalleNedd. reareftifRENan 11 cDNAs could nore
ef ficient|y |eqddfie obkogsacehingt de1bindd o3 baheddrhGIRNSCRERSE: NAC2,
whi ch cambe aNs—lig_?lkEatait %1%LanG%.lnT'GT6 cell line along with those in
wild-type BY2 cell line determined similarly. ] denotes
clcNAc, O denotes mannose, @ denotes galactose, and M
denotes sialic acid, respectively.
15  FIG 21 illustrates one of the embodiment of the present
invention. In GT6 cell iine, the isomers Man7-, Man6- and
Man5GlcNAc2 were observed. Because those high-mannose ty.vped
oligosaccharides will be converted by some glycan processing
enzymes to be substrates for B1,4-'galactosyltransferase
20 (Gal T). introduction of GlcNAc I, Man I and Man IT cDNAs
could more efficlently jead the oligosaccharide Man7-
EG1lcNAc2 to GlcNAcMan3GlcNAc2, which can be a sub"strate of
GalT.
FIG 22 also illustrates another the embodiment of the pres ent
25 invention. 1,4-Galactosyltransferase (Gal T) uses UDP-
galactose as a donor substrate and GlcNAcZMan3GlcNAc2 as‘
an acceptor substrate. Efficient supply of UDP-galactose
will enhance the Gal T enzyme reaction and more
galactosylated oligosaccharide will be produced.
30 :
BEST MODE FOR CARRYTNG OUT THE INVENTION
Hereinafter, the present invention will be described in

further detail. In performing the present invention,



FIG 22 also i
invention. 1,

gal act osyl ated ol i gosacchariide wl|l

CAFRRYI N
descri bed in

| lustrates another the enbodi nent of the present 25

4- Gal actosyltransferase (Gal T) uses UDP-.* gal actose as a
donor substrate and GLcNAc2Man3d cNAc2 as an acceptor substrate.
supply of UDP-gal actose w Il enhance the Gal T enzyne reaction and nore

Bg];lﬁ | N\VENTI ON Hereinafter, the present i nREwiiFopPseli |
urther detail. In performng the present invention,

Efficient

be produced. 30 BEST MODE FOR

| be
WO

00/ 34490 12 PCT/ JP99/ 06881 unl ess ot herw se indicated, any conventional

techni que can be used. These include hods for isolating and anal yzi ng
proteins as well as i munol ogi cal nethods. These nethods can be conducted
by using commercial kits, antibodies and narkers. The method of t
present inventjqaskeltieedite imarenbed, ehy cvmvehbtonal fgohnygeprabei ns with
ar _chai ng, ] i b4 11881 at PvFRAGt 3 yEgar chain”
g’?s'ﬂlﬁ%‘f' cﬁ%‘?shé \%H%Eﬁ%e ﬁlglgg?:é%ogéﬁ res) due T ﬂ[ég% 12 alf
acet yl gl ucosammogeiesaf¥elFms B?b%%l‘fﬂgsinaﬁléolsn' t?e. uman-t ype sugar
chai n can he thg berdénsmkteagsy whagncamergisi kitiso astibodds @48 can be

human-type su
refers to 10

|l i nked to_the
glycoprotéin
linked to on

ou sige of the galactose residue- Preferably, the
JPHRES 15 present invention at |east has no xyl ose or
e or nore of the follow ng portions: the core sugar

he

fucose
chain

portion, the biansbeshbd ogathe prierepbrinventier nefatesckdianBPRIYEE chain

portion of th
fucose shoul d
and ideally
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t]h’gftéi§ kﬁﬁﬂcﬂfﬁﬁaﬁgg yﬁg'rtlarg?t OLecéggagon alnn’g gjiEn tﬁ:rg
a sugar chain with a galactose residue linked to a N-
acetylglucosamine residue. The galactose residue in the
human-type sugar chain can be the terminal sugar chain or
a sialic acid residue can be linked to the outside of the
galactose residue. Preferably, the glycoprotein of the
present invention at least has no xylose or fucose linked
to .one or more of the following portions: the core sugar
chain porticn, the branched sugar chain portion, or thei
rerminal sugar chain portion of the human-type sugar chain.
More preferably, neither xylose or fucose should be linked
to any portion of the human-type sugar chain, and ideally
there should be no xylose or fucose contained in the

human-type sugar chain at all.

The plant cells can be any plant cells desired. The plant
cells can be cultured cells, cells in cultured tissue oL
cultured organs, or cells in a plant. Preferably, the plant
cells should be cultured cells, or cells in cultured tissue
or cultured organs. Most preferably, the plant cells should
be cells in whole plants, or portions thereof, that preduce
glycoproteins with human-type sugar chains. The type of
plant used in the manufacturing method of the present
invention can be any type of plant that is used in gene

transference. Examples of types of plants that can be used

e rans Shaiihs wiMH aupbef ey@blsyganeitidiers.xyl ose or
By i vt s

chai n,



human-type sugar chain at all. The plant cells can be any plant cells
desired. The plant 25 cells can be cultured cells, cells in cultured
tissue or cultured organs, or cells in a plant. Preferably, the plant
cells should be cultured cells, or cells in cultured tissue or cultured
organs. Mst preferably, the plant cells should be cells in whole plants,
or portiq&a @gﬁhpof t hat produce 30 gl ycoproteins wi t RCHIPRA688Y pe sugar
chains. T ype of plant used in the manufacturing nmethod of the present
invention can he any type of plant that is used in gene transference.
Exanpl es of types of plants that. canile used %' O 00/34490 13 10 15

PCT/ .1 P99/ 06881 in the manufacturing nethod of the present invention
include plants in the famlies of Sol anaceae, Poaeae, BraSS|caceae
Rosaceae, Legquninosaaufdadthetngimeabedef ’d_mrﬂﬁ@ééemve@lt?%éé‘&éu e
Chenopodi ar _eae &5adf phhaud, SBrds dilmcBekanaceae
famly inclu®® ?§H¥}@EEEL%%e'%f%%E%gﬁgb ol arium, Dat ur g,; dxe@persi con and
Pet uni a genéw@acsBQC|fl%ﬁﬁﬂﬂ%ﬁBFég'lnc?ﬁﬂ%’tobac%o eggﬁ%‘ pot at o,

tomat o, chil iy inepps8he, artbnopbanaceadszadplobe biif§rdfts i n the Poaeae famly
include plants in the Oyza, Hordenum Secale, Sacc)iarum Echinochloa and

Zea genera. Specific exanples d ) 8 Ghitgochl oa
crus-gal. | i, ExorghefmofaRdeief 28, a@%ﬁ%f”é‘%‘z?ﬁe Q%Jhﬁg mEX he plir aSSI caceae
famly incl uc}@1 Phé Wt 8ot iand,heo RapanRat uiBy, a@sqursAF%laﬂE pps'? “Fasabi a, and

Capsel | a genera. Specidjo;examekampias! useldkapansseahi teggmladitsh,

r .
Lﬁfg:eggst é\; ing))lt(itgfl 1S:or1t1£t]1?i:!.l a%lll‘]agapneers,eana Mﬁ%r adi sh, and Capsella

10

Exampleg of plants in the Poaeae family include plants in
the Oryza, Hordenum, Secale, Saccharum, Echinochloa and Zea
genera. Specific examples include rice, barley, I1ye,

Echinochloa crus-galli, sorghum, and maize.

15
Examples of plants in the Brassicaceae family include plants

in the Raphanus, Brassica, Arabidopsis, Wasabia, and
capsella generé. Specific examples include Japanese white
radish, rapeseed, Arabidopsis thaliana, Japanese

20 horseradish, and Capsella bursa-pastoris.

gxamples of plants in the Rosaceae family include plants
in the Orunus, Malus, Pynus, Fragaria, and Rosa generxa.
Specific examples include plum, peach, apple, pear, Dutch

25 strawberry, and rose.

Examples of plants in the.Leguminosae:family'includegplanté
in the Glycine, Vigna, Phaseolus, Pisum, Vicia, Arachis,
7rifolium, Alfalfa, and Medicago genera. Specific examples
30 includesoybean,adzukibean,kidneybeans,peas,favabeans,

peanuts, clover, and alfalfa.

Examples of plants in the Curcurbitaceae family include



Exanples of plants iii the Rosaceae famly include plants in the Drcnus,
Mal us, Pynus, Fragaria, and Rosa genera. Specific exanples include plum
peach, apple, pear, Dutch 25 strawberry, and rose Exanples of plants in
the Legumi.nosae famly include plants in the dycine, Vi_gna, Phaseol us,
Pisum Vicia, Arachis, 1 'ifolium A ?falfa, and Medi cage genera.
Speci fi c wyagphes 30 i ncl ude soybean, adzuki bean, ki dif&fIBYHAES! peas, f
ava beans, peanuts, clover, and alfalfa. Exanples of plants in the
Curcurbitace, ae famly include WO 00/34490 PCT1JP99/06881 14 plants in the
Luffa. Curcurbita, and Cucum s genera.j4 Specific exanples include gourd,
punpki n, cucunber, and nelon. Exanples of plants in the Lam aceae famly
include plants in the Lavandula, Mentha, and Perilla genera. Specific
exanpl es i nclpudatkavandere pepper nfurcuciidale gt eeHeyFHantIe Y&l es  of

plants in thelilkageagadAds ¥ nkhEbs dgotdNftmpkdn | NolidianbAr, i wma Lilium
and Tulipa genera. Specific exanples include onion, garlic, lily, and

tulip. Exanp™d®8f plants in the Chenopodi aceae fanlly include plants in
t he Spinacia genera. A specific exanple is 15 spinach. Exanples of plants
iCp the Ugbel Ig xfaﬁ:g)ﬁ@sfﬁﬂpllﬁntﬂC:iri-'dﬁepi.ﬂﬁlié:edenféxﬁlﬂlyb\ﬂgeh-rﬁﬁ@m@us .
ypt ot aeni a, an i tum gener pec c nese udo,
carrot, honewdrthe % Gvﬁﬂﬁggelé%mthﬁfe?%éa ?ﬁéﬁﬂﬁégﬁfg% sqﬁggﬁ'lﬁ t he
nanufacturlngmmmphgdluﬁlU@ﬁéaEP%%%ﬁﬁP?Pﬂﬁﬁﬁﬁqﬁa%ﬂﬂﬁﬂ%ﬁ dHéfo, tomato,
potato, rice, nalze radlsh soybean, peas, alfalfa or splnach 25

| deal 'y, the pla d.in, the u g defuhd &1 Hgsent
i nvention shd%aﬂ'p 85 é’&ggtstoma g Lfﬁ%%{ég% fgﬂiép at1u6d%
10 in the Allium, Lilium, and!h 1pagenera.‘Spe01flcexamples

include onion, garlic, 1lily, and tulip.

Examples of plants in the Chenopodiaceae family Ilnclude
plants in the Spinacia genera. A specific example is

15 spinach.

Examples of plants in the Umbelliferae family include plants_
in the Angelica, Daucus, Cryptotaenia, and Apitum genera.

Specific examples ineclude Japanese udo, carrot, honewort,

20 and celery.

Preferably, the plants used in the manufacturing method of
the present invention should be tobacco, tomato, potato,
rice, maize, radish, soybean, peas, alfalfa or spinach.
25 Ideally, the plants used in the manufacturing method of the

present invention should be tobacco, tomato, potato, maize

or soybean.

In this specification, "an enzyme capable of conducting a
30 transfer reaction of a galactose residue to a non-reducing
terminal acetylglucosamine residue" refers to an enzyme
capable of conducting a transfer reaction of a ygalactose

regsidue to a non-reducing terminal acetylglucosamine



or soybean. In this specification, an enzynme capable of conducting a 30
transfer reaction of a gal actose residue to a non-reducing term nal
acetyl gl ucosam ne residue" refers to an enzyne capable of conducting a
transfer reaction of a galactose residue to a non-reducing term nal
acetyl gl ucosam . ne WD 00/ 34490 PCT/JP99/ 06881 15 resi due produced when a
sugar cham®®g44atided after synthesis of the protein potGT/IEA R8It he

gl ycoprotein in the plant cell. Specific exanples of these enzynes include
gal act osyl transferase, gal actosi dase, andf 3-gal act osi dase. These enzynes
can be derived fromany aninmal desiredis Preferably, these enzynes shoul d
be derived froma manmmal, and ideally these enzynes should be derived from
a human. In this speC|f|cat|on "the gene of an enzyne capable 10

conducting a ¥eeiitecProdused Wheror syIgEIckeinds 2AadREt el sYRBRTLS educi ng
ternm nal acetyt ghtpesesin@oresonve theayl yapratgemen whieGhlzoancdlel J sol at ed

froman ani mal ‘,Teifllcum n&aanplggcl eqjd de ﬁg ncegpf encgl?@gl@enzyrre wel |
a or

known in the comercially avail genes ‘al tered expressi on
15 in plants. galﬁqtl¢|s§1§9@%$ﬁqr@eﬂel:(ﬂ@lacﬁeﬁédaﬁfstﬁ}q9"9@%@?%0%3@%%
structur gl genegeordimmesA caantbieoldesdgednceos uahy asnamapr demtisrd. oper at or

and term nat % e%'}a%@_ ' 'm%%% 3% i 9R0%1a B 80-B%d Prdlf APRidna X Pr ess the

gene in a plart pecification, "exogenous coproteins” refers to
gl ycopr ot ei nsa%dééaé%%r*é?ﬁeoﬁ“f‘ﬂ“epﬂ Shpulide ﬁ&rﬂé%‘g ’%/r"('i‘f aguHRRY ¢

engi neeri ng net hodol ogi es- Exanpl es of these 25 exogenous gI ycopr ot ei ns

‘include enzyngs tn*lgr gp@@ﬂﬁ%%l Nefhe HUrlL B §§1en\ﬁ%ﬁ1@ BSSabl&CEPtOrs and
serum proteins. ' es of enzynes include horseradi sh P&r{o& i da. se,

ki nase, 1§l ucd%%’rdé’b‘rtc}g d%s’%ﬁ“ﬁf&EI D8RS Wage, @ 9alactose res

a non-reducing terminal acetylglucosamlne residue" can be
a gene which can be isolated from an animal cell using a
nucleotide sequence of an encoded enzyme well known in the
art, or commercially available genes altered for expression

15 in plants.

In this specification, "gene" usually refers to the
structural gene portion. A contrel seguence such as a
promoter, operator and terminator can be linked to the gene

20 so as to properly express the gene in a plant.

In this specification, "exogenous glycoproteins” refers to
glycoproteins whose expression in plants is the result of
genetic engineering methodoloegies. Examples of these
25 exogenous glycoproteins include enzymes, hormones,.
cytokines, antibodies, vaccines, receptors and serum
proteins. Examples of enzymes include horseradisﬁ
peroxidase, kinase, glucocerebrosidase, ¢-galactosidase,
tissue-type plasminogen activator (TPA), and HMG-ColA
30 reductase. Examples of hormones and cytokines include
enkephalin, interferon alpha, GM-CSF, G-CSF, chorion
stimulating hormone, interleukin-2, interfercn-beta,

interferon-gamma, erythropoietin, wascular endothelial



ti ssue-type plasm nogen activator (TPA), and HMG CoA 30 reductase. Exanpl es
of hornones and cytokines include enkephalin, interferon al pha, GwW CSF,

G CSF, chorion stinmulating hornone, interleukin-2, interferon--'beta,

i nterferon-gamm, erythropoietin, vascul ar endot helial WO 00/ 34490

PCl '/ JP99/ 06881 16 growt h factor, human chori ogonadotropin (HCG ,

| eut ei ni zwD.0wg4por none (L, H), thyroid stinulating hor noi¢d/IPPo0SHsy |

prol actin, and ovary stimulating hornone. Exanples of antibodies include

| gG and scFv. Exanpl es of vaccines 5 include antigens such as Hepatitis B
surface antigen, rotavirus antigen, Epgherichia coli enterotoxin, malaria
antigen, rabies virus G protein, and HV virus glycoprote.in (e.g.

gpl20). Exanpl es of receptors and matrix proteins include EG- receptors
fibronectin, atowthtit fppspn, anbumgr coaehArdogenafaereriny | | (HGS8anpl es of

serum pr ot ei n%uﬂe%l_éyg@g aﬂllb_,gﬁ(?rfb ggﬂ;pl eir@&blar gtemﬁsatnibgﬁsmm:ﬁgﬁn
corticosteroid--hindi obul | t hrox 0 protein
ogl%th_&ﬁ a,ngenesr%F 1mu abci? cg’le uﬁ*iﬂn %d

C. 15 In this cift exogeneou ycopr ot el ns refers to
a gene, whi chofcantbeodbes dnedufle GiGa abd| $CRG; n@"al%P PEoYFHEEquence of
an e”COdﬁd prﬂk@hﬁe\/\%kxltl BR¥NshBn hBeHaphtiis COMBer£add | ynamgin,abl e genes

al t er ed LSS, Oarllntleﬁ:efl g%sc?erzz{)ch-glgecgff nqeztog%xgﬂzyrﬁ@%ﬁ%oabl e of

conduct i ng a’for En i actose resi t6 a non-reduci ng
terminal acemtligienc gedriers. WeseS maée%md ap A YeVibku s S LESORENSUS:
gl ycopr ot ei ns¢e£.3f) ,bgpizd y odpgatbied biergtaiioreeatd matirng 2ooteimet hod vvel I

known in the ar L_%?Thﬁﬁg gg‘?&i%ogﬁ_pdlﬁ?kg%%ce &_%ﬁ@%%% Orand

si mul t aneous! ! es o0 i'nt'roduci ng genes to | ant cells
i ncl udelhe Agwacsblééte%uu#\ﬂctor VIII. FExamples of sé proteids
include albumin, complement proteins, plasminogen,
corticosteroid-binding globulin, throxine-binding

globulin, and protein c.’

