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DESCRIPTION 

A METIIOD FOR MANUFACTURING GLYCOPRO'IBJNS HAVING HUMAN-TYPB GLYCOSYLATION 

'l'ECHNICAL FIELD 

5 '.l'he present invention relates to eXpress1on of exogeno~s 
glYcoprotei.ns.by p1ants. 

BACJ(GROUND ART 

~y of the functional.proteins in 1iv.1ng organisms are 
10 g1ycoproteins. It has been elucidated that the diversity 

of the sugar chains in g1ycoproteins P1aY severa1 important 
ro1espbysio1ogically(Lai.n,R.A.,Glycobiology,4, 759-767, 
1994). 

15 In recent years, it has al.so 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 l.igands 
for binding cells, 'or as recep"'l:ors £or bacteria and vi.rUses·, 
in the clearance of glycoproteins from the blood, .lysosome 

20 targeting of l.ysosome e.nzymes and the targeti.ng by 
g1yooproteins toward spec1.fi.c tissues and organs. For 
example, the contributi~n of g1ycoprotein sugar chains in 
the infection of target ce11s by the AIDS virus·(HIV) has 
been established (Rahebi, L. et a1., G1ycoconj. J. 1 12, 7-16, ...... . . 

25 1995). ~he su~ace of HIV ~s covered-with enve1ope protei~ 
gp120. ~e b:f..nd:lng of gp120 sugar chains to the CD4 of target 
cells is ·the begirurl.ng of infection by the HIV virus. In 
the second case, the sugar oha:Ln :Ltse1£ is not the functi.onal 
mol.ecu1e but indirectly contributes to the formation of the 

30 higher-order st~cture.of proteins, solubili:ty of proteins, 
protease resistance of proteins,, inhi.bi tion of anti~eni.city, 
protein function mQdification, protein regeneration rate 

adjustment, and adjustment of the amount of proteins 
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expressed in cell layers. For example, sugar chains are 
instrumental in the adjustment of the adhesion of nerve cell. 
adhesion molecules which are distr~buted widely in the 
nervous .system (E"del.man, G.M., Ann. Rev. Biochem... 54, 

5 135-169, 1985)~ 

In eukaryotes. glycoprotein sugar chains are synthesized 
on lipids of the Endoplasmic reticulum as precursor sugar . . 
chains. The sugar chain portion is transferred to the 

lo protein.. then some of the sugar residues _on the protein are 
removed in the Endoplasmic reticulum, and then the 
gl.ycoprotein is transported to Golgi bodies. In the Goldi 
bod1es, 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 ... Mi.crobiol. Immunol.., 
38, 489-504 .. 1994). 

More specifically, for example .. Glo3Man9Gl.oNAo2 on dolichol. 
anchors is transferred to protein in the ER membrane (Moremen 

20 K.W., Trimble, R.B. and Herscovics A., G1ycobio1ogy 1994 
Apr:4("2) :113-25, GJ.ycosidases of the asparagine-linked 
ollgosaccharide processing pathway: and Sturm, A. 1995 
N-Glycosy1ation of pl.ant proteins. In: New Comprehensive 
Biochemistry. GJ.ycoproteins, Vol. 29a. , Montreu:i.l., J. , 

25 Schachter, H. and Vliegenthart, J.F.G. (eds). Elsevier 
Sci.ence Publishers B.v.·. The Nether1and, pp. 521-541). 
ER-g1ucosidase I and II removes three glucose uni.ts (Sturm, 
A. 1995, supra; and KaushaJ. G.l>. and El.bein A.D .• 1989, 
Glycopro·tein processing enzymes i.n pl.ants. In Methods 

30 Enzymology 179, Complex Carbohydrates Part F. Ginsburg V. 
(ed). Academi.c Press, Inc. NY, pp.452-475). The resulting 
high mannose structure (Man9GlcNAc2) is trimmed by ER­
mannosidase (Moremen K. W. et al, supra,: and Kornfel.d,, R. 
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and Jcornfe1d, S., Annu. Rev. B1ochem. 54, 631-664, 1985: 

Assembl.y of asparagine-1inked oligosaccharides). The 

number of mannose residues removed varies according to the 

di.ff erences in the accessibility to the processing enzymes. 

s The-isomers Man8-, Man7-, Man6- andMan5GloNAo2 are produced 

during processing by BR-mannosidase and Mannosid.ase I 

(Kornfeld, R. and Kornfe1d, s., supra). When fourmannose 
residues are comp1etely removed byMannosidase I {Man I), 

the product is ManSGlcNAc2. N-acetylg1ucosaminyl 

10 transferase I {Gl.oNAc I} transfers N-a.cetylg1ucosamine 

(G1cNAc) from UDP-GlcNAc to ManSGloNAc2, resulting in 

GlcNAcManSG1cNAc2 (Schachter, H.. Narasimhan, s ... 
Gl.eeson ,P., and Vella, G·., Glycosyl.transferases invol.ved 

in elongation of N-g1ycosidica11y11nkedol.1gosacobarides 

15 of the complex or N-acetylgal.actosamine type. In: Methods 

Enzymol. 98: Biomembranes Part L. F1eischer. s. , and 

F1eischer, B. (ed), Academic Press, Inc. NY, pp.98-134 pp. 

98-134, 1983). Mannosidase II (Kan II) removes two mannose 

residues from Gl.cNA.cManSGl.cNAc2, yie1ding 

20 G1cNAcMan3Gl.cNAc2(Kausba1, G.P. and El.bein. A.O., supra: 

and Kornfe1d,. R. and Kornfel.d, s., supra"). The 

oli.gosaccharide Gl.cNAcMan4G1cNAc2 is used as a substrate 
of N-acetyl.glucosami.nyl transferase II ( Gl.cNA.c II) (Moremen 

K.W. et al, supra,; Kaush~l. .. G.P. and El.bein, A.D., supra: 

25 and Kornfeld, R. and Kornfe1d, s., supra). FIG 19 summarizes· 

the above described structures of N-l.inked gl.yoans and 

enzymes involved in sugar chain mocllfioation pathway in the 

Endop1asmic reticulum and Gol.di bodies. In FIG 19, 0 denotes 

gl.ucose, D denotes Gl.oNAc, 0 denotes ma.nnose, e denotes 

30 galactose, and • denotes sial.ic acid, respectivel.y. 

The sugar addition in the Gol.gi bodies is called terminal. 

sugar chain synthesis. The process differs widely among 
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11 ving organisms. The sugar chain synthesis depends on the 

type of eukaryote. '!'he resul.ting suga;r chain structure is 

speoies:-specific • and refl.ects the evol.ution of sugar adding 

trans£erase and the Gol.gi. bodies (Narimatsu, H., Cel.l.ul.ar 
. . 

Biology, 15, 802-810, 1996). 

Regarding aspargine-11nked (N-linked) sugar chains; in 

animals, there are high mannose-type sugar chains, 

compl.ex-type sugar chains and bybri.d-type sugar chains. 

1 o : 'l'hese structures are shown in FIG 1. The complex-type sugar 

chains . in pl.ants have al, 3 fucose a~d tJ 1, 2. xy:l.ose which 

are sugar residues that are not found in animal.s (Johnson, 

K.D. and Chri9peeJ.s·, M. J" ;, Pl.ant PhysioJ.., 84, 1301-1308, 

189~, Kimura, Y. et al.., Biosci. Biotech. Biochem.~ 56, 

15 215-222, 1992). In the case of N-linked sugar chains, sial:.ic 

-acid has been found in an.ima1 sugar chains but has not been 

found in p::Lf.Ult sugar chains. Regarding gal.actose, whi.cb.1s 

20' 

. . 
generally fol.lnd in anima1 sugar chains, al.though the 

presence thereof bas been found in some pl.ant sugar chains 

(Takahashi ... N. and Ho:tta. '.['., B~ocbemistry. 25. 388-395, 

19s6) • '. ·the ·e~p1es thereof are few. The 1inkage-type 

thereof is a ~1,3 J.inkage (FEBS Lett 1997 Sep 29, 415(2), 

186-·191, Identification of the human Lewis(a) carbohydrate 

motif in a secretory peroxidase from a pl.ant cel.l suspension 

25 cul.ture (Vaccinium mytil.l.us L.)., Mel.o NS, Ni.mtz M, Contradt: 

HS, FevereiroPS, CostaJ: Pl.ant J.1997Dec. 12(6),1411-1417, 

N-glycans harboring the Lewis a epitope are expressed at 

the surface of pl.ant cel.l.s., Fitchette-Laine AC, Gomord V, 

Cabanes M, Michalski JC, Saint Macary M, Foucher B, Cavel.ier 

30 B, Hawes C, Lerouge P, Faye L) • This l.inkage is different 

from those found in animal.s. 

G1ycoproteins derived from humans incl.ude human 
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ez:ythropoiet~n (BPO). In order to produce glycoproteins 

w.ith sugar chain structures similar to humans, these 

glycoproteins are produced in animal host cells. However, 

EPO produced in an~mal ce11s has a sugar chain structure 

s that is different from the natural human sugar chain 

structure. As a resu1t, in vivo activity of EP6 is reduced 

(Takeuc~i, M. et al., Proc. Natl. Aoad. Sci. USA, 86, 
7819-7822, 1989). The sugar chain structure in other 

prote:Lns deri vea from humans. such as hormones and 

10 interferon. have a1so been anal.yzed and manufactured with 

the same g1ycosy1at1on 1:1.m:ltations. 

The methods used to introduce exogenous gene~ to plants 

incl.ude the Agrobacteriummethod (Weisi.ng., K. et al., Annu. 

15 Rev. Genet., 22, 421, 1988), the eleotroporation method 

(Toriyama, K. et a1., Bio/Technology, 6, 1072, 1988), and 

the gold particle method (Gasser, C.G. and Fra1ey, R.T., 

Science, 244, 1293, 1989). Albumin (Sijmons, P.C. et a1. '· 

Bio/Technology, 8, 217, 1990}. enkepha1in (Vandekerokhove. 

20 J. et al., Bio/Technology, 7, 929, 1989), and monoclonal. 

ant1bo'dies (Benvenu.l.o, E. et al.. .. Plant Mol. Biol.., 17, 865, 

1991 and Hi.att, A. et a1., Nature, 342. 76, 1989) have been 

manufactured in plants. Hepat1.tis B virus surface antigens 

{HBsAg) (Mason, H.S. et a1., Proo. Natl.. Acad. Sci. USA., 

25 89, 11745, 1992) and secret.ion-type IgA (Hiatt, A. and Ma,: 

J.S.K., FEBS Lett •• 307. 71, 1992) have also been 

manufactured in pl.ant eel.ls. However. when human-derived 

glycoproteins are expressed in plants, the sugar chains in 

the manufactured glycoprote1ns have different structures 

30 than the sugar chains in the gl.ycoproteins produced in humans 
because the sugar adding mechanism in plants is different 

from the sugar adding mechanism in anima1s. As a resul. t, 

glycoprotei.ns do not have the original physiological 
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activity and may be immunogenic in humans (Wilson. I.B.H. 

et a1 •• G1ycobiol.., Vol.. 8, No. 7, pp. 651-661., 1998). 

DISCLOSQRE OF THE"INYENTION 

5 The .purpose of the present invention is to sol.ve the prob1ems 

associated with the prior art by providi~g plant-produced 

recombinant glycoproteins with mammal.ian, e.g •• human-type 

sugar chains. 

10 The present invention is a method of. manufacturing a 

gl.ycoprotein having a human-type sugar chain comprising a 

step in wh.ich a transformed pl.ant cel.1 1.s obtained by 

introducing to a pl.ant cel.1 the gene of an enzyme capable 

of· conducting a transfer reaction of a ga1actose residue 

15 to a non-reducing terminal. acetyl.glucosamine residue and 

the gene of a ex~genous gl.ycoprotein, and a step in which 

the obtained transfonned plant c~ll is cultivated. 

