;z{|}e3e: 674ZR6T6WD 02/ OS7.t B - 1 DESCRIPTION PCT/JP02/(103C 1 Method
for Secretory Production of & ycopremmmmﬁmETmn Type Sugar Chain
Usi ng Pl ant C(@t 5 TECHNI CAL FI ELD 15" ﬁgpﬁéd 8’9 (of
‘ext r aneou¥ OJRITERs usi ng plant cul turedggdi+s i s proceedi 4 %Qarrpl e,
attenpts are being made to produce the foll ow ng proteins useful for humans
using tobacco cultured cell: 20 GW CSF (sek,-E. A Janes, C. Wang, Z. Wang,

- R Reeves, J.H Shin, N S. Mgnuson and J.M Lee, "Production and
Characterization of Biologically Active Human GW CSF Secreted b

Genetically Mdified Plant Cells" , Protein Expr. Pur| f. “ lewlmmm limﬁm
" (2000)), IL-2 and IL-4 (see, N S. 2 DHASCRIBSDION P .
Reeves , G. An, K. Haydas s and J.M Lee, " Secretlon of Bisak®gi cal |y

Active Human Interleukin-2 and Interleukin-4 from Genetically Mdified
Tobacco Cells imﬁue@eﬁerole&réturg" ProBoctéon BfpGlycBpriotein HEXimdh- 52

(1998)), inmmunogl obuli Lﬁ;&n " El?ﬂggg covery of a

Secreted Manmal i an Pr ot e| n ﬁesu nsi ongb& [fl%ﬁ%go neglggl ly Modified

Tobacco Gl ls" , Protein Expr. Purif., 7, 220 228 (1996)), erythropoietin

The present invention relates to a;ﬁﬁlﬂ% ®ep secretory production of a
uma

het er ol ogous gl ycoprotein having 1 n- type sugar chain using a plant
cell, a plant cell capable of secretlng this glycoprotein, and a

gl ycopr ot ei n_havi ng a tsi&g%nﬁi‘@ﬁr!réfﬂé’é%t&’ﬂé‘dlﬁdo'f%t tq'Fe“
- ~W 02/057.t X8 - P JPO 003G~ (see, S. tsunoto, A Ishii,

lkura, M UedasaﬁHeRorSa%%‘P@uCtE%brC@sé }amtwoi-taaaﬂs FEFAMGRRFS sk ﬁamrig

Cul turedla'oba%%&%ﬁs vp8i 8§hr &h@iﬁcﬁ@ﬂxg B Prdeioe 19/, al PAWm2221(1 1993

n l-antitr
) , and a atltbx

in Mur ai
capa of s(ecretlng thlS gEycoprote:Ln and a glycoprotein

having a human-type sugar chain secreted by this plant cell.

BACKGROUND ART

15
Production of extraneous proteins using plant

cultured cells is proceeding. For example, attempts are
being made to produce the following proteins useful £for
humans using tobacco cultured cell:
20 GM-CSF (see, E.A. James, C. Wang, Z. Wang, R. Reeves,
J.H. Shin, N.S. Magnuson and J.M. Lee, "Production and
Characterization of Biologically Active Human GM-CSF
. Secreted by Genetically Modified Plant Cells", Protein Expr.
Purif., 19, 131-138 (2000)), IL-2 and IL-4 (see, N.S.
25 Magnuson, P.M. Linzmaier, R. Reeves, G. An, K. HayGlass and
J.M. Lee, "Secretion of Biologically Active Human
Interleukin-2 and Interleukin-4 from Genetically Modified
Tobacco Cells in Suspension Culture", Protein Expr. Purif.,
13, 45-52 (1998)), immunoglobulin (see, N.S. Magnuson, P.M.
—_— 30— Linzmaier,—J.-W-—Gao; R.—Reeves—G—Anr—and—d-M+—Lee;

"Enhanced Recovery of a Secreted Mammalian Protein from
Suspension Culture of Genetically Modified Tobacco Cells"™,

Protein Expr. Purif., 7, 220-228 (1996)), erythropoietin



5 M Kawanmura, S. Nakanishi, T. Stoltz, L. Chen, W Drohan, R L. Rodriguez
and S. Katoh, "Production of Functional Human al-Antitrypsin by Plant Cell
,Culture", Appl. Mcrobiol. Biotechnol., 52, 516-523 (1999)). 10 On ot her
hand, it WO REHHE ed that plant cultured cells secrete manyCHRIREPII or

gl ycoproteins ( see, A Sturm "Heterogeneity of the Conplex N-Linked

QA igosaccharides at Specific dycosylatiomp Sites of Two Secreted Carr ot

- G ycoproteins”, Eur. J. Biochem, 199, 169-179 (1991); Y. 15 Ckushinma, N.
Koi zum, T. Kusano and H. Sano, "Secreted Proteins of Tobacco Cul tured BY2
Cells : ldentification of A New Menber of Pathogenesis-Rel ated Proteins" ,
“ Plant Mol . Hiolsee, 42, M4¥Su88o( 2008h) i, NdkMraQkas Nieda aid H(O".sauakz_ T.

Kusano and H. no, "d ycos tion d . lts Ade ate 20 P ces

Critical for P'rslg’f%#ﬁs"é&?e{’iéo% gig %e]r 5'% at .
, 154, 623-627C411899 )Blosct thﬁeeechnonhe Baeehefn tob&dc,o Iﬂzgcu]zaz ed
cells, two kin eroxjd ses ar urjfied an enes been
cloned (see, I—Ff%g{’??a ‘Vé q’?&ﬁaﬁs%e ‘t %a T8dvaki ,
"I sol ati of, ChHar daeanaod | d. a‘i&kaﬁnq:ﬁres.sﬂbn Sifold‘azu ani cCh%a’r.oM .d&gwhizgnzynes

Rel d int ' t d ' 228,
825?22(2a (II SQE)I%?EI ?’ﬁ?g?g\?g‘éz&gnﬁ{_gd g gtaﬁ(t:)o ?(?cﬁ I ng p%w nylf'%‘rrg] (?on

(PVP) to the nrifgnam mheAmtJ.hrypasnd byeePanS PeddusCulterel" ,Li domdi.er,
J.W Gao, R Reevespi&d. Bi8PdcHndy.Lesg,’ EBE@“%Q@ ; @@wgny, of A Secr et ed
Manmal i an Protein from Suspension culturé of 02/057-ACS PCT/ JP02/ 00361
- 3 Cenerically Mdified Tobacco Cel | s" , Proteln Expr. Purif . , 7,

220-228 {91996 ) ) anchbyothe O [T et Alrepor®idd andt 499D ddatarideom
bacco BY2 stra-Jl_n cul tured cells, hundreds of rotel ns re eg% %cel | ul arly

Secreted. AnongPtheSectetapan¥ AYQLiein S 8L EHY PRt ?Pali‘\?/ B are
confirnmed becatsetetfoddweityast thenCoinp heke+linKed mdaiyssd ccha)idds Gt
recogni zes hi npose ai ee s u pr

(1999)). 10 W g?leg%%cté%gg?%:ge 0 @co%%o Esél ns, |Tr‘f%( rs‘;t23 I cu taer%lu Carrot

i mmunogl obul i rGlYQQBrdJ‘eg;knﬁ“arﬂJG\A@SIqunmcecﬂ%.t Hlﬁ’ﬁﬂ'bﬁ'lt(wjl)& Ya

si gnal pepti degipfisRamk ghycwl%a%n '} SCkhishoalkt@ CO8RRZCT MisRdrif eq

secreti on mechani smw t t he ant cel and i s secreted in the culture
sol ution (see, PAGtELRS %r?é%b%qc%lcu“éiﬁﬁ% BYACs Cs 1 g dileart il cations @f a.
(1998); and N ﬁwévmams@ﬂ &t P@#thogﬁiﬁsﬁ.s(ﬁ’@.ﬂﬁ)éd Phdtaiihs0f, (HESet Mol.

gl ycopr ot ei ns, te t gar _ch art icip i,n the
det er mi nati on %+ %arff% | rflc&tﬁ égg’)O%ﬁenEf’% gr??/‘P FHPBt 3&3}%&&}“@[36‘{ Tity.
However, the sKigeand@O axithi .St Banbur eSGoycosgdabioantapd otBins Asicgwsd tiey

pr oduced, yi t " B pbaks 8140 388 0l ELEL NN Bkl X I fifkh 804 spESE

pr ot ei ns are presurre type sugar c n structure.

anal ysi s of sugaklehaith Eﬂ-ﬁDétRhSESlQ-'h% sd&ret P2A- 6Pl B9 bbdyPRtinasas

sl gA, producedifr Akt eRgecerPhablatdss BN el Pelitdq hayel 3, pltﬁrBt )iyl gar
chain (see, M_Cabanes- Macheteau, fb‘ Ca a‘l;lf%c ette-Laine,

tel i er - BourRPEOXL .Seﬁa'?ﬁ“e,p‘f\Fl : elr genggy ha}ye BEGTH Ffene
ransgeni ¢ Tobgsee, PHanRarit&, yEobhshngy, K9, IRGTa378. (m&&:).:)notlajrdrfmmmre,

in the case wh oth,%r t|b y I u{grlé £ oduc m_ i he

t obacco Pprant %ody, t he 2 /0@%—‘%%% i &3&% %g SSl§I bo
protei n producedtipnhenPehextdasei §sdeymepo8edehypethdniootidas Megiidin spf
unst abl e (See’cﬁljc_laﬁ§&e}f89§cc§‘ Me 130008, Ef?]ect o’?ﬁ%ﬁ“. fm t%gag' dgpfge H A.

Bakker, A. Lonmen Bosc and Jor'di ti ons and
(1995)) is also reported that adding

polyvinylpyrrolidone (PVP) to the medlum, the

Go
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nreeptration—of protein—secreted—in—the mediun could be
increased (see, N.S. Magnuson, P.M. Linzmaier, J.W. Gao,
R. Reeves, G. An and J.M. Lee, "Enhanced Recovery of A

Secreted Mammalian Protein from Suspension Culture of



5 lPI ant Devel opnental Stage on the Stability of Anti bodies Expressed in
Transgeni ¢ Tobacco", Plant Physiol., 124, 173-182 (2000)). By the Western
met hod u ti pl ant -type sugar chai n anti body, addlt

pl ant - ty;‘ggq}ﬁyp?ghai nto this antibody is confirned. A+¢ﬂ5‘9 ﬁ)ﬂ:’“ is
reported that the (31, 4-1linked gal actose residue present in the sugar
chain of an anti body nol ecul e produced by thuman or nouse contributes to the

- stabilization of antibody protein, this sugar residue is absent in the

anti body nol ecul e produced by plant cells . Because of this , 15 the
anti bodi es produced by tobacco plants are considered to be prone to
deconposi ti on RAeFHECHL LY Modifiad froacssChhere -FYeRebp Y n B ifr-oduced

by tobacco cul t ured-celd 3.1 9blsg )bankogy oAl oRelshviniay eitSa 20, rAGAGN] 2(6.1@9'9)
vitro, but the aCtIVItré in vivo 1S not detecte S. Mat sunot o,

| kura, M UedatBfld ¥© a%%‘k?cc‘“C?l%?aﬁFE?FEaFPeﬁugF%acﬁt}ﬂﬁn B AESAst éﬁfn
Eryt hr opoi et i pré¥onucedren eukirueed 170kaag0 SekietedPl antAnMﬂg Bhelse, 27
1163-1172_(19 %‘% Thljz]dhjz concl ude 25 to_pccur beca ]¥€ oi etin of
whi ch sugar cHEFIF FWer ESCFS ¢PBat 19 paPARY] pa? FPITHES 5I o§F&al
activity, has conmiged dbklcauset sofar ttieaim steacﬂ:mbe Wrberltrpr odeesd rby
plant cells. o,a an i_ds s.t d_that t.he tyRe sSug chal may be
an all ergen |n(%9arhr%rf%‘7?jnjcﬁltsfg?ﬂ§’ aOQFh © gu_girh &?é’fr 1 é’lgraifcture
peculiar to plamEis simdseasY(m@shyrhasesapdaal(1:9919tldose r WO 02/ 057-168
- 5 PCT/JP02/003C 1 which are not seen in glycoproteins of manmal s, are

reported to act as an allergen ( see, K Fotisch, F. Altmann, D. Haustein
and S. VA@ths, |nvol véfieih r@ﬁpeéitb*@fhmeé’teegkﬁFPbﬁéfxeﬂﬁst:h@PQE'tRé’slé@rlFse of

lery-Aller g'ﬁnrﬁi’ﬂéﬂﬁﬁmlﬁrﬂ n&ntef\iebklﬁl Iae{ogyeﬂr@rsmol prodiéfa 34-thd o
999 ) ; I B. Wlson,_ J. thill [1in, D.A Ashford and E.

Al tmann, " Cor 4ant o Ko A1 %Jgnaakeﬂf&ﬁ St erdhe SLEEoRTRECIGn FES Uy
Ant i bodijes Reatd IEf[gs}d\g@ééﬁénﬂ@dltlﬁ\l-thékédcﬂeltﬂgﬁalméhhahg.eﬁl arﬁ.dzhg.sl I&@Sgtg
in a wde Vari of Plant_ 10 Extract obi o n. 081 1

) P R e R L AR SRR 1 R SHIRFe Foputlgnizse ¢

Lout el i et5 Hourthis, Tamémyen, all. , Vislpadaba, N5.S Kdyipgh wcm;l & Adl bersw,rdQ
Rodri guez, L. )Xy Fug

Resi dues Have gféls%rg rgf% l\lchfontr r%l%(;rglr(ljentzlalé Ossl%:l) %ég})) 1 Gny

d ycoal | er gens®f 'Qheﬁ oylvperRroteyme 153t 1&45!1!993?&59%( AsPel sPgar gh@in

Accordi ngly, pﬁ@é@i d0ss nedi eR¢ dsesrAufhthane oF BHIZL16RAI A SN €
free of (31, 2- Iose or . al, 3-fu ose 20 DI E%OEURE Ok THE INVEEISI]TI ON The

obj ect of the T) Hv+metrﬂ| eésteoaggl FE2PHe1AFov EWRETT b %S in
conventi»mal teedim qamancamtq:s“ O‘fl decamhithbot Hootéhes secredldry pprodbiustd on,

0 PLant 25 celd st Al VGARLOLELOUNL 6hebongbabher SRLTIAIR 1M ana

original physio oglc y an s not an aI ergen, ant
capabl e of sectkesa@rodeling gromuasined é:@dhevglqeépnetemerﬁwng cé‘laln
human-type sugg¢,¢hahResecreted by this plant cell. As a result of
ensi ve investigations, the present inventors have found that when a
human- deri ved gal act ose transferred enzyne gene cDNA is expressed in a
25 In the analysis of sugar chain structure, the

secretion-type antibody molecule sIgA, produced £from
tobacco plants is revealed to have a plant-type sugar chain
(see, M. Cabanes-Macheteau, A.C. PFitchette-Laine, C.
Loutelier-Bourhis, C. Lange, N.D. Vine, J.K. Ma, P. Lerouge

30 _and-L. Faye, "N-Glycosylatien—ofa MouseIgG Expressed im———

Transgenic Tobacco Plants", Glycobiology, 9, 365-372
(1999)). Furthermore, in the case where another antibody

molecule is produced from the same tobacco plant body, the



" ~ WD 02/ U57.168 PCT/JP02100361 @ - 6 tobacco cultured cell BY2 strain
gal actose is added to sugar chains of nobst glycoproteins secreted to the
.exterior medium and the gl ycoproteins have a sugar chain structure free of
(31, 2-xyWOHROFH6H1, 3-fucose. The present invention 5 hasPEBERN2/00361
acconpl i shed based on this finding. Accordingly, when a human-derived
(useful protein is produced using this genejic reconbinant tobacco cultured
- cell, the objective protein having a sugar structure which is not an

al l ergen, can be secreted in the extracellular fluid. 10 The present
invention relates to a nethod for the secretory production of a

gl ycoprot ei n hawi Mo @y Pr@Pe 1 R SAGRE A GHRiHER TheS cBBLNOE S8t SHRSa Byst ep
of introducing a gene of an enzyne carﬁgbl e of performng a transfer 1
reaction of ag’iﬁﬁ aPFrBEEasEsi L 18 AR RIuéFRG -t dt i naftevens, G.M.

a?:et yl gl :J?:osarsiteogswi due .amgbarggm] wf Malhﬁb@rfql agnussagdwf,molt:ﬁimeﬂ nt g a
plant cell to obtain a tran ormed. pl g % cell, .and .a teg%o ,%ﬁé%$r|ng t he
obt ai ned pl ant®t© 95050a?ﬁ @he AEffod E GOETL Pfe %ﬂé%ﬁ' ohdt S@ngd
human-t yfe sugrarchdievehypmenpalsstageopa shegaStadili gndfaAantubed issgar
chain, the corg s [_echain substantially go 1se a plucality.of
mannoses and a%@#%%‘go gm'f%g%fs A< h °§EF P s:g%jra%%af’ﬁyﬁﬁ?hhav&%él'
term nal sugarlthal 8 25(200e) Y. cont Byni ihea Westeguhucmeghiogr musdng an
gal actose. In . C ve o] . SU . i a |inear or
branched strué%ﬁ?ggﬁﬁbgdﬁggﬁodsgggge,Bbﬁ%nbr%%%ﬁggﬁgﬂgg?%gﬁgﬁ%nhnfg?y%hay
be a nono-, birlantitype sagex schatrurte |bhise ardtibodfivabds e confdrmed.
| ycoprotein e . i 468, PR2/ UQ3 f af r
&I ose. e m%to%%%vgtférg\ﬂf%é%@%%t or yigc?-(_)gugg i’(L)J% %ﬁ&&d e%%?%%ﬁt% Se
urther conpriZ&sifug Aroietedsy efien§UeRE FRaLDnPS ¥ aHe hadhmodeiqudle | n
one enbodi nentprddecé@ iiotuabaver itfudd @one eI Bhtfeed t Brek Gitiadl 1TRk thwtd her
The prosent | Tt GHOTEr FEQEFSRs Bhaf SBBAF FRAHSSots FOSERY diyate
chai n- addi ng rectiEve&mmedpehile pfogeckdriny pd aantt ceddber Beeatseont dhis,
gal act os@, T eSIne 4 fORMak SHHGhALehCRY! 1BhaER! Yhahieosal NE ALY deesl lue
and can Secrete a protern wth an adde sugar ¢ nadded by Che sugar
chai n- addi ng iz R BPenehke cdecenposigarnc ki hed dineg essehani sm adds a

sugar chain conprising a core sugar chain and an outer sugar chain, the

core sugar chain substantially conprises a plurality of mannoses and
In the tase where er}Pthroleet:Ln is produced by

tobacco cultured cells, the biological activity is
20 recognized 1in vitro, but the activity in wvivo is not
detected (see, S. Matsumoto, K. Ikura, M. Ueda and R. Sasaki,
"Characterization of a Human Glycoprotein
O ( Brythropoietin) Produced in Cultured Tobacco Cells",
Plant Mol. Biol., 27 1163-1172 (1995). This is concluded
25 to occur because erythropoietin of which sugar chain is
considered to greatly participate in the biological
activity, has a largely different sugar chain structure

when produced by plant cells.

o —tlhie other hand, it 1is suggested that the

w
(=}

plant-type sugar chain may be an allergen in mammals
including humans. That is, the sugar chain structure

peculiar to plants, such as B1,2-xylose and ol, 3-fucose



20 acetyl glucosam nes, and the outer sugar chain has a term nal sugar chain
noi ety contai ning a non-reducing term nal gal actose. The present invention
further relates to a 25 glycoprotein having a human-type sugar chain

‘obt ai ned W9 0i4&746t hod descri bed above. The present i nvent PGRIRRI0PIGIf urt her
relates to a method for the secretory production of a glycoprotein man- ype
sugar chain, conprising a step of introducging a gene for an enzyne capabl e
- of performing a transfer reaction of a gal actose residue to a non-reducing
term nal . acetyl gl ucosam ne residue and a gene for a WD 02/057.4&3

PCTI JP02100361 _ g _ heterol ogous glycoprotein, to obtain a transforned

pl ant ﬂal |, anghacBtafe abtex@eess ngbFlprfemékLE]EE dfhfamaers J ai‘é&flﬁidﬁﬂéd”
organel | e. resent invention sti ur e ant ce

t ransf or med WI?(H g ger’?ﬁ &t %ﬁ%ﬁ%ﬂe §§]S’abll{e ?T:O%J’e? rrTan fg?
react: oln of a E@hﬁﬁé@ﬁg aRgi dgie _twlétthmn rﬁdmixr@néms mcrtal]I Carbohydrlate
acetyl gl ucosanine, resi due, the enzyr ed jn ant

cel | such thanklibtf’ﬂ‘ésp%léﬁh%gqgél e%%%?er%fdeéﬁﬁ E;gql}s?td"ptr%‘t ein
havi ng a bumaniayparsigadltbagy Ftmuodly £.12M Me4as(|daﬂ9) AInBt Vel et

cel | ahove, Lng BUORE-ERELE ShuC! Mt yunc] uis Aiadded el act gsadanl due.