15 In this specification, "genes of exogenedus glycoproteins”
refers to a gene, which can be isolated from a cell using
a nucleotide sequence of an encoded protein well known in
the art, or commercially available genes altered :Eo:tf
expression in plants.

20
The gene of the enzymes capable of conducting a transfer

reaction of a galactose residue to a non-reducing terminal
acetylglucosamine residue and the genes of exogenous
glycoﬁroteins can be introduced to the plant cells using
25 amethod well known in the art. These genes can be introduced
separately or simultaneously. Examples of methods for
introducing genes to plant cells include the Agrobacteriu:r{
method, the electroporation method and the particle
bombérdment method.
30
Using any method well known in the art, the plant cells with
introduced genes can be tested to make sure the introduced

genes are expressed. Examples of such methods include



met hod, the el ectroporation nmethod and the particle bonbardnent nethod. 30

Usi ng any nethod well known in the art, the plant cells with introduced
genes can be tested to nake sure the introduced genes are expressed.
Exanpl es of such net hods include WD 00134490 PCT/JP99/06881 17 silver
staining or augnentation, Western blotting, Northern hybridization, and
énzyme acWoMoBy9tiet ection. Cells that express the intrbeiPediicd8nes are
referred to as transforned cells. 5 Transformed cells, which express
enzynmes capabl e conducting a transfer reaction of a gal actose residue to
non-reduci ng term nal acetyl gl ucosam nezresi due and exogenous

gl ycoprot ei ns, express exogenous gl ycoproteins wth human-type sugar
chains. In other words, the 10 transfornmed cells have hunan-type sugar
chai n addi ng sxﬂe@ramt@mngw Bymenkatiny. ¥retern pAnstraebioERre

gl ycopr ot ei n&;thlmllwﬁ’_@anl me Sufiale absivstEdetbeti®ss cpLoduaedt
Human-type gl r.Qt £l r ugar
chai ns. The co eessl?gar a| ns Ei%ég{]egsi é’?gggggﬁ?%??yg%?rgﬁﬁ%qsty of
mannose or &EfhA-gl ucosam ne. The outside sugar chains in these

gl ycopr osei nspremiifaire@orceladyciwig cher exprdsss Ugagymdsai kappbléi ants. The

a

out si de_sugal, GhRIAIRGAN {aNS el LG 6Rah Nalitld-QULaLIAR. Ao @ branched

chai n confi gur I on ranc ain portion has a m)no- bi -
tri- or tetra@® BORfFYMCINBoECTRRBAY| PCEPY bFHITRS ARG FATHWE %y t hese
t ransf or ned cee&dgbnbdeaglycaixrometnsprﬁ}mmsanyxégmm glycaytoseins?25 These

transformed plant fehds G0 r@&H%lzn bﬂa:f?ns.cm t yhedo At € woRlis CanHEe

differenti at edl i nto speci'fic tissues or gans ) ]
10 transformed cells have human t¥pe sugar chain adding

mechanisms. By cultivating these transformed cells,
glycoproteins with human-type sugar chains can be mass
produced. Human-type glycoproteins contain core sugar
chains and outside sugar chains.. The core sugar chains
is consist essentially of a plurality of mannose or
acetylglucosamine. The outside sugar chains in these
glycoproteins contain non-reducing terminal sugar chain
portions. The outside sugar chains canhave a straight cha:Ln
configuration or a branched chain configuration. The
20 branched sugar chain portion has a mono-, bi-, tri- or tetra
configuration. The glycoproteins manufactured using these
transformed cells ideally do not contain any fucose or

xylose.

25 These transformed plant cells can remain in a cultured state
or can be differentiated into specific tissues or organs.
Alternatively, they can also be generated into plants. In

- this case, the transformed plant cells can be present in
the entire plant or in specific portions of the plant, such

30 as seed, fruit, nut, leaf, root, stem or flower of the plant.

Glycoproteins with human-type sugar c¢hains can be
manufactured by the transformed plant cells and then be



Alternatively, they can also be generated into plants. In this case, the
transforned plant cells can be present in the entire plant or in specific
portions of the plant, such 30 as seed, fruit , nut, leaf, root, stein or f
| ower of the plant. dycoproteins with human-type sugar chains can be

manuf actured by the transforned plant cells and then be WO 00/ 34490

PCT/ JP99/ 9®8834498 i sol ated or extracted fromthe plant E/IPa/0688ie net hod
for isolating the glycoproteins can be any nethod well known in the art.
The g_I|.ycoproteins of the present invention can be used in foodstuffs
while remaining inside the transfornedigcells, or the glycoproteins of the
present invention can be admnistered to aninmals including humans w t hout
antigenicity because of the added hunman-type sugar chains. Hereinafter, the
present i nventsomtgd or pEtEected beem ithe BEndetetds byThaPeshofifUst rat i ve,
but not restrigdiat@ng exenglesprhxaim eah) bel amy mg:tHodare 1B Mnowh Gal act ose
Jranst erase GengRe dril %l@%i‘g&%ﬁéﬂtte;iﬂgséf glﬁgﬁe&@@{)ng,%ﬁoﬁ% 4.1.38)

have 15 alreéﬂ§ en cl oned. rimary configuration consisting of 400
am no aci ds HRsusedArdicodstefetvhiks FEmajaing wpsife the EF%%%%"EQ@ ophys.
Res. Conmsun. ,celiis, 6b7tiod Hlytedboteirls offr itherpiyr=mpdr Anventderd Genpl at e DNA
The follow n ri s reparsdmbh L h 1:8H66€06€ Hhahle wGhdgport by
vasri et al | erennenidiEred B Els AR o dhan s wrthddy ence

| D: 1) hGT- 2S@ntiggnistiAFecrARAAAECCPEAAAAHRRPCTYB® SU9Eq S 1.D2) 25

hGT- 7Spe: = i' - ACGGGACTCCTCAGCGGECGATGATCATAA-5" ( Sequence | . D:3) hGT6Spe:
S' - AAGACTAGT GIFGHEAT T A Gredent SEAWENG®N will be described in
10 detail by way of illustrative, but not restrictive,
examples.

(Example 1) Cloning Human 81,4 Galactose Transferase Genes

B1,4 Galactosyltransferase (hGT) genes (EC2.4.1.38) have
15 already been cloned. A primary configuration consisting of

400 amino acids has been discovered (Masri, K.A. et al.,

Biochem. Biophys. Res. Commun., 157, 657-663, 1988).

(1) Primer Preparaticn and Template DNA

The following primers were prepared with reference to the

20 report by Masri e't al.
hGT-5Eco: 5 ~AAAGAATTCGCGATGCCAGGCGCGCETCCCT-3" (Sequence
ID:1)
hGT-2S8Sal: 3'-TCGATCGCAAAACCATGTGCAGCTGATG-5' ISequence
I.D:2)

25 ' hGT-78pe: 3 -ACGGGACTCCTCAGGGGCGATGATCATAA-5" (Seguence
I.D:3) ‘
hGT6Spe: 5' -AAGACTAGTGGGCCCCATGCTGATTGA~-3"' (Sequencé
I1.D:4)

Human genome DNA, human placenta ¢DNA, and human kidney cDNA
30 purchased from Clontech were used as the template DNA.

{2) Cloning the hGT Gene CDNA
(i) Human genome DNA was used as the template and hGT-5Eco



| . D:4) Human genone DNA, human pl acenta GDNA, and human ki dney cDNA 30
purchased from Cl ontech were used as the tenplate DNA. (2) Coning the hGI
Gene GDNA (i) Human genonme DNA was used as the tenplate and hGI-5Eco WO
00/ 34490 Pc'r/.1P99/06881 19 and hGT-7Spe were used as We priners ; (ii)
Human pl acenta cDNA was used as the tenplate and hGT-2Sal and hGT6Spe were
used as tW@BB4MErs. The two were conbined and a PCR r 431688 as
performed under the follow ng conditions. Then, 0.4 kb 5 and 0.8 kb
fragnents containing hGI' encoded areas were obtained. (PCR reaction
mxture) 1 91 tenplate DNA, 5LLnl 10 xa$CR buffer solution, 4 g | dNTPs
(200 mMV) , the priners (10 pnol) , and 0.5 4 1 (Takara Shuzo Co. , Ltd. )
Tag polynerise (or 0. 2 10 i11 Tub pol _ynerase), water was added to make

50 P-Cl. (PCRIFEBET BFPCHRBP (1551s§s FesPribedge: (41 bylomen BbieATat i on
(9440) 5 m nuima, wﬂ!ﬂlﬂﬁ&hleﬁgtbé&@bl&tmm BGT-28a8nsnhd MGTEBR4Ger i nut es.

Second Stage:, 3G £y ﬂ@f@t Uifid 100 wed $okib1h 8 B & pANERL R (5500)

| m nut e, exten5|on m nut es e: 1cycle, denaturation
(94QC) | mi nut €735 B e§°ﬂril?1‘€&%°°’é%tér?g‘i Son ¥ 1%7@(:5"% nutes. The
two fragsent sansere ecouhsblfmadmémté ocontaGhiggnbGT Dhdcadel afmrredvdme
pBluescript |4 §ﬂ' -SK). The pBluescript Il SK+ 20 (SK) was purchased from
Strat agene Co. d. FIG 2 shows the structure of a Bl asm d contai ning hGr
gene cDNA. THIESR ZRewkiSoidEhrEe Nd H5! | henmkriscPNgenet Mdcl8oF iFFR sequence
and Sequence tNFfefr ssldthenest i raiNItPsaldavomdL. the @oimace.( 10T masl )nucl eot i de

sequence di ff%@eﬁrﬁf@m(ﬂﬁabﬁﬁw@aceﬁé Puhly ﬁ@fﬂn&e#ﬁf& €l al . (see

above) in the OW n he nuc| eoti'des ‘are different in that

the A i#°%Posi4topuP I@PlYB‘?EXF%)GW e vaf aBled teoleke SGdolis T and the A

in (PCR Reaction Conditions) First Stage: 1 cycle, denaturation

(9492C) 5 minutes, annealing (552C) 1 minute, extension

{(722¢C) 2 minutes. Second Stage: 30 cycles, denaturation

(9492C) 1 minute, annealing (55%C) 1 minute, extension (722C)

15 2minutes. Third Stage: 1 cycle, denaturation (942CY 1 minute,
annealing (552C) 2 minutes, extension (722C) 5 minutes.

The two fragments were combined to form hGT gene cDNA and.
cloned in pBluescript II SK+ {(SK). The pBluescript II SK+
20 {SK) was purchased from Stratagene Co., Ltd. FIG 2 shows
the structure of a plasmid containing hGT gene cDNA. This
shows Sequence Nae. 5 in the hGT gene nucleotide éequence
and Sequence No. 6 in the estimated amino acid segquence.
This nucleotide sequence differed from the hGT seguence
25 published by Masri et al. (see above) in the following ways:
a) The nudleotides are different in that the A in Position
No. 528 is G, the C in Position No. 562 is T, and the A in
Position No. 1047 is G, however the encoded aminc acid
segquence is not changed; b) Nine nuclecotides at positions
30 from Position No. 622 to Position No. 630 are missing; c)
The G in Position No. 405 is A and the T in Position No.
408 is A. These nucleotide changes were made during primer

preparation such that the 0.4 kb fragment and 0.8 kb fragment



Position No. 1047 is G however the encoded am no acid sequence is not
changed; b) N ne nucleotides at positions 30 from Position No. 622 to
Position No. 630 are missing; c¢c) The Gin Position No. 405 is A and the T
in Position No. 408 is A These nucl eoti de changes were j ng
priner: preWa#4i on such that the 0. 4 kb fragnent and B%g"eﬂ‘wg&ﬂ agnen L
WO 00/ 34490 PCT1JP99/06881 20 are connected. There are two start codons
(ATG in hGI gene cDNA In this experinment, however, the gene is designed
such that translation begins fromthe second initial codon (Position No.
37). (Exanmple 2) Introduction of the hGI Gene to a Cultivated Tobacco Cell
(1) I't has been reported _that hGT is _expressed jn a ti v GiIIormin
Escherichi a cBFe copRsgtedp, Thergare tegSEagt codgnsgyiG) 1?8’ 99" And
Nakazawa, K. ebNml . In thisBixpeErdment, hb@evéd7 theéWede. id desigierd $och a

cultivated to E%E&{.}héﬁ&%p%%w%o& hehe CXPEGRST ORI VELL OBo@GHNGP had

to be structured as shown I n 3. A cauliflower nosaic virus 35S

pronot er (CaMP8sE193r St 7); which drives gene expression constitutively
in 15 plant cells, was used as the pronoter. A kananycin-- resi.stance gene

d t t - i d .
was used as Eg,é%@%g 4)039%55&ét1&h%fp@ﬁaq§awmé M & %2@6&%&6&16

cultivated to I neans of Agrobacterium nethod. 2
Agr obact er i unfieaesP igddper f ormed using the triparental mating nmethod of
Bevan et al. {BpwanhaMbeernNuepericedithdt Rl is ebhre®sed, iddactBeeheri chi a

coi | DHba (sufg4, ;Dlaclli6o, . (.0, LOML5),, 7) hesgda ear ch
Labor at ori es F‘f”?\%‘:’lQ %%cus 8611(12 ?&%3??1986 bﬁﬁq?@ﬁ%%’)f%n‘?iﬁft An. G,
25 Met hdds End9fd@ndiakazayn, Ko@h) abnd JEsBHerRehi-alldr 1741816923 Wi t h hel per
pl asm d pRK20i3 drdetafior M culltittrated AobdcRescell 12, eBpddss b884)thwere | ef t

standi ng Over&ggx.héssai%ql %thbzp ﬁ’;'rAhGT had to be structured as shown in
FIG 3. A cauliflower mosaic virus 355 promoter (CaMV 35S

promoter), which drives gene expression constitutively in

15 plant cells, was used as the promoter. A Kanamycin-
resistance gene was used as the selectionmarker. The pGAhGT

was introduced to the cultivated tobacco cell by means of

Agrobacterium method.