In the present invention, ;the gl.ycoprotein with a human-type 

20 sugar chain can comprise a core sugar chain and an outer 

sugar chain, the core sugar c~ain consists essentiall.y of 

25 

. . . 

a pl.ural.:ity of mannose and acetyl.gl.ucosamine, and the outer 

sugar chain contains a tenninal. sugar chain portion with 

a non-reducing·ter:mina1 gal.actose. 

In the present invention. the outer sugar chain can have 

a stra:i.gbt chain conf.iguration or a branched configuration. 

In the present invention, tb.e branched .sugar chain portion 

can have a mono-, bi-, tri- or tetra configuration. 

30 In the .Present invention, the glycoprote:ln can contain 

neither fucose nor x:ylose. 

The present invention is also a plant cell. having a sugar 
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chai.n addi.ng mechan:Lsm whi.cb can conduct a transfer reaction 

of a galact~se residue to a non-reduc1ng tennina1 

aoety1gl.ucosamine resi.due, wherein the sugar chain adding 

mechanism acts on a sugar chain containing a core sugar oha:1.n 

5 and. an outer sugar chain, where.in the . core sugar chain 

consists essentially of a p1urality of mannose and 

acetylglucosamine, and wherein the outer sugar chain 

contains a termi.nal sugar chai.n portion with a. non-reducing 

terminal. gal.aotose. 

10 

In the present 1nvent1.on, a gl.ycoprotein with a human-type 

sugar chain is obtained using this method. 

BRIEF DESCRIPTION OF QRMfINGS: 

15 FIG 1. A schematic drawing of typical. N-linked sugar chain 

configurations. 

FIG 2. Schemat:l.c draw:l.ngs of the cl.oning method for hGT. 

FIG 3. Schematic drawings of the method used to construct 

vector pGAhGT for hGT expression. 

20 FIG 4. A photograph showing a Southern b1ot anal.ysis of a 

genome of cu.ltJ.vated transformed tobacco eel.ls. FIG 4 (A) 

shows e.lectrophoresis a£ter the gen~me DNA (40 µ.g) has been 

digested by EcoRl and Hi.ndIII . The numbers at ·the .left 

indi.cate the posit~on of the DNA molecu.lar weight marker. 

25 FIG 4 (B) shows a schematic drawing of a 2.2 kb fragment 

containing a promoter. hGT and terminator, which i.s 

integrated into the transformed ce11. 

FIG 5 • FIG 5 .is a photograph of the Western blotting of 

immunorea.ctive protein from transformed tobacco BY2 cell.s 

30 (WT) and wild type tobacco BY2 eel.ls (WT). The protein was 

denatured., el.ectrophoresed on 10% SDS-PAGE., and then 

transferred e1eotrioally to ni trooe.llulose film. The 

sampl.es were as follows: .lane 1 = GTl oel.1 extract: lane 
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2 = GT 6 cell extract; lane 3 = GTB cell extract: lane 4 

= GT9 ce11 extract; lane 5 =wild.type cel1 extract: l.ane 

6 = G'.l'l microsome fragment: l.ane 7 = GT6 m;Lcrosome fragment: 

l.ane 8 = GT8 microsome fragment: lane 9 = GT9 microsome 

5 fragment; lane·lO =wild type microsome fragment. 

FIG 6. An electrophoresis photograph showing the detection 

of galactosy1ated g1ycoprote1n using Ricinus communis 

( RCA12o) affinity chromatography. The e.lectrophoresed gel 

was v.1.sual.ized by sil.ver staining.· Lanes 1 and 2 show the 

10 protein from wild type BY2 cells, while Lanes 3 and 4 show 

the protein from transfoxmed GT6 eel.ls. The molecular 

wei.ght is in KDa units. 

FIG 7. A photograph of ·Western·· b.lotti.ng a showing the 

detect.ion of · galactosylated glyooprotei.n using Rici.nus 

15 communis · '( R.CA120J · aff .:i.n.1 ty · cbrom;;ttography. After the 

electrophoresed gel. had been blotted on a nitrocellulose 

memb~ane, 'this membrane was visual.ized by l.ecti.n (RCA120 ) 

staining. Lanes i and·~· 2 show the prote.in from a wi1d type. 

BY2 cell.. while Lanes 3 .· and 4 show the protein from 

2 o · transformed · GT6 · eells ~ The mo1ecu.Iar weight is in KO a. 

FIG a·. . A photograph of a b1otting in which the 

ga1actosyl.ated giycoproteiil from Ricinus communis ( RCA12o) 

affinity chromatography was probed with an antiserum 

specific to xyJ.ose .in complex-type pl.ant glycans. Lanes 1 

25 and 2 show the total. protein extracts from BY2 and GT6,: 

respectively, and Lane 3 shows the gl.ycoprotein from GT6 

after RCA12o affinity chromatography. 'l'Jle molecUlar weight 

is in RDa units. 

FIG 9. A.schematic drawing of a pl.asmi.d pBIBm-HRP which i.s 

30 a binary vector with a kanamycin-resistant gene and a 

hygromycin-resistant gene, and has a HRP cDNA. 

FIG 10. Photographs of 1soelectrio focusing and Western 

blotting which show HRP production in a suspensi.on cul.ture 
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of transgenic cel.l.s. FIG 10 (A) shows the results of 

isoel.ectric focusing and FIG 10 (B) shows the results of 

Western blotting. The abbrev.iat.ions are as f oll.ows: WT = 

wild-type: BY2 - HRP 1, 5 and 7 = the clone numbers for BYZ 

s ce1ls transformed with a HRP gene; and GT-6 - HRP 4, 5 and 

8 = the clone numbers for GT6 eel.ls transformed with- a HRP 

gene. 
FIG 11. A graph showing the reverse-phase HPLC pattern of 

a PA sugar chai.n el.uted 1.n 0-15% acetoni tril.e linear gradi.ent 

10 in O. 02% '!'FA over 60 minutes and at a flow rate of 1. 2 ml./mi.n. 

I-XI shows the fractions el.uted and purified from size­

fractionation HPLC. Excitation wavelength and emission 

wavelength were 3lomm and 380mm, respectivel.y. 

FIG 12. Graphs showing the size-fractionati.on HPLC pattern 

15 of the PA sugar cbai.n in FIG 11. Elut:i~n was performed 1.n 

a 30-50% water gradient in the water-acetonitri1e·miXture 

over 40 mi.nutes and at a flow rate of 0.8 ml/min. The 

excitation wave1ength an~ emission wavelength were 310 nm 

and 380 nm, respectively. 

20 FIG 13. A graph showi.ng the elution position of peak-K2 on 

revers·e phase HPLC wherein two standard sugar chain products 

A and B are compared with the peak lt2. The elution condi. t:ions 

were the same as in FIG 11. That is, elution was performed 

in 0-15% acetonitri1e linear graa1ent 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 

galactosylated PA sugar chains obtained after 

exogl.ycosidase digestion. Elution was per£ ormed in a 

30-50%: water gradient in the water-acetoni.tri1e mixture over 

30 25 minutes and at a flow rate of 0.8 ml/min. (A) PA-sugar 

chain K-2: I° is the elution position of the ga.lactosy1ated 

PA sugar chaii>. used: II is 8-galactosidase digests of I: 

III is a N-acety1- B -D-gl.ucosami.nidase digests of II; IV is 
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jack bean a -mannosidase digests of III. (B) PA-sugar chain 

L: I is the e.lution position of· the gal.aotosy1ated PA sugar 

chain used: II is P-ga1actosidase digests of I; III is 

N-acetyl-/3-D-glucosltminidase digests of II: IV is a1,2 

s mannosidase digests of III: Vis jack bean a-mannosidase 

digests of III. 
FIG 15. Estimated structures of the N-l.1nked glycans 

obtained from the transfo:cmed cells. 'rhe numbers in the 

parentheses indicate the molar ratio. 

10 FIG 16. Photographs of R1c1nus communis 120 agglutinin 

(RCA12o) affinity chromatography showing the detection of 

gl.ycosyl.ated HRP. FIG 16 (A) shows the resul.ts from si..lver 

staining, and FIG 16 (B) shows the resul.ts from .lecti.n RCA120 

staini.ng~ The l.ectin-st&ined·filterwas cut into strips and 

15 then probed using ·J.ectin RCA120 pre-incubated with buffer 

al.one ( r· and II) or i.D.cubated in bur.fer with excess ga1actose 

(III). In (II). HRP was' treated with /3 -gal.aotosidase ·from 

Dipl.ococcus pneumaniae before SDS-PAGE. Lane 1 is a· 

col.J.ected fraction containing BY2-HRP and Lane 2 is a 

' ·. · 20 .. col.J.ected fraction contairi~ng GT6.,..HRP. The numbers to the 

1eft refer t~ the l.ocation and·the size CICDa) of the standard 

protein. 

FIG 17. A graph showing the resul. ts of reverse-phase BPLC 

of the PA sugar chains from purified HRP after RCA120 affinity 

25 chromatography. 

30 
l 

FIG 18. Photographs of Western bl.otting showing immune 

detection of pl.ant spec~fic comp1ex- ~ype gl.ycans. The 

purified HRP is fractioned by SOS-PAGE r transferred . to 

nitrocel.l.ulose. and confirmed w.ith rabbit ant:i.-HRP (A) and 

an antiserum which 1.s specific ~or complex-type glycans of 

pl.ants (B). Lane 1 = gal.actosyiated HRP from GT6-BRP after 

RCA120 affin:lty chromatography; Lane 2 = purified HRP from 

BY2-BRP. The position of the molecul.e size marker is shown 
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to the l.eft in KJ>a.. The ga1aotosyl.ated: N-gl.ycan on HRP 

derived from the transfo:cmant GT6-~ oe11s did not react 

with an anti.serum which has been shown to specifically react 

with 81,2 xy1ose residue indicative of plant N-glycans. 

5 FIG J.9. Structures of N-1inked gl.ycans and enzymes invol.ved 

in the sugar chain modification pathway in Endopl.asmic 

reticul.um and Goldi bodies. <> denotes glucose, 0 denotes 

G1oNAc, 0 denotes mannose, e denotes ga1actose, and • . . 
denotes sialio acid, respectivel.y. 

10 FIG 20. Strqctures of N-l.inked glycans an.d: the ratio 0£ each 

N-11.nked g1ycan in GT6 cel.1 line along with those i.n 

wild-type BY2 cell line determi.ned sim1.lar1y. D denotes 

Gl.cNAc, 0 denotes mannose ... denotes gal.actose, and • 

denotes sial.io acid, respeotivel.y. 

15 FIG 21 i11ustrates one of the embodiment of the present 

invention. In GT6 ce11 1ine, the 1.somers Man7- i Man6- and 

Man5G1cNAc2 were observed. Because those high-mannose type 

oJ.igosacoharides wi.11 be converted by some glycan processing 

enzymes to be substrates for Bl,4-gal.actosyltransferase 

20 (Gal T), introduction of Gl.cNAc I. Man I and Man II cDNAs 

cou1d ·more efficiently l.ead the ol.:lgosacchar.;ide Man7-

5Gl.cNAo2 to GlcNAcMan3G1cNAc2 i wb1.ch can be a substrate of 

Gal.Cf. 

FIG 22 al.so i.l1ustrates another the embodiment of the present 

25 invention. 1,4-Galactosyltransferase (Gal T) uses UDP~ 
gaJ.actose as a donor substrate and Gl.cNAc2Man3G1oNAc2 as 

an acceptor substrate. Efficient suppJ.y of UDP- galactose" 

will enhance the Ga1· T enzyme reaction and more 

gal.aotosyl.ated o11gosaecharide will. be produced. 

30 

BEST MODE FOR CARRYING OU'!' 'l"HR INVENTION 

Hereinafter, the present invention w~11 be described ~n 

further detai.1. In performing the present invention, 
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unl.ess otherwise indicated. any conventional. technique can 

be used. These incl.ude methods for isol.ating and anal.yzing 

proteins as wel.1 as i.mmuno1ogical. methods . These methods 

_can be conducted by using commercial. kits, antibodies and 

5 markers. 