15 I n one aspect I"ant stgar chain structure is
free of a 1) 2'Qetresel pB- EucdzseSEL‘suadsey Parbnef ddpednitopd Mequigritzexe| |

above, the suggy 20, ﬁlp_ghgdgg uct lﬁ’éaad{}ﬁ.}éldesA Qngglcact ggg Lesi Gis, qgggg to

a N-linked type sugar chain of (N-acetylTdl uco am ne) Mannose 5 (
N-acet yl gl ucos%i-ﬂ@5§l09h§€41é@§e@n@rb?n rRsen bR éoWéﬂ@tVﬂﬁleTiY of lan_t

G cNACI Mpg3Q cibeRac i € NS e D £OUG Z.8 CeshAgslYan36h § N4 Ca?n&Rd van Ree,
cNAcl Man4G@ cNAcz .. 25 In one aspect,_in theeépl ant ce above t he enzyne

I's |ocalized Wit hiGRRARSHMacReTeR%r of yahdiieEdaasyhe pF’ant Mila7200 Fhe
present inventieatéliék-Boukhes,rel aggon p M. wliamalrbagesermmeimm tihe

pl ant cell aboXalbél'Pgepre%ent lioche:ﬂSﬁé)zn, st i.l I fFurt her gl aI'E,es r%uge,
"B(1l,2)-Xylose and a(l,3)-Fucose Residues Have a Strong

15 Contribution in IgE Binding to Plant Glycoallergens", J.
Biol.Chem., 275(15), 11451-11458 (April 14, 2000).

Accordingly, proteins for medical uses must have a sugar

chain structure free of B1,2-xylose or al,3-fucose.
20 DISCLOSURE OF THE INVENTION

The object of the present invention is to solve the
‘ above-described problems in conventional techniques and
provide a method for the secretory production, in plant
25 cells, of a glycoprotein which is stable, maintains its
original physiological activity and is not an allergen, a
plant cell capable of secreting such glycoprotein, and a
glycoprotein having a human-type sugar chain secreted by
this plant cell.

w
Q

As a result of extensive investigations, the
present inventors have found that when a human-derived
galactose transferred enzyme gene cDNA is expressed in a



WO ()2/US7-~C8 - 9 seed produced fromthe plant above. PCT/JP02/(103C 1
BRI EF DESCRI PTION OF THE DRAWNGS 5 Fig. 1 is a schematic view showi ng a
.process for cloning hGI. Fig. 2 is a schematic view show ng a process for
‘const r uctwog2ipate®r pGAhGT for expressing hGI. 10 Fig. 3 i BCEIPIRGVYr aph
show ng the Sout hern anal ysis of genone of transfornmant tobacco cul tured
cell. Fig. 3 (A shows the results when gegooic DNA (40 ~.g) was digested
- by EcoRl and Hindlll and then el ectrophoresed. The nunerals 15 in the |eft
side show the sites of the DNA nol ecul ar weight marker. Fig. 3(B) shows a
schematic view of fragment 2.2 kb containing pronoter, hGT and term nator

integrated intp,gacRc! AN LR Y1 R0 YD IsrfAihS gaxgs?a"oéaowsngﬁdtg% yto

anal ysis of PA-sugar chain prepared from GI6 strain culture ne
hi ghper f or mancBREREFRRERT Sfalegitaphycorrgtedpsiseqrafedytonthe mytietelor

anal ysi s of PAnsggam 2RdCHRENgPyEEBLEHeiheMhETE Slddidr CHAH StRHEMRDY
hi ghper formance |i qui d chronat ograpmé6L rlgl . 5 is a view show n he
a .%Jag

g the
structures andtBR&l ?/_%i‘%l'r%"s’iﬂjtgs%fors A8E i nTRAPER SR AN Lon
secreted §n theas bE&N &dbaiPli®hédBasete JBAEl $1h81iRG! e ARSI he

Figure show the nol ar, ratio_ of sugar chajn having each structure shown in

t hg Figure. Yhep %EW:@W}ML%%PE%HFPJ&S%C?@ sine v hdwi ng

tEe anal Iysi S p%eﬂ?étﬁggaécghaﬁnaﬁrctlemamﬁ:d‘or @fﬁls'[ﬁ:heﬁ ﬁ:@flrlf,CUHHderbj&ﬂi'l ; 'j_xge and

t he exogl ycosi das igestion product thereo [ er f oy manc i_qui

chr omat ogr aphy‘?rggﬁ?‘agh%v?'ggaf\ﬁ%ﬁ%ﬁg\ﬁ% ‘Fr?ex’ﬁ’r’rfrgyglssn%# Eﬁhaé&g? Chain

prepared fromd<&d® béraenretktiuin mhe emxtaractetlllenlerodlyddsi dase di gesti on
roduct {hereof by highperformance |iquid chromatography. 10 Fig. 8 is a
ew show ng the anal ysis of PA-sugar chain prepared from GI6 strain

cul ture nedi um and t heThgoprgsent dhineent jent Fehapesdirta tiatlerd for the

hi ghper f or mancge bi-84b 8y QHBELPSRRYY a §2ycoprotein having a human-type
sugar chain. This method comprises a step of introducing

a gene of an enzyme capable of performing a transfer

15 reaction of a galactose residue to a non-reducing terminal
acetylglucosamine residue and a gene of a heterologous
glycoprotein, into a plant cell to obtain a transformed

plant cell, and a step of culturing the obtained plant cell.

20 In the method above, the glycoprotein having a
human-type sugar chain may comprise a core sugar chain and
an outer sugar chain, the core sugar chain may substantially

. comprise a plurality of mannoses and acetylglucosamines,
and the outer sugar chain may have a terminal sugar chain

25 moiety containing a non-reducing terminal galactose.

In the method above, the outer sugar chain may have

a linear or branched structure.

30 In the method above, the branched sugar chain moiety

may be a mono-, bi-, tri- or tetra-structure

In the method above, the glycoprotein may be free



Fig. 9 is a view show ng the anal ysis of PA-sugar chain prepared from GI6
strain culture nedium and the exogl ycosi dase di gesti on product thereof by

. hi ghperformance |iquid chromatography. 20 Fig . 10 is a view showi ng the

*| S- MB/ MBS WieA20S748 of PA-sugar chain prepared from GI6 st r aP@T/gRA2{003ca
medium B is a partial enlarged viewof A 25 Fig . 11 is a view show ng
,Jhe analysis of PA-sugar- chain prepared frpm GI6 strain culture nedi um and
- “the exogl ycosi dase di gestion product thereof by highperformance Iiquid
chromat ography. 30 Fig . 12 is a view showi ng the anal ysis of PA-sugar
chain prepared from GI6 strain culture nedi um and the exogl ycosi dase

di gestion prodygtsthe5805-0Y ﬁbggperformance | i qui d chr omat ogr aphy. - WO
02/ Us7. 408 PCT/ JP02/ 003GL - ¥ Fig. 13 is a photograph showi ng the results

of sialic acid transferase reaction in vitro using GI6 stain culture

nedi um derived gl ycoprehgifethbd@ ShoddNEShIdHY %&ﬂ”é—‘&'ﬂ @4 on may
gl ycoprotein or_asial o fetui n as the substrate. Fig. 14Ais a vi ew _show ng

the analysis ofPTPReEaBLY LuFtheT SPIRFSS 8rf B ot Fﬁ?ﬂvﬁﬁﬂﬁﬁr@?rﬁ'ﬁid&m"by
hi gh 10 perforganeiee! byahd ebnosat ography. Fig. 14B is a view show ng the
anal ysis of PA-sugar salt prepared fromBY2 strain cul ture nmedi um by

hi ghperformance |iquid chronmatography. 15 Fig. 15A is a view showi ng the
structures and anal ysi]snremuétanm‘omm‘t ,chahes methba gib’@mr(ﬁcﬁi Nthe

The Fi gure shoptretabrartrdivhteR 80 s sPERaGes Belh & PR

shown in the Fsgeme.oFi gugdaSBchaia unewighlowi ng the structures and anal ysis

results pf§ sugar chains in the glycoprotein secreted in the GI6 strain

!Iture medi um The nunerals 25 in parentheses in the Figure show the nol ar
tio of sugar chai n hb®WierRe aetect r udhemredenin dnvearid ofi gedates ¢o 86 is

a view show ngpidier aé@iy%m&fl SO s Qah%‘u@;a&r %&a&%dafdaqm &chbhdl

cul ture nedium Fllg Is a view showi ng the analysis o sugar ain
prepared from &2 %‘Fa‘?ﬁ EﬁFf‘-BF@lﬁﬂdPuWéﬁﬁf?ﬁeréﬁﬁépﬁé‘ogﬁdésSa&f"(j’§§ﬁeon
product thereofesydhéghto a non-reducing terminal acetylglucosamine

15 residue and can secrete a protein with an added sugar chain
added by the sugar chain-adding mechanism, wherein the
sugar chain-adding mechanism adds a sugar chain comprising
a core sugar chain and an outer sugar chain, the core sugar
chain substantially comprises a plurality of mannoses and

20 acetylglucosamines, and the outer sugar chain has a
terminal sugar chain moiety containing a non-reducing
terminal galactose.

The present invention further relates to a
25 glycoprotein having a human-type sugar chain obtained by
the method described above.

The present invention still further relates to a

method for the secretory production of a glycoprotein

(73]
(&)

Itavinga human-type sugar chain, comprising a step of
introducing a gene for an enzyme capable of performing a
transfer reaction of a galactose residue to a non-reducing

terminal acetylglucosamine residue and a gene for a



WO 021 (1 S7-468 PCTI JPQ2I 003GL - 12 performance |iquid chromatography. Fig.
18A is a view show ng the anal ysis of PA-sugar chain prepared from BY2
.strain culture nedium and the 5 exogl ycosi dase di gestion product thereof by
hi ghper f owganme7dsg qui d chromat ography. Fig. 18B is a view spuwpoa@oidie

anal ysi s of PA-sugar chain prepared fromHY2 strain culture nediumand the
10 exogl ycosi dase digestion product thereod‘ by hi ghperformance |iquid
~chromat ography. Fig. 19 is a photograph showi ng the results of isoelectric
focusing el ectrophoresis. Proteins in the 15 spent nedia of cultured
tobacco cells were anal yzed by isoelectric focusi ng and stained for

per oxi dase actjv Wil d Téﬁe deno es HY, g% . WI-HRP denot e
t r ansf or mant olFeEGéO%‘Pg‘éFﬁ Yﬁoplﬁﬁ &t H P qah8t8s & at“rsdfr%:ﬁ‘lﬁﬂrsré’r?t ank Gr6
strain with HREeg:ene antd El gsté’;_ﬁ) o cephoe oginaph tHowengviree wethihs o

| ectin staini n 'g 'ﬂi n the iﬁent medi a of transgenic cul tured
t obacco cells. ’F—’J?]t')"‘l‘ ¢ FeOFPQEFll ated by SDS-PAGE and stained with
Coonmassie brilliant blue (A), or 25 transfered to nitrocellul ose nmenbrane

and treated with ConA( and 120(0) . . Wld ede tesBZ strain

WI- HRP- 2 %enot es one 'ﬁ)‘?lﬁrﬁgﬁﬁfﬁ?‘%ﬁ%\%o%f SE%R SFi 15 g:ene

GTI- HRP- 5 denotpbamhecellt heahsfinsmedmanth af g&hé fbrtmam wnziydeléa;mtele 30
BEST MODE FOR Y. T .present. i ' i bed
'n detai | bl oyt ToEtGrOr01 B TR BET JPOR O OF 3 SHERa R rheaes

ot herwi se spect®i @d, nprorefnciagar be¥minahd anediyiameorambye aeplidue,

i nmunol ogi cal %%&Pé‘iﬂ% Phd Bl MocdlizEaM PRIRIPIANE oo TEREC that

t echni ques can formed using commercially aval l'e kits, antibodies,

rker stfbst ante’ Eﬂ%ﬂ'@ Heeld Ides caRras 1Idd 5&@%1&%@ IGISARIH § 50 a
thod for progaging @ BhMEAPEPHEI BubaYi BHadnhgfRudty®@ sugar chain.

In one aspect, in the plant cell above, the sugar
chain structure includes an added galactose residue.

15
In one aspect, in the plant cell above, the sugar
chain structure is free of f31,2-xylose or a1,3-fucose.
In one aspect, in the plant cell above, the sugar
20 chain structure includes an galactose residue added to a

N-linked type sugar chain of (N-acetylglucosamine),._
,(Mannose), ;(N-acetylglucosamine), selected £from the group

' consisting of GlcNAc,Man,GlcNAc,, GlcNAcMan,GlcNAc,,
GlcNAc Man,GlcNAc, and GlcNAc,Man,GlcNAc,.

25
In one aspect, in the plant cell above, the enzyme
is localized within an intracellular organelle in the plant
cell.
30 The present invention still further relates to a

plant regenerated from the plant cell above.

The present invention still further relates to a



10 Tn the present invention, the "human-type sugar chain" neans a sugar
chai n having a gal actose residue bonded to an N-acetyl gl ucosam ne residue.
The gal actose residue in the human-type sugar chain nay be a termnal of

t he sugarWéHRBiWA7468 a sialic acid residue may further be boR€EIPE2HBde 15
outer side of the gal actose residue. In the glycoprotein having a
human-type sugar chain conprising a core_sggar chain noiety, a branched

. sugar chain noiety and a term nal sugar chain noiety of the present

i nvention, at |east one of xylose and fucose is preferably not bonded in
one or nore 20 of the noieties, nore preferably in any of the noieties.

- Most preferabl h -t S r in i ns neither xylose nor
fucose. The pI%ﬁ?&cgfpagggdb§Q§Wy%%%aﬁggﬁglF& ﬁ% pl ant cell 25 nmay have
any formof cultured cell, cultured tissue, cultured organ and pl ant body.

Anong these, preferred areggpp Lﬂ@gbg:ﬁrho[@%p urgH HRERFFRGaNd cul tured

organ, nore preferred is cultured cell. The plant species which can be used

in the production nethod of the present invention o may a any p an species

w lc can ger orma gengigs iragsdusbhenatExagRkes stowifh® Rl PHoRRRCI &S

whi ch can be used in the production nethod of the present invention include

pl ants bel ongi FPRdSoRGRaaeae, G anmineae, ' WD 021US7-1(8 PCT/ JP02/ UU3GL

- 14 Cruciferae, Rosaceae, .lLegum nosae, Cucurbi taceae, .Labia tae,

Li |l i aceae, Chenopodiac§ae aﬁd.Unbellk%er?e. Exagpl s aof the Sol anaceae

pl ant include plants 5" b8t ofigtfig?t BeRFEBEEnY %0 1S ﬂPQQﬁlﬁﬁﬁcﬁiﬁxikﬁsion

or Petunia, suetneésrthobaagoveetgrpbeAhGTPELAt expremiing resr pepper and

pet uni a. Exanples of the Gram neae plant include plants 10 belonging to
yza, F%rdenunl Secal e, Scccharum E chinochl oa or Zea, such as rice,
arley, rye, barnyard Hiél & 1s<sophhtiapaaghchriowing dinel Ssubhethar@lys fer ae

pl ant i ncl ude L PSSEER oA ADI Si

f ~asabi a or mﬁég&f:&ﬂ%{ﬁkggﬂ%gg;@ﬁﬁfﬁ%@g&%% owgr%gsc,éﬁhlo'r slgir?gai%%)emd

shepherd' s purSROWEXERD|ResBitS e aRo $£0€HE HPNAt (KAchEdewps hitdeged by

bel ongi ng to eeRS, ah@! tena PYNUsna HiRRId Be P résere S6GN afhe) INANESEL s
apricot,  peach, %ﬁflﬁi ear.,,. strawberry and rase, Eéanplgf of the

Logur nobRe pl iRttH diside e FboWsthR TG h % She DhA e Leghl ghdretant
Phaseol us, Pi mamke¥iciBig:|3 6B shows id addhvematid phiodw cobrfdhersig@ . uch
as soybean, r bea i dn a r , . hor n, . pgeanu |.over and
bur clover. 3?&&&%&3%%?% Sﬁﬁgﬁgﬂ§ﬁﬁb.ﬁﬁk§§§ %?Eﬁiggﬁgfdﬂgg%?ﬁé %&BQT%%ging

to Luffa, CucuedehttransCocmant. such as |uffa, cushaw, cucunber and nel on.

20 Fig. 4A is a view showing the analysis of PA-sugar
chain prepared from GT6 strain culture medium by high-
performance liquid chromatography.

Fig. 4B is a view showing the analysis of PA-sugar
25 chain prepared from GT6 strain culture medium by high-
performance liquid chromatography.

Fig. 5 is a view showing the structures and analysis

results of sugar chains in the glycoprotein secreted in the

30 GT6 strain culture medium. The numerals in parentheses in
the Figure show the molar ratio of sugar chain having each
structure shown in the Figure.



WO U2/ Cs7-~Gi PCT/ JPU2/ 003Gl - 15 Exanples of the Labiatae plant include

pl ants bel onging to LaYandvla, |lentha or Perilla, such as |avender, m nt
and perilla. 5 Exanples of the Liliaceae plant include plants belonging to
AL um  IWOI0MFT68 Tul | pa, such as Wel sh onion, garlic, |ilRpCameh2003d1p.

Exanpl es of the Chenopodi aaeae pl ant include plants 10 belonging to

_Spi naci a, such as spinach. Exanples of t{hgyUrbelliferae plant include

pl ants bel onging to ~Jngelica, Daucus, C}yptotaenla or Api tvm such as
Angel i ca polyclada, carrot, trefoil and celery. 15 Anong these plants for
use in the production nethod of the present invention, preferred are

- tobacco, tonato, pot at, ri I i sh e en cl over
and spi nach, nore pref%r e are 3§g%£gﬁuﬁﬁﬁgf3¥§%§$§P§¥%§bC§§ % 5#&
soybean. The'Hhmynepc&paM&d(ﬁrqmrﬂﬁﬁmstr&inranitarenmﬁﬂimm mmdathe

gal act ose resi t ed g%% yl qﬂ?l regl;

means an enzyme ’liﬁﬁégﬁgié tra '&ﬁ%fba ac?%gg rgglg%a ongynoﬁ dUC|ng
term nal acet yegfirtonan¢aecligsiduehyenataoraphy -t he additi on of a sugar
chain aftser the synthesis of the protein noiety of a glycoprotein within a

pl ant cell. Exanples of such an enzyne incl ude %Ehactosyl transf erase,
| act ose synthase 30 arffidgal abi obivdese Showtn % then Aprd viedys 19F FArBVEEIT r om

any ani mal spefiis bgke?ar@aef@f&bl grderd tiedif r efn FasRBIe a1 iPr Snd@r @Ry ably
from human. WO 02/11S7-468 - 16 PCT/JP02/ 003G 1 This enzyne is

preferably | o EHALELFH AR nt CHEET IO PEAREFFe. TRASTRSIgh PBst Pilefi-on

'to a specifi pddfofiyanse NDiqundcoBedmat Bgrapdgent i nventors consi der that
this ené%?e being present in an intracellular 5 organelle, such as
doplasm c reticulumand CGol gi body, thereby acting on a protein or sugar
ain before a fucose Rirg xy8 aise a esietuashowiaddathe camaagtsim;g oEoPas‘sugar

.inhibit the o] fauc, o] qugg I es]
expressi on anggghé#e gﬁagfdajﬁéﬁ%rgFégéhs g yc%%?g ern |%ﬁfﬁlm? ht Y08 1 s,
The "enzyne g@m@gixﬂﬂﬁtﬂ@$epeﬂ&MQﬁhﬂymatpkwémgt réagmamf(ﬁbﬁ.gah&mkose

residue to a pAEIMNES 1§6ﬁlaaghggﬁgyggggﬁg§anlne resi due" may be
isolated fromany animal 15 cell using a nucle0Otide sequence known to code

this enfﬁhe, or a commercially avail able enzyne may be purchased or may be

used after nodifying irigo suid 4 &itdwe sqawleﬁgsit@lre lahaply@nlss of2@AHg g t he

"gene" neans the structural ggge nné é n .order o faC|I tate tg

expr essi on i n PR sPTEPRESH at o™ s ﬁ ﬁﬁ?%ﬁﬁﬁFﬁ BF% “Wnﬁﬁ t &hey

t er m nat or napﬂmgﬂyaﬂ&;ﬁasethdl@@@&;dﬂi1ﬁmdeGter¢hmymmfgﬂbgophdgm—W'

means a glycowwgéa hy{ ugﬁlghgﬁkgﬁog 8ﬁgpressed in plants for use in
venti o anp

t he present es o] gous gl ycoprotein include
enzyme, 4%or none, cytoklne, antlbody, vacci ne, receptor and serum protein.

Fig. 10 is a view showing the IS-MS/MS analysis of
PA-sugar chain prepared from GT6 strain culture medium. B
' is a partial enlarged view of A.

