Production of d ycoprotein Havi ng Human- Type Sugar Chain Using Plant Cell '
TECHNI CALWJd Blesy4ke present invention relates to a nmethod gegiyphigusgecr et
production of a%et erol ogous gl ycoprotein having 10 a human-type sugar
chain using a plant cell, a plant cell capable of secreting this

gl ycoprotein, and a glycoprotein having a 1hu'man-type sugar chain secreted
by this plant cell. BACKGROUND ART 15 Production of extran S
using plant cultured cells is proceeding. For exanple, attmmmwmmmmwml ng
made to produce the follow ng proteins useful for humans usingg lgtacco
cultured cell: 20 GV CSF (see, E. A PERRIRIIONing, z. Wang, R’ Réeves,
J.H Shin, N S. Magnuson and J.M Lee, "Production and Characterization of
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Lee, "Secretion of Biologically Active Human Interl eukin-2 and

Interl eukPn-4 from Geneti cal | y Modified Tobacco Cells in Suspension
Culture" , Protein Expr. Purif . , TECHNICA? HTEIIB) ), immunogl obulin (see,
N. S. Magnuson, P.M 30 Linznaier, J.W Gao, R Reeves, G An and J.M Lee,
"Enhanced Recovery of a Secreted Mammalian Protein from Suspension Cul ture
of Genetically MdifiefhdomesenCeliwntion atediatescfio aPmeithod Tor2fe 228
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having a human-type sugar chain secreted by this plant cell.
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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 Bilologically 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. An and J.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
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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
Cul ture", wonBlos74¥g crobi ol . Bi otechnol ., 52, 516-523 (1999)pT/3002/60360t her
hand, it is reported that plant cultured cells secrete nany proteins or

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

d i gosaccharides at Specific dycosylatiorf Sites of Two Secreted Carrot

@ ycoproteins”, Eur. J. Bi ochem, Z99, 169-179 (1991); Y. 15 kushima, N
Koi zum, T. Kusano and H. Sano, "Secreted Proteins of Tobacco Cul tured BY2
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from tobacco . BYzeget hBneH kb Ueedrackbip BNANeriaad oliggitrakiaes ot

extracellularly Secre extr ul ar secre 10N 0
gl ycopr ot ei ns 8pecdfari r%ﬂc@ezhetzaor@f Shkes rafaciliwen ﬁﬁpﬁelteétlﬁarrot
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produced wi t hi g phant ‘:{:elpggnq%%ﬁ .'{6 ed 1@q‘ve699t6%§ @g%rp Nyt @ﬂ%% Lhese

pr ot eins are presumed ave a pe sugar chaln structure t he

anal ysi s of sudar theaicaset rqfcttmb@cqu@ Gl twred gl i mykihﬁlﬂ%c@fe

sl gA, producedpbr-emiaRasCare! Rt Brida 4YE atifsh # %e'?@éeh%v@ gabnl ¥P&nsygar
chain (see, M Cabanes Macheteau, A . C. Fitchette- Lal ne
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(1995)). It 4is also reported that by adding
polyvinylpyrrolidone (PVP) to the medium, the
30 concentration of protein secreted in the medium 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



anti body protein produced wthin the cell is deconposed by the protease and
is unstable (see, L.H Stevens, GM Stoopen, |.J. Elbert, J.W Mlthoff,
H. A Bakkgi 02/057d6@mmen, D. Bosch and W Jordi, "Effect of pdriyeed/évse1
Conditions and 5 Pl ant Devel opnental Stage on the Stability of Antibodies
Expressed in Transgeni ¢ Tobacco", Plant Physiol., 124, 173-182 (2000)). By
the Western nethod using an antiplant-typé& sugar chain antibody, addition
of a plant-type sugar chain to this antibody is confirned. 10 Al though it
is reported that the (31, 4-1linked gal actose residue present in the sugar

chain of an ang O%lt?gﬁ#%f%i%‘ﬁﬂec@%gﬁgc% @gﬂf@-.or cf{%g‘ ag-ge”ﬂ%ff to the

. stabilization rot ern 'S su](% reSi I'n the
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ant i bodi es pr ogigede bymt £HB4ECo pb?ﬁ‘t§tf~éfn C&Hitﬁ’fé&dcéj?lé’e RiPdFed® of

. deconposition by the protease. In the case where erythropoietin is produced
by tobacco cul PEiPEeiRe |asretﬁ&tmeéépéarlarctewmteé 20 ABEBEni HReSen

vitro, bug thee:%’éfat\!éiiulﬂrw wedretieh dejectfdny se@yc%pﬂme&%@ot Oaré<
Tkura, M Ueda and R § , Charagt erization of Human G ycoprotein (

Er yt hr opoi et i nFo®F HHH2 Célﬂsteur e®f TorRedd OeF?%“tl‘P"ilantWWBI otin 27
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activity, has %ﬁﬁa’?ﬁe Year f er‘g]ﬁ'tlsggrﬂﬁr % %gﬁlfe when produced by

plant cells. 30 On the other hand, it is suggested that the plant- type
sugar chajn may be an g I t he
sugar chglbn structure vg:eculr%%%ec'% g?[mt% é%&éj%fg?%{wgaq‘f?l%a% ar,
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N.P. Mullin ord and _F. Altmann, "Core al, 3-Fucose is a Key Part
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| OF Binding toPPaHTIEFEGET Hh i aha B e Pl oharBl ' the Akl 5
(April 120 2oocynammwtmyreﬁ Oﬁr neepm‘eim@nt e teiinsusetualdy Pravduced ugar
chain structurg fsﬁﬁéﬁ D aﬂﬁﬂc@lfsv'a?ﬁepﬁhéieﬁ RaCOSot BRel é%ﬁ?ygﬁ & THE

| NVENTI ON The o ject e present Tnvention Is to solve
above- descri beEhpsemrakeins asp TRl todave a@%a%ﬁdtﬂ%ﬁpﬂérephﬂfhod
for the secretg¢ynge@gdction, in plant 25 cells, of a glycoprotein which is
stable, maintains its origi naI physi ol ogi cal acti vity and is not an

al l ergen, a plant cell capable of secreting such glycoprotein, and a

gl ycoprogsi n having a hhwmihel yeaBygid 6Faisudgacr ehein by tirictuplegnttiee! | .

30 As a result_of egtens ve mvestug(ilstlons:lt .tﬁe : ;r)[r sent i ven or have

found that whef®SEREHRA- GEPPy P HY efréf-enPYREY

expressed i n atobacco plants is revealed to have a plant-type sugar chain
(see, M. Cabanes-Macheteau, A.C. Fitchette-Laine, C.
Loutelier-Bourhis, C. Lange, N.D. Vine, J.K. Ma, P. Lerouge

30 and L. Faye, "N-Glycosylation of a Mouse IgG Expressed in
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



WO 021 057468 PCT/ JP02100361 - 6 tobacco cultured cell BY2 strain,
gal actose is added to sugar chains of nobst glycoproteins secreted to the

exterior Wedwdaed the gl ycoproteins have a sugar chai n $igiehiétes r ee of
(31, 2-xyl ose or al, 3-fucose. The present invention 5 has been acconplished

based on this finding. Accordingly, when human- deri ved useful proteinis

produced using this genetic reconbinant tdbacco cultured cell, the

obj ective protein having a sugar structure which is not an allergen, can be
secreted in the extracellular fluid. 10 The present invention relates to a

met hod for the r ' - 0 tel Vi n.iype

, sugar chai n. Tﬁﬁgfégégd%rgéﬁgg&é%gﬂggg{gﬁQé¥ﬁigﬁgd%%g+ﬁb 3%%8ﬁ8g§g3a3§

enzyne capabl etbé paoft@asenand t iansistatder ebze¢onloll.-a YeaanmseCr¥si due
to a ”On'redUCFESo%éﬁmfFﬁ.ﬁiﬁé¥£@d¥%§ﬂ81?ﬁoff?' H@mBQﬁkér9§ﬂ¢L8ﬁmgn,

- heterol ogous gl'ycoprofein, rnto a_plant ce to obtain a transformed plant

cell, and a stBp Besehl andi Wg dardsbt SEREEchH| akt Céémpte2@ondithenaeandd

above, the gl yppphet BbGe8yh8Ata1NgtB et YRELAHISEaBNRE By "BY ARFPHOEEed COrE
sugar chain and an outer sugar chain, the core sugar chain nay

substantial |y ESREPFEeda 1py (reang9en¥c nhrheses” and 1aadt iRy $idsani 84 and
the outer sugag7ghagm mayobayg.a tepyi nghesugastebni nmébhsai eayifgnt &hni ng
a non-reduci ng tgrnhna¥ 8alactose. In_the nethgg aaove, &Hg ﬁuter gugar
chain may have®3tiPLERE-5¥YPE, oRBABH sPPALRurBNTABORY.  hBIHLLEBR aBbved the
branched sugarptaathtypeetsungary ditain mawo-this - antibodgr it canfirmedure I n
the neth abo t he gl,ycqprotein e free WO 02/ 057=t 68 of fucose or
xyl ose. ggT/JPégrbﬁggE +ﬁelﬁe5ﬁgﬂr§g%6égFﬂ%1ﬁﬁ% %%crgfé+§kﬁéoﬁﬁ£??£ﬂsﬁay
preferably furresiduenpresent igt eheofugerovkaingef e medibody ndéledelel ant
cells. In one SHBAQLERNy nulSs L AhAPAYGLEAbLRE SEGHR QEXLRIREHELLAN MY
urther conpriSe a step addi ng sugar or sugar chain 1Th vitro. n one
aspect, the prefeartihodit boatednat tbisosugpranesiédie wAi shsedtpinstbea
sugar chai n- adghRgpBRE N SR ABABLECEE MPPIANT 86 P | I BEshEse ehigN—Of a
gal actose residue to a non-reducing termnal acetylglucosamne
15 the antibodies produced by tobacco plants are considered

to be prone to decomposition by the protease.

In the case where erythropoietin is produced by
tobacco cultured cells, the biological activity is
20 recognized in vitro, but the activity in wvivo is not
detected (see, S. Matsumoto, K. Ikura, M. Ueda and R. Sasaki,
"Characterization of a Human Glycoprotein
( 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.

30 On the other hand, it is suggested that the
plant-type sugar chain may be an allergen in mammals
including humans. That is, the sugar chain structure

peculiar to plants, such as fB1,2-xylose and ol,3-fucose




15 residue and can secrete a protein with an added sugar chain added by the
sugar chai n- addi ng nechani sm wherein the sugar chai n-addi ng nechani sm adds
a sugar (ﬁogpmrl sing a core sugar chain and an outer gi¢gapoghasn. the
core sugar chaln substantially conprises a plurality of mannoses and 20
acetyl gl ucosam nes, and the outer sugar chain has a term nal sugar chain
noi ety containing a non-reducing term nal Yyal actose. The present invention
further relates to a 25 glycoprotein having a hunman-type sugar chain

obt ai ned "by t he net hod descri bed above. The present invention still further
relates to a ne e_secr.et g

. having a human¥ E" g%lﬁ AP HR3PR l%cgé?% ?gg%}‘g?’ é"p ;na&mgh% Egggr%gd

for an enzyne (tapalsﬂteaﬁ mrablﬂrggna(se&nsff‘er Fftém,scr-mn B hlgtaaamoﬁe

residue to a ngq- n yl r d e for

.a WD 02/0S74 3“[5@%{5‘ %503 1 a&l@&?éhe?ﬂero ég& ??op?gtrgpﬁyafg%gbt ain
a transforned ‘p"parlmpesl in &he églgtlﬁﬁmn@(m’fe% lexgieePaitinngsan
intracel | gl ar a%‘%}? Iixaa,pf ll n\ig@tlj)@_gﬁ |(I1I99fgqrtf|eg wgllgbgs to a
pl ant cell trans or e or an enzy capabl e of performng a

transfer reactJoR- oﬁaéft@él-lldot Nl . ré@ﬂ-é-ﬂ@ t8- é néﬁhlfé’é'@cﬁﬁg fer MlEADD,
acetyl gl ucosamlgg @eaudlsefu%%eag éhﬁeff\]ia/f‘@ dfs ﬂrféc@ylzc%e' ﬁeEBSnEE@Ht

cell such that the plant cell 1s ca nt hesj zi ng ﬁ rotein
havi ng a hunan ﬁ’ypeAé‘Jg"fPrO@rﬁﬁ sﬁ‘?atf'ctc I%g%‘isﬁspeg%an n tNe |E5F1 Ge cel |
above, the sug@u%gb@:a&chtam@te@r entnts mi@sm a@hdﬁdwgaéa.cameatyw Qmant15f I'n
one aspegt, in e _pl ant ructure is free o
(3 1, 2-;39I oseEBF 5% ’ 8?&88 Y?ﬂyonae' §§geéf‘i ﬁn&t‘ig - Cettt kﬁﬁ(bve,

t he sugar 20 cHNai nCabanesuMachetéades &n akkectiass, reSLPJue Midderzd,0 &.
N-1inked type sugar .chai_ N aget Jcqsa Z Z 5 (
N-acetyl gl ucosz'l%%ﬁg lﬁe% %é)l%fé:&'("esd ro#ﬁue gfog%mgé%?%énw%’% Fin)an ﬁ

d cNAcl van3d cNAd.berGIecNAcRNanR@rMIcez d ENAc Feiyre, G arMi\c zP andL.erouge,

G cNAcl Man4d cl Qn R | I e yme
is localized w ﬁ rYt%‘toFa Pa'q%ulogﬁ o?’r’ arkn&e% eéall?\le%:h&?% aﬁ ‘%/ ?I tsﬁlg-ﬁ.ﬁ_%
present ildvent ic@ntg‘tilblultlmlr tllii!erIQFelBé{ﬂéé-nlgo te Bilant ﬁég'@ﬁéﬂ-&ﬁé‘seﬂﬁ Yhe
plant cell abowgoiTlepeRi.eseni7d MmNt i om 451118l t hesprel at €5, 02800).

Accordingly, proteins for medical uses must have a sugar

chain structure free of f1,2-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.

30

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



WO 02/ 057: 168 g seed produced fromthe plant above. PCT/JP02/00361
BRI EF DESCRI PTION OF THE DRAWNGS 5 Fig. 1 is a schematic view showing a

process f@io @S9 hGI. Fig. 2 is a schematic view show npgraphseeess for
constructing vector pGAhGT for expressing hGI. 10 Fig. 3 is a photograph

show ng the Sout hern anal ysis of genone of_ transformant tobacco cul tured
cell. Fig. 3(A) shows the results when ger?omc DNA (40 ~,g) was digested by
EcoRI 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 fragnment 2.2 kb_containi n Jpronoter, hGT and term nator

. integrated int BOBQEFIOt FaASRERARrEell BYR FLIAAn g galachpsa ol defk to
anal ysi s of Pﬂsﬁyaarctmmm o&h&«p@t e;wdcqmdiﬁirfst sathetslt tib @ heedik tdt Dy

hi ghper f Lquid ch how h
analyel s o pabedidl aaf T B SR et heko A BrBRK ChRLA EERERTBRe by
hi gh perfor manfeeéi gfiifd dminismgmphy 3Ffgcoseli s 'Ime/pewsehmv\ingemhjeon

t t d
eor ot ed tnt nB2ScPeh aq kY Ghifda PERRE PR SR PR Reses
in the Figure whew aHmman-a.’remated)usfefulgprothanms1@nqd31cmai:hssngubhnse

shown i n the FLaEeso -IQRRLATEIORonadlo BOTLIPOR! 00301 EhD:of1dSrfud i o

showi ng t he an sugar arn ared from ra n“culture
medi um and thepéﬂﬁglycmvmgeﬂ Gugat S@ﬁupitudac‘vh:t-MrJ@fncwyam ghperger nance

l'iquid chromatg ?ﬁaggy rgltgd {ni %h@ Y BW éggmﬂgr ﬁfui‘&al ysi s of PA-sugar

chain prepared rom strain culture rre Ium an e exogl ycosi dase
di gest i oh¥pr oduct thereof by hi ghperformance |iquid chromat ography.

