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T,~..~Fi NZ~' AT~ FT_ The present invention relates to expression of

exogenops gl ycoprotei ns~~by Plants. Many of the functional proteins in

i ving organisns axe 10 glyeoproteins. It has been elucidated that the
diversity of the sugar chains in glycoproteins pl Wyﬁ,g@h i nportant roles
physiologically (Lain R A , dycobiology, 4) 759- , 1994). ~ . 15 1In
recentw@ed40 it has..al so becone clear that the action of sugar chains can

be divided into two categories . In the first case, sugar chains have a
direct function as ligands far binding cells,or as receptors for bacteria
and viruses; in they clearanceDBECBIY teins from.the bl ood, |ysasone 20

targeting of iysosone enzynes cad the targetin I 'mﬁ&ei ns toward
specific ti SS#ﬁaﬁﬁpﬂwﬂ{(ﬁﬁﬂﬁe cn,\déomomwv@‘.% ‘l"l‘f‘é‘g?:“%ﬁf(?“lyguti on of glycoprotein

sugar chat HEH e Infection of target cells by the AIDS virus-(H V) has
been established ( Rahebi , L . et al . , Gyaoaonj . J . , 12 , 7- zs ,
ZS 1995 ) . Tri r of HHV is covered with envel ope proteins gpl20.
The bi ndin i

ugar .ch s tive eKiresflona P tXE P3| 5 t he
begi nnishg ofhe rﬁ!@@?ﬁ%rﬂé‘%ﬁf}t %‘g I\a;:vi rus. In the second case, the sugar
chain itsel Eij‘,@oﬂmteiﬁe'h‘yuﬁéﬂ%al nol ecul e but indirectly contributes to
the formation of the 30 higher-order structure of proteins, solubility of
proteins, protease _resistance of proteinns ) inhibition of ant3gen~.cCitx,
protein fungﬁﬁwqwm atjon alpgg&@éihsr agehiviatd oF9RBL®H P Ust nBnt, and
ad~ust msnt efanyhef ahsuFPBF-Prot | NS, 1 ucidated tRAD QKD ALWErENBAAI0
PCTI JP99/ 0688 {oapsorpiiassedti hag dEPR | Gy er s, ﬁor L£X%a0RY Qmpspgait chains are
i nst rufent al ¢ gg,gg LHSieDh gafrconrs tEARR &-8F °5f ner ve ng467adhesi on
mol ecul es wich™ar e ‘Iéf?% rf%;if@:.&hd,ek%-hrﬁ%@"%%m {3 em’ (Edel man,
G M, Ann. ReaiespbyE 9 .~ 5 135-169, 2985).. In eukaryotes, .
gl ycopr ot ei mgpsdar chains are synthesized on |ipids of the Endopl asmc
reticulum as precursor sugar chains. The sugar i & tdc@RohS transferred
to the 10 protein..i ore: st &k BHITT gg?%’igjg?a%ne?henprtggei n are
renovedSin tH I‘-I":anaop asnl Gahold aubiama tokp tve SatREOE SR oprotel n is
transported b s88PH© T es aH; thge@latredodinctiomPeet i "excess sugar
resi dues haveibetegasendrenr fer SUSA sdiChacka a(Endyyimeantese) are added
and the 15 sgggmmhﬂg\c'em%x?%ﬁﬂé'&(’ﬁﬁrl mat_su éﬂ.e,é;,i&gd),bhggoédmwnol ., 38.
489- 504. |99%.t,*@afaémﬁhf&mgnﬂmm’&?i%ﬁﬁﬁ e, , G c3Man9d cNAg2 on dol i chol
anchors is tr8nsterred o pLohoid enzymes ERaGerBPans (Ibr eren
‘ 20 targeting © specific tlssues and organs. For

coprotelins towaxd : bl
glyampie the contribution of glycoprotein sugar c(aHa:LIvn) -
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ZOK W, Trinble, RB. and Herscovics A . G yaabio3ogy 7,994 Apr;
4(72):113.-25, dycosidases of the asparegine-linked oligasaccharide
processi ng pathway; and Sturm A 1995 N-d ycosyl ation of plant R Qt FEPSZU%
I n_New Conprehensive Biochenmistry. dycaprateins, Vol.29a., Mntreudil, J.,
25 Schachter, H_ and VlIiegenthart, J F. G (eds). Elsevier Science Publishers
B.V:, The Netherland, pp_ 521-541). ER-glucosidase X and TT renoves three
glucose units (Sturm A. 1995, supra; and |ICaushal G P. and El bein A b.)
19B9) d ycoprotein processing enzynes in plants. | npéviasrbemsst 30 Enzynol ogy
-179, Conpbei34@ar bohydrates Part F. G nsburg V. (ed), Academ c Press. Inc.
NX, pp.452-475). The resulting high nmannose structure (Man9d cNAc2) is
trimed by ERmannosi dase (Morenen KW et al, supra,; and Kornfeld, R ~-
9 sEP zo03 wo o0o0i 34a90 3 rcxi rP9~~o§ga~ and Kornfeld, S.) Axsnu. Rev.
H.i oahem 54, 63l-664. 1985; Assenbly of asparagi ne-1inked
ol i gosacchar i des) . 4 THe Jabibftyedt . MHOROSMmMOAS) dERIRTY ERBAPd #V8r 3. es according
to the diff&&nces in t he, | AGGESSdRit! det dhd Surdagopaorsyemglénzymes. 5 The
i somers MapBstmamgRiat 5 R)Bng- and Nary_}LGE%Mctgdaggd&ronQCQﬁedur~. ng
processi ng agnéstonmamobe3ess ¥ WMnnoS2dase I (Kornfel dg,R and
Itornfeld, ServosslRydlem MaeAmbmuxeMamndsR- r#i-d 3R “conpl et el y renpved
by Mannosi dasg 1 9( Nglag’\t)&, the product is Man5d eNAc2. N aeetyZgl ucosam nyl
2(~ trapsf erddetq® CNAc 1) transfers N-acetyl gl ucosam ne (A cNAc) from
UDP- G cNAc to Man5d cNAc2, resulting in GVap MAegidedchachter, H.,
Nar asi mhan, 18 euka@yvete®n 9@W°?r°&ﬁa“v"e‘ﬁ“§e°‘§%, d §(%?%Irt Lapsf erases
i nvol ~cred igy elgmigass aheotndepdpyriss raFLENY I%RRKRE 0 |%gs cchari des 15 of
the conpl ex or,N acqiyl gabactamani pertippeisi wrangfersed EhZVitol 9s:
H onenbranes” Part L. Fl g'gﬁ‘?@grthessug@mbﬂdehsdneme BroYed@)arepcadeni c Press,
| nc_ NX@ pp.%ﬂ%‘h’ B’E) -134 reM¥Ig8] das@ |tnepMatie |1 ) renoves
two mannose resevediednf ridih FRIRRANLG cogAczmﬁ%gl di N0y 20Go1a1
G cNACMan3G giyéepfdtadshid trangRorhfg 18 9% °A % su%: apng i Cornfeld, R
and Kor nf el d,os9e), S4RER)the Thmeski sygsacasafner bey e REERETI eNac~ i s used as
a squt r at eafoth ac gﬁ&gkggﬁﬁgi oylgdt mnsém)aligezhdq@ @Nﬂcttﬂf)(l\/b][ elrrgn K. W
et al, supra;- ushal_, P idh, ), iersups B, Idmnahd. Kornfel d, R
and Korisf el dguedr chaipy &F"ﬁ%&fgjgﬁtnﬁ:ari zes the above descri bed
struct ures ofsN4Ba-FedldP4tans and enzymes involved a.n sugar chain
nodi fi oati on pathway in the Endoplasm c reticul umand (ol d'b Podi es . In FIG
~. 9, d denoj é&@§§31@,®ﬂ@?@8%§““9aém%°%% - ~ denotes 30
gal actose, an e“%ttﬁi%r@k@éﬁeq Bfprbtel f ipebs ERalepbrane (MUAEN addi tion in
the Gol gl boBPE¥ TS A edEéTer m nﬁw%s Ghai BipysBdersys.19%he process
di f f er 2o deKyW anBrgPle Be A0fs o]0] §4§g9 4. 1R 81 | i ving
organi sns. Thprsau@arlthdidn SHEPEIREePends o Qe type ofgogukaryote. The
resul ting suggfgddagchanideuproressings RaERELs fBE P8 and reflects the
evol ution of §1L,J 25394k 1020 ok " pAftepEeeiand e Nex| GAmPBEEREREYeNar i mat su, H.,
Cel lular 5 Blol'ogy: . 15) 802:810¢e1896)vor-egss dMgteepdrgite- | i nked
(N-1inked) s&#3af %’H‘Sitﬁ%'; I'n"a 'lmal gaEﬁ I e japeg Niedia ) . MenBesEet ype sugar
chai ns, 2sorrplsena@lyf|§évsd’gara"8harq RES&NG Rybr i d-gx\( e ﬁ)ugasrzlggnﬂ'ﬂs.

gcience Publishers B.V., The Netherl v - Soem
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10 These structures are showmn 3.n FIG 1. The conpl ex-type sugar chains in
plants have a 1,3 fucose and ~ 1,2 xyl ose which arcs sugar residues t

are not found in animals ( Johnson, K D. and Chirspeals MJ.~; Pl LarB SEP 2003
Physiol ., 84, 1301-1308, x897, Kinura, Y. et al., Biosci Biotech. Biochem;
56, 15 215-222, 1992 ) In the case of N Ilinked sugar chains, s5.alic acid
has been found in ani mal sugar chains but has not been found in plant auger
chai ns. Regardi ng gal actose, which,is generally found in ani mal sugax

chai ns, although the presence thereof has been foweut9pss8one pl ant sugar
chai ns 20 ém]kahashl, N. and Hotter, T., Biochem stxy; 25, 38B-395, 1986),
the ex¥ P S thereof are few. The Ilnkage type thereof is a QL.,3 |inkag8

( FEBS Lett 1997 Sep 29, 415(2)) 186-191, Identification of the hunman

Lewi s(a) carbohydrate notif in a skcretory peroxi dase xrom a plant cell
suspension Z5 cul ture (Vaccini.uunnytillus L. : 99 , N| mz M
Contradt' HS, Feverelro PS,  $0$?. de?inamt LY Egbﬁqjec

,1411- 1417and|\h<gi:r)@éﬁs $rar 5671 ng éh? eWh$g @smbnwsare %ressed at the
surface of eﬁgiycelﬁl sasparagitc AT e- Laj ne ch&,gﬁétmbanas M

M chal ski {:L\am&rmsww%t}eﬁ%\'e a&ve ier. 3D 8 mEgnea C) Lerouge F,
Faye L). TH® FI n e Qebdanoanity bemtbREELOLTT |n ani gal s.

a ycoprot ediffeFepreey” %rom ma,%s" 6-Nila M 56LoNAr2 axp RE995603 WO 001 34498 5
PCTI JRQ9I 0688 1 semexsMedBor Berh PO nom'&agéd%dt sapnaddeseglycoproteins with
sugar chai E ﬂ,[djcgmessmgm‘War umans, &h%gng}a{ﬁpﬁmc@iens are produced
in ani mal host Hga\mmfeEJOSpr FHBERY" ™ Ani agldys has a sugar
chain strud ﬁ’F"e fhat hﬁlggglfyef@meﬁrwwé“h‘é}“u sugar chain
struct ure. xasigne%eBEF ™I n vi 5a§§mzty ofi- @@W%“‘i"gaﬂc‘@ 4 (Takeuchi, M
et al.) Prame NenIIOd“AEedlsBCI. ﬁ aggﬁﬂsglt@-ac%ﬂgl@&wn“"rhe sugar chain
struct §re lﬁaggf&faspr 3t dCASNRTEr , Sdsohtieg h* nones and 1f|

i nt er f'&r on, %}6 fl seorbam®P- ﬁh@lf%e‘ﬂ’ a(f rranuf c]t: §8aMd t hst he same

gl ycosyl atl‘on Afwt,ﬁilllcﬁﬂéz Trectmebhedls uled t O |ntrod%%1@g@genous genes to
pl ants i ncl GAAPRR " Agr n'g {84 6T reyhosy ¥t ensf A =R i%ﬁ ( Annu) 15

Rev. Genet .glreemongdF- . q t R pﬁﬂ@t&@kﬂ%ﬁﬁ or3yama, R et
al ., Bi o/ Teghrabooggtion of 7%1 J%%éﬁi@é: ¥ thlserged.d parl!ﬂé%%‘snet hod (Gasser,
C.G and Fraleaye dmblex i RRCE) ]ﬁf‘% é ? cheé' buwm,n &8 j nans, P.C. et
al.,, o/ Techn Aogya SpicibRpraEg0) Paxh | pha Vangiekauckhave, 24 J. et
al . ) Bi o/ TeERA 92, ad&Baic RARPS roTSC| n’aP antl bo &S (Benvenul v)
£ et al. . FRPARROUGY é msig“e 8H5%Mab 39) xemaveR ZFE " A" et al. , Nature

) 392 ) 76) 989884) 1A%k HEEN “nan iéﬁ,ﬁ,@sﬂ_ﬂmpinnts YF‘léEJQ{"Hl s B virus
surface antllg,@aauéd-lBsAg)f‘(%son LéIll S _et g1b&dOCA. bt Isupreed. Sci , ~ USA.,
25 89) 3.174 gﬁgﬂscaﬁdmsﬁ(!@é?%“]dn fg‘}pe’ﬂ gA gH| at buprdy .andndm, : J.S. R,
FENS hezt°t ) Inedf92) mavendl sKoRRREH S maRf act ure gtq.amaant cell s.
However , V\he‘?f‘drmrran derl e@lgjma@mmnﬁ% I 8SBR esse n.Rhants , the
sugar chai nso}¥POERENE ag'# o4 cgdnstaanpsetisi mswnav&la ”F‘f erent structures
30 than the SﬂglapG%‘FﬁlgﬁE"? he gl %(cqpl:i,otamdnmwmdulséu /i FORfTans because
the sugar addimg erEEhagiBTA iF Nt § |s di greli-tngﬂg(yﬁntnhﬂ%ar addi ng
mechani smin_apiapl ferd,AS fmdmaf?l ’ %’I’yc pr Oﬁfnﬁ% dayBaks e the original
physi ol 83i caf’?‘he WO 00T 323800l rectrnghomsn PE ay in the

enzymes involved in sugar °h°zn :‘:’
lasmic reticulum and Golol o otes mannoBe.
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activity and nmay be i nmmunogenic in humans (Wlson, |I.B.H et al.,
d ycobiol., vol. B, No. 7, pp. 651-661, 1998). DI SCLOSURE OF THE IN\/EI\FI'h%I
5 The .purpose of the present invention is to salve the probl efs GSEBcitBi%d
with the prior art by providing plant-produced reconbi nant gl ycoproteins
Wth mamal i an, e.g.) human-type sugar chains. 10 The present invention is
a nethod of, manufacturing a glycoprotein having a human-type sugar chain
conprising a step in which a transformed plant cell is obtained by
introducing to a plant cell the gene of an enzynemﬁﬂa%‘rﬁés‘of conducting a
transfer reaction of a gal actose residue 15 to a non-reducing term nal
acetyl‘ypﬂ‘{%gﬁn‘i ne residue and the gene of a exogenous glycoprotein, and a
step in which the obtained transformed plant cell is cultivated. In the
present invention, the glycoproteln with a human-type 20 sugar chain can
conprise a care sugar chain and an outer sugar chainp obtﬁ%ecore sugar chain
consists essentially of a |U{,§L£Tcﬁn9rf sEBhesd e aeRgnas 8 yl gl ucosam ne , and
the outer ,Syges oetmimmeonfdP S~ a %errg arSeigan striatuEBrts on with a

- . su .
non-redumtlr;r% t&rﬁg,,(alyogal aBre S5t e.thbEseRuganaedindn, the outer
sugar chai'®8an have, g stamai e tR® EBAT | gur at i,on qraarér anched
conf i gur atseeFieSH he C{Jrg@gai;lgﬂ\oeaiéa)h‘,‘a‘{"jﬂ‘gtﬁ?hnéhed sugar chain portion
can have aryunsberassi®itr| - o odtra configuration. 30 In the. present
i nventJ on,B{JlQ,ggLyxﬁ)pP%"eq]ﬁ'can contain neither fucose nor xylose. ' 9 SEP
2003 The present invention is also a g{fgﬁr& Cglhaastaigsa 38gar 9 SEP 2003
WO 0U/ 34490 7 PG' 1 %‘ggg&mssmmﬁaitﬁ‘ ng nmechanismendi:eh can conduct a
transfer rBagdi9R91 a aLACt @S.ghr owNHAEST & non- r ed ﬁgm_term nal
acetyl gl ucassmi¥e rE8%fue, “wher el nnahaysoigatyeh419°5dd ng Nechani smacts on
a sugar cha,iomprmbﬁiﬂbg% ore Suoale p_ha'i-mbsomm?‘"&ﬁ"%ﬁ s sugar chai n,
wherein thgl,mggrsqrsugmescﬁ?&iW"(‘;'Bﬁm sts esasr‘%?ilqlzl yyDiseavwpiet al ity of
mannod€ and’ acety| giyggeamave, 0and HFEF8i Tt he ‘quher (sgapnchain contains a
term nal . ®cHain PRk amnnate ngt FRPP AU NG t ;§inabsgal actose. 10 In
the presentareng@9®i 58° a Isyq@pf,qteiihwnwjé’lhu rf-? e sygar chain is
obt ai ned uskns bhﬁscm'féf’ﬂ%% ‘brj ef pdgsét) miodectof BIPE 'ﬁ'gsg? FIG1. A
schemati c dygyd nocimbxayHi-c&F RE1 nkgg_iﬁg@gdﬁgabnhem-iﬁﬁ % ons. . FIG 2.
Schemati c drgg@iﬁé o2l he IntBRICAF® FE( ho

use

d f Gut hhSOr ¥ emati ¢ dr awi ngs
of thel¥ret hd 3\& J b nCaRmr e Bnye BPgiﬁKﬁ%}rﬁggth whiebessi on. 20 FI G 4.
A phot ogr apReEfdti’n a. Sk @haiis ot regpnd) 8 925 2 .0RRQsE ehe cul tivated
t ransf or med flowb@A&F el | S i GAmed) sugar chains.  pax chains
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shows el ectrophoresis after the genone DNA ( 40 a g ) has been digested by
EcoFt X and Hindl 1. The nunbers at the left indicate the position of the
DNA nol ecul ar wei ght marker. 25 FIG 4 (8) shows a schematic drawi ng of a
2.2 kb fragment containing a promoter, hGTI and terninator, ww@& SE® 2003
integrated into the transfornmed cell. FIG5. FIG5 is a photograph of the
Western blotting of ‘i munoreaative protein fromtransforned tobacco BY2
cells 30 (W) and wild type tobacco BY2 cells (W) . The protein was
denat ured. el ectrophoresed on 10% SDS- PAGE, and t heTidPOYUEEf erred
electrically to n~.trocellulose film The sanples were as follows .lane 2 ~
Gri cewpﬂw{‘%’ﬂ”act; | ane g SEP zoo3 WO 001 34490 8 PCTI JP99106881 2 = GI 6
cell extract; lane 3 = GIB sell extract: lane 4 = GI9 sell extract; lane 5
~wild type cell extract; ,lane 65 GI1l m crosone fragrrent | ane 7 = GI6

m crosone fragnent; |ane 8 = GIS m crosone fragrren ggﬁ,sg GI9 m crosane
5 fragnent; lane |0 ~ wild ty RE g}d‘gzoienﬁrdmg °b1lf . An

el ect rophqige hﬁogﬂmtugr% Shovvl n%s daleriol aumens gaFi%T syl at ed

gl ycopr ot ellg }lu RicgdimustRgiitfi s o%ec) affsl. ninowe¥RF omat ogr aphy. The
el ect r ophot e evpﬁdmtlcﬂééd? Iver sé‘ Rl fackares 1 and 2 show
the 10 pr oydicqPF m Wi I d ¢ &diAschbs 2 SUERT | ElIi'anes %h%gq 4 show t he
protein fregwo toradasest MBS Vg ceI s reimrabl bendhr S ght é in |CDa units.
FIG7 _ A phot ogs aeseren® visSter n b| Otk Deny eheRPrig THEEE ection of

gal act%syl a ed MY{elo]: V1o eesidisi HYy CI nus dcoggu | v$A.f 186.~8 t RCAl ~0)
affinity c aphyet AdL &r I’tﬂ?é eNett T op are d. 0gh baskxbeen blotted on
a nitrocel IIGPB%‘E’?ﬁ'énQ pe, Udies sunmbr ezhel’\‘/va% 1'\}’i"suaTl sed bynd ectin (RCAxI o)
st ai ni ng. lzenes782Zand? g gha S enifeisei nsvdabon?a W’F‘ﬁmiy e 2 cell, while
Lanes 3 andpx%tshmw tlhel‘fﬁdot el n fromaa z&amfmnﬁectﬁ%e EFS. The nol ecul ar
weight is |nt§Q§erorFZb?n® alpe Bf E of a blotting in which the

gal act¥¥syl at'e Egelat:\br!ohar“ﬁl us aommun~ts ( RCAx o) affinity

chr omat ogr apfy "Was probed with an ant| serum speci fg antlsosa in

conpl ex-type plant glycans, Lavpeaute 28xaedo%> HEY the total protein
extracts freae HANeAY , re Lgrlel m@l Weiandg LEne PR HoWS t({ue gl ycoprotein
from Gx6 af éf;glllfi(;%boﬁaﬂﬂ‘?‘ﬁtﬁ] r réﬂbtroifblenmpe?!ﬁpa‘? weight is in
KDa units.