The method of the present 1.nvention rel.ates to a method of 

manufacturing glycoproteins with human-type sugar chains. 

In this specification, "human-type sugar chain• refers to 

1 o a sugar chain with a galactose residue I.inked to a N­

acety1gJ.ucosam1ne residue. The gaJ.actose residue in the 

human-type sugar chain can be the terminal sugar chain or 

a sial.ic acid residue can be I.inked to the outside of the 

gaJ.actose residue. Preferabl.y, the gl.ycoprotein of the 

15 present inventi~n at J.east :Qa.$ no xyl.ose or fuoose 1inked 

to.one or more of the.fol.I.owing portions: the core sugar 

chain portion .. the br~mc:=hed ~ugar chain portion, or the: 

terminal sugar chai.n portion of the human-type sugar chain. 

More preferably.. neither. xylose or fuoose shou1d be linked 

20 to any por~ion of the hlllDan-type sugar chain. and ideally 

there 'shoul.d be no xylose. or fucose .contained in the 

human-type sugar chain at a11. 

The plant eel.ls can be any p1ant ce11s desi.red. The pl.ant 

25 ce11s can be cultured cel.l.s, cel.l.s in cu1tured tissue o~ 

cul. tured organs. or oe11s in a pl.ant. Preferably. the pl.ant 

cell.s shoul.d be cul.tured cel.l.s, or cells in cul.tured tissue 

or cultured organs. Most preferably, the plant cells should 

be cell.s in who1e plants .. or portions thereof, that produce 

30 gl.ycoproteins with human-type sugar chains. The type of 

pl.ant used in the manufacturing method of the present 

invention can be any type of pl.ant that is used in gene 

transference. Examp1es. of types of plants that can be used 
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in the manufacturing method of the present :invention include 

pl.ants :in :the famil.ies of So.Ianaceae, Poaeae, Brassicaceae, 

Rosaceae. LegumJ.nosae1 Curcurbit:aceae, Lamiaceae, 

Li1iaceae, Cbenopodiaceae and Ui'nbe1Iiferae. 

Examples of pl.ants 1.n the Sol.anaceae family inc1ude pl.ants 

in the Nicot:iana, Solanum. Datura, Lycopersicon and Petun.ia 
genera. Specific examples i.n~l.ude tobacco, eggpl.ant, 

potato, tomato, ch111 pepper, and petunia. 

Exampl.es of plants in the Poaeae £ami1y inc1ude plants in 

the Oryza, Hordenum, Seca.Ie, Sacoharum, Echinochl.oa and Zea 

genera. Specific exampl.es 1.nol.ude r:ioe, barl.ey, rye, 

Echinoch1oa crus-gai..1..i, sorghum, and maize. 

Exampl.es of pl.ants in the Brassicaceae family include pl.ants 

.in the Raphanus, Brass:Lca, Arabidopsis, Nasab~a. and 

Capse.11a genera. Specific examples .include Japanese white 

radish, rapeseed, Arabidopsis tha:U.ana, Japanese 

20 horseradish. and Capseiia bursa-pasror1s. 

Examples of p1ants in the Rosaceae famil.y 1.nc1ude plants 

in the Orunus, Malus, .Pynus, Fragaria, and Rosa genera. 

Specific examp1es incl.Ude plum, peach, app1e, pear. Dutch 

25 strawberry, and rose. 

Examples of plants in the Leguminosae famil.y include plants' 

in the Gl.yc.tne, Vigna, Phaseo:I.us. Pisum, Vicia, Arachis, 

Tri£oJ.:!um, Aifal.fa, and Hedicago genera. Speci.fic examples 

30 include soybean, adzuk1. bean, kidney beans. peas, _fava beans , 

peanuts, clover, and a1£a1fa. 

Exampl.es of plants 1n the Curcurb±caceae family ~nc.l.ude 
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plants in the Luffa, Curcurbita, and Cucumis genera. 
Specific examples include gourd, pumpkin, cucumber, and 
melon. 

5 Exampl.es of plants in the Lamiaceae family include pl.ants 
in the Lavandu1a, Hentha, and Peri.1l.a genera. Specific 
ex~pl.es inol.ude J.avender, peppermint, and beefsteak plant. 

Examples of pl.ants in the Li1iaceae family include plants 
1 o · in the Al.Z.ium, Li1J.um, and Tu.Zipa genera.. . Speci.f:l.c exampl.es 

include onion, garl.ic, l.il.y, and tul.ip. 

Bxampl.es of pl.ants in tne Chenopodiaceae famil.y incl.ude 
pl.ants in the Spinacia genera. A specific exampl.e is 

15 spinach. 

Examples of pl.ants in the Umbe.11iferae fami.ly include plants . ' . . 
in the Ange1ica, Daucus~ Cryp1:otaenia, and Apitum genera. 
Specific exampl.es. incl\2de Japanese udo, carrot, honewort, 

20 .·. and cel.ery. 

Preferabl.y, the pl.ants used in the manufacturing method of 
the present .invention shoul.d be tobacco, tomato; potato, 
·r1ce~ maize, radish, soybean, peas, al.fal.fa or spinach. 

25 Ideally, the pl.ants 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 transfe;r reaction of a galactose residue to a non-reducing 

tenninal acetyl.gl.ucosamine residue• refers to an enzyme 
capab1e of conducting a transfer reaction of a galactose 
residue to a non-reducing te~ina1 acetyl.g1ucosam:l.ne 
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resi.due produced when a sugar chain is added after synthesis 

of the protein portion of the glycoprote1.n 1.n the p1ant cell. 

Specific examples of these enzymes include 

.ga.lactosyl.transferase. gal.actosidase. and /3-galactosidase. 

s 'l'bese enzymes -can be derived from any animal desired. 

Preferably, these enzymes should be derived from a mammal.. 

and ideally these enzymes shoul.d be derived from a human. 

In this specification, "the gene of an enzyme capable of 

10 conducting a transfer reaction of a ga1~ctose residue to 

a non-reduc1ng terminal. acetyl.gluoosamine residue" can be 

a gene which can be isolated from an animal. cell using a 

nucl.eotide seguence of an· encoded enzyme well known in the 

art, or commercial.l.y avail.able genes altered for expression 

15 in pl.ants. 

In this speoificati.on, "gene• usual.l.y refers to the 

structural gene porti.on. A control sequence such as a 

promoter, operator and terminator can be linked to the gene 

20 so as to properly express the gene in a pl.ant. 

25 

In this specification, "exogenous glycoproteins• refers to 

g1ycoproteins whose expression in plants is·tbe result of 

geneti.o engineering mathodologies. 

exogenous 

cytokines, 

·proteins. 

g1yooprote1ns include 

antioodies, vaccines, 

Exampl.es of enzymes 

Examples of these 

enzymes, hormones,: 

receptors and serum 

:tnc1ude horseradish 

peroxidase, kinase, gl.uoocerebrosidase, a-galactosidase. 

tissue-type pl.asminogen activator ('!'PA), and HMG-CoA 

30 reductase. Exampl.es of hormones and cytokines include 

enkephal.in, interferon alpha, GM-CSF, G-CSF, chorion 

stimu1ating hormone, interl.eukin-2, interferon-beta, 

i.nterferon-gammar erytbropoiet1.n, vascular endothel.ial 
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growth factor. human choriogonadotrop:.f.n ( HCG) , 

l.euteinizing hormone (~), thyroid stimu1ating hormone 

( TSH) • pro1actin, and ovary st1.mulating hormone. Examples 

of antibodi.es incl.Ude IgG and scFv. Examples of vaccines 

5 incl.ude antigens such as Bepati.tis B surface antigen, 

rotavirus antigen, Escherichia co1i·enterotoxin, malaria 

antigen, rabies vJ.rus G protein., and HIV virus g1ycoprotein 

(e.g. , gpl20 .> . Examples of receptors and matrix proteins 

incl.ude EGF receptors, f.1.bronectin, al-antitrypsin, and 

1 o coagulation factor VIII. Examples. o~ serum proteins 

j_ncl.ude albumin, complement proteins, pl.asminogen. 

corticosteroid-binding gl.obulin, throxine-binding 

gl.obul.in, and protein c.· 

15 In this specifi.cation. "genes of exogeneous gl.ycoproteins" 

refers to a gene. which can.be isolated from a cel.1 using 

a nucleotide sequence of an encoded protein wel.J. known in 

the art. or commercial.ly availab:I.e genes altered for 

expression in pl.ants. 

20 

The gene of the enzymes capable of conduct:i.ng a-transfer 

reaction of a ga1actose residue to a non-reducing terminal. 

acetyl.gl.ucosami.ne residue and the genes of exogenous 

glycoproteins can be introduced to the plant ce11s using 

25 a method wel.1 known in the art. Thes_e genes can be introduced 

separatel.y or simul. taneousl.y. Exampl.es of methods for 

introducing genes to pl.ant oel.J.s incl.ude the·Agrobacteriuni 

method, the el.ectroporation method and the particl.e 

bombardment method. 

30 

Using any method wel.l. known :l.n the art, the pl.ant cel.l.s wi. th 

:introduced genes can be tested to make sure the i.iltroduced 

genes are expressed. Examples of such methods ~ncl.ude· 
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si.1ver staini.ng or augmentation, Western bl.otting.; Northern 

hybridizati.on. and enzyme activity detection. Cel.l.s that 

express the i.ntroduced genes are referred to as transformed 

_ce11s. 

s t.rransf ormed cells, which express enzymes capabl.e of 

conducting a transfer reaction of a gal.actose residue to 

a non-reducing terminal. acetyl.g1ucosami.ne residue and 

exogenous gl.ycoproteins, express exogenous gl.ycoproteins 

with hwnan-type sugar chilis. In other words, the 

10 transformed eel.ls have human-type sugar chain adding 

mechanisms. By cu1tivating these transformed eel.ls, 

glycoproteins with human-type sugar chains can be mass 

produced. Human-type g1ycoproteins contain core sugar 

chains and outside sugar chains. The core sugar chains 

15 consist essentia11y of a plura11ty of mannose or 

acety1gl.uoosamine. The outside sugar chains in these 

glycoproteins contain non-reducing terminal. sugar chain . 
portions. '!'be outside sugar chains can have a straight chain 

configuration or a branched chain configuration. The 

20 branched sugar chain portion has a mono-. bi.-. tri- or tetra 

configuration. The gl.ycoproteins manufactured using these 

transformed ce11s idea11y do not contain any fucose or 

xyl.ose. · 

25 These transformed pl.ant eel.ls can remain in a cu1tured state: 

or can be differentiated into specific tissues or organs. 

A1ternative1y. they can also be generated into plants. In 

this case, the transformed pl.ant cel.1s can be present in 

the ent:lre plant or in specific portions of the p1ant, such 

30 as seed, fruit, nut. leaf, root1 stem or.fl.ower of the pl.ant. 

G1ycoproteins with human-type sugar chains can be 

manufactured by the transformed plant ce1l.s and then be 
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isol.ated or extracted from the pl.ant cel.l.s. The method for 
isol.ating the gl.ycoproteins can·be a,ny method wel.l. known 
in the art. The gl.ycoprote:tns of the present 1.nvention can 
_be used in foodstuffs whil.e remaining i.nside the transformed 

5 cel.l.s, or the gl.ycoproteins of the present invention can 
be administered to animals incl.uding humans without 
antigenicity because of the added human-type sugar chains. 

Hereinafter. the present invention will be described in 
10 detail by way of illustrative, but .not restrictive, 

exampl.es. 

( Exampl.e 1) Cl.oning Human · B 1, 4 Ga.lactose 'l'ransferase Genes 
81,4 Gal.actosyl.transferase (hGT) genes (EC2.4.l.38) have 

15 al.ready been cl.oned. A primary configuration consisting of 
400 amino acids .has been. discovered (Masri., IC.A. et al •. , 
Biochem. Biophys. Res:. Commun •. , 157. 657-663, 1988). 