25 Fig. 11 is a view showing the analysis of PA-sugar
chain prepared from GT6 strain culture medium and the
exoglycosidase digestion product thereof by high-
performance liquid chromatography.

30 Fig. 12 is a view showing the analysis of PA-sugar
chain prepared from GT6 strain culture medium and the
exoglycosidase digestion product thereof by high-
performance liquid chromatography.



30 Exanpl es of the enzyme include horseradi sh peroxi dase, kinase,

gl ucocer ebr osi dase, a-gal actosi dase, phytase, TPA (tissue-type plasm nogen
activator) and HMG CoA re ductase. Exanples of the hornone and cyt oki ne
“include eWRBHATHH, WO 02/ 0S7-t68 PCTIJP0210(1361 - 17 PCH{R2{0836dNn

al pha, GW CSF, G CSF, chorionic gonadotropi c hornone, interleukin-2,
interferon beta, interferon ganmm, erytbrepoLetin, vascul ar endotheli al
grow h factor, human chorionic gonadotropin (HCG, |uteinizing hornone
(LH)," 5 thyroid-sinulating hornone (TSH), prolactin and
follicle-stimulating hornmone. Exanples of the antibody include IgG scFv
and secretory |gA. Exanples of the vaccine include hepatitis B surface
antigen, rotavirus antigen, Escherichia coli enterotoxin, malaria antigen,
G 10 protein of rabi eFi@rud3 dmdl I Rhotpasaghy shavng rthe Fesulpioof) .
Exanpl es of the; s eLEPAOLa Bl EFXs QU £EH bR CIIAe HF ds‘%&h%obqf& stain

fibronectin, al-antitrypsin and coagul ation factor VIl . anpl es of the
serum prot ei n $Rtfwee BegdkmTdegd EMCR R Eh hr RER nStEPh% nFHGaFe
corticostgroi Qné&.@hf@éﬁﬂvShOb?'ijrﬂopﬂ'MéQﬂ' Ner bizwh 41b gleadinn ard phetein
C. The "gene of heterol ogous glycoprotein" may be isolated fromany cell
usi ng a nucl e&‘i?)%t%”éﬁ%ence known 20 to code the objective heterol ogous
gl ycoprotein or a connercially avai |l abl e gene may be purchased or may be
used after nodifying iIt;_t it to the e resmﬁl ants Pg ene of an
enzyme capabl e of perfor¥t 1553 G PEPYARY FRER %S:bﬁlodfc SBYEES due
to a non- reducéa\gttprﬁpaaiedacﬂmthMeomamreeﬂ.tlueeamubd:th geyehdfgh-
het er ol t i pl ant cell by a nethod
oun i P9ne dretEBERRELE ThGutl LR URE oY P e atel y or
rrultaneously Those skilled in the art will 30 appreciate that the choice
of method i ght dependen, tfify kP Pe Bty §8LoEhA D)oL IS PAL BRGaGN-
Sui t abl e net hods of transform ng plant cells
PCT/ JP02/ 0036153}k | nHePAretoi ff@tt B8R (hkidha§udtugp, medium by high-
Bi oTechni ques yeorformdn&d 986dnhi aebrebmapeyakipdy.(Riggs et al., Proc. Natl.
Acad. Sci 83: 5602-5606 (1985), Agrobacteri um nedi ated transformation
(Hi nchee! 2t aI ., bBi ot echnol ogy 6:915-921 (1988); See al so, Ishida et
al ., Nature Bi ot echnol diiyg 141B45-7$0a( Juiresw 1886yihgr tiwe z:etrmnsnﬁnesratdmh)

di rect gene tran i et s 4417Rd 2
Hayashi not o et %il%t% anteﬁﬁ\gﬁol 033:%&%%152%%) (erzl cel% %l%%{%g’al 155680
particl elOaccesereeteofh iB| hged@Wﬁcé§ra§Lai FRBltarer G\FPdAglmacetI'QS} numerals
| nc., Madi son, i’ﬂ%a@é}ﬁt&@@é‘tln 'ﬂ'Hé 1F1 g Bﬂb@“th%ol&ﬁ%tf&@%@&a@:
Sanf ordet al U'S. Pat, No. andMcCabeet  al Bi ot echnol ogy
b: 923- 9280 ( 198@)3in s}é@vavgoevshsé F@SFu‘éﬁ SPoWnA Ry tPeREL S8t
22:421-477 (1988); 15Sanford et aI , Partl cul ate Sci ence and Technol ogy
5.27-3791987) (oni on) ; vab QG Acad. .Sci .. USA87: 8526- 8530
990) (tobacco chloro +%St sFo ]Eefw aFL°Y-’>iL3ﬁt szFucAgL}r%?laé‘fi
bSS) (soybearndnalt€abe rasua]lts Blod/ Teedaol ccgyalal5923n921ﬂl€€ 1938 opoyniesin) ;
ein et al. (1 Kl ein
et al., Biol/ Tec%n%%%%%a%hﬁég gge S§§¥§( maulgggjﬂf % gﬁﬁg% %%) é\@de&@l¥
Physi ol .291: 44nnzna4rf(r1@8%$es€rmnz’fé)e Flsiarce shaw, thBu mir@*émtﬂcfg;p@ SRERIB39
(1990); andCor goss KapHy €hgabachPeaiiicaire 2hdd3 1618 Hel $9QurEai 2e) ;
25Koziel et al., Biotechnology 11: 194-200 (1993) (numize); Shimanoto et al.
Nat ure 338: 274-277 (1989) (rice);Christou et al., Biotechnology 9: 957- 962
(1991) (rice);Datta etrag. 1Bi1§&/aTqu@wobngwlag;;?Bﬁe?da@aiﬁé}ﬂﬁ)of( FASugar

Eur opean Pat ent lication_ ERP 0O 58 qQrchar.dgr.ass 30 ot her
Pooi deae) ; Vas‘F]I“Agg BFepageg; g(‘?ﬁ’ﬂlogééy %f(a q%g:éa ("f%g'é‘)m ‘(wheat): Wéeks

et—at -, Fbant Physiol. 102: 10771084 ( 1993) (vvheat) ; Wan et al. , Plant

Physiol . 104: 37-48 (1p93) H%'%YM&@*‘H ¢ho?tne dREPs: Y AR R ar
chain prepared from BY2 strain culture medium and the
exoglycosidase digestion product thereof by high-



WD 02/ US7-168 - 19 PCT/JPU2/ UU361 89:525-533 (1994) (barl ey); Urmbeek et

al ., H o/ Technol ogy 5:, 263-266 ( 1987 ) (cotton) ; Casas et al. , Proc.
Nat|. Acad. Sci. USA 90:11212-11216 (Decenber 1993) (sorghunm); Soners et
-al ., Bio/Weahnsisegy 10: 1589-2594 (Decenber 1992) (oat); 5 AoOrpEmtoestt al .
Plant Cell Reports 14 : 635-640 ( 1995 ) ( oat ) ; Weeks et al., Plant .
Physiol. 102:1077-1084 (1993) (wheat); gg et al. , WO 94/13822 (wheat )
and Nehra et al. , The Plant Journal 5: 2 297 ( 1994 ) (wheat ) . A
particularly preferred set of enbodinents for the introduction of

reconbi nant DNA 10 nol ecul es i nto mai ze by m croprojectile bonbardnent can
be found in Koziel et al 4200(1993) HIl et al. ,
Euphytica 85 :H% ?.E@af‘cigééqbll nﬁ RSE‘géPQEFP , Annals of the New York
Acadeny of Sciences 792:164-171 (1996). An addi t| onal preferred enbodi nent

is the 15 protopl ast tgansf i di scl d.in EP 0
292 435. Transfor mati o of %Anﬁ ggghn%%e un&grg[ gﬁe {/'\??%Sls %3’%‘

species or milchaple DPMapswed eScdm. 8Y2costrairsf onddtiren)mestiimboahdt hese
techni qu ar e, us Jd1 4t se seguen 0 The
gene product ex}%&%iggégﬁél%%ec?e eé}bor}’fhe p éﬁ @ I&%P?aerv}%ng ?#co%‘g" rgt ed

t herei nto the pé@ofiexdascei bequgénebreantberﬁabwh f| ed by a nethod known in
the art. Exanples of the identification nmethod include silver 25 staining,
Western blotting, Northern hybridization and detection of enzymatic
activity. The transforfit@. d8B 1expreay s§oudnenhzhrearapaple Q%P@e'lﬁﬂﬂ&ﬁ ng a
transfer reactdoaRf pregahae! OSormh eﬁyduesﬁ%irnt Bud ties- rneéhl_ﬁmgahar gl

acet yl gl ucosam ne reSidue and expressi ng a heterol ogous gl rot ei n,
(pr esses? and PRI LY RSP er 9I1§§tiTsl°§1 ycBBPBEEE n ﬁ%\ﬁ h Yan g
gar chain. |peofdehan®sdsighd@ thdvemabbairagtyt.r ansfor med WO
02/ 057. 1G8 PCT/JPOZ/ 003GL - 20 plant has a hunan-type sugar chai n-addi ng
mechani sm and by culturing this transforned cell, human-type gl ycoprotein

can be expressed and skEiget @26 s aa | phgbogrmapht shmvuhfg ngue ureshlThi of
h t I
uman-type g ny&éféS’cPlSO%ﬁr h%.%ga &fé@tf%rggflsn a%é‘é‘?ural | Pylﬁf‘é

chain, and the core su al n substanti rises
mannosesl&nd aReyt ging é@amfnéﬁllﬁ‘h@e%utébaffggalc%lﬂeﬁ nwwetﬁealwzed by

gl ycoprotein Om@éﬂéétfﬂetféwsﬁn?*%& el il iy oxSiei e GRAIIRNR) ety .
The outer sugar chal n have a_linear structure or a branched structure.

The branched YRf AleRstasy By sbeadny JiT wHHo-denftes tmansfgipant
tetra-structures BYZT he rgliyc aptbt BRP . pEDEHRPAdddyot 88 thensfasmsrmalt db
preferably i's bfee; pl.{ o956 drY53E.

20

Fig. 20 is a photograph showing the results of

lectin staining of proteins in the spent media of transgenic

‘ cultured tobacco cells. Proteins were fractionated by
SDS-PAGE and stained with Coomassie brilliant blue (A), or

25 transfered to nitrocellulose membrane and treated with
ConA(B), and RCAl20(C). Wild Type denotes BY2 strain.

WT-HRP-2 denotes one of the transformants of BY2 strain with

HRP gene. GT-HRP-5 denotes one of the transformants of GTé

strain with HRP gene.

30
BEST MODE FOR CARRYING OUT THE INVENTION

The present invention is described in detail below.



The resulting transforned plant cell may be maintained in the state of
cultured cell, may be differentiated into a specific tissue or organ, or
may be 2 ated in a conplete plant body or in a pa seed,
fruit, Qg§89$@ stemor flower obtained froma conplet Tﬁ%ﬁ m%%by For
t he culture differentiation or regeneration of 25 the transforned pl ant
cell, nmeans and culture nedi uns known it Ihe art are used. Exanples of the
medi um i ncl ude Murashi ge-Skoog ( M5 ) nmedium Ganborg B5 ( B ) medi um
VWhite nediumand Nitsch & Nitsch (Nitsch) nmedium however, the present
invention is not limted thereto. These nediuns 30 are usually used after
~ adding thereto an appropriate anount of a plant growth control substance
(e. g., plant hornone), and_t he | [057-i 68 PCT/JPO 0]
Application of these é&s%ghs to]gh??erenFﬁg%gg gstr nsiggﬁ%hd %%o%%
ability to reg@manmnangwuammrtana1321pganme$hn@awfanﬂn;nmmummlmgscal

I I'lustrative gggﬂ%$§qég Rngﬁﬁ eE%g()%mlture ﬁgséﬁé?%ig€toplﬁq%§%5 are

descri bed (Fujimira‘e Ti Ssue etter
Tori yama Set altechnliusers ogplbe mormed 1By d9@GerYoaddn avairlable| ant

Col | Rep... 4: §3cl98Gie 1ol | lhShed! sundl S SENRhO0Ne 41 1087, 1986). 10

To transformp ant stralns t hat cannot e success y regenerated from
protoplasts, other ways to introduce DNA into intact cells or tissues can

be utilized. For examph@ mbEHBAEHAHHRN Qtas@ﬁrteﬁheeﬁwahlmHéehsabfaﬁs or
expl ants can be effected as described {Vasil, 15 Bi otechnol ogy, 6:397,

1988) . Agr oba®rOUGHRdi FLEFOPrITSHEY 18958 HUWFBeF¥P8p5P9€EU¢%§%9sten1
for intneduci mg gerespratenpl anlvetdilon beﬂwseht:hanDIN&p@arsxi@n n¢x@dneed

to whol | ant_t , t.h b i th d t
b AP hON o T O R B R T8 g O
pl ant |ntegrahmng—aeetgﬂgMMEQSWMmmdumes@Nﬁe nt Thpl galacebke resnghé knomn
inth t. S I d b . 25
I nthe ar e hBha®* g;%teﬁg ang?;():l?r,e gxa E%rh @%Fﬁ%yﬁ of the sugar

Fundanment al | y, as 1 ong rows an
expresses and c@@arnepasatsﬁbaldies |aqui g@ﬁedpueomamfmatwthﬁ domgigiduirehleéng

any Conﬁﬁﬁ't'%%t%&nkéh@ B¢ EhéCSamHEEbQEt§e§§9§ésarinf9ﬁet By &6 9% Pe 0F
pl ant cells, 30 such as carbon Source, nitrogen source, am ns and salts,

may be used f&EVERE Sedrwia ytiﬁ’%dﬁEQPBncBPla 699‘?661561“@ rP HeRAhgSagar
human-type sugiaithmbietid,sa, bpahyNeaysuydr @HLianmoiRtol easieal téihihal and

the like may suga%/ghga%cggig%yro%zthe present invention, at least one

of xylose and fucose is preferably not bonded in one or more

20 of the moieties, more preferably in any of the moieties.

Most preferably, the human-type sugar chain contains

neither xylose nor fucose.

The plant cell may be any plant cell. The plant cell

25 may have any form of cultured cell, cultured tissue,
cultured organ and plant body. Among these, preferred are
cultured cell, cultured tissue and cultured organ, more
preferred is cultured cell. The plant species which can

be used in the production method of the present invention

30 may bpe any plant species which can perform the genetic
transduction. Examples of the plant species which can be
used in the production method of the present invention

include plants belonging to Solaraceae, Gramineae,



PCT/ 3P02J00361 be added so as to stabilize the secreted heterol ogous
protein and attain efficient secretion of the heterol ogous protein. 5 The
gl ycoprotein having a human-type sugar chain expressed and secreted by the
- transfor meplopésamis cel | can be typically isolated fromthe poadiroanoséi pl ant
cells . The isolation of glycoprotein fromthe nmediumof plant cells can be
performed using a nethod well -known to one, skilled 10 in the art. For
“exanple, the glycoprotein can be purifie %0 isolate it fromthe medium
using, individually or in conbination, techniques such as salting out ( e.
g., ammonium sul fate precipitation, sodium phosphate precipitation),
sol vent precipjtation (ee. g. grot ein 15 fractjional precipitation b
acetone or et FAHGEY E7@®al ysiZOSGEPaP | t r XCTERLACSR Cax c hd =k e,
chromat ogr aphyaduelrazs zeverlsmswsddasehonbpodiaddédatand, uabei i ghr-ser f or mance
chromat ography (HPLC). 20 Alternatively, the glycoprotein of the present
i nvention may al so be isolated or extracted fromplant cells . Furthernore,
the gl ycoprotein of tBeappdesntofi ntieet Folanabeel pdandntiaicledie plants
transforped cgl e s_it is ftor food,__The glycoprotein of the
pr esent |g1r31ven F’hdﬁn g'ggzg:oat}ﬁ’ﬁ%%ﬁ%ﬁ’/%é %ﬁ'é%f’wgha%ﬁtgffd?i’t (73R Tt 1%r e,
is free of anPedeniiat gushd asuittoddsaed,oregdrep Iati nidtraito ontdnmtani et d
i ncl udi ng hu urt he jncluded within the present invention, 30
t he pl ant ceIn?QgPetEhghgl S)r?t%l'%‘g'c?y transforned with a gene of an enzyne
capable of performng a transfer reaction of a gal actose residue to a
non- reduci ng ter m nal paaRbYke! USOSRAENG AR A PRABAYRCHOAR! IyEled; or
WO U2/ US7~C8 - 23 PCIT/JPU 2/ UU3CL1 suppressed activity of (31, 2-xylose
’ansfelloenzyﬁﬁle’r‘g&nﬂ, 3-FRcoEHFanst Forderyie. SPeadder etSedchdryn.
Sol at ed cDNAzeRgnadicnd olz3 or zed- xyh@syhsr ansber ase leyQMryd, alilapsd sq
thal i ana ( Strai er R, I\/U%ha J, ch L, Altmann F, Wlson 18, dossl J,
St ei nkel | ner H-#BirecdPEF oAy S8FF f uncti onal expression of a 1,
2-xyl osyltransferase cDNA from . ~ra, 6i dopsis thaliaz~a. FENS Lett. ( 2000 )
472:105-108) . 7.0 Ho ear.chi ain t S .Su S H GenBank
may show nucl eoti de sggégﬁ%:[fa% (;%(:)Ef melg%o%%?ﬁﬁ§%ﬂg§o§§%E%Tl%é’)%%rdgessﬁ’l\gﬁpts
sequencé5t ag) bellongdngnd og Faprhexistyu dires Sa4vaso de gl adnss I ar diatabiaror o t he
nucl eoti de segygBEe 187NCLHERTaL ARAIORS Safs]l whiv] SytdaNH Astafgsed on
15 these sequences, nucleic acid encoding ~3 1,2xylosyltransferase my be
cloned from tﬂBdh6§FPBF§ﬁ‘t Saptifriffed to establish a plant cell or plant with
reduced xyl osyltransferase activity by repressing a 1, 2xyl osyltransferase

gene expression. Reprgssion of 1, 2-xyl osyl t ransf eras ene _expressi on
may be carried out byﬁﬁﬁmgﬂﬁﬁse%ge%%& tf%ﬂ?gﬁﬁgéuﬁ&ﬁé’s%sibﬂcﬁﬂgﬁo&l

met hod 88 so beloAgtisondbi Cebinys,aMpllant EphbsorFphaatiai oh Aesiceh@b

xyl osyl transf grag VAR YA (1A o[- i by m cal t IS,
site-direct edgérutg %&%gi S aé’& ngo% i%ié)én%& eg{]?g%é, pl(:élaaggi %Egtrr?eq}tﬁﬁogg Sar%ééo on.

I n said plant¥Oofftroducti on and expression of one or nore
‘/aosyl transf erase genes encodi ng gal act ose transferase

Examples of the ZLeguminosae plant include plants
25 belonging to Glycine, Vigna, Phaseolus, Pisum, Vicia,
Arachis, Trifolium, Alphalfa or Medicago, such as soybean,
red bean, kidney bean, green pea, horsebean, peanut, clover
and bur clover.

30 Examples of the Cucurbitaceae plant include plants
belonging to Zwuffa, Cucurbita or Cucumis, such as luffa,
cushaw, cucumber and melon.



30 together with a gene encodi ng a heterol ogous pol ypepti de nmay produce a
het er ol ogous pol ypepti de wi th humani 2ed gl ycan structure or excrete a

het er ol ogous pol ypeptl de with humani zed gl ycan structure. wo a2l a; ~.~cs -
24 PCT/ JPEA? (9@@%@ Simlarly, Wlson et al. isolated cDNA BREGBI2AY3@x 1,
3-fucosyl transferase from ~l rabi dopszs thaliana (WIson IB, Rendic D,
Freilinger A/, Dumc J, Altmann F, Micha-Jzs5-Muller S, Hauser MI C oni ng

- and expression of cDNAs encoding cx 1, 3-fucosyltransferase honol ogues from
~| rabi dopsi s thaljana. Biochi.m Bi ophys Acta ( 2D01 ) 1527 : 88-9b )

Leiter et al. isolated cDNA encoding cx 1, 3-fucosyltransferase from rrung
" bean (Leiter, H, Michagan 1e§t%HQa€ﬂ§r£A%1aégénBlaﬁ@Ianclu&io #%n%s
, Al.tmann , F . Purif icat ion , cDNA cloning , expression O

GDP- L- Fuc: Asn-Be-aedi g dnéavaydad éedé@%f?céﬁﬁ%@%ééz ¢ r SRARY Ledmigier,)
Biol . Chem (nik$9%nd244r21880-21839). Honol ogy searchi ng agai nst

dat abases such as NI B nHank may show nucl eoti de sequences 15
corresponding to some EST (expression sequence tag) clones and genone
sequence §n soms pl antBxampBesi Bl athd ozwﬁzaaagbe@tlladﬁ SEAUEREE @NeadisNg

~l rabi dops.is 1 ~. 3fucosyl transferase. ed on these ces, nucleic
acid encodi ng 2t %nqjuré%q@ﬁ t‘q?'lzelzrfézf'”er%l & Hﬂymf) %Jéfﬁ"‘e’dsflfzg‘ ﬁ'& RB4C | ant
and used to edahlish aipyaahdcehlipt plant with reduced fucosyltransferase
activity by repressing Cxl, 3fucosyltransferase gene expression. Repression
of cxl,3 fucosyltransferase gene expression can be carried out by an

anti sense nethod, co- ﬁnpqzmp];ss ot ‘tine (k2 RA L avetdeorl lant 2Encuds plants

Al ternatjyely,, éa&“éiﬁ?cﬁ Engkggt LA ggdgﬁgq abcosyl transferase
S e

tivity may be est enlc nut agenesr s, site-directed
mut agenesi s using 30 oligonucleotldes t aggi ng nethods or so on. In said

plant, introduction angk&xpiesdONHY AR O FBFR PIMERS YIRS phasesgenes
encodlng gal actose transferase together with a gené encoding a eteroFogous

pol ypeptide BRBUHINGERE2PEFL IR0 HDORHS1 CrWOtﬁflﬁ BYRL . such

het er ol ogous pod ypepdlfeawbybuaaal zedrgbycanrekblict HhEG @elexgi.ete a
het er ol us pol ypeptide with humani zed gl ycan structure. ' 5 (Exanpl es)

The present invention is described below by referring to the Exanples . The
fol |l owi ng Exanpl es ar Ay thesd plantatEobuwsendh the Ipmndudtieompmesdod

i nvention. of the present invention, preferred are tobacco, tomato,
potato, rice, corn, radish, soybean, green pea, bur clover
and spinach, more preferred are tobacco, tomato, potato,

20 corn and soybean.

