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Sulfated glycosaminoglycans including heparin/heparan sulfate and chondroitin/dermatan sulfate have been impli-
cated in numerous pathophysiological phenomena in vertebrates and invertebrates. The critical roles of glycosaminogly-
cans, especially heparan sulfate, in developmental processes involving the signaling of morphogens such as Wingless and
Hedgehog proteins, as well as of fibroblast growth factor, in Drosophila have recently become evident. In biosynthesis,
the tetrasaccharide sequence (GlcA-Gal-Gal-Xyl-), designated the protein linkage region, is first built on a specific Ser
residue at the glycosaminoglycan attachment site of a core protein. A heparin/heparan sulfate chain is then polymerized
on this fragment by alternate additions of N-acetylglucosamine and glucuronic acid (GlcA) through the actions of
glycosyltransferases with overlapping specificity encoded by the tumor suppressor EX7T family genes. In contrast, a
chondroitin/dermatan sulfate chain is synthesized on the linkage region by alternate additions of N-acetylgalactosamine
and GIcA through the actions of glycosyltransferases, designated chondroitin synthases. Recent studies have achieved
purification of a few and molecular cloning of all of the glycosyltransferases responsible for these reactions and have rev-
ealed the bifunctional nature of a few of these enzymes. The availability of the cDNA probes has provided several im-
portant clues to help solve the molecular mechanisms of the biosynthetic sorting of heparin/heparan sulfate and chon-
droitin/dermatan sulfate chains, as well as of the chain elongation and polymerization of these glycosaminoglycans.
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Fig. 1. Biosynthesis of Sulfated Glycosaminoglycans Backbone

Sulfated glycosaminoglycans are synthesized as proteoglycans, on specific Ser residues in the so-called glycosaminoglycan-protein linkage region, GlcAS1-
3GalpB1-3Galp1-4XylB1-O-Ser, which is common to heparin/heparan sulfate and chondroitin sulfate/dermatan sulfate chains. The linkage region synthesis is initi-
ated by the addition of Xyl to Ser followed by the addition of two Gal residues, and is completed by the addition of GlcA, each reaction being catalyzed by a specific
glycosyltransferase, i.e. xylosyltransferase (XyIT), galactosyltransferase-I (GalT-I), galactosyltransferase-II (GalT-II) or glucuronyltransferase-I (GlcAT-1),
respectively. The glycosaminoglycans are built up on this linkage region by the alternating addition of N-acetylhexosamine and GIcA residues. Heparin/heparan sul-
fate is synthesized once GlcNAc is transferred to the common linkage region by N-acetylglucosaminyltransferase-I (GlcNAcT-I), whereas chondroitin sulfate/der-
matan sulfate is formed if GalNAc is first added by N-acetylgalactosaminyltransferase-I (GaINAcT-I).
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Va7 HOFEBEZEGEL TWaH
REMENEBEZ NN GTH D, BihdTdX51C, 7
Vo0 BB EES -1 (GICAT-D) 13NN U HilE
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Fig. 2. Polymerase Chain Reaction (PCR) Cloning of Hu-
man GIcAT-I cDNA

The alignment of the amino acid sequence of rat GIcAT-P with those of
the corresponding putative proteins in Caenorhabditis elegans and Schistoso-
ma mansoni revealed the presence of four highly conserved motifs (I-IV) in
the large catalytic region. Accordingly, we first designed degenerate
oligonucleotide primers to the conserved regions found in the motifs II and
III for a PCR-based approach to clone new members of this gene family.
With human placenta cDNA as the template, the PCR using degenerate
primers resulted in the amplification of a novel cDNA. To clone the complete
coding sequence of the novel cDNA, the cloning strategy of rapid amplifica-
tion of cDNA ends (RACE) was employed. The revealed sequence of the
overlapping ¢cDNA fragments indicated a single open reading frame of
1005-bp coding for a protein of 335 amino acids.
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Fig. 3. Differential Expression of the GIcAT-I Gene in Various Human Tissues
The arrow indicates the expected position for a PCR product.
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GIcAT-I cDNA % COS-1 #fifi ’B'ﬁﬁﬁﬂ%fﬁ‘éﬁf:f &
B OO ROAF UM RONINT CHEBREEN
WKL £/, GIcAT-P ¢cDNA % COS-1 #li i
1238 AT B & HNK-1 BESHPUR N FIL T 2 2 &0Vl
5N TNA0,? Hiik D & 512 GleAT-1 1% GlcAT-P
ETIJBLANIINTAI% EnDmnREEZRL
72 Z &5 GIeAT-1 12 & % HNK-1 i S & pRis
EIZDNWTHHFNEZ., TORE, GIcAT-P cDNA
EEALZEEZITHND EFFNEH DD GIeAT-1 12
Ko TH HNK-1 fEHPUENRBB T2 2 &2 /ML
2. W Esko 5OV ) —TNRERBHEI O—22 7
EEHWTNLARAY —GlAT1 27 0—=27
L, ENGIATI EY X JBEL X)L T 95% DA
HERTZEEME LN, D HESBNLRSY —
GIcAT-I ¢cDNA 7% COS-7 ffifiiZE A d %5 & HNK-1
HESEPUE N FRE T2 L2 AL TVWS. D LR
> T, GIcAT-I & GIcAT-P @ 38 H B Ak 21— 5B
F—=N—=F v T L TWBAEENTHIN/ZDT,
AN OB R R 2R L <FRNT.