The present invention relates to a method for the
secretory production of a glycoprotein 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



10 Fig. 8 is a view showi 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 ghpegiapmeies |1 quid chromatography. 15 Fig. 9 is a yicgyypsheweng the
analysis o 5A—sugar chain prepared from GI6 strain culture nedium and the
exogl ycosi dase di gestion product thereof %y hi ghper formance |iquid

chromat ography. 20 Fig. 10 is a view show'ng the |IS-M5/ M5 anal ysi s of
PA-sugar chain prepared from GI6 strain culture medium B is a partial
enlarged view of A 25 Fig. il is a view show ng the anal ysis of PA-sugar
chain prepared from GI6 strain culture nedi um and the exogl ycosi dase

_ digestion prodeEtfeReFRoPT Y hPERper f or mance |iquid chromatography. 30 Fig.
12 is a view showi ng the anal ysis of PA-sugar chain prepared from GI6

strain culture nedium gnd the exogql ycosi dase di gestion prodyct thereof by
. EI ghpigf or rrangg Iéi qui d%ﬂr%%&?ég‘%ﬁ‘ﬂﬁ é?ﬁgﬁgsgéoﬁﬁPiﬁgg‘i?Bbggém@Y11

ig. i S a pppépgraphy shdineg: pirisel & Stefp 6f atecovasr theshed e
reaction fn vitgo, usi nﬂ?GTG sigisn cul ture nediumderived gl ycoprotein, BY2

strain cuPture®s H2Gi BAPAEr PG44%gl ycoprotein or asialo fetuin as the
substrate. Fig. 14Ais a view show ng the anal ysis of PA-sugar salt

prepared from BY2 strain cyltur 0 by bhjgh f qQn cecl lLquy
chromat ography. Fig. 1%,% ioglea \?lﬁlgvlz\glﬁg‘h'(%\?\%tdg ?hg ar&n%tgcgés%o A- ghgaﬁ@%“
prepar ed from 8a@retony rpreduct tomawivuduryheirgbpapfbsemnedep gfii adding

chr omat ogr aphysuggﬁ%g. S&aéri éhQiLMi W speppng the structures and anal ysis
c

results of sugar ains 1h the glycoproteln secreted in the GI6 strain
culture #dium The nunerals in parentheses in the Figure show the nol ar

ratio of sugar 20 chai fnheyd ghach, id PridsenthIMdentibherbidees t6514. 158
is a view showi ng the structures and anal'ysis results of _sugar chains in

the gl ycopr ot ePhaBEcFel b Righ GIRIiG et PasHoes ehaénnaidnd MeehaRk®Ral s
25 in parent heé&ﬁaﬁ]ﬂe?hﬁ bgHbemeNgVat BPafiBEar FehtPidh SHUAMg&battoseVvi ng
each structure shown in the Figure. .
residue to 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

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

terminal acetylglucosamine residue and a gene for a



Fig. 16 is a view showing the analysis of PA-sugar chain prepared from BY2
strain culture nedium 30 Fig. 17 is a view showi ng the anal ysis of

PA- sugar wipaiziestiesgpared from BY2 strain cul ture nmedi um angcriyo02/00361

exogl ycosi dase di gestion product thereof by high WO 02/057.t68 - 12
performance |iquid chromatography. PCT/JPQ2/ 00361 Fig. 18A is a view
showi ng the anal ysis of PA-sugar chain prepared fromBY2 strain culture
medi um and the 5 exogl ycosi dase di gesti on product thereof by

hi ghperformance |iquid chromatography. Fig. 18B is a view show ng the

anal ysi s of PA-sugar_chain prepared from BY2 %r in culture nedi,um and the
. 10 exogl ycosi dB€ESHPLREPPENIHYEAREPLERRY ebP Bé ﬂ?BhBeEFBPﬁgﬂE@epiggﬁﬂ
chromat ogr aphycefig. akfii a st ofr aptprdeming tthe reszyhe ofi tisioel antric
f ocusi ng eIectrthoreihs Prot el ns hn the 15 spent nedia of cultured

. tobacco cel | s WBFEAGRILYIBE BYSPR&:LEetric focusing and stained for

peroxi dase activity. WIld Type denotes HY2 strain. W-HRP denotes

transformant of BY2 strain w.th . - HRP e r f GI6
strain wi th HRP gene. égeFPﬁgsﬁﬁyFEhgg%Fgg%ggg%ﬁisﬁ%&?ﬁﬁLt%gi%gég??é gf
| ectin staini nglahtpeeiléi hxansfommedpwhthnedgenef foraasgeneymeutapabde

tob I'ls. I f I t S RA i 1
Coommssi o brii PEanpCBpanirs = t28h5ER7 Eabtash ol ioaTdcRpBp e tR0E |
and treated w th GonAEB)redi¢iROAIPeXTGInaly lagetidalnaaastiney2residna,

WT- HRP- 2 denot @ﬁeeeﬁngfh% %iﬁ@é"ifsoigéﬁifz&? B4 bi&ﬂt%éih‘l Bderienat

GI- HRP-5 denotes one he transformants o strain wit gene. 30
BEST MODEOFOR thrRRLamterl¥HEs | sarabioeirsynihesdalng, fendilyRoPEOHE4R i bed

in detail bel Ofaving a human-type sugar chain structure.

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 f1,2-xylose or «¢1,3-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),.
2(Mannose)Z_s(N-acetylglucosamine)zsélected.from the group
consisting of GlcNAc,Man,G1cNAc,, GlcNAc,Man,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 inventibn still further relates to a
plant regenerated from the plant cell above.

The present invention still further relates to a




WO 02/ 057468 - 13 PCT/JP02/ 00361 Herein, unless otherw se specified,
protein separating and anal yzi ng nmet hods and i nmunol ogi cal techni ques known
in the aryoWshes enpl oyed. These 5 techni ques can be per fperpoh/0361Ng
commercially available kits, antibodies, marker substances and the |ike.
The nethod of the present invention is a nethod for producing a
gl ycoprotein having a human type sugar chai i, 10 In the present invention
t he "human-type sugar chai n" nmeans a sugar chain having a gal act ose residue
bonded to an N-acetyl gl ucosam ne resi due. The gal actose residue in the
human-type. sugar chain _rmay be a termnal of the sugar chain or a sialic
. acid residue né§efduPraduced B5ABedheoPLABt18b8Yeer side of the gal actose
residue. In the glycoprotein having a human-type sugar chain conprising a
core sugar chain noiety, a_hranch ) r i i a term nal sugar
. chain noiety of the pr eserﬁRbﬁEﬁ'véﬁqu%q@tofﬁs&ﬁ@%mse and fucose is
preferably not bonded in one or nore 20 of the noieties, nore preferably in
any of the noieties. St p#eferabl e sugar chain coptains

he. h -
nei t her x§l ose nor fucbs¥: h%sp?aﬁgh%%?flﬁgggggtéﬁ?wbP nt REPPS55he°hI ant

cell 25 may hagkonmpugf hGh.of cultured cell, cultured tissue, cultured organ
and pl ant body. Anong these, preferred are cultured cell, cultured tissue
and cultured organ, nore preferred is cultured cell. The plant species

whi ch can be used in tHegpr2dist aoachenatiicovieweshewingt ai pyeaessnf@d nay
be any prant spgrLes WhiaR GAB:BE’ bRANGEN2o0CRRhECSLIARSARSL | On. Exanpl es
can be Ose e pro

of the plant species whic int ucti on nethod of the
present ilAvention include plants bel onging to Sol anaaeae, G anmi neae, WO

021057468 - 14 PCT/ JPR2L00364 £hHatb8EaEN mﬁ%w&wﬂmaﬁuﬁwbi

t aaeae, Labi atae, Liliaagae, Chenopod.~aceae an eIIiferae._ExanFIes of
the Sol anaceae®fl4eRone Qi §EaPFERTHARLEPRARER FUIF UG eshrraka, Fd@-ad(dh

Dat ura, Lycopeghb@s fhePRedsiifs Wi @nomARADRA, (20Wd] as digekated benat o,
red pepper and_petunia.. Exanpples of the G.am nea | ant |n§%P e @Ianis 10
bel ongi ng to CEGPBI ABAJEHGAL [ 5.ang sthed &hfgthap $R5khl dReoRUBERALE \ch
as rice, 1garl eyn tye,ldEt Bided shbll the siieghoih 8hd DNK moletuilairewedfhthe
Gructferae Dl 2hpkae. "I 2013) noid A USRAR LR e FrFRLED 2520

' kb containing promoter, hGT and terminator integrated into

each transformant.

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 1s a view showing the analysis of PA-sugar
25 chain prepared from GT6 strain culture medium by high-
performance liquid chromatography.

Fig. b 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.



Capsel l a, such as radish, rape, whitlowgrass, horseradi sh and shepherd's
purse. Exanples of the Rosaaeae plant include plants 20 belonging to

Orunus, Milgdstegus, Fragaria or Rosa, such as Japanese agfivypodno3peach,
appl e, pear, strawberry and rose. Exanples of the Legunjnosae plant include

pl ants 25 bel onging to dycine, ,Vigna, Phaseolus Pi sum Vicia, Araahis,
Trifol.tum Al phalfa or N@dtcago such as goybean red bean, kidney bean
green pea, horsebean, peanut, clover and bur clover. 30 Exanples of the
Cuaur bi taaeae plant include plants belonging to Luffa, Cucurbi to or
Cucum s, such as luffa, cushaw, cucunber and nel on. WD 02/ 057468 - 15

. PCT/ JP02/ 00361 Exanpl eEi8f 6htS |ap-i@wshowing the anelysis: oL bRRoF9RE to

Lavandul a, Menthaifr pRpdded £r6m a®el amarder . cdlthréntepdtil lahd Sthe
Exanpl es of the Liliaaeae plant_include plant belonﬂ g %g AII| n% ﬁj|lun]

. or Tul.ipa, suBKeddygesidasgi ofllgsaylon I?F?ﬁ%ﬁﬁ t& af¥ esPHFPT he

Chenopodi aaeaepptasimaneeudeqgpianthrdmabeyeaphpg to Spl naata, such as

spi nach. Exaones of the Unbelliferae plant include plants belonging to

Angel.tca? Dauaus, Cryptotaenja or Api tum such as Angelica polycl ada,
carrot, trefoil and ceFegy.71bs Aonied Eewripiathe hoalysdsi oft BA-puganction

et hod of the BREREM oS OBrofi 8RR TGLALe LADRGES. nbATRIO. ot 21O

rice, corn, n, green pea, OVET
preferred are ERbgiycpsudaaeo Gigestti,orP0 pooduahd ¢bpm@@ﬁ Te "khghne

capabl e of perggggbg aﬁc%raﬁghgh Eﬁgghhggggggﬁggalactose residue to a

non-reduci ng term nal acetylgl ucosam ne r means an enzynme whi ch can
25 transfl@r a gal actose residue to a non-reducing term nal

acetyl gl ucosam ne resi E‘Eg 98NS al S &Y éﬂb%u%d'tweoanafly@ﬁueerPghahgaafter
t he synthesis of the ei n_noi ety of ycoprotein wthin a plant cel

Exanpl es of su&hain éﬁﬁpﬁ?qquﬁﬂ@ &5@mﬁﬁﬁﬁﬂnt?ﬂ%EPE?a@@duqﬁnQﬁﬁaEbﬁthase
30 and (3-gal ae&%&%&%mﬁl&h '6h MeYré@uet! i wedreo®m a5y anighk
species but is préferabl erlv fron1nannalg nore preferably from human.
WO 02/ 057468 Performance lqul chromatography.
15
Fig. 9 is a view showing the analysis of PA-sugar
chain prepared from GT6é strain culture medium and the
exoglycosidase digestion product thereof by high-
performance liquid chromatography.
20
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 GT6é 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
exoglycoslidase digestion product thereof by high-
performance liquid chromatography.



i

- 16 PCT/JP02/00361 This enzyne is preferably localized in an

intracel lular organelle. Although restriction 'to a specific theory is not

i nt ended, whhggigsent inventors consider that this enzyne ppgimaggsasent in

an intracellular 5 organelle, such as endoplasmc reticulumand CGol gi body,

thereby acting on a protein or sugar chain before a fucose or xylose

residue is added, or acting so as to inhibrt the addition of a fucose or

xyl ose residue, at the tinme of expression and secretion of a heterol ogous

gl ycoprotein in 10 plant cells. The "enzyne gene capable of performng a

transfer reaction of a gal actose residue to a non-reducing term nal

. acetyl gl ucosam ne residue" may be isolated fromany animal 15 cell using a

nucl eotide sequence krpwg. tpscege at Ritfotigndph @homﬁgmecir@dmta;vad»f abl e
enzyme nmay be hase e used after modif it.to t to.the

. expression in %*%ﬁ% %&éﬁ%ﬁqggquﬂﬁ?'ﬁﬁﬁﬁ?lOWb V¥ sPFﬁBFuégé Yt

moi ety. In or d@tﬁlt@ré anedituat @etbeedxpglgsspoptiehnpl BN straiegutlalmre

sequence uch as perator d .tern_natar, ke
gene. 95 She Hea it heed v ad L B "%l o PEEGIR e cit
originally not sexgteased in plants for use in the present |nvent|on.
Exanpl es of the heterol ogous glycoprotein include enzyne, hornone,

cyt oki ne, antibody, vaccine, receptor and serum protein. 30 Exanples of the
enzyne include horser &iigh 14 dxialvdew Rhawing @@Mﬂ@dﬁogfc%kesugar

a- gal act osi das h | asd .ggﬁgn _

HVG- CoA reduct%%%e é%gﬁgFe €§£&me§ﬁ%r%§%§l%nd cyto neég%c udeé en ephal i n,
WD 02/ 05¥868 Poriroranoscliquid chyemategsaPhYpha, GW CSF, G CSF,
chorioni c gonadotropic hornone, interleukin-2, interferon beta interferon
gama, erythropoietin, vascul ar endothel| al gromﬁh factor, nan chorionic
gonadot ropi n (HOG), | kS nilABhéS o NiksHeShewy-nas I?‘leldf%‘lsrrﬂ A RPIRY none
(TSH), prol actsalﬁngrebehsbaclﬂ-&ﬂlwt akith@iRordeneurdxaeglian oy thegh-

ant i body i ncl ude | cFv_ and cretor A.. Exanpl es of the vaccine
i ncl ude hepathFEngEEP?%c%iﬁﬂ%g °T%¥%9$?B§Yantlgen Escherichi a col

ent er ot oxgn, nalarla antigen, G 10 proteln of rabies virus, and H V virus

gl ycoprotein (e. 120 of th rece i tein
i ncl ude EG:receptor +%rohg@t 1v ﬁﬂt?@p5| Ehgcoggkéﬁgé%?f%%

VITI. Exanpl esanalysisserasulirsot efn sugdmdehalibgm in d:thuepl ehyacmmsmum
protein, plasnln cort S o) b i in r ndi ng
gl obulin and pro?ggﬁe€:£ﬁ £ﬁ8 &ﬁé %?r%é?eég %g%ﬁg$§ 3%%pro¥é¥ﬁ&ﬁhgfagé

i sol at ed fron1anyp@¥¢mtm§$mgielﬁ@@l@éguue sbqwéﬂve“KHGuhI?GiPooﬁoﬁ@the

obj ecti Vgohet eLRL PHOHEv FhY CORER! St Pulfufe CORBRACLA! tHea¥aihabl € gene may be
pur chase may be used after nodifying it to suit to the expression in

pl ants. The gene of an enzyne capable of perform ng a 25 transfer reaction
of a gal actose residuerig. a139n-ﬂ§da0lvaewt eémwmgaeﬁbylsgimmmresweamsn due

and the gene of heterol ogou proteln a i ntrpdu a nt_cel
by a met hod knBWﬁiYﬁth itqs seg"b%arES h&% nffe +tht %%‘bg gty or

si mul t aneousl YSeEbéﬁedSKm trd GIIGthEraih ghlture medium. The numerals
25 in parentheses in the Figure show the molar ratio of sugar
chain having each structure shown in the Figure.

Fig. 16 is a view showing the analysis of PA-sugar
chain prepared from BY2 strain culture medium.
30
Fig. 17 is a view showing the analysis of PA-sugar
chain prepared from BY2 strain culture medium and the
exoglycosidase digestion product thereof by high-




30 appreciate that the choice of nmethod m ght depend on the type of plant
targeted for transformation. Suitable nethods of transformng plant cells
W O 02/ 05¢4faB/ 057468 PCT/ JP02/ 003G 1 include nicroinjectiopcrdrosesey et
al ., BioTechniques 4:320-334 (1986)), electroporation (Riggs et al., Proc.
Nat|. Acad. Sci. USA 83:5602-5606 (1986),  Agrobacterium nedi at ed
transformation (H nchee et al., 5 Bioteéhﬁalégy 6: 915-921 (1988); See al so,
| shida et al., Nature Biotechnol ogy 14: 745-750 (June 1996) for nmize
transformation), direct gene transfer (Paszkowski et al., EMBO J.
3:2717-2722 (1984); Hayashinoto et al., Plant_ Physiol 93:857-863

. (1990) (rice)), PERECERRRLSt LddPaft FRremagograRP¥rat i on using devi ces
avai l abl e from Agracetus, Inc., Madison , Ws . and Dupont , Inc . ,

Wl mngton , Del . ( sege , or, exanpl e, .Sanfordet al., US. . _No.
4045, 050, andMbCabe of S8 18ARfist BOTIRY SHO RIS, Sh8 APa LTS e Bbzsifer
Wi ssi nger et shainApredlaresl. fXemeBY 22X W2din 7dul 1G88) metiuBardmd dthe al
, ParticulLate Science and_Technqgl oqy,. 5..27- 7) i ;. Svab l .,
broc NatP acafiooLzPoRidatss ddRiat (Bbdddl ) (REANE  RPD Bigh
Christou et al perPbamanBkyiiqid8ehtdhaddgrapbss8) (soybean); MCabe et al .,
Bi o/ Technol ogy 6.923-926 (1988) (soybean); Klein et al., 20 Proc. Natl.