· ( 1) Primer .Preparation and Templ.ate DNA 
The fol.lowing primer$,· were prepared with reference to the 

20 report by ,Masri et al.. 

hGT-5Eco: 5'-AAAGAATTCGCGATGCCAGGCGCGCGTCCCT-3' (Sequence 
ID:l) .. : 

hGT-2Sal.: 3'-TCGATCGCAAAACCATGTGCAGCTGATG-5' (Sequence 
I.D:2) 

2 5 hGT- 7Spe: 3 • -ACGGGACTCCTCAGGGGCGATGATCATAA-5' (Sequence 
I.D:3) 
hGT6Spe: 5'-AAGACTAGTGGGCCCCATGCTGATTGA-3' (Sequence 
I.0:4) 

Human genome DNA, human pl.acenta cDNA, and human kidney cDNA 
30 purchased from C1onteoh were used as the temp1ate DNA. 

(2) Cloning the hGT Gene cDNA 

(i) Human· genome DNA was used as the templ.ate and hGT-SEco 
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and liGT-7Spe were used as the primers; (ii) Human placenta 

cD.NA was used: as the template and bGT-2Sa1 and hG'l.'6Spe were 

used as the primers. The two were combined and a PCR reaction 

was performed under the fol.lowing condi.tions. Then, 0.4 kb 

5 and 0.8 kb fragments containing hGT encoded areas were 

obta.ined. 

(PCR reaction mixture) 1 J.t.l. template DNA, SJ.t.ml. 10 x PCR 

buffer solution., 4 J.L1 dNTPs (200 mM), the primers (10 pmo1), 

and O. 5 J.L 1 ('l'akara Shuzo Co .• Ltd.) Tag polymerase (or o. 2 

10 J.Ll. '.l'Ub polymerase), water was added to make 50 t.tl. 

(PCR Reaction Contlitions) F.1rst Stage: l oycl.e. denaturation 

(94gC) 5 minutes, annea1ing (SSDC) 1 minute, extension 

(12ac) 2 minutes. Second Stage: 30 cycles, denaturation 

( 9 4DC) l minute. anneal.ing ( 55 ac) 1 minute, extension ( 72DC) 

15 2 minutes. Third Stage: 1 eye.le, ·denaturation ( 94SZC )" l minute. 

annealing (SSDC) 2 minutes, extension (72DC) .S minutes. 

The two fragments were combined to fo::cm hGT_gene cDNA and 

c1oned in pB1uescript II SK+ (SIC). The pBl.uescript II SK+ 

20 (SK) was purchased from Stratagene Co., Ltd. FIG 2 shows 

the structure of a pl.asmi.d containing hGT gene cDNA. '!'his 

shows Sequence No. 5 in the hGT gene nuol.eotide sequence 

and Sequence No. 6 in the estimated amino acid sequence. 

This nucleotide sequence differed from the hGT sequence 

25 published by Masr:i et al. (see above) in the fo1lowing ways:: 

a) The nucl.eotides are different in that the A i.n 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 amino acid 

sequence is not changed; b} Nine nucleotides at positions 

30 from Position No. 622 to Pos~tion No. 630 are missing: c) 

The G in Position No. 405 is A and the T in Position No. 

408 is A. These nucl.eoti.de changes were made during primer 

preparation such that the o. 4 kb fragment and o. 8 kb fragment 
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are connected. There are two start codons ( ATG) :Ln hGT gene 

cDNA. In th1s experiment. however, the gene is designed such 

that transl.ation begi.ns from the second :l.n.1.ti.al codon 

(Position No.·37)." 

(Example 2) Introducti.on of the bGT Gene to a Cu1tivated 

Tobacco Ce11 

(1) It has been reported t~at bGT is expressed in an active 

form in Bscherioh.ia 001.i (Aoki, D. et al.., EMBO J., 9, 3171, 

10 1990 and Nakazawa. K. et a1., J. Biochem._, 113, 747, 1993). 

In order for a cu1tivated tobacco cell. to express hGT, the 

expressi.on vector pGAbGT had to be ·structured as shown :1.n 

FIG 3. A cauli.fl.ower mosaic virus 35S promoter ( CaMV 355 

promoter). which drives gene expression constitutively in 

15 plant cel.l.s, was used as the promoter. A kanamycin­

resistance gene was used as the selection marker.. The pGAhGT 

was introduced to ·the cul.tivated tobacco cell by means of 

Agrobacterium-method. 

20 The Agrobacteri_ummethod was performed usi.ng the triparental 

mating' method of Bevan et al. (Bevan, M •• Nucl.eic Acid Res., 

12, ·871L 1984). Escherich:i..a col.i. DH5 a (suE44, DJ.acU169, 

( 4>801acZDM15), .· hsdRl 7) .· (Bethesda Research Laboratories 

Ino.: Focus 8 ( 2), ·9, 1986) with pGA .. type p1asmids (An. G., 

25 Methods Enzymol. 153, 292. 1987) and Escher.ich.ia col.i BB101· 

with ·helper plasmid pRK2013 (Bevan. M., NucJ.ei.c Acid Res., 

12, 8711, 1984) were l.eft standi.ng overnight and 37°C in ~ 
2.x 'YT mediwn containing 12.5 mg/l. tetracycline and 50 mg/l 

kanamycin, and Agrobacterium tume£aciens EHAlOl was left 

3 o standing over two ·nights at 28°C in a 2 x YT medium containing 

so mg/1 kanamycin and 25 mg/1 chloramphenicol. Then, 1.5 

m1 of each cultured medium was removed and pl.aced into an 

Eppendorf tube. After the oel.l.s of each strain were 
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co11eoted, the oel.l.s were rinsed three times in an LB medium. 

The ce11s obtained 1n this manner were then suspended in 

10 o It 1 of a 2 x YT medium. mixed with three types of bacteria, 

.applied to a 2 xYT agar medium, and cultivated at 28°Cwhereby 
s the pGA-type p1asm:l..ds, then underwent eonjuga1 transfer from 

the B. coli. to the Agrobact:erium. Two days later some of the 

co1ony appearing on the 2 x YT agar pl.ate was removed usi.ng 

a platinum 1oop, and applied to an LB agar plate containing 

so mg/l kanamycin, 12.s mg/l tetracycl.ine. and 25 mg/1 

10 cbloramphenicol.. After ou1tivating the.contents for two 

days at 28°C, a si.ngl.e colony was selected. 

Transformation of the cul.t.ivated tobacco cells was performed 

using the method descri.bed i.n An, G., Pl.ant Mol.. Bi.o. Manual, 

15 A3, 1. F:irst, 100 JLl. of Agrobact:erium BHAlOl with pGA­

type pl.asmids cultivated for 36 hours· at 2B°C in an LB medium 

containing 12. S mg/l. tetracyol.ine and 4 ml. of a suspension 

of cul. tivated tobacco cel.l.s Nicotiana tabacum· L. av. bright 

yellow 2 (Strain No. BY-2 obtained using Catalog No. RPCl 

20 from the Pl.ant Cel.l. 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 all.owed to stand in a dark place at 25°C. Two days l.ater, 

some of the so1ut1on was removed from the dish and the 

25 supe~atant was separated out using a centrifuge (1000 rpm,: 

5 minutes). The ce11 pe.lJ..et was introduced to a new medium 

and centri.fuged again. The oell.s were innoculated onto a 
modi.fied LS agar pl.ate with 150-200 mg/1 kanamycin and 250 

mg/ 1 carbenici.llin. This was a11owed to stand i.n darkness 

30 at 25C>C. After two to three weeks, the oell.s grown to the 

ca11us stage were transferred to a new plate and cl.ones were 

selected. After two to three weeks, the clones were 

transferred to a 30 ml modified LS·medimn with kanamycin 
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and carbeni.ci1lin.· ·This sel.ection process was repeated 
over about one month. Six resi.stant strains were random1y 
se1ect~d from the res:i.stant strai.ns obtained 1.n thi.s manner 
(GT 1, 4, 5, 6, 8 and 9). 

(2) Verification of the Introduced hGT Genes 
In the resistant strai.ns, a 2.2 kb fragment· containing a 
CaMV35S promoter and an hGT gene cDNA-NOS terminator in the 
T-DNA was confirmed in the genomic DNA of the cul.tivated 

10 tobacco cell.s using a Southern bl.at anal.ysis. "l'be Southern 
method was performed after the genomic<DNA had been prepared 
from the resistant strains ment1.oned above and digested by 
EcoRI ·and HindIII. 

15 The preparation of the chromosomal DNA from the·cul.tured 
tobacco ce1l.s was performed using ·the Watanabe method 
(Watanabe, IC_., Cl.oni.ng and Sequence, Pl.ant Biotechnol.ogy 
Experiment Manual., Nouson Bunka·_co. ,. Ltd.). First, 10 ml. 
of the cul.ti.vated tobacco cells were frozen using l.iquid 

20 · ··nitrogen, and then ground to powder using a mortar and pestl.e. 
About Ei.ve grams of the powder was pl.aced in a centrifuge 
tube (40 ml). rapidly such that the frozen powder did not 
mel. t and mixed with 5 ml of a 2 x CTAB ( cetyl. tr:l.methyi ammonium 
bromide) solution pre-heated to 60°C . This was well. mixed, 

25· slow1y for 10 minutes, and then a1lowed to stand at 60°c.: 
Then. 5 ml of a chloroform:isoamylalcohol. (24:1) solution 
was added, and the mi.xture was stirred into and emulsion.· 
Tbe mixture was then centrifuged (2,800 rpm, 15 minutes, 
room temperature) . "l'be surface I.ayer was then transferred 

30 to a new 40 m1 centrifuge tube· and the extraction process 
was repeated using the chloroform: is·oamylalcohol ( 24: 1) 

sol.ution. After the surface I.ayer had been mixed wi.th 1/10 
volume of 10% CTAB, it was centrifuged (2, 800 rpm, 15 mi.nutes, 
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room temperature) . The surface l.ayer was transferred to a 

new oentri.fuge tube and then mi.Xed with an equal. vol.ume of 

col.d isopropano1. The thus obtained solvent mixture was 

.then centrifuged ( 4. 500 rpm, 20 minutes, room temperature) • 

5 After the supernatant had been removed using an aspirator, 

it 1'as added to S ml. of a TE bUffer solution containing 1 

M sod1um cbl.oride. This was compl.etely d1.sso1ved at ss-
600C. This was mixed t~orougb1y wi.tb 5 m1 of frozen 

i.sopropano1 and the DNA was observed. It was placed on the 

10 tip of a chip, transferred to an Eppendorf tube (conta:i.ning 

80% frozen ethanol), and then rinsed. The DNA was then 

rinsed in 70% ethano1 and dried._ The dried pe1let was 
. . 

dissolved in the appropri.ate amount of TE buffer so1ution. 
Then, 5 ml of RNAase A (10 mg/m1) was added .. and reacted 

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

2% C'l'AB, 0.1 M Tris-HCl (pH8.0), 1.4 M sodium ch1oride, 1t 

po1yvi.ny1pyrro1idone (PVP); composition of the 10% CTAB 

so1ution: 10% C'l'AB, 0.7 M sodium Chloride. 

20 The Southern b1ot method was performed in the fo11owing 

manner: 

(i.) DNA E1ectrophoresis and Alkali Denaturation: After 40 

µ. g of the chromosomal: DNA bad been completely digested by 

the restriction enzyme, the standard method was used, and 

25 1.5.t agarose gel e1ectrophoresis was per£onned (50 V). It: 

was then stained wi. th ethidium bromi."de and photographed. 