2-4. #H¥E X A GIcAT-I & GICAT-P O EEHFR
MO  FERITARN I Gal FRE & 7D Table

Table 1. Comparison of the Acceptor Specificity of GIcAT-I

and GIcAT-P Secreted into the Culture Medium by Trans-
fected COS-1 Cells

Enzyme activity?

Acceptor
GIcAT-1 GIcAT-P
pmol/ml pmol/ml
medium/h medium/h
Galp1-3Galp1-4Xyl 14.2 0.5
Chondroitin ND? 1.2
(GalNAcB1-4GIcA) ,
Lactose (GalB1-4Glc) ND ND
N-Acetyllactosamine ND 14.9
(GalB1-4GlcNAc)
Asialoorosomucoid ND 71.6
(GalB1-4GlcNAc-R)?
Galp1-4GIcNAcfS1-0- ND 83.3
naphthalenemethanol
Galp1-3GIcNAc ND ND
Galp1-3GalNAc 0.2 ND

a) R represents the remainder of the N-linked oligosaccharide chain.
b) The values represent the averages of two independent experiments.
¢) ND, not detected (<0.1 pmol/ml medium/h).

LITRLU 72 8 FDOHE % W T GleA = &= % JHIE
U7-fs 58, M2 B e b GIeAT-1 1345 A fE il =8
(Gal p1-3Gal f1-4Xyl) 12D H& GlcA #x#81E M 2 /R
L7=Z2&En5, Dia< &H GIAT-1 I3 & =
WEDIERILAREN S 2FHE D Gal £ TEFFHML T
WsEEZLNE. 2O EE, HIID GIeAT-1
D X i S EMTRERIC L THhHFEINTY
% (k). £, DAiMhSRBINTVWEZXDIZ
GICAT-1 37V ad )7 Uk -5 NV EiES
EIICIE GleA 28289 573, I RO F > D
FEGR D IR UL GleA 2B LIah-> 2 &n
5, D> ROAFUHE/TIVI Y UhiilE D/ EIC

G 27)V 70 kB EEE -I1 (GIAT-1I) &
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DOTHADMm? HNK-1 A KRICE ST
HDRADEENEETSEDTHA50?  GlcAT-1
MINTOMBMTHEIEL TWBRICHEDLST, £k
NC @ HNK-1 FESFIE O FEB A, R RICES
NTNBHZER, BRTEAL TWHWRWL COS-1
fel TWENTETE D GIAT-I 23FH L TWHIZHED
59 HNK-1 FESHPURDS I L TWishWZ & &%k
E 2L, @EOEERNIZBNWTIE, GIeAT-I 73
HNK-1 B $57H O &I » T B af fEM 13K
WwWeEEZ6N5S, ULal, EMild/R E T GleAT-1
MEFH I NIRENEFELET L, TOBICIZ
HNK-1 #E$EHiH O ERICEDb > TWaond L
IR, ERE, B ORI B W T GIcAT-I 23
B L, HNK-1 $HPUE O B2 R T/l z &
HLTWS RFEXR).