G Qe tSGheratdzd di‘%l% of 8 plas{ys@,prsan. HR which is 3p a
bi nary ect & wi.th a karanamnmleé?%"g‘aﬁ ne a aaf%g,r Q¥Ci n-resi stant
gene) and haleX Y5 c DNA & eché (Rhesegr fis oei egt hC, focusi ng and

1
Vst ern bl otthengohfhiRAT 'FI Hf{f‘aggr oﬂ:_mimmn(ﬁirﬂ“‘a“%u PENSI n, céul ture 9 SEP
2003 WO 001 344Rce, 244 “ZVX 417, 1990), enkephalin (VandekeZsH oy
O
Bio/TechHOlogY'TechnologY. 7. 929, 1989), and mcml.7 s,
20 3. et al.. Bio/ 10, E. et al., Plant Mol. Biol.
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YCTI JP99106881 of transgenia sells. FIG 10 (A) shows the results of
i soel ectric focusing and FIG 10 (B) shows the results of Western blotting.
The abbreviations are as follows: WI = wild-type; HX2 - HRP I, 5 and 7 =
MR 4. 5'and a - the ol one numbers for GT6 cells transformad w Frd BRI
gene. FIG 11. A graph show ng the reverse-phase HPLC pattern of a PA sugar
chain eluted in 0-15% acetonitriie linear gradient 10 in 0.02% TFA over 60
mnutes and at a flowrate of 1.2 m/nmin. |-X sheewsm#essHracti ons el uted
and pu{yiﬁfﬂé(g‘\gﬁ“f rom si zefractionati on HPLC_ Excitati on wavel ength and
em ssi el ength were 310mm and 38omm respectively. FIG 12. G aphs
showi ng the size-fractionation HPLC pattern 15 of the P,i~ sugar chain in
FIG 11. Elutipn was perfornmed in a®0-50%water gradient in the
wat er-acetonitrile m xture over AO m nutes and aty&flgw}ﬁr&te of 0.8
m /mn. The excitation wavel.en aid Birhesaon (Fa¥E™engt h” were 310 nm and
380 nm respeavivekyd Y BT éng'wa g5 arh ghowsngeéhe ¥P&t on position of
' peak- K2 on,Jeyer stﬁypbm-HPY_@'v\ﬁér ein two standard sugar chain products A
and H are conpared wth the peak KZ . The elution conditions were the sane
as in FIG 11.. Th I S, m Ubdygrsams perfornmed in 0%‘%54% (i%;n nitrile lIinear
gradi ent i NDXRCLOGYRA-+ Svéitivhas taneplye rate of 1.2
ml/ m n_x FI Grijelpuxpomsies @}?dbﬁ“ﬁgg}: %e e BldviRing idlestepreficaBt osyl ated PA

. . ] Y : - .
sugar chai n <Ohtiaipeciantee BXHRA §Eosrdas .di ggsti ORumEh-utypen was per f or med
in a 30-50% vvat&r 0F 2 ¢h §Adprone i viEL B?"-“%F?‘é‘?ohltri le mxture over 30 25
m nut es and*&E°PYPFOw rate of 0.8 m/min. (A). PA-sugar chain K-2: | is the
el ution posisagen “_6‘!‘1{‘?173 gal aat osyl ated PA sugar chain used; Il is
~-gal act osi dase di gest s of I, Ill is Eﬁ/\%;@caifylmarm&acwgﬂ“@c@sam ni dase
di gestg of Iy prevents mfengl‘SEP”?@ts "B‘O 34490, TePAEELIPID106881 , hack
STt on poo B e ipnt U i citadhda by o Lhe
- gal act osi dﬁ@l’d%ngg?q%ﬁog Sh' € de1l St gewe WE- T3 9NFYT8 05 mdgjadase di gests
of XI'; TV i simtxpguc nosi daae_digesien @ bl galagtpse | hK BRan
a- mannosi dasgs dcgpasteing a| Fars f%ﬁgagegﬁ‘-’.{lw’g&“ﬁd wesides 28898 t he N-|inked
gl ycans_ obt aj gegd gonoseddvdny reg¥sf cells. ngwdie s whiickhe parent heses
i ndi ca_t%;t hekrml al of 8k iape;_;&g&nﬁhﬁsﬂ!@@?*f‘a*te& ra%);(;%ﬁ{v I@'ﬁ%i.nus communi s 120
aggl utinin (m,gzé‘) iafélﬂ,_l L yeSineamplagy gphy ih 9 af. e detention of
gl ycosyl at ed tRRPPPYEE* 6 ("A) shows the results fromsilver staining, and
FIG 26 (B) shows the results from./|echip wg&ﬁtaiamwgp'w
| ecti n-stai neg, fx persenadnrentiony &Lgf’t?ll& g ggg ‘haka bRE€ranpoobed using |ectin
RCA==e pre-incubat gehi thn meipeisePoRE"( T oand” ] JssBhridnaybat ed in buffer
with ex@ss gs(ﬂgagt 1( e boye subnr (chafn)consAPHp GEc H dewith /3
- . gal act osi da%‘tgalrrghn?ejﬁ' Reggg,o Zg,ammw’owem% gﬂgt %%EtuQ lane 1is a
cblga eat ed fra@ﬂpﬁ?ﬁjc?gn&al ni n‘%]QYgéHBBaand:gaa:nehQiﬂ POFLIHP é’glt}xect ed
fraction Contgagimegh@®mb-99RF*"The nunbers.40 the left refer to the location
.and the size (KLgn-rebutire '§P§Wd‘&tld?’aprot ein. FIG 17. A graph show ngs the
results of reverse-phase HPLC of the PA iﬁg%rﬁ‘%g%i afd @Eh P | ed HRP
after RCAFso affinity 25 chpnosmtiag:,aphsy outp ““Phot ogr a of Western
bl otti ng showlfg*h gﬁéﬁfnggt %Qﬁfgﬁrﬁfzidﬂl ant kwpaehed 8°E%%p‘)’lr§§§§%rpe gl ycans.
The puri f 3. ed a4RRLG ironed by , SDS5RAGkea knaas cbpin ®Or . :
nitrocel | ul ose, ghel presént ARV PP.; rtﬁ_ g%tteaéyfi abiBR duhtBord 30 an agti serum
which is spema‘];l ChQ& @Qﬁpb{_ex-hliyperg"iy nzloé '%QL[? EB) contane 1 = _
gal actosyl ate fr%mgg]'@ j#Renafdrer YREASH inity chromatography; Lane

2 ~ purifited | FTRFYE &M BY2- HRP. ,position of the nol ecul e size narker
ins Ehomm !  peither fucose n£¥)xiibge P

lant cell having a sugar

. . a
The present invention 18 also a p



- 9 SEP 2003 WO 001 34490 PCT/JP99106881 11 to the left in KDa. The

galact osyl ated N-gl ycan on HRP derived fromthe transformant GIG HRP cells
did not react with an anti serum whi ch has been shown to specifircal Isy rear ~t
with Ql,2 xylose residue indicative of plant N-glyaans. S FIG 19.9 SEP 2003
Structures of N-|linked glycans and enzynes involved in the sugar chain
nodi fi cation pathway in Endoplasm a reticulum and CGol di bodies. d denotes

gl ucose, O denotes A cNAC, ~ denotes mannose, ~ denotes gal actose) and 1
denotes sialic acid, respectively. 10 FIG 20. Strucjesypsoeedst N-1i nked
‘glycans and the ratio of each N-linked glycan in GIG cell line along with
t hose i nwondd4®ype BYZ cell line determined sinmlarly. d denotes G cNAc, ~
denotes mannose, 1 denotes gal actose, and r denotes sialic acid,
respectively. 15 ~ FIG 2l illustrateg one of the enbodi ment of the present
invention. In GI6 cell line, the isoners Man7-) Man6- and Man5G3cNAa2 were

observed. Because those hi gh- manno ect;tny&%dgg{ ga;&ansf:dfxalfﬂfé%"w Il be
converted by g‘gﬁpa&ﬁjy;@awcpumt;%S‘@?’r‘fg‘ enzymes ! QebiScsighstemtiaglf or ~1"

9- gal aat osyl £y ansfegi@&oge (fexhan®  tht Po et i on gf K316 \aing Man | and Man
Il cDNAs could 'Hofe effii(;liee;ggmﬁead:etrhéﬂGF‘Pg‘H?gac‘ﬁari de(zlg@;,?SGI eNAc2 to
G cNACMan3G aket?ds EPEH can be Acaisésmaenisig THPFS SME 2 al so
il lustrates aehaersmartsddiTent OLhLanFtﬁseﬁﬁrQ5ﬁ9ﬁVeﬁ‘f‘?]d‘n_
1, 9- Gal aat osyal I anSbeteas subda| "hﬁi"l:ises UDP ﬁac%aa‘;pSﬁaﬁSo@ dewfbr substrate
and G cNRc2MaN3d, aNAC 2 sgsnaam1zg Cc @t oF PiBERrate. Ef fiughentnauppl y of

UDP- gal act ose®BF-enhanc o4 Neaginl whemsiny rider e o and hfg

gal act osyl at wmﬂg%&%@ﬂ%r X ) lonfén peotimedi ths® ngn:_{ﬁdm

. M2~. QSS~AR~5J;Nﬁiﬁalﬁrtqﬂﬁ“?‘_lﬁVgayTr~N Hereinafter, the present invention
w il be descr%pg%,jan paadyepedetail. In performng the present invention.,
~~- 9 SEP 200 001 34490 12 .. PCT/JP99106881 hes hupbherygiese i ndi cat ed,
any conv&fti onal technieq&eimﬂtbﬁxuseﬂw‘l’ﬁﬁ%tee i nclude nmethods fox isolating
and anal yzi ng 1pr B¥%Pheas wel,L; Asa hEang otrogi wefr9fet hods. These nethods can
be conduct ed hypgesi¢hpito Stctal kits, antibodies and 5 markers . The

nmet hod of the present inventio to a nethod of manufacturing

gl ycaprot ei ns wW.i-h HRerRIP b fai NS 1-hihg o8 pgaf icbaiR on,
"“human-type s .fm | fehemat e ertw-wfat%jg‘?is‘n%h%hﬁ with a gal act ose

resi due 1ifkedf1%'a %ac,etn;él gl ucosani ne residue. The gal ac ogemr esi due in
the human-typecenfi@htm “can bes the ok end nmnmsg‘a‘thl"r?a?n or a sialia acid
residue sari beréinkesehedathe “Gut s de  plinkfetiiebactedsto ceRFHIE" Preferably,
the gl ycaprat eiRgof. téshed8tHR Eeft*nven Jon at least has na xylose or
fucose |inked to. té’%%‘ﬂ‘@m"’ BET tRPLHF T OV g .PRiLi QRsayédeotar e sugar

chai n portion, YeRe br qumashmgnaﬁ?ﬁg. on? oL, ! hegigramaml sugar

chai n portzicon di¢ he ﬁ -\ PEa Teanst aineftoraREy £ ref er abl Yeel€i t her

xyl ose or fucosgeremeRidoBe '] nEéed after the genome DNA (80 (8) ha2®

trophoresis s at the left
shows elei, EcoR1 and HindIII. The numbex jght marker-.
digested DY tion of the DNA molecular welgd «
sndicate the positi 2.2 kb fragmen

integrated into
is a4 pho

g 5. FIG 5 18
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20 to any portion of the human-type sugar chain, and ideally there 'should
be 'no xyl ose or fucose contained in the human--type sugar chain at all. The
plant cells can be any plant cells desired. The plant 25 cells gan be
cultured cells, cells in cultured tissue or cultured organs, or"ébBE§ Qﬂmh
pl ant . Preferably, the plant calls should be cultured sells, or cells in
cultured tissue or cultured organs. Most preferably, the plant cells should
be cells in whole plants ) or portions thereof , that produce 30

gl ycoproteins with human-type sugar chains. The typg cPiposetudt used in the
‘manuf acturing nmethod of the present invention can be any type of plant that
is used woogH#® transference. Exanples of types of plants that can be used
9SEP 2003 WO 0013A90 PCT/ d~99/06881 13 in the manufacturing nethod of the
present invention include plants in 8he famlies of Sol anaaeae, Poaeae,
Rrassi caceae, Rosaceae, begum nosae, Curcurbitaceae, Zam aceae)

, L.1 Tat aaeae, Chenopodi aceae and Ilntbel 78 R feextrat®: i BB Anpl es of

pI ants in thg Sqtrigasere ekartty LARE udedo ants bR {Rgabkaatangna) Sol an~un,
Dat ur a) Lycoper Sl COQ ag;&rE’eiunnaegieneV 755 I C e%ggggg,ﬁedmcl ude tobacco
eggpl ant, potafb ?ﬁf)mec#a lghePEPpaYE 7afrfé11'6p'e’t‘tﬁﬁ5§ rrg% of plants in
the Posses fan% KG§ 1i'“|’r8F ant s dmiagt 1 yeme, 9Xor eEhH*¥ETal e, Saccharum
Echi nachl oa qrmeZea= gﬁ}ﬂef‘%"’r‘g e0|¥| c e rm]ogsmé Fylagtlent-i ce, barley, rye,

Ech.i nochl oa g#ﬁeg@,l liape sY ghtiit Itq,i, afteptont s in the
or assi caCeae a

Iy, Qggbl%ppbmig M?tpﬁ’éa& lHanus Br a MESAF ab. i dopsi s,
Wasabi a) ari F¥&

a..198 Jueanex’anbﬁe gicHude anese white
radi sh, rapeseedga%l??ggr%eet;%;tﬁ o Y,Jam@secwmi"g%?‘ﬁg e

I'sh, and
Capsel Ta bor egr@rasd oxfifdni Pes o %t S 1iamel e RO EBA® B |y i ncl ude

plants in the %wﬁsande@l bﬂﬁé“ﬁ/ﬁus r aiq%rtaﬁesaﬂchxﬁosastge'ner a.
Specific exa eé Jnekemle1pd trype gEZCFE 18 Lﬁ'\‘lp ear puineledfaast r anberry,
and rosel®Exa Pes of |§Q.£,,§ fraristternhed) fRS ﬁ‘8§ fam ly include plants in
the d yci ne, gnE %as S nﬂ@um Vic3a, Arachis, Trifol3 Al falfa,
and Med~cago generh. lsSﬁBc‘“? Lestech inekutky smy%\?é(i’l“ga Zuki bean )

ki dney beans, meas-, Ame?PQB Pr@,ltgﬁerusmd RilciaPf a. Exanpl es

(o)
of plants in the CHisurded tmi:ﬁﬂféchromnto © cophy. SEREOH3THO 001 34490
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14 fCTI1JP99/ 06881 plants in the Luffa, Curcurbita, and Cucum s genera.

Speci fic exanpl es include gourd, punpkin, cucunber) and nelon. 5 Exanples

of plants in the ~anjaceae famly include plants in the Lavandul a) Ment he,

and perilia genera. Specific exanples include |avender, peppef:ri ng Pam:.;

beef steak plant. Exanples of plants in the L33iaceae famly inclFu E prants

10 in the Alliunm) .L~LLitun, and Tt~l 3pa genera. , Specific exanples

i nclude onion, garlic, lily, and tulip. Exanples of plants in ttie

Gnenopodi aceae famly include plants in the 5pinaci apc%%?;f,yogw A specific

exanpl e i #@@pi nach. Exanples of plants in the rfinbelliferae famly

i ncl ude pﬁ% s'in the J!,gellaa, Daacus) Cryptotaenia) and Ap3tum genera.

Speci fi c exanpl es include Japanese udo, carrot, honewort, 20 and cel ery.

Preferably) the plants used in the mamufacturing nethod of the present

i nvention should be tobacco, tomato, potato) rice, nmaize) radish, soybean)

peas) alfalfa or spinach. 23 | deal:lhfqy,l tt}g)pgﬁmss tHeedeisnltsheofranuf act uri ng

nmet hod of the:mmeﬁse'ilﬁ’vé’r‘?‘?‘flﬁh S oulg be tobg knbor@ddtspet at o, mai ze or
! . . T ng;) s &vgs‘o h :

soybean. In tfise18eecid ifoamsing, and, FIGn} capabl e og cgsn,d%t; ng a 30

transfer reac{lQn Qfpt@2h@Ct Bise abbEETUAE1PDS £1F0R &4 g "t er mi nal

acetyl gl ucosanmne resi %'QS"- hR$ Qr, Ss taadan=etrmaymaor@ap@!m°€sof°rcgﬁﬁucti ng a

transfer reactHEh*t¥P®h gal act 8%&\&@%%%%4 Gurd € FeRICBng BB nal

acet yl gl ucosame¥ig transforped 1"34490, P 994268% BRP resi due
produced whenga. $HEaloohaUMPEES éérﬂe‘ﬂ“af’?és Ef/%#ggﬁs of the protein portion

of the gl ycoprotéai n a.n the plant cell . 5peaific exanples of these enzynes
i ncl ude , gal adf0syl t ransf er ﬁ&iﬁa{w&aﬁéﬁehamm'g:.PgéF‘.”é’bl"Sse .dase. 5
These enzynmesFE&dlbe ’dgﬂ’?/eg f TO/ G s3Ue¥Bh 0 enadeaPrsddieattl v, these
enzynes shoul d Paecugerichas? AR "rramra%htanglgwdle;gg & { hese/mmzymes shoul d
be deriveg framoaobsmeEh.ocveR 5@H‘I—"§“§'E)‘é8f‘ Icaton, 'H’ugq GSBR PfzeAn enzyne
capabl e of | O;cQpdiitdvsn@ne fieamibes slased| e AL gal act oies;{oensi due to a
non-reduci ng terninal..aget yhe UeBATG TN euvelengtdy frfe S HEHE whi ch can be
i sol ated fromT&A°anI nal cg‘la | 3165k NEha? 3Bokirk S @bEpectsieglience of an encoded
enzyne wel | kiSRALEHIThE®RT ?‘ig %r?m%&_iﬂjaEYiMiibﬁbﬂPBC@athm tered for
Specl "

expressi on 15 616 3 .arfzaphp Py | C n, oSl ynrefers to
the struglgur alosgene mostganchaine $htfG| 1Js‘e3%Jé‘§r)1tc1e° nsﬂ%ﬁsu

i i rgge %\i& QFPt er,
operator and tergl ngd YatSAGrRain ke dheova Ry -GERECIITSE® A5t o properly
express the gené in.a ?rlnl?ﬁ]ts ahfl Ahis$ Hpecrhteadf dhb md{Miden ot
gl ycopr ot ei ns"¥e¥ &Ps™0 gl vco [0k B HGRCuEveagsh omxeraif BNCS 5 the
resul t of gen&*qiteﬁb?'hé’é‘gf e q%(et o‘do'laogi es. Exanpl es of these
and 380 nm, respectively. stion of peak-K2 on
o0  FIG 13. A graph showing the elution pos

erse phase HPLC wherein two standard sugar chaln produpts
rev : '

A andBare compared with the peak K2. The elution c?nditlons
ame as in FIG 11. That is, elution was performed

he s
were ar gradient in 0.02% TFA over 60

in 0~-15% acetonitrile line
tes and at a Flow rate of 1.2 ml/min. -

showing the gF-HPLC profiles of'
chains obtained after

25 minu
FIG 14. Graphs

d PA sugar
galactosylate frer
exoglycosidase digestion. Elution was performed in

30-50% watexr gradient in the water- acetonitrile mixture over
25 minutes and at a flow rate of 0.8 ml/min. (A) PA-sugar

> pain K-2: I is the elution position of the galactosylated
c -2:

pA sugar chain used: II is B -galactosidase digests of I;
s

TII is a N-acetyl-B -D-glucosaminidase digests of 11: IV 1s



25 exogenous gl ycoproteins include enzynes, hornones,: cytokines,

anti bodi es, vaccines) receptors and serum proteins. Exanples of enzynes

i ncl ude horseradi sh peroxi dase, kinase, glucocerebrosidase,

cx-gal act osi dase, tissue-type plasm nogen activator (TPA)) and hW% (gﬁ :’2803
reduct ase. exanpl es of hornmones and cytokines include enkephalin

interferon al pha) G GSF, G CSF, chorion stinmulating hornone)
interleukin-2, interferon--beta, interferon-gamma, erythropoietin. vascul ar
endot hel i al '- 9 SEP 2003 WD 001 34490 7.6 PCT/JP991QG&z$3bsomésent h f actor,
human chor iwepeadasot ropin (HCG, |euteinizing hormone (LH), thyroid

stinul ating hornone (TSH), prolactin, and ovary stinulating hornone.