Acad. Sci. USA, 85:4305-4309 (1988)(maize); Kliein et al., Bio/Technol ogy
6: 559-563 (1988) (numizE)lg.KI8B dsca wiew showingPhheianalywsisiof RA4SUASES)

i . F .al . | 8: =839 ;g - t
glmal ZI%I) ant r CC):enFFﬁ%lﬁG(yfe?l% eﬁgg%%?%{izzeg ; izg'?Kgg%g?P%t al . ,uggir%?d;(;ﬁ%g}ﬂogy
11: 194- 200 (1e¥9plymesidpsechidigrftion aprodwgtur &éheggofn74p77highsgo)

(rice); CristgurebribnoeBlahosineheanatosdanga? (1991) (rice): Datta et
al ., Biol/Technol ogy 3:736-740 (1990) (rice); European Patent Application

EP 0 332 581 (orchardgrass and 30 other Pooideae); Vasil et al., .
Bi ot echnol ogy 11: 1553p1§28 101%%3)a ( phe@byraphelshoting - thdl pesubPbysoel .

102: 10771084 ( 1993 wheat . Wan_et_ al. Pl ant Physi.ol. 104: -48
(160) ( bar | oy} SOS3RAETSE Gocdsiing, SLaGEFobkarerts. \BHRnm oR: . ths
PCT/ JP02480361 spent2meila (d994h{ baredy tobkiec cedtl salwerdi andeyghed! bgy 5 :
263-266 ( 1987 cottaqn : sas R . do A . .- USA
90: 11212- 122161%8%&85%&"1%35}‘%%‘%r%ﬁérﬁa oen%rti&gt"ealjlg.g‘?L iS5/ yi‘gg%‘n’gl%ggy
10: 1589- 1594 ( Beddnepe 19€R)ténRY)2 sHradnberWTdiRRIdenoted aranSfbkm@aport s
14 : 635-640 ( .19 ) ; Spm-18 ) 1Ll 10771084
(1993) (wheat) ;"%d%g%gs trdfh Wi BRES fgsggb(%ﬁgﬁé HY Rrinsrblinah 4100
Pl ant Journal §T285tzain( vadh) HRRhe@gMe. A particularly preferred set of

enbodi meplys for the introduction of reconbi nant DNA 10 nol ecul es into maize

by m croprojectile bonmbardnment can be_found in Koziel et al., Biotechnol ogy
11: 194-200 (1993), Hi Fidet 29 1is &yphetrezaph shoyips the gugsylig(okozi el
et al . , Annahec®fint #ealevhy@tkpreadeny of theismasméd2aldd ttdhsgafl96) . An
addi tional prefented emodinent L 18e 19, R0 ailrd "ARSLRIIRLESY gt hod

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 GT6
strain with HRP gene.
30
BEST MODE FOR CARRYING OUT THE INVENTION

The present invention is described in detail below.



EP 0 292 435. Transformation of plants can be undertaken ~~~ with a single
DNA species or nultiple DNA species (i.e. co-transformation) and both these
techni quegoahfRshigst able .for use with the peroxi dase codi pgTaeosice. 20
The gene product expressed and secreted by the plant cell having

i ncorporated thereinto the above-describef genes can be identified by a

met hod known in the art. Exanples of the dentification method include
silver 25 staining, Western blotting, Northern hybridization and detection
of enzymatic activity. The transfornmed cell expressing an enzynme capabl e of
performng a transfer reaction of a gal actose residue 30 into a

. non-reducing term nal acetyl gl ucosam ne resi due and expressing a

het er ol ogous gl yCOprOtEéfbil@XWﬁﬁiéSsand)tmwﬁbéS aspetEfiddgousrotein

gl ycoprotein havin human-type s ar chain n, ot her.words;: t .

. t hus- obt ai ned F?Bﬁg?g?ﬂﬁd anao QﬁthQﬁVf?U%IOﬁm EP%$§%%°%%S a
human-t ype sugaécnhaqﬁeadd&mgvmemhantmn altrdt byar ulbeuremployed. t r Afsése med
cell, hungn-ty coprotein_can e a i

amount | et ne” REBROHESEE THAL "REndRe FopUeE: DRchuoPenisEb iRty vduidole
chain and an okies, sagaibofiaes, madkehesubseaaqgarandathesmbbeant|aIIy
conprises a plurality of mannoses and acetyl gl ucosam nes. The outer sugar
chain of the 10 gl ycoprotein obtai ned contains a non-reducing term nal
sugar chain noi ety. ThBhewmethod gfr thenresant davenilonntara petheduferor a

branched strucbggguc;m?r ?ur%@ﬂréﬁ@ﬂ KA Ay P irRina plesa )ﬁroéha};)ﬁo- ,

bi- , tri- and“tetra-s The glycoproteln produced by th

transfor A8d cellh theprpFesei yinterfianef thgeodvman EyRss Suditie F]ééi'jptl ng
transformed pl gahneeb! sﬁﬁ)ﬁrbéhﬂhnha'vﬂﬁg hnghm&cibﬁéer@fslaﬁét Bogde@ctb, may
be differentiated Into a_specific tissue or organ, be 20 _regenerated
in a conplete BpaﬂraBGHVlSEuPﬂsémbB?tr%ﬁ%‘ﬂu%s glglﬁj Ll):/)sq E&Fld}lg ? stem

or flower obtaiRedhhmaf-eypenphgae Chadh may)oe Rortelriinall bff €he sugar
differentiation_ or r enera i,on of .25 t %utransfor rTEd %a(gg c%Hj Orrﬁﬁns and
cul ture medi um%’h?ﬁB 1 peifiregidne May, SUESRSF PREMIFUN FBPude
Mur ashi ge.-sSkOOQu(teMss}LdEEdf Uthe Gratme oS5 fedidueedilnmthehglgcopdoteinnd
Nitsch & Nitsc Nlts h ﬁ@ﬁQ# entLg
limted theret ‘?‘Hgsé @L@E&%@?g : !gdaﬁ:'rsuat{l{ﬁ use ?ierwa d{:nget ﬁuget 0 an
appropriate armhaﬂ._noxhoaepirarﬁl grepwitied swaas cbabstram@tx @andyja termhnal
hormone) - and t@%gja'rkghain moiety of the present invention, at least one

of xylose and fucose is preferably not bonded 1n one or more

20 of the moieties, more preferably in any of the moileties.
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 specles which can

be used in the production method of the present invention

30 may be 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 Solanaceae, Gramineae,



WO 02/ 057468 - 21 PCT/ JP02/ 00361 Application of these systens to different
pl ant strains depends upon the ability to regenerate that particul ar plant

strai n frQ@esied! asts. Illustrative nethods for the regegegrpbigieof
cereals fromprotvplasts 5 are described (Fu~inmura et al., Plant Tissue
Culture Letters, 2: 74, 1985; Toriyama et_al. , Theor. Appl. Cenet. ,
73:16, 1986; Yamada et al. , Plant Cel |- Reb.”, 4:85, 1986; Abdullah et al.,

Bi ot echnol ogy, 4:1087, 1986). 10 To transform plant strains that cannot be
successfully regenerated from protoplasts, other ways to introduce DNA into

intact cells or tissues can be utilized. For exagple, regeneration of
. cereal s from i GeLFer&Abr yoFOSACEREI ant LAFINATOSE et S AT RIRT9%d

(Vasil, 15 Bi otgshipk89YE10iB8dae ) 988dnopod0boss e awd Dmbs Al £letsansfer is
al so a widely applicable systemfor introducing genes into plant cells
. because the DNA can be introduced into whole plant tissues, 20 thereby

bypassi ng the need forExfgeles abf othef Seldanaiceat plant firmhwiermiaptsst
The use of Agrobacteri unm nedj.ated plant, integrat,] vectors to introduce
DA 1 nto bl ant SeLonaihd HT Migkitalen st SafbopT B doned o S

met hods descr i Betiuabayesuéh a&sntebactal | gggapslanng mstate, ttamstoy mezd pl ant
cell grows and_then eégéesggénfgg secretes the desired gene product, a

culture nediun?%%%?ﬁg ypconp05|tion containing trace nutrients necessary
for the growth of plant cells, 30 such as carbon source, nitrogen source,

vitamns and salts, Moyl 198 dok Ol Hd 9o 801 S006 Y pRAAE IAHANRY Flants
gl ycoprotei n having a hunen-type sugar chal n. s0, pol yvinyl pyrtoli done,
prot easelPnhi bbebenghudt hdd | kOZHER., \HPNIIWBHGS SegalepCT/ITONdEBlL be

added 5o as {0psahibkh78at bR 386! CLuH Bl WYY Oixy ey i Pra

efficient secretion of the heterol ogous protein.
millet, sorghum and corn.

Examples of the Cruciferae plant include plants
15 belonging to Raphanus, Brassica, Arabidopsis, Wasabia or
Capsella, such as radish, rape, whitlowgrass, horseradish

and shephérd's purse.

Examples of the ARosaceae plant include plants
20 belonging to Orunus, Malus, Pynus, Fragaria or Rosa, such
as Japanese apricot, peach, apple, pear, strawberry and

rose.

Examples of the Leguminosae 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 Cuourbitaceae plant include plants
belonging to Zuffa, Cucurbilta or Cucumis, such as luffa,

cushaw, cucumber and melon.



5 The gl ycoprotein having a human-type sugar chain expressed and secreted
by the transfornmed plant cell can be typically isolated fromthe nmedi um of
pl ant cel {y% o2/057Rs! SOl ati on of glycoprotein fromthe medi poraipopb@dsei cells
can be perforned using a nethod well-known to one skilled 10 in the art

For exanple, the glycoprotein can be purified to isolate it fromthe nmedium
using, individually or in conbination, Tégﬁﬁiques such as salting out ( e.
g., ammonium sul fate precipitation, sodium phosphate precipitation),

solvent precipitation (e. g., protein 15 fractional precipitation by
acetone or ethanol), dialysis, gel filtration, ion exchange, colu

. chromat ogr aphy such afE¥aieles PhasEre ufePifleer Rt &ﬁ‘g’ h-%ﬂ%ﬁ mance
chromat ogr aphypé hGing 2® Akber8al kY MantHd 6r FHepoTPAt shoh s 1ieepdespnt

i nvention nmay al so be |solai§d or extracted fromplant cells . Furthernore,
. the gl ycopr ot SMPbIaRALFLEELAL i nvention, which is contained in
transforned cells, can be used as it is for food. The gl ycoprotein of the

present invention has 25 a hunman-type s [ ain it t re,
is free oP antigenici té"m{éﬁi Pgb&z’ef o#‘g'?ﬁ%gga%em Rligglrtatl?g:nl% aﬁ‘lﬁérlg{:g
i ncl udi ng hunepelofrgihfeto Aida mcLidédmart Hind ipae puekas Wedsbnonbon, 30

the plant cell _or,the plant d nsformed with a gene of an enzyne
capabl e of per?ﬁfﬁiﬁg giiyaﬁ§$e¥u;é§étion of a gal actose residue to a

non-reduci ng term nal acetyl gl ucosam ne resi due, may have inactivated or

Y0 021057468 - 23  PClagingt 008 13 Rplehpin ey pYakt itthudey)anes

transfer enzyne or a 1, cose trans yme. Strasser et al.

i sol at edLODNA betonghpngats Spinagyres§nehanst 8P4BAChRsom Ar abi dopsi s
thaliana ( Strasser R, Miucha J, Mach L, Altmann F, Wlson IB, dossl J,
St ei nkel I ner H, Ml ecul ar clonkgg and functional expression_o

on_of a 1,
2-xyl osyl transf erase cEXRNPL8H OF die dFpeld 484195 RantEpaCLEde Pi‘?nJEﬁOO )

472 :105- 108 ) pe1dAgagit @A geaaLehi PeusRs| Bslyplatradaagesos upy Amm Nstich
GenBank may show nucl eoti d EST (expression

) e s§ggences corrﬁspgndlng to §OnE
sequence tag) BFoABREeAAG2GBRG¥ELEERneRRETPH  sERETBEINARY SPEEYnilar to the
nucl eoti gg sequence encodi ng Arabi dopsis al, 2-xyl osyltransferase. Based on
15 these sequences, nugleic acid encodin 1 y. |.tr f.er be
cloned fromthe host p ﬂf‘gaﬂbest%é’ @%Seg?é%%dsﬁéaélg?érﬁofc“el iﬁi%é‘?"c‘%ltgﬁ? with
reduced xyl osybfr ahef presenactinviehyibn,r ppeéesiag aABeltekaroeyl tematberase
gene expressi 05855%%9%%8” &;rn,Q:%Qiit 2" K¥LBSYLL T GRSLEASE, $ERECEERERSS! On

may be carried an ahtisense met hdd, C€o-suppression nethod, R
met hod or so omndAkpénaghi,vwoye arpfanredechreokoppgre . witpRatedupegalds.

xyl osyl t Lansf eLasg Qﬁhﬁ%h&%e%BY be established by chem cal nutagenesis,
site-directed nutagenesi s using oligonucleotides , taggi ng nethods or so on

. In said plant , introduction and expression of one or nore
gl ycosyl transferase gepgg en&@ﬂj{vﬁ@ GRIpEIes eofr apef £6aREn G0 & ogehhefewi th a

gene encodi ng a heterol ogous pol ypepti de. roduce a heterol ogous
pol ypept i de wi ERFHARR dia @Mger EEF&gﬁ\e/ofoe@(&oé’t?eg&%éf‘& ggﬁ@&ﬂgl
pol ypepti de wi hikeltylniucesagliyeancésidaelir 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 include galactosyl transferase, lactose synthase
30 and B-galactosidase. Such an enzyme may be derived from
any animal species but is preferably derived from mammals,

more preferably from human.



WO 021 057468 - 24 PCT/JP02100361 Simlarly, WIlson et al. isolated cDNA
encodi ng cx 1, 3-fucosyltransferase from.~rabjdopsis thaljana (WIson I|B,
Rendi c ?(ﬁmkh@ger A, Dumc J, Altmann F, Mioha J, 5 MilpcgiypSodseuser MM
Cl oni ng an expressi on of cDNAs encoding cx 1, 3- fucosyltransferase

honol ogues from ~I rabi dopsis thaliana. Bi O%hl m Bi ophys Acta (2001)
1527:88-96). Leiter et al. isolated cDNA\"% coding c~ 1,

3-fucosyl transferase frommng bean (Leiter, H , Micha, J., Staudacher, E.,
Gimm 10 R , dossl, J. , Altmann, F. Purification, cDNA cloning, and
expressi on of GDP-L- Fuc: Asn-1inked G cNAC a 1, 3f ucosyltransferase from nmung
_beans . J . Biol . ChefRl§ 19DBYMer7is)1@¥6ferabdy HARAGAPLeatthi 7Y

agai nst dat abaggsrsseniasaiN Hofpakarke my S\D.Q\Hdﬂigtﬂ eqldsteisedeances 1&
correspondl ng to sone EST g)é_f)r essi on gegueg g gg]%q cl ones an:g genorre

. sequence in sotRePHHAEs tRePTYsidR 180t ¢ INERBARG. | RVeRESHT ng

Ar abi dops~ s a doRsiges\tiatandfier aseymBardhpresent :B:eqnmemnt%sacehnhlsab aci d

encodi ng 3-fucos :Ltrans rase naé Ee ill_oned frogﬂhe é $ nt and

tood t 0 eSt abi pc#RESHibnc SRER] 457 BRdRESaRIS FeteEaThyEnd, FPPTh Pefls e

activity by repnesebpgaeiing wrosy broaetheonssugmenesheador ewocm aREpecessi on

of cxl, 3fucosyltr ferase i 0 carr] 0 n

ant| sense ot 10 RE L0 R RERE 1 By “Hrifln B o (1 S thngka R ene

Al ternatively, aédptaqn oél la cfruqmmtom mlo@ducealﬂu@osﬂt ridves f i eof

AR I nggfégg%bﬁ%% eot| ggé tagg| ng rre %%édgﬂg@o?‘i%ttéqn "

mut agenesi s usln ol 1 gonuc o on. Insaid
pl ant, i &froduplanh aadlexpression of one or nore glycosyltransferase genes
encodi ng gal actose transferase together with a gene encodi ng a heterol ogous
pol ypepti de WO 02/ 057468 PCT/JP02/00361 - 25 may produce a heterologous
pol ypeptide with huranfled" ¢h5EEs QQQQKHQBﬁPkﬁ'O@XEPéﬁérﬂlﬁGtérBF%ﬁ

pol ypeptide W +BaBHIBAI 3£t Yaladtosl HELUEGe Fo EErdMRk@ucing PELRERA]
invention is described below by referrip ?@to t he Exa lLes he foll ow n

Exanpl es are oﬂF?tYégf’-PF%?F‘&PQ Ferider” MRY PRi 1SRt pR o Ry entnah.