The "enzyme capable of performing a transfer

. reaction of a galactose residue to a non-reducing terminal
acetylglucosamine residue" means an enzyme which can

25 transfer a galactose residue to a non-reducing terminal
acetylglucosamine residue generated at the addition of a

sugar chain after the synthesis of the protein moiety of

a glycoprotein within a plant cell. Examples of such an

enzyme 1include galactosyl transferase, lactose synthase

30 and P-galactosidase. Such an enzyme may be derived from
any animal species but is preferably derived from mammals,

more preferably from human.



10 1. doning of Human (31-4 Gal actose Transferase Gene The (B1l-4 gal act ose
transferase (hG ) (EC2. 4.1.38 ) has been already cloned and a primary
structure conprising 400 ami no acids has been revealed (K A Masri et al.,

15 H ochegp objooRbys. Res. Commun., 157, 657-663 (1988)). (Por/mFd2this1
Preparation and Tenpl ate DNA Hy referrlng to the report of Masri et al.,

the followi ng prinmer were prepared. 20

- hGT- 5Eco: 5' - AMAGAATTCGOGAT GCCAGGOGOGCGTCCES - 3! (SEQ ID'" NO:1)

hGT- 2Sal: . 3' - TCGATCGCAAAACCATGTIGCAGCTGATG 5" (SEQ I D. NO: 2)

hGT- 7Spe: 3' - ACGGGACTCCTCAGGGGCGATGATCATAA-5" (SEQ TD. 25 NO: 3)

- hGT6Spe: 5' - AAGACTAGTGCGCCCCATGCTGATTGA- 3" (SEQ xD. NO: 4; As the tenplate
DNA, human genoni ¢ DNATRIgimafnpYBEents cmf%@%mMWM?B@DWpumhased

from d ontech 13&1"%@11@2&& (@:}gﬁ@mélg of Aﬁ@-ﬁogf?}? it W o
conmbi nations of (i) | ate of human | WO 02/0 68 PCT/JP( 12100361 - 26

i genonic DNAE'\HQc‘hI%W’ 2&3@0@’ RET-BEe ol RERAeE- 7&he aprgesent dayspiossof

human pl acent &oHNA e that tmeSe@imh@Eeaﬁ@lpﬁath@;@ﬁ% 1ﬁtE§Bea§%%i10n
was perfaqrnmed under the follow ng condjitions to obtain fragnments of kb

and 0.8 % kb C&EERGH a%u%raeoamgp%wioﬁa r%bmuhégﬁcﬁnénfss,wtlehp%ter
was added to khekedy teritolmed QJIDHAprEte:Lh &f dUFERHWHA Hafdrela eucdNEPS (

200 ~,~M , primer ~t| _of Tag pol yner.as
(produced by’ PrEvAngs 765 4nd 13 RE38a. OB radtingorg s de LIRIPLE (P o
make 50 ~ul. addition of a fucose or xylose residue, at the time of

expression and secretion of a heterologous glycoprotein in
’ 10 plant cells.

The "enzyme gene capable of performing a transfer
reaction of a galactose residue to a non-reducing terminal
acetylglucosamine residue" may be isolated from any animal

15 cell using a nucleotide sequence known to code this enzyme,
or a commercially available enzyme may be purchased or may
be used after modifying it to suit to the expression in
plants.

20 Herein, the "gene" means the structural gene moiety.
In order to facilitate the expression in plants, a regulator
sequence such as promoter, operator and terminator may be
. linked to the gene.

25 The "heterologous glycoprotein” means a
glycoprotein which is originally not expressed in plants
for use in the present invention. Examples of the
heterologous glycoprotein include enzyme, hormone,

cytokine, antibody, vaccine, receptor and serum protein.

30 Examples of the enzyme include horseradish peroxidase,
kinase, glucocerebrosidase, o-galactosidase, phytase, TPA
(tissue-type plasminogen activator) and HMG-CoA reductase.

Examples of the hormone and cytokine include enkephalin,



(PCR Reaction Condition) First Stage: 15 cycle nunber: 1, denaturation
(94C): 5 mn., annealing (55C): 1 mn., extension (72C: 2 mn. Second
Stage: cycle nunber: 30, denaturation (94C): 1 min., anneali nS;P 8550): 1
mn., extWARGATHF2C): 2 nin. 20 Third Stage: cycle nunberPCHIPOR@IEE ur at i on
(940 : 1 min., annealing (550): 2 mn., extension (72C): 5 mn. Two
fragnents obtai ned were conbined to constitct 25 hGT gene cDNA and

" subcl oned into pBluescriptllSK+(SK). The pH uescri ptl | SK+(SK) was purchased
from Stratagene. Fig. 1 shows the construction of plasmd containing hGr
gene cDNA. SEQ ID. NO:5 shows the base sequence of the obtained hGI gene
and SEQ "1 D. Ny Beshersy! BS pREESWIRESHT N0-A0f 0 S0 £6HERC Gonks 12bAINC
sequence was different fromthe hGI sequence disclosed 1n Masri et al.
supra. in the RPOFMeNengintepE ki Sy doferigyronpeyt g poby tenheran g6AEs: a)
A at the positépptRE8pofeint NPadOS1dt BhRSehath A Hotle RRNdY 0Rukidh/
were changed to G . T and G respecti ve:%:, but. t he, am no aci ds cod?d wer e
not changed; bYPOrHARES gPnaARtpeBin JACE22 YW Snitwne BerepRe; (kRd .5 ¢ )
itn or der SQtPOEuﬂ%ﬁ%i&hgi@i_thaQ%ﬂ§SCf hbfﬁoh@igtB i(qrmp{ 0 pw?»élkbgﬁitad Oa&déb,A G
a e positio n .a e _position re transfor . n :
fespoct Lvel y. SelPhelfrspuri sbinBr RatTRBE: 1 RARR R OF | §he, ABHERGene
cDNA whi ch hasifigbudai Tigat,i arcoodand GAtEetowys Tl gndkanpldd Sof the
experinmentation_such that 1tu e treanslltj on startfscfrom the second_initiation
codon (positioh 37+ 1575 FEREVT G of BEFEESTe TR DI98batOs & ed
Cell ( 1) hClambtgérerEscperichia ccdiel Esdivera toikian c olalaaxim esdeadieas, @n

tive type ( o - ’ Y zana
6 al ., %’(P Bi géﬁ%?n%n?%,rﬁi'f@( Y&gg%l?aaés qﬁvﬁéﬁs {gé%%%)ﬁr ess %Q?Efa !
tobacco cul t ur@ele@) sExampéessrt pEARGTCEREOR BRdeBa T B X \itieo ews PG LeE as
shown in Fig. ggr TRecdBQIP®] & H1sRb e Cadl-ahtaweyjsAlah dV chEgu3a®ion
pronoter (CaW_35S pronot e%@and the sel ectabl e marker used 25 vas
kananycin resi5?@Rer gee. - HEATEPTWERS SREBURERESE AT ¢ ViR 84 PUBHUr ed
cel :cs t hrough Agnpbenéeti uf,ns[cahe p_*.rro&rﬁfrg[] rml%gﬁ%mgé@roba?tgbb@%aa&?%
performed using.a.triparent ng nethod.by.Bevan et .al (see
Fevan, NI of P eEgl SR in "ot Lo HERA P R4 85 B ol R, WRE priedn
strain (suE44,C+l acUl69 (~80l1acZOM 5), hsdR 7) (Bethesda Research

Laboratories Inc.) Focus 8(2), 9(1986)) having pGA-type plasm d (see, G

An, Methods Enzynol. 153,
The "gene of heterologous glycoprotein" may be

isolated from any cell using a nucleotide sequence known
20 to code the objective heterologous gdglycoprotein or a
commercially available gene may be purchased or may be used

after modifying it to sulit to the expression in plants.

The gene of an enzyme capable of performing a

25 transfer reaction of a galactose residue to a non~-reducing
terminal acetylglucosamine residue and the gene of
heterologous glycoprotein are introduced into a plant cell

by a method known in the art. These genes may be introduced

separately or simultaneously. Those skilled in the art will

30 appreciate that the choice of method might depend on the
type of plant targeted for transformation.

Suitable methods of transforming plant cells



- "WD U2/ 057-L(8 PCTIJPU2I 003GL - 28 - 292 (1987)) and Escherichia coli
HB101 havi ng hel per plasm d pRK2013 (see, M Bevan, Nucleic Acid Res., 12,
8711 ( 1984 ) ) each was cultured at 37 C overnight in 2xYT nedi um

cont ai ni mgo 820H468y/ L of tetracycline and 50 ng/L of 5 kanawrgmine/oesad

~| grobacteri um tunefaci ens EHA101 strain (see, E. H Elizabeth,
J.Hacteriol., Z68, 1291 (1986)) was cultuygd_at 28 C over two nights in

- 2XYT medi um cont ai ni ng SO ng/ L of kanamycin and 25 ng/L of chl oranphenicol.
From each culture nedium 1. 5 m was transferred into an 10 Eppendorf tube
and cells were collected and washed three tinmes with LB nmedium The

obt ai ned cel | § _of ch_speci es re suspended in 100 ~, 1 of 2xyTI npedi um
these three kitHdfs ec’@?‘ggoi}\ﬁﬂﬁ\éﬁ%)?@d,&pWW%E UF% vﬁa]s"sngépiﬁggﬂlgkl?f agar
medi um and cul4:B2ed- 384 28L9B 6 p) carjlegatroporatdonn (Ridws 16t p&h: | ypPeogl.asm d
from Esaherich ig coli g0 ~|grohaoterzu ftery2, L art \I's

gr own throughg{iﬁ“t he spucrq‘dace 019‘%({?%23 ZX%S gar %%dgﬁﬁ?mé%gscragfé%gg;) ‘a

| oop and coat egrobddteagam-mesiintednttaanisfpri@tigrl. (Hikehesyah, al2., 5
ng/ L of tracycl Jo) h hegicol ., _Aft cuktyring at
28 C fortsg da;%%ﬂf%n%%éﬁ%oﬁts wéaéfsgéeﬁd.g%‘%eg%rséhs%ﬁng iglrtl g;L ’

t obacco cul t uNadug | Biekechopflogvedlby74 ke’ pet HoltinessPPbed fiar Gnadze
Plant Mol . B gy fuiiflnatAhn)l, A SUSPRHOR o 3 U ORBGSHIHIGERRALAY St rai n
25 havi ng pGA- trape EI asm n%’ul tured at 28 C fof 3_6t2%f)aurs i'n LB rrealiur'n
cont ai ni ng 12. 14 o3 :2dtl7adA3 nél88d) a Jsmahsinmt of etobdeco BLRDEr ed

cells (N coti apgdidPaaynds7-5863 (1996 ) yel &) 2) arbt 8R1EHEEHE] gﬁ%ﬁ days
urchased under Cell Nane of BY-2 in catal pgue.No. RPCl1 from The_30

8sti tutl® of BRFSIEHERT BRdRIIPVRESEF M TR ke F Xh S oBane tYS -ahPCaal |

Hank ) yver?e plmaah @drﬂ, wi@eL ?hddfbﬁbghlﬁ,daﬁm:ll ng wmmﬂae@td_ onl mmiczysraeq, gork

respectively, then.thogou X a t. st.andj ng, at .C in.a_ dar

place . Af tef* Ry ,Eapﬂgr& ‘?rr’é\?é'o'zﬁo%?. @tPB?/'Jé’nggogé?’-arngcgﬁg ur e

medi um i n the giet @l.di siBiwadhmransdégyr eél: 9230926 cenNleBBlgat i Baet ubdsand t he

super nat ant g, MRS . L CoRELLORLy SBRaLL 005 ( 15900750 58

m nut es). Subsequen résh’ medi um was ad and”af ter
centrifddal sSzafprdbet ahe, RAYEiGELate Rekercey and Feghaadiogypdi-27ed LS

agar nedi um centey 7y (ehifdy? 180ab0 401/ Lppbckanamici madyl 2501 Mitispof
carbenicillin and | eft standi n% at 25 Cin_the dark. After about 2 to 3
weeks, the cal®iSeR&dt330 fdre i)r&T‘ah?‘éﬁo&liﬂé’Wapﬂta)t’ecgﬁﬁsFﬁé‘ ¥ Bvti-ng

clones 10 wer elmte@gGiAAft @7 femliteera 3 198 83 (weskssart e MRS etehae. . ,
transferred tq.30 of nodified, LS, ggdi ving.added thereto_kanamycin
and carbenicil J'ior{ fr?&l%oulb?%@t%dg%%'ngsétgﬂgh?al(tsﬁ%@e gr' about” lejF(mﬁl , the
sel ecti @0 was RoggsatNalt 1 Fraeadontcissiliifant8 1430 irs4 D0 al h8d8) 6majze) ;
resistant strad ( , 24, 5,pd € el@an Y, t : .
| dentificati o?idlo%?ﬂ %—%oaé'ééd ml%r/%ae%gq%ﬁ%gﬁgi'gtsgn?’%?t r%ﬁéggbl?gﬁﬁgg))\ﬂer e
anal yzed by tKeed® Sutdbrn Bhanfs PhYs@Llit est4Ori44 nbbo8Rat (PR 2Pagnent
2.2 kb contraiding LaMEDS prwreschtdl ggne s PBKRsNESot errbpahor iamal- DNA

was integrated info nom ¢ DNA of
9 Gordon~Kamm et al., Plant Cell 2: 603-618 (1990) (maize);

25 Koziel et al., Biotechnology 11: 194-200 (1993) (maize):
Shimamoto et al., Nature 338: 274-277 (1989) (xrice);
Christou et al., Biotechnology 9: 957-962 (1991) (rice):
Datta et al., Biol/Technology 3:736-740 (1990) (rice):
European Patent Application EP 0 332 581 (orchardgrass and

30 other Pooideae); Vasil et al., Biotechnology 11: 1553-1558
(1993) (wheat); Weeks et al., Plant Physiol. 102: 1077-
1084 (1993) (wheat): Wan et al., Plant Physiol. 104: 37-48
(1994) (barley); Jahne et al., Theor. Appl. Genet.



t obacco cultured cell. Fromeach resistant strain obtained above, genomc
DNA was prepared, digested using EcoRl, 25 Hindlll, and analyzed by
Sout hern anal sis. The preparation of chromosome DNA from t gbacco cul t ured
- cell's wasWPdRP8HIBd according to the Watabe nethod (see, KPCUAP2M8361
"Cl oni ng to Sequence (C oning and 30 Sequence)", Shokubutsu Bi ot echnol ogy
Ji kken Manual (Pl ant Biotechnol ogy Exper4 rmnt-ati on Manual ), Noson Bunka
~ Shay. 10 ml of Tobacco cultured cells were frozen by liquid nitrogen and
ground into the powder formusing nortar and WO 02/ U7-168
PCTI JPt 121t 103GL - 30 pestle. Before liquefaction started, about 5 g of
t het hus- obt ai negl ms\dsaamasadqe(ctatrqe'ir)m Unfo sOKCRAB(aIE! y 1 10 MBS dhtl crwgpi um

or adual |y el | 553G G4 D JEBRERaNa! Eperest Rl e Ll Do

or nore,the teszpﬁramsmenga:slzmznmzmedw&hembén 1%93) Odabdioim] preomeeany|

and the emui <1 Sh kot A /AR L0 Y00 00 i< 46BReREa1 SPpd o1

t enper at uBe) ’Mﬂ‘herqumeraJJ ayEﬂaMsCelJarma‘pmmEsd1140635146\40401995) (oat):

m - vol unecentr I e an ti 0 [

usi ngchl or of or%%g%aerr%/:é al “ co;1 ‘Zpgi(’tf;tg\?\'/asf?]%pgg hagé { %% nléea‘il )p‘per

| ayer, 1/10 vofbamgst &d.0 W%W%dwbee‘mdtm Mmayehiaded ahd Plant
centrifuged (2; qpe was
transferred tng‘%‘g{}v‘!‘%?ht"rl?s? fﬁb%égggmftavol ulri\rt?:i."glj]fL Qfl%% A,?%/&i
wasadded t her ef@t %Ithﬁiﬂé@?%m Taantthief dg&gouctdony eﬁlrmmm@@t DNOM

t enperat ype}. ,&Ms&uiég%ﬂa Iﬁ&h@zéwﬁm&@@& e@&ﬂ%pbaﬁ\taakdman{%gﬂfﬁ@r
qlutlon containin of 201M sodi um ch| ori de. was added and | etely

ssol ved at 55% ?B“%Ol’(’: Kapipdt 8t 3lnt RBFOLFReLo8Y obhnot 24wkl d b when
DINA waé obsngEﬂllté’tedm\JA Raphiyakea 8p: m&lengztaﬂe:emis ))fangi Foizglel ta%aen:sf;arred
to an Eppendor{_tube t ai o .cold et and ri : e
was further ri%@’éﬁggw qﬁnﬂ?ﬂa&%ﬁ){arﬁf’q &% p%é&?ﬁf’?gt m‘slsd‘r's]sa\lced
i nan appropri ate®aé6punt Aaf Haditfieral Thereferréd-~, émbde?NAa&eA(l’H) mjieﬂ)
was addegzand x&l@ o)
conposi tlgon ofﬁgg‘%%%rt gg?[ﬁ%?%r ?‘é‘g‘ﬁ%ﬂip’ﬂfg‘ggé %A?%I %lgu%%ﬁ??)rg? e and
10 pol yvi nyl 30§9r9029306é5( PWPPnsém“taﬁéc’I’O@mBus’fcﬁ mam@mam%@aimu

of 100 CTAB ang; Pn7M %99@@ PN & 1J§eo§oﬂhmeﬁﬁl§n@ms's'i:é@t.%spe(:i ol rred
as foll ows. WO 12/07

APPé CT/ JP(12/ 003GL é‘?‘%@ql ect r ophor esi s and
Al kal i ModificgP7bRaBFiprRat apgnpPEbelyeaggra es -axe gfuttpple

obt ai ned chr onbspmes ®&NWitAi nhea pegdiiidaseo rlingesedudmceagar ose gel 5

el ectropggrem s ( 50 V) was perforned by a standard nethod. The gel was
stained Wth ethidiumbrom de, photographed and shaken for 20 m nutes in
400 M of 0.25M HO . T'nleﬁmn@prOﬁn@tseﬁKMe%ﬂed\mdjss@aeuedt&nuhtehelzget was
i mersed in 400, fiﬁéo?.B%HE'tQB (th 1r[\{a63' thd- qu@%s@{&carded

gradual |y shaken 4 m nut es bsequent e sol ution was
400 m . of ganﬂéuﬂaall iDat LtegndéfdedoPy 1a5merqa\e|d knoyip Tipsthe (PFE-

»4)) was addedx@xﬂ 185adyal |ﬁh§h§|ﬁ%&tf1(frlc7a'ilf6rﬂuhé$hoéft.ﬁﬁcﬂhééarﬁiﬂgei‘he
solutlon 400 t he neutrallzgﬁpgn sol uti on was ain_ 15 added and

oradual | §5shakBheFBLRgS HeRASE Chtins AT ERTER DNAPRACGR affien  and

el ect rophor esi gevastiovansteenegmniatiz rdtdvimnbr ane (Hybond- N Amer sham

usi ng 20xSSC. The 20 transfer was perforned for 12 hours or nore. The

bl otted nenbrane was dried at roomtenperature for 1 hour and subjected to
W fixing for 5 m nut e¥heTheagekssiicladedlcexposssing an SM¥BE capab De3M

sodium citrate,r2eLkbnh; RERARINAE Y AV AHPGE a galactose residue

30 into a non-reducing terminal acetylglucosamine residue and
eXpressing a heterologous glycoprotein, expresses and
secretes a heterologous glycoprotein having a human-type
sugar chain. In other words, the thus-obtained transformed



The DNA Rrobe was prepared usi ng Random prine Labeling Kit (produced by

Takara Shuzo)

- 30 tenpl A0

In an Eppendorf tube, a reaction solution shown bel ow was
prepared and after heating at 95 C for 3 mnutes, rapidly cool ed |n |ce

498 ng, Random Priner 2 ~, 1, water added to"?rﬂi"é’@

| OxBuf fer and dNTP each in 1.5 ~, 1 and [a 32P] dCTP (1.85 MBqg, 50 nO)
~, | were added, followed by filling up to284-~.1 with HzO Thereto, 1 ~, 1
~ of Kl enow fragnent was added WO 02/ 05p68 PCT/JP02/003GL - 32 and after
keeping at 37 C for 10 m nutes, eluted through NAP10 col um (produced
Pharmacia) to purify the DNA. This purified DNA was heated at 95 C for 3

m nutes and t

(iv) Hybridization: To the follow ng ehybri di zati on sol ution, 0.05

of 0. 5~ (w v)cus

inb5

by

hetaemad ¥ ﬁﬁﬁlhﬁdt'y@)e' gag&@ O B Da @a Y Bl 1 SR aaf@bﬁf 5
Wa’ﬁ%ﬂ t¥ﬁ“§ﬁér¥‘%§uFFHQ ByPaprr- EuPet ﬁéYﬁ@RﬁP&ﬁérbf

(i) above wascdrimbé sesipgedstlde s psetydtédi Zat konasfe peid@itednattd? C
for 2 hours or e;&;ﬁ% Thereafter, the DNA probe prepared in (iii) was added
N

and the hybri d%

was perforned at 42 C for 12 hours or nore. The

prehybri d zati on sol ution had a conposi t| on of 5xSSC. 50 mM sodi um
phosphate) 500 (wv) f r %ln_)xDenh %5 sol ution (obtained b

di luting 100xDenhardt’

By 9 ?9\?5 ShR cofipF Bethitar gt

sol uti on had a:l'ranrrp(midim ofitér $uhay E5ALn2-a(d/ theFcbrel s4@8r 2ha(iw v)

pol yviny! oyt rglt e (YR} 2R o adhogenlie A ehthegleadion 1

t he foll ow ng sequence

1 OQr a orrred st an

met hod. Twi ce acremcmﬁial@inaso SDSThe 66utefor stugam nuhesnandft hé&le once

in 0.l Xgéﬁ and,1Q,Js I%Q%ﬂ BB +&1h¥a léomgﬁmas

t he

t ai ned above&VgRy

integrated in Jt%ﬁcﬁiﬁ@b%aﬁrﬁ%e@s&uamdr% &@aébréﬁahaéals%ggr chain
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B13RY £F &‘Pet'l% of LTI AP FeEFaggructyres.
The glycoprotein produced by the transformed cell

preferably is free of fucose or xylose.