Exanpl es of antibodies inalt~de 1gG and scFv. Exanples of vaccines 5

i ncl ude antigens such as Hepatitis H d@rface antigen, rotavirus antigen,
Escherichia coli enterotoxi n mal aria antigen) rabies virus G protein, and

H V virus glycoprotein (e. ?e igestE éfmies (@) RRecBpRD CHOEMd matrix
protei ns i ncl upexBekay @c@b’?’&ﬂ’§ ron Ciid afgcta,gyg_ﬂgq)m sugand | d

coagul ati on fag! @risvihé elEt(Jaﬁ‘pP n S&r um rot ei ns | ggralibum n,

conpl ement proteins, .phasy &egéngaawtqﬂééﬁ%r‘?ﬁ% bF nd I%,d g Quli n,

t hr oxi ne- bi ndi ¥ é’l obuli N ms%&ﬁﬂaﬂe@igdﬁﬁl aft Fhss Wpdki Fi éatl on, "genes
- of exogeneous Bt 455y opel ng

{" 11.0va1 S5tk anmnn%iqaﬁl ated froma
- cell usinga nusxhxwt:ﬁeées"éaﬁﬁ an encoded pr otein well known in the

art, or commer gigédts agalllabl e genes alter ed i dd’hsp| ants. 20
The gene of thg QJ:] 7y "ESpoamabed pfrus RSt Ph g tbr?)z;'l?]tg1 o Qﬂy Heon of a
gal act ose resi due to 1%' h%dugaﬁgOWMMﬂsach?IW am ne “r esi due and
the genes of e®B %’rfb‘ﬁ]g g mpr L%ﬂ?m&?f& hatiat roduced to the plant cells
using 25 a met muevmqseﬁn N tﬁgg din PST Sfind@nesoe amylbeindn r oduced

0

separ at el yo0r girguls anebasPg=arba t h Qr ak¥dtagncemng genes to
pl ant cells in Inqéq .| hsAgrabsbrenategr gk ’ﬁg’g‘ ?‘Iggg b

ectr #éon net hod
and the parti cI ngfgt%mﬁp megtdeork (BD SUQV%@“&WSH& £ Q'RQFL known in the
art , the plant9 3ePF 8460 cgdmganﬂsrmitbél’f’%]t"é’a P& Cﬁﬁl‘ke $ure the

i ntroduced genextaipin@dsf ressed X 30D 5e Ot e i@l cutinddstiches #a% 9 SEP
2003 WO 00| 3449%xainipgT| TPR4FD o-incubated with buffer

100 tin RCA130 PT

then probed using .
* jone (I and I1) or incubated in puffer with excess gala

on =

. In (II), HRP was treated with B - galactosidase .fr ‘

o oniae before SDS-PAGE. Lane 1 1is a

piplococcus ppeumn -BRP and Lane 2 is a

taining BY¥Y2-
ected fraction coh :
5 tion containing GT6-HRP. The numbers to th

20 collected frac the standard

reft refer to the locatlion and the size (XDa) of
protein.
FIG 17.
of the PA sug
25 chromatography.
: hs of Wes
FIG 18. Photograp o -
tection of plant specif:x.c complex-type glyc e
- P is fractioned by SDS-PAGE, transferre
and confirmed wlth rabbit anti-HRP (A) and

B . |

A graph showing the results of reverse-phase HPLC

ar chains from purified HRP aftex RCA.0 affinity

tern .blotting showing imune..
The

purified HR
nitrocellulose,



silver staining or augnentation, Western blotting, Northern hybridization,
and enzyne activity detection. Cells that express the introduced genes are
referred to as transfornmed cells. 5 Transforned cells, which expéeéé
enzynes capabl e of conducting a transfer reaction of a gal act oSevdr Ed%p@3to
a non-reducing term nal acetyl gl ucosam ne resi due and exogenous

gl ycoprotei ns, express exogenous gl ycoproteins with human-type sugar
chains. In other words, the 10 transfornmed cells have heorem¥ogssd sugar

chai n addi o #&d498ni sns. By cultivating these transforned cells,

gl ycoproteins with human-type sugar chains can be mass produced. Human-type
gl ycoproteins contain core sugar chains _and outside sugar chains., The core
sugar chains 15 consi st essentially of &1pl urality of mannose or

acetyl gl ueosam ne. The outside sugar chains in these glycoproteins contain
non-reduci ng term nal l%%a&ncm_n PRE t gl tosFinteduNs pHEcan §Ly HBRai ns can
have a strai ght *@hal%h “conf i qur at | O} oPhark RraDAEdethaiaracoot inpacst i on. The
20 branched sugd@eriest AXRBr eoﬁr s %3 nono-, Db o shbhif a1l §lredot
configuration. #penghynspeeres waichhes Beet FRALES §E T hese transformed cells

ideal Iy do not ¢ ; 1bue Ofesidexyhdisative ofh@dent NiEFSPREY pl ant
- sells can renni ‘r‘{g%aﬁamﬁg??&g ssg@;;elg{keaaglybansliahﬂsnemﬁai@‘(?li"fﬂdo specific
" tissues or %rgaﬁgg;ﬂl‘t rhativel y) tgﬁ/ ﬁ%qgoﬁl ﬁgtmygqaemaeﬂl&smm pl ant s.
"In this case, the thansPeRmeRPPalPtEITs tan be g%ueserét [bnd%@ti re
plant or in spegifigunef ahantoldi bodies. ot deRAET S8 Seed, it, nut,
l'eaf, root, st e?lo;mé' Qe heRbtdd MaRhoms, @ gemyhest gRRRCHASCH RafaM- t ype
sugar chains ca e ranuf qt ugg@rb)& ¥ctiivargf ormed plant cells and then be
~"s sep 211 -3 weraspa et o IPRBGIE s atderreumesan | om e
pl ant cel | 3o TheEItRhodSEBICtIESE OF “31{‘ ) %ﬁg‘gop&ot el is.cal,fife afy net hod
wel | known in theiapkea Fhpcal yiroiRst i h&18PEsEhE H;venti on can be
used in fOOdSthfﬁﬁ‘ﬂQ' & FeTelk NPireSetertited pimtialied aegPFes or the
gl ycoprot ei ns of tfie BFE5ent o0y SaideC @ enacs saherexs.: ol <
i ncl udi ng hunman&i@Bfout’ &KL gegcilm t Y RECANSg.0f the added human-type sugar
chains. Her ei nafdemotepheighi&s 8Rt% AVERt | on wi | a1RGe 958 Cid g elsBne O det ai |
by way of iylsl usStymg izie ilbastyriesy gRe 9% (g ™ t3<arrpF'es. (Eﬁ?rmg_e § @ oning
Human ~Q 1, 4 esenTransteraad Gowms te fsemezs Madsy Y ihsferase (haT)
genes (ECZ. 4. 1. 3%; %v 42 Sedb RdyvheeBechnrethose Dighmmepredh YBEAr at i on

consi st 3. ng of 0 aci ds be L-$68Y6 s8e gMpSdrrprodeshingt al . .,
H ochem Hi ophys@lMP°€Bﬁﬁ‘cﬂﬁs,"%§"}’,e%E‘v%? 6 it

31 | 9 8 i
Preparation and Jesgmeat @oDbid\ Sutstrares ity ‘i4ﬁg?ga%\%°r°&1¥f§%%%§:@ th
‘reference t% t he 2% MONOLAtinauasen oft GRENAH &F-Max: & andg}agm. oA
D T AMAGAT ﬁwmtﬂ(mem ¢ Dappapdiaside ManT-

3' - TCGATCGCAAAACER GCT ' AcSeRNE N A6niaDcah Wha. suBELT&pe of
3 - Amdwmmﬁﬁfﬁmﬁ%quence T D 3) hGT6~pe:

5' - AAGACTAGTGGGGEEEATGCTGATTGA- 3' ( Seguence | . D: 4 -
FIG 22 also il].ustrate(s ax?other the embozliment of the present

25 inventlon. 1,4-Ga1actosy1transferaae (Gal T) uses UDP-
ctose as a donor substrate and GlcNAc2Man3GlcNAc2 ag

Efficient supply of UDP-galactose
and more

gala
an acceptor substrate.
will enhance the Gal T enzyme reaction

gulactosylated oligosaccharide will be produced.

30

the present invention will be described in

Hereinafter, . .
In performing the present invention,

further detail.



Human genonme DNA, human pl acenta cDNA, and hurman ki dney eDNA 3o purchased
from Clontech were used as the tenplate DNA. (2) Coning the hGI %&E%D%
(i) Hurman genone DNA was used as the tenplate and hGI-5Eco o 0 §3
WO 00/ 34490 PCTI JP99/06881 19 and hGT-7Spe were used as the prinmers ; ( ii
) Human pl acenta cDNA was used as the tenplate and hGT-2Sal and hGI6Spe
were used as the prinmers . The two were conbi ned and a PCR reacti on was
performed under the follow ng conditions. Then, 0.4 kb 5 and 0. a kb
fragments contai ni ng hGT encoded areas were obtai ned. pdpGRoneact i on
mxture) 1WOW4hplate DNA, 5 a ml 10 x PCR Duffer solution, 4 a 1 dNTPs (
200 M) , the priners ( 10 pnol ) , and 0.5 ,ul (Takara Shuzo Co. ( Ltd. )
Tag polynerise (or 0.2 to Lil Tub polypggrase), water was added to rmake 50
f~I. (PCR Reaction Conditions)First Stage: 1 cycle) denaturation (94s~C) 5
m nutes, annealing (55QC) 1 mnute) extension (720C) 2 m nutes. Second
Stage: 30 cycl 5 eslebatetidke Amalcadsi, Gnyl convent éonalnkehnigye (Ga85QC) 1

m nut e, extension 7285 ] ReitiRds forhisolatigend anayydimg)

denat uration (lbﬁ,zﬁss%&')%fg% %ﬁ?éﬁgnrﬁahwgﬁ&ﬁ  ZpfddUheslodaXt ensi on
(720) . 5 mi nut eProfeids: 4% Wit u’\‘/\?er% conbined to formhGT gene eDNA and
cloned in pH uesarbetopducgicd PORFINGIGOMBEFHAL IS PIHERESE TEK) was
purchased §rompatkétsagene Co., Ltd. FIG 2 shows the st~uature of a plasmd
contai ning hGI gene cDNA. This shows Sequence Na. 5 in the hGT gene

nucl eoti de sequence and Seguence | b el 2hb8 oFci d
sequence. Thi s Thedretdef & g‘éﬁﬁ’é’ﬁ(s:eg&dlj'ﬁ?%%gggﬁ%%t ﬂ?thT sgguyence 25
mpI T X

publ i shed by Mrenifettuzing @3¥FECRFRFPPS (WiEPHW R F_l‘é?% s a. a) The
nucl eot i des ar gpiiffLepatdificatbai, henak-typesyger shaip’ WE8TFLOG the Cin
Posi tion #? 562 J Ea;l', cifid WienAal BaDtftobt Ofediduel Qdnked 16 shdever the

~encoded ari'no aci d sequence, i s anaed: N BE, Guie@OLh s At
posi tions 30 fAGAFBEEEPEHGS rggid‘%g g%%' tg'a:mc i

) I,.on . r8ahSs Ng; c¢) The

G in Position Kemangyressyeafghahk o ke %itte%%jl?%gﬁga’gﬁ%ng. These
nucl eoti de changesalser ecihhchesidue sgnhe Aapkest &80 PHRSARREtHE the 0. 4
kb fragment aani,a(iaet&&&e&mgsrenpmfeﬁbﬁp R0 JLVPBVItSAR 0L Jthe
PC f/JP99/ 06981 are £quOgH &6 aThi8t i hulylbss lorcodoms LATAA i n hGT gene
CDNA. Tn i s é’xperl ment , hoo\ge\ég(ra, élflgwgﬁ!f‘l%ok§ig%§_l FHE tooxeC Bugdrat
transl ation bedin€™?r&nTPRe Wed8Rd TRt al ~codon (B9SiLdn0oN o Nogy37) -

chain portion, the branched sugar chain' porxtion, © ]

rerminal sugar chain portion of the human-type sugar chain.

More preferably, neither xylose or fucose should be linked

20 to any portion of the human-type sugar chain, and ideally
there ‘should be no xylose or fucose coptained in the

human-type sugar chain at all.

The plant cells can be any pla'nt cells desired. The plant
25 cells can be cultured cells, cells in cultured tissue or
cultured organs, ox cells in a plant. Preferably, the plant‘
cells should be cultured cells, or cells in cultured tissue
or cultured organs. Most preferably, the plant cells should
be cells in whole plants, or portions thereof, that produce
30 glycoproteins with human-type sugar chains. The type of
plant used in the manufacturing method of the present
invention can be any type of plant that is used in gene
transference. Examples of types of plants that can be used



5 (Exanple 2) Introduction of the hGI Gene to a Cultivated Tobacco Cell ( 1
) 1t has been reported they hGI is expressed in an active formin

Escheri ahia Qh (Aoki, D. et al., E10 J., 9) 3171, 10 1990 and 'JN?(%:E@W&UUR
et_al. , J. Biochem 113, 747, 1993 ) . In order for a Cultivated tobacco
cell to express hGI, the expression vector pGAhGI had to be structured as
shown an FIG 3. A cauliflower nosaic virus 35S pronoter (CaW 35S
pronoter), which drives gene expression constitutively in 15 plant cells,
was used as the pronoter. A kanamycinresi stance gene wegjugeesias t he

sel ection WO  The pGAhGT was introduced to the cultivated tobacco cell
by nmeans of Agrobacterium nethod. 20 The Agrobacteriumret hod was perfornmed
using the triparental mating nethod of,Bevan et al. (Bevan, M , Nucleic
Acid Res. , 12, 8711, 198A). Escherichra cal3 DH5a (saE44, D acUl69,
(~801laczDM 5), hsdR27) (Hethesda Research Laboratories Inc. u:dfocus 8 ( 2)
, 9, 1986 ) wi, m,g%mh!aeuﬁdmgmedaoqmmegr?semWﬁ&ﬂ%“éﬁ ol . 153, 292 )
1987 ) and Escher| chi %hgg_?&,ilj@@éf%ﬁ&h&&hpewwbmmlcbqsﬁl@e?@:( Bevan, M
Nucl ei ¢ Acid R3PS 17 1.°1.984) vere lefiacehandi ngmaseead.ght and 37C
in a2 x YT newisaneeont atRPAG "P528 }Q%rtetr ¢sline and 50 ng/1

kanamyci n, arigiiAgeadac Chenarafi oGy pe HeRLETEE  was 1 eft 30 st andi ng
ovex two Ei ghts at 28Cin a 2 x YT medium containing 50 ng/1 kananycin and
25 ng/ 1 chlor afgphegi CQl- 51 HAED)1nltie Bb1aHaceae taguly UncludraleRthas renoved
and pl aced i nt"8*®FR enpdlorfﬁt % A d1oiat RGcoSdrsicoh anadatsetai n were - ~~
5 'SEP 2003 VIO WOTEASPEETRy SEOT0R A 2T 'gf;l e¢hefecd, Nedephlbst ere rinsed
three times i ngemeraB nSueEHBLCTIRXAERISS HHt Al ﬁeg In this manner were then
suspended in ]ﬁgm;atta_1tdm‘ata,ZchYTpmrun?n%PﬁéHnW'th three types of

bacteri a,%app led to a 2 x YT agar nedium and cultivated at 28C whereby 5
the pGA-tiype plasm ds, then underwent, sy gamlly theiifeepldntesmithe E co.tt
to the AgrobacPRFfif Gmfﬁ%tyssgﬁa%%r Pé&”c%hﬁiu"} gﬁcmoeﬂyo@maaa ng on the 2
x YT agar pl at enevasysoiiRrEert®; 654 % HNam 'oog atpdrl%%pl }rgg to an LB
agar plate congediiang SPecifif letBRIRS ninefzdg ﬁﬁ 9 277 yclTne, and 25
ng/ 1 to chl or apphgni-agba dAlukesarui,t saamiong anfemadtRents for two days at
28C, a siln%I e calony was selected. Transformation of the cultivated tobacco
cells was*derfornmed usin he 8 FamiliPinclade plBin&at Mol . Hi o.
Manual , 15 A3, Exampiesqf Gsﬁgﬁ‘t"ggigrg%%éag oL ﬁ%i\y,t lanBGAL ype

pl asm ds cul ti yat etief diﬂpgﬁ'f‘fﬁzur%’aaffi'i%’(: Wil an flg#grfegi um %? glyi ng 12.5

ng/ 1 tetracycl pgsaint denvraof specifiscrrmEied AneLrYs VAR EF Cobacco cel s
“N3cot i ana taba%_a‘i CVragisesl] Yolrabidchsist r dinaligna.Hy- Japtesi®ned usi ng
Catal og No. RP fromth Lrdeypakogrmnt G oup of the Gene Hank
at the Li##@ ScP@ﬁ%?“F&ﬁEUbaé’%Rgégﬁlélﬁe}éent e%) , a.n their fourth day of
cultivation, were m xed together thoroughly i di d to stand
in a dark pl ac@xakpBECof TNRAMIgY4n |WeefyS g?"%t eig% utig#?gg renoved
fromthe di sh gpdyhbeoRmusupranet aRynuns Fsagaridr 8O W PRY" A centri fuge (
1000 ~cpm: 5 ? UL £ bxamgte S9dluapeplumt, perhi nermicuceert-oPEEHew medi um
and centrifugedfagain, The S$8ldsg_were innocul ated onto a nodified LS agar
plate wa. 2f 15GFBEPHYF1 RAnhamycin and 250 ng/1 carbenicillin. . This was
allowed to stand in darkness 30 at 25C. After two ol {lggpwgggé, the cells
grown to the caljanples agolaste inrthediesdarsas faa.m’ﬁé'\ﬁp ate-and cl ones were
sel ected. After,f\Qetg1fdines waplks, Pidseotbendyswer Fieianst@Bit o a 30
modi fied LS medium wi lt"p KanAPuCiaflg MedScadeyeteld. \\SpeeL B40GmPLT? JP99106881

Trifoli g i
30 includesoybean,adzukibean,kidneybeans,peas,fava eans,

peanuts, clover, and alfalfa.