1. Coning of bbmrus(ﬁrigé ﬁabaebesaek@qwéma&ao@emoﬂsmé 3hi4 gﬁkgmépse

t ransf erase (th) (EC2. 4 Sﬁ%y a&gaﬁ’ alread cl oned andhaspr'narl¥

structure conpPFst MPURF STty & SBEW“ 0341 Ty B IR eléa?iri ¥ al.,

15 Bi ochem Hi bphyusedRaftefomudifyiblyg7 it65%6 GHBLY 1988khe expression in
plants.

20 Hereln, 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,



(1) Primer Preparation and Tenplate DNA Hy referring to the report of Masri
et al. , the followng priner were prepared. 20
hGT- SEco: worosfae\ T TCGCGATGCCAGGCGCGCGICCCT- 3" (SEQ | D Nech)ypo2/00361
hGT- 2Sal s~3' - TCGATCGCAAAACCATGTCCACCTGATG 5' (SEQ TD. NO 2)
hGT- 7Spe: 3' - ACGGGACTCCTCAGGGGOGATGATCATAA—S' ~SEQ ID. 25 NO: 3)
hGT6Spe: 5' - AAGACTAGT GGGCCCCATGCTGATTGA- 3 lZSEQ ID. NO:4; As the tenplate
DNA, human genonmi ¢ DNA, hunman pl acenta cDNA and human ki dney cDNA purchased
from d ontech 30 vvere used. (2) doning of hGT gene cDNA Using two

conbi nati ons of ‘g npl ate of human WO 02/ 057468 PCT/ JP02/ 00361 - 26
. genonic DNA wiih ﬁFfﬁﬁP§ 8irhar- SMc6SEnd GrERF S antric | ggnadehroptc
human pl acent aheEhényi, tin terrénef2 hEhtébaéronthd€d  SpterfePoR Gamna | on

f d der the foll diti t t t f 0.4 kb
and 6.8 © Kb cORYEPRPRGLERLACTI LRI (AR Crotin SROREN BACESE: SRRk o1
\évgg a('il/;jed to 1chui-16ﬁibegphaﬁet5blﬁid 10ng (éﬂ:@of I]ﬁ}dm:b:ﬂrfgarnoﬁnoﬂe ogLIdN;I'PE (
an ol yner ase .(produce
Takara shio) Ervcehd-BLBui8r g, BPrRePe.e (GRB007) B SR, ing(p&
Reacti on Condi fobh)jcEerstimtuageingShermpnke nlEdamplelk, @Elnﬂwélalgtim.
min. ., Second SiAge:agY Yy U o 3335AVCNG (AROD hulibres’r i

St age:
vaccine include hepatitis B surface antigen, rotavirus

antigen, Escherichia coli enterotoxin, malaria antigen, G

10 protein of rabies virus, and HIV virus glycoprotein (e.g.,
gpl20). Examples of the receptor and matrix protein include
EGF receptor, fibronectin, al-antitrypsin and coagulation
factor VIII. Examples of the serum protein include albumin,
complement system protein, plasminogen, corticosteroid-

15 binding globulin, Thyroxine-binding globulin and protein
C.

The "gene of heterologous glycoprotein" may be
isolated from any cell using a nucleotide sequence known
20 to code the objective heterologous glycoprotein or a
commercially available gene may be purchased or may be used
after modifying it to suit 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



cycle nunber: 1, annealing (55C): 2 mn., denaturation (94C): 5 mn.,
extension (720 : 2 mn. denaturation (94C): 1 mn., extension (720 : 2 mn.
denat ur atwep2o8#6s . 1 min., extension (72C): 5 mn. Two f pagneod/esebt ai ned
were conbined to construct 25 hGT gene cDNA and subcloned into

pBl uescriptl | SK+(SK). The pBl uescriptl| SK+(SK) was purchased from
Stratagene. Fig. 1 shows the construction of plasmd containing hGT gene
cDNA. SEQ ID. NO:5 shows the base sequence of the obtained hGI' gene and
SEQ ID. NO:6 shows the presuned am no acid 30 sequence. . The obtained

sequence was different fromthe NGI seguence disc z’iﬁg I n Ivasrl et al
_supra. in the 1B8F{edengicradngertdngs (Cuesswayy) §boRloo3 Bl PErChRIAUSS A at
t he position 528326}-3134t eopesH Y| eneﬁﬁii}ogbd-aﬁlah t(iRd.gaesidt &l 104Proer e

h dto G t but ded t
changed: b o BaBls ar BGEERcsi iFeby 022 o3t hereitcrefea: anbiely in
order to conneigrobacténiemdrsdiabed ftrantsiformadiion 4(P¢tzmcalumb Oe8 kal. G at
th t . A,
espocti vely, Btoffulofoayt6; 88 028N £oBe ITSELIATSR0 FRIAL G M 1k e
cDNA whi ch hasN@mrenlBthoa?tellermOd@MnslﬁATQ 798 (@Femegnbww floirs maize

t at t t t
codon (posi 11 ofra0FroabLoN], ARG dAlk TudTer PRpaRORERE N i tred
Cell ( 1) hGEMBQ Heerﬁt%bb?-t%’lﬂ% o(ﬂ)eeEéchéiﬂmhidﬂQﬁﬂje'éxsﬂesseﬁil%t an
active type (SﬁﬁysPolAggL gf‘b@@ grlcg))?’lZler(ﬂ@fﬁs@I@ lﬁar fgawa

et al., J. Biochem, 113, 747 19 order to express
t obacco &0t uragcederation W&%F}eﬁeﬂﬁ&a‘f’ﬁ%l@tk‘?‘e@%ﬁgﬁﬁ§e§8ﬁst¥%ted as

shown in Fig. MaaisénpPrwi®! end'pagonds el | foMein i ©edi.r (l§e355for
pronoter (CaWwW 358 ormte g F\nd t_he ﬁgéectq‘_ll’:)l e mar ‘used 25 wa

kanamyci n rem%l‘%'ﬁ? fernan ol8cety ?ﬁooﬁ%éeéﬁd%?%red
cells through é«groaacterBﬂﬁteJh@oldsgﬁsfmmwmsof(Pgwb)act eSeéelM abso,

Fevan, Nucl of oNagraLRBSE 6451 o7 RGSELRES. MegRH I FLadl 4P R e Y
(suE44, zbac UlS&nfeﬁd]ea!caﬂM 5?arh$dﬂlate(s¢ml¢msaim Reshnothgizab2 Bt 3T | es
Lnc. . 7ocus 8(31oa 9 15RR) POUVAB R AVPE PLAST NakiSacs AborPloRS
87:8526-8530 (1990) (tobacco chloroplast): Christouet al.,
Plant Physiol. 87:671-674 (1988) (soybean):; McCabe et al.,
Bio/Technology 6.923-926 (1988)(soybean); Klein et al.,
20 Proc. Natl. Acad. Sci. USA, 85:4305-4309 (1988)(maize):
Klein et al., Blio/Technology 6:559-563 (1988) (mailze):
Klein et al., Plant Physiol. 91:440-444 (1988) (maize);
Fromm et al., Bio/Technology 8:833-839 (1990); and
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) (rice):
Christou et al., Biotechnology 9: 957-962 (1991) (rice):
Datta et al., Biliol/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.



WO 021 057468 - 28 PCT/JP02/00361 292 (1987)) and Escherichia coli HB101
havi ng hel per plasm d pRK2013 (see, M Bevan, Nucleic Acid Res., 12, 8711 (
1984 ) ) R PBo¥agscul tured at 37 C overnight in 2xYT nedi lp@]m{ilj/@:;ﬂl ng 12.5
ng/L of tetracycline and 50 ng/L of 5 kananycin, and Agrobacterium

t unmef aai ens EHA101 strain (see, E H E|I2ﬂ?eth J.Bacteriol., Z68, 1291
(1986)) was cultured at 28 C over two nirghfs™in 2xYT nedi um cont ai ni ng 50
ng/ L of kananycin and 25 ng/L of chl oranpheni col. From each culture nedi um
1. 5 mM was transferred into an 10 Eppendorf tube and cells were collected
and washed three tines wit medi um The obtained cells of each species

_ were suspended39h5§@0533l(6P92)\WaﬁiﬁﬂlmU'N%%g’é ehr@d- ki R4S/ BechRPLeI¥er e
m xed, the m x5urgs3asesBeY) P8oL¥I) adtdsdedtual antbEak | Waad aAcaa Cto

conuatlontransmt the 15 pGA- plasm d fr cherichia,ao
. Agrjobgat eri um S&ft 153 %oayjslflaz pé\]ﬁ)l% (Dege ed:rg\rg?la[s) ?88§ g‘Hf“)t'h °’§ﬁFFace
of the _2xYT agat aed) Mo\mre@mmm@qdlbyla?bempunwmmmlr Q99i2h agat)}irﬁm ]lc.lm
contai nin an t 0
chl or arrph |co{ﬂgr§ﬁ:g kf? CUI#E?Pﬁézee?ti ggperggri%%g%g&gqgﬁgﬂe%gg hy was
sel ected. The Weaksfer rat.i onlahttmbgistolwllaumﬂbell(]tm wa.§9|39rtwheaﬂ)by t he
nmet hod describ t on of
~| gr obaat eri ﬁg?haﬁ%ﬁ st‘félfé%/}g%%avﬁ"ﬁea@ ype p asm%} (:Jﬁélsj? gt 28
C for 36 hour SJDnrnBln@tﬁﬁﬁﬁZ:Qﬂlt(dI%Mg(ﬂlﬁegtl)rg/l p@rrttlalﬂmyldl prnefended
[ f &)
suspensi of of LaRAGE Ll d et £ b bl oL EGGL 0P dercggll\fwﬁ.nﬁgft' sﬁg -

yellow 2 ) of ter culturing days
in catal 3§ue Noolppalefrimtd W@IS@ bﬁsmiﬁH@ErGﬂeP‘ﬁ%%?&ﬂm

Research, R ke@oéﬁaeiﬁaﬂ&lé’iaé% 4%l ﬁ%ﬂ@cﬁeﬁ{l%#oqqedwa @ol@eg&bgﬁbs“ in

amounts of 100 ~. resp ectlvelzé t hen t roug m xe [eft
d

standi ng at 25H@1|1ne%1%r:kEEPEXEJ-GAfQ%’rl 393 (199) a“@ £dgal.p9
PCT/ JP02100361 paHhi Hr @ FTExidIMuéw ¥BekPAlcaldetiys fbf/vagciémé evgzdlsatspm

centrifugation tube and the super.nat ant was rerm he centrifu
separation (1,®88%Fpm Bni rﬂ?tégst)m s&ffERTERd o ‘F'E%%‘#"ﬁ%’ﬂ‘f un?'ﬁ\/asgﬁﬂded
and aftensthe §r©eapma§tugataﬁ§ﬁematﬁm nté’tthdﬂ&h?b& mamemaned:ma phat e
of nodified LS _agar di ntal in rom 1 /L. o n ¢in apd
250 ng/ L of caFRolli 2P AHoand=pREEO Eﬂ&%&?ﬁ‘g %t Péﬁn gﬁhé déf‘égrgﬁégb
about 2 to 3 wedkd, at lselngdld DN sypeidiesvere mmqnt:apnledDM speeciepl dticeand
the grow ng cl gne t r Kk | ones
wer e transferrgg %régﬁﬁﬁ %ﬂ,ﬁg % d&ﬁg‘? tﬁ A né& }de e %g;}g?ﬁlg
kananyci n and .@a’rrbgs;aclwnrthntandpscrb?tlé@!sgdGpdipms§&géeaa=lst -ure. For about 1
mont h, thg selection was repeated. From sone resistant strains obtained, 6

15 resistant strains (GIl, 4, 5 6, 8 and 9) were _randomy_sel ected. gz
I dentification of IntrB8Bac@RRNRYOGEAE expressed and secreteéd by the plan

cell having incorporated thereinto the above-described
genes can be identified by a method known in the art.
Examples of the identification method include silver

25 staining, Western blotting, Northern hybridization and
detection of enzymatic activity.

The transformed cell expressing an enzyme capable

of performing a transfer reaction of 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 resistant strains obtained were anal yzed by the 20 Sout hern anal ysi s
and it was confirned that the fragnment of 2.2 kb containing CaWw35S
prormter-@@}nggms CDNA-NOS terminator in T-DNA was i nt egr @cadipofiddegenomn ¢
DNA of tobacco cultured cell. Fromeach resistant strain obtained above,
genom ¢ DNA was prepared, digested using EcoRI, 25 Hndlll, and anal yzed by
Sout hern anal ysis. The preparation of chrd¥oSome DNA from tobacco cul tured
cells was perforned according to the Watabe nmethod {see, K. Watabe,
"Cloning to Sequence (C oning and 30 Sequence)"”, Shokubutsu Bi ot echnol ogy
Ji kken Manual (Pl ant Bi ot echnol ogy Experi nent ation Manual Noson Bunka

. Shay. 10 m of P¥ephdeas @uhumasq: tyPe sugR¥ LhayrAding Wﬁhﬁ%ﬁﬂr 888nP¥nd

ground into thgypeieengt PhIEUELAAsEBEhEE 681, H@n@ﬁﬁﬁﬁﬁ%&f@ﬁ%’@&iﬂwm

- 30 pestle. Before |1 quefactjon started, bout 5 the us obt ai ned
. powder was add%ﬂntBeSel’i‘IPrﬁlsW@ (%%‘E’Eﬁ??‘?n%‘?h?l h?

sol ution prehepégguio 60 Cin a centrifugal tube (40 n1) and gradual |y
wel | -m xed 5 and while occasionally mxing at 60 C for 10 m nutes or nore,

t he terrpersature was nai ntai ned. Thereto, 5 m of chloroformisoanyl alcohol
(24:1) was added and t'I\niﬁmﬁﬂdnmyp&ﬂglmcbpraneﬂmdcmipnismafamrrmslugand t he

| si th tLif d , 8 t .
70 The uppor | S5RiRARE, pHIGHEEF. §0BRERBhals, (M Ehp LORE LEORE Bnif)
and the extracbubstapéiaﬂ.ﬂ.gn uefnpgises oraf ermn&'laamyl ofl cmnonoses 1and

was~r epeat ed. ggeﬁﬁgg{%g pegeer |4 xsr,m}gégovgh Okndfdt 368 ¥

added and t hor oug centrl uged m nut es,
t enper at dde) . wﬂmcgppetellay@rbtqur apentairs o @Wmfkﬂ ftlgﬁmltlﬁbe and

1 vol ume of colkggh 30 AR Y1435, aﬂ?@%utt@%rﬁﬁ arWﬁ'lemné?%@«Péi acséﬂhéafsuged

(4,500 rpm 20 ninutes, roomteénperature). er_renovi ng er nat ant
by an aspir at oftTHCYREBA¥ érb%m%?‘%ﬁt@b‘ﬁ’tt&rﬁl -nFhe RFape 2@ HFGH‘

chloride was agdedt¢ df(ﬂ@laﬁ ¥ nffirosol ¥ed, atrb5 dn@ €0tEa-dbeastares. n of
col d i sopropanaol mas a

when DNA was .observed,
using the end 8hea SLYCPPTOLEAs o MRALYGSD B petifr f T F%ﬁPNA’E%&ta ﬁg 80%

col d ethamol ) preferabay. 1§herBquwasubusbher Kiyneed .25 vmth 70% et hanol
and the dry precipitate was dissolved in an appropriate anmount of TE
buffer. Thereto, 5 ~, 1 of RNAaseA ( 10 ng/m ) was added and reacted at 37
C for 1 hour. The ZXUaBesoteshmnihgd Hrazmﬁmsﬁedorplc&nﬂ%c@IAB maylibe

Tris-HA (pH iu hl a 1%, py ligone
(PVP), and t hemféz}te‘} RE% g’tl ([')Flill% gqgo Bgm fél fp')'(r%h% %%%%AB %ﬁ OggM
sodi um chl ori ddlfflae'eﬁdmtartedn iamal 9sssem1@eti$ﬁlh®cplas>ﬁgﬂﬂ JLORE, may\wpe

/ : - fi
20, 13, SR Bkl e apinsy . Mokt o

seed frult eaf, root stem or flower obtained from a

complete plant body.