The gel was then shaken for 20 minut«s in 400 m1 of 0.25 
M HCl., and the J.i.qui.d removed, and the gel permeated wi.th 

400 m1 of a denattiring solution (1.5 M NaCl, 0.5 M NaOH by 

30 shaking slowly for 45 ininutes. Next, the liquid was removed, 

400 ml. of neutral solution (1.5 M NaCl~ o.s M 'l'ris-HC1 pH 
7. 4) was added, and the soluti.on was shaken s1ow1y for 15 

minutes. Then, 400 ml of the neutra1 solution was again 
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added, and the. solution was shaken s1ow1y agai.n for 15 

minutes. (ii) Transfer: Af'l;er electrophoresis. the DNA was 

transferred to a nyl.on membrane (Hybond-N Amersham) usJ.ng 

20 x SSC. The transfer to9k more th1m 12 hours. After the 

5 bl.otted membrane was all.owed to dry at room temperature for 

an hour, UV fixing was performed for five mi.nutes. 20 x SSC 

Composition: 3 M NaC1, O. 3 M sodium ci, trate. (iii) DNA Probe 

Preparation: The DNA probe preparation was performed usi.ng 

a Random Pr:ime Labeling Ki. t (Takara Shuzo Co. , Ltd. ) • Next, 

10 the reaction solution was prepared in an Eppendorf tube. 

.. "15, 

20 

After the tube was h~ated for three minutes to 95°C, .1.t was 

rap.idl.y coc:>l.ed in· ice. Then, · 25 ng of the templ.ate. DNA and 

2 µ l. of the Random Prllier were added to make 5 µ l.. Then, 

2.su1 10 x buffer sol.ution. 2.5Um1 dNTPs, and sui [a-

32PJ dCTP-. (l.85 .MBq, so.mCi) were added, and H20 was added 

to bring the vol.uilie of reaction mixture to 24· JL l.. Then. 

1µ,1 of a Klenow fragment was added and the sol.ution was 

al.lowed to stand for 1:0 minutes· at 3 7°C. It was . then passed 

through a NAPlO co1umn .(Pharmacia Co., Ltd.) to prepare the 

purified DNA. · After bei.ng heated for three minutes at 95°C, 

it was·rapid1y cool.ed in ice, and used as a hybri.di.zation 

probe. (iv) Hybridization: 0.5% (w/v) SOS was added to the 

fol.lowing Pre-bybridizati.on Sol.ution, the membrane i.n (ii) 

was immersed in the so1ution, and pre-hybridization was 

25 performed for more than two hours at 42°C. Afterwards, the· 

DNA probe prepared in (~ii) was added, and hybridization 

was performed for more than 12 hours at 42°C. Composition 
of the Pre-hybridization So1ution: 5 x SSC, so mM sodiwn 

phosphate, 50% (w/v) formamide, 5 x Denhardt's solution 

3 o (prepared by dil.uting 100 x Denhardt' s soluti.on) , o. 1 % ( w /v) 

SOS. Composition of the 100 x Denhardt 's Solution: 2% (w/v) 

BSA. 2% (W/V) Ficol 400, 2% (W/V) pol.yviny1pyrro1idone (PVP). 

·(v) Autoradiography: After ri.nsing in the manner described 
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below, autoradiograpby was performed using the standard 

method. It was perfonned twi.ce for 15 minut:es at 65°C in 

2 x SSC and o. l_t SDS, and once· for 15 minutes at 65°C in o .1 

x SSC and o.U; SDS. 

'!'he results of the Southern blot analysis of the genome DNA 

prepared from the resistant strains are shown in FIG 4. As 

shown in.FIG 4, the presence of the hGT gene was verified 

in £our strains (GTl, 6, 8 and 9). 

-(Examp1e 3). Ana1ysis of the Gal.actosy1transferase 

Transformant 

The ce11s of the transfoxma.nts (GT-1, 6, 8 and 9) and 

wild-type BY-2 in the fifth through seventh day's cu1ture 

15 both were harvested, and then suspended in extraoti.on buffer 

so1ution (25 mM Tris-HC1, pH 7 .4: 0.25 M sucrose, 1 mM MgC12 , 

50 mM KC1). The ce11s were ruptured using. ultrasound 

processing (200. W: Kaijo Denki Co., Ltd. Japan) or 

homogenized. The cell. extract solution and the miorosome 

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 usi.ng Western b1otting and anti-human 
ga1ac'tosyltransferase (GT) monocl.onal. antibodies (MAb 

25 8628: 1:5000) (Uejima, T. et al., cancer Res., 52, 6158-6163, 

1992: Uemura, M. et al., Cancer Res., 52, 6153-6157, 1992) 

(provided by Professor Narimatsu Hisashi. of Soka Un.iversi.ty). 

Next, the b1ots were i.ncubated with horseradish 

peroxidase-conjugated goat anti-mouse IgG (St skim milk 

30 1:1000; EY Lab~ratories, Inc., CA), and a co1orimetri.c 

reaction using horseradish peroxidase was performed using 

the POD Inununoblotting Xit (Wako Chemicals. Osaka). 
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An inonunob1ot ana1ysis of the comp1ex g1ycans uni.gue to 

pl.ants was performed usi~g polyclona1 antisermn against 

fj -fructosidase in the cel1 walls of carrots and horseradish 

peroxidase-conjugated goat anti-rabbit IgG antibodies (5% 

s skimmi1k 1:1000; Sigma) (Lauri.ere, M. et a1., P1ant Physiol. 

90, 1182-1188, 1989). 

The fJ1;4-galaotosy1trans~erase aotivi.ty was assayed as a 
substrate using UDP-galactose and a pyridy1ami.no (PA-) 

10 label.ed GlcNAc2Man3GlcNAc2 (G1cNAc;zMan~Glc;:NAcz-PA) (Mor.1ta, 

N. ·et a1., J. Biochem. 103, 332-335, 1988). The enzyme 

reaction so1ut.ion contained 1-120 JLg protein, 25 mM sodiwn 
cacodyl.ate (pff: 7.4), 10 mM MnC12 ;, 200 mM UDP-galactose, and 

100 nM ·GJ.cNAozMan,Gl.cNAc2-PA. An HPLC analysis was 

.. 15 performed on the reaction product. us:l.ng PALPAK Type Rand 

PALPAK 'l'ype N col.umns (Takara Shuzo co ... Ltd.) and the method 

recommended· by the -manufacturer. The G1cNAc~an3GlcNAc2-

. PA used as the standard marker was used·· a1ong with 
·and·· two .i.somers of 

20 Gal.G1cNAc2Man3GlcNAcrPA. purchased from Takara Sbuzo: Co. 

Ltd. and Honen Co., Ltd. 

'l'he imlnunobl.ottings for the proteins derived 
0

from the 

transformant and the wild-type ce11s are· shown in FIG 5 • 
. 25 As shown i.n FIG 5, positive si.gnal.s of a mol.ecul.ar weight 

of 50 kDa were observed. This :is greater than the mo1ecul.ar 

weight estimated from the amino acid sequence ( 40 kDa) and 

is roughly equiva1ent to the bovine ga1actosy1transferase 
puri.fied from ascites and expressed in yeast (Uemura, M. 

30 et al., Cancer Res.,, 52, 6153-6157,-1992: Schwientek, T. 

et al.., J. Bi.ol. Chem •• 271 (7). 3398-3405, 1996). In the 

m:i.crosome fraction, immunoreacti ve bands (FIG 5, ·Lanes l, 4) 

stronger than those of the cell lysate(FIG 5, Lanes 6-8) 
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were observed. This means that hGT is localized 

preferentially in t)?e cel.l. No 1mmunoreact1.ve bands were 

.detected in the wi1d-type cell.s. 

5 The proteins in· the micro some £ract1.ons of transf ormant G'l'6 

and wild-typeBY-2 were bound in an RCA120 agarose column (Wako 

Chemi.cals, Osaka), and then rinsed with 15 vo1umes of 10 

mM ammonium acetate pH 6. O. Next, the bound proteins were 

eluted using 0.2 M 1actose. After separation us~ng SDS-

10 PAGE, the proteins were stained using silver sta1.ning (Wako 

Silver Stai.n:lngKit) (FIG 6) or lectin (FIG 7). In the lectin 

stai.ni.ng, the membrane bl.ots were rinsed in a '!'TBS buffer 

solution (10 mM 'l'ris-HCl,·pH 7.4; 0.15 M NaC1: 0.05% Tween 

20) and incubated ~ith horseradish peroxidase labeled RCA120 

15 (Honen Co., Ltd.). Gal.actosylated gl.ycan was then·observed 

using a Immunobl.otting K:lt (Wako Chemicals, Osaka) (FIG 7). 

As shown in FIG 7, an RCA120 binding was ·not observed in the 

wild-type BY2 oe1l.s, and the GT6 had a glycoprotein with 

galaotose on the non-reducing terminus of the glycan 

20 portion. 

The protein extract from the wi1d-type BY2 eel.ls and the 

GT6 cells as we11 as the GT6 proteins el.uted from "the RCA120 

affinity chromatography were probed using polyclona1 

25 antibodi.es unique to complex g1ycan (FIG 8) • The antiserum 

binds predominantly to the fJ 1. 2-x:y1ose residue on the pl.ant 

glycoprotei.n ·(Lauri.ere, M. et al.., Plant Physio1. 90. 

1182-1188, · 1989). As shown in FIG 8. the wi.1d-type BY2 cel.l.s 

(Lane 1) contain g1ycoproteins that reacted with the 

30 po1yc1ona1 antiserum. GT6 contains very few glycoproteins 

that reacted with the po1yclonal. ant:i.serum (Lane 2). The 

GT6 glycoproteins eluted from RCA120 affinity chromatography 

did not bind to the polyc1onal anti.serum, indicat:i.ng that 
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the ga1actosy1ated glycan does not contain 81,2-xy1ose 
residue (Lane 3)~ 

(Example 4) Introduction of the Horseradish Peroxidase (HRP) 
s gene to the hGT-Introduced Cultivated Tobacco Ce11s . 

Horseradish p~x:l.dase gene was introduced to the resul. tant 
GT6 cel11ine. Among the different types of plant peroxidase ..... 
horseradish peroxidase, _especiall.y ~ isozyme C, HRP 
(E.Cl.11.1. 7) has been the subject of extensive research. 

10 .. BRP can be used in various enzyme reaotic;>ns because of its 
superior stabil.it'.Y and a broad spectrum of substance 
specificity~ For example, it has been used in enzyme 
immunol.ogy for binding with a secondary antibody .in Western 
bl.otting. A· number of horseradish peroxidase isozyme genes 

15. have now been c1oned (Fuj.i.ymna, K. et al. •• Bur. J. Bioohem •• 
· 173, 681-687, 1988 and Fujiyama, K. et al.., Gene, 89, 163-169, 

1990). Cl.aPeroxidase (Cl.aPRX).which is encoded by prxC1a 
is first translated as a protein consisting of 353 amino 
acids containing an extra peptide consisting of 30 amino 

20 · acids at the N terminus and 15 amino acids at the c terminus. 
Then, ~tll.s is processed to form a mature enzyme with 308 

amino acids (Fujiyama. K. et al. •• Bur. J. Biochem •• 173, 

681-687, 1988). The mo1ecu1ar weight of Cl.aPRx ranges 
between 42,200 and 44,000. Of this mo1ecul.i:u- weight, sugar 

25 chains account for 22-27%, and there are eight N-l.i.nked suga:i: 
chains_(Wel.inder, K.G., Eur. J. Biochem., 96, 483-502, 1979). 
The introduction of the C1aPRX gene was perf onned using the 

binary vector pBIHm-HRP for HRP expressi.on shown in FIG 9. 

30 The pBIHm-HRP was prepared .in the fol.l.owing manner. First, 
a 1.9 kbp HindIII-SacI fragment was prepared from a vector 
35S-prx:Cl.a for pl.ant express~on, which caries an HRP cDNA 
(Kawaoka, A. et al. .• J. Ferment. Bioeng., 78, 49-53, 1994). 
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The HindIII-SacI fr~gment contains a full length 1.1 kbp 

p.rxCla cDNA fol1ow1.ng a o.a kbp CaMV35S promoter. 'l;he 1.9 

kbp H1.ndIII-SacI fragment was inserted in the HindIII-Sa.cI 

site of the binary 'Vector pBilOlHmB {Akama, IC. et al., Plant 

s Ce11 Rep., 12,-7-11, 1992). The BamHI site at 3' of the 

hygromycin resistant gene (HP'l' gene) had been destroyed. 