The resulting transformed plant cell may be
maintained in the state of cultured cell, may be
differentiated into a specific tissue or organ, or may be
regenerated in a complete plant body or in a part such as
seed, fruit, leaf, root, stem or flower obtained from a
complete plant body.

For the culture, differentiation or regeneration of
the transformed plant cell, means and culture mediums known
in the art are used. Examples of the medium include
Murashige-Skoog (MS) medium, Gamborg B5 (B) medium, White
medium and Nitsch & Nitsch (Nitsch) medium, however, the
present invention is not limited thereto. These mediums
are usually used after adding thereto an appropriate amount
of a plant growth control substance (e.g., plant hormone)
and the like.

Zomlbadt AP WEefg nbgsul t's

out hern an si s of genom ¢ DNA prepar ed each resistant strain
1 meielyg. The pRtREsSRMF idhRd MANthawe sh&ingade was



PCT/ JPU2/ OU3C 1 - Tobacco Cultured Cell GI6 Strain) A culture nedi um of
tobacco cultured cell GI6 strain .resulting fromculturing in nodified

"Mur ashi ge di um prepared using m xed salts for Miraghi.ge- g 5
‘medi um ( grﬁgg%ggfj@by Wako Junyaku ) f or 7 days was centri ?’ES&@“ZZ"F&%, 000
rpmfor 10 m nutes at roomtenperature and the obtai ned supernatant was
recovered as the GI6 strain culture nediudland used in this Exanple. The

- obt ai ned supernatant was dial yzed agai nst dHzO (dei oni zed water) 10 (1x105
times dilution) and then freeze-dried. (Preparation of N Linked Type Sugar
Chain) The sanpl e obtained by the freeze-drying was hydrazi nolyzed at 100 C
“for 10 hours to exci seAppdisagaon]®ichitiese Toyshemdydoadifdeyens et

excess acetone siadde y ri 4.C and 10,000 r for 20
ni nut es, sugars)gﬁaﬁ'ﬁg v\g(ra g(rigm‘%ﬁ%t egc}-‘LgT#g&sﬂﬁg ERai TRIGRGEA N addtdt at ed
in the presencRabtighlagueptantastiraiad S uprdydpbgshsar MAnatse rec dittd on

and acetic anhyd¢hd e Si u
Mur omachi _Kagaku Ko a?o%)gr, th@ Q‘egg?%gratetﬂ'roolhu dﬁ%ex%ﬂé l?%eﬁﬁﬁsr% gel
filter coPum @¥e8 W%e%qd Jgmaned eit 1. 1NPaqoEoUBLssmeNiCal tirss eby

recovering theLélttéggedzsmgarlg%@ & hegpgg at i dyl ted
(PA) Sugar a‘%)g éghe recovered N Ii rfléga suearalﬁ(‘fhal'i;;:kge(S)V\let:argp}il{jl f(();'%%3 " 'The

PA- sanpl e was d %%PBUQ‘FF%&&E)@@Q?@@&?GN-@%BH 4i83 erl2BA unm (
1. 8x180 cn) eApditibanted with BRo&eUBAWI 03F,3Q:308liC 13@6d Sol ution to
purify the PA-sugar chains. (Fractionation and Anal ysi s of 'PA-Sugar Chains
by HPLC) The PA-sugar chain structure was anal yzed by WO 02/057.t B

PCTI JP021®03GL - rever sednpliesm (MRamnd stzerdis acthgpat bQﬁn6§F) LG,
.o- di mensi on t he_exo Si das estion, and
I'S-VS/ MB anal %?égggéf{igﬂl-ﬁgggﬁﬁ ﬁeé E F‘n’Bﬁ%og’:léﬁ%E CHIt g’&ﬁ’ép
analysis. 5 Ja@fe’@)r@@OCPLDMPI;L@tImmnhgcﬂaseblsZﬂr ERskntsl d:agemat utilized.

Spect r of | uor oned L re ¥ [ s neasured at
excitation wavel er?gt h of 310 nm ang Jﬁrpggﬁgé%gﬁggsv\f/agvg\ql%ﬁq/%t 3° SBETRS 10
In the RP-HPLCRnaf¥BLEnES| n§atoshssi |efHimgted coﬁit’élrrnd(389125bedm (Wesdiced by
Nakar ai tesc), Bhwte€RR6EOETAt 609909f asegggnitrile in an aqueous 0.02 TFA
solution was increased fromO~ to 6 0 over 40 mnutes at a flowrate of 1.2
m/mn and t hereby PA-sugar chains were

Agrobacterium-mediated transfer is also a widely

applicable system for introducing genes into rlant cells
because the DNA can be introduced into whole plant tissues,
20 thereby bypassing the need for regeneration of an intact
plant from a protoplast. The use of Agrobacterium-mediated
blant integrating vectors to introduce DNA into plant cells

é is well known in the art. See, for example, the methods
described above.

25
Fundamentally, as long as the transformed plant
cell grows and then expresses and secretes the desired gene
product, a culture medium having any composition containing
trace nutrients necessary for the growth of plant cells,
30 such as carbon source, nitrogen source, vitamins and salts .

may be used for the secretory production of a glycoprotein
having a human-type sugar chain. Also,
polyvinylpyrrolidone, protease inhibitor and the like may



15 eluted. In the SF-HPLC anal ysis using Asahi pak NH2P-50 col um (4. 6x250
mm produced by Showa Denko K. K ), the concentration of acetonitrile in a

dH20- acet.oni t.r.iL m xed solution was i ncreased from 26~ t 0 25
F8 bl R

“mnutes a rate of 0.7 m/mn and thereby PA-sugar ¢ e 20
eluted. (Analysis of PA-Sugar Chains by Exoglycosidase Digestion) In the
enzymati c di gestion reaction using (3gatra22osi dase (D pl ococcus pneunoni ae,

" Roche), each PA 25 sugar chain was reacted at 37 C for 2 days in a 0.1M
sodi um acetate buffer (pH 5.5) containing 5 nlJ of (3-gal actosi dase.
Simlarly, in the enzymatic digestion reaction using Nacetyl gl ucosam dase
(Di pl ococcus preuatdede,sdRoafe)to esicdb Pl selgdheC heedirabsd I batieat laigals C
for 2 days in a 0.1M 30 sodium acetate buffer . 5.5)..containi 5 nmU of
Nacet yl g ucos LR T BRaATS: SEERTPRE SSorhETDe uF s Pedtsddatfy
usi ng a- mannosptaseigJack bean, Sigma), each PA-sugar chain was reacted at
37 Cfor 2 days in a 0.1M WO U2/ (157.t18 PCT/JPU2/ QU3C>1 - 35 _ sodium
acetate buffer (pH:. 3.88) containing 10 nM zi nc acetate and 10 ~, U of
a- mannosiiase. Each erBPysreglycepreteinnhaeangi anhvuasnstyppesugarbetiaing t he

sol ution at 10%4%%%%%%@”&&%%@8% ”Eﬁergftﬁhls%rﬁx%“gil%t""%%ﬁ an

centrifuged at for m nutes an e supernatant was subjected

to HPLC. The epeittixmicakiy discdadied £mome thegnedingi ﬁgvﬁ%a@brﬁﬁlb%l- withe t he
elution tine ofs3 XPO¥R éyggi%&ggtateiaoffbﬁ: MREMReAR By SieSh1HME lcalMBf MBS

Anal ysi s was perfornmed usin erki n-El mer Sciex API-111 triple-quadrupol e
mass spect r ometdt Permeniormed ing e thas mellrdknogrgf one skilled

Aci d~Tr angf er age tRRREHON FBrVékampldhetkd GSfdeproteln <Al 1Y urified
le umderi ved\;,é!si/co rgc)t ein pre argﬁcé ab%v,e after the, daal iﬁl S raLnd .
eeze- drying 2R G s 1 hETTL P ME LN UF AT o F YU Y EABRELE s 8% bt i on
was perfornmed adm@im&cion, 5 teathnd gues?20such2 & nbhitdngm aacodyl at e douf f er
solution (pH: cont ai ni ny/ .Q. 5~ 0 L1l on - ~M of
CwWP-slalic aci%,“g)%“l of %E?%qé?al yﬂi‘?‘?;a‘%gfé\}:égg’(de%f’éég}ﬂf ro hroai"qalztveer )
( produced by m#swip¥taybkw)) asdlveqd -pyecipt¥aticnai hegal-l, cwrokesn
edi um ey i veds Gl YE0pAat Sivbeld B AdiP ngoRLERbaLesE otihoL D, iR al n
cell culture nmediumderive gﬁycoprotel nh and 40 ~. g of asialo tfetuin fetal
(fetal bovine $2% ufd1Erakdyn wel@n ueEahaBICheCOLBERr ShECMEY OGrEENY, such

St ai ni ng) The & abbgeasbdphhgnsl eIas@ M iGAGH ©TbW) 0SNGt hWah - Pk fRiiRthde
SDS- PAGE at 130 V for 2 hours Igl§ll_.n 12 . 5 0 polyacrylam de gel and then
transferred t CHYPIERPTEPRE(HFLCYD (12/0S7-4G3” PCT/ JP02/ 003(1 - 36

20 Alternatively, the glycoprotein of the present
invention may also be isolated or extracted from plant cells.

Furthermore, the glycoprotein of the present invention,

. which is contained in transformed cells, can be used as it
is for food. The glycoprotein of the present invention has

25 a human-type sugar chain addition and therefore, is free

of antigenicity and suitable for the administration to

animals including humans.

Further also included within the present invention,

30 the plant cell or the plant body transformed with a gene
of én enzyme capable of performing a transfer reaction of

a galactose residue to a non-reducing terminal

acetylglucosamine residue, may have inactivated or



menbrane at a constant current of 1 mA/cnz for 50 mnutes. In the lectin
bl otting, horseradi sh peroxidase-linked SNA | ectin (produced by EY
Laboratorjes, Inc., ) 200-fold diluted with a PHS sol ution cqnt a}i ning O ,
05~ of T\/\E’Qﬁ'—zﬁ'ﬁ7%s used. 5 After the blotting, the staini ﬂﬁwd\%@/oﬁ% f or med
usi ng POD I mmunostain Kit (produced by Wako Junyaku). (Purification of
Tobacco Cultured Cell GI6 Strain Cul ture M3di-um Derived PA-Sugar Chain) 10
" The PA-sugar chain prepared fromthe GI6 strain culture nmediumwas purified
usi ng RP-HPLC and SF-HPLC (shown in Fig. 4A and Fig. 4H, respectively)
Fig. 4A shows the peak of PA-product by RP-HPLC. After the recovery of
peaks (1 to 6)suppehswed achjiedtedotro [SE; Pkl éseetrkhgretbedBymeExel usi ve
of 6 peaks (shgwg gé Ato,F in Firg. 4B) obtai ned by the SF-HPLC, the peaks
were not an N-fiRk&EHCEGGarTERSERT PR7?I™Rds verified because, in IS M5 VB 20
anal ysis, signals agreeing with mlz 299.33 (A cNAc-PA) and m z 502. 52
(A cNAc2- PA) were not i . Rl g..5 ows . N-Li_nked r ai-n
structures anal yzed ong?%gggggkseéA?I]—')' %%\B&%;a%fa h%bllﬁ%ngraos(ilinr? B
par ent hesBs i ntli 2akylosyliwhaasfexiase of Sugar chdrabhdepsgseachtisttimtare
Shown in the 2psFEQULEr AS MIGHE § Nk 15 abehBnk §f ufdlon TWTRAdypP
sugar chain having a gal actose resi due bound to an cetyl gl ucosam ne
resi due, contadn ndteirbedliesi die dfrlaulbicemlinin® aAnrd DIvnstdional
xyl ose residue Wl alsFANaBysi s of - I 6 re
Medi um Der i vede)lgg%ﬁg%%gmgifr?) B SJWD %/ﬁg%t%\%%%%%%PlgzD/ﬁéOS?igéﬂThe
mol ecul ar wei gRFePAAerE3s, Bi2itad nelEBy ded .S MS28RAVY AR 0T HD Hkak A
(I in Figo 6) 1@61&6@69# baaﬁahﬁuNgNé@Ha&%@ AAGDRR S ittt as WTH GenB¥ehk

gnal s obt ai negyb%/ the | S M5/ anal ysi s, narrelg,eﬁrdz 1192.5, mz 990.5,

6

z 5 827.5 nf Bow npclesdide §aneRses cqreeppeitieg (o meme EST
d CNécl\/an3GI CNPéﬁpEés(siﬂ)iQ;éeqh&n)ce WIBC&M%EQ-BM( gB88me Sediuence in
ManZd cNAcz- PA (826 .ManG@.cNAc2- p 64 . . (4 cNAC2PA
(505 59) and O SRR BhaLDEY 2HE 9&%&&% DEe) BAR mirdet iR e i os e
peak A contai nenthédngstrabiidepsif thhd, dakzlosyiteansitesiesean) . BHsed on
(3-gal acy gsi da@ﬁegbgesgeaaeﬁagguct ﬁﬁema&ge PgakaA \A;@ﬁcgdﬁhlgcl\/a@%wz- PA

(I'l in Fig. 6) and the Nacetyl glucosam ni dase di gesti on product thereof was
15 Man3G cNAc2¥PROFYLtrapsfRrpsg mag pe cipaefp dhendiait R¥aot 2% . 8
) obtained by &beal SdBeahabyssh o bhanpeateB (bri Himk wWitAIesFhaédh

Gal A cNAcMan3Xy1GIcNAc~- PA (1486.38). The signal s obtai ned 20 by,the
| S-MS/ VB anal yéYffl’S &%EF?Ff%F?Sf354%%’F1HEY139W 0, SREFeSHPD, M 2 4192 0,

mz 991.5. nl zxPBO6s@)ltmransfieGa8e Ngen&0xprastine. 30 Répraseiqgum esdmed t o

be Gal d cMan3G 2 I i , 3 - ( 24 .

2 ) MERoxy 1 ENAYSSRRIC Pr 5T Stgeey bebpy «ShERRANBRARKS b JEESE Tl (ode

Man2Xyl G cNAc2bPp/aR G88: Tsgn seviedheAc ZoPAUPRESSE8 PN BRENAG2- FMA L 30152 and

A cNAc2- PA (299r33). ohespectively, and this suggests that the peak B

contains these structures (the data are not shown). 30 The (3-gal actosi dase

gesti on product fromthe peak B was G cNAcMan3Xy1lGlcNAcz-PA ( Il in Fig.
and the Nacetyl gl ucastsirnataseld| gegiliant peqduek pheneohitsreduced

Man3xy! GZgNACZ}_{E; 0 I}fH.Ltria?lsléie%asQ activity may be established by chemical
mutagenesis, site-directed mutagenesis using
oligonucleotides, tagging methods or so on. In said plant,
introduction and expression of one or more
glycosyltransferase genes encoding galactose transferase

30 together with a gene encoding a heterologous polypeptide
may produce a heterologous polypeptide with humanized
glycan structure or excrete a heterologous polypeptide with

humanized glycan structure.



WO 02/ US7- 168 PCT/JP02/0031>1 - 38 The nol ecul ar weight (mz 1355.0)
obtained by the I1S-M5 analysis of the peak C ( I in Fig. 8 ) agreed with
*Gal d cNAcMan33 cNAcZ- PA (m z 1354.27). The signals 5 obtained bé t he

| S- Mo/ VB WRAAISTHE nanely, mz 1193.5, mz 959.0. mz 827. BCTHZ WS 5 iz
503.0, mz 300.0, are presuned to be d cNAcMan3d cNAc2-PA (mz 1192.13),
Man3d cNAc2-PA (mz 988 . 94 ) , ManZd eNgd2-PA (mz 826 .8 0 ) .

"~ Mand cNAc2-PA (mz 664.66), G cNAc2-PA (mz 502.52) and 10 A cNAc-PA (m z
299. 33), respectively, and this suggests that the peak C contains these
structures ( the data are not shown). The ~-gal act osi dase di gesti on product
- fromthe peak 15 C was @ cNAcMan3d cNAc2-PA (Il in Fig. 8) and the N

acet yl gl ucosam ni dase gigestion product ther.eof, S 3 NAC2-PA (1] |
o H 60 80y e ot ettranad o RITERRD SR SR SENR PRERRIRE
by the | S-MS ahaByfusosfltirenpéakabe( firomn AFiapiddpgiagreettana HWilson

Gal @ cNAcMan3Xy} d - PA ( . 38 ) : i tai qﬁ? he

| S- M5/ M5 anal y%lilaé,ﬁ%@ﬁé yﬁ\n?%z:éi}{éggsr %szfgg%eojs %i?"%fgﬁ% Z 1121.5,
mz 989.55 nl zM8RBeB,S nHau5e3. T fldmirg 300.&xpress preoinedNAs dneafbing

Gal G cNAcMan3G,c - d 1;&@%@&2 4.
24 ) , d cNAcl\/ang%O%:Nﬁ%%%t z %ﬁ%%ai%)ﬂ%%‘)g?@(?%%c cZ- AA(DI%AZH@%%S},
Man3G cNAc2- PAXal 12088 Bimrhim BlpphascAnEa- CR00#) 71 3256: 88896 ) . Leiter

G cNAC~ PA (1 g¢ 502. 53b1aRdaR K enRANF 02093 3@\}:@0391‘E§§R§f£f¥§éyﬁroc)ﬁ£‘dT

this suggests that the peak D contains these structures (B in FI%. 10).