For the culture, differentiation or regeneration of
25 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
30 are usually used after adding thereto an appropriate amount
of a plant growth control substance (e.g., plant hormone)

and the like.



chronmosone DNA using a restriction enzyne, 1. 5% agarose gel 5

el ectrophoresis (50 V) was perforned by a standard nethod. The gel was

st ai ned WylgyaRkisgli um brom de, phot ographed and shaken f opcalypii/susses i n

400 M of 0.25M HO . Thereafter, the solution was discarded and the gel was

imrersed in 400 M of nodified solution (1.5M Nad, 0.5M NaCH) and 10

gradual |y shaken for 45 m nutes. Subseqne%%ly, the solution was discarded

and 400 m. of a neutralization solution ( 1. 5MNaC, 0. 5MTris-ClL (pH 7
4 ) ) was added and gradually shaken for 15 minutes. After discarding the

solution, 400 m of the neutralization solution was again 15 added, and
. gradual |y shaken for 15pPdheation (of, theser gystems he Ghiferent phant

el ectrophor esi gr¥asnk’ ddspid$d upord BHeONapEIDERNad HrigadeMabBeEr 8HAH)
usi ng 20xSSC. The 20 transfer 1ﬁ:‘perfor med for 12 hours or_nore. Th

was I he
. blotted nenbr aRBTHASUYRF e®lnY BRI RpEraPuBrtOPlasiin LhttsthittYed to
Wfixing for 5SmatRE88SfoFhenh80x&Senbadt foh 06P0SetéaDs of ratyl pétopas s 3M

o1 epar e 8ot ngRRandFATIRA L BBOLRUER 15X pPocac SLAE THATPRSSHGID S n an

Eppendorf tubeLegtéeesct2ond salads 0Toshigamabet ;i wagheoapadeglancdendt ef

heating at 95 _C for Lnutes . rapidly cgoled in jce:. 30 tenpl DNA 25
ng, Random Pri Frgrig'j%&m;gaé‘?a%&%d#o 'ngggng éﬁnli ﬁ%ﬁﬂﬁ #é‘raggngbgﬁlTP‘ each
in 1.5 ~ 1 andApduBi&hd€tPall, 8BitvBgechbolaofy) 4nl16871 heB6)added, foll owed
by filling up to 24 ~,1 wwth HzO Thereto, 1 ~, 1 of Kl enow fragnent was
added WO 021 057468 - 32 PCT/JP02/ 00361 and after keeping at 37 C for 10
m nut es, 1@l ut ed t hr ougRoNAPteng6bumm pgasducestr@inBharthatl a)canngturi bg t he
DNA. This puri§j DA, 3ted5 f OFoBoBl QYEES 8PRefNgRvEapLdl Y
cooled in-ice %g@g tal n%%?ﬁ?%g?]z:at Fonflﬁé}gbg.OSO%&'v%I H§/br? ?zatlg%n: To the
fol | owi ng prehjpErafinaei A ot 1BRACH. Bl A oM thesees 3R eVt EbZals
added. In the pgguliimelsoliddedordtionBrbésneané fridm inRALAreasmbFyEssed
and the 10 prehybridi zation was perfornmed at 42 C for 2 hours or nore

Thereafter, t hBEDNBXBLEBESpr S5& ePq n §5549taths a8ideteseriPed h{¥asdizati on
was perfosned Biotdchnbdbg¥? Bowpg,ongpene. The prehybridi zation solution
had a composition of 5xSSC. 50 nM sodi um phosphate, 50~ (w'v) formam de,
SxDenhardt's 15 solution (obtained by diluting 100xDenhardt's sol ution),
0.1% (w v) SDS. The 10AzPehaatdtiamsmédiavedhtranstenpbsi also afwkdelw v)
BSA, 2% (W v) Ficol. 4 , 2% (W v ol yyi nwl rrolidone (PVP), 20

Aut or adi ograph?PPi\%FEBQFhEYE%SQn%HS F‘ﬁ Fﬁéuf’g?{?o%eﬂass%aégngaé,an h%éﬁ's

aut or adi ogr aphpewasspetliieDiNidchy ke dndhmpaiutedeinbd whivie plant2kbSiand 0. 1%
SDS al 630C T 0kndReBl by58s82Mg! BRE: n8BECEbE Peb¥RSfaBibnlod %4 inehctS C

for 15 m nutes.
plant from a protoplast. The use of Agrobacterium-mediated

plant integrating vectors to introduce DNA into plant cells
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



Fig. 3 shows the results of the Southern analysis of genom c DNA prepared
each resistant strain obtai ned above. As seen fromFig. 3, it was confirned

t hat the Wﬁl’oggﬂgsms integrated in four strains of GIl, @ctHredmbsé& 30 3.
Anal ysis o éycopr otein Secreted by Gal actosyl Transferase Transfornant

(Preparation of dycoprotein by Extracellular Secretion of WO 02/ 057a68 -
33 PCT/ JP02/ 00361 Tobacco Cultured CelT €6 Strai n) A cul ture nmedi um of
tobacco cultured cell GI6 strain resulting fromculturing in nodified

Mur ashi ge- Skoog nmedi um prepared using m xed salts for Mirashi ge- Skoog 5
medi um (produced by Wako Junyaku) for. 7 days was centrifuged at f\% 000 rpm
~for 10 m nut esbat 2f86sh tEhpefatter SARLIIEL obhEi REFTERSS nhgtRTolRgous

recovered as theotdfn dridiattadhnt 8 eigedhtnsédte tibes dfhthei e tsaopbgoudhe
obt ai ned supernat ant was di al yzed agai nst dHzO (dei oni zed water) 10 (1x105

. times dilutionf*@k@ Phen freeze-dried. (Preparation of N Linked Type Sugar
Chai n) The sanpl e obtained by the freeze-drying was hydrazi nol yzed at 100 C

for 10 hours to excise_ the sugar_15 chain..To the hvdrazinol ysi duct,
excess acBtone was add%laeaﬂij %?/plﬁ%ﬁ??‘??%@%{’?%nag?mﬂg 3 elﬁ%{%é% Efﬁ%iugor 20
m nut es, sugarexppessedeand peecepeliabypdthéhtrangfiornedi ntamkreell can
N-acetyl ated ipn the presence. of 0 S e |
hydr ogencar bong?et ffu?‘f%ﬁ e aatgéehf %&n#@grﬁégi%oﬁﬁgﬁgﬁgﬁ%lesd uglﬁg
Dowex 50x2 (pribsotetibn &br ghmchprebgikufkonythe mediumpagspdantr eaghs
Sephadex G 25 fi i Irdé_rgn 8 Uhhib ith
0. 1IN aqueous a%grgﬁ?%,ﬁ%ﬁfe(?%h?/é r‘%agclg{ eﬁong t ngﬁ-%ﬁin%g&msluggr bélﬁalgﬁgfﬂ%?
(PreparalPon ofnPyhe dttani Fereexamnlesubae TIEqaprotain &gy beeBurifinked
sugar chains W‘E??'Q@l%?@”&% f}:‘&ﬁ;n Q@é%@dﬁrﬁ%ﬂ?@ﬁ%&ﬁ@&@@lﬁfp&dfﬁ G 25
[

super fine gel ter colum .. 8x180 cnh equilibrated wth an agueous 30
3~ acetic aci dcembippshoRe FAIIMIGURS PRUSHgHS cAaLthing( QU aét i%nafion and

Anal ysis of PAxgmMeakufnal B1R%tEPLGprdbepPasien; ChabaiGhr UChHbSphASe
anal yzed by precipitation), solvent precipitation (e.g., protein
15 fractional precipitation by acetone or ethanol), dialysis,
gel filtration, ion exchange, column chromatography such
as reverse phase, ultrafiltration, and high-performance

chromatography (HPLC).

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 an enzyme capable of performing a transfer reaction of

a galactose residue to a non-reducing terminal
acetylglucosamine residue, may have inactivated or



WO 02/ 057468 - 34 PCTI JP02/ 00361 reversed-phase (RP) and
size-fractionation (SF) HPLC, two-dinensional sugar chain mapping using the
exogl ycoswdaspstsgesti on, and | S-MS/MS anal ysis. I n the HBcEIr02/00361
(hi gh-performance |iquid chromatography) analysis. 5 Jasco 880-PU HPLC
havi ng Jasco 821-FP Intelligent Spectrofl glgrgrret er was used and the
fluorescence intensity was neasured at extitation wavel ength of 310 nm and
fl uorescence wavel ength of 380 nm 10 In the RP-HPLC anal ysi s using
Cosnosi| 5C18-P col umm (6x250 nm produced by Nakaraitesc) t he
‘concentration of acetonitri a ueous 2% TFA sol uti on was
. increased fron?BF/PFﬁsﬁ%qo@‘é%lXB %R t@g" 'y }glfq%q;ﬂt)esf(sﬁr EOEYHS fFn %nd
t her eby PA-sugar3cBacoseweransdbeel ahegmeln t he SF-HPLC anal ysi s using
Asahi pak NH2P-50 col umm (4.6x250 mm produced by Showa Denko K K.), the
..concentration of acetonitrile in a dHzO acetonitrile m xed sol uti on was
i ncreased from 26% to Sttasser 2% nahut émmtlaoidibﬂdr@lDNAofemcq"dinhg mfh and
t her eby PA-sugar.c ed. Iys ar i y
Exogl ycos?daseilﬂ ggg;}' X}f@%ﬁnggg%géymt#%l ges i%on rd?‘ét@on %?%géfg
gal act osi dase (E)tpasaeac&s Muchmoh) MechRbehb) tmann F PAEE samgdB . c@hoashas
reacted at 37 a C f (

%% ik P1AO Jgse og.%\*ia@ha %tl?.)tr?q.r%'é Leg ?Ehcé:(lioﬁai

cont ai ni ng 5 act osi enzymati c di gestl on

reaction usi ngeml?eﬁﬂtgnuc@@am Bade (ﬁﬁmmﬁﬁﬁ%e c¥hefromach

PA-sugar chai naya3 ;p8pehed t@faﬁﬂrﬁ forpBs dawgti.n & fhold) 397808b501 §E§L at e
buffer (pH 5.5) containing 5 of Nacet éﬁ%l ucosam dase. Furthernore

the enzyhfltic HP@@%P%nSPéﬁﬁhﬂ-BH agphgsh- Aanabaragssuchaar HEEnGeBPGFrE)

each PA-sugar ﬁag BhWRS nirddrd gd sequerdds LolvsSspohdiny 1M sdRe OBEDS~abs

- 35 PCT/JPOZ/O 361 sq@di um acet at e buffer (%8%ﬁcont ai nin 10 MM zi nc

acetate and 10{SXPr&FSIiORafRGVLHLE T a@a?ci‘rﬂéﬁg%ﬁﬁrf %%’E?l%?\q‘rl 2¢i OB was

st opped by boi kbmg tﬂsuaaﬁ'oéut iare akimlQat fﬁb 3the nuied eotiice, ﬁBQUéﬁﬁétl on
s_an

I 5 f 0
:8p2£ Ingtn a\é\?smgggggﬁ'hgtj gaapahﬁpﬁés %(1)?9 g f?%ﬁyﬁﬁ%g%%e’é%ﬁﬁ sa ?%dsﬁﬁar
chai n wad5conpahedew t hegiheneest i ommucheicf aadhdwn enmmtimdai 10, 2-
(| S-Ms/ M5 Anal %’:flié%gllﬂ h fak@ mag ¥a! 3 Wﬁédp%%ﬁTfﬁﬁQ HakLRg E GhE! $nE' mer
iple:- rupo er was

Sciex API-111 € nass spec rorret he "s¢an i nterva
0.5 Da. 15 (Siubed Am‘ destahéiehasae Rb@]@tl eelln of t pdpnThewitls veducedcel |

cul ture medi umdeplyed-ahuepagbel adEEppEpd Ahoverabigsetiig di gl vels.and

freeze-drying he substrate. sialic ac transSferase reaction
was performed ¥ylgsyttransferagrs 99NQ0XPE2SSifN-sod REPLEESIAP R Buffer

sol uti onppH: §,, Q)-x?@BEB‘l@!rBﬁs%eﬂ‘ﬁé@ g@ﬁeBuSaépr&ss‘i%@fmaRf idePRabhiad, odt~ M

of CWP-sialic aC| S|alg transfergj€r réq ived fromrat
liver) (producB¥d ®% ‘?}'{ﬁﬁla‘ﬁlﬂ‘og‘nd 20BURBTGFSE18 q‘l KNP meFRade
medi um deri vedogl geopnQtein. In 25 the control test, 400 ~,g of BY2 strain
cell culture nmediumderived glycoprotein and 40 ~,g of asialo fetuin fetal
(fetal bovine serum Sigma) were used as the substrate.

Alternatively, a plant cell or plant with reduced

25 xylosyltransferase 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.



30 (Lectin Staining) The sialic acid transferase reaction product was sub
jected to SDS-PAGE at Z30 V for 2 hours using 12 . 5% pol yacryl am de gel
and then {AnRrkekied to nitrocel |l ul ose WO 02/ 057468 - 36cTHPdi/dd3ei2/ 00361
menbrane at a constant current of 1 mA/cnz for 50 mnutes . In the lectin
bl otti ng, horseradi sh peroxi dase-linked S A lectin (produced by EY
Laboratories, Inc. ) 200-fold diluted witfiTa PBS sol uti on containing 0,05
of Tween-20 was used. 5 After the blotting, the staining was perforned

usi ng POD I mmunostain Kit (produced by Wako Junyaku). (Purification of
Tobacco Cultured Cell GT6 Strain Culture Medi um Derived PA-Sugar Chain) 10
. The PA-sugar chain prepared fromthe GI6 strain culture nmediumwas purified
usi ng RP-HPLC and SF- I-E’iﬁill.asmpv\milscﬁi @t 4A. amsIoEiaged%DNA@ndeinmlq')

Fig. 4A sh h k_of . PA- f '
. piagks (1st8w§)& gagﬁg\%ﬁg’ EB‘ngéFggg%ogé rﬁE&b SE%r t}zgigaﬁ%)\’ﬁgéc usi ve
of 6 peaks (shaBn BgnditoDF FrekilgngéB) AobDammedeyAihmaSﬁ FPLMchaed peaks
t N- I £ ' M5 20
analysi's, 35 onip Tt EE o iusgiut caBiljig'Ba KR gediCOR il Sngals
(A cNAc2- PA) wé}‘elnbffmwh'enanﬁgrawshbvaLPGHﬁRedf§9©arA@ﬁé#ﬁopé‘ls
structures anag)&éﬂaﬂg gy Bﬁ’épﬁ%){fs %%eaFcﬂaoiS) 1539 . 3e®E3|, SLEPter

parent heses indicaie the nolar ratio ar chal'n havi ng each structure

shown in the 28tRYjuisoladesheRiNA iencrddngs® In dfycogyel iransferasnirgpe

sugar chai n hayj,ng gegﬂlqgggggrreglduguggantho g@aUagghﬁkglgcosgﬂimﬂ
resi due, contaln no fucose residue and 30 except for ave no

xyl ose ré8i dueR-($reRsdr a - ARAEPERE. 47 ?Hﬁéééﬁ’a@l}lopur%!a“%éi]imé?@ cBPtur e
Medi um Deri ved eRﬁr@%gianhabﬂ) GD&M%MB\lnﬂéd PCE!L&Bﬁa/ 008611The

e P R E RS EE RN RN ORI SR M o
si gnal s obt ai ned4hp 1880 -2$688/)V5 Homd Msdys, searehy ngnl@gdlitber Sdam&baseg. 5,
'z such as NIH GenBank may show nucleotide sequences
15 corresponding to some EST (expression sequence tag) clones
and genome sequence in some plants, are similar to the
nucleotide sequence encoding Arabidopsis a 1,3-
fucosyltransferase. Based on these sequences, nucleic acid
encoding ¢ 1,3-fucosyltransferase may be cloned from the
20 host plant and used to establish a plant cell or plant with
reduced fucosyltransferase activity by repressing «¢1,3-
fucosyltransferase gene expression. Repression of 01,3-
fucosyltransferase gene expression can be carried out by
an antisense method, co-suppression method, RNAi method or

25 SO on.

Alternatively, a plant cell or 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 expression of one or more
glycosyltransferase genes encoding galactose transferase

together with a gene encoding a heterologous polypeptide



5 827.5, mz 665.5 mz 503.0, mz 300.0, are presuned to be

d cNAcMan3d cNAcZ- PA ( 1192 .13 ) , Man3G cNAc2-PA ( 988 . 94 ) |

ManzQd cNAG e RAsfue$26 - 80 ) , ManG cNAc2-PA ( 664 . 66 ) pcEHIPINRIEA
(502.52) and d cNAc- PA (299.33), respectively, and this suggests that the
peak A contains these structures ( the dags 10 are not shown). The

(3-gal actosi dase digestion product fromthe peak A was A cNAcMan3d cNAcZ- PA
(I'l in Fig. 6) and the Nacetyl gl ucosam ni dase di gesti on product thereof was
15 Man3A cNAcZ-PA ( Il I in Fig . 6 ) . The nolecular weight (mz Z486. 8)

obtai ned by thgal So¥editdl Yai heterld1®gefiak ﬁoiyi[)ebﬁi&ég with ) h@@aReseai th

. Gal G cNAcMan3Xy1GLcNAcz- PA (1486.38). .The signa obt ai ned 20 hy. the
| S-MS/ M5 anal y8L¥Cansuctuye o;ﬁg@%gt?,pth_‘%%q%?gwa Pé@.e@,“ﬁ:ezwwéz. 0,

mz 991.5. nM zh@a8nfzedl §1968n0stihéthp8.0 and nz 300.0, are presuned to

. be Gal A cNAcMan3d cNAc2-PA ( Z354 . 27 ) , G cNAaMan3Xy1GLlcNAc2- PA ( 1324 .