2-5. GlcAT-I OBELEFHEE & RIFIEHEE
L7hi> T, GleAT-1 ORB R U v/
7R HOEREL N0 T, BB T3
HNK-1 SR O F B & B #ilfH L T 2 a]gEM: N
ZZ5NEDT, GleAT-1 D& AT & F B HIE
WHE 2GRNz, ZD#ER, & b GIeAT-113 11 &3
BROER 122 12EL, 2R T7kb TSDOOL
FY MR IN TS ZEDHBAL . 12 £z,

1 FEDBBETN 3 BRAKICHFEET DI EHHS
MERST 1D I5IT, KEBELETFO S5 LRERORE
T ONTER GBI ERAL DY AE 21TV, RORE O il i
FkZ I WT GIeAT-1 7 O & —4% —{E M 2N /.
WINOEMIZICBNTH, GlAT-I 7 OE—4 —
i SvVao o7 oE—F —LFEE, #HLIFENL
L OBEWEEIEEEZ R L. 1P 72, GIAT-1 D7
OE—4% —ElZHABESIIIREIEL I EITE

D, —303/M5—153bp OREIIZHRWNWIT NP —T

VA RIWNEET S ZEE2HS ML 12 BIE,

ZOHBERTZREL, FFLWREITZT> TW5.
2-6. GIcAT-I OfEREERT i, NIHOD
M. Negishi 5 D7 )L — 712 &> Tk b GIcAT-I 8
fEmfb I N, I ad U R ERk
2B 2 BRI BE R O OFE L OBl & 725 & &
Bz, EELLOEFAMKICL>T, FF—HHE
UDP-GIcA D G4k UDP kXY 7t 7% — 5
B GalB1-3Gal B1-4Xyl & D = FHHEAIRDT X HRHAS b
HERTENHEBRADORIDOEFIZEH RS
7219 Z O ORER, BEES I BEREERL
TWwassLWZ e, HERBEFHEICHEO DXD £
F— 713 UDP-GIcA ® UDP #/D U R — X, [
FOMBAERICARI RO A A A, KUK
FEMEERAL TS ZEAREN, 2 D0 Gal 5%
HEeRHRTH2EEDOT I JBTRE, GleA 21T H
% Gal BRHED 3 DKM H: 2 F85 L, M &
UTCHRE T BV 4 X DRI EMIRF L NILT
FIE S, FHMll7sBr R RONEE B S N Tia o 7.
I SIICEBELREIE, NS5O cofactors (R — &
TR Ty —) CHHEERL, MEERICEDS T
Wb EHETEINDT 2 BERAEN G2 IR OFEERE
BETHLISIREINTNEETHS. TN D
FITW, BBTEIANT UHBRY AT —ED
GIcNACT-I (W N HFEIFHEE T EXT 7 7 2
J—AN—=Z&E>Ta—REINTW3) bE =
N, NS ORRBREOMERA AR < Bl =K
THEEEZAL TVWSHEEBEZENS. 5%, XEE
EE S AT IS K DS AR FR Y 70 —F Itk > T
B, JUVIAYI )T YN EOEBEANTZ A LD
FREICIHIE WA AN A D T ENHIREINS.,

3. A kOAF B/ Ty HBREAN
) 2 [NINT D TREE DAL T (T & g

GICAT-1 IZ K D #E A UBE N TR L 7218, 2O
PUBEREIE I GalNAc & GleA N3 HICHRB I NS &
J>RoA FUWEE/TIVI Y UHiEED, GleNAc
& GleA XX HICHEBIND EANY /AT
WENERINS (Fig.1). TOHIIINS 8
B0RUEEDER & ICHBL SN, EUiEEER -
o RAA RSN I NS, Lizno T, fEEHE
BB O ROA F UM/ IV Y B
mEnNsn, N)NY /NINT B IE NS
OMZ, TOTFTUR o TOHREERESEZ
% EITIRB7D, T OFIMBERE TR I HIE S N
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TWBEEZENS., LMLERAS, a2 ROA1F

CWREE/ TR UHREE E AN 2/ NINT U HREEED
T ERRD#E L7522 R D GalNAc Xid GleNAc
EENTNLAL, afiTIBIL2MEL, HOKRL
FHIH D GalNAc X% GIecNAc 22 NZFN B L, «o
ML CTHBTHIBERIODBDOTHDEEZ LN TV
e, TN DORADOT 2 ) HEOEHBEERIZY
O—Z273NTHE5T, EEFRBEOHFHA N
LIFRHATH - I,