(3- gal act osi da®endi Beani bheptegucH-#r ¥rbRe feak Stapdachers E-t6&rimy

PCT/J Pl( 11|2a6 (103%, ,1_%1& sy%,_s JG,CMEMﬁﬁé(Yﬂ.GP@EM(erdf%j(QnTJ cbgAF%%inﬂN:Aé , aingh E |h|e|
cetyl gl ucosani ni dase di gestion, pr t thereof wa cNAcz-

i o 20) 5 TRRETEECO0I arohel GRE-LHoc: AMFYELINEES oftLaNAS by ( Her 3°S- NS
anal ysi s of theupesklErfhsferksg. fidh myigaskand h Gal EoNACR® A (A PA (
1516 . 41 ) . . Si | in t LS anal ysi I m z
1355 0, 2 1165502 70" 488307 it ool SIS AU S TG
300.0, are 10 puesuned tN¥IBe GanBRoNAcKkEN3GSbRNAC2NRLleatd dE354eliences

G 1014990 I Ey iy 6 s hen SSROVGE iy S8R il

(mz 502 . 52 3AngeBPRRAGTNENFY Dyosomg3z plantsesake i §elflagndot Hite
suggests that hhei1peekaE cosbahdficd5 tEESEaShHUCt HFEBiGbpeigat acar @ ymt
shown}. The (3-%al aci si dase _di ges i_on ro&g}ct fromthe peak E?Avvas .
3 oNACNENAGH CNEBGO PRI EFROFACERGS . 7 PRasdoR b ask SIS RE e PR AAgola
di gesti on prodentofihrgedfl wasfucosyltransferase may be cloned from the
20 host plant and used to establish a plant cell or plant with

he

reduced fucosyltransferase activity by repressing ¢1,3-
fucosyltransferase gene expression. Repression of ol1l,3-
. fucosyltransferase gene expression can be carried out by
an antisense method, co-suppression method, RNAi method or

25 so on.

Alternatively, a plant cell oxr plant with reduced
fucosyltransferase activity may be established by chemical

mutagenesis, site-directed mutagenesis using
30 oligonucleotides, tagging methods or so on. In said plant,
introduction and exXpression of one or more

glycosyltransferase genes encoding galactose transferase

together with a gene encoding a heterologous polypeptide



20 Man9d cNAc2-PA ( Il in Fig. 11 ) . The nol ecular weight (mz 1679. 8)
obtained by the IS-M5 analysis of the peak F (I in Fig. 12} agreed with

© Gal d cNA pg\c2-PA ( 1678 . 55 ) . The signals obtain

IS MS/ Nsc‘g/ﬁgm’?ysus namely, mz 1517.5, mz 1313.5, mz 115 935%”&?3@27 5,
mz 665.5 nlz 503.0 and m'z 300.0, are_pkgsuned to be G cNAcMan53 cNAcz- PA
(mz 1516.41). Man5d cNAc2-PA ( 1313 . 22 ) , MangQd cNAcz-PA ( 1151. 08 )

. ManZd cNAc2-PA ( 826 . 80 ) , ManG cNAc2-PA ( 664 . 66 ) , G cNAcz 30 PA
(5@.52) and G cNAc-PA (mz 299.33), respectively, and this suggests t hat

the peak F co LN SLrygt t
. 02/(|)O 57. G8 PC%%OZ’FB’%’Z’% & 3‘%&53(%9‘;&%? gﬁig’i"% T4 |gae2?¥2%[1mf)nrao from
the peak F V\/asgIY@M(ﬂvmmm&oz-@ncmte|anhEtgrOlQ)JoaﬁdpcohEpeptlde w1th
Nacet yl gl ucosam ni dj o] t her eof was -Man5G cNAcZ- PA (| I
in Fié g 12 )m@é#%%dtgggég?egﬁgﬁe%g € peak A or Cis considered 50 bé
either a-D-Man- ( 1--~6 ) [ (3-D @&l - 1-~4 3-D-d aNAc( 1--~2
-a-D-Man-5 ( 1-(@xdmp1 €8y D Man- ( 1- ~4§ - (3- D)GgNAc- ( 1--(>4) G)cNAc-PA(
GaIGNII\/BPA)or% 3-D-Gal- ( 1-j4) -(3-DAcNAa ( 1-~2 ) 10 -a-D Man- (
1-j6 ) ] a-D-Man- ( zZ-Thg )pregenan-inventien _is- gesawdgd - helow cRac- PA
EG?I?)GQ (I\gl _PA) rérf@r 1§> Qhe?Nizgmﬁ%?éﬁl gqrh)%dfgma@lﬁ?t ﬁﬁémﬁl&;\@flh o1l 6 )
(3-D Xyl - ( 1 t"? }li‘l% r@:%hut(ngtdft? limip @’8!\12266(531‘t~$n)"eﬁ@1&%c PA (
Gal GNI MBX-PA ) or (3-DGl- ( 1--~4 ) -(3-Dd cNAc 1--~2 -a- DMan- (

“(3°0 dthac. ¥ Na@lar%nw& \itren Qléxéwﬁmkéﬁ) #a%é%%’é%@%w e
?_nsidered to be either a-D-Man( 1~6 ) -a-D-Man- ( 1-~6 ) [ (3 D Gal -
E R Do o e B ok b BB g
o D M 1hes Jpefen Bpesly p3ohefang a GBI NAGHC T c)amperlam

1-~-3 ) ] (3 D'AMW a@lﬁo Aac)ldsf 39&@ ?%% (ﬂeveﬁe&] QNAQ P’%é B_A) The
peak F is consi dere be a-D Man- (1-~6) a- D 1--~3 -D-"'Man- (

1~6 ) [ ¥3-D diechen. Rigphys. Resg @E‘NAB -¢ 15-72 )65 a58.3vA9 J) ~3) ]
(3-DMan- ( 1-j4 ) -(3-D -G CcNAC(1-~4)-A cNAc-PA (Gal GNMs-PA). (Sialic Acid
Transferase Re(’iftl O]?J.Ill'lenr repr)::ratlon and Template DNA

By referring to the report of Masri et al., the

following primer were prepared.

20 hGT-5Eco: 5" -AAAGAATTCGCGATGCCAGGCGCGCGTCCCT-3" (SEQ. ID
' NO:1) C
hGT-2Sal: 3" -TCGATCGCAAAACCATGTGCAGCTGATG-5" (SEQ. ID.
NO:2)
@ hGT-7Spe:3" ~ACGGGACTCCTCAGGGGCGATGATCATAA-5" (SEQ. ID.
25  NO:3)

hGT6Spe:5"'-AAGACTAGTGGGCCCCATGCTGATTGA-3"' (SEQ. ID. NO:4;

As the template DNA, human genomic DNA, human
placenta cDNA and human kidney cDNA purchased from Clontech
30 were used.

(2) Cloning of hGT gene cDNA

Using two combinations of (i) template of human



- WO 02/057-4C>8 PCT/JP02/003C>1 - 41 A sialic acid transferase reaction
inrritro vvas performed using GI6 strain culture nmedi umderived

gl ycoprot strain culture nmediumderived gl ycoprote

fetuin as ’i%%%trate. Each 5 reactant was transferred tggT(&'%(Pg@%(all ul ose
menbr ane and subjected to lectin staining. As a result, the lectin staining
was positive in the case where the substr&tbe -was asialo fetuin (lane 1 in

"Fig. 13) or GI6 strain culture nediumderived gl ycoprotein (lane 2 in Fig,
13), and the 10 lectin staining was negative in the case where the
substrate was HY2 strain culture nmediumderived glycoprotein (lane 3 , Fig.

- 13 ) . From t hgspomiciBNA evith ed-itreats todbhaéfe 5Eobt anddh@®+ VShd Garsd ré@l )
culture nediu y tei he .substr.ate in =14

el d 11 anst er aarpL4EE, 95 ARBNA BcAGcR ADphlGaRe Hrihlela (b ST 284 E

d ycoprot ei n Sewrdethddl48peNon-alr BABf areagit ie1y2 watsr aperfokrinededurgdéet) the

(Preparation : t I o 0 reezes dri ed

culture supern%?%%ﬁggﬁp(%%h%gyg a#(%gﬁdb&#r?hfe e%tﬂso'?% g gédl;n 'go’s rain

except foF usikly eyetainihg Ap pﬁﬁfcéodﬂ-nGTGegtlp@l n. (Preparation of

N-Li nked Sugar Chain) 25 N-Linked sugar chains were recovered by the same

nmethod as in GI6 strain except for using TSK gel TOYO PERAL HW 40 (produced

by TOSO gel f{FP¢RrReart#AR(8Y5%8®)cm) in place of the Sephadex G 25 super

fine gel filer colum Wd+&8x139scahaedOtoPrepar aki e_mpflalyr iplw a2 nat egle ( PA)
Sugar Chain) The recqvered N-1inked su ,?%?re(((::? ai ns_wer e _PA-for ned u5| ng

2-ami nopyri di meO*HER WLt |4 MdaQt rlY G4 p¥dghpPrimefi $9 /Rmel jBnd

PC|T{ JPUZI?JO3 lo- 5451!21_30'5 Talk ﬂ@iyﬁfé?’ﬁhfﬁ(%od%é@ b(yplraﬁa@adsbﬁzEt@SQn ?ﬁhe g
er col um X [ ractionation an

%al ysis of PACE%%%a?PCﬁg% PB} $h§ ﬁgg? ﬁoaﬁlld"anal ysis of

PA- sugar chai ns were perforned |n the same manner as in GI6 strain except

for using HT e Log H TACHI FL Detector L-7480 in place
of Jasco 880- %E@&%@Xﬁh gbggglgg 521 FP Intelligent Spectrofluoroneter.
10 (Anal ysis ofipatSggagechai n by Exogl ycosi dase Digestion) In the

enzymat i€s di gestion reeiélen i N acet yé g HePSebR1 dase )l Py 0gRGEUS
pneunoni ae, Roche - sugar chai n was react ed atf 37 C for 2 days in a

0. 1M 15 sodi unf2R ?Ja’r’égb&FPe‘F)(p%m%n45)e’é'6ﬁ?%%ﬂ¥‘né7§ W o N
Second Stage:

cycle number: 30, denaturation (94°C): 1 min.,
annealing (55°C): 1 min., extension (72°C): 2 min.
20 Third Stage:
cycle number: 1, denaturation (94°C): 1 min.,
annealing (55°C): 2 min., extension (72°C): 5 min.

Two fragments obtained were combined to construct
25 hGT gene cDNA and subcloned into pBluescriptIISK+(SK). The
pBluescriptIISK+(SK) was purchased from Stratagene. Fig.
1 shows the construction of plasmid containing hGT gene cDNA.
SEQ. ID. NO:5 shows the base sequence of the obtained hGT
gene and SEQ. ID. NO:6 shows the presumed amino acid
30 sequence.

The obtained sequence was different from the hGT
sequence disclosed in Masri et al. supra. in the following



acetyl gl ucosam ni dase. In the enzymatic digestion reaction using

a- mannosi dase (Jack bean, Sigma), each PA-sugar chain was reacted at 37 C
for 2 daysyi < M sodi um acetate buffer (pH 4.0) containing 10 nmM zi nc
20 acet at ngg,é%i%@, U of a-mannosi dase. Each enzymatic di &/ 8W208¥dt i on
was stopped by boiling the solution at 100 C for 3 m nutes. Then, the
.reaction solution was centrifuged at 12,-000 rpmfor 10 m nutes and the

- supernatant was subjected to HPLC. The elution time of each sanple sugar 25
chain was conpared with the elution time of a known sugar chain. (IS M/ M5
Anal ysis) This analysis was perfornmed in the sanme manner as 30 in GI6

" strain. (PreparR®inisofaBYpast the rpultiore S%adi Cnabethe ash ¥t 96 Cagign)
WO 02/ 057.1&8 - 4 PGTL IR G e -sugar. _chai ns prepared from BY2
cul ture nedi um%%g aﬁs{(é) %%&l uiﬂo%g é@ﬁﬁpLgﬁgﬁge%F-}f—@L@'( Ff g8n9 48 and
14B). Fig. 14ATZSRRRCEHESpBakBubftirAgurighuecids BBdde Gerdf het thanged;

recovery, eachyyartpfHees! . B ] ed t F-HPLC_ (Fig. .14B).. In
the fractions ( )Ir Lol aénda%IOJICH% %ﬁ%ﬁﬁlﬁgéggﬁ4§3§hﬁ7?rﬁkgé‘f§gﬁgr E%?Qi n
was not detect & B QEARPLEe feanests thembovesdescribed fensticms o 6- W5/ M5
anal ysi s, signats aa adrse&ipNggWM F28: - a nz 502.52
(d cNAcz- PA) were not obtai ned%%’ﬂ%ﬂépépaks o%%f @cf%;asﬁﬁétt ggs"( RaFgtLon
anal yzed by SFAYPLCeRE dragsiiormesy taks apdr A obresnedtivedy,Fiapr tUs).
Figs. 15A and pafdrshan boral o esk-dhd+ nked sugar chain structures. 15
(Structural Analysis of BY2 Strain Culture Medium Derived PA-Sugar Chai n)
As a result of IS-M5/Ms analysis of the peaks V4, VII-3 and VIII-4 shown in
ig. 14H10t he nol ecul arfneeigghttsa1AG (A Were ¢6889. CpNBA 7¥nPci@Nthak3 14y 8:

spectively agd, Qnsi dey t he k, ion sites in SF-HPLC together, the
sugar chain strug'tt(t}r%écg'%g?esg{?td%ﬁ thé% géks ajf8ed GRERIPAGHI g nantlis

sugar chai n MafXEeENMEen @A 1avh s6Ghe MheZ- PAeahdaahatiohAeRaPfs £e6HeEhé Vel y

( the data aregsRelbondOWMI Yiatidmh A r.esyl t.of SF-HPLC anal ysis, the
amannosi dase di gesti on pr oldauclt of ozﬁjgnara@c alltﬁioo 3eﬂ}a)l)c‘n peak agreed wi th Man

G cNAcZ-PA (ML) (the data are not shown). Wen the isoners M/A, M7/B and M/D

of Man, GL6NAC22PATHe e R e aEheT Rl WHQN i _4. agr eed

with the elution 5%& OfswA' Anong the isoners MoB and q\‘/@%”@fg& cetr

Man6@ cNAc2- PA'1Ph Sea? FET LEROTHP it OnPREBS CAPEHCIE Aot LH mNp IS o

ManSG cNAc~- PAagndnt hetisek tyipel{4eagr @adAoki et al., EMBO J., 9, 3171
(1990) and K. Nakazawa et al., J. Biochem., 113, 747

(1993)).
20
In order to express hGT in tobacco cultured cells,
a vector pGAhGT for expression was constructed as shown in
. Fig. 2. The promoter used was cauliflower mosaic virus 358
promoter (CaMV 35S promoter) and the selectable marker used
25 was kanamycin resistant gene. The PGANhGT was introduced

into tobacco cultured cells through Agrobacterium.

The transformation of Agrobacterium was performed

using a triparental mating method by Bevan et al (see, M.

30 Bevan, Nucleic Acid Res., 12, 8711 (1984)). ZFscherichia
coli DH 50 strain (suf44, AlacU1l69 ($p801acZAMIS), hsdR17)
(Bethesda Research Laboratories Inc. . Focus 8(2), 9(1986))
having pGA-type plasmid (see, G. An, Methods Enzymol. 153,



WO 02/057. & - 44 PCT/JP02/ 003G 1 Fromthese data, the peaks V-4, VII-3
and VI11-4 shown in Fig. 14B were, as shown in Fig. 15A a-D- Man( 1-->2 )
-a- D Man- - ~ [ a-D-Man- ( 1-~3 ) ] a-D-Man- ( 1-~6 ) é a 5 D-Man- (
- 1- 2) W Oﬁ/ﬁ?g-l(v(% 1_13) ] (3-D—|\/an- ( 1__>4) PCT/IP02/00361
-(3-DGICNAC(1-->4)-GICNAC-PA(IVI7A), a- D-Man- (1~6) [a-D- Man-(1-~3)]
a-D-Man-(1--~6) [a-D-Man(1~2)-a-D-Man-(1-28)} ~-D-Man( 1--~4 )
" -(3-DAcNAc- ( 1-~4 ) -AcNAc-PA( MBA ) , and a-D-Man( 1--~6 ) [ a-D Man-
( 1-j3) ] a-D-Man- ( 1~6 ) [ a-D-Man- ( 1-33 ) ) 10 (3-D-Man- ( 7.~4)
-(3-DDAdcNAc- ( 1--~4 ) -AcNAc-PA( MbA) . In the figure, the nunerals in
par ent heses i rzBzat(& oye )nokad rmdzjmenicbugarcmai HBhavi Nngaehed $talyadwir e

- shown in the F ure. Iecul ht m.z 12 det i by
the 1S Ms anal §“30(? W§elev “and %’ oS cli—‘?ig&eilee%%lr (reé:ﬂ”wi th

t he cal cul at ed( 2%841k) dad‘vhnm)sybﬁﬂutﬁremaz PA GMSFe(rniQﬁi i8 z)xYT Alestiunt he

elution site i ggy Yn@greedeW d p n the

t wo- di nensi ona ?ﬁ%g %tafgn nggi u]rft h%%n%érg&ggéﬁé; %g);ﬁul FB %E?Hlﬂ_%

anal ysi s @and Iﬁmmlanaby@l Slgxdlez ot erpUDS | e adl igesst |E)EiAp0bdmnraﬁfn

sugar chain of 59@% F%&QE thy t at al f

ManXyl Fucd CNASC A%%ﬂg ﬁﬂ rs}‘[ee}ﬂﬁ:Fﬁ?i"J%Hi'7Ae'gG3/ f%lo (Z-I’:?Blér)o)mv%af'nese
data, the peakaitpued st ¢81° %mr rCWOans I&BlWe%YT aedimveomtading.ngl 5B,
fil DZ/B)H (12))'% Jo b Qﬁnkaiagmy%lh ]an[iFﬁg r%%ﬂ'of (C%Im?pli: EADN%%(P 'Vggf#]e

--~ - - - u
nol ecul ar wei g?ﬁCt{ rTFElP(’HI? Gﬂe‘%ﬂe‘%’ér nitned® b?‘lt h“éa?f StWBnﬁﬁéF?y'"st b‘ﬁt? hé&heak
TR P M o N o N
cMan3Xyl Fucd cNAc -
MBEX: 1470.%399eS A% @% “é?tilégrﬂﬂ 21{5‘16 LS Otaf@abssRgNSs

anal ysis, the vbémestudgﬁnﬁm}sam ﬂlO(d)aﬂ& dfgesYTmred)Imﬁlucﬁhaﬁe sigase Gigids of

the peak agreeodf \%el}lswarpe%?g/ JH(C % rfﬁ'éu’x\gx 12 anfj;ﬁ%d ourztylltg) VG

after 5 the digestion by a- MEANOST ysSi's® an
anal ysis r eveallle»:\fdlurﬁnannd heuptededt a&gﬂéeacwi:@hc%IugaFme@l-ctNAaznm (avreX:

942, 91) £ 1 0 ol R piddmi e L’EBJ:QH%P}%OBEHS%&A?&JB Bl B0 N

elution site in RP- t he pea conpl etely

agreed 10 wi t PEYRF & 875 &-d2pPedhcPT @ﬁ%?)@r?‘@- ﬁ@%@&?"(ﬁ- (
1-->6 ) [ a- D'd‘iﬁﬂ:he{ Zx¥T-agad rr{edl?uerv?éﬁ s(cﬁa‘p'éd Hy a loo and coated

~l -D-Man(1~-4 3- 4 -F d -PA (D-1 i Fi 16
15 From t nedth B 85T HEHHIR Cont A2 s SRSt kAnergeiRsp 2 s mdr 10
(3D @ cNAc (lef~2tte“arﬁ)e%ﬂu(1é eyl [235 DadyiD- (of— -@)Jofanhdndgel. ( BEDBD ]

CauneRe) | SE R T aC Ser o » 25350 Catory ¢ kel i

VI [1-3 shovvn in Fig. 14B agreed with the cal cul ated val ue of
G cNAcMan3Xyl G cNAcz- FAd (NMBEPormdBidd of2fobacchl 8ultured cells was
. performed by the method described in G. An, Plant Mol. Bio.