20 The Agrobacteriummethod was performed using the triparental
mating method of Bevan et al. {Bevan, M., Nucleic Acid Res.,
12, 8711, 19B4). Escherichia coli DHS5& (suE44, DlacUle59,
($801acZDM15), hsdR17) (Bethesda Research Laboratories
Inc.: Focus 8 (2), 9, 1986) with pGA-type plasmids (An. G.,
25 Methods Enzyvmol. 153, 292, 1987) and Escherichia coli HB101
with helper plasmid pRK2013 (Bevan, M., Nucleic Acid Res.,
12, 8711, 1984) were left standing overnight and 37°C in a
2 x YT medium containing 12.5 mg/1 tetracycline and 50 mg/l
kanamycin, and Agrébacterium tumefaciens EHALO0l was leéeft
30 standing over two nights at 28°C in a 2 x YT medium containing
50 mg/1 kanamycin and 25 mg/l chloramphenicol. Then, 1.5
ml of each cultured medium was removed and placed into an
Eppendorf tube. After the cells of each strain were



2 X YT mediumcontaining 12.5 ng/1 tetracycline and 50 ng/1 kananycin, and
Agr obact eri um twief aci ei as EHA101 was | eft 30 standing over two nights at
28C in a 2 x YT nediumcontaining 50 ng/1 kananycin and 25 ny/|

chl oranphenicol. Then, 1.5 m of each cultured nedi um was e d and
placed i ntP M4 ¥ hendorf tube- After the cells of each BCFE% %g're WO

00/ 34490 PCT/JP99/ 06881 21 collected, the cells were rinsed three tines in
an LB medium The cells obtained in this manner were then suspended in

100 91 of a 2 x YT nedium mxed with thiee types of bacteria, applied to
a 2 x YT agar nedium and cultivated at 28C whereby 5 the pGA—type

pl asm ds, then underwent conjugal transfer from  the E. coli t he

Agr obact er zuncoFkBolaY s theesl LS HRF oF LR Rs tl&’ﬁ‘f%ﬁif"‘%\%ff&ﬁﬂ HB"‘S e 2 x YT
agar pl ate wagheeseyes dastaipedaipl tivis umarnneapyeaadtizpl swghendedninB agar

pl ate contai ni 0 ngll na n t 25 nmg/l 10
chl or anpheni cgﬁg %Etogngéﬁf ??\r/ngtgry"ﬁ}ﬁ {mhgaz%ggqn tl[hrte% {§J§L%3’%’Ctggga28c a

si ngl e col onyanpdiedltect e YTaaws Medkan Gﬁdéplthﬁa'é‘%ﬂ BE 28t %é}’ht&‘—%ﬁico cells
was perf g med thd$oag tiybe prakhtds dereniuned rivanron Gagal PransfdblEroBi o.

el 19 Pk S e 100 4l B BhODIGSIAN ELE Gt R Lype

pl asm ds cultiva Ium contalning 12.
ng/ | tetracyckFPhenERPReaFiNg!oR thgshen it fgaroplats #aFarerrYshaeiBIcel | s
Ni coti ana tabacpmatinuilobp) gimtd aypl:lefﬁ/vta {rSLBaigar\plaBy-cdndktiaingd usi ng

Catal 0g No. REGL. 02" kHLLDE: L) O Lahd /) %I%e%maﬁg OdfaObs! g/ fene Bank

at the Life esearch elr fourth “day of
cul tivati®bn, ®Bleransepisyet h%Ft?%&q}dij-WWlPﬁ thejiptentd ZPFoRBD to stand

in a dark pl agayatag5fsociwa gayglé aidlony sasesefedthai.sol uti on was renoved
fromthe dish and the 25 supernatant was separated out using a centrifuge

(1000 rpm. 5 mnutes). The cell pellet was-introduced to a _new nedi um
Transformation of the cultivated tobacco cells was performed

using the method described in An, G., Plant Mol. Bio. Manual,
15 A3, 1. First, 100 p1l of Agrobacterium EHAl0]l with pGA-
type plasmids cultivated for 36 hours at 28°C in an LB medium
containing 12.5 mg/l tetracycline and 4 ml of a suspension
of cultivated tobacco cells Nicotiana tabacum].. cv, bright
yellow 2 (Strain No. BY-2 obtained using Catalog No. RPC1
20 from the Plant Cell Development Group of the Gene Bank at
the Life Science Tsukuba Research Center), in their fourth
day of cultivation, were mixed together thoroughly in a dish
and allowed to stand in a dark place at 25°C. Two da'ys later,
some of the solution was removed from the dish and the
25 supernatant was separated out using a centrifuge (1000 rpm,.
5 miﬁutes) . The cell pellet was introduced to a new medium
and centrifuged again. The cells were innoculated onto a
modified LS agar plate with 150-200 mg/1l kanamycin and 250
mg/1l carbenicillin. This was aliowed to stand in darkness
30 at 25°C. After two to three weeks, the cells grown to the
callus stage were transferred to a new plate and clones were
selected. After two to three weeks, the clones were

transferred to a 30 ml modified LS medium with kanamyecin



and centrifuged again. The cells were innoculated onto a nodified LS agar
plate with 150-200 ng/1 kananycin and 250 ng/1l carbenicillin. This was
allowed to stand in darkness 30 at 25C. After two to three vveeks the cells
grown to the callus stage were transferred to a new pI ate and cl ones were
sel ect ed. W% wo to three weeks, the clones were tradfdf&rY¥F o a 30 n
nodi fi ed LAS nmedium wi th kanamyci n WO 00/ 34490 PCT/JP99/ 06881 22 and
carbenicillin. This selection process was repeated over about one nonth-
Six resistant strains were randomy sel2ected fromthe resistant strains
obtained in this manner (GI 1, 4, 5, 6, 8 and 9). (2) Verification of the
I nt roduced hGT Genes In the reS|stant strains, a 2.2 kb fragnent contai ning

a CaW35S prasbtaarbendcanliy JHHE SIbeckErnt BFAFESE ofed e tefl - DNA was
confirmed in dha gesadicheDNOnOh . t Isexcrib4istamdstfatobwere raldenlysi ng a

southern bl Ots AIAS! fvon Bie JULiBRLA. JEIAIE K%Ml £F TRA s Hediflen! e

genomi ¢ DNA HAd Deen prepare omthe résistant strains nentioned above
and di gest ed 8T lEcdRl 5ané- Hf g 19 -15 The preparation of the chronosonal
DNA frongt he cuI tured t obacco cells was perfornmed using the Wat anabe

met hod (Wt er&.gag 9‘%:1]2 aq:e% §Q%E§H§ge$%&nbe%gt echnol ogy

Experi nent M of the cultivated
t obacco cel | sIIwélrf@ fregiehant|Hiraingui @ 202 ik fggeReningor it dhd to
powder using caMsEapraiskdieshlen h@@@&ewmm-gm;nseﬁﬁmmrpmme was

pl aced in a i fuge r h _th pomder
did not %ﬁ‘( M xeﬁony%ﬁng%nmt% Qghgjﬂ%l'?é& ct'gt ?Z{nt ri rre ammnl um

br oni de)o soI mqwcpr@elﬂeﬁatléénﬁé %‘G}Uherfhpéﬁ’wa\}@‘f’}sm Xed, ‘2’3t By for 10
m nut es, and gdigbaakiOpedroomed aptefttheznomi B BNA hadeenf prrepaitest of or m

| soanyl al COhC%rognz%hé)resscilsl“:gn%nstrains mentioned ahove and digested by
EcoRI and HindIII.

15 The preparation of the chromosomal DNA from the cultured
tobacco cells was performed using the Watanabe method
{Watanabe, K., Cloning and Sequence, Plant Biotechnology
Experimerit Manual, Nouson Bunka Co., Ltd.). First, 10 ml
cf the cultivated tobacco cells were frozen using liguid

20 -nitrogen, and then ground to powder using amortar and pestle.
About five grams of the powder was placed in a centrifuge
tube {40 ml) rapidly such that the frozen powder did not
melt and mixed with 5ml of a 2 x CTAB (cetyltrimethyl ammonium
bromide) solution pre-heated to 60°C . This was well mixed,

25 slowly for 10 minutes, and then allowed to stand at 60°C..
Then, 5 ml of a chloroform:isoamylalcohol (24:1) solution
was added, and the mixture was stirred into and emulsion.
The mixture was then centrifuged (2,800 rpm, 15 minutes,
room temperature). The surface layer was then transferred

30 to a new 40 ml centrifuge tube and the extraction process
was repeated using the chloroform:isoamylalcohol (24:1)
solution. After the surface layer had been mixed with 1/10
volume of 10% CTAB, it was centrifuged (2,800 rpm, 15minutes,



was added, and the m xture was stirred into and enul sion. The m xture was
then centrifuged (2,800 rpm 15 mnutes, roomtenperature). The surface

| ayer was then transferred 30 to a new 40 m centrifuge tube and the
extraction process was repeated using the chloroformi soarryl al cohol (24:1)
Sol ution. WPOUHINe surface | ayer had been mixed with 1/ FETIEBOHRE of 10%
CTAB, it was centrifuged (2,800 rpm 15 m nutes, WO 00/ 34490 PCT/JP99/ 06881
23 roomtenperature). The surface |layer was transferred to a new
centrifuge tube and then m xed with an egqual volume of cold isopropanol.
The thus obtained solvent m xture was then centrifuged (4,500 rpm 20

m nutes, roomtenperature). 5 After t-he supernatant had been renoved using
an aspirator, Toph (REPerEiare)o SR SBFEacTRaEF s I5PReEsRtedf®aPning 1 M

sodi um chl ori gew JdéwScimfiyeC 0upé adral yheh ssicledediah HbegAC vdhire wis ni xed
t horoughly w th en o L, 5 MBS RS ed. It
was pl aced oncﬂ]’ig %oﬁ%%d%}%d C #%Oﬂgéggg,@g%ggg %gf‘én ppenéllgjraf %%%be
(containing gbemigentadtogrdrid 500 2ol TR EHPHERS e FOOPHEMREEARIEEY hen

rinsed in 70%petbangle angedhatsht hhdcbekn edmpetd aisingsan disgtalaved,i n t he
appropriate ampunt of. TE huffer.s t 1, O o BNAS (10
ng/ M) was adg‘gd?'aﬁn%d‘}ee%a%f)e '&45 cﬁ_olrél gﬁgblﬁfo%(lr}e%f)lgjig}né?mom ?‘?l nTof the 2
x CTAB Sol uti $¥nsodon Gtimrigier VITE§ siasCropplste}y dissadwesbidkmenl ori de,
é??ABpol)y\Y/i Rﬂyl Bg?’é ol. Eﬁﬂeewaev%aeaomgbamyﬁime 51084 CEABfr%QEHt i og: 10%
, 0. sqQdium ¢ i_de. 0 rmed in
the follow nggsﬁgﬁﬂ%?r:m iaslﬁbﬁﬁ\e Eﬁg‘?{%%hor‘g{é{s}? S aﬁ&%%’%"‘\%@n&;‘ﬁﬁr gt I on:
After 40L0jjgtép atha Snbsanaferred fadhERReRPRT dubry(ANGEIPdAdby the
.restriction ega¥nerocibe sty meidhatenasinsed, amd INal wa¥ apanose gel

electrophoresi $, 485 PE' 485 E¢ntRO1 Ana dfted._ The dried pellet was
dissoived in the appropriate amount of TE buffer solution.

Then, 5 ml of RNAase A (10 mg/ml) was added, and reacted

15 for one hour at 37°C; Composition of the 2 x CTAB Solution:

2% CTAB, 0.1 M Tris-HCL (pHB8.0), 1.4 M sodium chloride, 1%
polyvinylpyrreolidone (PVP); composition of the 10% CTAB

solution: 10% CTAB, 0.7 M sodium chloride. ’

20 The Southern blot method was performed in the following
manner: '
(i) DNA Blectrophoresis and Alkali Denaturation: After 40
ttg of the chromosomal DNA had been completely diéested.by
the restriction enzymé, the standard method was used, and

25 1.5% agarose gel electrophoresis was performed (50 V). It
was then stained with ethidium bromide and photographed.
The gel was then shaken for 20 minutes in 400 ml of 0.25
M HCl, and the liquid removed, and the gel permeated with
400 ml of a denaturing solution (1.5 M NaCl, 0.5 M NaOH by

30 shaking slowly for 45 minutes. Next, the liquidwas removed,
400 ml of neutral solution (1.5 M NaCl, 0.5 M Tris-HC1 pH
7.4) was added, and the solution was shaken slowly for 15
minutes. Then, 400 ml of the neutral solution was again



was then stained with ethidiumbrom de and phot ographed. The gel was then
shaken for 20 mnute's in 400 mM of 0.25 MMHCL, and the liquid renoved,
and the gel perneated with 400 ml of a denaturing solution (1.5 M Nad ,
0.5 M NaOH by 30 shaking slowy for 45 m nutes. Next, the |I%UId was

f enoved, ‘W)%’BM %0f neutral solution (1.5 MNaCl, 0.5 MHCVERSHH 7.4
was added, and the solution was shaken slowly for 15 mnutes. Then, 400 ni
of the neutral solution was again WO 00/ 34490 PCT/JP99/ 06881 24 added, and
the solution was shaken slowy again foe4l5 mnutes. (ii) Transfer: After
el ectrophoresis, the DNA was transferred to a nylon nenbrane (Hybond-N
Amer sham) usin 20 x SSC. The_transfer took nore than 12 ho After the
"5 blotted merrﬁ%gﬁé waRA g Fhguealtiolaly ag shedet ApELEL 8Paito °ra?1 hour, WV
fixing was pemfioutes. fC[tl.lf)I'MfaIﬂﬂmet def te20ee3SCPhCGoapbs| ttheMNRGwdsNaCl , 0. 3

M sodi um ci t rﬂsnsééffé a : mBﬁxﬁPQﬁé‘t('I-ﬂr%onEhﬁ %ﬂmeumﬁear ati on
was ‘performed usin andom™Prine Lab % a+|éTakara Shuzo ., Ltd.).
Next, 10 the P8at S'HT‘EJFFBH‘"&?% tﬁP&p‘&?’é‘fj Pan Eﬁﬂé‘ﬁdorpfftc%b*ér.’e Aft er

t he t ube 5Nas batedd irembirhne vays altl@ged aoIHY, at trovastempgaraliurecHoted i n

e e 2o al e, B9 2:RGAS PRr@ifea fol @ nbilif fNASF I EETT e e

added to make 110 x fer uton
dNTPs, and 5 ¢ewppsitions 3¥HaGicTd 1Y sedinpFitagtae )(%ér’eD%BEabeand H20
was added tOPbépﬂ@bthﬁl v ha MNAObroeagiteparat kon wast pePforkiel ushea, 191 of

a Kl enow frag Bl o 11?%%&5%95%50 @I:l.', )tO fbgpd for 10

m nutes at 37 t vvas en passe hr ou umm (Phar maci a Co.
Ltd.) tdO%rephPe ?%Ctz’@r’p@f’i]ﬂ &80 OF§S PW@FBBeiLﬂgame‘-él%’dPG tHP&e mi nutes
at 95C, it wasterapidtibéafiiscHested Tor ks sRcduass axd1plsre diitakae®n probe.

(iv) Hybridizatjog; %o%?(%ﬁ\’\!lﬁ/ )_Lc§U5 RS aﬂ'@'% be Eﬂketelfnalé{?(wﬂiﬂ and

Pre-hybri di zation | ution, the nenbrane in
2 ul of the Random Primer were added to make 5 1. 'Then,

2.541 10 x buffer solution, 2.54ml 4ANTPs, and 541 [ -
15 32p] ACTP (1.85 MBg, 50 mCi) were added, and H,0 was added
to bring the volume of reaction mixture to 24 #xl. Then,
1141 of a Klenow fragment was added and the solution was
allowed to stand for 10 minutes at 37°C. It was then passed
through a NAP10 column {Pharmacia Co., Ltd.) to prepare the
20 purified DNA. After being heated fFor three minutes at 95°C,
it was rapidly cooled in ice, and used as a hybridization
probe. (iv) Hybridization: 0.5% (w/v) SDS was added to the
following Pre-hybridization Solution, the membrane in {(ii)
was immersed in the solution, and pre-hybridization was
25 performed for more than two hours at 42°C. Afterwards, the
DNA probe prepared in (1ii) was added, and hybridization
was performed for more than 12 hours at 42°C. Composition |
of the Pre-hybridization Sclution: 5 x SSC, 50 mM sodium
phosphate, 50% (w/v) formamide, 5 x Denhardt's solution
30 {prepared by diluting 100 x Denhardt's solution), 0.1% (w/v)
SDS. Composition of the 100 x Denhardt's Sclution: 2% (w/v)
BSA, 2% (w/v) Ficol 400, 2% (w/v) polyvinylpyrrolidone (PVP}.
(v} Autoradiography: After rinsing in the manner described



was imersed in the solution, and pre-hybridization was 25 performed for
nore than two hours at 42C. Afterwards, the DNA probe prepared in (iii)
was added, and hybridization was performed for nore than 12 hours at 42C.
Conmposition of the Pre-hybridization Solution: 5 x SSC, 50 nM sodi um
phosphat e V&4 v) formanmi de, 5 x Denhardt's sol ution BEF{IYEP8 ed by
diluting 100 x Denhardt'ssolution), 0.1% (wv) SDS. Conposition of the 100
x Denhardt's Solution: 2% (wWv) BSA 2% (wv) Ficol 400, 2% (W v)
pol yvinyl pyrr_o_I.idone (PVP). (v) Autxzgadiography: After rinsing in the
manner descri bed WO 00/ 34490 PCT/,1P99/ 06881 25 bel ow, autordi ography was
per f or med usigglthe %;&r%%%gggﬁngtiho‘géﬁ gﬁa\_/efvas p%rfor_ngdittaé\,i cg% r 15 mnutes
at 650C In 2PR1®5C ! 1Y o FEEALBSH Hu ars in 0.3.
>E<)N§SC and O. éx?(?ﬁli&t 'rll'he &S YdrF ohetihewSeaitdrar nsbinphuteal atsies of id he genone
prepared,fr t he. resi sdant ral.ns W, ; hown in
FIG 4, the pr:(’ég%% & 4y toh‘sé-!"h“ﬁlggﬁéé qHde Sg’l{?ﬁﬁsggmﬁgﬁ@u&ﬁ% %ﬁis%f(ml .6,
8 and 9). 10 ¥EXEfme §)-1%3A8BFysis of the Gal actosyl transferase
Transforgant The cells of the transf6rmants (Gr-1, 6, 8 and 9) and
wld-type BY-2 in t [ ; ; | wer e
harvested, an ?ﬁgﬁggﬁépgeén?iggrg-oﬁ%r#%gﬁ‘re%%ﬁgﬁggﬁ?f?%gr£g%%§tﬁ%g‘ﬁb%% nivi
Tris-HCL, pH Frepamed Som thecFests tanthRERaELD aresenam RB1516 4ThePtel Is were
ruptured usi Nghdthd @S @WBd4, pieC peekagcd 230 the KaT | gereemials Corifiddl. Japan)
nere then prebbr S asiERd g FEEt K MPRad 0! Schul eht ek T. et &l
(Schwl edPek, T. and Ernst, J.F-, Gene 145, 299-303, 1994). The expression
of the hGI proteimifleVas). Analysis of the Galactosyltiransferase