Examples of plants in the curcurbitaceae famlily include



22 and carbenicillin. This selection process was repeated over about one
nonth. Six resistant strains were randonly selected fromthe resistant
strains obtained in this manner (GI 1, 4, 5. 6. 8 and 9). 5 (2)
Verification of the Introduced hGT Genes In the resistant straimdg SEP2200%p
fragment ~cont ai ni ng a CaMv35S pronoter and an hGI gene cDNA- NOS term nator
in the T-DNA was confirnmed in the genom c DNA of the cultivated 10 tobacco
cells using a Southern blot analysis . The Southern nethod toes perfornmed
af.ter the ggrwmgg DNA had been prepared fromthe resi ptpyiomssiai ns

ment i oned above ‘and di gested by EcoRl ~and H ndll1. 15 The preparation of
the chronbsomal DNA fromthe cultured tobacco cells was perforned using the
Wat anabe net hod (Watanabe, K., Coning,and Sequence, Plant Biotechnol ogy
Experi ment Manual , Nouson Bunks Co.( r.td.). First) 10 ml of the cultivated
tobacco sells mere frozen using liquid 20 ~ nitrogen, and then ground to
powder using ailants ain ande psefi®. . Curmpobitd,i \AndgrGieimés PRREFowder was
placed in a cephkifidexkrpred 4tchitde rgopicd] youspiint hatcumber f ragen powder did
not. nelt and mxed with 5 mM of a 2 x CTAB ( cetyltrinethyl amonium

broni de ) sol T€8H pre-heated to 60C _ This was wel | mixed, . 25 slowy for
10 m nutes, and then allowed to stand at 60C.: Than, 5 m of a

chl orof or g1i s@xaypBdsc of Pplagittsrire dhe Hisgigeepe fyrkivoAnclude A5t e was t hen
centrifuged (2,800e" Piankars) MEntsa, raa@mPeeiDE enees. . Sphelfia f ace | ayer
was then transterted 30 1Qe3 080440 Sppesithit, (dititodataedngiaie extraction
process was reeﬂ)‘gﬂ?e using the chlorof ormisoanyl al coho3. (24:1) solution_
After the surface |ayer had been mxed with 1/10 volune of 10% CTAB, it was
centrifuged ( ExaBples pfplE®tsi fruthe Liliaceap Spmibyndnciygeoplantsfoo

PCT/ JP9919683$% n23%el £ uln® WP 1 @i, Lirt) Tul1ph gesend acspdcifec ewamplesansferred to
a new centrif t 1% W ddn #@1gsual vol ume of cold

i sopropanol . Eli'%gl%‘?:;agongggéi%i?oll\?gﬁt m xturgﬂvvas then centrifuged (4,500
rpm 20 mnutes, roomtenperature) . 5 After the su%\ernataniﬂ ad been
renoved usi ng Exampies oft slanty ipathe Lhegrediagedr HILYTEBING%r sol ution
containing 1 Miafts ubn ctheorSmigacTdni aengxs - c ohpFpeadifiicdiexamedisat 5560C.
This was,gi xedghhgagoughly with 5 nl of frozen isopropanal and the DNA was
observed. It was placed on the 10 tip of a chip, transferred to an
Eppendorf tube (containing eo%f[rozen ethanol nd .t 'F§'§pl. The DNA
was then ri ns@&@ﬁ%ﬁ’?ﬁ%’%%h% L}é?lé"'%ﬁlﬁél ?faﬁ%*‘e‘“ig‘ﬁqé‘&'h‘ggﬁ’% was di ssol ved
in the approprinatize amoehbtcanf DFECUsf CHPtOsAeN % nandrRBHT UM IRPEXR - RNAase A (10
my/ M) was adégdcifiyl ekansieadiddvider Japasese mdoatca3 6L, @ompwerti on of the 2
x CTAH S?kuti Qn; gg/ﬂeQ?AB, 0.1 MTris-HO (pH3.0), 1.4 Msodiumchloride) 1%
pol yvi np pyrrc?lnldldone VP) : conposition of the 10% CTAB sol ution: 7.0%
CTAB, 0.7 M sodium chloride. 20 The Southern bl ot nethod a ferformad in
the fol | owi ng Prefeerbly(| ShepRpaHscBieSh bR FPESTNVAAG KRS Ter&’ a‘?ur ation:

After 40 a g ahet heesmtoimestdbn DRRUAd (b dehaeerptePets, #PyREted by the
restriction enzwee, mdixe,Skadcar,dsopbdrod wess usadalimdor?2spindéhagar ose gel

gl ect (rjOpgg&esLI%[e\g@f%pﬁf.% %&H?E«Ejs (éga Y)lltthe\r/]\@eﬁzutfhﬁfhﬁtn?i mafowi dshered hi di um 00
rom de and photographed. The ge s, t.hen s r pgers in 4

m of 0.25 M mEeseny ARVeRtan géf%u&d\rl%rrﬁc\’/%a, °é%l§'tgﬁ%' 38?“‘3%’@?“‘”%& ed with A0O
m of a denat wox sgybesution (1.5 M NaCl, 0.5 M NaCH by 3 D shaking s lowy

f or QL5 mnutes . Next , the liquid was renoved, 400 nl of neutral
solution (1.5 193 1spgc§fi\4a-£¥x5§: MGh dHEyheldapadse asidednawitdnghe sol _uti on
was. onaked ol Wlahekel reaclldiUbf % odlitlosd Wsiladbo ol GdiBing Of LT 0N vas

terminal acetylglucosamine residue” refers to an enzyme

capable of conducting a transfer reaction of a galactose

residue to a non-reducing terminal acetylglucosamine




-~ 9 SEP 2003 WO 00/ 34d90 24 ecrnP-~rosas~ added, and the solution was
shaken slowy again for 15 mnutes. (11) Transfer After el ectrophoresis
the DNA was transferred to a nylon nenbrane (Hybond-N Anershamje=@siS88 2003
SSC. The transfer took nore than 12 hours. After the 5 blotted nenbrane was
allowed to dry at roomtenperature fox an hour, UV fixing Was performed for
five mnutes. 20 x SSC Conposition: 3 MNaCl, 0. 3 Msodiumnitrate. (iii)
DNA Probe Preparation: The DNA probe preparation was perfornmed using a
Random Pri g@yohsdag! i ng Kit (Takara Shuzo Co. , Ltd. ) PCREBPA6EI0 t he
reaction solution was prepared in an Eppendorf tube. After the tube was
hated for three mnutes to 95C) it was rapidly cooled in ice. Then ) 25 ng
of the tenplate DNA and 2 ,u 1 of the fg|andom Priner were added to make 5 a
1. Then, 2. 5111 30 x buffer solution, 2. 51.m dNTPs, and 5 ~.C 1 ( rx Z5
3sP] dCTP (1.85 MBg, 50 nCi) were added and H=0O vvafs ad to br| ng the
vol une of reactasgdueipxp@aeed ghenya pugar cheinis saded aftex &HbW f r agnent
was added and gienepratidiamorasombFk dive dlycoprodnin rtmthmlﬁrlheﬁé% at 37C. Yt

was t hen passe%, Bﬁﬁgggh SxARREQ colougrm (tBbaé rrace:a:ﬁras , Ghdludet o pr epare
e

t he 20 rif After Dbein ted
was' rap:ogl ;/ ecﬂﬂlé&t???]rtdfénsﬁ?fltfs sé’& 5%“’8 ﬁ M&%sg&asges 5

Zat?"‘b‘% a (iv)

Hybx~. di zat i orfhepeSengypas) - BmS Mpadeattrd & I’f@yf P '{fsﬁ% hybri di zati on
6ol ution, the pesrararey, Bhésd pnzwees shrsvldaee derived Exam e meamahnd

pre- hybri di zat QN ; 4o 135 tRESd ChBPbs @hodlld Be tdbativédvErba s human 42C.

Af terwards, the DNA probe prep$red in (13.i) was added, and hybrr di zation
was perforrred for nore than 12 hours at 42C._ Conposition

P e- hybr i di zat Trorthdps| fRecdficatipnggribes gepg) af gp | zﬁﬁ'Ssp?Paat %g% (w v)

f or mam dej)o 5 Xcdna@nbainy 'as tsahsfierone®eipn pek fagatRdiP =g ’F‘Eﬁlrdﬁg 190 x
Denhardt' s S0} WbhOReducing tekm¥nél WowtyldiRBos&amposisiidon” ofant be 100 X

pal yoi nyl pyr 1ol i29Re" fgirpw‘?@vé"#gﬁ%“% O by Faidg in the
mmnner desc o =cnse 3 R Fpd o Bin 24 el ow

manner descri betpleoti
aut or adi ogr aphgrtwasre pmwmalnngapﬁe %PaﬁéaFﬂrﬁ?eT%ﬁxprl"t“ ® perforned
twi ce forisl5 mMpghaatsy 65C in 2 x SSC and D . , % SDS, and once for 15

m nutes at 65C in a. | x SSC and 0. 1% SDS. 5 The resul ts of the Southern

bl ot anal ysi s of he geno ep wfr apd gﬁgar ns are
shown in FIG 4° \Aﬂe"n%i%% %e%%r es‘%g%%ﬁgf Ef{éﬁ%ﬁs}] gen

verified in fot#r@ﬂ:Pﬁ?th‘{"GTI’"rBimB aftaceyt ‘{1 B & %\nal SI s of the
Gal aat osyl t r angfaoase, Bpamﬁmmﬁrttemv@aéerl@nd?e %*Té“’@r%E ‘blgﬁﬁﬁts (GT-1, 86,
8 and 9) and W Gist ¥9EprSopeZly Neiptess i tHehgéle amgh sangnt h day's culture 15
bath were harvested, and then suspended in extraction buffer solution ( 25
mM Tris-AC, pH 7.4, 025M cros K Jg cells wero
ruptured usi ngI'UItP?%@Bﬁﬁhf s ﬁ*:;gfnml\@&k?@%%%%ers? Ltd. Japan)
or honogeni zedglmre'e#’rnsex’t‘?%ﬁtf"e’éﬁ B REaR e 1 Y10 EBTHE B fractions
wer e then prepgémlacemgdnmlmg meshoddliogdesnf SEXplindasclef Thege gl |

( Sahwi ent gk, HadoFE NSh1ychpotefsne ibédnac 9%edydes 1 99Myrmonkke expr essi on

of the h prOt i DSphas det 6ladsUsTaRiNeSt efdbdphols | laqdargeduantl - hunman
gal actasyl tran SrA%8 { rmnocr

onal anti bodi,es 2 . 5000
( Ue, ~ima, T_ exotgins. TR SRS of EnEXTEF) %--Wm;iﬁg% st‘Jeera M et
al. , Cancer RpsroxldEan. &i158s6,1 §Tucdrgebresigage; dbtpﬂﬂ-ycp?%’f‘??%r Nar i mat su
~i i sashi of Sokfsdai-¥9psi pYagminobext actientuirot ETRRSL e dndc UBE-CGAWI t h
hor ser adi ;p PeLoxiA38E: CORtARIbS Jof ORdrrRRLE - BRSOy ol EnéS YA sddhadte i | k
enkephalin, interferon alpha, GM-CSF, G-CSF, chorion
stimalating hormone, Iinterleukin-Z2, interferon-beta,
interferon-gamma, erythropoietin, wvascular endothelial



30 1:1000; EY Laboratories, Tna., CA)) and a colorinetric reaction using
hor ser adi sh per oxi dase was performed using the POD | munoblotting |Gt

(~l ako Chenical s, Osaka). 9 SEP 2003 WO 00! 34A90 PCTI JP99J068813 £ PA2003
i nunobl ot anal ysi s of the conplex glycans unique to plants was perforned
usi ng polyclonal antiserum against fruatosidase in the cell walls of
carrots and horseradi sh peroxi dase-conjugated goat anti-rabbit 19gG

anti bodies (5% S skimmlk 1:1000; Signa) (Lauriere, M et al. , Plant
Physi ol . 9Qooddde- 1188, 1989). The 131,4-gal actosyl tr poshepesse activity was
assayed as a substrate usi'ng UDP-gal actose and a pyridylamno (PA-) I O

| abel ed A cNAczMan, d cNAcz ( G cNAczMan3d aNAcz-PA ) ( Morita, N et al "
. 7. Biochem 7.03, 332 395, 1988). Thgenzyne reaction sol ution contained
1- 120 ug protein, ZS mM sodi um caaadylate (pH 7.4)) 10 nM Mhd z, 200 mM
UDP- gal act ose, and 100 nM d cNAczMan3d aNAa~- PA. An HPLC anal sis was 15
performed on tdr@wmhactfammuodub‘tmml nFhPRLgRRadetRemRnand (BAEPAR Type N
col ums ( Takerpueh¥R0z159- honh&rda (LHA N d thinsoide tstaniulaidogmbateendy t he

manuf acturer. étﬂﬁﬁgt fh&nohled N Gafip T8 ker t eas
used along w t@g&%r &ocs ManSGlc oy

d t IS
Gal G cNAC, Man3 anitkoddeas ARciae g6 ?’b’insf gx \1,1@3 ?:tg%fé%i'?é and Honen
Co.) Ltd. sThe infiuaebhmtitengs sheh @heﬂﬁmﬁtié?-ﬁsndétlﬁfé’d’ St he
transformant gngabieushahdigemeEsEhdr@onie &lanantaroEb@ib,. m@Sarka shown in FI G

5, positive Si%’%a'é Ola @&%@EIwﬂhtaﬁnﬁﬁvm yByopebserved. This is

greater than the fio ecu r vve esiimate Q854 sequence
(40 kDa) and i‘e-BoudMiy gﬁéﬁt’ %rteﬁep ovi N nrén}in"a;%af{ctéJrlL i

I trapsfer ase
purified fromm@u@esmifhéeemp?@@seéi\’?ms%’éé’t‘ (ﬂJeﬁBF%ttr’WlB:eLX'B%mgt al .
Cancer Rq% , baghl&tidh]l FactdBIRTIBChwEsatmler Pf etermmn protgins Bj of . Chem
271 ( %%3§a§40§1b&896 ) complemeh€ NbES1RSAFE fphanizmBgen mTUNOr eact i ve

bands ( FI G 5 Lanes nger 4 hose sate(FI G 5,
Lanes 6-8)  JOSEM S 6\%%’6‘%&3 &%%9%106832(2’%%?2%%%% ved. This

means t hat hGDh@“lb‘talaPEeEF%"éf‘e?entl ally in the cell. No inmunoreactive
bands were .detected in the wild-type cells. 5 The .proteins in~ the

m cr osony gf raclt,; s gﬁeélrfaasémmameﬁ&ﬁaﬂogmbdus Qypeoﬂi‘étgim'r e bound in
an RCA 20 ‘agar 858, Ol Bk £diP Bt Aed 1a6hR) £r i enusiiged with 15

vol umes of 10 amoni .um acet at e o}.ei NS were
el uted using O BURFPAUTEESLCIRPPR, fge’ﬁaernftofigk‘r:t‘ Ejrgit%:%?g}g %qug%k&# t he
8 AFEPF of Fing 1Git ) (

prot ei ns~wer e teaiardd BF RPMEPFFALIYt AVALLEP VWIS
FIG5 ) or |echiptesiohGid plantisn the | ectin staining, the menbr ane bl ots
were rinsgd in a TTHS buffer solution (10 mM Tris-HQ,'pH 7.d; 0.15 M Nad ;

0. 05% Tween 2 and | t r | dass ggb,el ed RCAl ~o
15 (H(:)nen Co.) aesxe FggtegthP%Lm Ab2E cﬁd'cﬁnd@ﬁriﬂl‘; &as@n

can vas sing a
| munobl ot t i ngrqaettm( WREKD SBHRTHSRI Ees%aé Gr “ciggssteexﬁ%gnyl n FIG 7) an
RCAxzo bi ndi ngpmwlabtcwbsevq/eae?#@“tehe"\ﬁl ety!tfé‘eBYZ”fce‘F’f"é’enaﬂﬂ the GT6 had
a gl ycapr ot ei ngiicbpreediaet eae w@nitteauoedredube mpiandr pehis vshnghe gl ycan 20

poxtion. ,Lhe prol d&@iﬁrﬁ%n&mﬁbm vmqtndsw&eesea(& selhtroanded he. GI6

cell's as Ael | a t r d f oakf kbit
chr o?rat zgr aphf‘?sﬁt?F bed sg‘ér?’!rltpgn%l ;lét% ona :&%5@? F/métiodt! kot 1y

1ntroducing genes to plant cells include the Agrobacterium
method, the electroporation method and the particle

pombardment method.

30 _ .
Using any method well known in the art, the plant cells with

introduced genes can be tested to make sure the introduced
genes A&re expressed. Examples of such methods include:



25_antibodi es uniques to conplex glycan ( FIG8 ) . The antiserum binds
predom nantly to the ~ 1) 2-xyl ose residue on the plant

gl ycoprotei n~(Lauriere, M et al., Plant Physiol _ 90, 1182- 118&“9]&5?@)2003
Air shown in FIG 8) the wild-type HY2 cells (Lane 1) contain glycaprateins
that reacted with the 30 pol yelonal antiserum GI6 contains very few

gl ycoproteins that reacted with the polyclonal antiserum (Lane 2). The GIG
gl ycoproteins eluted from RC~A~zo affiinity chromatography dad not bind to
t e pol ycl ewedosawd i serum i ndicating that 9 SEP 2003MBrffegpado 28

Pcr ~a~99~0sss ~ the gal actosyl ated gl ycan does not contain 131, 2-xyl ose
resi due (bane 3). ( Exanple 4 ) Introduction of the Horseradi sh Peroxidase
( HRP ) 5 gene to the hGI-Introduced Gyl tivated Tobacco Ce7,Is ,

Hor ser adi sh peroxi dase gene was i‘ntroduced to the resultant GI6 cell line_
Among the different types of plant peroxidase.~ horseradi sh peroxidase,
especi al | y HRP1YBF pirgieinaprpayameptaion, Meshasn bbettinge Nogbhern o extensive
research. 10 HE@Bridizdid.onseohd enzymei aztiveny \Getetthmi. onsllzeckarse of its
superi or st abigkpt¥s@Rfle anbroftbeanpnks WFetferavhsd 2068 RESEbLfdd Y- FOX
exanple, it ha gen used in enzyme i munol ogy for binding wth a secondary
anti body in V‘fstlern blotti A nunber of horseradi sh paroxi dase i sozyne
genes 15 ﬁaveTﬁﬁﬂFff@Wdclﬁgﬂ ( BHAFY o S¥PTEES cenzymes  ¢mpablg. ¢ ochem |,
173, 681- 687, cbp8ectbngraj tnansfier Reastial of, aGriact88e realahéXxo 1990).

d atPer vxi dase QO%PB&udMﬁgcrtelrﬁlﬁlC%@éiyhfylﬁaﬁ%ﬁne §e%idu%t éxIaﬂgS' ated as a
protein consi Ci ainin xtra tide

consi sting of %gbgan?q‘fsoggg % gi'?s gﬁ?f t &1 h oo as"a % 3% acids at the
Cterminus . ThER bupppctype p?”@éés@&i’f‘% f orh a"’iﬁﬁ-‘ur‘@’@ﬁzyr@%th 308

am no acles (Iﬁupnglfawmedlmlb@ bave HBeman-3yp8i suh@m chdin/ 3adddhly 6s7, | 988)
The nol ecul ar meenghiismel ClwPRUItARGESIOCinRRN Aand B0y @éhlg,oo O‘ this

mol ecul ar wei g eopilagains?a,ﬁbamﬁaa%&ggnguéﬂ ol ﬁaﬂm}j there are eight

NI i nked sugar C‘gﬂ’ r%s % ®€483- 502,

1979). The i nPFOHIRES onMBFRHEPYy %Bﬁ?pﬁgﬁ%lqﬁasc"ﬁéﬂ'brﬁ%? V9 t he bi nary

vect or pBl Hm ShEms FndHRptsddsr 893 Fhakern The Fpage) sugaxr Tehaipll Hm HRP was

pr epar edis n t hendigitl owsseptimbher .ofFi astpluralify kiyx Hmaghdde Sael fragnent

\lg/aR; pmar ﬁd AEPIFIUES4Hind DS P ik f1@6 Qtéasl;; %ﬁr&?% ﬁ)h\ggi Cfiggi;i es an
c a 0e , :

9 SEP 2003 m@%@’&ﬁﬁa‘g’% q’l"”tﬁé‘;\?fggg{%%é@g Sgriimal, o 18| fragnent

contains a fuPPTHERGt h The PURkEISFIERE ShEERRCEB PR TP ﬁﬁrai@tsméﬂp CaMv35S

pronot er. Thecdnfigriptigmdid |a Swmchqb«agn!mitn wamnfigegeatied.i n Thhae

Hi ndl | | -#8ac| widrehel sugr khasd poVetdndiaPBmbAdHBi{ AkaiB orlteteh al . .

Plant 5 Cel| B5frigaldesok Limeld%2hordinBaitbhegideblusingdhchle YOr ompein

resi st ant geng (H T st ro cause strain is

d
kananycin resi & anf) qr%ri rorryal B- S‘és a‘fﬂn HSP BRY | £PSRAE BSed as the
sel ectiion 1 ¥Fhegerer (Grlz) L., and DaV| es 3., Gene, 25, 179-188, 1983).
The transformation of the GI6 strain by HRP gene was perfornmed using the

met hod descr iffiel tranespoied plant cands Hahsemaib 1Ma &8REE stBe&. ' and Nel son,
L. M , T ansgcﬁ%ﬁn%aiﬁeé%?im iﬂ@t?@l:eciﬂcoq:ggéu soogbgr%lapxs HRP

t r ansf or mant
Aalternatively they can also be generated into plants. In

- thls case, the transformed plant cells can be present in
the entire plant or in specific portions of the plant, such
30 as seed, fruit, nut, leaf, root, stem or flower of the plant.