Manual, A3, 1. A suspension of dgrobacterium (EHA101 strain
25 having pGA-type plasmid) cultured at 28 °C for 36 hours in
LB medium containing 12.5 mg/L of tetracycline and a
suspension of tobacco cultured cells (Nicotiana tabacum L.
cv. bright yellow 2) after culturing for 4 days (purchased
under Cell Name of BY-2 in catalogue No. RPCl from The
30 Institute of Physical and Chemical Research, Riken Gene
Bank, Plant Cell Bank) were placed in a petri dish in amounts
of 100 pl and 4 ml, respectively, then thoroughly mixed and
left standing at 25 °C in a dark place. After 2 days, the



as a result of SF-HPLC analysis and | S-M5/ MS anal ysis, the

N-acetyl gl ucosam ni dase di gestion product of the peak 25 VII1-1 agreed wth
Man3Xy 1Gl (M3X: 1121.05) (Hin Fig. 18A). Further t he

di gest i on%ﬁgorrg@ﬁoa dase, the SF-HPLC analysis and I C W?%%gﬁ@ "ﬁﬂs
reveal ed that the product agreed with ManXyl d cNAcZ-PA (MX: 796.77) (Cin
Fig. 18A). As the structure of GNMBX, two 230 - sonmer types are considered,
-that is, a-D-Man-(1~6) [(3D-AcNAc- ( 1--~2 ) -a-DMan- ( 1-3 ) ] [
(3-DXyl- (1-~2) ] ~i-D-Man( 1-~4 ) -(3-D-AcNAc- ( 1-;4 ) -dcNAc-PA (
GNIMBX) and (3-DA cNAc- ( 1~2 ) -a-DMan- ( 1-j6 ) [ a-D-Man- ( 1--~-3 ) ] |
" (3-D Xyl WO o2l bgre 488 dpary JPOYIBD3patri 4@islh was2tyahsfierDekhinto laj4 )

-(3-D-d cNAc- @}JA\@ i as
been reported %ﬁ%trffﬁ%@lSP‘Aﬁgé’él Eélna vancél)ng n%%a}g@iw%%ﬂ%ﬁ e?%t%ho%
sites of the pe@kkrifvgalandseppratigne cdisi0dér ed roas shéwn inn.rlqtgas B5B, 5

th K VIT-1 3. 1-
(3 DXy~ (1 Szmeéuglw?/a(]a (e %ﬁ%%?% 5&3& éé%NAc PA %@WBX)

and the peak \fF?TPt%l%\HSa%BS%‘iER@éDD( Ihe~ee}lSaW@rwme§rqd oI g plate
a-D-Man- ( 1--48 rﬁodlfléé 13 >addrd nedilum contalnln from 150 to 200 mg/L
(3-D-Man-(1-j4)- DGICNAC }l%}%ffé,GCNAC PA 10 The el ution

site of the pé mgl/t{-Bo??rFarﬂet‘}wﬂlp}rjé% é‘F’? Ief eedapaing ne

st andard G\2MBat 25’396 in 3‘21e) dapkt hmﬂm dlbmmszomls wHERE , Ctiad RaMBRisAd SO,

as a result 15 SE-HPLC a and | S- ysis, the

Nacet yl gl ucosant 'L'} YL YU r%l% ‘% rQU e 85 P é%/ggr aa?skhe PR EIOTES eed
th ManBd cNAe@EeP/Se(Jb@:t@rBS after Eurtherndrisn 3am=,ekst, h’ehdicglastémmetx)e

2&0”‘3? oduct - agr e ThE RAn P e SR AT o LERe A8 Rt YR AdaiR e
shown) . From teEete edignamyeine pewk Xarbgadciddishoandi rsuhipctadbA tand

i5§ )(]3 ?‘:%GD?kgﬁs_éégezkui‘thuan (ﬁ0§6%b%u€3l)D'ngrfC;ﬁN§g Plg (SEI\I%%/E)C:LOQSQ#

nol ecul ar wei g’i;ﬁp?"i"ﬁ%dﬁzg %So%f $91Re pe%@l)ézt%lh%wrﬁql?ﬁlmsg OPZFBJa’g?deed i t h

t he cal cus at edrysais@@f Sk ebla 2MaiedAy, 1@lLc NAC 6 PAs (&8 MB I Xiwet82 fathdbmiA SO,
the elution sit i 0 HPLC conpl etely agreed with the M3FX 30 standard
product on t he"$4e° Hhensi onal sugar chain map. Furthernore, the etution
site of the a-mannosi dase digestion product of sugar chain of this peak was

not changed by a |t _of the WO
02/ 057 tFi8 P gglo(g&%%ji@w%ﬁ %IE‘OI\?@%%E’QHQ dsf‘s(?%ZFbgr“Fc- MB/ M5 anal ysi s,
t he Nacetyl gl ucosam m%é‘%‘@éﬁﬂ%ﬁtﬁﬁéaﬁc‘?b’é@l%@@ wgnehaNaAsxeE e Nhe-- PA

(MBX: 1124. 05)sd Bt hdirtti gnaiPBls. afll @k (k! benrdigast ikan by na- FRARAEHase,
the SF-HPLC a ?1%( C? %R and | C- M5/ M5 analysis reveal ed. t hat theﬁB{‘]OdUCt
agreed with M yf cSOBAALMNG JEMVS 5] Prometrer-R8R) 9epeo ﬁé&@%at a,

t he peak X-2 wasrmisatbowdni IT-ENR wWHS, :foﬁie@ﬁibd:NBC-lr(tol gedonic apRaAMyE (

@5 el (D E0Es ditesd, ot Wil Kak rle i BV b
peaks V-2, | \atpvey, 2geyopicyDNA \wag pWZ)arVId- 3,dMdested/| hsiRgaRdoRA ,shown

|0 Flg. 348 veifmdiPiT ANabl! bAESPSHOBY SBRBerRACGAUIGS3s A result of the

The preparation of chromosome DNA from tobacco

cultured cells was performed according to the Watabe method

(see, K. Watabe, "Cloning to Sequence (Cloning and

30 Sequence)", Shokubutsu Biotechnology Jikken Manual (Plant

Biotechnology Experimentation Manual), Noson Bunka Sha).

10 ml of Tobacco cultured cells were frozen by liguid

nitrogen and ground into the powder form using mortar and



15 anal ysi s,
(d cNAcZ- PA)

signals agreeing with mz 299. 33 (Cichmc-PA) and m z 502.52

were not obtained. 4. Secretj, op of Horse 'radish

t ~er oxi de~se SH A foreign gene, hor ser adi sh per oxi dase gene, which was 20

" obt ai ned WWHBEBE8 0 a (Kawaoka et al .

was i nserted
Pl ant Cell Re
cultivating t

, J. Fer nent . Bi oeng. , 78PCHEREBA036994) ) ,

at Hnd Il and Sacl site of vector pBl 101 HMB (Akama et al .,

p.12,7 11(1992)) and introduggd-into GI6 Strain. After
he obtained clones of GI6 Strain (GI-HRP-5, 25 GI-HRP-19),

t he

supernatant was coll ected, and subjected to a standard isoelectric focusing

electrophores

- band of pl

GTI- HRP- 19, an
fromthe plan
I ndi cates the
GT- HRP-5) sep
48 PCTI JP02/

Is. As a result, as indicated in Figure 19, electrophoresis

gp&étrBP \A@%ff!ﬁt f%%?uéf‘aé@foﬁue%éﬁ%laﬁm o oheg GF- R S,

t hus confirnme
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an forelgﬁ 30 protein was aflso secreted

grated by standard SDS-PACE el ectrophoresis WO 02/ U~7~ 68 -
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secreted by a feaemkcesdinifubesi ¢Ry80Propme} 1Sohitheepr, asem temperatardlas a

Iftle Cﬂﬂ?atrr arhtdas}&e rGhar &y n%fferﬁ%d)r%%f’ E‘%&P{?e% S\Bt%ﬁgngﬁei -
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gl ycoprotein,
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€ ad I“on to anlna S

/ JP02/ 003GIcentngifygual MFEube A ard hddef oextiracdamet opgyatdduct ivsing a
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20

25

30

chloroform:isoamyl alcohol (24:1) was -repeated. To the
obtained upper layer, 1/10 volume of 10% CTAB was added and
thoroughly mixed and centrifuged (2,800 rpm, 15 minutes,
room temperature). The upper layer was transferred to a
new centrifugal tube and 1 volume of cold isopropanol was
added thereto, well mixed and centrifuged (4,500 rpm, 20
minutes, room temperature). After removing the supernatant
by an aspirator, a TE buffer solution containing 5 ml of
1M sodium chloride was added and completely dissolved at
55 to 60 °C. Thereto, 5 ml of cold isopropanol was added
and when DNA was observed, the DNA was taken up using the
end of a stick, transferred to an Eppendorf tube (containing
80% cold ethanol) and rinsed. The DNA was further rinsed
with 70% ethanol and the dry precipitate was dissolved in
an appropriate amount of TE buffer. Thereto, 5 pl of RNAaseA
(10 mg/ml) was added and reacted at 37 °C for 1 hour. The
2xCTAB solution had a composition of 2% CTAB, 0.1M Tris-HC1
(pH: 8.0), 1.4M sodium chloride and 1% polyvinyl
pyvrrolidone (PVP), and the 10% CTAB solution had a
composition of 10% CTAB and 0.7M sodium chloride.

The Southern analysis was performed as follows.



havi ng a human-type sugar chain, conprising: 5 a step of introducing a gene
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(ii) Transfer:
The DNA after the electrophoresis was transferred
to a nylon membrane (Hybond-N Amersham) using 20xSSC. The
20 transfer was performed for 12 hours or more. The blotted
membrane was dried at room temperature for 1 hour and
subjected to UV fixing for 5 minutes. The 20xSSC had a

‘ composition of 3M NaCl and 0.3M sodium citrate.

25 (iii) Preparation of DNA Probe
The DNA probe was prepared using Random prime
Labeling Kit (produced by Takara Shuzo). In an Eppendorf
tube, a reaction solution shown below was prepared and after
heating at 95 ° C for 3 minutes, rapidly cooled in ice:
30 template DNA 25 ng, Random Primer 2 ul, water added to make
5 wl. 10xBuffer and dNTP each in 1.5 pl and [a-"*P]dCTP (1.85
MBg, 50 mCi) in 5 pl were added, followed by filling up to
24 Ll with H,0. Thereto, 1 nl of Klenow fragment was added
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(N-acetyl glucosanine)l Z ( Mannose ) z_5 ( N—acetyl gI ucosamne ) Z
selected from kﬂk grou %&Stl ng of d cNAcl Man3d cNAc2,
G cNAcl Man5G chRED. ASELERAC2 and G cNAc, Man9d cNAcz . 20 16. A

pl ant cell according t!l)oclthenfanlloWﬂﬁgeblﬁemfbdrlmdrs dalalicred oNdi n
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10 prehybridization was performed at 42 ° C for 2 hours or more.
. Thereafter, the DNA probe prepared in {(iii) was added and
the hybridization was performed at 42 °C for 12 hours or more.
The prehybridization solution had a composition of 5xSSC.
50 mM sodium phosphate, 50% (w/v) formamide, 5xDenhardt's
15 solution (obtained by diluting 100xDenhardt's solution),
0.1% (w/v) SDS. The 100xDenhardt's solution had a
composition of 2% (w/v) BSA, 2% (w/v) Ficol 400, 2% (w/v)
polyvinyl pyrrolidone (PVP).

. 20 (v) Autoradiography:
After the cleaning in the following sequence, the
autoradiography was performed by a standard method. Twice
‘ in 2xSSC and 0.1% SDS at 65 °C for 15 minutes and then, once
in 0.1xSSC and 0.1% SDS at 65 °C for 15 minutes.

25
Fig. 3 shows the results of the Southern analysis
of genomic DNA prepared each resistant strain obtained
above. As seen from Fig. 3, it was confirmed that the hGT
gene was integrated in four strains of GT1, 6, 8 and 9.
30

3. Analysis of Glycoprotein Secreted by Galactosyl
Transferase Transformant

(Preparation of Glycoprotein by Extracellular Secretion of
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reversed-phase (RP) and size-fractionation (SF) HPLC,
two-dimensional sugar chain mapping using the
exoglycosidase digestion, and IS-MS/MS analysis. In the
HPLC (high-performance liquid chromatography) analysis.
Jasco 880~-PU HPLC having Jasco 821-FP 1Intelligent
Spectrofluorometer was used and the fluorescence intensity
was measured at excitation wavelength of 310 nm and
fluorescence wavelength of 380 nm.

In the RP-HPLC analysis using Cosmosil 5C18-P
column (6x250 mm, produced by Nakaraitesc), the

concentration of acetonitrile in an aqueous 0.02% TFA

solution was increased from 0% to 6% over 40 minutes at a
flow rate of 1.2 ml/min and thereby PA-sugar chains were
eluted. In the SF-HPLC analysis using Asahipak NH2P-50
column (4.6x250 mm, produced by Showa Denko K.K.}, the
concentration of acetonitrile in a dH,0-acetonitrile mixed
solution was increased from 26% to 50% over 25 minutes at
a flow rate of 0.7 ml/min and thereby PA-sugar chains were
eluted.

(Analysis of PA-Sugar Chains by Exoglycosidase Digestion)

In the enzymatic digestion reaction wusing f-
galactosidase (Diplococcus pneumoniae, Roche), each PA-
sugar chain was reacted at 37 °C for 2 days in a 0.1M sodium
acetate buffer (pH: 5.5) containing 5 mU of f-galactosidase.
Similarly, in the enzymatic digestion reaction using N-
acetylglucosamidase (Diplocoocus pneumoniae, Roche), each
PA-sugar chain was reacted at 37 °C for 2 days in a 0.1M
sodium acetate buffer (pH: 5.5) containing 5 mU of N-
acetylglucosamidase. Furthermore, in the enzymatic
digestion reaction using o-mannosidase (Jack bean, Sigma),

each PA-sugar chain was reacted at 37 °C for 2 days in a 0.1M
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sodi ace atg buffer (pH: 3.88) containing 10 mM zinc
acetate and 10 pU of «a-mannosidase. Each enzymatic
digestion reaction was stopped by boiling the solution at
100 °C for 3 minutes. Then, the reaction solution was
centrifuged at 12,000 rpm for 10 minutes and the supernatant
was subjected to HPLC. The elution time of each sample éugar
chain was compared with the elution time of a known sugar

chain.

(IS-MS/MS Analysis)
The IS-MS/MS Analysis was performed using
Perkin-Elmer Sciex  API-III triple-gquadrupole mass

spectrometer. The scan interval was 0.5 Da.

(Sialic Acid Transferase Reaction In Vitro)

The GT6 strain cell culture medium-derived
glycoprotein prepared above after the dialysis anad
freeze-drying was used as the substrate. A sialic acid
transferase reaction was performed at 37 °C for 5 hours in

' 62.5 mM sodium cacodylate buffer solution (pH: 6.0)

containing 1 mg/ml of BSA, 0.5% of Triton CF-54, 2 pM of
CMP-sialic acid, 6 mU of 02,6-sialyl transferase (derived
from rat liver) (produced by Wako Junyaku) and 400 pg of
GT6 strain cell culture medium-derived glycoprotein. In
the control test, 400 pg of BY2 strain cell culture
medium-derived glycoprotein and 40 pg of asialo fetuin
fetal (fetal bovine serum, Sigma) were used as the

substrate.

(Lectin Staining)
The sialic acid transferase reaction product was
subjected to SDS-PAGE at 130 V for 2 hours using 12.5%

polyacrylamide gel and then transferred to nitrocellulose
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In the lectin blotting, horseradish peroxidase-linked SNA
lectin (produced by EY Laboratories, Inc.) 200-fold diluted
with a PBS solution containing 0.05% of Tween-20 was used.
After the blotting, the staining was performed using POD
Immunostain Kit (produced by Wako Junyaku).

(Purification of Tobacco Cultured Cell GT6 Strain Culture
Medium-Derived PA-Sugar Chain)

The PA-sugar chain prepared from the GT6 strain
culture medium was purified using RP-HPLC and SF-HPLC
(shown in Fig. 4A and Fig. 4B, respectively). Fig. 4A shows
the peak of PA-product by RP-HPLC. After the recovery of
peaks (1 to 6), each was subjected to SF-HPLC (see, Fig.
4B) .

Exclusive of 6 peaks (shown by A to F in Fig. 4B)
obtained by the SF-HPLC, the peaks were not an N-linked
sugar chain. This was verified because, in IS-MS/MS
analysis, signals agreeing with m/z 299.33 (G1lcNAc-PA) and
m/z 502.52 (GlcNAc,-PA) were not obtained. Fig. 5 shows
N-linked sugar chain structures analyzed on the peaks (A-F).
In Fig. 5, the numerals in parentheses indicate the molar
ratio of sugar chain having each structure shown in the
Figure.

As shown in Fig. 5, A to F are all a human-type sugar
chain having a galactose residue bound to an N-
acetylglucosamine residue, contain no fucose residue and

except for B and D, have no xylose residue.

(Structural Analysis of Tobacco Cultured Cell GT6 Culture
Medium-Derived PA-Sugar Chain)
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' O-! alGlcNS\cManﬁlcNAcz-PA (1354.27). The signals obtained by
the IS-MS/MS analysis, namely, m/z 1192.5, m/z 990.5, m/z
5 827.5, m/z 665.5, m/z 503.0, m/z 300.0, are presumed to be
GlcNAcMan,GlcNAc,-PA (1192.13), Man,GlcNAc,-PA (988. 94),
Man,GlcNAc,~PA (826.80), ManGlcNAc,-PA (664.66), GlcNAc,-
PA (502.52) and G1lcNAc-PA (299.33), respectively, and this

suggests that the peak A contains these structures (the data

10 are not shown).

The B-galactosidase digestion product from the peak
A was GlcNAcMan;GlcNAcz~PA (IT in Pig. 6) and the N-
acetylglucosaminidase digestion product thereof was

15 Man,GlcNAc,~PA (III in Fig. 6).

The molecular weight (m/z 1486.8) obtained by the

IS-MS analysis of the peak B (I in Fig. 7) agreed with
GalGlcNAcMan,Xy1GlcNAc,-PA (1486.38). The signals obtained

20 by the IS-MS/MS analysis, namely, m/z 1354.5, m/z 1324.0,
m/z 1324.0, m/z 1122.0, m/z 991.5. m/z 960.0, m/z 666.0,

m/z 503.0 and m/z 300.0, are presumed to be

' GalGlcNAcMan,GlcNAc,-PA (1354.27), GlcNAcMan,XylGlcNAc,~-PA
(1324.24), Man,XylGlcNAc,-PA (1121.05), Man,GlcNAc,-PA
25 (988.94), Man,Xy1GlcNAc,-PA (958.91), ManGlcNAc,-PA

(664.66), GlcNAC,-PA (502.52) and GlcNAc,-PA (299.33),
respectively, and this suggests that the peak B contains
these structures (the data are not shown) .

30 The f-galactosidase digestion product from the peak
B was GlcNAcMan,XylGlcNAc,-PA (II in Fig. 7) and the N-
acetylglucosaminidase digestion product thereof was
Man,XylGlcNAc,-PA (III in Fig. 7).
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The molecular weight (m/z 1355.0) obtained by the

IS-MS analysis of the peak C (I in Fig. 8) agreed with

GalGlcNAcMan,GlcNAc,-PA (m/z 1354.27). The signals

5 obtained by the IS-MS/MS analysis, namely, m/z 1193.5, m/z

989.0. m/z 827.0, m/z 665.5, m/z 503.0, m/z 300.0, are

presumed to be GlcNAcMan,GlcNAc,-PA (m/z 1192.13),

Man,GlcNAc,-PA (m/z 988.94), Man,GlcNAc,~-PA (m/z 826.80).

ManGlcNAc,-PA (m/z 664.66), GlcNAc,-PA (m/z 502.52) and

10 GlcNAc-PA (m/z 299.33), respectively, and this suggests

. that the peak C contains these structures (the data are not
shown) .

The f-galactosidase digestion product from the peak

15 C was GlcNAcManaGlcNAcz—PA (IT in Fig. 8) and the N-

acetylglucosaminidase digestion product thereof was
Man,GlcNAc,-PA (III in Fig. 8).

The molecular weight (m/z 1487.0, A in FPig, 10)

20 obtained by the IS-MS analysis of the peak D (I in Fig. 9)
agreed with GalGlcNAcMan,XylGlcNAc,-PA (m/z 1486. 38). The
signals obtained by the IS-MS/MS analysis, namely, m/z

. 1354.0, m/z 1325.0, m/z 1191.0, m/z 1121.5, m/z 989.5, m/z
828.5, m/z 503.0 and m/z 300.5, are Presumed to be
25 GalGlcNAcMan,GlcNAc,-PA (m/z 1354.27),

GlcNAcMan,XylGlcNAc,-PA (m/z 1324.24), GlcNAcMan,GlcNAc,-
PA (m/z 1192.13), Man,Xy1GlcNAc,-PA (m/z 1121.05),
Man,G1lcNAc,-PA (m/z 988.94), Man,GlcNAc,-PA (m/z 826.80),
GlcNAc,-PA (m/z 502.52) and GlcNAc-PA (m/z 299.33),

30 respectively, and this suggests that the peak D contains
these structures (B in Fig. 10).

The f-galactosidase digestion product from the peak
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5 The molecular weight (m/z 1516.6) obtained by the
IS-MS analysis of the peak E (I in Fig. 1l1) agreed with
GalGlcNAcMan,G1lcNAc,-PA (1516.41). The signals obtained by
the IS-MS/MS analysis, namely, m/z 1355.0, m/z 1193.0, m/z
990.0, m/z826.5, m/z 665.0, m/z 503.5 and m/z 300.0, are

10 presumed to be GalGlcNAcMan,GlcNAc,-PA (m/z 1354.27),
. GalNAcMan,GlcNAc,~-PA (m/z 1192.13), Man,GlcNAc,-PA (m/z
988.94), Man,GlcNAc,~PA (m/z 826.80), ManGlcNAc,-PA (m/z
664.66) GlcNAc,-PA (m/z 502.52) and GlcNAc-PA (m/z 299.33),
respectively, and this suggests that the peak E contains
15 these structures (the data are not shown).