Because the GT6 strain is kanamycin resistant, the 

hygromycin-resistant hpt gene was used as ~he se1ectlion 

iO marker (Griz, L. and- Davies J., Gene, 25, 179-188, 1983). 

The transformation of the GT6 strain by HRP gene was 

performed us1.ng the method described 1.n Rempel, D.H. and 

Nelson, L.M. (Rempei, D.H •. a.ndNe1son, L.M., Transgenic Res. 

4: 199-207, 1995). In order to obt~in HRP transformant as 

15 a contrel, an HRP gene was introduced to a wil.d-type BY2 

ce11 to obtain a BY2-HRP strain. The doub1e-transfonnant 

G'l'6-HRP with bG'l' and BRP was obtained in whi.ch an ordinary 

transformation process takes place. 

20 (Example 5) Verification of the Expression of HRP in the 

Cu1tivated Doubl.e-Transformant Tobacco Ce1J.s 

25 

Doub1e tra.nsformant GT6-HRP , control BY2-HRP and wild­

type (WT) ce11 l.1.ne were examined for the expression of HRP 

activity 

the HRP 

activity 

l.ine. 

Table 1 

using the fol.lowing method. As seen i.n Table 1, 

gene-introduced transformant had peroxid.as~ 

about five times higher than the wi.ld-type cell 

Clone Number Specific activ1ty 
[U/mg protein} 

WT-HRP-l 10.3 
WT-BRP-5· 11.3 
WT-BRP-7 12.6 
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GT-BRP-4 . 11.1 
GT-HRP-5 9.35 
GT-HRP-8 9.47 

Wild Type 2.49 

Clone BY2-HRP obtained by introducing the HRP gene to the 

wil.d type expressed the s~e degree of peroxidase activity 

as the GT6-BRP double transformant with bGT and HRP. 

(Peroxidase Activity Measurement) 

'l'he cul.tivated tobacco cel.1s were pl.aced.into an Eppendorf 

tube containing Solution D and were ruptured using a 

homogenizer (Homogen1.zer S-203, Ikeda R:i.ka co., Ltd.). The 

10 .· supernatant was col.lected ·after centrifugation ( 12, 000 rpm, 

20 minutes. 4°C) and then used as the. crude en·zyme sol.ution. 
Next,.· 1 ml.. of Sol.ut.1on A,. l :m1 of Sol.uti.on B and 2 ml. of 
So1ution C were mixed together, and the mixture was incubated 

for five minutes at 25°C • The crude enzyme solution 
15 appropriately cU.l.uted with Sol.ution D was added to the 

mixture, and allowed to react for three minutes at 25°C. 'l'be 
reaction was stopped by the.addition of o.s ml. of 1 N HC1. 

and· th·e absorbance at· 480 nm was. measured. As a control., 

a solution with 1 N HCl. added before the introduction of 

· 20 ·. th~· enzyme was used. 

Sol.ution A: 1 mM o-aminophenol 

Sol.ution B: 4 mM B:i<>i 

Solution C: 200 mM sodium phosphate buffer (pH 7.0) 

25 So1ut~on D: 10 mM sodium phosphate buffer (pH 6.0} 

Next, in order to determine whether or not tbe rise in 

peroxidase activity was due to the expression of BRP, 

activity staining was perfo:cmed after separation by gel 

30 isoel.ectric focusing. The isoe1ectric focusing was 
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performed using a· BIO-RAD Mode1 111 Mini.-IEF Cell.. The 

hydrophobic surfac~ of the PAGE gel. support £11m was attached· 

to a glass p1ate, and· then pl.aced on a casti.ng tray. The 

prepared gel. soiut::t.on was poured between the support film 

5 · and the casting t:ray and then photopol.ymerized for 45 minutes 

under a fluorescent 1amp. The sample was appl.ied to the gel.. 

and the gel was positioned so as to come into contact with 

both graphite electrodes wetted with distilled water in the 

e1ectrophoret.ic bath. Electrophoresis ~s then performed 

10 for 15 minutes at 100 v. 15 minutes at 20~ V and 60 minutes 

at 450 V. composi.tion of the Gel. Sol.ution {per 1 Gel. 

Sheet) :distilled water 2. 75 ml, acryl.ami.de (25%T, 3tC) l.O 

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

10% ammonium persul.fate 7.5 IL 1, 0.1% sodium 

lS riboflavinS'-phosphate 25 11.1, TEMBD 1.5 P,1. 

The acti.vi.ty stain.1.ng of peroxidase was performed according 

to the method of Sekine et al. (Sekine et a1., Plant Cell 

Technology, 6, 71-75, 1994). As shown in FIG 10, a 

20 significant band not found in· wild-type cel.l l.ine was 

detected 1.n the pI 7.8 pos.:lti.on 1.n the BY2-HRP cell. 11.ne 

and the GT6-HRP strain. The resul.ts of a Western analysis 

using anti-BRP anti.bodies confirmed the detecti.on of a 

si.gna1 at the pos:t.t:lon correspondi.ng to pI 7 .8 and· the 

25 expression of HRP in the double transformant GT6-HRP with: 

hG'l' and HRP. 

( Exampl.e 6) Structural Analysis of the N-linked SUgar Chains 

in the 'l'ransf ormant GT6 Cells 

30 (Method Used to Analyze the Sugar Chain Structure) 

The N-li.nked sugar chains in the transformant GT6 cell.s were 

ana1yzed by combining reverse-phase BPLC and size­

fracti.onation BPLC, performing the two-d1tnens1.ona1 PA sugar 
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chain mapping. performing exoglycosidase digestion, and 

then perforndng ion spray tandem mass spectrometry (IS­

MS/MS) (Perkin E1mer Co., Ltd.). ·First, the ce11 extract 

so1ution was del.i.pidated with acetone, treated with 

s hydrazine for 12 hours at 10D°C, and the sugar chain portion 
was released. The hydrazino~ysate was N-acetylated, 

desa1ted using the Dowex 50X2 and the Dowex 1X2 (The Dow 

Chemical Co.,, Ltd. and its representative in Japan,, 

Muromaohi Cbendca.l Industry Co.·, Ltd.),, then fractionized 

10 by using O.l N ammonia and the Sephadex G"'."25 gel. fil.tration 

co1unm ·(1.8 x 180 cm) (Pharmacia Co., Ltd.). 

Pyridylamination was then performed as described above. 

The pyridy1aminated sugar·chains (PA sugar chains) were then 

separated using a Jasco 880-PU HPLC device with a Jasco 

15 821-FP Intelligent Spectrophotometer (Japan Spectroscop1.c 

Co., Ltd.) and Cosmosi.1 SC18-P andAsahi.pak NH2P.-50 columns. 

The elution pos.itionl,' were compared with a standard either 

produced by the applicant or ·purchased (from Wako Pure 

Chemical Industries, Ltd. and Takara Shuzo Co., Ltd.). 

20 

The g1ycosidase digestion using N-acetyl- · 8 -D­
gl.Jlcosa.minidase (Dip:J..ococcus . pneumoniae. Boehringer 

Mannheim) or·mannosidases (Jack bean. Sigma) was performed 

on about-1 nmoi of the PA sugar cha1.~s under the same 

25 conditions as the method described in Kimura, Y. et a1. ,: 

Biosci. Biotech. Biochem. 56 (2). 215-222, 1992. Digestion 

using B -ga1actosidase ( Dipl.ococcus pneumoniae, Boehringer 

Mannheim) or Aspergil..lus saito.i-derived 0:-1.2 mannosidase 

(provided by Dr.Taka.shi Yoshida at Tohoku University) was 

30 performed by adding 1 nmoi of PA sugar chains and 200 mu 

8-galactosidase or 60 JLg of a-·1,2 mannosidase to so mM of 

sodium acetate buffer (pH 5.5) and incubating at 37°C. After 

the resultant reaction solution was boiled and the enzyme 
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reaction was stopped, a. port.ion of the digested product was 

ana1yzed us1.ng size-fractionation HPLC. The mol.ecu1ar 

weight of the digested product was analyzed usi.ng .ion spray 

tandem mass spectrometry (IS-MS/MS) and/ or compared to the 

S standard suga:i; ohai.n as described in Pal.acpac. N. Q. et a1. , 

Biosci. Bioteoh. Bieohem. 63(1) 35-39, 1999 and Kimura, Y. 

et a1., B.iosci. Biotech •. B1ochem. 56 (2), 215-222, 1992. 

The IS-MS/MS experiment was performed using a Perkin Elmer 

10 Sciex API-III. It was performed in positive mode with an 

ion spray vo1tage of 4200 V. Scanning was performed every 

0.5 Da, and the m/z was recorded from 200. 

(Anal.ysis of the sugar Cha.ins i.n the GT6 Cel.l.s) 

15 The PA sugar cha.ins prepared from the G'l'6 cel1s were ·purified 

and ana1yzed usi.ng a comb1.nation of reverse-phase HPLC and 

size-fractionat.ion BPLC. In Fracti.on I at the 10-20 minute 

positions in the size-fractionation HPLC (FIG 11), no 

N-linked sugar chains were eluted. This suggests that the 

20 Fraction I is a non-absorption portion conta:lning by­

products of bydrazinolysis. In the MS/MS analysis, no 

fragment ion with m/z values of 300, which corresponds to 

PA-G1cNAc, was detected. Simi1arl.y, Fraction XI at the 

5 o-60 minute posi tJ.ons di.d not have a peak indicating e1uti.on 

25 by the size-fracti.onation HPLC. Therefore, it is cl.ear that: 

there were no N-1.inked sugar chai.ns. The 17 peaks inol.udi.ng 

A-Q shown in FIG 12 were all collected and purified after 

the analysis from Fraction II to Fract1on X in the 

si.ze-fraotionation HPLC (FIG 11) was compl.eted. 

30 

The IS-MS/MS analysis found that seven of these peaks were 

N-1inked sugar cha.1.ns. The foll.owing is the resul.t from the 

analysis of these peaks. 
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The el.ution positions and mol.ecul.ar weights of 
o1.igosaccnarides -A, -~, -B, •I, -M, -o, -P and -0 (FIG 12) 
did not correspond to those of PA sugar chain standards. 

5 In the MS/MS ana1ysis, the m/z val.ues of 300 and 503, which 
respectivel.y correspond to PA-G1cNAc and PA-G1cNac2, were 
detected. However, the fragment ions were not detected 
corresponding to Ma.nG1cNA2 (!"1) or the tr:Lmannose core sugar . . . 
chain Man3G1~Ac2 (M3) which are genera11y found i.n N-l.inked 

10_- sugar chain (data not showri). Even the ol.~gosaccharides -B, 
-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-1.inked sugar chains. The seven remaining N-iinked sugar 
chains were then examined. 

15 

The el.ut:ion _,positions and mol.ecuJ.ar wei.ghts of.peak-C (m/z 
1637.5: mo1ar ratio 9.3t), peak-F ([M+2H] 2 + m/z 819.5, 
[M+H] +m/z 1~39: me>l.arratio 15.9%), andpeak-G (m/z 1475.5: 
mol.ar ratio 19. 5%") indicated high mannose-type sugar ch.ains 

20 Man7Gl.cNAC2 .:(Isomer M?A and. f47B) and Man6Gl.cNAcz (M6B) 

respectivel.y. When digested by Jack bean a~mannosi.dase, 
it was indi.cated that the N-1.inked sugar chains are degraded 
to ManGl..cNAc (Ml) by size-fracti.onation HPLC anal.ysi.s (data 
not shown) • · In an IS-MS experiment on the digesti.on product, 

_. 25 the ion. with an m/z val.ue of 665. 5 corresponding to a: 
· cal.cul.ated val.ue of 664.66 for Ml was: detected, indi.cating 
that these N-l.inked sugar cha1ns have the same structure 
as respective corresponding PA sugar chai.n standard. 