Glycoproteins with human-type sugar chains can be
manufactured by the transformed plant cells and then be’



15 a control, an HRP gene was introduced to a wild type BYz cell to obtain
a BY2-HRP strain. The doubl e-transformant GI6-HRP with hGI and HRP was
obtai ned in which an ordinary transformati on process takes placey ?bEP 2003
(Exanple 5.) Verification of the Expression of HRP in the Cul tivat

Doubl e- Transf or mant Tobacco Cel I s Doubl e transformant GI6-HRP , control
BY2-HRP and wi |l dtype (W) cell line were exam ned for the expression of HRP
activity using the follow ng nethod. As seen in Table 1, 25 the HRP

gene-i ntroQurdBaubd ansformant had peroxidase activity aoowutsshdsse tines

hi gher than the wld-type cell Iine. Tabl.e 1 C one NunberSpecific activity
(Unmg proteinWr-1i RP-110 . 3WI-HRP-5 ~~ 11 3WI- HRP- 71a. 6 I ~- 9 SEP 2003
WO 001 34490 30 PCf1JP99106851 GT- HRP- 4lgl. 1GT- HRP- 59. 35GT- HRP~B ' 9. 97Wa. | d
TypeZ. 49 Cl one BY2-HRp obtai ned by introducing the HRP gene to the wild
type expressed the sane degree of peroxidase activity as the GI6-HRP double
transfor mant wsdiabeT canektgRPted frme the pdark cattsvi TRe RELRIA ERENt) The

cul tivat ed t obpgfiatery | thewgliycqirateths icab beaanEpwahddr velluksoemnt ai ni ng

Sol ution D and, pt : 9 R0 BisehtiaiReRRiGeEas- 203, | keaa
Ri ka Co., Ltd. ﬁffﬁé’%o \hEd1yebitbtaih Fdse a

supernatant was .col | ' b fugation (

12, 000 rpm H“l"?‘ﬂﬂ"é??d%%f?sgﬁﬁi? %’?\aluslgﬂ'etgéf%}%g %:%Jncfg% gﬁéhrre sol ution
. Next, 151 ofel3sl, uek direpglycapropeingopfit then PEeSSRY 37KE P SEMti on C were
m xed toget herpe ag@midieterad ute wdmahe ubacbulingr Humaps niwidhest at 25C. The
crude enzyme Sg}lﬂ%,%ﬂﬂcﬂt'} BOS RN dfatRd Madid Hamsch-Wybb sSohtidhaan®. er as added
to the mxture, a all owed to react fox three mnutes at 25C. The reaction
was stopped by the addition of 0.5 ml of 1 N HQ,, argfthe aasgrbance at 4B0
nm was measur céereAgagteionthe| prepeds| LPYRTIRR (L REHEFSHIEES HRfore the
i ntroductieon .@talQ tvye wswyok watusiwetiivesol bt onotA: res¥alicdiva; nophenol
Solution B : 4,4l hg@= Solution C 200 mM sodi um phosphate buffer (pH 7.0)
25 Solution D: 10 nM sodi um phosphate buffer (pH 6.0) Next, in order to
determ ne whether or not the rise iy peroxidase activit S due to the
expr essi on of mpéeﬂi)\ﬁ]t"?lg?é’i“ﬁ?%giMSG‘}}@FF%?%HZ‘%G S€&68F%ti on by gal
30 i soel ect ri cBfipe umilagtodyidrapekiraser {hET) ogensisn{fGods1-38) have

15 already been cloned. A primary configuration consisting of

400 amino acids has been discovered (Masri, K.A. et al.,
Biochem. Biophys. Res. Commun., 157, 657-663, 1988).

(1) Primer Preparation and Template DNA

The following primers were prepared with reference to the

20 report by Masri et al.
hGT-5Eco: 5'~AAAGAATTCGCGATGCCAGGCGCGCGTCCCT-3" (Sequence

ID:1)
hGT~2Sal: 3'-TCGATCGCAAAACCATGTGCAGCTGATG-5’ {Sequence
1.D:2)

25 .hGT—7Spe: 3' - ACGGGACTCCTCACGGGCGATGATCATAA-5" (Seguence
I.D:3) _ . ‘
hGTéSpe: 5" -AAGACTAGTGGGCCCCATGCTGATTGA-3"' {Sequence
I.D:4)

Human genome DNA, human placenta cDNA, and human kidney cDNA

30 purchased from Clontech were used as the template DNA.

(2) Cloning the hGT Gene cDNA
(1) Human genome DNA was used as the template and hGT-5Eco



~- 8 SEP 200 ' WD 00l 34490 PCTI JP991 06881 31 performed using a H S-RAD
Model 111 Mni-IEF Cell. The hydrophobic surface. of the PAGE gei. su&gort
filmwas attached to a glass plate and then placed on a casting trQyS hefl03
prepared gel solution was poured between the support film5 ~ and the
casting tray and then photopol yneri xed for 45 m nutes under a fl uorescent

| anp. The sanple Was applied to the gel, and the gel was positioned so as
to come inter contact with both graphite electrodes wetted with. distilled
water in taeeesast rophoretic bath. El ectrophoresis wascrmmgo4sd f or mred 10
for 15 mnutes at 100 Y, 15 mnutes at 200 V and 60 m nutes at 450 Y.
Conposition of the Gel Solution (per 1 Gel Sheet):distilled water 2.75 m ,
acrylamde (z5%, 3%) 1.0 m) Z5%glygerol 1.0 m, Bio-life (~4D% pH
3-1D3 0.25 m . 10% ammoni um persul fate 7.5 a 1, D. 1% sodi um 15

ri bafl avi n5' - phosphate 25 h |, TEMSD 1.5 Lt]. Ihe g@;. viltg stai ni ng of

per oxi dase wasanseRGT-IEREFereceten AY 1 BHERRt Add) P8R BIAE* R al . (Seki . ne
et al.) Plant Jonal wakcobebhethe Bemplatg 3nd h§J43Salnand RGRFSRNVEYES 10, a 20
significant bmdwtrfe%wjﬂueka. Wirhél tiny pereedribinedandaPcitateact ton i n t he pl
7.8 position in the - HRP i ; - H t r@lianep The results
of a Western mlWﬂgmeyﬁgﬁﬁgigﬁf}ﬁ%@%ﬁ({n@%% %Pﬁ}e?‘r nted the detection
of a signal atangh®-BokPt FERMERLF cSRFAPHY RETp FRIoY LT PReYSE® expr essi on
of HRP in the sbaabheatransformant GIfi-HRP withi hGr and HRP. ' ( Exanple 6

) ISIr uct ur?l AR&JéQAS'éa f: oh e Nhalrb Nk Gk 1SUGAIP18B8 DNAS & Amihted kr Besf or lmant( STG
Cells 30 (Metho ed to. Ana e i : e N-1inke
anger chains iMWHERE st"?%’s‘f'br%él“i#% @?Igf}g‘)ﬁ%%éﬁg%yggga OIgirbi ni ng

rever se- phase ##2h@ RWd $FPEFRaSHYZONER - oRtHPLERY BRY °Rg ‘%;"hg

t wo. - di mapsi onak R pogenerase) > wateE-wapedded YOMKE R k- r PSOr o6as~ 32
chai n mappi nQ) (HRHeatiiagcendigh yaorF tase thiog e dicdvohe . demptirehiper f or mi ng i on
sEray Handem ”Pg%%cﬂ)?Cﬁ.iﬂ&E%tsEYa&:nél‘ﬁ/nysl sgﬂﬁr ki mikhoes éS&ensLbzdd) . Fi LStS
the sell extract solution was del~.. ! et W t
hydrazi ne for W2%dut #%Ptfbocge‘é%“dp ItS ggéeg'uigr C %?‘r'\ agﬁﬁ%eg\%’g r el eased.
The hydr azi nol {848€e Lpihuke a 2BRSIEMES 5586 4| éﬂt%‘sf’ﬁrg‘gisﬂ'gn &%’ 5Dx2 and t he
Dowex 1X3s( Thez omitEeemhiad SGuge: 1 eykleaignaturatdpn ¢ 86%E 0t Piatey Japan,

Mur omachi  Chenj ki ifglUskey) GO minbteh,) extémiiohr eratcons zethutes .

The two fragments were combined to form hGT gene cDNA and
cloned in pBluescript II SK+ (SK). The pBluescript II SK+
20 {SK) was purchased from Stratagene Co., Ltd. FIG 2 shows
the structure of a plasmid containing hGT gene cDNA. This
shows Sequence No. 5 in the hGT gene nucleotide éequence
and Sequence No. 6 in the estimated amino acid sequence,
This nucleotlde sequence differed from the hGT sequence
25 published by Masri et al. (see above) in the following ways:
a) The nucleotides are different in that the A in Position
No. 528 is €, the C in Position No. 562 is T, and the A in
Position No. 1047 is G, however the encoded amino acid
segquence is not changed; b) Nine nucleotides at positions
30 from Position No. 622 to Position No. 630 ere missing: c)
The G in Position No. 405 is A and the T in Positjon No.
408 is A. These nucleotide changes were made during primer
preparation such that the 0.4 kb fragment and 0.8 kb fragment



10 by using 0.7. N ammonia and the Sephadex G z5 gel filtration colum (1.8
x 180 cn) (Pharmacia Co., Ltd.). Pyridplam.nation was then per{o8nBEP a2003
descri bed above. The pyri dyl am nat ed sugax ohai ns (PA sugar chains ) were
t hen separated using a Jaseo 880-PU HPLC device with a Jasco 15 821-FP
Intelligent Spectrophotoneter (Japan Spectroscopic . Co. , Ltd. ) and
Cosnosi| 5C18-P and Asahi pak NH2P~-50 col ums. The el ution positions were
conpar ed wivwdnoa4sb andard ei t her produced by -t he appli ca’rﬁmBﬁg’“ﬁﬂﬂchased
(fromWako Pure Chem cal Industries, Ltd_ and Takara Shuzo Co_, Ltd.). 20
The gl ycosi dase di gestion using N-aoetyl-~ Q -Dgll ~oosanxni dase (
ni pl ococcus pneunoi nnma Boehri nger Mannkgi m ) or -mannosi dases ( Jack bean )
Sigma ) was perforned on about . 1 nnol of the PA sugar chai ns under the
same 25 conditions as the nethod descri bed |n Q‘th Elr 2 ene' B| OSCi .
Bi ot ech. Bi oahaumcopsegted.) Thexemue twq stagy, 3 R R6T geh
- gal aat osi dasecfhii pZmQﬁmslaxpmemmm heerth?gmﬂemﬁﬂéﬂﬁ?dGPchsper g3l .lus
sai t oi - derived, %% Q@ibﬁ'aﬁ&g:(rm Qofiednby sBeomnkasitiiaYoshiada at Tohoku
Uni versity) was by adding 1 nnol of PA sugar chains and 200 nlU
- gal act asi dase{Bgsd 8 o3 - .1, 2 mannosidase to 50 nM of sodium
acetate b fer (pH 5. 5 ) and |ncubat| ng at 37C. After the resultant
reaction sol ut (gxemia®e boiierodindtidre oéniyerhGT Gene FoSEPCYYOYaNeA1a134490 33
gg:Jngl\/B?ﬁg g@dcéééo]??g%\?soﬁ;?pged a portion of the di ges}Hecd f‘p,r;)ﬁgct was
yz usi IZ i i
di gest ed produé%)Msh%ﬁ]HFﬁ'égﬁpﬁg?%g%%nhz&leisngr%]?g%ﬁne o tgcterometry
(1S- M5/ MB) andform dorfrohedichia ﬁel-S(é?‘ﬁhd‘gr& AgarEMBONdi n? a?paéSCrl bed in
Pal acpac,y\. Q 1640 aha NakBzawa] K.Bitoakch. Biiochem , 8381)7435-1393)1999 and

Kimura, Y_ et al., dd08& a .fisﬂi%bed @baaeamceiﬁ to2pxprekh BEP, ti:992 The
| S- M5/ M5 experi rrent was n&ﬁ(#shg e ggr zﬂc@f@d’ ak0s API -l It
was perfornmed PRPIRRSIOP,EeHPFeP an ion spray volta

Scanni ng was pEES Gt-red @Péliﬁlwfﬂ-' masakth yirne g'cb *H@G:’F om 200.
(Anal ysi s of t BRonmstEa’) , Gmldlsarivdee@EXﬁleMs!)onléofﬁtétPAiS‘t@alincha| ns
prepared f éE&ﬂgT efﬂ | syt frelUldsl 19 Prdmatér.yzexl wanrdmgycdneonbi nation

of reverse ha LC and size-fr i | Frogget at the
10- 20 ni nutg pBeFHELaNTE I9PS aﬁu“a%ts t?ﬂagt 2R {tderied MG&., no

ractionation I—f_JL_ |FIG||°§
N-1inked sugar vemainteoduged dioythe cukivatad hakgaco Rt (e SW S 4ction | is
a non- absor pti agrésddtieadunomttdiodi. ng byproducts of hydrazi nolysis. In the
M5/ M5 anal ysis, no fragnment ion with rﬂz val ues of 300, .which corxeaponds

to PA-d cNAc) was _det ect ed S| % T nut e
posi ti onsz‘blazj mBe AgroRacterd J(’3"‘?t§:at| ﬁ%sl%tﬁl, tyﬂf e EC]

R el ution
si ze-fract i onampbingpetho HEPQFB?(? - ?%"V(?I“ea’r ’tlﬁ%ﬁ’]‘ Xf’r%‘é’%é’ Merd no
N-1inked sugar 1ghaima,. 198 .1 Eqpearschimwcbati AYS A- (s8FWNPL2CH63.12 were al |
coI | ected and y“ﬂmg; er hhdie AN iRsthesdd ORedueaehi Gabbrataxiesact i on X
i.n the s3.ze- E act 208k 3 9?) HBLG.S(BEl)Qbiux)pdﬁStyBQrﬂﬂa%Eds (30. Bg | S- M5/ VB

anaI yS| s found PRat “seven 0 f‘N_ mk&d SMOA g ins . The
fol | owi ng2§ s t Hetheds FpZyme)m Fﬁ’e’ g??g’l §SI S au'f‘ 'e%%n aks N ' SEP 2003 WO
00l 34490 with helper plasmid pRK2013 (Bevan, M Nucle:n.c Acid e

12, 8711, 1984) were left standing overnight and 37°C in a

2 x YT medium containing 12.5 mg/1 tetracyocline and 50 mg/l

kanamycin, and Agrbbacterium tumefaciens EHA101l was leéft

30 standing over two nights at 28°C in & 2 x YT medium containing
50 mg/1 kanamycin and 25 mg/l chloramphenicol. Then, 1.5
ml of each cultured medium was removed and placed into an
Eppendorf tube. After the cells of each strain were



PCT/ JP99106881 34 The el ution positions and nol ecul ar wei ghts of

ol i gosaccharides -A, -E -H -Xx, -M -U, -P and -Q (FIG 12) di d(-ng;t‘cT;Ep 2003
correspond to those of PA sugar chain standards. 5 In the MS/ M5 anal ysis,
the mz values of 300 acrd 503, which respectively correspand to PA-Gd cNAc
and PA-G cNacs, were detected. However, the fragnent ions were not detected
corresponding to ManG-. cNA~ (ML) or the tr3mannose core sugar chain

Man3G cNACswd 3440 Whi ch are generally found 3.n N1 nkéﬂ:TMb”@EPﬁhr chain (
data not shown ) . Even the oligosaccharides -H, -D and -N at .the other
peaks did not have fragnent ions detested with an mz value of 300: Thus,

t hese were not N |inked sugar chains. Bie seven renmaining N-Iinked sugar
chai ns were then exam ned. 15 The el ution positions and nol ecul ar wei ghts
of peak-C (mz 1637.5: nmolar ratio eak- F Hi z 819.5

[MtH + iz 16801lentieds MQ%lfﬁ’eg%rl“sﬁﬂ&Rﬁ%%E 'Eé%?ﬁ’?“f’é?dlg“ mol ar ratio
19.5% i ndi cat ege meghsn”antmmdt ypetrsisgmrnnera wace Zthaph srepended 1p| somer M7A

and M/ and eh@_;bgy pacxbrw, hack bean a
-rranno|s_||) dase, NFFEQ sg?% w?li%d?'ﬁlg{)ﬁﬁ%&%% Ti;rﬁé & }{&,sgre degr aded

to ManGd cNAc (M?ljcﬂﬂ’é‘?ié"ﬂ”éﬁ?‘i“bﬂ%‘? s at a t shown )
In an | S-S expke pAdrtyperpldsmigs géhen Bhd‘tﬁ"b’ﬂﬁ(?f’m 'iscfﬁ it an ~/z
val ue of 665: 5¢saMH. asm)mdlm Agravacaécivmt e!kwdﬂxﬁelmﬁexﬁmﬂ%thex ML wag
detected, indi ¢ .tl. “E}E §§tk§li Qkﬁda§éhgglla£@%9&-diﬁwedtdﬁnggﬁe .
structure as ré&spe cor respondi r Peak- J
(6.6% had a rrm%‘aﬂia}mv%@f’ght ‘Pf%%"i wﬁ% égl g?“éé gaﬂl.agﬂ,éﬁ as the
cal cul at ed nol souimarsl viedrgimyedm} uk2 ¢ M/ HE‘l“WElﬁFeNa‘?P@(f Zﬁoz PA
(MBX). Thegg posbmef&npm‘enibelf r Agtean tould reatiage tHE i teg 2y £pr gHT, 5)

503. 3~and | - SER 2 449 ngﬂgg&@%l 35 300. This doss
not contradi ct df'ﬁe 3% gl ngs t\é\%g@%( &% Man, and G aNAc were

rel eased in successive order from I\/an Xyl Ke cNAcz PA When dlc‘ig'}? ted using
Jack bean mann@saustarmathen afihesBlEEeaiadoragne CALLHBAS PEHIR 5 terninus
can be renmovedys@ng thbeetnsd deserigiednal Amappi PipntaNelal Bip {Manuadne el ution

positions as tggse of %%%%%&WZA%&A@}MO&H@MWM pGRRe results
f th 6fth t

O o o s par A P For 2 o AL HodkOud L s,
one has the nolestatwingel it mgf2 ]Fgfﬂ"??‘(]f‘“gij"daﬂd“lt RE "'bf’ﬁe?e as 't he

mol ecul ar wei gl @fltidaded téBdcBcelIEhNEcigon|topagny Ls Y -RFIhtt o
rever sephase H@la ow iétﬁdl@nd a2y spehinBacusIgACatiRaNpe RPCGL- 1 Z5 with

| ecul n d m
Sarﬁeeﬁéai‘érﬁ’é'f%gmtﬁm BeL2 v o e e Rt “eA (MG )

the sy aln G QNAGGRA (M) .
Nhen treated uéihﬁgz'ﬁfécﬁc’cﬂé‘é’ﬁ ?“J%gﬁn%ﬁ?ggg caeflggrg‘l ll\J/gl on positions of the
degr adat ed prodmgtothaul tivetien, verppited speetdiex thoropghlyda @ Hshor ML i n
the two- di nensi,Qnal, 0RER kB tahliis 4 AsHEBI &S ANR5TRNUN dafs Laksr,mannose
residues. (Galaatase:agdde dﬁolﬁ'f%gﬂk%JY&%os‘uﬂafrﬂ‘%'&s diBnt fea Gife Cel I's) 25
0

The det er i ned 3% 51 T

for_ sugar_chaj aLnost t he
sane as tRB nalSUPEFARLANY Wt SAPSTRREA Y 0?51%5’53, L gg;o% i
Gahd oNacl Man~@ edAcesPA (Thesse\pellet mlﬂéls‘iﬂ‘{ceéf t‘{ He“%'gﬁd%"ﬂbct rometry
i ndi cat ed that jigagsmittifugbs auaia. daheveellxears ienpenbatediohted es. The

m z val ue of 30 ﬁgg | I}g{ag OdemBiycin @ aizso/al ve of
989. 5 i ndi cat ed! %é gt?éﬁzﬂ g;zs 015 o@n@b"ﬁ* %ﬁiﬁp%&j
Man, G cNAa~- PARS/Aecarbendat | nd| caf' the mz value

of 5D3 i ndbcat et EbuNAaaEHeL) two to three weeks, the cells grown to the
callus stage were transferred to a new plate and clones were

selected. After two to three weeks, the clones were
transferred to a 30 ml modified LS medium with kanamycin




~- s SEP zoo3 - WO 001 34490 PCT/JP991 0688l 3b the m z val ue of 336

i ndi cated ManG cNAc, the nmiz value of 300 indicated G aNAc- PA, %égs %073
val ue of 204 indicated G cNAc. Fromthe putative N-1linked sugar <
structure) it is considered to be e~.ther of two Gal GNMB i soners (FIG 5
13): It is either Gal |~ 4G cNAo S 2Man a 6(Man o 3)Man ~ 4G cNac S

4d pNAc-PA or Man a 6 ( Gal /~ 4@ cNAa 13 2Man ¢cx 3 ) Man S 4@ cNAc S

4G cNAc- PAwobbssqsiur i fi ed PA sugar chains had reverse- prauarspBisg el uti on
pos~.t3ons that were the sane as the sugar chain standard Man a 6 ( Gal 3
4G cNAc S 2Man a 3 ) Man 10 S 4G cNAc S 4G cNAc- PA (FxG 13H). The sugar
chain was treated with exoglycosidase gpd the structure of the sugar cha-:n
was verified. The D. pneunonjae ~ -gal aatogidase is a Gal 131) 4d aNAc

| i nkage specific enzynme. 15 The di gested product of the sugar chain by the
enzynme was el uindd catbemiaidadin. pdiisi snleaticnaprofesshaag ERPESNMNKhOG cNAC, - PA
in the size-frRekl &nﬁci S MARLK. ( ElBrbédetdnt styrnimszwete faf@olwas obt ai ned
fromthe | S I\/B/ he&sser €si due has
20 been rerov S LPRE £HEH dpe B L e e e s 1
~I b~.nding . (&Feh-the 5prBduR 2! di gested by a, N-acetyl - ~

-D-gl ucosam ni dase derived-from D.ip3ococczrs pneunoniee, whichis j3 1~,2
A cNAc | nkagg asgéﬂfi&tﬁ.&ﬁ”iﬂsEhhaintli-odﬁbedﬂh@r, G8nedi ochem 93, 135-- 147,

1983)., the 2 est e u d, at iy as that' of
the standard I@ﬁ‘ntgf g‘ &raﬁggs?‘izét ra%I ﬁ o) gleﬁﬁnr&&gih G 14A-111).