Transformant
The cells of the transformants (GT-1, €6, 8 and 9) and

wild-type BY-2 in the fifth through seventh day's culture
15 both were harvested, and then suspended in extraction buffer
solution (25 mM Tris-HC1, pH 7.4; 0.25 M sucrose, 1 mM MgCl,,
50 mM KCl). The cells were ruptured using ultrasound
processing (200 W; Kaijo Denki Co., Ltd. Japan}) o.f
homogenized. The cell extract solution and the microsome
20 fractions were then prepared according to the method of
Schwientek, T. et al. (Schwientek, T. and Ernst, J.F., Gene
145, 299-303, 1994). The expression of the hGT proteins was
detected using Western blotting and anti-human
galactosyltransferase (GT) monoclonal antibodies {MAb
25 8628: 1:5000) (Vejima, T. et al., CancerRes., 52, 6158-6163,
1992; Uemura, M. et al., Cancer Res., 52, 6153-6157, 1992)
(provided by Professor Narimatsu Hisashi of Soka University).
Next, the blots were incubated ' with heorseradish
peroxidase-conjugated goat anti-mouse IgG (5% skim milk
30 1:1000; EY Labgratories, Inc., CA), and a colorimetric
reaction using horseradish peroxidase was performed using
the POD Immunoblotting Kit (Wako Chemicals, Osaka).



detected using Western blotting and anti-human gal actosylt ran sf erase
(GT) nonocl onal antibodies (MAb 25 8628, 1:5000) (Uejl nma, T_ et al-, cancer
Res - , 52, 6158-61G3, 1992; Uernura, M et al-, Cancer Res., 52,

6153- 6157, 1992) (provided by Prof essor Nari-nmatsu Hi sashi - o

SokaUni ver? #dM9% Next, the blots were incubated with hoPSEFAYPEH

per oxi dase -conjugated goat anti-nouse 1gG (5% skin mlk 30 1:1000; EY
Laboratories, Inc., CA), and a colarinmetric reaction using horseradish

per oxi dase was perfornmed using the POXd munoblotting Kit (Wako Chemi cal s,
Gsaka). WO 00/34490 PCT/JP99/06881 26 An inmunoblot analysis of the conplex
glycans unique to plants was perforned using polyclonal antlserum agai nst

13" -fruct osi dABeimpneRlatcanalypis of thg rer®lsig gﬁgPéﬁﬁaﬂP%‘ﬁue to
per oxi dase- copj sed ecﬁlasgq%rﬁiihbdr abbhf pEFEIdnalodinesseotin agamet | k 1

- 1000, Si gma) c{%uﬁﬁ“t?’rfgﬂgfe AT cell, Erlf—&% %"Eéfzoots ax?cQ hoHQE%&}@}? 1989) .

The 131, 4- gai ase ac strate using
UDP- gal act osepenexigna-icopiaanked (Joat) a&blﬂ@&éﬂléd @m&eﬂv&'ﬁga ERBC2
( GLcNAc2ian3GhriNm2 1KA): 10b0¢ istiama ) NLaekiate, MJ etBiDChPDant BBysB3P- 335,
1988). The en %( 1 zea |on1§§%yt|on contained 1-120 Ag protein, 25 nmM
sadi um cacodé at]eF{ MM MiC12, 200 mM UDP- gal act ose, and 100 nM
G cNAc2Man3d cNAc2- PA. An HPLC anal ysis was 15 performed on the reaction
pr gdu)ct US| NGyRALPAKs T bEadtotid +BALPAady e chivs ol Wi dsBakenaasiuzo Co.
an 0, recomw ufa
GLcNAc2Man3d FRRE %" BR JEEPY he stggar% Xté & 7 3 vvg’%%%gg%iagggo (E\;\%t)n
Gal 2@ ¢ MAc2l\/ah@@am@:;cNAcmaﬁmmcyowa@ﬁMa%@le&&aﬁMc zmaﬁatac NAC2- PA

purchased from Tekagn, ShizBiGehemlt do3angszimWen 16®8,) .Lt the enzyme

reaction solution contained 1-120 g protein, 25 mM sodium

cacodylate (pH 7.4), 10 mM MnC1,, 200 mM UDP-galactose, and

100 nM GIlcNAc;Man,GlcNAc,-FA. An HPLC analysis was

i5 pefformed on the reaction product using PALPAK Type R and

PALPAK Type N columns (Takara Shuzo Co., Ltd.) and the method

recommended by the manufacturer. The GLlcNAc;ManaGlcNAc;-

PA used as the standard marker was used along with

Gal.GlcNAc;Man;GlcNac,-PA and two isomers of

20 GalGlcNAc.Man,GlcNAc,;~-PA purchased frém Takara Shuzo Co.
Ltd. and Honen Co., Ltd. '

The immunoblottings for the proteins derived from the
transformant and the wild-type cells are shown in FIG 5.
25 As shown in FIG 5, positive signals of a molecular weight
of 50 kDa were observed. This is greater than the molecular
weight estimated from the amino acid sequence (40 kba) and
is roughly equivalent to the bovine galactosyltransferase
purified from ascites and expressed in yeast (Uemura, M.
30 et al., Cancer Res., 52, 6153-6157, 1992: Schwientek, T.
et al., J. Bicl. Chem., 271 (7), 3398-3405, 1996)}. In the
microsome fraction, immunoreactive bands (FIG 5, Lanes 1.,4)
stronger than those of the cell lysate(FIG 5, Lanes 6-8)



The i munobl ottings for the proteins derived fromthe transformant and the
wld-type cells are showmn in FIG5. 25 As shown in FIG 5, positive signals
of a nol ecul ar weight of 50 kDa were observed. This is greater than the
nmol ecul ar wei ght estimated fromthe am no acid sequence (40 kDag and is
roughly ef(Q¥&H¥At to the bovi ne gal actosyl transferase PROPE3K r om
ascites and expressed in yeast (Uemura, M 30 et al., Cancer Res., 52,
6153- 6157, 1992; Schwientek, T. et al., J. Biol. Chem, 271 (7),

3398- 3405, 1996). In the m.crosone fragtion, immunoreactive bands (FIG 5,
Lanes 1, 4) stronger than those of the cell lysate(FIG 5, Lanes 6-8) WO
00/ 34490 PCT/ JP99/ 06881 27 were observed. This neans that hGI_ is | ocalized
preferential | yerq tehsesaed. No Thfundeanst i H2bahtf wéFe 186RLLFRY in the
W | d-type cel bgeréreiteiaungt &hnhd rellhe N iasaneréaaciveomands veanst or mant

GIé and w | d%éé‘)ggt%%:_%} %Eewgf&mﬁn\;’\{t ﬁgll 120 agarose col um (Wako

Chem cal s, Cs hén rinse vol umes of 10 nM amoni um
acetate pH 6.0. Next, the bound proteins were eluted using 0.2 M| actose.
After separ at PR pioitegnSEs. the PACEosbhe fRaetEbNS ofet Earsd Mot tuSTég Si | ver

stai ning (Wako _Silver Stalni | E r q(@&%? 4n the
lectin stai n?‘ﬁ%?_i#ééﬁ%‘?rg#a%gggglg%né\é%gnﬁ%% ‘fdég%da “J‘?"“e]'ﬁ sol ution
(10 nM Tri s- Hellemigals .4 Osgkas, \pg dhenp rassedvigeth Lhoywodnmernefibkll ed with
hor ser adi sh pam Qs em abetat PEAAAD. 1Rektiontie Sound lgrbteincakecs osyl at ed
gl ycan was then observed _usipg nuno % |t . Chemi cal s,
Osaka) (FIG 7?£ut£ usﬁ‘?‘cg’\ﬂnoi'_% @I JGglc?%osfn' R&g sbl_r%atr?&g\%ggﬁgg 0 %erved in
the wi N@-typPAGH? thelnmpteing wore srained ugipd \widiyest EFaindiinanh(Wake act ose on
t he non-reducsngrdesthimsndkit Herot $gar 128ipo(rion) . The folectiext ract
fromthe wl dé‘EX:Pr?in%Y,z tﬁgl }lérn%et Iﬂiots were rinsed in a TTBS buffer

solution (10 mM Tris-HCl, pH 7.4: 0.15 M NaCl: 0.05% Tween

20) and incubated with horseradish peroxidase labeled RCA;z

15 (Honen Co., Ltd. ). Galactosylated glycan was then observed

using a Immunoblotting Kit (Wako Chemicals, Osaka) (FIG 7).

As shown in FIG 7, an RCA;» binding was not cobserved in the

wild-type BY2 cells, and the GT6 had a glycoprotein with

galactose on the non-reducing terminus of the glycan

20 portion.

The protein extract from the wild-type BY2 cells and the
GT6 cells as well as the GT6 proteins eluted from the RCA;a
affinity chromatography were probed using polyclonal
25 antibodies unique to cdmplex glycan (FIG 8). The antiserum
binds predominantly to the 8 i, 2-xylose residue on the plant
glycoprotein - (Lauriere, M. et al., Plant Physiol. 90,
1182-1188, 1989). As shown in FIG 8, the wild-tvpe BY2 cells
(Lane 1) contain glycoproteins that reacted with the
30 polyvclonal antiserum. GT6 contains very few glycoproteins
that reacted wi*l;h the polycleonal antiserum (Lane 2). The
GY6 glycoproteins eluted £from RCA;,, affinity chromatography
did not bind to the polyclonal antiserum, indicating that



GI6 cells as well as the GI6 proteins eluted fromthe RCAl,a affinity
chromat ography were probed using pol yclonal 25 antibodi es unique to conpl ex
glycan (FIG 8). The antiserum binds predomnantly to the 13 1, 2-xylose
residue on the plant glycoprotein (Lauriere, M et al., Plant Physiol_ 90,
1182-1188,WQ908BH0 As shown in FIG 8, the wild-type BY2 c&FdP99068fhe 1)
contain glycoproteins that reacted with the 30 pol yclonal antiserum GI6
contains very few glycoproteins that reacted with the polyclonal antiserum
(Lane 2). The GI6 glycoproteins elutedzigrom RCA120 affinity chromatography
did not bind to the polyclonal antiserum indicating that WO 00/ 34490
PCT/ JP99106881 28 t he gal actosyl ated gl .ycan does not contain {31, 2-xyl ose
resi due (Lane tHe daieampkeldied nglwductdoss obtt ifenkoisePallistxylose
Per oxi dase( HRR)egiauge(Lah® 3he hGI-Introduced Cultivated Tobacco Cells
Hor ser adi sh perroxi dase gene was introduced to the resultant GI6 cell |ine
. Anong the different types of plant peroxidase- horseradish peroxidase,
especi al | y HRR Exawp)set )G ntaREuctiEon of the Hyranprdicbanexidasp d SR
ext ensi ves r esgaieh tolPhsRRvEah theaused ¢l Mardteds TeRayss cends i ons because
of its superior stagl_lht% and asbroad Spe truo cg #Jgschané:ee uﬁ%%ctlflm ty-
For exanpl e, HOU$eTafLah PErogifRs] §8)Rdas o%&fs orBiiding with a
secondary ant idisdyeliinl st eAmondtbeilffersnhimbers offpleatsarasiisRsper oxi dase
:3 _sosza genei7hlo'§3 s%g'\]f_t@ig@wp%ggﬂiééfﬁ}edeéfé&id])&mRP risﬁejgﬁé : cégm&g 169
I ochem - an I yama Lt al., .Gene - ,
1990). d aPer dﬁ%%&'?déﬁ?@@ ncﬁHFsgéFﬁéoc&ea’ fbﬁng%“ée ]f%sefalrrc_’?t'
transl atea as BRPprab die usedsis vamgons @Wﬁ@ctmﬁﬁée@eﬁﬁaiﬂ AgsSan extra
peptide consi 18F 30 AThRey2QpaACi £ISbAbad hepbktehmi RS Abthacan no
acids at the C LOLT Ve, THED ekllh$rdS PLORSSSHdehOuboEM:d Thkihe enzyme
immuanology for binding with a secondary antibody in Western
blotting. A number of horseradish peroxidase isozyme genes
15 have now been cloned {Fujiyama, K. et al., Eur. J. Biochem.,
173, 681-687, 1988 and Fujiyama, K. et al., Gene, 89, 163-169,
1990¢). ClaPeroxidase (ClaPRX) which is encoded by prxCla
is first translated as a protein consisting of 353 amino
acids cdntaining an extra peptide consisting of 30 amino
20 acids at the N terminus and 15 amino acids at the C terminus.
Then, this is processed to form a mature enzyme with 308
amino acids (Fujiyama, XK. et al., Bur. J. Biochem., 173,
681-687, 1988). The molecular weight of ClaPR¥ ranges
between 42,200 and 44,000. Of this molecular weight, sugar
25 chains account for 22-27%, and there are eight N-linked sugar
chains.(Welinder, K.G., Eur. J. Biochem., 96, 483-502, 1979).
The introduction of the ClaPRX gene was performed using the
binary vector pBIHm-HRP for HRP expression shown in FIG 9.

30 The pBIHm-HRP was prepared in the following manner. First,
: a 1.9 kbp HindIII-Sacl fragment was prepared from a vector
355-prxCla for plant expression, which caries an HRP cDNA
{Kawaoka, A. et al., J. Ferment. Bioeng., 78, 49-53, 1994).



amno acids (Fujiyama, K et al., Eur. J. Biochem, 173, 681-687, 1988).
The nol ecul ar wei ght of O aPRX ranges between 42,200 and 44,000. O this
nol ecul ar wei ght, sugar 25 chains account for 22-27% and there are eight
N1 i nked s ar chains- (Welinder, K G, Eur. J. Biochem %?13 502,
1979). 90%¢498duct i on of the O aPRX gene was perfor rre’éc'{r? e bi nary
vect or pBI Hm HRP for HRP expression shown in FIG 9. 30 The pBlI H®t HRP was
prepared in the following manner. First, a 1.9 kbp Hi ndlIT-Sacl fragnent
was prepared froma vector 35S prxCa 2®r plant expression, which caries
an HRP oDNA - (Kawaoka, A. et al., J. Ferment. Bioeng. , 78 49-53, 1994) .
WO 00, 134490 PCT/ JP99/ 06881 29 The H ndl I | -Sacl f,rag ont ng a full
length 1.1 kbBhepHiedH I-BREIf SFRGUFHY SPOPFAIRLD v ?e’f PThe 1.9
kbp Hi ndl | | - Spekcis agmanioiwbewims ar ¢ il kibp cdﬂwaﬂimmrbt:e&m Tsetb of the

o t 't a ent 1 11,
1'98‘Z‘§y The CB’;,TE? 9’3‘1'_1‘ %ﬁoﬁ 9’51 elwdl insELA 1nCBd HRBRTTI1dacY -

]%%r r}rlrvnm n_resi stant ene UPT gene)
had been dest ﬁéye&fs%aéeamé’eefersq o4 Fot BhEMY ¢ he
hygr onycisn- r egbil arép hptlzgene1nast aszxl aghehmmell fmrtlel am 30 ofirtiee (Giz,

L. d Da Hesh f the GT6
st rglnn byvhélihggﬁ% && r%é F%rzgr%ég%s? #%) gengfﬁé%d descflﬁgggk%%enpef

D.H and Nelson, L. M_( Rerrpel D.H -and Nelson, L_M, Transgenic Res. 4.
199- 207, 1995};ec41@s@rd;ae tmobtﬂimlHRRLﬁrmhmymt wsilfaatconthel , an HRP

gene was i Nt 1 pOyesthd . WL Aah¥DRy B YencC bl £ age@baaaw@,eas@ﬂcﬁﬁfoﬁtral n.