30 Peak-J (6.6%) had a mol.ecul.ar weight of 1121.5, which is 
al.most the same as the cal.culated molecul.ar weight val.ue 
of m/z 1121. 05 of ManJXY1.iGl.oNAorPA (M3X) • The positions 
of the fragment ions were 989.5, 827.5, 665.5, 503.3 and 
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30·0. 'l'his does not contradict the findings that Xyl, Man, 

Man, ~an. and G1cNAc were.re1eased in successive order from 

Man3Xyl.iG1oNAc2-PA. When digested using Jack bean a -
_mannos.i.dase, the mannose residae..s. on the non-reducing 

5 terminus oan be removed, and tbe two-dimensiona1 mapping 
revea1ed .the same elution positions as those of 

Man.iXYl..iGlcNA~-PA (data not shown). 

The results of the analysis of the IS-MS experiment on peak-IC 

10 (13.2%) fraction revealed that this fra~tion contains two 

types of N-l.i.nked sugar chains, one has the mol.ecul..ar weight 

of 1314. O ( 1. 4-t) and the other has the mol.ecular weight of 

1354.5 (11.8%). This fraction was subjected to reverse­

pbase BPLC, puri.fied and anaJ.yzed. The sugar chain peak IC-1 

15 with a mol.ecul.ar weight of 1314.0 bad the same two­

dimensional. mapp1.ng and m/z value measured as.that of the 

sugar cha.in standard MansG1oNAcrPA (MS) • When treated using 

jack bean a -mannosi.dase ~ the el.ution positions of the 

degradated product had shifted to posi ti.ons sim11ar to those 

20 of Ml in tbe two-dimensional. mapping. This indicates the 

removal. of four mannose residues. 

(Ga1actose~added N-1inked Type Sugar Chains in the GT6 

Cel.l.s) 

25 The determined m/ z va1ue of 1354. 5 for sugar chain peak K-2.' 

1.s almost the same as themolecul.arweight m/z val.ueof 1354.3 

predicted for Gal1GlcNAc1Man~G1cNAc2-PA (Ga1GNM3). The. 

resu1t of the mass spectrometry 1.ndi.cated that fragment ions 

were derived from the parent mol.ecul.es. The m/z val.ue of 

30 1193. 5 indicated Gl.cNAc1Man3Gl.cNA0z-PA1 the m/z val.ue of 

989.5 indicated Man3Gl.cNAcrPA, the m/z value of 827.5 

indicated Man2GlcNAc2-PA, the m/z va1ue of 665 indicated 

ManGl.cNAcz-PA, the m/z val.ue of 503 indi.cated Gl.cNAc2 -PA. 
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the m/z val.ue of 336 inclica.ted ManG1cNAc. the m/z va1ue of 

30D indicated GlcNAc-PA. and the m/z value of 204 .indicated 

Gl.cNAc. From the put21:t:J,.ve N-1.1.nked sugar chain structure, 

it is considered t.o be e:t,ther of two Ga1GNM3 isomers (FIG 

s 13) .. It is either Gal /3 4(UcNAc (3 2Man a 6 (Man a 3) Man /3 
4G1cNao 8 4Gl.cNAc-PA or ·Man (l 6 (Gal. fj 4G1QNAc fJ 2Man a 3) M8:n /3 
4GlcNAc fj 4Gl.cNAc-PA. · The p'Llrified PA sugar chains had 

reverse-phase HPLC elution positions that were the same as 

the sugar chain standard Man a 6 (Gal. fj 4GJ.cNAc tJ 2Man a 3) Man 

10 /3 4Gl.cNAc8 4G1.cNAc-PA (FIG 13B). 

The sugar chain was treated w.1.th exoglycosidase and the 

structure of the: sugar chain was verified. The D. pneumoniae 

. /3 ~ga1acto.aidase is a Gal. /3 1. 4G10NAc linkage specific enzyme. 
15 The digested product of the sugar chain by the enzyme was 

el.uted at the saine · posi.tion as that of the 

GlcNAc1Man3Gl.cNAcrPA i.n ·the .size-fract.1.onation BPLC (FIG 

14A-II) • AD m/ z of 1192 .. O was obtained from the IS-MS/MS 

· anal.ysis. These·resu1ts indicate .a ga1ac:tose residue has 

20 been removed from the G1cNAc··On the non-reducing terminus 

with the /3 1, 4 binding. Wh~n . the product was dige·sted by 

a N-acetyl-8-D-glucosaminidase derived from Dip1ococcus 

pneumon.iae, which is · 8. 1;. 2 GlcNAc linkage ·specific 
(Yamashita, IC. et a1., J. 81.ochem. 93. 135-147,, 1983), the 

25 digested product was eluted at the same position as that 

of the standard Man3GicNAc2-PA in the size-fractionation 

HPLC (FIG 14A-III). 'Nhen the cligested product was treated· 

with jack bean a-mannosidase, it was e1uted at the same 

position as that of the standard ManGlcNAcrPA in the 

30 size-fractionation BPLC (FIG 14A-IV). The sugar chain 

structure is shown in K-2 of.FIG 15. 

The mass spectroscopy ana1ysis of Peak L ( 35. 5%) gave [M+2B] 
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2+ of 840, [M+H) + of 1680.0, which nearly matched the 

molecuJ.ar w~ight m/z value of 1678.55 expected for 

;GaJ.1G1cNAc1Man5G1cNAc2-PA (GalGNMS). The resul.t of the mass 

spectrometry i.ndicated fragment ions derived from the parent 

5 mol:ecu1es. 'l'be m/ z value of 1313. 5 indicated MansGlcNAc2-PA, 

'the m/z.-value of 1152 indicated Man,Gl.cNAc2-PA. ~he m/z value 

of 989.5 indicated Man3G10NAc2-PA, the m/z value of 827.5 

indicated Man2Gl.oNAo2 -PA. the m/z val.ue of 665 indicated . . 
ManGlcNAc~-PA, the m/z value of 503 indicated GlcNAc2-PA, 

10 the m/z value of 336· indicated ManGlcNAc, the m/z val.ue of 

300 indicated GlcNAc-PA, and the m/z val.ue of 204 indicated 

GlcNAc. The product digested with D. pneumon~ae 8 -
ga1actosidase was eluted.at the same position as that of 

G1cNAc1Man5GJ.cNAc2-PA in the size-fractionation HPLC (FIG 

15 14B-rI). The resuits .indicate that a galaotose residue is 

bound t~ the GlcNAc on the non-reduci.ng terminus with the 

13 1, 4 li.nkage. The removal of the gal.actose was confirmed . . 
by the molecular weights obtained from the IS-MS/MS anal.ysis. 

[M+2HJ 2+ was 759 and [M+HJ was 1518. O. The mass spectrometry 

20 indicated fragments ions derived from the 

GlcNAc1MansGl.cNAc2-PA with a parent signal of m/z 1518.0. 

The m/z value of 1314 indicated MansG1cNAez-PA, the m/z value 

of 1152 indicated Man.Gl.cNA"2-PA, the m/z val.ue of· 990 

intlicated Man,GlcNAc2 -PA, the m/z value of 827 .5 :indicated 

25 Man2Gl.cNAc2 -PA. the m/z value of 665.5 indicated 

Man1G10NA02-PA, the m/z value of 503 intlioated G1cNA02-PA, 
and 1=he m/z value of 300 indicated GloNAc-PA. When the 

GlcNAc1MansGlcNAc2-PA was digested with an N-acetyl- f:J -D­

g1ucosaminidase derived from Dip1ococcus pneumon~ae 1 the 

30 digested product was eluted ~t t~e same position_ as that 

of the standard Man5GlcNA02-PA in the size-fractionation 

HPLC (FIG 14B-III). Even when treated with a -1,2 

mannosidase derived from Aspergi11us sairoi, the el.ution 
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position did not shift (FIG 14B-IV). However, when treated 

wi~h jack bean a-mannosidase, it was el.uted at the same 

position as that of standard Man1GlcNAc2-PA in the size­

fractionation HPLC.(FI~ 14B-V). 'fhis indicates the removal 

5 of four mannose residues in the non-reduci.ng terminus. 

These results indicate that in the PA sugar chain, none of 

five mannose residues are al,2 l.1.nked to the mannose residue 

which are a 1. 3 binding. The exog1ycosidase digestion, 

two-dimensional sugar· chain mapping, and IS-MS/MS analysis 

10 indl.cate a sugar chain structure•·of Gal.~NHS as shown by L 

in FIG 15 •. 

FIG 20 summarizes the above results regarding the structure 

of N-linked gl.yoansand the ratio of each N-l.inked glycan 

15 in G'l'6 cell line al.ong wit~ those in wi.ld-type BY2 cel.1 line 

determined ·similarly. · In FIG 20 i 0 denotes- Gl.cNAc, 0 
denotes mailnose~ e denotes ga.lactose, D with hatched lines 

therein denotes xY"l.ose, and 0 with dots therein denote~· 
fucose respective1y~· 

20 

In GT6' cel.1 l.ine,.· the isomers Man7-. Man6- and ManSGl.cNAc2 

were observed.·· Because those high-mannose type 

oligosaccharides ·. wi.l.l. be· · substrates . for (3 1. 4-

gal.actosyl. transferase (Gal.· T)·, introduction of Gl.cNAc I, 

25 Man I and· Man II . cDNAs can more effi.ci.ent1y J.ead. the; 

oligosaccharide Man 7 - 5GlcNAc2 to Gl.cNAcMan3Gl.cNAc2, which 

can be a substrate of GalT (FIG 21). 

A. tha1iana cglI mutant. that lacks GnT I, Pc:u1 not sythesize 

30 compl.extypeN-glyoans (vonScbaewen, A., Sturm, A., O'Nei1l., 

J. , and Cllrispeel.s, MJ. , Pl.ant Physio1. , 199 3 

Aug:1D2(4):1109~lll8. Isol.ation of a mutant Arabidopsis 

pl.ant that l.~cks N-acetyl g1uoosaminy1 transferase I and 
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is unab1e to synthesize Gol.gi-modified complex N-1.inked 

gl.yoal'ls) • Compl.ementation with the human GnT I in the cgiI 

mutant indicated that the mamma1ian enzl'Dle cou1d contribute 
the plant N-glyoosyl.ation pathway { Gome.z. L. and Chrispeel.s. 

S M.J., Proc. · Natl. Acad. Sci. ·USA 1994 March 

1191(5):1829-1833, Compl.ementation of an Arabidopsis 

tba1iana mutant that. l.acks complex asparagine-linked 

gl.yoans with the human oDNA encoding N­

acetylg.lucosaminyl transferase I. } Furthe:nnore, GnT I cDNA 

10 . isolated from A. t'ha1iana c~mplemented N-

acetylglucosaminyl.transferase I deficiency of CHO Leol 
·cells ( Bakker. B. • Lonunen • A. , Jo:tdi, W. , Stiekema, W. , and 

Bosch, D., Biochem. Biophys. Res. Connnun. 1 1999 Aug 

11:261(3) :829-32, An Arabidopsis thal.iana cDNA compl.ements 
15 the N-acetylglucosaminy1transferase I deficiency of CHO 

Lecl eel.ls) • cDNAs encodi.ng- human Man I and Man II were 
isolated and sequenced (Bause, E. 1 Bieberi.ch, E., Ro1fs, .• 
A., Volker, C. and Schmi.dt, B. r Eur J Biochem 1993 Oct 
15:217(2) :535-40, Molecu1ar c1oning and primary structure 

20 of Man9-mannosidase from human kidney: 'rremb1ay, L.O •• 
CampbE!ll., Dyke, N. and Berscovics, A., G1ycobi.o1ogy 1998 
·Jun:B(6):585-9S, Mo1ecu1ar cloning, chromosomal mapping 

and tissue-specific expression of a novel human alpha 

1,2-mannosidase gene inyol.ved :ln N-glycan maturation: and 

25 Mi.sago. M., Liao, Y .F., Kudo, S., Eto, s., Mattei, M.G. ,: 

Moremen, K. W. , Fukuda, M. N. , Mo1ecul.ar cloning and 
expression of cDNAs encocling humana1pba-mannosidase II and 
a previousl.yunrecognizedalpha-mannosidase IIx isozyme). 