When the di geM3§$ MBE?“%&“'PP@&I%%R? FONANOS kermipat ?r’éﬂ “dase, it was
el uted at the 1SBRR s idonGnrgesi uhathofgdnhmlstmdafdthmmlﬁmfz&qDA 3n the 30

Size-fr a?&' O”acto'bQBcJ»‘"?:thé BeEnd 4/sodt¥krn D16t WngdysLdai thé Sbuthere | S shown

in R2 of FIG1 5% gave
(W2t -p onstned JgPerpeaird KOS AR pRRGE @@e‘%‘%?%ﬂmﬁa% [MH + of
16B0. 8, whi ch Srerrihe FRELHERT HFaIBr Rtaried @HP"W qFSTE 78.55
expected for @abrRG adAEINAEELE cNACS-PA (GWIGNMS ) . The result of the nmass
spectrorretry' indicated fragment ions derived fromthe parent 5 nolecules .

The m z of 13|13 | t S ue of 1152
i ndi cat e&glvan &e Wamxig{lhe rr?'% gﬂfue o&fw f?vﬁmgliﬂabgcﬁiguyn% aNAc, - PA,
the m z val ue t6P2g89Y. B"Hﬂjl‘ﬁa@.ﬁ Rerfgreed ®VvBf U %f 655

i ndi cat ed Man@wakiduabeRAK. th@lmizlgvan@@eaflﬂ%% |Pﬁeptaﬁjé{$°@{iw PA, 10 the
n z val ue of ehﬂﬁéx&ahadumﬁﬁoawe Buhke €6.7 usdle OFi380 Ledicated

G Enke- A, and st £ Do T ohvEa Yordadl duluCaLal Soubicussbiersponict df gost ed

with D, pneurmn act OSI e Was

gﬂ t %Heggfltlon as' t hat
of G aNAaP NannetEW% hep ?’Fﬂé‘ "i’e"‘f'{”&&'t‘ﬁs %Pu’“é’ﬁ ﬁﬁﬁ‘ {ﬁ 95 14B-12) .
The resul ts i AdoohtEive,grams ¢4 the FOFILENaguRlaeedhdnR €5 FHE"] cNAC on the
non-r e8uci ng tabel 4 )t Fapieliyl 8udh thdt thegirozeRhpowdeypddfl oft t he

gal act ose was n&gﬂ@f dnaTR Y el Y1 thS D45 U bt TAnaic@ity St Mliea bR € dmhoRar he | S- M5/ VB

anal ysis . 2+ was S1 The ctronmetry 20
i ndi cat ed fradﬁ?ﬁi‘-ge SBﬁEt%?%&L#F%%%e& oI%ng‘g(P:ﬁﬁég&PA with a
parent signal sdbwhizEch518. Bindties, ngod \FaPaea]dP"Egl‘ZP istapd At §0°C- :

MansG cNAcz- Péghehhes mﬁzwa& chlafofbirp2isomkiylalechdihit2& tNAouPon t he n z

val ue, of ~ 9%}2.13 Qéa.ﬁ@t WWWE@\,sﬁiﬁemﬁmt\Sabh@ 11820 5 i ndi cat ed
25 Man2d cNAcz- PA

nil z v 6 [Fo¥:14 -PA. the mz
val ue of 503 TR E‘é’f%‘ﬁ“GwEﬁlA e’bﬁen %Sutgr?d ﬂ?t@a?ﬁm% %& |nd' cated
G cNAC- PA. \Wh@eomhtempesmbarakn sThe REESagsAL o ar HRg dbeBRareResred: acet yI - S
- Dgl ucosapi ni dasa Kew i4verl foentcDBydes cobe Usdpbhe rextracy e @racess-. gest ed

product was e K;ﬁtgeqegga{m wANE PRSI dhiVroRSrh NRloafl 1A bl and 2t 1l
Man3@ cNAc~-P solution. k%ger tggtsluo zai;[:els g.gyer had been mixed with 1/10
volume of 10% CTAB, it was centrifuged (2,800 rpm, 15minutes,



HPLC (FIG 14B-111). Even when treated with a -1,2 nmannosi dase derived from
Aspergillus saitoi the elution 9 SEP 2003 WO 001 34490 38 PCT/ 11Pg9§p@8ﬁj03
position did not shift (FIG 14H1V) . However, when treated with jack bean
C~-manriosidaee, it was eluted at the sane position as that of standard
Manxd cNAca- PA in the sizefractionation HPLC~ ( FIG 14B-V ) . This

I ndi cates the renoval 5 of four mannose residues in the non-reducing

term nus. TREGealigesul ts indicate that ~. n the PA sugar ecEirayossidne of five
mannose residues are a 1, 2 linked to the nannose residue which are cxl.3
bi ndi ng. The exogl yaosi dase di gesti on, two-di nensional ~sugar chai n mappi ng,
and | S-M5/ M5 analysis |10 indicate a suggy chain structure of Gal GNMS ns
shown by L in FIG 15. FIG 20 sumari zes the above results ,regarding the
structure of N-linked glycans and the -ratio of each N-linked glycan 15 in
GI6 sell |ine abongewpehatursde i%WWWp@W"%FF@PFWr&&g‘? M ned
simlarly. In Bk cdhtrPespnauts dddabien miremtashanagesl veluenoifes

gal aatose, O wi th_hatched |ines s o HEN RS s & DY eIRE mifbere wiist h dot s
t herei n denot e§°E§d€sé"prrgg%Jé% Tve % rgios Pn Gre. cell 1ine i\ SOMer s

t
Man' 7-, Man6- &hen MBRSEEE9eE 4vS08 %e%‘\f&’cﬂ“%@cdi??@ ttellnngksuéail §H-"unannose
type. oliggsacahest dhe supernbtastbsdrieeasrengved wing 4 pERIFANr ansf er ase

(ﬁ"‘! n, : nt {Oqg%%é)'ﬁdﬁ&dg&@pﬁllof E%W_fte$%Mmoﬁlcmea. mor e
efficiently lead the:' | aac = X o Le -

G eNACMan3G aNic 3o gg’kggﬁgﬁ)’e gﬁséug%ts rglt)@icﬁtéél JIl\kAg(/hIg:)ZlG 913" A thaliana
c911 nutant, ti6afcd acRulsGars mixed IHETSYINHISHEP3F e x IRAF® N-gl ycans
(von Schaepen, iBopropanedlmndirhe DBANgid bbsexvedandtOoms ppaeed onibe) p| ant
Plhysi ol . %J|993 Eﬁy&é 8 :,ltlmasééé&a f&@haﬂﬂpf@ﬂdﬂff &uwt(a:bhtfmggcégs.zgge’ o
plant that | acks, N-acet ucpsan. ny as -

00/ 34a90 39 PC?PﬁPE@‘.’L’(%%gng'smgffabr%‘g !tt%&g;a/%t ”gérz?ﬂé’oi%gﬁ-ﬁeéﬁ 1.ed aonpl e~r
N-1inked gl yaamdnyed fmprffitestherel apd AR het Ui 8n et 1Sh %%e ag, I v

mut ant i ndi cat edsbéited e thenwppropriate preue QF TR SHEESDH §PEVEHRR -pl ant
N- gl yeosyl at i ognpaRt Waw( GeneNadsedRd( I migREE|vas 2aded. .anlr veactedNat | . Acad.

Sci. USA 1994 Narch 1:91(5 9- tat) o 1bi d [
Chai i ana #it anfoFEhe PPut B 1063 CRiBenERUE TR ?ﬁeﬁf‘g& A h the
human cDNA enc@®i FtABvalet ﬁﬁ?ﬁ%‘d’éﬁ?ﬂfﬁ PansteP S8 SR ?LﬁefTrRDBr e, GnT |

CDNA polyvinylpyrrolidone (PVP): composition of ‘the 10% C
solution: 10% CTAB, 0.7 M sodium chloride.

20 The Southern blot method was performed in the followipg
manner’: : :
(i) DNA Electrophoresls and Alkall Denaturation: After 40
g of the chromosomal DNA had been completely diéested by
the restriction enzyme, the standard method was used, and

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

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



10. isolated fromA. thal ~ana aonepl enented. N .

acetyl gl uaosam nyl transferase | deficiency of CHO Lecl cells ( B@_kge I—EUUB

Lonmen, A. , Joxdi, W , Stiekema, W , and Bosch, D., Bi.ochem B o%ﬂi/s.

Res. Conmmon., 1999 Aug 11:261(3) s829-32, An Arab~Ldopsis thal.iana eDNA

conpl ements 15 the N-acetyl gl ucosam nyltransferase | deficiency of CHO Lecl

cells). cDNAs encoding human Men | and .Man Tl were isolated and sequenced

(Bause, E. wdbosapoi ch, E., Rolfs, A , Volker, C and SemFp®osssB , Eur J

Bi ochem 1993 Gat 15;217(2y:535-40, Ml ecular cloning and primary structure

20 of Man9- mannosi dase from human ki dney; Trenblay, L.O., Canpbell, Dyke,

N. and Herscovics, A, dycobiology 199 Jun: B(6):585-95, Mol ecul ar

cl oning, chronosomal napping. and tissue-specific expression of a novel

human al pha. 1, 2-mannosi dase gene involved in N Ixcan mat ur ati.qn; and 25

M sago.. M, Liagded. mand thgqgolation-pgs SI.‘?k%t"t]%l", Y\RERIR 0% dfen, R W)

Fukuda, M N., Mahetes.ar (fipnragpiand MipredectroniioreBhf\s the ONA wag

Ih:Jrra_nal pha- ;ranagggsp&st%m al k% %ndjt,forpﬁsmﬁm YH$BUTRC ROk eZ@Ram) mﬂwgn?ﬁi dgge
X isozyme). Human n as [ ynes, sVan AN e

nucl eoti de st rg@hiPECof T}"gotz’iﬂ‘r‘g?gr é%ﬁﬁ aS %‘?I:%M%i ?’@gggé%&t%ﬁéﬂal.. , and

Trenbl ay, 3. O blettedmempgane vatspblayedyte HEE AtcIgRs T eTRETAtHEE P cel | | ne,

an efficient cghlhdurh)@WEDLG] s hemurmedpivbrofiveopintteisn, 2R SSC ~ 9 SEP
2003 WO DY 3442D) g#t&%%?’a%@él,@.ﬁﬁsgﬁiﬁﬁ 8ffkate. (iii) DNA Probe
~S

1, 4- Gal aat osyl t r%ﬁ

er ase T) mass tl DP-.qgal aat 0s substrate
Ahd G cRacoNAnSESERGREAoR: e DN BhoS PRepeidcipl ViR PrfrdineR A O
UDPgal act ose walRandomPrime Labeting Kit ATokars S0 Gy » Tt Jnp et

gal aet osyi@t edtabi garadehasexisinh | vasberppachit do 4| Epp2djiorf tutenple 7 )

Struct ural An?;%?thﬁ?‘Ee# ? %%?%ag@fg? Hreb L ddRBs | £b 35@3 Poyhlse

Tr ansf or mant f e, .cel sat S ,obt ai.ne r t he
honogenat e of 58PYE% 8P4, P (i°8q &%@PH ggl‘%s&%er tETR art(r)lﬁ-g%ﬁ P cells
grown for seveld daysf thesRasiom/BrimerTyexe adfeddocipke |Sy&dt-e W4t i on was
applied to a Chl $pphaboserdffeeokomatibh, x2 |0 em gNTPsPhasassct st @ . , Ltd .

) equilibrate wighhadmd (10 MpgS 08 WBL) hasRh aliBed U Tahar HioDHRS . dHaeaAl t er

washi ng the colum, the 15 el uted_peroxidase S maaig_rﬁq_ at,.an absor bance

of 403 nm ThetBodrs Fpac‘f‘f%ﬁ’ﬁ‘e & TEESELRT PREETRSP RS AAuITIRYi | ter

(ol ecul ar wei il oft acktenow) fgagmenidvantaidedoand | the polgtign, #288¢ agai nst 50
mM of a sodi umapiewdees etand ffer XoEinttesOat 3¢°C.antit waerthappassedt 0 an

(equi i br at ﬁd benzbwy, Qwﬁmi&olaana@hdrawme. ALtany ty pebuss the X 1? cg)
KenEn Tech, Den t t he co , o Vv s of 50 nM

of sodi urﬁophosBﬁgf%l%lﬁqér pﬁ%‘b@&é’%e&‘ﬁ%&%\%&%dﬁ:}gﬁaﬁ Q%dém

. ed using O .
5 M boric aci dipreararenialy crReledd 1 &rY 9§R¢ BRI DI 'a%jﬁ?euflragti on

obt ai ned was theobeodivd)BEy2Eidizdtizad, 0-S%d(WOHCERS vaecafidethte 3hei fi ed HRP
prepared from ghe1slany eré-hyesiarzasaon Golutibh S ehé meabrafi? iRRR10eLt S was

applied to a 1, Jjg,..@pgsgr Y93L16P) UHA prOohaRh i RatEsh g washed
with 15 30 vol ﬂﬁ%s 0 f ngfﬁer‘gnioum %icet ate ﬁ{t}"e {(\)% T%e -absor bed
Nt

prot ei ns ¥ere PpEfPEEG £0F BARe fhan F¥e hmFat & HATarEe n de. ~~ 9
SEP 2003 WD O0DBA49XPLRCPredRed dusBuli)]was added, and hybridization

was performed for more than 12 hours at 42°C. Composition
of the Pre-hybridization Solution: 5 x SSC, 50 mM sodium
phosphate, 50% {(w/v) formamide, 5 X Denhardt's solution
30 (prepared by diluting 100 x Penhardt's solution), 0.1% (w/V)
SpS. Composition of the 100 x Denhardt’s Solution: 2% (w/v)
BSA, 2% (w/v) Ficol 400, 2% (w/v) polyvinylpyrrolidone (PVP).
(v) Autoradiography: After rinsing in the manner described



Lectin staining was then performed on the purified HRP eluted from RCA~~0
affinity chromatography whose specificity is specific to |1 31, 4 | e2
gal aetose. The lectin RCAl ~0o was.bound to only the' HRP produced“bé/ Ehug 003
transforned agll 5 GI6-HRP. Because the |lectin binding was dramatically
reduced by preinaubation with the gal actose which can conpete with the
leetin (FIG 16b-112), the binding is carbohydrate specific. Even when the
purified HRfbjgpapve-treated with D. pneunoni ae s - gal acR@EPA6E! t he RCAnD
10 binding was inhibited. These results indicate~RCA bound specifically to
/'S 1. 4-linked gal actose at the non-reducing end of N1linked glycan on HRP.
The absenoe of RCA-bound gl ycoproteins jsn. the 8Y2~HRP cells indicates that
these sells can not transfer the 1~1,~ |inked gal actose residue 15 to the
non-reduving term nus of the HRP gl ycan Reverse- hase HPLC of_ P,
derivatives debelaw fausprafdogsaphy|err RETHGEPRs Usipo; 1 i arfat t he
sugar chai ns opetnsa.HREt Rt pertorpiedi twine FfoomMR ménes HRP65Eppear as a
single 20 peak,(F h S atdesSesiwel.h 5C18-P
calunri or Asaﬁ(x E%MO 11{ Sog. aﬁé%é%%df?ngmgﬁﬁggg%@ssopu HphC device Wth
a Jasco 8Z1-fP% Wcé\“lﬂl Bjeﬁ sgﬁ(éctrofl uoroneter. Neither bound proteins nor
det ect abl es peaks were observed in the HRP fractions purified from 25

BY2- HRP_ The pegk r%hhﬂi::ﬂed freosmitheroHliotHkklysis tdfetise genéma®NRONat i on

chromat ography _was, | £ D5 gfmlg,s&mai, ‘ma@glm analgsi s of the
peak and chr onBt ¢ %@&Wwﬁgeggak atst T

e rd sugar
chai n i ndi cat eﬂh?‘ﬁhtint ﬁ%‘;cﬁ . tRR PIEERRTT & 2 R F‘gﬁTn%%P“sb"’ %anl%gak was
Gahd cNAcaMans Gh civies sPRaimhd GEONf6.r ®aeh8r®bf this structure was provi ded
usi ng conf4 nuous exoegCOS| dase digestion. The standard sugar ch?i ns used
were a sugar ai ns pr oust Yy erase( - 9 SEP
2003 WO 00l 344@%‘ % M%EH%CIWBT%&%%%QEE% 56 (2),

21 5- 222, 1992)Tﬁ¢n‘iﬁﬂré'ﬁﬁ'§ed (Wako Pure Chenmical Industries, Ltd. Osaka and
Takers Shuzo Cbhe éelis) .of5 thie tPARsiAFmAansAal ST th.gdst & AR [§)~ and
- gal act osi dasey{ih-tppeuBP ar) thaircbead thireugh weiventipamyt s omldfurehe st andard

@ cNAc, PR wete hQQ&&&%ﬁn%nhh%eh ahash #n Gt AGHGA HiTetUe

| ~1, 4- I %d to r!L(z,rrll Lfsd%ﬁ"r 9 gﬁWM J:“%_rrgpgr 1%}9&?%1 on Wt h . D,
pneumani ae N- a& 'i/ft (Vo] m hi daae of ase- di gest ed
products produgedmd EGhhr CcThel rPeééfal yarenruRiied |“§i§$u’t‘%ﬁra£t°“f‘ﬁ.e same

el ution positi Qﬁo&d\ﬁE\SG @¥AC A :PAKai juli DeskingCohe Ledovdepanh @rcNAa
residue -3 1, g lidd8deh0 %ne%uedﬂt“«fa{& AR aﬂammsméﬁﬁodue The
renoved d cNAc restdue 1s elieved to bg%ned%_dtfig ggnnose

li nked t ?% fSFrﬁ"‘?%‘Fﬁog’Er? e??"d‘ué’rf?l'”f/ WesP e type pr acecsi ng
route of the pEamienteke Tieet pd- dSehrisntale Ti ARAGEEPSEsi%-Fan B he G cNAC
resi due, MansGhad\Aaas 303, ,M»94)waSthensairesgdonof the GTormedpsiwesse deri ved
from Asperg31llyses@id®i Qi Eeeedrad, Blo®dingi ONanSi hhﬂﬂ-l’ﬁiilafnt was not

detect ed, ~aonf | t 15 s 1-6
(ﬁ/aﬁ: : A 20” tr&fﬁﬁ%?éﬁﬁkgﬁ st %HZ Yo oMb £ ﬁéiﬂh@ ,(MapMEN a

G eNAe as gred ‘Egs {h%en t he sugar
ohai n was2%i geQF%’H LE59RP ), ‘é{ﬂ?%aﬁ &tr?&nné?i“&&’s"é‘ rt® ut.ed ‘at the same
el ution positi 09822 Pephrkndretvahl GCaNpes ReA. . THor é*%”r‘é“ﬂhewﬁ?dar chain
structure corr@z ; ﬁfmmsa&rﬁéMﬁauma)amoﬁsawomemmma cNAC ~

n

1 ZMen a 1, 3 VG ﬁ&iﬁ%%(%gkﬁ Mg o)

StI’UCt ure

These results Ni¥ttat Ptha e sugar chain in GI
'shown in FIG 19%@‘%%1%&'{'3‘%%"%@%‘: AR G 53n Korotein
derived fd®m t helomoiblBY tadoshbomisst, GH6. H € . e sologimglirie ~. | 3 )

Man a 1- 6 ( GaladPich wéidh gNAEs&éjdisﬂl\@éb&:lﬁnSS wasMpér#dimead \Mrﬁj\lAC ~ 1,

ggrf‘l;légg / Oggéiegig‘ % l\fh uno%i}xg Kit (%aﬁgpc&(}ﬁ%a?lp Qﬁaﬁé990 -



43 5lmlarly. the gal aatosyl ated N-glycan on HRP derived fromthe
transformant GI6-HItP cells did not react with an anti $erum whi ch has been
shown to specifically react with 5 ~ 1, 2 xyl ose residua ~i nc3i a_ag:l\gg 02%03
pl ant N-glycans. This indicates that one of the sugar residues sh fo e
antigenic in conplex plant glycan, i.e., xylose residue. is not present
(Garcia-Casado) G et al., Gycobiology 6 (4): 471.477. 1996) (FIG 18). 1Q
| NDUSTRI AL wA§falzkded Bl LI TY The present invention provi deCIVMOMSH f or

manuf acturing a glycoprotein with a human-type sugar chain. It also

provi des plant cells that haws a sugar chain addi ng nmechanism 15 able to
performa reaction in which a gal actosggresidue is transferred to a

acet yl gl ucosam ne residue on the nonreducing term nal, wherein the sugar
chai n addi ng nechani smis capable of joining a sugar chai whi gh contains a
sore sugar chahm mwhl'eﬁtwlgab%\r%%enf’mga%ﬁ’% iIYERRE BYESugar zo chain
consi sts essenLifldsy vk BePtormell byimd peynberelamdtiseryn dlaadv8hni ne) and

the outer sugaly chal Qogﬁl%@iirﬁstl?e LOIY a1 11Pbs SHERS LAY RoPs¥riaa@Bhcont ai ni ng

B a . ]

a gal actose on"t é‘ﬁon-re uci n ermnal,.. The nr further
provi des a gl yB@’Eﬁ"Gt"éPﬁ'W‘leﬁgﬁ%ﬁﬂ%taynté‘"gﬁhg%pc gﬁ‘g%ﬁ‘tggxgﬁéaﬁﬁ*ed by the
present i rvent skdmmiligl y00er: Giema) kLRRC %rﬂ%‘ﬂq aly » RLAPYERFIRA- t ype sugar
chain of .the pjesamo-hoyEeNtioen)is not antigeni c because the glycosylation
3.s-a human-type. Therefore) it can be useful for admnistering to ana.nals
i ncl udi ng humans. 9 SEP 2003 as WHAT IS CL@Q%ED 1S 1. Aecg%tsh
manuf act uri ng Bheyl Bt oinasder FeSEAFFARSLLTASMAT Y IR® S565Y°C 1S

d of
al 0, which
met hod i ncl udesubstrareucishys SURRaLlBAtRRf APda 8y RyEd8ylatine dF2rdse enzyme
and a geng, encogh e P81 SNIROMENEScMA e CELcNASManiGYioNAe,{AAINEMwBth. t 0 produce

a transformed plant cell; apd, tiygdi ngpollRgst rogeshor Nk Rindyinecel . 2. A
nmet hod accordi Ny T } i ase.enzyne is an

o crdimi, eréein the. glycosyl. transfe

enzyne capabl eredctiomnssRitdfy congaingd EJ§%§9 &4 B%%tetid"afég'ﬁ-sroe&um ng
term nal acetybgtemydsasi (p¥ ¥ et).dL@ mMMnGR. ne0Rd®! HER A OF S &PSi m 2
wherein the gl yg@skim t cboNacomarhe1 a4 APA] S ol eBPkal fansyel®e omsnore of the
group consj sting_of I Aotfuct I6d PALSIAC @ypB R had
gal act osi Jogase. pg].r&’i"%gt ﬁ'g&%%%%é&lghe% OSth giénigg\gae ginﬁqt.t’iqn&]t%gosyl
transferase geﬁé"‘i’%"ﬁ’l"'%ﬁﬁﬁ&”’"&f’n “?'i%grlan. Hzo CR - it 6?1 according to claim 4
wherei n the gl yeowsendednky dihes Bagefasturess (fhfaflcNAcManGloNAc, |

PA used as the standard marker was used along with

Gal,GlcNAo;Man,GlcNac,~-PA and two isomers of

20 GalGlcNAc:Man,GlcNAc,-PA purchased from Takara Sh_uzo Co.

Ltd. and Honen Co., Ltd.