The double-tra was o tal ne whi ch an
or di nar y0 t r am8FkeRelGrdit - pkocttd DayRes hi -a&@nezoz%eéa?rﬁmlé* 5) %? fication
of the Expresshéntehnkfdinatidrheof Cuhé i @26 edtbaibl &y THRYSfgemeanvasd obacco

CelI's Doubl e {rapsfordmait nGTonERReth &P Melstl:1 BYE - HRR A1 bdr. ana
Nelson, L.M. (Rempel, D.H. and Nelson, L..M., Transgenic Res.

4: 199-207, 1995). In order to obtain HRP transformant as

15 a control, an HRP gene was introduced to a wild-type BY2

cell to obtain a BY2-HRP strain. The double~transformant

GT6-HRP with hGT and HRP was obtained in which an ordinary

transformation process takes place.

20 (Example 5) Verification of the Expression of HRP in the
‘ Cultivated Double-Transformant Tobacco Cells
Double transformant GT6-HRP . control BYZ-HRP and wild-
type (WT) cell line were examined for the expression of HRP
activity using the fellowing method. As seen in Table 1,
25 the HRP gene-introduced transformant had peroxidase
activity about five times higher than the wild-type cell

line.
Table 1
Clone Number Specific activity
{U/mg protein]
WT~HRP-1 10.3
WT~-HRP-5 : ' 11.3
WT-HRP~7 12.6




type (W) cell line were exam ned for the expression of HRP activity using
the followi ng nethod. As seen in Table 1, 25 the HRP gene-introduced
transfornmant had peroxidase activity about five times higher than the
wild-type cell line. Table 1 C one Nunber Specific act|V|t #é pr ot ei n]
WI- HRP- 11 VR00RHPRP- 511, 3 WI- HRP- 712. 6 WD 00/ 34490 30 PCIqH 5?‘%%8

GI- HRP-411. 1 GI- HRP-59-35 GI-HRP-89.47 WIld Type2.49 C one BY2- HRP obt ai ned
by introducing the HRP gene to the wld type expressed the sane degree of
peroxi dase activity as the GI6-HRP doubde transformant with hGlr and HRP.
(Peroxidase Activity Measurement) The cultivated tobacco cells were pl aced

it irnd ol N
0 n Topepiart e RO nd_SoluLt pa _D-and ererf ptured usire T
onogeni zer {Horbgeni-zel —Hkeda—Ri .<'~‘ Co——td— - THe—30-—supernatant
was col lecte ft-er—cen E PRk S+-6R (12,0ﬂb pm—20 mgu.jes 4C—ant—t+hen
used as the brude—enzyn SRR o Next— 1 of Sot-t +gr—A-—t—rt—of
Sol uti on B ahd—=2——of Jé;oqE p%n Cwere—m-xed—teget-her—ana—the—rixture was
i ncubated for five minutes at 25C. The crude enzyme sol ution 15

appropri at el ycﬂbﬂl@tm-\mmphasa&memrmymmmdﬁa@ thetHRP gunet tivetheand

| dt d by th
al l owed 10 reaglq et ULECIINLES An3ordlies EASHAILSRE BHORPET bY the
as the GT6-HRP double transformant with hGT and HRP.

5
{Peroxidase Activity Meaéurement)
The cultivated tobacco cells were placed into an Eppendorf
tube containing Solution D and were ruptured using a
homogenizer (Homogenizer 5-203, Ikeda Rika Co., Ltd.). The
10 subernatantwascxﬂjactedaftercentrifugation(12,0001pm,

20 minutes, 4°C) and then used as the crude enzyme solution.
Next, 1 ml of Solution A, 1 ml of Solution B and 2 ml of
Solution C were mixed together, and the mixture was incubated
for five minutes at 25°C. The crude enzyme sclution
15 appropriately diluted with Solution D was added to the
mixture, and allowed to react for three minutes at 25°C. The
reaction was stopped by the addition of 0.5 ml of 1 N HC1,
and the absorbance at 480 nm was measured. As a control,
a solution with 1 N HCl added before the introduction of
20 the enzyme was used.

Solution A: 1 mM o-aminophenol

Solution B: 4 mM H.0,

Solution C: 200 mM sodium phesphate buffer (pH 7.0}
25 Solution D: 10 mM sodium phosphate buffer (pH 6.0)

Next, in order to determine whether or not the rise in
peroxidase activity was due to the expression of HRP,
activity staining was performed after separation by gel
30 iscelectric focusing. The isoelectric focusing was



and the absorbance at 480 nmwas neasured. As a control, a solution with 1
N HC1 added before the introduction 20 the enzyne was used. Solution A 1
nmM o- am nophenol Solution B: 4 mM H202 Solution C. 200 mM sodi um phosphat e
buffer (pH 7.0 25 Solution D 10 nM sodi um phosphate buffe é{g 0) Next,
in order P H&Pni ne whether or not the rise in peromﬂgg’ép ity was
due to the expression of HRP, activity staining was perforned after
separation by gel. 30 isoelectric focusing. The isoelectric focusing was WO
00/ 34490 PCT/, 1P99/ 06881 31 perforned uwsi ng a Bl a- RAD Model 111 M ni-I| EF
Cell. The hydrophobic surface of the PAGE gel support filmwas attached
to a glass plate, and then placed on casting tra The epar.ed gel

sol ution was RRhEdeseides EhBICTRr “F°q‘?11 m {fﬁ@Fcﬁgﬁngqﬁ'}%y and

t hen phot opolw&nfdpzm;b@urﬂcmdﬂjtmmemdei sappbubriddmerdas dabgchethe sanpl e

was applied tg t I gn .COff= i Nto
contact with a[]%lg%r ?'tggge Aglc;ﬁt ?gggg%ﬁbhwgt ﬁgsd?%t?ﬁ:lﬂgg water in the

el ect r ophor et®%e gEile%?¥‘b1‘;§H’(5'r ¥ar PoRred RERVHER FiEmSYPRBTE 5 i nut es
at 100 Vs 15 aridivhesastin§@rdyand t&(énmhnﬁqmlymbrdsed\for&ﬁmmtemn of the

Gel Sol uti X de (259
390) 1. o o dBEE &f%“eﬁg%?%hﬁ"gl BiTsle |5€Eﬁinp 40% s ép %ﬁéﬁlﬁ‘)%@/ fl de 4

anmmoni um per and éElh@ gels 5] Pogilipnestsgnfs fi? FPBﬁfJ kA ﬁ°§tacﬁﬁbj§§hat e 25 IL
1, TEMED 1 5 Hdthlgra_ﬁﬁlﬁﬁtell\ébtyoﬁésawﬂtngdGiltpedmﬂm wate pénfidrenred

accor di n h h ’§§§I |l A nse! |
Technol ogy JE ecnr;’%tn %35%: sh%%c%?pﬁgzg%ggewg t%en%ﬁ%l canet@band not
found i AOwi | dﬁqu;;é pEngtes mE HRQ V.qbs aumetesat RO%Y 3B B9RIRF S i n t he
BY2--HRP cel lag i4®0 V. Composition of the Gel Solution (per 1 Gel

Sheet):distilled water 2.75 ml, acrylamide (25%T, 33C) 1.0

ml, 25% glycerol 1.0 ml, Bie-lite (40%, pH 3-10) 0.25 ml,

10% ammondium persulfate 7.5 noo1, 0.1% sodium
15 riboflavin5'-phosphate 25 21, TEMED 1.5 Kl.

The activity staining of peroxidase was performed according
to the method of Sekine et al. (Sekine et al., Plant Cell‘
Technology, 6, 71-75, 1994). As shown in FIG 10, a

20 significant band not found in wild-type cell line was
detected in the pI 7.8 position in the BY2-HRP cell line
and the GP6-HRP strain. The results of a Western analysis
using anti-HRP antibodies confirmed the detection of a
signal at the position corresponding to pI 7.8 and the

25 expression of HRP in the double transformant GT6-HRP with
hGT and HRP. '

(Example 6) Structural Analysis of the N-linked Sugar Chains
in the Transformant GT6 Cells
30 {(Method Used to Analyze the Sugar Chain Structure)
The N-linked sugar chains in the transformant GT6 cells were
analyzed by combining reverse-phase HPLC and size-
fractionation HPLC, performing the two-dimensional PA sugar



and the GI6-HRP strain. The results of a Western analysis wusing anti--HRP
anti bodies confirned the detection of a signal at the position
corresponding to pl 7.8 and the 25 expression of HRP in the double
transformant GI6-HRP with hGI and HRP. (Exanple 6) Structural Analysis of
the N-IinkEQO%HE% Chains in the Transformant GT6 Cel | s PSHPREMIbA Used to
Anal yze the Sugar Chain Structure) The N |inked sugar chains in the
transformant GI6 cells were analyzed by conbi ning reverse-phase HPLC and
size- fractionation HPLC, perform ng thsz2two-di nensi onal PA sugar WO

00/ 34490 PCTI JP99/ 06861 32 chain mappi ng, perform ng exogl ycosi dase

di gestion, and then perform ng i-on spray tandem nass spectronetry (IS-
MBS/ MB) ( Per ki FhEfifepapping (RpOtorming: exphiyeefidasg Haestdgpyt F‘Bﬁ was

del i pi dat ed withBnapetroeeming eaine dpratyh tBnlgnrmzssnesdeartrbiheltour $ 18+ 100C,

and the sugar ' ; | eqggdy T dr agj

N-acet yl at ed, ”%2§§§| f%%‘tﬂl}glrﬁg 1 9(5(%0’@)%%565(2&2%%* t'h?&%?%&grﬁﬁe Dow

Cheni cal Co., spiytiamd Wass fepiridafiesd | Yathn apehone. MreHEShi Yehni cal

‘ g”dﬁsgry 5802 h!yhléa},iné ror {2 hﬁhklﬁmtwdo‘ftﬂ-@ua ttﬁbrkg:gﬁ?rlchhmr@mmitaoﬁnd tge)
ephadex 5_ge | | on ng&-. C F | ., Ltd.).

Pyri dyl am nat i“’gﬁ vv%%“f%%hdbe;rpgr ne aégld%é?rsglggd g%%ve%aié‘l%glgtga'

pyri dyl ami nat 8gs8ded Wl IhepRoYeX ot 0%h A08s FRreePeveh k2 ddb&r BP8d using a

3asco 880-PU dRkRideYi ©o.yi thtd Jasao its SPdpréddmtimliveget Japan,

Spect r ophot omgt ermé&&?%eﬁ%&%r Cfiﬁﬂfrgr c&0, nrdhd: {héﬂdfx%ﬁ:%ﬁgkeﬁcw' P and

co e elution Wi

Asahi pak NH2P- Y58 UMmSs. positions were conpare th a

st andar di%i t hBY ussitstilcddY BymeRta A5 tha Serbrdpn Gias8al EHridFRaRD Pure
Chemi cal | ndugbnims, Ltds angl Takar a dshiuzo{Bearmddic ) .c@0, Ltd.).

Pyridylamination was then performed as described above.

The pyridylaminatéd sugar chains (PA sugar chains) were then
separated using a Jasco 880-PU HPLC device with a Jasco
15 8§21-FP Intelligent Spectrophotometer (Japan Spectroscopic
Co., Ltd.) and Cosmosil 5C18-P and Asahipak NH2P-50 columns.
The elution positions were compared with a standard either
produced by the applicant or purchased (from Wako Pureﬂ
Chemical Industries, Ltd. and Takara Shuzo Co., Ltd.).
20
The glycosidase digestion using N-acetyl- 8 -D-
glucosaminidase (Diplococcus  pneumoniae, Boehringer
Mannheim) or mannosidases (Jack bean, Sigma) was berfomed
on about .1 nmol of the PA sugar chains under the same
25 conditions as the method described in Kimura, Y. et al.,:
Biosci. Biotech. Biochem. 56 (2}, 215-222, 1992. Digestion
using 3 ~galactosidase (Diplococcus pneumoniae, Boehringer:
Mannheim) or Aspergillus saitoi-derived ¢-1,2 mannosidase
(provided by Dr.Takashi Yoshida at Tohoku University)} was
30 performed by adding 1 nmol of PA sugar chains and 200 mU
8 —galactosidase or 60 ftg of @¢-1,2 mannosidase to 50 mM of
sodium acetate buffer (pH5.5) and incubating at 37°C. After
the resultant reaction solution was boiled and the enzyme



The gl ycosi dase di gestion using N-acetyl- -D gl cosam nidase (D pl ococcus
pnerunoni ae, Boehringer Mannheim or mannosi dases (Jack bean, Sigma) was
performed on about 1 nnol of the PA sugar chai ns under the same 25

conditions as the nethod described in Kinura, Y. et al. ’PCT/ % . Bi ot ech.
Bi ochem ¥®3440215.222 1992. Digestion using t3 -galactosi dase

(D pl ococcus pneunoni ae, Boehringer Mannheim or Aspergillus

saztoi -derived cE-1,2 mannosi dase (provided by Dr.Takashl Yoshida at
Tohoku University) was 30 performed by 3dding 1 nnol of PA sugar chains and
200 mMJ -gal actosidase or 60 IL g of ( Y1 , 2 mannosidase to 50 nM of

sodi um acetate buffer H 5.5) .and_incubating a esul t ant
reaction sol Lﬁ??ﬁ?”\ﬁé‘s“%% tggp%iﬂdatﬁgrgﬁ%ﬁg éﬁ?%%@%%%ﬂlﬁ%’g‘&s{m%l 33
reacti on was aialyzed, wsipgr tsige-frachiori et P .oduthe Wwasle@dS zed usi ng
si ze-fractional{ g bPlihe diGesMlEpbact %bgiﬁaquze&ih@sm;g%he@bﬁyoduct was

anal yzed using 1'on spray tande L

conpared to tHad e§tEgﬁﬁrsd’ef&§8?jgléﬂ%s(§s"8§z%égrainbéé'r I?Paﬁraél\éﬁgca{}%. Q et

al. , BboscistaBidamcug®dr cbhémasc@ésyrgrdyn Ppg@@paﬁd Kidmuekale. et al.

Bi osci . Bi ot ?ﬂ, cﬁ 065!88&::1563&82=he:215532ta2} 39992, 1666 aln%r MBtalyBa £xper i ment
usi

was perfornme a Perk T- .11 S orrredln
positive m)deﬂ'?/vlallh 'aﬁlPﬁﬁlsp}?’a?te\%’l téégsg?’m 2@5(\?)'8&;}1 F%Q V\f/a)igperforned
every 0.5 Da, and the mz was recorded from 200. (Analysis of the Sugar
Chains in thgr Qﬂb/ﬁé; é%e%eﬁévﬁi&gﬁérﬂ?ﬁhé@ugﬁﬁgaé edkiamthg GT6 cells

were purifie anal ysi ng 119 ation_ of Iever?i Qh@ge HPLC and
si ze-fra8ti orﬁﬁjred‘nAﬂﬁEé It n I 4P Brdomied AR RBESHHIR AoPe it ons in
t he size-fraciomsaragnvdPic@e BEQZ0D) V. ndScatningkeds swgilormhél SECIRRr €

eluted. This sUggest SnkNehel Mz %J&@ebkaaalff&n gomn- absorption portion

cont ai ni ng by-
{Analysis of the Sugar Chains in the GT6 Cells)

15 The PA sugar chains prepared £rom the GT6 cells were purified
and analyzed using a combination of reverse-phase HPLC and
gize-fractionation HPLC. In Fraction I at the 10-20 minute
positioné in the size-fractionation HPLC (FIG 11}, no
N-linked sugar chains were eiuted. This suggests that the

20 Fraction I is a non-absorption portion containing by-
products of hydrazinolysis. In the MS/MS analysis, no
fragment ion with m/z values of 300, which corresponds to
PA-GlcNAc, was detected. Similarly, Fraction XI at the
50-60 minute positions did not have a peak indicating elution

25 by the size-fractionation HPLC. Therefore, it is clear that
there were no N-linked sugar chains. The 17 peaks including
A-Q shown in FIG 12 were all collected and purified after
the analysis from Fraction II to Fraction X in the
size—fracfionation HPLC (FIG 11) was completed.

30 .