Human Man I has two isozymes, · Man IA and Man ID, and the 
30 nucleotide structure of isozymes• cDNA was shown (Bause, 

E •• et a1., and Tremblay, L.O., supra). 

By transforming these cDNAs into the BY cell line, an 

effic1.ent cel.11ine producing human-type glycoprotein, can 
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be obta:i.ned. 8 1,4-Gal.actosyltransferase (Gal T) uses 

ODP-galactose as a donor substrate and GlcNAc2Man3G1cNAc2 

as an acceptor substrate. Efficient supp1y of UDP­

gal.actose will enhance the G~ T enzYIDe reaction, and more 

5 gal.actosylated- olige>saccharide wil.1 be produced (FIG 22). 

(Example 7} Structural. Analysis of the Sugar Chains on the 

HRP in the Double Transformant GT6-HRP Cells 

A crude cell. J.ysate was obtained from the homogenate of 50 

10 g of cultured G'r6-BRP eel.ls or control BY2-BRP eel.ls grown 

for seven days. respectj_vely~ · · Tbi.s . crude cel.l. lysate 

sol.ut:i.on was applied to a.CM Sepharose:FF col.unm (1 x 10 

cm) (Pharmacia.co., Ltd.) ·equilibrated with 10 mM of sodium 

phosphate buf;fer (pH 6. o) • . After. washing the col.wnn. the 

15 el.uted peroxidase was measured·at an .absorbance of 403 nm. 

The pooledfractj_onwas:concentrated.using an .uJ.trafilter 

(moJ.ecu.lar weight-cut off: 10.000. Advantec Co •• Ltd.), 

dial.yzedaga~st 50 mMofasodiumphosphate buffer (pH i.O), 

·.and then applied to an equilibrated benzhytn:oxaminic 

20 acid.,.agarose affinity column (1 x · 10. cm) .. (KemEn Tech, 

Denmark) . Aft~ the colwnn. was washed :in 15 volumes of 50 

mM of sodium phosphate buffer·(pH 7.0)., the absorbed HRP 

was eluted using o. 5 M bori.c acid prepared 1.n the sanie buffer. 

The peroxidase active fraction obtai.ned was then pooled, 

25 dia1yzed, andconcentrated. 

The purified HRP prepared from the double transformant 

GT6-HRP cells or BY2-BRP cells was applied to a 1 x 10 cm 

RCA120-agarose col.umn. · 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. 
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Lecti.n staining was then performed on the purifi.ed HRP el.uted 

from RCA12 .. affinity chromatography whose specificity is 

specific to 81,4 .linkage galactose. The .leotin RCA.uo was 

.bound to only the· HRP produced by the transformed ce11 

5 GT6..-BRP. Because the leotin binding· was dramatical.l.y 

reduced by preJ.noUbation with the gal.aotose which can 

compete with the l.ectin (FIG 16b-III).. the binding is 

carbohydrate specific. Even when the purified HRP is 

pre-treated with D. pneumoniae fJ-galactosidase, the RCA120 

10 binding was inhibited. These results i~dicate.RCA bound 

speoifi..ca1l.y to 81,4-11.nked gal.actose at the non-reducing 

end of N-1.1.nked gl.ycan on BRP. The absence of RCA-bound 

g1ycoproteins in.the BY2~HRP ce11s indicates that these 

eel.ls can not transfer the ~1,4 linked gal.actose residue 

15 to the non-reducing term.tnus of the HRP g.lycan. · 

Reverse-phase HPLC of PA derivatives derived from BRP 

purified us:i.ng RCA120 indicated that the sugar chains on the 

HRP proteJ.ns puri.f:l.ed from the GT6-HRP appear a.s a single 

20 peak (FIG 17). In the reverse phase HPLC, a Cosmosi.l 5C18-P 

col.umn or Asahipak NH2P column was used in a Jasco 880-

PU HPLC device with a Jasco 821-FP Intelligent 

Spectrofl.uorometer. Nei.ther bound proteins nor detectable 

peaks were observed i.n the HRP fractions purified from 

25 BY2-HRP. '.rhe peak obtai.ned from the G'1'6-BRP in th~ 

si.ze-fracti.onation 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 o.ligosaochari.de contained 

30 in the peak was Gal1GlcNAc1MansGloNAcrPA. The 

confirmation of this structure was provided using continuous 

eXogl.ycosi.dase digestion. The standard sugar chains used 

were a sugar chains prepar~d previously (Kimura, Y. et al. .• 
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Biosci. Bioteoh. Biochem. 56 (2), 215•222, 1992) or 

purchased (Walto Pure Cbemica1; Indtistrie!!'I .. Ltd. Osaka and 

Takara Shuzo Co., Ltd.) • 

s The PA sugar chain digested with /3 -ga1actos1.dase (D. 

pneumoniae) matched the e1ution position of the standard 

GlcNAc1Man5G1oNAoz-PA indicating the remova1 of a ga1actose 

residue B l,4-1inked to ~ non-reducing term1.na1 G1cNAc. 

FUrther digest1.on with D. pneumonias N-acetyl- "/3 -D-

10 g1ucosamin1.dase of B -ga1actos1.dase-d,igested products 

produced a sugar chain equiva1ent which is e1uted at the 

same e1ution position· of· MaDsG1cNA~·-PA, indicating the 

remova1 of a G1cNAc residue 8·1,2 linked to a non-reducing 

termina1 mannose residue. The removed G1cNAc res:i.due is 

15 believed to be · 1inked to a 1, 3 inalinose linked to a · 8 1, 4 
· . mannose residue in view of the N-1inked type processing rQute 

of· ttie p1ant. . In order to confi:rin -the l.inkage posi. ti.on of 

·the GlcNAc ·residue, Mail~G1cNAc2-PA (MS) was incubated with 

a 1,2 mannosidase derived· from ASperg:i11us sait:oi. As 

20 expected, an elution. position shift was not detected, 

confirining MS has the structure Man a 1-6(Man a 1,3) Man a 
1-6 (Man a 1,3) Man B i,4GlcNAc B l,4G1cNAc as predicted. 

. . 
·When the ·sugar chain was· digested using jack bean a -
mannosidase, it was eluted at the same elution positions 

25 of known Man1Gl.cNAcrPA. 'l'herefore, the sugar chain 

structure corresponded to Man a 1-6 (Man a 1, 3 )Man a 1-6 (Gal 

8 1, 4G1cNAc /J 1, 2Man a 1, 3-)Man fJ 1, 4G1cNAc /3 1, 4G1cNAc" 

(Ga11GlcNAc1MansG1cNAz). These resul.ts indicate that the 

sugar chain in GT6 oel.l has the structure shown in FIG 15 
30 and that the sugar chain structure ·on ali HRP protein derived 

from the double transformant GT6-HRP is Man a 1-6 (Man a 
l,3)Man a 1-6(Gal/31,4GlcNAc81,2Man a 1_,3)Man B l,4G1cNAcB 

1, 4Gl.oNAc ( Gal1Gl.cNAc1MansG1cNA2) • 
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Simi1ar1y, the ga1actosy1ated N-gl.ycan on HRP derived from 

the transformant G'l'6-BRP cells did not react with an 

ant1serum which ha~ been shown to speo1f1ca11y react with 

s /31, 2 xyl.ose residue ·indicative of pl.ant N-gl.ycans. · This 

indi.cates that one df the sugar res1.dues shown to be 

antigenic i~ complex pl.ant gl.ycan, i.e., xyl.ose residue, 

is not present (Garcia-Casado, G. et al.., G1yoobiology 6 

(4): 471,477, 1996) (FIG 18). 

10 
INDUSTRIAL APPLICABILrrY 

The present i.nvent:1on provides a method for manufacturing 
. . 

a gl.ycoprote1.n with a hl:dnan-type sugar chain. It also 

provides pl.ant cel.l.s that have a sugar cha.1n adding mechanism 

15 able to perform a reacti.on :in which a galactose residue is 

transferred to a acetyl.glucosamine residue on the non­

reducing terminal., wherei.n the sugar chai.n adding mechanism 

is capabl.e of joining a sugar chain which contains a core 

sugar chain and an outer sugar chain, wherein the core sugar 

20 chain consists essential1y of a p1ura1ity of mannose and 
aoetyiglucosilmine, and the outer sugar chain contains a 

tennina1 sugar chain portion containing a galaotose on the 

non-reducing termina1. The present invention further 

provides a g1ycoprote:i.n with a human-type sugar chain 

25 obtained by the present invent!.on. A gJ.yooprotein wi. th a 

mammalian, e.g., human-type sugar chain of .the present 

invention is not antigenic because the gl.ycosyl.ation 1s ~ 

human-type. Therefore, it can be useful for administering 

to aJU.ma1s incl.uding humans. 
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CLAIMS 

1. A method of manufacturing a gl.ycoprotein having a 
human-type sugar ·chain, comprising a step in which a 

s transformed p:Lant cel.l. is obt.ained by introducing to a pl.ant 

ce1l. the gene of g1ycosyl.transf erase and the gene of an 

exogenous glycoprotein, and a step i.nwhich the obtained 

transformed pl.ant cell is cu1tivated. 

10 2. A method according to claim 1, wherein the 
glycosyltransferase is an enzyme capab1e of conducting a 
transfer reaction of a ga1actose residue to a non-red~cing 
te:r:mi.nal. acetylgl.ucosmnine residue. 

3. A method according to Claim 1, wherein the glycoprotein 
with a human-type· sugar chain comprises a core. sugar cha.i.n 

arid an outer .sugar ·chain, wherei.n the core sugar chain, 
comprises a plurality of mannose and acety.lglucosamine, and 
wherein the outer sugar chain contains a terminal. sugar chain 

. . 
20· portion with ~ non-redUci.ng termina1 gal.actose. 

4. A method, according to Cl.a:i.m 3, wherein the outer sugar 
chain has a straight chai.n confi.guration. 

25 5. A method according to Cl.a1m 3, wherein the outer sugar 
chain has a branched configuration. 

30 

6. A method according to Claim 5, wherein the branched sugar 
' chain portion has a mono-. bi-, tri- or tetra configurati.on. 

7. A method according to Cl.aim 1 through Claim 6, wherein 
the glycoprptein contains ·neither fucose nor xylose. 
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8. A pl.ant cell. ?_laving a sugar chain addi.ng mechanism which 

oan conduct a transfer react~on of a galactose residue to . . . 

a non-reducing terminal acetylglucosam:ine residue, wherein 
. . 

the sugar chain "adding mechan.ism adds a sugar chain 

5 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 tenninal sugar chain portion with a non-redUc.ing 

terJnina1 gal.actose. 
10 

!J. A pl.ant eel.!. accorcling to cl.aim 8, wherein the plant cel.l. 

is transformed with the gene of a first enzyme capable of . . 

conducting a transfer reaction of a gal.actose residue to 

a non-reducing termllia1 acety1g1ucosamine resj_due and the 

15 gene of a second enzyme which can enhance the first enzyme. 

10. A plant cell according to c1a1m 9, wherei.n the second 

enzyme is se1ected from the group consisting of Mannosidase 

I, Mannos1dase II, 81,4-Galactosy1transferase (Ga1T) and 
20 N-acetylg1ucosaminy1transferase I (G1cNAeI). 

11. A plant regenerated from the plant cell. of claim 8. 

12. A recombinant plant, or portion thereof, that produces 

25 mammal.ian-like glycoproteins comprising neither fucose or 

xy1ose. 

30 

13. A gl.ycoprotein with a human-type sugar chain obtained 

using the method according to Claim 1 through Claim 7. 

14. A plant-produced glycoprotein comprising nei.tber fucose 

or xylose. 