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



origin. 6. A nethod according to claim1, wherein the glycoprotein produced
conprises a core sugar chain and any outer sugar chain, the corm%
chain including a plurality, of mannose and acetyl gl ucosam ne, e 2003
out er sugar chain containing a term nal sugar chain portion with a
non-reduci ng term nal gal actose. 7. A nethod according to claim6, wherein
the outer sugar chain has a straight chain conf guration. 8. A nethod
accor di ng & dlsadogn 6, Wherein the outer sugar chai n hascaupoassshed
configuration. 9. A method according to claim@8, wherein the branched sugar
chain portion has a nono-, bi-, tri- or tetra configuration. 9 SEP 2003
45 10. A method according to claim 1l whgrein the exogenous glycoprotein
encoded in the introduced gene .is, selected fromone or nore of the group
consi sting of enzynmes, hornones, cytoklnes) anti bodi es, vaccines, receptors
and serum proteers. obkeryedret hdﬂ’iaccﬁ?%f?”hgtf‘ﬁtcl‘ﬁrm 18 rRsdiAPhe
exogenous gl ycgigmir@niieTnpdadtlie) cbhk. i Norimmoedeasiioe bards ¥argne sel ect ed

fromone or no etethetdhEn OhRUR4 8NSpat | f1or seradi sh per oxi dase, ki nase,
gl ucocer ebr osi‘dase, aI act osi dase, tissue-type plasm nogen activator

(TPA), and HMG CoA reduct ase. 12. A nethod according to claim 10 wherein
t he exogemous The peptetrs hn ¢he odotosome freadtiops afcepnFEREMRRT §Thor none or

cytokine sel ec wiimcggamon weRs 8o@ha 1han BCRUPagaraiesidlugndWarakephal i n,
interferon al pha %ﬁ’?FflSr %’5{53 n&%@ Op; rifela W4 &1 u%gvbﬂa.mn%f 10

i nterl eukin-2,

nter eron e opoi etin, vascul ar
endot hel i al ngﬁé‘E’bP“ﬁﬁ%ﬁ i ag&mgﬁ?ﬂé %’HCETP T &8F8i ni zi ng
hornone (LH), éhyresi dsshg nulzaM hactemesprdEters spnaration ae8ing SBAd ovary
stinul at iRy hopx@ethd profeitil Gokk ataxiied Wigngosialvaicnethinnhg (#eRot he

exogenous g| Y COPLOL S L T
selecte rom gta:l_ning, the membrane blots were rinsed in a TTBS buffer

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

26) and incubated with horseradish peroxidase labeled RCA;30
15 {(Honen Co., Ltd.). Galactosylated glycan was then observed

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

As shown in FIG 7, an RCA;ze binding was not observed in the

wild-type BY2 cells, and the GTé6 had a glycoprotein with

galactose on the non-reducing terminus of the glycan
20 portion.

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



14. A nmethod according to claim1 wherein the plant cell is derived froma
pl ant selected fromthe group consisting of the fanilies of plants in the
famlies of Sol anaceae, Poaeae, Brassicaceae, Rosaceae, Legum nosae,
Curcurbi taceae, Lami aceae, Liliaceae, Chenopodiaceae and Unbel | ifeg s8EP 12803
A nmet hod according to claim 14 wherein the plant cell is derived froma

pl ant selected fromthe group consisting of tobacco, tomato, potato, rice,
mai ze, radighgpaqagdyoean, peas, alfalfa, or spinach. 16. pdruregdsssl accor di ng
to claim1 which nethod further includes introducing a gene encoding a
second enzyne capabl e of enhancing the efficiency of the transfer reaction
enzyne. 17. A nethod according to claiR%&6 wherein the second enzyne is

sel ected fromthe group consisting of nnosi dase 1, Mannosi dase 11, |31,
4- Gal actosyltransferase {Gal T) and N acetyl gl ucosam nyl transferase |

(G cNAc1). 18. theTpahadtanaarddnglyanncdaesn dowimmdaant B .2nxyRficed genes
are introduced 1hhe @t sgither separately or sinultaneously utilising
nmet hod sel ected fromthe group consisting of 9 SEP 2003 46 the
Agrobact eri um net hod, the el ectroporation nethod and thed égtﬁégea beam

bonbar dnent et (Example 4) gntpodHgen of HbsHIFAGTIL S i’z 1 to 18,

wherein the gl ygemer €bcilie perdwambdunced Luidinateh JobpgeafelAsr. xyl ose. 20. A
net hod Or anf}ﬁ%HELﬁ'ﬂs@pﬁﬁgﬁQEQ%hQ Ma\ﬂ’f]jn{%li}o&ﬁ‘ééﬁ)do ithe lredastant ][ OﬁUCi ng
into a plant céll a_.gene encoding. a C r r yagsof human
origin sel ect e®Trh Jﬁé“’gr&ﬂﬁng% gidg T¥?‘1€e 0 t‘é’a%ﬁ‘%??&?ﬁ%ﬁé F/ée%ase,

gal act osi dase awdsprodisicteesiaridesendespasdfdlentRlli A824M%eXugdftius

gl ycoprot ei n sejgeat ed. f roOThesebexn wbe esuifjetheofrerpnsivesiresearcind enzynmes,

hor nones, ,ayt okinesa, Yol LOQH i ASvarid6s | dhtime RERR1LEAS LRBEUSELENLEY Ot ei NS,
the glycoprotein produceg

plurality of neRsEE5NnE 3% legﬁ%g: ncogaa%gr:]%,ds; rctt%gﬁg&'f;%%gﬁg%%ﬁai n
containing a temecAflottiyar FoRaieXamela. o Wash BeeRoMePRddRi ABZI™E ni nal
gal act ose and cguabDody foeibindind wtts e sewondgtry aatibddy ju Nestexh accor di ng
to claim 20, Wl%l%tﬁﬁéhﬁdxlﬁnwet:h@f hbPférHi@Sh peroxidase isozyme genes
15 have now been cloned (Fujiyama, K. et al., Eur. J. Biochen.,
173, 681-687, 1988 and Fujiyama, K. et 2l1., Gene, 89, 163-169,
'1990). ClaPeroxidase (ClaPRX) which is encoded by perla'
is first translated as a protein consisting of 353 amino
aclds cohta:l.ning an extra peptide consisting of 30 amino
20 acids at the N terminus and 15 amino acids at the C terminus.
Then, this is processed to form a mature enzyme with 308
amino acids (Fujiyvama, K. et al., Bur. J. Biochem., 173,
681-687, 1988). The molecular weight of ClaPRX ranges
between 42,200 and 44,000. Of this molecular welght, sugar
25 chains account for 22-27%, and there are eight N-linked sugax
chains.(Welinder, K.G., Eur. J. Biochem., 96, 483-502, 1979).
The introduction of the ClaPRX gene was performed using the
binary vector pBIHm-HRP for HRP expression shown in FIG 9.

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



i ntroduci ng a gene encoding a second enzynme capabl e of enhancing the
efficiency of the transfer reaction enzyme. 22. A nethod according {0 El’ab(ﬂ]]
21, wherein the second enzynme is selected fromthe group consistihg 08 3
Mannosi dase 1, Mannosi dase 11, |31, 4-Galactosyltransferase (GalT) and N
acetyl glucosam nyltransferase I (G cNAcl). 23. A plant cell transforned
with a sugar chain addi ng nmechani smwhich includes a. gene of an enzyne
capabl e of wwedwmbi ng a transfer reaction of a gal act oPETHRRIOEME to a
nonr educi ng term nal acetyl gl ucosamni ne residue and with a gene of an
exogenous gl ycoprotein, the plant cell being capable of formng a
gl ycoprotein having a mammal i an-type swgar chain. 24. A plant cell
according to.claim 23, wherein the sugar chai n addi ng nechani sm adds a
sugar chain containing a core sugar chain and a ut.er sugar. ai n, wherein
the core sugar Toadidddsipiacie Sraammt SPREIANS an’ﬁ‘hﬁo 8"5%‘&%'1 by
acet yl gl ucosanppgclepiNaifelzowiite. 0. ukby CeMyaFs praretenontend -8 tern nal
sugar chain pofhl, G nih 1 gacOfrdoReHE iwag irfeitaalingeaHLNSELI-BBCIA pl ant
cell according to claim23 =Y o5l d'lgn;ar gasfenpicd pakhe a gene
encodi ng a gl yﬁiﬁﬁll"ft n%’fdgf%"gﬁg tr?g‘i B R 5003 27. %@ é pl ant cell
according 8o cPelnRep.uhi?eitritnelPle MeBPHEE (HESGRE Uy EP&nsterase
enzyne i s sel epygfbriyodm peeistant ngere (HPT hgeng) obgd dwed destingyefl-
gal act osyl transferase, gal actosi dase and 13-gal act osi dase 27. A plant cell
according to claim 26 wher he_gene is o Li gl QEkghid- 28e A plant
cel | accor di ngPee*%%i %7 erset%ﬁgf’heis,sge{ﬁ% |§ of hupan ori;géi 2.629. A pl ant
cel | accor di ngbyeranvsinr pesisiapt bpt 9ene e sad 2 RspPotet Hi8Rcoded in
t he i ntrogyicedmgsier i(rse) €ct and Davem s . ofenmr 850f179ma 88y d¥83densi sting of
eénzynes, harnbaﬁé’transfdrmation of the GT6 strain by HRP gene was

performed using the method described in Rempel, D.H. and

Nelson, L.M. (Rempel, D.H. and Nelson, L..M., Transgenic Res.

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

15 a control, an HRP gene was introduced to a wild-type BY2
cell to obtain a BYZ-HRP strain. The double-transformant
GT6-HRP with hGT and HRP was obtained in which an ordinarg

transformation process takes place.

20 (Example 5) Verification of the Expression of HRP in the
- Cultivated Double-Transformant Tobacco Cells
Double transformant GT6-HRP , control BY2-HRP and wild-
type (WT) cell line were examined for the expression of HRP
activity using the followlng method. As seen 1n Table 1,

25 the HRP gene-introduced transformant had perxoxidase:
activity about five times higher than the wild-type cell
line.

Taeble 1
Clone Number Specific activity
{U/mg proteinl]
WT-HRP-1 10.3
WT~-HRP-5 . ) 11.3
WT-HRP~-7 12.6




cyt oki nes, anti bodies, vaccines, receptors and serum proteins. 30. A plant
cell according to claim29 wherein the exogenous gl ycoprotein en(;:.pgeg | n20[]3
the introduced gene is an enzyne selected fromone or nore of the §r EB
consi sting of horseradi sh peroxi dase, kinase, glucocerebrosidase,

a- gal act osi dase, tissue-type plasrninogen activator (TPA}, and HMG CoA
reductase. 31. A plant cell according to claim?29 wherein the exogenous
gl-ycopr ot eiwp ogBfasied in the introduced gene i s a hor no®eT/9%e6p8loki ne

sel ected fromone or nore-of the group consisting of enkephalin, interferon
al pha, GW CSF, G CSF, chorion stimulating hornone, interl eukin-2, _
interferon-beta, interferon-gamm, erytgropoietin, vascul ar endothelial -
growt h factor, human chori ogonado#ropin (HCG, |euteinizing hornone (LH),
thyroid stimulating hornmone (TSI1) . prolactin,. and-ovg St ;

-hor mone. 32. C ai-m
| ycopr ot ei n pncoded inCTRERPLR ( odicod—gtne—i-s—an artRody—setected—f rom
g ToH -8 k%)
| gG or scFV. | 148 = ceording—o—ctaim 23—wggrerm teptant cel |
ild Type J 27459 Y

I s transfor reld—wth—a—gefie—efcodinyg—a SecondEnzZyne capapl @ of _ennanci ng
the efficiency of the first enzynme. 34. A plant cell according to claim 33,
wherein the seCoime BY24HRP pbtatjedcbydlrtrefveing §he JRPcBPRS 3P %@f’of

Mannosi dase 1, wfﬁ‘@?ﬁé dapLebtad thd nahe GRighes afypércridhse ae¢iv Ly T} and

N- tyl gl ' S NG I I, 1 di t
C1 ai m 33 wher oFh kSR AR? EERfig SegafiQinhr, W Bok B R, S0 Ty om the

erived froma plant selected fromthe
group con®isting of the famlies of plants in the famlies of Sol anaceae,
Poaeae, Brassi (moexddadiodatdysiy [Megonrementd, Curcurbitaceae, Lani aceae,
Liliaceae, Chepgpediamarartsbddidetdilsewar® placeditiPar(fiped8oBs. A pl ant
cel | according, fo, claluy 2P dNebRieLchN® Phitl el Iruptufled | ¥othd r&m a pl ant
sel ect ed . Exam the group consi st ng of h@bgﬁg& Rtllgérago, Eg&a)t 0, il ce, maize,
radi sh, soybediemagenizes (Hapegeniz®x 5-glzy,- e MEEe 0 .
10 supernatant was collected after centrifugation (12,000 rpm,
20 minutes, 4°C) and then used as the crude enzyme solution.
Next, 1 ml of Solution A, 1 ml of Solution B and 2 ml of
Solution C were mixed together, and the mixture was incubated
for five minutes at 25°C. The crude enzyme solution
15 appropriately diluted with Solution D was added to the
mixture, and allowed to react for three minutes at 25°C. The
reaction was stopped by the addition of 0.5 ml of 1 N EC1,
and the absorbance at 480 nm was measured. As a control,
a solution with 1 N HCl added before the introduction of

20 the enzyme was used.

"Solution A: 1 mM o-aminophenol

Solution B: 4 mM H.0, _

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

Next, in order to determine whether or not the rise in
peroxidase activity was due to the expression of HRP,
activity staining was performed after separation by gel
30 isoelectric <focusing. The 1soelectfic focusing was



37. A plant cell transfornmed with a sugar chai n addi ng mechani sm whi ch

i ncl udes a gene encoding a gl ycosyl transferase enzynme of hunman prjgj
selected fromthe group consisting of gal actosy/transferase, gal g‘cboéﬁ?ﬂama
and ~i -gal actosi dase, and with a gene encodi ng an exogenous gl ycoprotein
selected fromone or nore of the group consisting of enzynes, hornones,

cyt oki nes, antibodi es, vaccines, receptors and serum proteins, the plant
cel | bei ngwapgsbe of forming a gl ycoprotein includi ng PETEBWB688Ygar chain
and an outer sugar chain, the core sugar chain including a plurality of
mannose and acetyl gl ucosam ne, and the outer sugar chain containing a

term nal sugar chain portion with a nogireducing term nal gal actose and
cont ai ni ng neither fucose nor xylose. 38. A plant cell according to claim
37 wherein the plant cell is transforned with a gene Egnccgﬂfi n%%ﬁ second
enzyme capabl eesEounediging ehBIQTRAD: Matded Wl MHBLrIFGC%n2y k™ 39. A pl ant
cel | accor di nghyaRophdt1e Sicfscercsi thetBEEgmiombrent Fidn was astaeked from t he
group consi sting,of, MynRyass d35R thed/plassd dasa ddstihgliray. The

4- Gal actosyl t f T~ and | j f |
Caanact s o oxapared et e litrgPoipd Peardd Hetagsa @y%%%%@%ﬁfﬁ any one

of clai n5523 tapd3he capring tray snBithaRPhptapRlYmeFiset fPHAS MHBPEEY | t hat
produces maMMBijgae-d fkor@spenplate nThe sanplesvamgappliedayo mm_ag?e- nor xyl ose.
43. A glycoprof e Qhwgteffi 9741%35}&6&% 5633 +6& e Bitfcabaethdtswngh t he met hod
according to any one of c

conpri si ng neikdtBrogapbdie S g‘éﬁéq%g‘ég&edﬁ?ﬁﬁ%ﬂﬂ’l&aﬁr&%%‘ﬂ fhgcoprotein

_AF9% A n. A p.deotAbphotetis, Yathy. Aleckraphoreia wag then pexfermed . A AS A A
y. AU. Ah 448 A AbE 16 mAhedes oA 160V, AS Aindtek At),208{V Ank?6 \MLARLEE. AFS
.A3(9. AF9 . A

0 V. Composition of the Gel Solution (per 1 Gel
. AY{ & Y* - . MD' )BIr\ eﬁﬁ wgke Y %cal%c U].’%agc e UJ Wl )Cfly_l, cal] ca] cal]
c¢a] cal] ca] ca] chaet I@%ﬁﬁ’éﬁ ad 5a’ca c’afc cau cal call calc. a
I#' *4<@ VWi ml, 25% glycerol 1.0 ml, Bio-lite (40%, pH 3-10) 0.25 ml,

zuoi c"XRU| caUl Al caddfcridhmaUlpeakapdatka] cTU] ca] chl)] callta) se@hwwm] cal] ca] caU
I ca] cal] g3l callGaleabd Shl pabhprleabboa] caplma 1 skAM

The activity staihing of peroxidase was performed accordinq
to the method of Sekine et al. (Sekine et al., Plant Cell
Technology, 6, 71-75, 1994). As shown in FIG 10, a
20 significant band not found in wild-type cell line was
detected in the pI 7.8 position in the BYZ-HRP cell line
and the GT6-HRP strain. The results of o Western analysis-
using anti-HRP antibodies confirmed the detection of a
signal at the position corresponding to pI 7.8 and the
25 expression of HRP in the double transformant GTH-HRP with

hGT and HRP.

(Example 6) Structural Analysis of the N~linked Sugar Chains
in the Transformant GT6 Cells
30 {Method Used to Analyze the Sugar Chain Structure)
The N-linked sugar chains in the transformant GT6 cells were
analyzed by combining reverse-phase HPLC and slze-
fractionation HPLC, performing the two~dimensional PA sugar
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glucosaminidase (Diplococcus pneumoniae, Boehringer
Mannheim) or mannosidases (Jack bean, Sigma) was performed
on about .1 nmol of the PA sugar chains under the same -
25 conditions as the method described in Kimura, Y. et al.,
Biosci. Biotech. Biochem. 56 (2), 215-222, 1992. Digestion
using B -galactosidase (Diplococcus pneumoniae, Boehringe::
Mannheim) or Aspergillus saitoi-derived ¢-1,2 mannosidase
(provided by Dr.Takashi Yoshida at Tohoku University) was
30 performed by adding 1 nmol of PA sugar chains and 200 mU
8 -galactos‘idase or 60 1g of a@-1,2 mannosidase to 50 mM of
sodium acetate buffer (pH 5.5) and incubating at 37°C. After
the resultant reaction golution was boliled and the enzyme

'G-D
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5 standard sugar chain as described in Palacpac, N.Q. et al.,

Bioscli. Biotech. Biochem. 63(1) 35-39, 1999 and Kimura, Y.
et al., Biosoi. Biotech. Biochem. 56 {(2), 215-222, 1992.