The IS-MS/MS analysis found that seven of these peaks were
N-linked sugar chains. The following is the result £rom the

analysis of these peaks.



products of hydrazinolysis. In the M5/M5 analysis, no fragnment ion with

m z val ues of 300, which corresponds to PA-d cNAc, was detected.
Simlarly, Fraction XI at the 50--60 mnute positions did not have a peak
i ndicating elution 25 by the size-fractionation HPLC. Th t is

cl ear tha%v Y%¥E%e were no N-1inked sugar chains. The 17%’2‘5‘%2’3‘?8 fcI udi ng
A-Q shown in FIG 12 were all collected and purified after the analysis
fromFraction Il to Fraction X in the size-fractionation HPLC (FIG 11) was
conpleted. 30 The IS-MS/MS anal ysis foubd that seven of these peaks were
N-1inked sugar chains. The following is the result fromthe analysis of

t hese peaks WO 00/ 34490 PCT/ JP99/ 06881 34 The el ution positions and

nol ecul ar wei ghts of oligosaccharides -A -E -H -1, -M -0, -P and -Q
(FIG 12) didThet edutdepondosdtiinose @mdPA muigaulelai rwesighichardef 5 In the

VSIS anal ysi 514 sifedtietdkycsy 0L 53005 and 50, i O ankeSpairv by
correspond to_ PA-G cNAc and t %!f \é\,eé det ecte % a t he

f ragment |onsd?l\gr’é°1hocc°r(fé’1588f’gd ° i 8 ng*g ﬁ/&ft&’@ TENRZ2PRETDr t he

tri mnno$e cofe thegMB/MS [Fiad YNRA3GheNAE2 VaiReswhif (39 Canrd gé¥for whighf ound in
N-1inked 10 syg e&mély( d3lPe£nd ROWEA-cRMER: bha pAL@pa@éa;haﬁéﬁ@s B, -D

and -N at theo di d nof, have fragnent ions han m z
oo ue o 300 St Egted o BRvitE. Thed Nfadnatdy 10ngareERanRE dehectad
remai ni ng N-1 cqmedsmng?amg thMan8lolih.e(Mlheor @hamma@nnDSe'ﬁm:eehuwx)n

posi tions andcﬁai&guhgﬁmcghm qthﬂﬁ@gr&geﬂéfaulﬁ%uﬁa ﬂPhai:.ﬁl@édO 9.3%9,
peak-F |lar ratio 15.99% , and

M2
peak- G hiz ;%W%cﬂémﬁéfl‘t?ﬂ}tos%%% Y%F‘&%P%agﬂ?@‘ﬁc‘h%ﬁﬁ%s‘e Bype sugar

chai ns -D and -N at the other peaks did not have fragment ions

detected with an m/z value of 300. Thus, these were not
N-linked sugar chains. The seven remaining N-Ilinked sugar
chains were then examined.

15
The elution positions and molecular weights of peak-C (m/z
1637.5; molar ratio 9.3%), peak-F ([M+2H] 2 + m/z B19.5,
[M+H] + m/z 1639; molar ratio 15.9%), and peak-G (m/z 1475.5;
molar ratio 19.5%) indicated high mannose-type sugar chains

20 Man;GlcNAC; (Isomer M7A and M7B) and Man;GlcNAc, (ME&B)
respectively. When digested by Jack bean @ -mannosidase,
it was indicated that the N-linked sugar chains are degraded
to ManGlcNAc (M1) by size-fractionation HPLC analysis (data
not shown}. InanIS-MSexperiment onthe digestionproduct,

25 the ion with an m/z wvalue of 665.5 corresponding to a
calculated value of 664.66 for M1l was detected, indicating
that these N-linked sugar chains have the same structure
as respective corresponding PA sugar chain standard.

30 Peak-J (6.6%) had a molecular weight of 1121.5, which is
almost the same as the calculated melecular weight value
of m/z 1121.05 of Man;Xyl,GlcNAc,-PA (M3X). The positions
of the fragment ions were 989.5, 827.5, 665.5, 503.3 and



20 Man7GlcNAC2 (I somer M/A and M7B) and Man6d cNAc2 (MBB) respectively.
When di gested by Jack bean a-nannosidase, it was indicated that the
N-Iinked sugar chains are degraded to Mand cNAc (ML) by size-fractionation

HPLC anal g@bﬁ?{iq ta not shown). man | S-MS experi nent ongEﬂgp{;}gg&?ti on

pr oduct, on with an nfz value of 665.5 correspondi

cal cul ated val ue of 664.66 for ML was detected, indicating that these

N-|I i nked sugar chains have the sane structure as respective correspondi ng
PA sugar chain standard. 30 Peak-J (6.6%% had a nol ecul ar weight of 1121.5,
which is alnost the sane as the cal cuI at ed nol ecul ar wei ght value of nlz

1121. 05 of I\/an3Xy1 c2- PA (MBX]). of . th a i ons

were 989.5, 8203, %’5’5’\'@ S8t ERhEo O, o R4S b b BB 500 Thi s
does not cont mdl,dﬂalthenﬁlaidimswemrestewn Sumﬁsmor@@mf@@l\l% wer e.
rel eased in Sﬂﬁﬁeﬁgisﬁﬁgcﬁﬂg% fIO%M'@Q’#@&'%&A@WGB%%&M usi ng

Jack bean a - as e_nannose res due. - x he naon- regUC|ng
ternminus can BENPERDYRSE- ahbet AEDPARS aFREH I‘%%a?nna:&? FPETEEEHET t he sane
el uti on posit itemminegst tas coorembiad Xydnidd GiACRoPALfeas tormt maippwny. The

results of the.gnghyg Stﬁé t Bemd S- MuEpher igBuit ieRsPeak- KtnaQe(lafZO)
fraction reveale that this fr t|on cont ai nj two types of N-linked sugar

chai ns, one h¥en¥elfirlece-A f‘b‘ﬁtm"bf *0 (1.4% and the other has
t he rml ecul ar weight of 1354.5 (11.8% . This fraction was subjected to

reverse- phas %@F}.leguﬁ%f 'tﬁé a%&@yéi‘élbﬁﬁﬂ: 19hes augafuﬁém Bnpeak-K-i 15

th I I I d
e L e e LT
(M) . When tr egped afSNalinkext Rubpmmphainsnonediagathe mofecular weAdpbdsi ti ons

of the degradgatesh produclshaschs khbt &¢hdOnBeSind aeShiThl-afeidhtt Bese
1354.5 (11.8%). This fraction was subjected to reverse-
phase HPLC, purified and analyzed. The sugar chain peak K-1
15 with a molecular weight of 1314.0 had the same two-
dimensional mapping and m/z value measured as that of the
sugar chain standard MansG1lcNAc,-PA (M5). When treat_ed using
jack bean « -mannosidase, the elution positions of the
degradated product had shifted to positions similar to those
20 of M1 in the two-dimensional mapping. This indicates the

removal of four mannose residues.

(Galactose-added N-linked Type Sugar Chains in the GT6
Cells)

25 The determined m/z value of 1354.5 for sugar chain peak K-2
is almost the same as the molecular weight m/z value of 1354.3
predicted for GallGlcNAGIManQGlcNAcz—PA (GalGNM3). The
result of the mass spectrometry indicated that fragment ions
were derived from the parent molecules. The m/z value of

30 1193.5 indicated GlcNAcMan;GlcNAc,-PA, the m/z value of
989.5 indicated Man,GlcNAc,-PA, the m/z value of 827.5
indicated Man,GlcNAc,-PA, the m/z value of 665 indicated
ManGlcNAcC,-PA, the m/z value of 503 indicated GlcNAc,-PA,



20 of ML in the two-di nmensional mapping- This indicates the renoval of
four mannose residues. (Gal actose-added N-1inked Type Sugar Chains in the
GI6 Cells) 25 The determned m z value of 1354.5 for sugar chain peak K-2.
is alnmost the same as the nol ecul ar weight mz val ue of 1354 ﬁ/gsg{edi cted
for Gall &CRRMNanl G cNAC2-PA (GalGNMB). The result of "EHE

spectronetry indicated that fragnent ions were derived fromthe parent

nol ecul es. The nfz value of 30 1193.5 indicated GLcNAc1Man3d cNAc2- PA, the
nz value of 989.5 indicated Man, A cNAB&- PA, the m z val ue of 827.5

i ndi cated Man2d cNAc2- PA, the m z val ue of 665 indicated ManGd cNAc2-PA,

the niz value of 503 indicated d cNAc, -P, VWO 00/ 34490 PCT/ JP99/ 06881 36
the m z val uetBe BSH Vaddecat &6 M%‘AMMFH@?\'? i?‘ﬁe’“g vad®s Phdi cat ed
G cNAc- - PA, agdothelindar edatLeNAaf-PAQJandhdhe at/edvaGhe NEC20Fiodithtedut at i ve

N-11inked ) X
AR |§3?§?"SEE‘§{=” Foplictiy putativt N-AURPANRAL Onn Seclgkusl 100

3) Man /3 AGLENAE q@%@f&‘ﬁﬂct@m%ﬁlﬁaﬁrf% t("eaﬁa}§“%%3fc‘=‘r9ﬂ{l?rf3‘%ﬁn a 3
)Man /3 sAGLchidg/, 34@kc NAC-dAhe TN &alUB idG1eNAR/AS eManre 6iHans: BaMan B

rever se- phase el osit h gar chain
standard Man éEgLﬁ FLA%} é% Eﬁ J"?)%Q%;G%?Bel\?héﬂ%f%%%icl@%%gjychAc PA
(FI G 13B) _ ThéGiatae Sct@leNARSPA-r edbed PHrifled ofhy eBgREaSEaARY hAC
structure of &aeeﬁygqshﬁmammwtﬁbmfpmtiﬂm ﬂxapmmmoﬂhaesa:r(eBas

- gal act oal dasgel 5%1?9?% SRR C}%L&J&Ag ol A9 ;&P&\{A&@zﬁgg&gﬁat t5 The

di gested prod € sugar y the enzyne was ute he sane
posi ti orktas t HbACKHINAHRAE IR AMIATESCAMRBY- PA in the size-fractionation

HPLC (FIG 14A-11). An mz of 1192.0 was obtained fromthe IS M5/ M5
analysi s. Thesg.r ggiht SchdfH RIS FedRbACHOER &f5d HRNARse and the
structure of the sugar chain was verified. The D. pneumoniae
B -galactogidase is aGalPB 1,4GlcNAc linkage specific enzyme.
15 The digested product of the sugar chain by the enzyme was
eluted at the same position as that of the
GlcNAc;Man,GlcNAc;-PA in the size-fractionation HPLC (FPIG
14A-II). An m/z of 1192.0 was obtained from the IS-MS/MS
analysis. These results indicate a galactose residue has
20 been removed from the GlcNAc on the non-reducing terminus
with the 81,4 binding. When the product was digested by
a N-acetyl- f -D-glucosaminidase derived from Diplococcus
pneumoniae, which is B 1,2 GlcNAc linkage specific
(Yamashita, K. et al., J. Biochem. 93, 135-147, 1983), the
25 digested product was eluted at the same position as that
of the standard Man,GlcNAc,-PA in the size-fractionation
HPLC (FIG 14A-ITI). When the digested product was treated
with jack bean @ -mannosidase, it was eluted at the same
position as that of the standard ManGlcNAc,-PA in the
30 size-fractionation HPLC (FIG 14A-IV)}. The sugar chain
structure is shown in K-2 of FIG 15.

The mass spectroscopy analysis of Peak L(35.5%) gave [M+2H]



20 been renoved fromthe GLcNAc on the non-reducing termnus wth the
/31,4 binding. Wien the product was digested by a

N-acetyl - 13- b- gl ucosam ni dase derived from Di pl ococcus pneunoni ae, which
is /3 1,2 GlcNAc |inkage specific (Yamashita, K et al._ J.  Biochem 93,
135- 147, YB¥P4Phe 25 di gested product was el uted at th%cg‘la})r?%(“%g'sition as
that. of the standard Man, d cNAc2-PA in the size-fractionation HPLC (FIG
14A-111). Wien the digested product was treated w th jack bean

C-mannosi dase, it was eluted at the sang®7 position as that of the standard
Mand cNAc2--PA in the 30 size-fractionation HPLC (FIG 14A-1V). The sugar

hai t ture i h in K-2 of FIG 15. Th | ysi
of Poak L (3521595 ade [NFBH WoBOrSHidb MEHATpo6RosBOTas ot BF 840,

[ MFH] + of 16f818culdy clvenght| yrimat vhaddet et A678¢ b5 arexpsicdied nfexrval ue of
1678. 55 expecled, el 6 ENAC LN REL LA PAn{dRdEE bt tHemsssul t of

the mass spectronetry i ndi cat ed f ragnent jons_derived fromt h{t’gﬁlggrent 5

nol ecul es. ThePafhremgtiy Hhrdieatedtragmept iaps\dgrEdedNAen Be pa m z val ue
of 1152 isndi cabrdedberlG Thida? 2R lukehet 133 Vol ndi cadfe A8 :B1CNMecRRad

MANSA CNACZ. - Py of S, A e, YRSl f120180 Maddh AU - MRNZBGNACGaPAe L he T 2

val ue of 665 i Rdi [V c2- the mz value of 503 _indicated
G cNAc2- PA, 10ft 89 r§ Andicates: A 1eNartRPed R TS RE RFZ-Val ue of
300 i ndi cat edifdcdifeedPMara0licihe -PAZz vhe ue/ofvalle iofdie6at dadiGatédc. The

product di gesggggft(%%%%w%@fawgﬁ%e 9@'%%&@@5&&@@1&& efaat the

sane position 1Man, G cNAc2-PA in the size--fraclionation
HPLC (FIG 15 ¥aBm/z vatpe 9hddft Lnqififttes HapfheNar g APE R os 4188 e i s
bound to the &heNAdieattAesNrc-EdUGEMY themiznuslue bif 20 infid¢altiedi nkage.
The removal of {;ﬁf ga:vgﬁk/gsp%\a]%tcwge@@@a Wtnt 8, NBheGHbAIaee3Obt S
obt ai ned from%‘ e (f‘S-_ ana XSI S.. .
galactosidase was eluted at the same position as that of
GlcNAc,MansGlcNAc,~PA in the size-fractionation HPLC (FIG
15 14B-II). The results indicate that a galactose residue is
bound tc the GlcNAc on the non-reducing terminus with the
81,4 linkage. The reméval of the galactose was confirmed
by the molecular weights cbtained from the IS-MS/MS analysis:
[M+2H] 2+ was 759 and [M+H] was 1518.0. The mass spectrometry
20 indicated fragments ions derived from the
GlcNAc;MansGlcNAc,-PA with a parent signal of m/z 1518.0.
The m/z value of 1314 indicated MansGlcNAc.-PA, the m/z value
of 1152 indicated Man,GlcNAc,-PA, the m/z value of 990
indicated Man;GlcNAc,-PA, the m/z value of 827.5 indicated
25 Man,GlcNAc,-PA, the m/z value of 665.5 indicated
Man,GlcNAc;-PA, the m/z value of 503 indicated GlcNAcy-PA,
and the m/z value of 300 indicated GlcNAc-PA. When the
GlcNAcMansGlcNAc,~PA was digested with an N-acetyl- B ~D-
glucosaminidase derived from Diplococcus pneumoniae, the
30 digested product was eluted at the same position as that
of 1:_he standard MansGlcNAc,-PA in the size-fractionation
HPLC (FIG 14B-III)}). Even when treated with a -1,2
mannosidase derived from Aspergillus saitoi, the elution



[ MF2H] 2+ was 759 and [ MtH] was 1518.0. The nmass spectronetry 2D indicated
fragnments ions derived fromthe d cNAc, Man5d cNAc2-PA wth a parent signal
of mz 1518.0. The m z value of 1314 indicated Man5d cNAc2- PA, the mz
value of 1152 indicated Mand4G cNAca- PA, the m z val ue o&@i&,és i cated
Man3d cNAPR BR44Phe mz val ue of 827.5 indicated 25 Man2 &%, the mz
val ue of 665.5 indicated Mari | dcNAc2-PA, the mz value of 503 indicated
G cNAc2-PA, and the mz value of 300 indicated GLcNAc- PA. Wen the
GlcNAc1Man5Gl_cNAc2- - PA was digested wi3th an N-acetyl- a -D

gl ucosam ni dase derived from Di pl ococcus pneunoni ae, the 30 di gested
product was el uted at the sang, positi.gn_a hat.. of the standar

Mar r 5@ cNAc2- PASFHiqhaidinak gﬁ%\@f i%g#itli‘l@ﬁ%vhlmgct"ﬁvﬁrm@ﬂ FFeE%n when
treated with @itR, Fackraseesiq desmedddased 1t orasisygertgid kds tbei same t he

el ution WO 00434490, PG JPR10¢88Lar8ar®Mdr,60cHAL, -PAl 18hithe £Ek& 14B-1V).