24 ) , Man3XylGlcNAcz-PA ( 1121. 05 ) , Man3d cNAcz-PA 25 (988.94),

ManZXyl G sNAcz¢ERanPd8s91), ManGd cNAc2- PA (664. 66), G cNACZ-PA (502.52) and

(?o(r:ll\lgicﬁ-spﬁh((aggg-s?%ét Lfégegé#le\éseeldﬁ a nc{’e"’t r};fmiEg%ﬁfh%§g%%’§%?gp§§%gc%¥i dase

(;i ?est ijo?hpr &gnetfe;rringtm tpmaléx&npﬁgs(i gmmﬁthgyigc;hm@?b are oniy Fig.
Xyl G cNAcz TPALLERFEFRTE §ut ROt ot rhe PR aPrasr o gt ton-

Man3Xyl G cNAcz- PA FATRi §re7)s 57468 021 08361°% 38 The

nol ecul ar weight (mz 1355.0) obtained by the I S-M5 anal ysis of the peak C

(1 inFrg. 8 ) a i ChIAC - 4 . The

signal s ggobt alihegigg}gpﬁdeb?s%g% an%é%g%ﬁgﬁeféaﬁﬁ?ér%%gf%Zém z 989.0.

mz 827.0, mlz 665.5, mz 503.0, mz 300.0, are presuned to be

G cNACMan3G cNACz- PA (§hg F1l92- dedlactBies SrehidderFa el g(hét28$5:0944)1;38

ManZG cNAcZ-PA (mz 826 . 80 ) .. Mand cNAc2- PA (nmfz 664.66), G cNAc2-PA

(m z 502.52) ahasipeen@Naedqdy cHopefbangdzyd PLidayst StFsICEUrgngopRrisiiggest s

that the peak go@OoRimAiny AGESS BhsUddentSrdvddiEedlai{R. Al € Ma@irishomnal. JThe
~-gal act gosi dase di gesti on -Er oduct. fromthe pea

k_15
3 ONACNBRBG oNRLOTBRTY | PIORNFSy. Ref-aRGMBHE. N 43dry Pl 083 taPAALe
di gestion product thereof was Man3d cNAc2-PA ( Ill in Fig . 8 ) . The

analysi o of e LIERIREF PrepaEaliohodna puplafs fR"C © The 15A0
Gal G cNACMan3Xy 1GLcNACByPAe€etring8to 1Re) repim sifyrMasrbbetiakd, byhehe

| S- M5/ M5 anal ygi I 4. 325.0, mz 1191.0, mz 1121.5,

mz 989.5, m%gi,%pg’iﬁ% ?r%@igio%g%é %F%Béé&as, are presuned to be 25

Gal G cNACREN3G ¢ NAGEGTRASE e 25 1 AXAQKATTCECCATEEGARGCGCORGTLCRR-BY £ SEQ24 ID

24 ) , d cNAcWBﬁﬁZCNACZPA (mz 1192.13), Man3XylGlcNAcz-PA (mz 1121.05),

Man3d cNAc2- PA™(] ~ 988 . .94 ) , ManZG cNAc2-PA (mz 826 . 80 é ,

G cNAC2- PA (m z 50hGPy28ab: & cRACAPAGCARARGCATETECAGETOAT St | (SER- iy

t hi s suggests ﬁ@@é)the peak D contains these structures (Bin Fig. 10). The

(3-galactosidase digeat ) oD e PEPIHEECEARILENEARE S canTaaTcATAA-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



WD 02/ 057:168 - 39 PCT/JP02/ 00361 D was G cNACcMan3Xyl1lGLcNAcZ-PA ( I | in
Fig . 9 ) and the Nacetyl gl ucosam ni dase di gesti on product thereof was
Man3Xy 1GlgeRsfes (111 in Fig. 9). 5 The nol ecul ar wei ght ptifspoilén3ér 6)
obtained by the I1S-MS analysis of the peak E (I in Fig. 11) agreed with
Gal A cNAcMan4d@ cNAcz-PA ( 1516 . 41 ) . 28 si gnal s obtai ned by the
| S-M5/ M5 anal ysis, nanely, nmlz 1355.0, m2°1193.0, mz 990.0, m z826.5, nz
665.0, nlz 503.5 and mz 300.0, are 10 presuned to be
Gal A cNAaMan3d cNAc2- PA (nmlz 1354.27), Gal NAcMan3d cNAc2-PA ( m z 119 2 .
13 ) , Man3d cNAc2- PA z 988. 94 21 cNAcz- P 826.
. Mand cNAcz- PA ?ﬁPQmB‘BA'SNA a6 5h Brdme g?ﬁ %%P %’6‘2 r@'l( %;ZPG éﬂlﬂc?ﬁk (m z
299 . 33 ) , respptat¥eby, handnt placenggesbNAt watht bﬁilpeﬁk &f cheTaRgs115

t hese structures_( ta are sho The (3- ctos |g fion
. product from tf%%p é@@ cﬁ&% cllﬁ&’czw % (I? ‘%1 %)e% ?he
Nacet yl gl ucosaﬁbmdﬂﬂ;ngdcqea;itmnqnrmﬁ@bttatllmefeagmmuzaf by Bloc BIAAZ0 PR\ (
1l in Fig. 11 , . cula ej 9.8) obtained by the I S-MS
anal ysi s gf th]é%pgggpglg}ahsngéi é?*ﬁé?aéaé églﬁ A Gal G cNACMan5G cNAC2- PA (
1678 . 55 ) . The signals obtained by 25 the | S-M5/ M5 anal ysis, nanely, nmz
1517.5, mz 1313cR: 2 827.5, mz 665.5, niz 503.0 and m z
300.0, are presu ﬁng%EEH% Sﬂﬁ\a%ﬁsa cNAcz- PA 1grﬂz 1516.41&.
Mansd cNAcz- PA ( 1313 Waper)was \addefictpck-wh efitemplabg PNA, 5 ul of

Man23 cNAc2- PA PA
(582 5(2:) ;nd Glbl\géﬁP?AUEpe]} 29 g%%pg?t@vgﬁg pﬁﬁnéﬂl(slqsﬁ’g{gg%t/\%ﬁ?hat

the peaklP conPaPrisl fefagspelperase ((Rypdurad by Takhara sHhign)

02/ 057 168 - 4QaseCEkJE’QB/c;98§gﬂaeEage(3092' agt)%bdmakedsgeﬁn_l.on product from
the peak F was G cNAcMan5 c2-PA (Il in Fig. 12} and t
Nacet yl gl ucosam ni dase di gesti on product thereof was Man5G cNAc2-PA ( |11

in Fig. 12) (P@RFR@EbthLaﬁerﬁaﬂltﬁ_Sn)the peak A or Cis considered to be

either a- Dl\/a é %[‘ ~3-D@&l- ( 1-~4 ) -(3-DAcNAc( 1-~2 )
-a- D- Man- Féf ?éﬁwan ( 1-~4 ) -(3-DAcNAc- ( 1-~4 ) d cNAc- PA(
Gal GNI I\/BlBA) or - Degalle (nuimbezk ) 1, ( JdnaBuieicidn 1{24fCLO Sa- Bivan- (

1( EGDg ]cl\licD( g/aﬂhfgégmis)ﬁA 'Gz[j %/B( P%ftenr%ion eg(z Ig)or %D 18" "consi der ed

to be either asPbbnd ftage6 ) [ (3-DGl- ( 1--s4 ) -(3-DDGEcNAaa- ( 1->2 )
-a-D-Man 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
pBluescriptlISK+(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




15( 1~-3) 1 [ (3-DXyl- ( 1-~2 ) ] (3-DMvan- ( 1->4 ) -(3-DA cNAc( 1-~4)
-G cNAc-PA ( GalGNIMBX-PA) or [ ~i-D@Gl- ( 1-~4 ) -(3-DAdcNAc ( 1--2)
-a-D-Man-wo chosfigs | [ a-D-Man- ( 1-~3 ) | [ =D Xyl ( 1-~2rapof/dsér Man- (
1-4) -(3-DDGAcNAc- ( 1-~4 ) -G cNAC-PA ( GalGNIMBX-PA ) . 20 The peak E is
considered to be either a-D-Man( 1-~6 ) - -7DMan- ( 1-->6 ) [ (3-D-Gl- (
1-~4 ) -(3-DAcNAc- ( 1->2 ) a-D-Man- ({ -3 ) ] (3-D-Man- ( 1-~4)
~-D-AdcNAa- ( 1-~4 ) -AoNAc-PA ( GalGNMA-PA } or a-D-Man- ( 1-~3 )
-a-D-Man- ( 1-->6 ) [ (3-DGl 25 ( 1--4 ) -(3-DDGEcNAc ( 1->2 ) -a-D Man-

1--~3 ~i - D- Man- 1-~ -(3D-d cNAc- (1~4) - - PA ((Gal -PAY. Th
. éeak F |) s] colnsPBingﬁ"E%) H’e‘a:}2 Ebélaﬂc-’?:ifl%’(}: %zlaa' ?9 %ﬁm%: WSJ%J)OI}G%A-%I? n- (e
1-~6 ) [ (3-D galat (thed positidh 300@7CNAeré Lhiadged at®- Mgn-T( add-3G) ]

(3-D-Man- ( 1->4 -(3-D-d c (1~4)-d cNAC-.P. MS-PA) . . (Sl alic.Acid
. Transferase R ﬁﬁﬁg’ﬁﬁs:?'ﬂe‘?ﬂt'rgﬁ% VARV e (c%?e%;l&?/rﬁbﬂfo%gﬁgﬁdﬂ alic
acid transferap¢ pebakesnaitnthet posnhidopsr b@2ntd G80nyeEE6deieted; cahfure

medi um degi ved gl ycoprotein,  BY, ral_n u i ' I ppotein
or asi &l 051 ot uPf b i hBigifact i aBByb RBaRE LU HEACKES S ooEs
ni trocel | ul osekheabdabes dchl, Sulsitethedpositaoni 40StandiTh@t Abeapesitilon t he

| ectin stainin Sifl) i S eath e?b@%‘t’ s{pLo
fetuin (lane 189#3&%.% 1%5%#%‘9% frﬁgi % cu tuzrl‘é ?r:e rum ge?'%)ﬁ%@ the

gl ycoprot ei n (baspazathoR gf pE)imexnd the 10 | ectin staining was negative
in the case where the substrate was BY2 strain culture medi umderived

gl ycoprotein (lane 3, Fig . 13 ?L . Fromthis , it is reveal ed that tobacco
cul turedi®el | GT6 st rai[ﬁcggﬁilﬁﬁé Fedithf dBETvEEG yeRR oWBifhadias akWPhe

substrate in thgishakhenacCi dolibassl e(@Be) | eaciddn. desildampar ahi vetixanpl e)
(Anal ysis of G ycoprotein Secreted by Non- Transfor mant BYZrit.?; in C%Ltured
Cel 1)~ ( Prepar aB¥BRTéMentatdoRoFBFR E%aﬁxﬁrﬂ%cfeqarrlﬁlfruﬁbrséﬁ Fematne
freeze-dried cgkboha Jmatnaatiant codopl €positdbhnaidrgd by the same method as
in GI6 strain except for using BY2 strain in place of GI6 strain.
(Preparation of N Linked Sugar Chain) 25 N-Linked sugar chains were

recover edsby the Sateodeichddnasfi hGETGenkr dintoe fobaccboCulsumrgdTkldel TOYO
PERAL HW 40 (pr,oqu b | _fi |t I i of

t he Sephadex G(g'g §§ge Xﬂ%ﬁ%@%g% %Toi‘{tgrd gél ﬁ%nﬁ%%ﬁ%?%rﬁcﬂﬁgg? glreggggati on
of Pyridyl an nasedn( B&tiSegdypehdiser,The AokdvetedlN | ENB&dIsuglr 8hdlns

were PA-formed ygdg 254 ROPWAKLAifva TBE Rx.SaTp! € BiRZHe. erfrs  hirgygh

(1993)).
20
In order to express hGT in tobacco cultured cells,
a vector pGANGT for expression was constructed as shown in
Fig. 2. The promoter used was cauliflower mosaic virus 35S
promoter (CaMV 35S promoter) and the selectable marker used
25 was kanamycin resistant gene. The pGAhGT 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)). Zscherichia
coli DH 5a strain (suE44, AlacUl69 ($80laczZAM15), hsdR17)
(Bethesda Research Laboratories Inc., Focus 8(2), 9(1986))
having pGA-type plasmid (see, G. An, Methods Enzymol. 153,



WO 02/ 057468 - 42 PCT/JP02/00361 TSK gel TOYO PERAL HW 40 ( produced by
TGSO ) gel filter colum (2.5x30 cm to purify the PA-sugar chains.

(Fracti onglg Rms#igsl Anal ysis of PA-Sugar Chain by HPLC) 5 peasfeogeussonati on
and anal ysis of PA-sugar chains were performed in the same manner as in GI6

strain except for using H TACH HPLC systﬁ having a H TACH FL Detector
L-7480 in place of Jasco 880-PU HPLC havi g]a Jasco 821-FP Intelligent
Spectrofluoronmeter. 10 (Anal ysis of PA-Sugar Chain by Exogl ycosi dase
Digestion) In the enzymatic digestion reaction usi ng N

acet yl gl ucosann | ocqcc neyunpni ae o]l ch .PA-su chai n
. was reacted at? %%” gslfgcéﬂzyp g #ﬂcg CH ¢ iSdg&dl Uﬁ?%l?::b %gf?f)
5. 45) cont ai ni pgasmid&) pRK'Nm:E(ts)degl Mc @avam, oed ellonAthé my,mml c8711

di gestion reacti i n n e 5 ar
. chai n was reack«iégg%i?I ? foa1’S E@&?‘?ﬁﬁngéa‘%ﬂ %s?)%rrﬂn&é t‘iggguﬁé%?‘&ﬁpH
4.0) contai ni ngotbaihingncl 205 aogt/at eofind eltraapceldfnea- nadno&;ﬂ dage L Ea:Eh
enzynatlc dlge cti on
for 3 mnut es. %‘h YE?ﬁé raq{e?ctl ngzs’%?a?l oir%%v\g%wggr% FZP ﬁhﬁldl e%% rpm
for 10 m nutes(aed, tﬁeﬂsﬁb}mbet\h whsSBanig i ed tl&&-APIl@91TI6é9§5|)lﬂ|Uﬁst| me
of each sanpl ef’@‘!gﬁﬂg 3 ySI i %Whigh‘e’sti?ntm'le ngL% &6H€aﬁxfé i ﬁgo"‘“

sugar chain. |s anal'ysi s was performed in
manner as 30 |ﬁ°%/%t¢%lhﬁnamy(qﬂffé|§@ﬂa?ﬁdﬁ96$ Hyzhdoramphepicgle From

Medi um Der i vedeRon Staait ! fiddiuMD A2/ 057 mi68as 4%raﬁ§¥é:}5’@8/ 3L dhe

PA- sugar chains prepared from BY2 cuI ture nmedi umwere also purified using
RP- HPLC aAd SFEPPerderf; gube and gedlssBprerrglleghednand Y’ﬁ%hﬁéakarﬁ?

PA- product by RPmbBL{itAf LBrmédeuh £Comeas YobiaGed c@1llisOB£( batR SpedBés
were suspended in 100 pl of 2xYT medium, these three kinds
of cells were mixed, the mixture was smeared on 2xYT agar
medium and cultured at 28 °C to conjugation-transmit the

15 pGA-type plasmid from Escherichia ocoli to Agrobacterium.
After 2 days, a part of cells grown throughout the surface
of the 2xYT agar medium were scraped by a loop and coated
on LB agar medium containing 50 mg/L of kanamycin, 12.5 mg/L
of tetracycline and 25 mg/L of chloramphenicol. After

20 culturing at 28 °C for 2 days, a single colony was selected.