_ The I5-MS/MS experiment w:;s performed using a Perkin Elmer
10 Sciex API-III. It was performed in positive mode with an
ion spray voltage of 4200 V. Scanning was performed every

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

{(Analysis of the Sugar Chains in the GT6 Cells)

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

20 Fraction I 1s a non-absorption portion containing dby-
products of hydrazinolysis. In the MS/MS analysis, no
fragment ion with m/z values of 300, which corresponds to
PA-GlcNAc, was detected. Similarly, Fraction XI at the
50-60 minute positions did not havea peak indicating elution

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

30 .

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

N-linked sugar chains. The following is the result £rom the

analysis of these peaks.
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U] c*aU] caU] CaUFba r@qﬂ]:l.;’gp Qﬁ/]tba analysis of the IS~ experime on peak-K
10 (13.2%) fraction revealed that this fraction contains two

types of N-1linked sugar chains, one has the molecular weight
of 1314.0 (1.4%) and the other has the molecular welght of
1354.5 (11.8%). This frdction was subjected to reverse-
phase HPLC, purified and analyzed. The sugar chain peak K-1

15 with a molecular weight of 1314.0 had the same two-
dimensional mapping and m/z value measured as that of the
sugar chain standard MansGlcNAc:-PA (M5) . When treatpd using
jack bean @ -mannosidase, the elution positions of thé
degradated product had shifted to positions similar to those

20 of M1 in the two-dimensional mapping. This indicates the
removal of four mannose residues.

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

- 25 The determined m/z value of 1354.5 for sugar chain peak K-2

is almost the same as the molecular weight m/z value of 1354.3

‘predicted for Gal,GloNAc,ManiGlcNAc,-PA (GalGNM3). The

result of the mass spectrometry indicated that fragment ions

were derived from the parent molecules. The m/z value of

30 1193.5 indicated GlcNAc,;Man,GlcNAc;-PA, the m/z value of

989.5 indicated Man,GloNAc;-PA, the m/z value of 827.5

indicated Man,GlcNAc,;-PA, the m/z value of 665 lndicated

ManGlcNAC.-PA., the m/z value of %503 indicated GlcNAc:-PA,
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UV] cal] ca] cal] ca call.call ca
ﬁ#g%ﬁ#%%%& ag,aéc.ﬂgﬁax 1 ﬁﬁg;\'/%aifcaw calc

W] cal] cal)] cah%t"is con
aUlc a]c aj caUisy} cath ctd cedihea] 6al B 4GlcNAc S 2Man ¢ 6 (Man
4G1cNac B 4GLoNAG-PA or Man @ 6(Gal 8 4GLcNAc 8 2Man 0 3)Man B
4G1lcNAc B 4GlcNAc-PA. The purified PA sugar chains had
reverse-phase HPLC elutior_x positions that were the same as
. the sugar chain standard Man @ 6(Galf 4G1lcNAc 8 2Man ¢ 3) Man
10 B 4GlcNAc B 4G1cNAc-PA (FIG 13B). '

The sugar chain was treated with 'exoglycosidasé and the
structure of the sugar chain was verified. The D. pneumoniae
B -galactogidaseisa Gal B 1.,4AGlcNAc linkage specific enzyme.
15 The digested product of the sugar chain by the enzyme was
eluted at the same Dposition as that of the
G1lcNAc;Man;GleNAc;-PA in the size-fractionation HPLC (FIG
14A-II). An m/z of 1192.0 was obtained from the IS-HS/MS.
analysis. These results indicate a galactose residue has
20 been removed from the GlcNAc on the non-reducing terminus
with the 81,4 binding. When the product was digested by
a N-acetyl- 8 -D-glucosaminlidase derived from Diplococcus
pneumonise, which is f 1,2 GlcNAc linkage "specific
(Yamashita, K. et al., J. Biochem. 93, 135-147, 1983), the
25 digested product was eluted at the same poslition as that
of the standard Man,GlcNAc,-PA in the size-fractionation
HPLC (FIG 14A-III). When the digested product was treated
with jack bean ¢ -mannosidase, it was eluted at the same
position as that of the standard ManGloNAc;-PA in the
30 size-fractionation HPLC (FIG 14A-IV)}. The sugar chain
structure is shown in K-2 of FIG 15.

The mass spectroscopy analysis of Peak L(35.5%) gave [M+2H]
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GlcNAc. The product digested with D. pneumoniae f -

galactosidase was eluted at the same position as that of

GlcNAc,MansGlcNAc,~-PA in the size-fractionation HPLC (FIG

15 14B-IX). The results indicate that a galactose residue is

bound i:o the GlcNAc on the non-reducing terminus with the

81,4 linkage. The removal of the galactose was conflrmed

by the molecular we:n.ghts obtained £from the IS-MS/MS analysls.

[M+2H] 2+ was 759 and [M+H] was 1518.0. The mass gspectrometry

20 indlcated fragments lons derived " from the

GlcNAc;MansGlcNAc;-PA with a parent signal of m/z -1518.0.

The m/z value of 1314 indicated Mans;GlcNAc;-PA, the m/z value

of 1152 indicated ManGloNAc,-PA, the m/z value. of - 990

indicated Man,GlcNAc,-PA, the m/z value of 827.5 indicated

- 25 - Man,GlcNAca-PA, the m/z value of 665.5 indicateq

Man,GlcNAc;-PA, the m/z value of 503 indicated GlcNAcC;-PA,

and the m/z value of 300 indicated GlcNAc-PA. When the

GlcNAc,MansG1cNAC,-PA was digested with an N-acetyl-f -D-

glucosaminidase derived from Diplococcus pneumoniae, the

30 digested product was eluted at the same position as that

of the standard Mans;GlcNAc,-PA in the size-fractionation

HPLC (FIG 14B-III1). Even when treated with <« -1,2

mannosidase derived from Aspergillus saitoi, the elution
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fractionation HPLC (FIG 14B-V). This indicates the removal
5 of four mannose residues in the non-reducing terminus.
These results indicate that in the PA sugar chain, none of
f£ive mannose residues are ¢ 1,2 linked to the mannose residue
which are @ 1,3 binding. The exoglycosidase digestion,
_ two-dimensional sugar chain mapping, and IS-MS/MS analysis
10 indicate a sugar chain structure of GalGNM5 as shown by L

in FIG 15.

FIG 20 summarlzes the above results regarding the structure
of N-linked glycans and the ratio of each N-linked glycan

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

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

were observed. Because those high-mannose type .
oligosaccharides ' will be substrates for 8 1,4-
galactosyltransferase (Gal T), introduction of GlcNAc I,

25 Man I and Man II cDNAs can: more efficiently lead the
oligosaccharide Man7-5G1lcNAc2 to GLcNAcMan3GleNAc2, which
can be a substrate of GalT {FIG 21). '

A. thaliana cgll mutant, that lacks GnT I, can not sythesize
30 complex type N-glycans (von Schaewen, A., St\irm. A., 0'Neill,
J., and Chrispeels, MJ., Plant Physiol., 1993
Aug:;102(4):1109-1118, Isolation of a mutant Arabidopsis
plant that lacks N-acetyl glucosaminyl transferase I and
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is unable to synthesize Golgl-modified complex N-linked

glycans). Complementation with the human GnT I in the cgll

mutant indicated that the mammalian enzyme could contribute

the plant N-glycosylation pathway (Gomez, L. and Chrispeels,

5 M.J.. Proc. . Natl. Acad. Sci. -USA 1994 March
1;91(5):1829-1833, Complementation of an Arabidopsis
thaliana mutant that . lacks complex asparagine-linked
glycans ‘with the . human cDNA encoding N-
acetylglucosaminyltransferase I.) Furthermore, GnT I cDNA

10 . isolated from A, thaliana complemented N-
acetylglucosaminyltransferase I deficiency of CHO Lecl
cells (Bakker, H., Lommen, A., Joxdl, W., Stiekema, W., and
Bosch, D., Biochem. Biophys. Res. Commun., .1999 Aug
11:261{(3):829-32, An Arabidopsis thaliana cDNA domplements

15 the N-acetylglucosaminyltransferase I deficiency of CHO
Lecl cells). cDNAs encoding human Man I and Man II were
isolated and sequenced (Bause, E., Bieberich, E., Rolfs,
A., Volker, C. and Schmidt, B., EBur J Biochem 1993 Oct
15:217(2):535-40, Molecular cloning and primary structure

20 of Man9-mannosidase from huximn kidney; Tremblay, L.O.,
Campbell, Dyke, N. and Herscovics, A., Glycobiology 1998
Jun:8(6):585~95, Molecular cloning, chromosomal mapping
and tiliasue-speclfic expression of a novel human alpha
1,2-mannosidase gene involved in N-glycan maturation: anad

25 Misago. M., Liao, ¥.F., Kudo, S., Eto, S., Mattei, M.G. .,
Moremen, K.W., Fukuda, M.N., Molecular c¢loning and
expression of ¢cDNAs encoding humanalpha-mannosidase 11 and
a previously unrecognized alpha-mannosidase IIx isozyme).
Human Man T has two isozymes, Man IA and Man IB, and the

30 nucleotide structure of isozymes' cDNA was shown (Bause,
E., et al., and Tremblay., L.O., supra).

By trnn.sfoming these cDNAs into the BY cell line, an
efficient cell line producing human-type glycoprotein, can
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~as an acceptor substrate. Efficient supply of UDP-

galactose will enhance the Gal T enzyme reaction, and more

5 galactosylated. oligosaccharide will be produced (FIG 22).

(Example 7) Structural Analysis of the Sugar Chains on the
HRP in the Double Transfqmant GT6-HRP Cells
A crude cell lysate was ‘obtained from the homogenate of 50
10 g of cultured GT6-HRP cells or control BY2-HRP cells grown
for seven days, respectively. This crude cell lysate
solution was applied to a CM Sepharose FF column (1 x 10
cm) (Pharmacia Co., Ltd.) equllibrated with 10 mM of sodium
phosphate buffer (pH 6.0). After washing the column, the
15 eluted peroxidase waé measured at an absorbance of 403 nm.
The pooled fraction was concentrated using an ultrafilter
{(molecular weight out off: 10,000, Advantec Co., Ltd.),
dlalyzed against 50 mM of a sodium phosphate buffer (pH 7.0) ,'
and then applied to an equillbrated benzhydroxaminic
20 acld-agarose affinity column (1 x 10 cm) (KemEn Tech,
Denmark). After the column was washed in 15 volumes of 50
mM of sodium phosphate buffer {pH 7.0), the absorbed HRP
was elutedusing 0.5 Mboric acid prepared in the same buffer.
The peroxidase active fraction obtained was then pooled,
25 dialyzed, and concentrated. :

The purified HRP prepared from the double transformant
GT6-HRP cells or BY2-HRP cells was applied toa 1 x 10 cm
RCAm-ngarose caolumn. The column was then washed with 15

30 volumes of 10 mM ammonium acetate (pH 6.0). The absorbed
proteins were then eluted and assayed using conventional
methods.
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Lectin staining was then performed on the purified HRP eluted
from RCA,;, affinity chromatography whose specificity is
specific to 81,4 linkage galactose. The lectin RCA;y was
bound to only the' HRP produced by the transformed cell
GT6-HRP. Because the lectin binding  was dramatically
reduced by preincubation with the galactose which can
compete with the lectin (FIG 16b-III), the binding is
carbohydrate specific. }zven when the purified HRP is
pre~-treated with D. pneumoniae B -galactosidase, the RCAiz
binding was inhibited. These results indicate RCA bound
specifically to B1,4-1inked galactose at the non-reducing
end of N-linked glycan on HRP. The absence of RCA-bound
glycoproteins in the BY2-HRP cells indicates that these
cells can not transfer the 81,4 linked galactose residue
to the non-reducing terminus of the HRP glycan. -

Reverse-phase HPLC of PA derivatives derived from HRP
purified using RCA;j; indicated that the sugar chains on the
HRP proteins purified from the GT6-HRP appear as a single
peak (FIG 17). In the reverse phase HPLC, a Cosmosil 5C18-P
column or Asahipak NH2P column was used in a Jasco 880-
PU HPLC device with a Jasco 821-FP Intelligent
Spectrofluorometer. Neither bound proteins nox detectable

BY2-HRP. The peak obtained from the GT6-BRP 1in the
size-fractionation chromatography was homogenous. The
two-dimensional mapping analysis of the peak and
chromatography of the peak at the same time with standard
sugar chain indicated that the oligosaccharide contained
in the peak was Gal;GlcNAc,MansGlecNAc;-PA. The
confirmation of this structure was provided using continuous
exoglycosidase digestion. The standard sugar chains used
were a sugar chains prepared previously (XKimura, Y. et al.,

. peaks were observed in the HRP fractions purified from -

1
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Biosci. Biotech. Bilochem. 56 (2), 215-222, 1992) or
purchased (Wako Pure Chemical, Industries, Ltd. Osaka and
Takara Shuzo Co., Ltd.).

The PA sugar chain digested with 8 -galactosidase (D.
pneumoniae) matched the elution position of the standard
GloNAc,;MansGloNAc,-PA indicating the removal of a galactose
residue B1,4-linked to a non-reducing terminal GlcNAc.
Further digestion with D. pneumoniae N-acetyl- B -p-

glucosaminidase of B -galactosidase-digested products
produced a sugar chain equivalent which 1s eluted at the
same elution position of Mans;GloNAc-PA, indicating the
removal of a GlcNAc residue 81,2 linked to a non-reducing
terminal mannose residue. The removed GlcNAc residue is
pelieved to be linked to @1,3 mannose linked to a 81,4

mannose residue in view of the N- linked type processing route

of the plant. In order to confirm the linkage position of
the GlcNAc residue, MansGloNAc,-PA (M5) was incubated w:i.th

¢ 1,2 mannosidase derived from Aspergillus saitol. As
expected, an elution position shift was not detected,

‘confirming M5 has the structure Man & 1-6(Manc1,3) Man &

1-6 (Man ¢ 1,3) Man 8 1,4GlcNAc 8 1,4G1lcNAc as predicted.

When the sugar ochain was digested using Jack ‘bean @ -
mannosidase, it was eluted at the same elution positions

of known Man;GlcNAc:-PA. Therefore, the sugar chaln
structure corresponded to Mana1-6(Man®1,3)Mana1-6(Gal
B 1,4GlcNAc 8 1,2Man & 1,3)Man 8 1,4GlcNAc B 1,4GloNAc
(Gal,GlcNAc,MansGlcNA;) . These results indicate that the
sugar chain in GT6 cell has the structure shown in FIG 15
and that the sugar chain structure on an HRP proteln derived
from the double transformant GT6-HRP is Man ¢ 1-6{(Man ¢
1,3)Man @ 1-6(Gal B 1,4GLcNAc B 1,2Man @ 1,3)Man B 1, 4G1cNAc B
1,4GlcNAc (Gal,GloNAc,MansGlcNA;).

"109%5& () - %8109%6& ()-Y 100806 100608
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Similarly. the galactosylated N-glycan on HRP derived from
the transformant GT6-HRP cells did not react with an
antiserum which has been shown to specifically react with
5 81,2 xylose residue indicative of plant N-glycans. This
indicates that one of the sugar residues shown to be
antigenic in complex plant glycan, i.e., xylose residue,
is not present (Garcia-Casado, G. et al., Glycoblology 6
(4): 471,477, 1996) (FIG 18). |
10
INDUSTRIAL APPLICABILITY

The present invention provides a method for manufacturing
a glycoprotein with a himan - ~-type sugar chain. It also
provides plant cells that have a sugar chain adding mechanism

15 able to perform a reaction in which a galactose residue is
transferred to a acetylglucosamine residue on the non-
reducing terminal, wherein the sugar chain adding mechanlsm
is capable of joining a sugar chain which contains a core
sugar chain and an outer sugar chain, wherein the core sugar

20 chain consists essentially of a plurality of mannose and
acetylglucosamine, and the outer sugar chain contains a
terminal sugar chain portion containing a galactose on the
non-reducing terminal. The present invention further
provides a glycoprotein with a human-type sugar chain

25 obtained by the present invention. A glycoprotein with a
mammalian, e.g., human-type sugar chain of the present
invention is not antigenic because the glycosylation is a
human-type. Therefore, it can be useful for administering
to animals including humans.
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1. A method of manufacturing a glycoprotein having a mammalian-type sugar chain,
which method includes |

introducing a gene encoding a glycosyl transferase enzyme and a gene encoding an

exogenous glycoprotein into a plant cell to produce a transformed plant cell; and

cultivating the transformed plant cell.

2. A method according to claim 1, wherein the glycosyl transferase enzyme is an
enzyme capable of transferring a galactose residue to a non-reducing terminal acetyl glucosamine
residue.

3. A method according to claim 2 wherein the glycosyl transferase enzyme is
selected from one or more of the group consisting of galactosyltransferase, galactosidase and 8-
galactosidase. .

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

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

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

a non-reducing terminal galactose.

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

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

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

mono-, bi-, tri~ ot tetra configuration.
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10. A method according to claim 1 wherein xogenous glycoprotein encoded in
the intraduced gene is selected from one.or more of the group consisting of enzymes, hormones,

cytokines, antibodies, vaccines, receptors and serum proteins.

11. A method according to claim 10 wherein the exogenous glycoprotein encoded in
the introduced gene is an enzyme selected from one or more of the group consisting horseradish
peroxidase, kinase, glucocerebrosidase, o-galactosidase, tissue-type plasminogen activator

(TPA), and HMG-CoA reductase.

12. A method according to claim 10 wherein the exogenous glycoprotein encoded in
the introduced gene is a hormone or cytokine selected from one or more of the group consisting
of enkephalin, interferon alpha, GM-CSF, G-CSF, chorion stimulating hormone, interleukin-2,
interferon-beta, interferon-gamma, erythropoietin, vascular endothelial growth factor, human
choriogonadotropin (HCG), leuteinizing hormone (LH), thyroid stimulating hormone (TSH),

prolactin, and ovary stimulating hormone.

13. A method according to claim 10 wherein the exogenous glycoprotein encoded in

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

14. A method according to claim 1 wherein the plant cell is derived from a plant
selected from the group consisting of the families of plants in the families of Solanaceae, Poacae,

Brassicaceae, Rosaceae, Leguminosae, Curcurbitaceae, Lamiaceae, Liliaceae, Chenopodiaceae
and Umbelliferae.

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

alfalfa, or spinach.

16. A method according to claim 1 which method further includes

introducing a gene encoding a second enzyme capable of enhancing the efficiency of the
transfer reaction enzyme.

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

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

plant either separately or simultaneously utilising method selected from the group consisting of
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22. A method according to claim 21, wherein the second enzyme is selected from the
‘group consisting of Mannosidase 1, Mannosidase 11, 81, 4-Galactosyltransferase (GalT) and N-
acetylglucosaminyltransferase I (GlcNAcI).

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

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

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

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

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

encoding a glycosyl transferase enzyme.
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cytokines, antibodies, vaccines, receptors and serum proteins.

30. A plant cell according to claim 29 wherein the exogenous glycoprotein encoded in
the introduced gene is an enzyme seclected from one or more of the group consisting of
horseradish peroxidase, kinase, glucocerebrosidase, a-galactosidase, tissue-type plasminogen
activator (TPA), and HMG-CoA reductase.

31. A plant cell according to claim 29 wherein the exogenous glycoprotein encoded in
the introduced gene is a hormone or cytokine selected from one or more of the group consisting
of enkephalin, interferon alpha, GM-CSF, G-CSF, chorion stimulating hormone, interleukin-2,
interferon-beta, interferon-gamma, eryt}uopqietin, vascular endothelial growth factor, human
choriogonadotropin (HCG), leuteinizing hormone (LH), thyroid stimulating hormone (TSH),

prolactin, and ovary stimulating hormone.

32. A plant cell according to claim 29 wherein the exogenous glycoprotein encoded in

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

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

gene encodinga second enzyme capable of enhancing the efficiency of the first enzyme.

34. A plant cell according to claim 33, wherein the second enzyme is selected from
the group consisting of Mannosidase I, Mannosidase 11, 81, 4-Galactosyltransferase (GalT) and
N-acetylglucosaminyltransferase I (GleNAcI).

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

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

j

glycoproteins comprising neither fucose nor xylose.

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

according to any one of claims 1 to 22.

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