However, when"treated wth jack _bean a -mannosjdase, it _was eluted at the
sane positi offastiopation KRLG AT LeRnRY & cl@?&f-yﬁﬁlq%eﬁh@%ﬁ ovaf
fractionati onofPEGut Finénddée \fresihies iindi et ewn-neduehpygalteEmohus our
mannose I esi dygged Nddid 13005 AANG Bflat ArTcAUSeA sHIBSCoRRRY! Wbnbligk cat e that

in the PA sugar chain, none o ve mannose residues are a 1, 2 linked to
t he nmannose r &svemanngpe glesifaes arex” by Adithled RctRBENYLIR F888€U%i gest i on,
t wo- di mensi onghisiOaFe Chal,3 NMAREinG. ande | Sxddi b sadalkysiaigbbtionj cate a
sugar chain struchirs Ofo.Gal DG éﬁaﬁwtﬁ%pgg?k ard 15188 Ads aﬁhgggﬂs

summari zes the above results regardi ng e rucéure of N-1inked glycans
and t he 0at i o1Bfieaks aSPERK PP SERUTENTS BrEatENT | RHSGnEYwW t h™ t hose
in wld-type BY2rp®ld5.Jine determned simlarly. In FIG 20, ~ denotes

G cNAc, 0 denotes mannose, 0 denotes gal actose, » with hatched |ines

FIG 20 summarizes the above results regarding the structure
of N-linked glycans and the ratio of each N-linked glyean

15 in GT6 cell line along with those in wild-type BY2 cell line
determined similarliy. In FIG 20,. [0 denotes GlcNac, O
denotes mannose, @ denotes galactose, [J] with hatched lines‘
therein denotes xylose, and O with dots therein denotes
fucose respectively.

20
In GT6 cell line, the isomers Man7-, Man6- and Man5GlcNAc2

were observed. Because those high-mannose type
oligosaccharides will be substrates for S 1,4-
galactosyltransferase (Gal T), introduction of GlcNAc I,
25 Man I and Man II c¢DNAs can more efficiently lead the
oligosaccharide Man7-5GlcNAc2 to GlcNAcMan3GlcNAc2, which
can be a substrate of GalT (FIG 21). '

A. thaliana cglX mutant, that lacks GnT I, can not sythesize
30 complex type N-glycans (von Schaewen, A., Stuim, A., O"Neill,
J., and Chrispeels, MJ., Plant Physiol., 1993
Aug;102(4):1209-1118, Isolation of a mutant Arabidopsis
plant that lacks N-acetyl glucosaminyl transferase I and



t herein denotes xylose, and O with dots therein denotes fucose
respectively. 20 In GI6"cell line, the isoners Man7-, Man6- and Man5G cNAc2
wer e observed. Because those high-mannose type oligosaccharides will be
substrates for f3 1,4- galactosyltransferase (Gl T), intro ' of
GlcNac |, Y3008 and Man 11 cDNAs can more efficientlyP ?Bﬁ’&%gﬁgp

oli gosaccharl de Man7-SA cNAc2 to GLcNAcMan3d cNAc2, which can be a
substrate of GalT (FIG 21). A thallana cgll nutant, that [acks GhT 1, can
not sythesize 30 conplex type N glycan39(von Schaewen, A., Sturm A.,
ONeill, J_, and Chrlspeels IVU., Pl ant Physiol., 1993 Aug;

102(4): 13 09- 1118, t|on nmut ant (Ara | an ha acks
N-acetyl gl uc&§aH1“ﬁ£7i n§¥‘é1i é"zF &R QW%&% ‘T—"@?‘Fﬁ‘Pé’gﬁégggé 39 is
unabl e to synghgeane) Gok:gmphmdeﬂtaaxicmowptleth-lhummedﬂgﬂ yoarls) cgll

Conpl ement at i gRe¥ht thﬁ%ab&@&ﬂa@ﬂxé ménﬁlnéih?‘ancgﬁi drebana do'ﬂ%iﬁﬁ%&’ that the
mamral i an enz§me coul d contribute the plant cosxéeat i an at way

(Gonmez, L. an ﬁé‘b‘]géycgsm?ltm‘ﬁ’% w%f‘l;c"“ jChrdgR T§§4 March
1;91(5) : B329- 8833, Conplcenentiztlon atadn ArSdii.dopbbs t¥wH4 anManuhant t hat

acks o1 Ubosa s SETS Pl e3se A e B e T R OP <ol ot ad 1 om
A. thaliana c&hpitdfsmt é‘él‘tﬂlpta&bcam gFﬁE’&%aﬁWllﬁ?‘arﬁsr%arrﬁé“P d&rkedency of
CHO Lecl cel biyédakker wikkh |, Udwmren, hvman Jor ¢fDNAW , Sicekienwn, VW-, and

Bosch, D., ﬁaP ﬁi%ﬁny@f‘anMI )'Lg%%réﬂgmclﬂe 26463 ¢ 9--32, An

Ar abi dOpSI st | ana_ cDNA conpl enent s 1 t he N-acetyl gl ucosam nyl't ransf
erase | 1@efi cieptytesdt CHér"E'ecI el | s)thaldRpg encoHEMsRES ManNT and Man
Il were acetylglucosaminyltransferase I deficiency of CHO Lecl

cells {Bakker, H., Lommen, A., Jordi, W., Stiekema, W., and
Bosch, D., Biochem. Biophys. Res. Commun., 1999 Aug
11:261(3):829-32, An Arabidopsis thaliana cDNA complements
15 the N-acetylglucosaminyltransferase I deficiency of CHQ
Lecl cells). cDNAs encoding human Man I and Man II were
isolated and sequenced (Bause, E., Bieberich, E., Rolfs,
A., Volker, C. and Schmidt, B., Eur J Biochem 1993 Oct
15:217(2):535-40, Molecular cloning and primary structure
20 of Man9-mannosidase from human kidney:; Tremblay, L.O.,
Campbell, Dyke, N. and Herscovies, A., Glycobioclogy 1998
Jun:8(6):585~-95, Molecular cloning, chromosomal mapping
and tissue-specific expression of a novel human alpha
1,Z2-mannosidase gene involved in N-glycan maturation: and
25 Misago. M., Liae, Y.F., Kudo, S., Eto, S., Mattei, M.G.,
Moremen, K.W., Fukuda, M.N., Molecular cloning and
expression of cDNAs encoding humanalpha-mannosidase 11 and
a previously unrecognized alpha-mannosidase IIx isozyme).
Human Man I has two isozymes, Man IA and Man IB, and the
30 nucleotide structure of isozymes' cDNA was shown (Bause,
BE., et al., and Tremblay, L.0O., supra).
By tran-sforming these cDNAs into the BY cell line, an
efficient cell line preoducing human-type glycoprotein, can



i sol ated and sequenced (Bause, E., Bieberich, E., Rolfs, A , Volker, C
and Schmdt, B., Eur J Biochem 1993 Oct 15;217(2):535-40, Ml ecul ar

cl oni ng and prinary structure 20 of Man9- nannosi dase fron1hunan ki dney;
Trenbl ay, Campbel | , Dyke, N. and Herscovics, co ogy 1998
Jun; 8(6): 3’95’“@43‘90 Mol ecul ar cl oni ng, chronosonal mappl ng Pcél‘%aggl?%g

ti ssue-specific expression of a novel human al pha 1, 2-mannosi dase gene
involved in Nglycan maturation; and 25 M sago. M, Liao, Y.F., Kudo, S,
Eto, S., Mattei, MG,. Mrenen, K W 40ukuda, MN., Ml ecular cloning and
expression of cDNAs encodi ng humanal pha- mennosi dase Il and a previously
unr ecogni zed al pha- mannosi dase Iix 1soz n Man | has two isozynes,

. Huma
Van | ACand. e | BETAMET he P30, AR GASTORY L EF RO eof (Fabs JHediSSNA as
shown (Bause,UDE=galeictake, asiaddfnenidubpstrate, amwppu;aczmnwww m ng

these cDNAs ifd o hheaBEptel!l dubi@ragB. effifisnintcel éiﬁeoPrQﬁﬂﬂ ng
human-type gl ycoprotein, can WO 00/ 4490 PCT/JP991068pl be obtai ned- bS

1, 4- Gal act osy¥4 greill cabpnes theal Jhsngyme feAsFien 2B M ubst r at e
and G cNBc2MygaliEtobiiiddtedolbiyesacebevids widflr be eardehicied éRIGsARIpl y of UDP-
gal actose w || enhance the Gal T enzyrre reaction, and nore

gal act osyl at edol i gosacchari de w | r oduced (FI G 22). (Examle 7)

Structural AngiXAEIPdeof) tsﬁ:é'ugﬁﬁﬁflld{ﬁ §ignek e Prgay SRy dihe
Tr ansf or nant HEEG-iHRRhE€chbsb¥e Cmihe foehnant yGRa-dIRBasedbtsai ned fromt he

homogenat e 0fa ¥uadOodh OfyaHkb Uil T ALIEP B! EnOncipihlle BYPRP cel | s
gr own for seven d res %l V?ﬁﬁﬁl hi s crude cell sate solution was
£1° rﬁi@:

appl i ed*Po a THFE H'Pi?sée % CPBtYol B HERE ge&bs YR )
equi | i br at ed fimxt mdseann\maﬁs,souechthmsphat e Thubf erufpH®10) l}#h‘atter washi ng
the colum, thauckenelbl eshPeraiitdagecmase ratisee Brato MinbEORDaRce of 403
nm cm) (Pharmacia> Co., Ltd.) equilibrated with 10 mM of sodium
phosphate buffer (pH 6.0). After washing the column, the
15 eluted peroxidase waé measured at an absorbance of 403 nm.
The pooled fraction was concentrated using an ultrafilter
(molecular weight cut off: 10,000, Advantec Co., Ltd.),
dialyzed against 50 mM of a sodium phosphate buffer (pH 7.0) ,l'
and then applied to an equilibrated benzhydroxaminic
20 acid-agarcose affinity column (1 x 10 cm) (KemBn Tech,
Denmark). After the column was washed in 15 volumes of 50
mM of sodium phosphate buffer (pH 7.0), the absorbed HRP
was elutedusing 0.5 Mboric acid prepared in the same buffer.
The peroxidase active fraction obtained was then pooled,

25 dialyzed, and concentrated.

The purified HRP prepared f£rom the double transformant
GT6~HRP c¢ells or BY2-HRP cells was applied to a 1 % 10 cm
RCA;~-agarcose column. The column was then washed with 15
30 volumes of 10 mM ammonium acetate (pH 6.0). The absorbed
proteins were then eluted and assayed using conventional

methods.



The pool ed fraction was concentrated using an ultrafilter (nolecular

wei ght cut off: 10,000, Advantec Co., Ltd.), dialyzed against 50 nM of a
sodi um phosphate buffer (pH 7 0), and then applied to an equilibrated
benzhydroxani ni c 20 acid-agarose affinity colum (1 x 10 c KenEn Tech,
Denmar k) WOMK34#%0t he col urm was washed in 15 vol umes of BgI @81 sodi um
phosphate buffer (pH 7.0), the absorbed HRP was eluted using 0. 5 Mboric
acid prepared. in the sanme buffer. The peroxidase active fraction obtained
was then pool ed, 25 dialyzed, and concentrated. The purified HRP prepared
fromthe double transformant GI6-HRP cells or BY2-HRP cells was applied to
a l x 10 cm RCAl 20-agarose colum. The col.um was then washed with 15 30

vol unes of 10DLRFEARFSALBANG¥EE HEDBATESIPFd oPHheRat i hias HRY §LBFRL wer e
t hen el uted amgomsrexgs aEmin;t@omhenmaﬁﬁgtapnﬁndhmkn sWBcAfid4490is

PCT/JP99/06881 41 qgh#pﬁﬁtﬁge %%% l%iggggrfqﬁﬂpgegp%ﬁq§¥p &Léed HRP

eluted from RER ¥ specific
to 1"31, 4 IlnkagédgﬁPaEPBKe hqh%R?eE¥?qP fﬁbtﬂﬁstlﬁﬁﬁﬁHrPﬁ oﬁF} the' HRP
produced sy tb\rstnmsf opgeduse! khé GEGtiRPbiBatayseakh@dagatinablpdi ng was
dramatical ly ducgd

conpete with Fﬁ ectpﬁyfﬁ%ﬁ%}l%‘% Onw%ﬁ hBﬁ Fgﬂ@%&%:r%ﬁﬂggﬁgﬁg

speci fic. Eveﬁomheﬁetﬁét%uﬁh?léG”HRP {EIGpieb- ¥¥¥%HE$P%mPhnﬁin%néﬁnDnlae 13

- gal act osi dasearbbleycfi@tﬁ%ﬁ&lmﬂadl NEEweaS whahi BiHee dpurireisad rirl £8 i ndi cate
RCA bound specifjcal

I i nked act.o at .the n u0|n end
of N-1inked gP§8a %ﬁF%ﬁ%ﬁgtghe 5B§gm nlagqixﬁ?ﬁﬂ) H 1d FyCJ%}oé 18 |g t he
BY2- - HAROcel | Binfing Hass inkdbitrdse These| §ee%tﬁokn43f°&ﬁ§f LA H@“{"él 4

linked gal act ggeciesdaiug, 450 194t Denwi ghdeEh i) atetiié ds -eatiBengRP
gl ycan. end of N-linked glycan on HRP. The absence of RCA-bound
glycoproteins in the BY2-HRP cells indicates that these
cells can not transfer the 81,4 linked galactose residue
15 to the non-reducing terminus of the HRP glycan.

Reverse-phase HPLC of PA derivatives derived £from HRP
purified using RCA;;, indicated that the sugar chains on the

HRP proteins purified from the GT6-HRF appear as a single

20 peak (FIG 17). In the reverse phase HPLC, a Cosmosil 5C18-P
column or Asahipak NH2P column was used in a Jasco 880-

PU HPLC device with a Jasco 821-FP Intelligent
Spectrofluocrometer. Neither bound proteins norxr detectable

. peaks were observed in the HRP fractions purified from

25 BYZ-HRP. The peak obtained from the GT6-HRP in the
size~fractionaticn chromatography was homogenous. The
two-dimensional mapping analysis of the peak and
chromatography of the peak at the same time with standard
sugar chain indicated that the oligosaccharide contained

30 in the peak was Gal,GlcNAc;MansGlcNAc,-PA. The
- confirmation of this structure was provided using continuous
exoglycosidase digestion. The standard sugar chains used

were a sugar chains prepared previously (Kimara, Y. et al.,



Rever se- phase HPLC of PA derivatives derived fromHRP purified using
RCA120 indicated that the sugar chains on the HRP proteins purified from
t he GT6- HRP appear as a single 20 peak (FIG 17). In the reverse phase HPLC,
a Cosnosil 5C18-P colum or Asahi pak NH2P col umm was used in a Jasco 880-
PU HPLC dé&ve e0844t h a Jasco 821-FP Intelligent Spectrof | BeHEREPSEL  Neit her
bound proteins nor detectable peaks were observed in the HRP fractions
purified from25 BY2-HRP. The peak obtained fromthe GI6-HRP in the

si ze--fractionation chromatography was Regnogenous. The two-di nmensional
mappi ng anal ysis of the peak and chromatography of the peak at the sanme
time with standard sugar chain indicated that the oligosaccharide

cont ai ned 30 Biociské . peBile tigeh - GallagthemAc 13an3 @) e NASE 1282, ThE99%bnPEr mat i on

of this structyyrenyasapiwakcisdrse THesiEaN] iTHaveS i Pglndososaee afiagest i on.
The standard %%%gr cg\%ilns é;;sed t&gre a sugar chains prepared previously
(Kinura, Y. et@gfre 80/ 9498 Bctr 3P99/ 06881 42 Biosci. Biotech. Bi ochem
56 (2), 215-222, 1992) or purchased (Wako Pure Chem cal, Industries, Ltd.
Csaka ands Takgla pUZQyLP. chdtdd- digesthe W UgalgLhRitdsdhasst g With 13
- gal act osi dase (D. Enegrmryf%% qﬁtChid i he el uti.on §§5Jct|os a%f trge
standard Q cRRCERGRIEP L NIEFREIN tRRPEREMY ROFA LA8RLORI B H3SRESt ose
resi due /31, 4dlicNReiMdraGichbr-Padindinatisgnikmicemcra NRE a rd@aciesedi gesti on
Wi th D pneumypi.ag,h %Cdf,taf-'rixﬁéa- Pol@ GbHCPeabEMElaeEPinald GloNac.

- gal act osi dasé-di gest e | products . produced a sugar chai n equiyal ent which
is eluted at FRETheEIHSKEIGR Pokih i Bn &7 ENALAGSAY i ¢8Fing the
renmoval of a GloaNAeamesidhse 18%, 26| i pabactas idasendigdatedg progeitsal

mannose r esi dl'ﬁ%odEBSer”RYé‘& ChehlfCeq@valitht Wnienbeli &eekd aitbenki nked to

al, 3 mannose slalrrlllt(aedeltu icain]'%%éétion of MansGlcNAc,-PA, indicating the

removal of a GlcNAc residue 81,2 linked to a non-reducing
terminal mannose residue. The removed GlcNAc residue is

15  believed to be linked to @1,3 mannose linked to a 81.4
mannose residue in view of the N-1linked type processing route
of the plant. In order to confirm the linkage position of
the GlcNAc residue, MansGlcNAc,-PA (M5) was incubated witﬁ
@ 1,2 mannosidase derived from Aspergillus saitoi. As

20 expected, an elution position shift was not detected,
‘confirming M5 has the structure Manc¢l-6(Manc¢1,3)} Man <
1-6 {Man @ 1,3) Man 5 1,4GlcNAc 8 1,4GlcNAc as predicted.