The f-galactosidase digestion product from the peak
E was GlcNAcMan,GlcNAc,-PA (II in Fig. 11) and the N-
acetyvlglucosaminidase digestion product thereof was

20 Man,GlcNAc,-PA (III in Fig. 11).

The molecular weight (m/z 1679.8) obtained by the

IS-MS analysis of the peak F (I in Fig. 12) agreed with

. GalGlcNAcMan,GlcNAc,-PA (1678.55). The signals obtained by
25 the IS-MS/MS analysis, namely, m/z 1517.5, m/z 1313.5, m/2
1152.0, m/z 827.5, m/z 665.5, m/z 503.0 and m/z 300.0, are

presumed to be GlcNAcMan,GlcNAc,-PA (m/z 1516.41).
Man.GlcNAc,-PA (1313.22), Man,GlcNAc,-PA (1151.08),
Man,GlcNAc,-PA (826.80), ManGlcNAc,-PA (664.66), GlcNAc,-

30 PA (502.52) and GlcNAc-PA (m/z 299.33), respectively, and

this suggests that the peak F contains these structures (the

data are not shown).
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The B-galactosidase digestion product from the peak
F was GlcNAcMan,GlcNAc,-PA (II in Fig. 12) and the N-
acetylglucosaminidase digestion product thereof was
Man,GlcNAc,-PA (III in Fig. 12).

From these results, the peak A or C is considered
to be either a-D-Man-(1-»6) [B-D-Gal-(1l—4)-B-D-GlcNAc-
(1->2)-a-D-Man-(1->3)] p-D-Man-{1->4)-B-D-GlcNAc-(1—>4)-~
GlcNAc-PA(GalGN;M3-PA) or [B-D-Gal-(1—>4)-B-D-GlcNAc(1—>2)

10 ~a-D~Man-{1—6) ] o-D~Man-(1->3) B-D-Man-(1—>4)-B-D-
. GlcNAc-(1-»4)-GlcNAc~-PA (GalGN'M3-PA).

The peak B or D is considered to be either o-D-
Man-(1—6) [B-D-Gal-(1—4)-B-D-GlcNAc-(1->2)-a-D-Man~
15 (1~>3)] [B-D-Xyl-(1—2)] B-D-Man-(1—+4)-B-D-GlcNAc-
(1+4)-GlcNAc-PA (GalGN,M3X-PA) or [B-D-Gal-(1—4)-B-D-
GlcNAc(l->2)-a-D-Man-(1—>6)] [a-D-Man-(1—>3)] [B-D-Xyl-
(1—>2)] f-D-Man-(1—+4)-B-D-GlcNAc-(1—>4)-G1lcNAC-PA
(GalGN'M3X-PA).
20
The peak E 1is considered to be either o-D-Man-~
(1—6)-a-D-Man~(1—>6) [B-D-Gal-(1—>4)-B-D-GlcNAc-(1->2)~
. a-D-Man-(1—3)] B-D-Man-(1—>4) B-D-GlcNAc-(1—>4)-GlcNAc-PA
(GalGNM4-PA) or o-D-Man-(1—+3)-o-D-Man-(1—6) [B-D-Gal-
25 (1—~4)-B-D-GlcNAc(1->2)-a-D-Man-(1-=3)] B-D-Man-(1—>4)-fB-
D-GlcNAc-(1—>4)-GlcNAc-PA (GalGNM4-PA).

The peak F is considered to be o-D-Man-(1—6)

[a-D-Man-(1—>3) ] a-D-Man-(1-—>6) [B-D-Gal-(1—>4)-p-D-

30 GlcNAc(l—2)-a-D-Man-(1—>3)] f-D-Man-(1—4)-f-D-GlcNAc-
(1—>4)-GlcNAc-PA (GalGNM5-PA).

(Sialic Acid Transferase Reaction In Vitro)
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A sialic acid transferase reaction in vitro was
performed wusing GT6 strain culture medium-derived
glycoprotein, BY2 strain culture medium~derived
glycoprotein or asialo fetuin as the substrate. Each

5 reactant was transferred to nitrocellulose membrane and
subjected to lectin staining. As a result, the lectin
staining was positive in the case where the substrate was
asialo fetuin (lane 1 in Pig. 13) or GT6 strain culture
medium-derived glycoprotein (lane 2 in Fig, 13), and the

10 lectin staining was negative in the case where the substrate
. was BY2 strain culture medium-derived glycoprotein (lane
3, Fig. 13). Fromthis, it is revealed that tobacco cultured
cell GT6 strain culture medium-derived glycoprotein acts
as the substrate in the sialic acid transferase reaction.
15 ,
(Comparative Example)
(Analysis of Glycoprotein Secreted by Non-Transformant BY2
Strain Cultured Cell)
(Preparation of Glycoprotein by Extracellular Secretion)
20 A freeze-dried culture supernatant sample was
obtained by the same method as in GT6 strain except for using
BY2 strain in place of GT6 strain.

(Preparation of N-Linked Sugar Chain)

25 N-Linked sugar chains were recovered by the same
method as in GT6 strain except for using TSK gel TOYO PERAL
HW-40 (produced by TOS0O) gel filter column (2.5%30 cm) in
place of the Sephadex G-25 super fine gel filer column
(1L.8x180 cm).

30
(Preparation of Pyridylaminated (PA) Sugar Chain)

The recovered N-linked sugar chains were PA-formed

using 2-aminopyridine. The PA-sample was filtered through
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5 The fractionation and analysis of PA-sugar chains
were performed in the same manner as in GT6 strain except
for using HITACHI HPLC system having a HITACHI FPL Detector
L-7480 in place of Jasco 880-PU HPLC having a Jasco 821-FP
Intelligent Spectrofluorometer.

1o

" (Analysis of PA-Sugar Chain by Exoglycosidase Digestion)
In the enzymatic digestion reaction wusing N-
acetylglucosaminidase (Diplococcus pneumoniae, Roche),
each PA-sugar chain was reacted at 37 °C for 2 days ina 0.1M
15 sodium acetate buffer (pH: 5.45) containing 3 mU of N-
acetylglucosaminidase. In the enzymatic digestion
reaction using o-mannosidase (Jack bean, Sigma), each
PA-sugar chain was reacted at 37 °C for 2 days in a 0.1M
sodium acetate buffer (pH: 4.0) containing 10 mM zinc
20 acetate and 10 pU of o-mannosidase. BEach enzymatic
digestion reaction was stopped by boiling the solution at
100 °C for 3 minutes. Then, the reaction solution was
‘ centrifuged at 12,000 rpm for 10 minutes and the supernatant
was subjected to HPLC. The elution time of each sample sugar
25 chain was compared with the elution time of a known sugar

chain.

(IS-MS/MS Analysis)
, This analysis was performed in the same manner as
30 in GT6é strain.

(Preparation of BY2 Strain Culture Medium-Derived PA-Sugar
Chain)
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15

(Structural Analysis of BY2 Strain Culture Medium-Derived
PA-Sugar Chain)

As a result of IS-MS/MS analysis of the peaks V-
4, VII-3 and VIII-4 shown in Fig. 14B, the molecular weights
20 (m/z) were 1639.0, 1476.5 and 1314.5, respectively and, on
considering the elution sites in SF-HPLC together, the
sugar chain structures present in the peaks agreed with
' PA-high mannose sugar chain Man,GlcNAc,-PA, Man,GlcNAc,-PA
and Man,GlcNAc,-PA, respectively (the data are not shown).

25
Also, as a result of SF-HPLC analysis, the a-
mannosidase digestion product of sugar chain of each peak
agreed with Man GlcNAc,~-PA (Ml) (the data are not shown).
When the isomers M7A, M7B and M7D of Man,GlcNAc,-PA were
30 compared, the elution site of the peak V-4 agreed with the
elution site of M7A. 2Among the isomers M6B and M6C of
Man,GlcNAc,~-PA, the peak VII-3 agreed with M6B. Also, the
isomer M5A of Man.,GlcNAc,-PA and the peak VIII-4 agreed.
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From these data, the peaks V-4, VII-3 and VIII-4
shown in Fig. 14B were, as shown in Fig. 15A, o-D-Man-
(1-»2)-0-D-Man-(1—6) [o~D-Man-(1—3)] o-D-Man-(1—6) [a-
D-Man-(1—2)-o-D-Man-(1-3)] B-D-Man-(1—>4)-f-D-GlcNAc-
(1—>4)-GlcNAc-PA (M7A), oa-D-Man-(1l—6) [a-D-Man-(1->3)]
o-D-Man-(1—6) [a-D-Man(1—2)-0-D-Man-(1-+3)] p-D-Man-
(1—*4)jB-D—GlcNAc-(l—*4)—GlcNAc—PA (M6A), and o-D-Man-
(1-»6) [a-D-Man-(1—3)] o-D-Man-(1—6) [oa-D-Man-(1—3)]
B-D-Man-(1—>4)-f-D-GlcNAc~-(1—=>4)-GlcNAc-PA (M5A). In the
figure, the numerals in parentheses indicate the molar
ratio of sugar chain having each structure shown in the
Figure.

The molecular weight (m/z 1267.5) determined by the
IS-MS analysis of the peaks IV-1 and V-1 shown in Fig. 14B
agreed with the calculated value of Man,XylFucGlcNAc,-PA
(M3FX: 1267.19). Also, the elution site in HPLC completely
agreed with M3FX standard product on the two-dimensional
sugar chain map. Furthermore, as a result of SF-HPLC
analysis and IS-MS/MS analysis, the oa-mannosidase
digestion product of sugar chain of each peak agreed with
the calculated value of ManXylFucGlcNAc,-PA (MFX: 942.91)
(see, Figs. 17A and 17B).

From these data, the peaks IV-1 and V-1 shown in Fig.
14B were, as shown in Fig. 15B, o-D-Man-(1—6) [a-D-Man-
(1—>3)] [B-D-Xyl-(1—2)] B-D-Man-(1->4)-B-D-GlcNAc-(1->4)-
[a-L-Fuc-(1—>3) ]GlcNAc-PA (M3FX).

The molecular weight (mn/z 1417.0) determined by the
IS-MS analysis of the peak VII-2 shown in Fig. 14B agreed
with the calculated wvalue of GlcNAcMan,XylFucGlcNAc,-PA
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(GNM3FX: 1470.38). Also, as a result of SF-HPLC analysis
and IS-MS/MS analysis, the N-acetylglucosaminidase
digestion product of sugar chain of the peak agreed with
Man.XylFucGlcNAc,-PA (M3FX: 1267.19). Furthermore, after
5 the digestion by o-mannosidase, the SF-HPLC analysis and
IC-MS/MS analysis revealed that the product agreed with
ManXylFucGlcNAc,-PA (MFX: 942.91) (C to E in Fig. 17). On
the two-dimensional sugar chain map, the elution site in
RP~HPLC of the peak VII-2 (D-2 in Fig. 16) completely agreed
10 with the standard product GN'M3FX, B-D-GlcNAc-(1—2)-a-
. D-Man-(1—>6) [a-D-Man-(1—>3)] [B-D-Xyl-(1—2)] pB-D-Man-
(1—4)-p-D-GlcNAc-{(1—>4)-[a~L-Fuc-(1-3)1GlcNAc-PA (D-1 in

Fig. 16).

15 From these data, the peak VII-2 was, as shown in Fig.
is58, B-D-GlcNAc-(1—2)~-a-D-Man~(1—>6) [o-D-Man-(1—>3)]
[B-D~Xyl-(1—2)] f-D-Man-(1—>4)-f-D-GlcNAc-(1—>4)-[a-L-
Fuc-(1->3)]GlcNAc-PA (GN'M3FX).

20 The molecular weight (m/z 1324.0) of the peaks VII-1
and VIII-3 shown in Fig. 14B agreed with the calculated
value of GlcNAcMan,XylGlcNAc,-PA (GNM3FX: 1324.24). Also,

. as a result of SF-HPLC analysis and IS-MS/MS analysis, the
N-acetylglucosaminidase digestion product of the peak

25 VIII-1 agreed with Man,XylGlcNAc,-PA (M3X: 1121.05) (B in
Fig. 18a). Furthermore, after the digestion by o~
mannosidase, the SF-HPLC analysis and IC-MS/MS analysis
revealed that the product agreed with ManXylGlcNAc,-PA (MX:
796.77) (€C in Fig. 18A). As the structure of GNM3X, two

30 isomer types are considered, that is, a-D-Man-(1—6) [f-
D-GlcNAc-(1—>2)-a~D-Man-(1->3)] [f-D-Xyl-(1-2)] B-D-Man-
(1—>4)-p-D-GlcNAc-(1—>4)-GlcNAc-PA  (GNM3X) and p-D-
GlcNAc-(1—2)-a-D-Man-(1—6) [a-D-Man-(1—=>3)] [B-D-Xyl-
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D-Man-(1—3)]}[B-D-Xyl-(1—2)] B-D-Man-(1->4)-B-D-GLlcNAc-
(1—>4)-GlcNAc-PA (GN,M3X) and the peak VIII-3 was B-D-
GlcNAc-(1—>2)-a-D-Man-(1-+6) [a-D-Man-(1—»3)] [B-D-Xyl-
(1—2)1 f-D-Man-(1->4)-B-D-GlcNAc-(1—4)-GlcNAc-PA
10 (GN'M3X).

The elution site of the peak X-1 shown in Fig. 14B
in HPLC completely agreed with the standard GN2M3 (1395.32)
on the two-dimensional sugar chain map. Also, as a result
15 of SF-HPLC analysis and IS-MS/MS analysis, the N-
acetylglucosaminidase digestion product of sugar chain of
the peak agreed with Man,GlcNAc,-PA (M3: 988.94).
Furthermore, after the digestion by o-mannosidase, the
SF-HPLC analysis and IC-MS/MS analysis revealed that the
20 product agreed with ManGlcNAc,-PA (M1l: 664.66) (the data are
not shown). From these results, the peak X-1 was, as shown
in Figs. 15A and 15B, f-D-GlcNAc-(1->2)-a-D-Man-(1-—+6)
. [B-D-GlcNAc- (1—2)-a-D-Man- (1—3 )] f-D-Man-(1—=4)-f-D-

GlcNAc-(1—4)-GlcNAc-PA (GN2M3 ).

25

The molecular weight (m/z 1529.5) of the peak X-
2 shown in Fig. 14B agreed with the calculated value of
GlcNAc,Man;XylGlcNAc,~PA (GN2M3FX: 1527.43). Also, the
elution site in HPLC completely agreed with the M3FX
30 standard product on the two-dimensional sugar chain map.
Furthermore, the elution site of the o-mannosidase
digestion product of sugar chain of this peak was not

changed by the HPLC analysis. However, as a result of the



1098( & ()- L109B(& ()- 3&1098(W& ()-10e' 10e' 10e' \610%' & ()-S

9s- @109R& () -

mkl | [:vU410 a)' 1098(& ()-+ ' 1098(& ()- (10% 8(1& ()-

(1098( & (,%V})_O(;@?,Q(V (& ()-t "1098(& ()-t1 qUWKw~[ vU410 Q ( 10%“/(‘%')(‘2)06361

" & 109K( &

PRPHomK(a& ()-3108(108(108( a)' 109B(& ()-+

a)' 1098(& ()-+[1][:vU410 ' 10%K(& ()- r'10%K(& ()- y' 10% Y& ()- /v
(109K( & ()- (109%& ()- : (109%K(& ()- CDEFBAVB4A10 9: 10%S S& ()-

T &&10YS S& () -
"10UK(& ()- m
(10% ' 1 & () -

mMLOLK( L1OLK( L10LK(L | v  3f#10%.K(L& ()-- ~3f#109%& ()--
BI[:vU410 ~ '10% & ()- 109K K& ()- (10% & ()-
"10% ' & ()-@ "10% & ()- @>?@WU410 & 10% & ()- m

. 109% & () - 10S SSPSHBLOS RflueYs S&ng - f ICFM8YNESSSahhi@is, the N-

JrL/ T#10% & ()
Y Z(10% & () -

10

15

20

25

30

AT beabaiiRiongh o didekidon o RES6H (RO FERI ot ()
Man XylGlcNAc,-PA (M3X: 1121.05) (B in PFig. 18B). After
further digestion by o-mannosidase, the SF-HPLC analysis
and IC-MS/MS analysis revealed that the product agreed with
ManXylGlcNAc,-PA (MX: 796.77) (C in Fig. 18A). From these
data, the peak X-2 was, as shown in Fig. 15B, B-D-
GlcNAc-(1—2)-a-D-Man-(1—>6) [B-D-GlcNAc-{(1—>2)-a-D-Man-
(1—=3)] [B-D-Xyl-(1—2)] B-D-Man-(1—4)-B-D-GlcNAc-(1—4)
~G1lcNAc-PA (GN2M3X).

Other peaks IV-2, IV-3, V-2, V-3, V-5, VI-1, VI-
2, VI-3, VI-4, VIII-2 and IX shown in Fig. 14B were not an
N-linked sugar chain, because as a result of the IS-MS/MS
analysis, signals agreeing with m/z 299.33 (GlcNAc-PA) and
m/z 502.52 (GlcNAc,-PA) were not obtained.

4. Secretion of Horse radish peroxidase (HRP)

A foreign gene, horseradish peroxidase gene, which was
obtained from 35S-Cla (Kawaoka et al..,J.Ferment.Bioeng., 78,
49-53 (1994)), was inserted at Hind III and SacI site of
vector pBI1l01 HmB (Akama et al., Plant Cell Rep.l1l2,7-
11(1992)) and introduced into GT6 Strain. After
cultivating the obtained clones of GT6é Strain (GT-HRP-5,
GT-HRP-19), the supernatant was collected, and subjected
to a standard isoelectric focusing electrophoresis. As a
result, as indicated in Figure 19, electrophoresis band of
pI 7.8 of HRP was detected in the supernatant of clones
GT-HRP-5, GT-HRP-19, and thus confirmed that an foreign
protein was also secreted from the plant cell transformed
with the GalT gene. Further, figure 20 indicates the
results of lectin staining of secreted proteins by clone
GT-HRP-5, separated by standard SDS-PAGE electrophoresis
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a human-type sugar chain using a plant cell, a plant cell
. which can secrete this glycoprotein, and a glycoprotein
having a human-type sugar chain which is secreted by a plant
cell. The glycoprotein of the present invention has a
human-type sugar chain and therefore, is free of
15 antigenicity and is useful for the administration to
animals including human.
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. a step of culturing said plant cell

2. The method according to <claim 1, wherein said
glycoprotein having a human-type sugar chain comprises a
core sugar chain and an outer sugar chain, said core sugar

15 chain substantially comprises a plurality of mannoses and
acetylglucosamines, and said outer sugar chain has a
terminal sugar chain moiety containing a non-reducing
terminal galactose.

20 3. The method according to claim 2, wherein said outer sugar

chain has a linear structure.

. 4. The method according to claim 2, wherein said outer sugar
chain has a branched structure.
25
5. The method according to claim 4, wherein said branched
sugar chain moiety is a mono-, bi-~, tri- or tetra-structure.

6. The method according to any one of claims 1 to 5, wherein
30 said glycoprotein is free of fucose or xylose.

7. The method according to claim 1, which further comprises

a step of recovering the culture solution of said plant
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mechanism capable of performing a transfer reaction of a
galactose residue to a non-reducing terminal
10 acetylglucosamine residue and can secrete a protein with
. an added sugar chain added by said sugar chain-adding
mechanism, wherein said sugar chain-adding mechanism adds
a sugar chain comprising a core sugar chain and an outer
sugar chain, said core sugar chain substantially comprises
15 a plurality of mannoses and acetylglucosamines, and said
outer sugar chain has a terminal sugar chain moiety
containing a non-reducing terminal galactose.

10. A glycoprotein having a human-type sugar chain obtained
20 by the method according to any one of claims 1 to 8.

11. A method for the secretory production of a glycoprotein
‘ having a human-type sugar chain, comprising:
a step of introducing a gene for an enzyme capable of
25 performing a transfer reaction of a galactose residue to
a non-reducing terminal acetylglucosamine residue and a
gene for a heterologous glycoprotein, to obtain a
transformed plant cell, and
a step of expressing said enzyme within an
30 intracellular organelle.

12. A plant cell transformed with a gene for an enzyme

capable of performing a transfer reaction of a galactose
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residue to a non-reducing terminal acetylglucosamine
residue,

wherein said enzyme is localized in the plant cell such
that the plant cell 1is capable of synthesizing a
glycoprotein having a human-type sugar chain structure.

13. A plant cell according to claim 12, wherein said sugar
chain structure includes an added galactose residue.

14. A plant cell according to claim 13, wherein said sugar
chain structure is free of fB1,2-xylose or @1l1,3-fucose.

15. A plant cell according to claim 12, wherein said sugar
chain structure includes an galactose residue added to a
N-linked type sugar chain of (N-acetylglucosamine}),.
.(Mannose), ,(N-~acetylglucosamine), selected from the group
consisting of GlcNAc,Man,GlcNAc,, GlcNAc,Man,GlcNAc,,
GlcNAcMan,GlcNAc, and GlcNAc,Man,GlcNAc,.

16. A plant cell according to claim 12, wherein said enzyme
is localized within an intracellular organelle in the plant
cell.

17. A plant regenerated from the plant cell of claim 12.

18. A seed produced from the plant of claim 16.