The transformation of tobacco cultured cells was
performed by the method described in G. An, Plant Mol. Bio.
Manual, A3, 1. A suspension of Agrobacterium (EHALlOl 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. RPC1l 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



5 subjected to SF-HPLC (Fig. 14B). In the fractions (I , I 1 and |l | T)
showmn in Fig . 14A, N-Ilinked sugar chain was not detected by SF-HPLC
anal ysi s wold3es74¢gs verified because in | S-M5/ M5 anal ysi s,pcavi@onbs61L0
agreeing with nfz 299.33 (dcNAc-PA) and m'z 502.52 (d cNAc2- PA) were not
obt ai ned. The peaks of fractions IV to X g\gre anal yzed by SF-HPLC, as a
result, 21 peaks were obtained ( see, Fi g 14B ) . Figs . 15A and 15B show
anal yzed NI i nked sugar chain structures. 15 (Structural Analysis of BY2
Strain Cul ture Medi um Derived PA-Sugar Chali n) As a result of IS M/ M
anal ysis of the aks V4, VI I d Vi wn_in Fi 4B, the nol ecul ar
- wei ghts 20 (m‘i')lfﬁg]r"% pggéupy. 1?4%8165p§r¥5112§%§?5 q’sestp?aﬁé@f]gfa‘;njor}t%na
consi deri ng t heegtbifagatibvrstuie SndRbE€ svpgethatant heass ugparovelihby the
structures pre i pe Wi hi g nnoge
- Man, d cNAcz- PAggR/gﬁ%%lﬁgﬁcz-géﬁﬁn%E%ﬁsG H;IA (Z%PA rE\?pec |ved9&?t%ﬁg dat a

are not shown Pubseguehtdy.asq afresh| mesFiugr- mcaaiud&lq/sasd efgexr the

G cnoz. P (MOSTEREEYGRE ehalir BURT ORI AR SRR OLRCH HATe (PN
of Man~Qd cNAczoqu@iél@@ Idhmgarcnedinm epntabpingtforem ik tp‘eaﬂo\mg,/l'agr eed

with the el uti f
Ven6a craco. padt fndinRilifa MRS LE RO RERS iR ert standing,

Man5G cNAc2- PARKr#p tEelfpé'-él@ Jerk. 4 MFexeabout \ipteo? ek e thesgallused
PCT/ JPO2/ 00361051%1&éﬁéelmaﬁhtédl%rpaahévaﬂatéﬂan@ tﬁ@d ¥bhh.né éb@ﬂ@s' n

Fi g. 14Bwere as shown in D- Man(1--y %le

[a- D ManlP1-i 3ypra-sedemted. g)ftf% %uficﬁ)ﬁﬁ 4 £o-_3)w lﬁﬁf\/éH‘e( f 9§)‘=F were

EB gwl\/gn Ei Sliraana:ﬁMC(ta sé)ng @%indﬁazﬂll\&d%s anéaMmBﬁ&vxﬁg added

a- n- | a- n(1l-~2)-a; n- |

) -(3-D-G@ cNAc t94r]54 -ﬁR’yj(aMéﬁ\‘fb?)‘éﬁaPﬁ%r\?’éﬂﬂ fz-‘l’égft |van-
( 1-~-3) ] a- DpE\/asaggaBI b‘ll\ll%“tﬁrh[ &Fd¥ Mabeut 1- m&n)th] tthe sc;,lectlon v;}as
3-D-Man-(1->4 D. d.cNAc e t he

ﬁlurrer al s i(n pa}fsﬁf’ﬁgggé |nd1|g r?esfch N'%Ce tga“ 0 o !@&t“%r chglg%ﬁ RSvi ng each
struct ur @5showresihstaptFsgurdns14GTe ol dculéar aAmrg:'ht9XnWQrQ233nd@n;y
determ ned by %Q?ﬁlé N5 anal ysis of the peaks IV-1 and V-1 shown in Fig.

14B agreed wt e cal cul ated val ue of Man3Xyl Fucd cNAc2- PA ( MBFX: 1267
.19 ) . Also, the elution site in HPLC conpletely agreed with M3FX standard

product on the EWDIQEHEEEhQHEEoBO EUQﬁErSHéde”HQT Gehbhernore, as a result
of SF-HPLC anal ysis and 1 S-MS/ M5 anal ysi s, the a-nmannosi dase dlgestl on

product of sugar chain B‘P %ﬁt@ﬁ‘kséﬁ%éa %‘E%Q%W85Pc%’l‘%lc3é’€ie dyyehef
ManXyl Fue@ CNAsauE’Aei-NFXna%BlBl)m(iSQe, whb0&on£71AmaadtAdB) theSrragrehbese

data, the peaks I nd V- shown i shown i i 15B,

a- D Man- (1-j 6) °fa Ng‘r‘f’ %”51’19’ &t@%&ﬁmﬁﬁe’%‘@’]‘ geps I\/ﬁﬁNE Ngs:, )

-(3-D-d aNAc- Q:ei:m::ﬂa):okanln- FELDNAL- w3 | EhtdlideaPAd( MREX) .genomic DNA of
tobacco cultured cell. From each resistant strain obtained

above, genomic DNA was prepared, digested using EcoRI,
25 HindIII, and analyzed by Southern analysis.

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 ligquid

nitrogen and ground into the powder form using mortar and



30 The nol ecular weight ( m z 1417 . 0 ) determned by the I S-M5 anal ysi s
of the peak VII-2 shown in Fig. 14B agreed with the cal cul ated val ue of

G cNACMangg/ddissfg CNACZz- PA WO 02/ 057:168 - 45 PCT/ JPO2/paRp2/d30dVBF X
1470.38). Also, as a result of SF-HPLC analysis and |IS-MS/ M5 anal ysis, the
N-acetyl gl ucosam ni dase . digestion pr odugé of sugar chain of the peak
agreed with Man3Xyl Fucd cNAcz- PA ( MBFX: 1267~ 19). Furthernore, after 5 the
di gestion by a-mannosi dase, the SF-HPLC anal ysis and | C- M5/ M5 anal ysi s
reveal ed that the product agreed with ManXyl Fucd cNAcZ- PA (MFX: 942.91) (C

to Ein Fig. 17). On the two-di nensional sugar chain nap, the el U%Iﬁﬁ site
_in RP-HPLC of Pe&tdeak Before B.huyefasijon g§tabhedet EP§u§gr5e ®h the

it agd?riﬂ pr(()gu%gmﬁ-\l%%ﬁne&?» botieNACwaa - ~23dal Mas- 6 1lmi~6of [ 2acPaphn- (
>

. (3-D Man(1- ~4)1?3 E‘QENﬁEhﬂa'!ﬂﬁ?nf-B‘“LbﬁfBi?i) FELeR LRI LS Py,
16). 15 From thesin chatcﬁanﬁﬂifflrmk t\VibE- 7 40am]l )aandhgunadialEygwe 15Bnixed
(5D e 51 anajiiis poRatippala R RY atiee kbl dmdies ok |
(GNIMBFX). 20 the mukempetratuwei ghias( mmail32ined.) dtheretpeaks vl - 108nd
& cNAohanaxy 1 CIRIRESEPAN,; ERRBESL kRSt (73} BhE7addRd Bl thopoughly,
anal ysi s and | BixE8AMSn&ndl asi smulsmenl\wagefyrgﬁdeogaﬁ theasmudsgest wed
product of t hefﬂgﬁ %ﬁt:}/ifd%éd "l‘?r %% hh 1'!519%{%0% E’émﬁ%étuﬂz%l 05)

(Bin Fig. 18A ernor dlges I on by amannosi dase
SF- HPLC aMal ysTheantwpes MSAXSr aﬁgﬁyéqrsmsé@eraqeéh tPaR mey pfQdudrvadpeed

wi th ManXyl G cNARLyRAuGMX ¥86e77and C tHe Fiektrt@A)ionS ob@%a&tlbhct u&engf

GNMBX, two 30 isoner types are consi dered, hat is, a- Dl\/an-é --
[(3DGI cNAC- (c!nlozoyforabﬂasnﬁml( ajcofoyl | 2[4 IpWag :repeated. T° the. Man(
- ~4[1} ?\/a (3( D- GophAS ne@d &pﬁér)lay%lej\l&q 18Av 6 1 6hid NeX )%)o%aoniz\a}%&g&f}ggi;d%f& gﬁdl4§ )
-a- n- -
PCT/ JP02/ 00361tP°§°L1§h)1Y] m@é‘eﬂ Bﬁﬁl CF%AE[‘PQ ?2 )é&"a S,mipufes,
-G cNAc- RA ( GNrbBN) temperbhtear@)S cPhemppelr Layelmeensr epansédru:bdt t6NaMB X
el utes in advance of the e Sit fit ]l-1 and
VIII-3 are congfgepgag\légggﬁ&\\ll\%uﬁﬁ i% f%o(i 5‘%%&%%\%%3\:( wa
a- D- Man- ( 1- ~6) ajdedDtBeakibo-, ( Wedl) ma.Belﬂlaand( centi’if)lg}ed[ (@35D0Xybm, (20-~2 )
] (3-D Man- - > (]? % ) Eéf and ttgﬁtpeak
VIIT-3 was (3- éé“ﬂ'ﬁ}? J%‘Cé t?‘]lﬁels que?-gm ﬁ%ﬁq’pgf
(3- D- Xyl (1- ~2) py( 3nDakpiratoxs) a-TB- @:@m@ éPli'JZt)LDGI ERpEapning @mlmﬁx :
The el utipgn siyy %fodtlllh?n m‘&r&dk %@%d'd@d':'aad %Ep'l@téﬁgcdﬁg%h%@' Wt
agreed with the standard G\N2MV3 he two-di nensi onal_ _sugar
chain map. Al s&3 &8 éore§U|tThereto, 5 ml o 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
25 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
2xXCTAB solution had a composition of 2% CTAB, 0.1M Tris-HC1
(pH: 8.0), 1.4M sodium chloride and 1% polyvinyl
30 pyrrolidone (PVP), and the 10% CTAB solution had a
composition of 10% CTAB and 0.7M sodium chloride.

The Southern analysis was performed as follows.



15 of SF-HPLC analysis and | S-MS/ M5 anal ysis, the Nacetyl gl ucosam ni dase
di gesti on product of sugar chain of the peak agreed with Man3G cNAc2- PA

(M3: 988.®)o20kks hernmore, after the digestion by a- mannogicd@ape/odibe
SF-HPLC anal ysis and | C M5/ M5 anal ysis reveal ed that the 20 product agreed

wi th ManG eNAcZ-PA (ML: 664. 66 ) (the data are not shown) . Fromthese
results, the peak X-1 was, as shown in Fi é@ ~ 15A and 15B, (3-D-d cNAc- (
1~2 ) -a-DMan- ( 1-->6 ) [ (3-DDAcNAc- ( 1-~2 ) -a-D-Man- ( 1-~3 ) ]
(3-D-Man- ( 1-~4 ) -(3-DA cNAc-(1->4)-G cNAc-PA (G\2M3). 25 The nol ecul ar
wei ght (mz 1529.5) of the peak X2 shown in Fig. 14B agreed wth the
. cal cul ated val ue of G cNAcZMan3Xyl 3 cNAcZ- PA (G\2MBFX: 1527.43). Al so, the
elution site i niH%eﬁﬂpbnbeésiagaﬁedAmkamitMedi&BEéfaﬂQoﬁt efAdpNA: pr oduct on
t he two-di nensi onal %9 chai n gag. Fu ﬁat her {’he el tgn S{)f_\e of .t he
. a- mannosi dase di gesti o %?Bdﬁ‘BIPP PreLY PR ﬁn%f '€ BEakiGa8PHdiPefanged
by the HPLC anahyemesohlevm‘meusimg a ressiititctofort bazymd) D259 agaidse g€l
PCT/ JP02/ P0361 / ViSi .
Nacet yl gl gcosaﬁ‘? g!g&gh‘g‘?%%é %&g}rj)ockf NE%%?%%%%&%\/E%%&%@?CME%QA
(MBX: 1121. 05) Thél el Wiag. sm&)ledmtm ethidhem W@e'sdéomﬂgtoazmmmadése,
the SF-HPLC ang n S at t
agreed with Mant%‘?laﬁ ﬁﬁ%%&%%@% Y %‘?Jﬁ%?—‘aﬂﬁ&j{%ﬂ}) &E%:)?né g‘ge
data, the peaktbKGZS%%tl‘aE waR W sgadeg aIIQBthe gel was immersed in 400

(3- DA cNAc- (1-5/2) oﬁ N&Efiéd @o][dﬁd% E'\%‘ﬂ ('Nat%) aoDsMB”(Nabm3 d%
(3-D- Xyl - ( 1-~2 ( cNAc PA
(G\2MBX) 100t heBTp@ERS Yv- @halwns fosﬂ 245v-131nwt%5 VI - §ubvpguevrtlxl Vibe,

VITT-2 anfltle §?%ﬁ@:ll.gﬂ 'ﬁaﬁ/;-s %ﬁ&a@?@d nahaarud\vilmnka% salgﬁéuﬁfﬁwza@gggugg
asS a resu (0] e | o a Si s agn agreel n W m z
(G cNAc- PA) anﬁoﬁPflgﬁg/.F 45251%@ ﬁi cﬁoi’-’%bt%ﬂ ‘hbg wag addefefPdn of

Horse radi sh pgf@dualﬂigs"s(]:ﬂﬂ@n Acbor QIsgnnmtees hOAseéad@lmdaa:rdzzﬁgiaﬁﬁegene,

whi ch was 20 obt ed fr Kawaqgka .et nt . Bi oe 78,
9. €3 (1004))  S0LUEFRuer SN BE OF e Ptk idzat o FodntIan: BPS ARAME Hre
(Akama efl5al ., aBtedt afdl prRdpal2y7shak882fprah mhhubdsced i nto GT6 Strain.
After cultivating the obtained clones of GI6 Strain (GI-HRP-5, 25

GI- HRP- 19), the supernatant was coll ected, and subjected to a standard
i soel ectric fouddng eTecnsﬁphar esis. As aresult, as indicated in Figure

19, el ectrophor esi s bagtlo hnpladdf g{@%&%&%@&%ﬁ% uls! BEaSUPELREE A

of cl ones GI- HRP-5, GT us confir an foreil

protein was al §8 dEFkandemhgianen s Hyband-Nehnersham) diw\aqw&%e Tae|

gene. Fuppher, ti:hﬂyfsrzﬁabnﬁéfﬁéﬁﬁe&h@ofeﬁzﬂﬂo%ﬁ drelord .St 2h8i PloPted
secreted proteins by cl one separ ated by standard SDS- PAGE

el ectrophore5|§‘em V@)"BZF@?p@rled—lSatP@PPHPOtﬁmture 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 (1ii) 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 pl, water added to make
5 ul. 10xBuffer and ANTP each in 1.5 pl and [0-**P]4CTP (1.85
MBqg, 50 mCi) in 5 pl were added, followed by filling up to
24 pl with H,0. Thereto, 1 pl of Klenow fragment was added




as descri bed above. RCA120 staining indicates that GIHRP-5 has a positive
signal (Fig. 20(c)), and thus it was indicated that secreted HRP had a

gal act osey@d@Rsses'gar chain structure. 5 | NDUSTRI AL APPLI @@fgspb2lobagiccor di ng
to the present invention, a nmethod for the secretory production of a

het er ol ogous glycoproteln having 10 a hungn type sugar chain using a plant
cell, a plant cell which can secrete this?glycoprotein, and a gl ycoprotein
havi ng a human-type sugar chain which is secreted by a plant cell. The

gl ycoprotein of the present invention has a human-type sugar chain and
therefore, is free of 15 antjgenicity.,and is useful for the agg ni stration

_to animals i ncRBRi RELRENRSEPINGRS 37/ 0571 FRF 105 ingtes s pEFPIPERYPRSIE1 1.