When the sugar chain was digested using jack ‘bean & -
mannosidase, it was eluted at the same elution positions

25 of known Man;GicNAc,:-PA. Therefore, the sugar chain
structure corresponded to Man®l-6(Man¢1,3)Manc1-6(Gal
B 1,4GlcNAc 8 1,2Man @ 1,3)Man 8 1,4GlcNAc 8 1,4GlcNAc
(Gal;GlcNAc;MansGlcNA;). These results indicate that the
sugar chain in GT6 cell has the structure shown in FIG 15

30 and that the sugar chain structure on an HRP protein derived
from the double transformant GT6-HRP is Man o 1-6{Man ¢
1,3)Man @ 1-6(Gal B 1,4G1lcNAc B 1,2Man ¢ 1,3)Man 81, 4G1cNAc B
1,4GicNAc (Gal,GlcNAc;Man;GlcNA;}).



mannose residue in view of the N-linked type processing route of the
plant. In order to confirmthe |inkage position of the GLcNAc residue,
Man5G cNAcz- PA (Mb) was incubated with a 1,2 nannosi dase derived from
Aspergillus saitoi. As 20 expected, an elution position shift was not

det ect ed, wa@¥#4%ni ng M6 has the structure Man al - 6(Man BET/ZOAMAl a  1-6
(Man a 1, 3) Man 13 1, 4GlLcNAc 13 1, 4GIlcNAc as predicted. Wen the sugar
chain was di gested using jack bean a - mannosi dase, it was eluted at the
sanme el ution positions 25 of known ManlghcNAc2- PA. Therefore, the sugar
chain structure corresponded to Man a 1, - 6 (Man a 1, 3) Man a 1-- 6 (Gl
(3 1,4GLlcNAc 13 1,2Man a 1,3)Man 13 1,4GLlcNAc 13 1, 4GLcNAc

(Gal 1d cNAc, ManSA cNA2) . These results indicate that the sugar chain in

GtT 6 Ctell has %ﬁﬁﬁ%fwttﬂh% émd d J.E][t@al@-gagrca&ad%xf lm? abﬁ?ﬁwa&oﬁg%nmp
structure on an rotein der ro doubl.e trans

is Man a 1-6( VBR Jra%sggfmﬂfé’ﬁ glr% BF( E}' %fng’@fcl\ﬁ?: r}’sﬁﬁg nal, 3)
Man 13 1, 4GlaNAdséBum Whifdg| bMCb%QBaJShP@CMCSEWﬁs@E@W)reaqm“’@@p34490 43
PCT/JP99/§688]B P %‘ 'Y rEF dﬂ@'ﬁ-ﬁﬁ%)éh@éegf '}5]93 ﬁﬂgﬂfc’a‘ﬁ? degiixed from

t he transt or mant

react W ser ich has
been shown tolgﬁéE?F?%aFP?trgﬁst O\%l Pﬁ‘ei MFA o %s*‘i%elsdu%h? |§%t%e of
pl ant N gl ycamstighnic iivdicapdsext haanbrElystan.ha - sugaFy¥ass digeddgRewn t o be

antigenic in &QWH!:@X ]&L@éﬁt C¥EBRa-tagado X088 LES| UtiBrcotiHldly Br esent

(Garci a- Casado, obL.0].0 6 4 10 471,477, 1996) (FIG 18). INR
The present HWéntf‘B ‘b? é%g ?Jﬁg{;h:g%)for manuf act uri ng
10

The present invention prcv1des a method for manufacturing
a glycoprotein with a human ~-type sugar chain. It also
provides plant cells that have a sugar chain adding mechanism
15 able to perform a reaction in which a galactose residue is
transferred to a acetylglucosamine residue on the non-
reducing terminal, wherein the sugar chain adding mechanism
is capable of joining a sugar chain which contains a coré
sugar chain and an outer sugar chain, wherein the core sugar
20 chain consists essentially of a plurality of mannose and
acetylglucosamine, and the outer sugar chain contains a
terminal sugar chain portion containing a galactose con the
non-reducing terminal. The present invention further
provides a glycoprotein with a human-type sugar chain
25 obtained by the present invention. A glycoprotein with a
mammalian, e.g., human-type sugar chain of the present
invention is not antigenic because the glycosylation is a
human-type. Therefore, it can be useful for administering

to animals including humans.



a glycoprotein with a human-type sugar chain. It also provides plant cells
t hat have a sugar chain adding nmechanism 15 able to performa reaction in
which a gal actose residue is transferred to a acetyl gl ucosam ne residue on
the non- reducing ternminal, wherein the Sugar chai n addi ng nmechanism is
capabl e of joining a sugar chain which @ntains a core sugar chain and an
outer sugar chain, wherein the core sugar 20 chain consists essentially of
a plurality of mannose and acetyl gl ucosam ne, and the outer sugar chain
contilAd T3 CLAIMEIA &9 sugar chain portion containing a gal actose on the
non-reducing termnal. The present invention further provides a

gl ycoprotein with a human-type sugar chain 25 obtained by the present

i nventio A gl ﬁEHEW3 &, chain
of the p?esengrxﬁﬁggﬁ%ﬁ%ﬁﬂ¥%&néﬁlg tlgenlc use t F&%Qﬁ§lgggbn is a

hunmahichypehodiheludéore, it can be useful for adnlnlsterlng ani mal s incl udi ng
humans. 44 WHAT |S CLAIMED I'S: 1. A nethod of manufacturing a g,lvcoprotcin

havi ng ainifetidhd angdny Pehcsdigara gh@bm b fehhsevihbnde iand| Aidese emdodaguan ng a
gene encodlng a glycosyl transferase enzyne and a gene encodi ng an

ex ogEagsuesglyLOpiaR ditp alP}ﬁf’éC@I?ﬂlﬁﬁ@ucéélqanﬁﬁnﬁ?%ﬂl&@@eg #dinsf or med pl ant
cell; and cultivating, the transforned plant cell. ?. A-nethod according to
claim 1. mﬂhﬂﬁ@%ﬁhimgmﬁkyndykmiﬁﬂhnsferase enzyne is an enzynme capabl e of
transferring a gal actose residue to a non-reducing term nal

acetyl gI 2icosah mh¢thod e@cioddiag 30 ckimel heltbrein dbe diyegsytl draokiziase ’énvmecr & ant he
glycos sf ras enz sel.ect ed fro ane_ or roup
Qoo gpSe bk aRfott § PlntPs BEUES ot et GhERE sttt 35 Mg tBrBhe dbse.

4. Asgthod accordlng to cla|n13 mhereln the glycosyl transferase gene is
mammal i an origin. A nmethod according to claim4 wherein the glycosyl

transfer@se gRNGeSd Ojcc&'d%nto claim 2 wherein the glycosyl transferase enzyme is
selected from one or more of the group consisting of galactosyltransferase, galactosidase and B-

galactosidase.

4. A method according to claim 3 wherein the glycosyl transferase gene is of

mammalian origin.

5. A method according to claim 4 wherein the glycosyl transferase gene is of human
origin.

6. A method according to claim 1, wherein the glycoprotein produced comprises a
core sugar chain and an outer sugar chain, the core sugar chain including a plurality of mannose

and acetylglucosamine, and the outer sugar chain containing a terminal sugar chain portion with

a non-reducing terminal galactose.

7. A method according to claim 6, wherein the outer sugar chain has a straight chain

configuration.

8. A method according to claim 6, wherein the outer sugar chain has a branched

configuration.

9. A method according to claim 8, wherein the branched sugar chain portion has a

mono-, bi-, tri- or tetra configuration.



on g in. 6. A nethod according to claim1, wherein the glycoprotein
produced conprises a core sugar chain and an outer sugar chain, the core
sugar chain including a plurality of mainbse and acetyl gl ucosam ne, and

t he outer sugar chain containing a term jpal sugar chain portion with a
non-reduci ng term nal gal actose. 7. A nethod according to claim6, wherein
the outer sugar chain has a straight chain configuration. 8 A nethod

according to ¢l ai , _Wherein the outer.sygar chain has a, branc .
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met hod according to claim| wherein the exogenous glycoprotein encoded in
t he citokines) aotbbdiesneadcines et eptosdaid ssmrapeoteins.nor e of the group consisting of
enzynmes, hornones, cytokines, antibodies, vaccines, receptors and serum
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interleukin-2, interferon-beta, interferon-gamm, cr¥t hr opoi eti n,. vascul ar
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14. A method according to claim 1 wherein the plant cell is derived from a plant
selected from the group consisting of the families of plants in the families of Solanaceae, Poacae,
Brassicaceae, Rosaceae, Leguminosae, Curcurbitaceae, Lamiaceae, Liliaceae, Chenopodiaceae

and Umbelliferae.

15. A method according to claim 14 wherein the plant cell is derived from a plant
selected from the group consisting of tobacco, tomato, potato, rice, maize, radish, soybean, peas,

alfalfa, or spinach.
16. A method according to claim 1 which method further includes

introducing a gene encoding a second enzyme capable of enhancing the efficiency of the

transfer reaction enzyme.

17. A method according to claim 16 wherein the second enzyme is selected from the
group consisting of Mannosidase 1, Mannosidase 11, B1, 4-Galactosyltransferase (GalT) and N-
acetylglucosaminyltransferase I (GleNAcI).

18. A method according to claim 1 wherein the introduced genes are introduced to the

plant cither separately or simultaneously utilising method selected from the group consisting of



alfalfa, or spinach. 16. A nethod according to claim1 which nmethod further
i ncl udes introducing a gene encodi ng a second enzyne capabl e of enhanci ng
the efficiency of the transfer reaction enzyne. 17. A nethod according to
claim 16 wherein the second enzyne is s%%ected fromthe group consisting
of Mannosidasc 1. Mannosidase 11. fil, 4-Ga.lactosyltransferasc (Gal T) and
N- acetyl glucosarninyltransferasc | (A cN Acl). 18. A nethod according to
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gal act osght r apshehos &f ngaubeteiigta sy cepticin it eledisddiaskdantht@dadng
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reduci n+g term nal acetyl glucosarni ne residue and with a gene of an
exogenousitigtiyeing p gers encoding a sshendtenerme chpablegoicenbatsies B egﬁ@ﬂ@%’g)féhe

gl ycopr.ot ei n_having. a. manu-nalian-type sugar chain. 24. A plant cel
accg?@;%g (%Onfmqﬁ1 3, wherein the sugar chain addi ng nechani sts

22. A method according to claim 21, wherein the second enzyme is selected from the
group consisting of Mannosidase 1, Mannosidase 11, B1, 4-Galactosyltransferase (GalT) and N-
acetylglucosaminyltransferase I (GlcNAcI).

23. A plant cell transformed with a sugar chain adding mechanism which includes a
gene of an enzyme capable of conducting a transfer reaction of a galactose residue to a non-
reducing terminal acetylglucosamine residue and with a gene of an exogenous glycoprotein, the

plant cell being capable of forming a glycoprotein having a mammalian-type sugar chain.

24. A plant cell according to claim 23, wherein the sugar chain adding mechanism
adds a sugar chain containing a core sugar chain and an outer sugar chain, wherein the core sugar
chain comprises a plurality of mannose and acetylglucosamine, and wherein the outer sugar

chain contains a terminal sugar chain portion with a non-reducing terminal galactose.

25. A plant cell according to claim 23, wherein the cell is transferred with a gene

encoding a glycosyl transferase enzyme.



adds a sugar chain containing a core sugar chain and an outer sugar chain.
wherein the core sugar chain conprises a plurality of mannose and
aeetyl " gl ueosanmi nc, and wherein the outer sugar chain contains a term nal
sugar chain portion with a non- redUC|ngthern1naI gal act ose. A plant cel
according to claim 23, wherein the cell 1's transferred with a gene encoding
a glycosyl transferase enzyne 47 26. A plant cell according to claim 25
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sel ect ed27.r onAgiant oell aaoeiiog tat di@ngRwhere thesgesit isngf rodmmakian ¢niges, hor nones,
cyt oki nes, antibodi es, vaccines, receptors and serum proteins 30. A plant
cel | accps.di ng glant ctlhadBorfnguvan s Whereinabe geneds of Mgagl ighn encoded in
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| eut ei ni zi ng hormone (LH), thyroid stimulating hornone ., prolactin,
andhageradisks tperaxidase, nkinhgsy rﬂm@cerslzosmaqgl mﬂgalmsldaac,cbmamet Qla@:mgaogerzg

mher in t rote|t3 encoded in the introduced gene is an
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32. A plant cell according to claim 29 wherein the exogenous glycoprotein encoded in

the introduced gene is an antibody selected from IgG or scFV.

33. A plant cell according to claim 23, wherein the plant cell is transformed with a

gene encoding a second enzyme capable of enhancing the efficiency of the first enzyme.

34. A plant cell according to claim 33, wherein the second enzyme is selected from
the group consisting of Mannosidase I, Mannosidase 11, B1, 4-Galactosyltransferase (GalT) and
N-acetylglucosaminyltransferase I {GlcNAcI).

35. A plant cell according to claim 33 wherein the plant cell is derived from a plant
selected from the group consisting of the families of plants in the families of Solanaceae, Poaecae,
Brassicaceae, Rosaceae, Leguminosae, Curcurbitaceae, Lamiaceae, Liliaceae, Chenopodiaceae

and Umbelliferae.



13rassi caccac, Rosaceac, Lcgutninosae, Curcurbitaccae, Latniaccae,
Lil i aceac, Chenopodiaccae and L ntbellifcrae. 48 36. A plant cel

according to claim35 wherein the plant cell is derived froma plant
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with a sugar chain addi ng mechani sm which includes a gene encoding a

gl ycosyl ,transferase,enz of hu origin selected.from ge ro

consi sti ﬁé o% ﬁ‘&?aﬁ?{l&g&%ﬁﬁ’&ﬁgfc@ﬂ@, Wb%f?’é‘c@%?b%ﬁ_ggijgn r'[vﬁa féﬂ"gétpx ' dasc,
and s\ikdtBd BroREME cRRHRGhAGIRILT 16%REE NOMBIoIPMEGRPFES, BhdizeS Rldadt sslbbapene or
nore of the group consisting of enzynes, hornones, cytokines, antibodies,

vac elfalésor spgweht ors and serum proteins, the plant cell being capable of
formng a glycoprotein including a core sugar chain and an outer sugar
chai n. tBA2 codeplastuglrtrankiaimed mathidsuggr ehad addihg mechdnism whogeinghides a

acetyl gl ucosam ne, and the outer sugar chain ont.ai ni a term nal sugar
e halBHROTIER X995 THONCRSERATRS Al QUM A EELIeCIO o HiF ForR STFARE

nel LRSlaldctkREn Y5 2580si®Re MdPpaackldasCHRN WithDal Qore! BldBuE Wher ei n
thetoglegr@antC C %}g{atsr’a%s?cg?srlre ewi t hbgga ag(;eneasencodi ng aas%econd enzérre capabl e
0 erhkageadbmng ghikepeidin celeneyd Gbmt hee for rmboreent ythe.gr@& cAusigingnof eakymesscor di ng

t | ai 38 i the.. d i | ted tl- t
ConBPEETs GHONAT TN, ToxtRen GEPRAS ) songd Protirenfich gy Il BSE er ase
( GaldiabRNs fHEmiAE 8 loYy @S P 4 8018 kLR BRIl ah&hie BE} dugaftbhaid)thddd ot
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38. A plant cell according to claim 37 wherein the plant cell is transformed with a

gene encoding a second enzyme capable of enhancing the efficiency of the first enzyme.

39. A plant cell according to claim 38 wherein the second enzyme is selected from the
group consisting of Mannosidase I, Mannosidase II, 81, 4-Galactosyltransferase (GalT) and N-
acetylglucosaminyltransferase I (GleNAcI).

40. A plant regenerated from a plant cell according to any one of claims 23 to 39..

41. A recombinant plant, or portion thereof, that produces mammalian-like

glycoproteins comprising neither fucose nor xylose.

43. A glycoprotein with a human-type sugar chain obtained using the method

according to any one of claims 1 to 22.

43, A plant-produced glycoprotein comprising neither fucose nor xylose.