A et hog for tREPSECEBLAmK nmduqbeaanf Fhamergdip ot rplhlfﬁMlegtI@e homa@n- t ype
sugar chain, risi e i.n uclk n epe of an enzy

. capabl e of per??gE gf%‘?%ﬁé“?‘eﬁ”g?giﬁq%i gfgg g%%é’%t ggﬁlm&q%agﬁt%ﬁ%n

non-r educi ng tfapiaay eoellgldglincheantoneobtaidua hptraddyeatioh probe.

heterologgus gl ycoprotein, to obtain a transforned plant cell, and 10 a

step of cdlturing said plant cell. 2. The method according to claim1,

wherein said gl(yeppr otByhrhdizagianhuman-type sugar chain conprises a core

sugar chain and an out &f %ngraﬁfghﬂ ?Sﬁ%§%§§£§d§%§@£°&f§§ {on,

substantially conprises-a p ace g ucosanlnes and
h

sai d outer sugmg/BhaifiORs% Gviey ﬁpﬁma%agdedchanrthmresylt gafﬂuﬂg—o@.
non-reduci ng t eng ”ﬁhm%@aﬁ%t 0%‘% ?(QL13) Hipvet hadk aCﬁﬁﬁ&'ﬁé@dt Oapd @i g?lé
wherein said outer sugar chain has a'linear structure. . The netho

accor di nd0t o cpaphybridaspsianyas rerfornedot 4@haﬁrif¢i%1§ hogrs eeHBere .

structure. 25 iéhe:?aaflass_-hoehacm@mbf&é Cpfé;?df&d“f mhqu@u)nwaal Qaaéan&md
sugar chain noiety is a nono- tga-struc

met hod accor di ﬁBetWWJo??ethﬁn I‘]F‘ﬁlﬂf“srflmfnl?%at %eﬁ: &PR ]EB%)&’Q&FH Ut Veﬁ'ﬁr otein
is free of fucere QfehYbQidlzZtlof[hﬁoD@til@ﬁl reed & @ohigols tdlodl BEL15xSHE Ch

further compriggs,j SLqPaR! phSSNELL NS de 4w Hobna b OBxBLaRkge PL A
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 straln 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



WD 02/ 057a68 - 50 cells. PCTIJP02/00361 8 . The nethod according to any
one of clains 1 to 7 , which further conprises a step of adding sugar or a

sugar chawg ®okficyi tro . 9. A plant cell which conprises peTagasosenai n
addi ng mechani sm capabl e of perform ng a transfer reaction of a gal actose

residue to a non-reducing termnal 10 acefyl gl ucosam ne residue and can
secrete a protein with an added sugar chain added by said sugar

chai n-addi ng mechani sm wherein said sugar chai n-addi ng nechani sm adds a
sugar chain conprising a core sugar chain and an outer sugar chain, said

core sugar Subst | | I lit f d
. acetylg?ucosaﬁ*&%§g°3n§u£ga %U§E£P§ES§SS ﬁ%}ﬂ hg;aaltgrﬁ1ng?n23;:$ 2Ealn
LT’DI ety coEt aini ?g a nmcu&dtumengedmmﬁaltomdg@m:buuurb@. cél hGréoptoan n
aving a human sugar t
“one of ol ai o To¥BEETHYT FEOR HERERE 3B MoaTEiEN MGrAprasci ke any
gl ycoprotein haedigma dnepared pes sugamixesi nsatbsprfiosi njurashiae-$oog
| ntroduci Bg a geRfuh Yo AuAY BE R SLA aicgs%&?%f&ag% Yol BReEGhed

reaction of a gala UeTt'c & non reduci ng ter
acet yl gl ucosanahe2 s e§9@uepmnion Yenmingtes %Et@?@m059m935¢§%6©r@@@|ﬁheto

obtain a ”answwfﬂfﬁl @Hpéfﬁ{altaﬁdwasstféb&iefe@ragwﬂgesa;'rd CHEY AT
within an 30 intracellular organelle._ 12. pl ant cell transfornmed with a

gene for an en@?hﬁUEQp&Bﬂéuﬁfq&QWQﬁQQr%PatP%ﬁn@FémP%%yanﬂ?cﬁ talRedct ose
WO 02/ 057.168 suﬁérné’gﬁé PRAL0QRGN vz diainst MO reIbCdizdE water)

acetyl Iucosanlne r
y'e 10 1x10$

tlmes dilution) and then freeze-dried.
(Preparation of N-Linked Type Sugar Chain)
The sample obtained by the freeze-drying was
hydrazinolyzed at 100 °C for 10 hours to excise the sugar
15 chain. To the hydrazinolysis product, excess acetone was
added and by centrifugation at 4 °C and 10,000 rpm for 20
minutes, sugar chains were precipitated. The sugar chains
were N-acetylated in the presence of an aqueous saturated
sodium hydrogencarbonate solution and acetic anhydride,
20 then desalted using Dowex 50%2 (produced by Muromachi
Kagaku Kogyo), and passed through Sephadex G-25 super fine
gel filter column (1.8x180 cm) equilibrated with 0.1N
agueous ammonia, thereby recovering the N-linked sugar

chains.
25
(Preparation of Pyridylaminated (PA) Sugar Chain)
The recovered N-linked sugar chains were PA-formed.
The PA-sample was passed through Sephadex G-25 super fine
gel filter column (1.8x180 cm) equilibrated with an aqueous
30 3% acetic acid solution to purify the PA-sugar chains.

(Fractionation and Analysis of PA-Sugar Chains by HPLC)
The PA-sugar chain structure was analyzed by



wherein said enzyne is localized in the plant sell such that the plant cel

I s capabl e of synthesizing a 5 glycoprotein having a human-type sugar chain
struct ur egol@esf@s P! ant cell according to claim12 , wher gichpad/ghsstigar
chain structure i1ncludes an added gal actose residue. 10 14 . A plant cel
according to claim13 , wherein said sugap chain structure is free of

al, 2-xyl ose or cxl,3-fucose. 15 . A plant 8er| according to claim12 ,
wherein said sugar chain structure includes an gal actose residue added to a
15 N-linked type sugar chain of (N-acetylglucosanine)l 2 ( Mannose ) Z $ (

N-acetyl gl ucosanmne ) .2 selected fromthe,. gro consi sfing of
. A cNAcl Man3Q@ cRR¥STSefsRARFRANGH LNARS ¥ Mg%ﬁﬁ%@#\ﬂ&%’g d7y) HPLC,

d cyAcI Man4d cN;%Zdiimaﬁslﬁnaﬁ pl snigage! | atm:ml I. di ngapmwid ai nudPngwhethen

said enzynme is _|ocalized withiin an.i.ntrace a anelle iin the_ plant
ccall 17 A ol sRbSTuGRRAAAEB oteBREERR  prlA: TelTHR BRarEels . | DEnDERS,
seed produced HPLO t(heghl-perfofrmanaiemllifuid chromatography) analysis.
Al . AU . AsAs. A . AUsL % ALLS 9 A . AhC % AL A % AA S e AA
" AUS% AAQ?% Al {H%sg\g; (‘%%i}%i’é) LMY A LS - MsdB A1 FR Y hPed fhbnt
. A" hs. A’ . s. AYh8Pep¥sofAubramedeAWasused anfhtige AL urascanse 19t aARRIOYAUS9.

A3{ L. AhL_. AUs? N .
AL Ans7h A 5o MEBSNERR A ARRGLERGECR Y ASRRASE, 210 P and
$9856KLKI r szupElLupvpeseneg] wayedpagtbap&aP84] &&)-ca] cal] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]c:a]cal]ca]c

1~ Z[ cdl ~ytoj & U
T ou] caul 48] cRal cal cal cPcciiehy RRT BREGATANE O o REAREm CosmpaLY SCIE-E | o

column (6x250 mm, produced by Nakaraitesc), the
concentration of acetonitrile in an agqueous 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
15 eluted. 1In the SF-HPLC analysis using Asahipak NH2P-50
column (4.6x250 mm, produced by Showa Denko K.K.), the
concentration of acetonitrille 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
20 eluted.

(Analysis of PA-Sugar Chains by Exoglycosidase Digestion)

In the enzymatic digestion reaction using B-
galactosidase (Diplococcus pneumoniae, Roche), each PA-

25 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 (Diplococcus pneumoniae, Roche), each
PA-sugar chain was reacted at 37 °C for 2 days in a 0.1M

30 sodium acetate buffer (pH: 5.5) containing 5 mU of N-
acetylglucosamidase. Furthermore, in the enzymatic
digestion reaction using d—mannosidase (Jack bean, Sigma),

each PA-sugar chain was reacted at 37 °C for 2 days in a 0.1M
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"()-bmowU®X7 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.
5 After the blotting, the staining was performed using POD

Immunostain Kit (produced by Wako Junyaku).

(Purification of Tobacco Cultured Cell GT6é Strain Culture
Medium-Derived PA-Sugar Chain)

10 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.

15 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

20 analysis, signals agreeing with m/z 299.33 (GlcNAc-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

25 Figure.

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

30 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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GlcNAcMan,GlcNAc,-PA (1192.13), Man,GlcNAc,-PA (988. 94),
Man,GlcNAc,-PA (826.80), ManGlcNAc,-PA (664.66), GlcNAc,-
PA (502.52) and GlcNAc-PA (299.33), respectively, and this
suggests that the peak A contains these structures (the data
10 are not shown).

The fB-galactosidase digestion product from the peak
A was GlcNAcMan,GlcNAc,-PA (II in Fig. 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,XylGlcNAc,-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 Dbe

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 B-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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Man;,(-}leNll.c2 -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 GlcNAcMan,GlcNAc,-PA (II in Fig. 8) and the N-

acetylglucosaminidase digestion product thereof was
Man,G1lcNAc,-PA (III in Fig. 8).

The molecular weight (m/z 1487.0, A in Fig, 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,XylGlcNAc,-PA (m/z 1121.05),

Man,GlcNAc,-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. 11) 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 B-galactosidase digestion product from the peak
E was GlcNAcMan,GlcNAc,-PA (II in Fig. 11l) and the N-
acetylglucosaminidase digestion product thereof was

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

The molecular weight (m/z 1679.8) obtained by the
IS-MS analyslis of the peak F (I in Fig. 12) agreed with
GalGlcNAcMan,G1lcNAc,-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,G1lcNAc,-PA (1313.22), Man,G1lcNAc,-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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From these results, the peak A or C is considered
to be either a-D-Man-(1—6) [B-D-Gal-(1—>4)-f-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)
-a-D-Man-(1-»6)] a-D-Man-(1—+3) f~-D-Man-(1—>4)-B-D-
GlcNAc-(1—>4)-GlcNAc-PA (GalGN'M3-PA).

The peak B or D is considered to be either a-D-
Man-(1—>6) [B-D-Gal-(1—>4)-p-D-GlcNAc-(1—>2)-o-D-Man~
(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(l1—+2)-a-D-Man-(1—6)] [oa-D-Man-(1—3)] [B-D-Xyl-
(1—2)] f-D-Man-(1—+4)-pf-D-GlcNAc-(1->4)-G1lcNAC-PA
(GalGN'M3X-PA).

The peak E 1s considered to be either o-D-Man-
(1—6)-a-D-Man-(1—6) [p-D-Gal-(1—>4)-f-D-GlcNAc-(1—>2)~
a-D-Man-(1—+3)] f-D-Man-(1—+4) B-D-GlcNAc-(1—>4)-GlcNAc-PA
(GalGNM4-PA) or o-D-Man-(l—3)-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)-f-
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)] o-D-Man-(1—->6) ' [B-D-Gal-(1—>4)-B-D~
GlcNAc(1—2)-a-D-Man-(1—3)] f-D-Man-(1—>4)-p-D-G1lcNAc-~
(1—>4)-G1lcNAc-PA (GalGNM5-PA).

(Sialic Acid Transferase Reaction In Vitro)
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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 Fig. 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 GT6é 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 TOSO) gel filter column (2.5x30 cm) in
place of the Sephadex G-25 super fine gel filer column
(1.8x180 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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were performed in the same manner as in GTé strain except
for using HITACHI HPLC system having a HITACHI FL Detector
1.-7480 in place of Jasco 880-PU HPLC having a Jasco 821-FP
Intelligent Spectrofluorometer.

10 ,
(Analysis of PA-Sugar Chain by Exoglycosidase Digestion)
In the enzymatic digestion reaction using N-
acetylglucosaminidase (DIplococcus pneumoniae, Roche),
each PA-sugar chain was reacted at 37 °C for 2 days in a 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 oa-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 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 GTé6 strain.

(Preparation of BY2 Strain Culture Medium-Derived PA-Sugar
Chain)
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RP-HPLC. After the recovery, each fraction (I to X) was
5 subjected to SF-HPLC (Fig. 14B).

In the fractions (I, II and III) shown in Fig. 14A,
N-linked sugar chain was not detected by SF-HPLC analysis.
This was verified because in IS-MS/MS analysis, signals
10 agreeing with m/z 299.33 (GlcNAc-PA) and m/z 502.52
(GlcNAc,-PA) were not obtained. The peaks of fractions IV
to X were analyzed by SF-HPLC, as a result, 21 peaks were
obtained (see, Fig. 14B). Figs. 15A and 15B show analyzed
N-linked sugar chain structures.
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. Among the isomers M6B and M6C of
. Man,GlcNAc,-PA, the peak VII-3 agreed with MéB. Also, the
isomer M5A of Man,GlcNAc,-PA and the peak VIII-4 agreed.
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1033 103357 c 393102835 4) - 25 Mard OPFL) 1O 12 MB Q) 1pYFETENAL-
(1—>4)-GlcNAc-PA (M7A), o-D-Man-(1—6) [o-D-Man-(1-—=3)]
a-D-Man-(1—>6) [a-D-Man(1—>2)-a-D-Man-(1—=3)] f-D-Man-
(1—4)-B-D-GlcNAc-(1—>4)-GlcNAc-PA (M6A), and o-D-Man-
(1--6) [o-D-Man-(1—3)] oa-D-Man-(1—6) [o-D-Man-(1—>3)]

10 B-D-Man-(1—>4)-B-D-GlcNAc-(1—>4)—GlcNAc-PA (M5A). 1In the
figure, the numerals in parentheses indicate the molar
ratio of sugar chain having each structure shown in the

Figure.

15 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

20 sugar chain map. Furthermore, as a result of SF-HPLC
analysis and IS-MS/MS analysis, the o-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).

25
From these data, the peaks IV-1 and V-1 shown in Fig.
14B were, as shown in Fig. 15B, oa-D-Man-(1—6) [o-D-Man-
(1—3)1 [B-D-Xyl-(1—>2)] B-D-Man-(1—4)-B-D-GlcNAc-(1l—>4)-
[a-L-Fuc-(1—>3) ]GlcNAc-PA (M3FX).
30

The molecular weight (m/z 1417.0) determined by the
IS-MS analysis of the peak VII-2 shown in Fig. 14B agreed
with the calculated value of GlcNAcMan XylFucGlcNAc,-PA
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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, f-D-GlcNAc-(1—2)-a-
D-Man-(1—6) [a-D-Man-(1—>3)] [B-D-Xyl-~(1—=2)] p-D-Man-
(1—4)-B-D-GlcNAc-(1—4)-[a~L-Fuc-(1-3) ]GlcNAc-PA (D-1 in
Fig. 16).

15 From these data, the peak VII~2 was, as shown in Fig.
15B, p-D-GlcNAc-(1—2)-o-D-Man-(1—»6) [o-D-Man-(1~>3)]
[B-D-Xyl-(1—2)] f-D-Man-(1—>4)-B-D-GlcNAc-{1—>4)-[o-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. 184). Furthermore, after the digestion by o-
mannosidase, the SF-HPLC analysis and 1IC-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) [p-
D-GlcNAc-(1—>2)-a-D-Man-(1—3)] [B-D-Xyl-(1—2)] pB-D-Man-
(1—~4)-8-D-GlcNAc- (1—>4)-GlcNAc-PA (GN,M3X) and B-D-
GlcNAc-(1—2)-o-D-Man-(1—6) [oa-D-Man-(1—>3)] [P-D-Xyl-
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D-Man-(1—+3)][B-D-Xyl-(1—~2)] f-D-Man-(1—>4)-f-D-GlcNAc-
(1—=4)-GlcNAc-PA (GN;M3X) and the peak VIII-3 was B-D-
GlcNAc-(1—2)-o-D-Man-(1—>6) [a-D-Man-(1—=3)] [PB-D-Xyl-
(1—2)] B-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 a-mannosidase, the

SF-HPLC analysis and IC-MS/MS analysis revealed that the

20 product agreed with ManGlcNAc,-PA (M1: 664.66) (the data are

not shown). From these results, the peak X-1 was, as shown

in Figs. 15A and 15B, (-D-GlcNAc-(1l—2)-o-D-Man-(1->6)

[f-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
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SF-HPLC analysis and IC-MS/MS analysis, the N-
acetylglucosaminidase digestion product agreed with
Man;XylGlcNAc,-PA (M3X: 1121.05) (B in Fig. 18B). After
further digestion by a-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, f-D-
GlcNAc-(1—»2)-o-D-Man-(1—>6) [P-D-GlcNAc-(1l->2)-0~-D-Man-
(1—-3)] [B-D-Xyl-(1—>2)] PB-D-Man-(1—>4)-B-D-GlcNAc-(1l—>4)
-GlcNAc-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 pBIl0l HmB (Akama et al., Plant Cell Rep.l1l2,7-
11(1992)) and introduced into GT6 Strain. After
cultivating the obtained clones of GT6 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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5
INDUSTRIAL APPLICABILITY
According to the present invention, a method for the
secretory production of a heterologous glycoprotein having
10 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 1s 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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gene of a heterologous glycoprotein, to obtain a

transformed plant cell, and
10 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 xXylose.

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

a step of recovering the culture solution of said plant
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cells.

8. The method according to any one of claims 1 to 7, which
further comprises a step of adding sugar or a sugar chain

5 In vitro.

9. A plant cell which comprises a sugar chain adding
mechanism capable of performing a transfer reaction of a
galactose residue to a non-reducing terminal
10 acetylglucosamine residue and can secrete a proteiln 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 is 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 B1,2-xylose or @1,3-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,G1lcNAc,,
GlcNAc,Man,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.