3-1. a-GaINAc ExBBRDORER ZT I TEHE
51, BRASBERBEBEN WIS N TS Z ENA
S5NDUIBFMEE, AU ET>ROALF >
WiBe B RREE 2 R D~ A B afE = 7 0 — L
SRR E UTHY, BFEE NG s
Bt U > (GlcA-Gal-Gal-Xyl-Ser) Z#HE &L T,
J>2 ROA FUREE/ TV Y Ui E NS > /N
INT B DALV B R D8 & 7 D fE G RIS A R A
@ GalNAc X1 GlcNAc ZFNFN B L, ofii Tlx
BI 2MEIEEER2D, WmBEREE S bR S
nmolz. L ULBNSENMTH, GalNAc % o
ML TEBT2HHOBEE (e-GalNAC I EER) 16
WM T HIENTER. 1920 3512, ZOK
AR O#EEE, "H-NMR @112 K U GalNAc 3
ol-4 $EET Gch Z#E 4 U 7= GalNAcal-4GlcA pl-
3Gal1-3Gal f1-4Xyl f1-O-Ser TH % Z & & Hi 5 /n
IZU 72,20 BRZEN Z &1, Fig. 4 IZRT LD o
GalNAc Bz FE O KON ERYINE, B & D EANY
/NN U E DY ROA F UMmEE/ IV >
W DEGHRICBNTRIADANF Y Y I NERE S
N 7= # & ( GleNAcal-4GlcA-Gal-Gal-Xyl ) &

Polymerization

Dermatan sulfate |

Polymerization

(GalNAc p1-4GlcA-Gal-Gal-Xyl) @ H1 [H] fY #% & %
LTWa, LMLABRS, ZORIGERDNPKAD
ZUav 7Y A HICREIN T RN &
5, o-GalNAc BRI I /7 U2 D
AERICBNTEDL D BREEZHS ODNITDNT
IIARHATH - 7z,

3-2. o-GalNAc EBBRDORBHEZDELTD
BE TITEHSIL, o-GalNAc B EE 2K
BL, SSICHLL ZOBEOHEIZDVWTHNRT
HBH I LU, ABERENT IR IERICEB S
N2 EMm5, Y ARERNTH 5HED a-GalNAC #x
BBEEZERICOWL TVWDOTIERWNEEZ,
PR& 1M DR 2 EEPICE £ % o-GalNAc
BREEEEZRE L2E A, b b OMHMEMEMRER
JEAE bR (MFH-7) 0 2 [fi 1/ 55 2% 5 3 A0 1235 612
MWEINBHTEEZRB UL ZORMPIZHrwmS
N % a-GalNAc BB R D LLIE R, 7 S e fr i
H D2 D HAEPEIZ EL_E) 100 fEREE &2 5 72D T,
Z O E B A& R & 3R & U T phenyl-
Sepharose, “\/\ 1 > -Sepharose, UDP-hexanola-
mine-agarose & 1), o-GalNAc ZfsE % 2 13T 15
—IZETHEL =, 52, &% D UDP-hexanola-
mine-agarose IZ a-GalNAc 5B EER I~ > > 1 F
MRENICHER TS ZEERM LT LITRD,
RIS RE RN ERIELENTE. 208
#IE% %13 SDS-PAGE | T/ 784 38-kDa D K =
&KL, N-FKiins 30%FEDY 2/ BE S % H
N5 E, BUHELZETO 1 DELTHSNSEENE
23S B (hereditary multiple exostoses) DR
KB T EXT EEmWHRME 2RI B TE& L TH

4)GIcA-Gal-Gal-Xyl-

4)GIcA-Gal-Gal-Xyl-

alNAcp1-4)GIcA-Gal-Gal-Xyl-

Fig. 4. Is a-GalNAc Transferase Involved in the Glycosaminoglycan Biosynthesis?
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a-GalNAc Transferase EIKSQGKSTMDSFTLIMQTYXRTDLLLKLL

FECEEERCTTEEET e eeer tererer

*
EXTL2 EIKSQGKSTMDSFTLIMQTYNRTDLLLEKLL

Transmembrane

83

330

Fig. 5. Comparison of the Amino Terminal Amino Acid Sequence of the Purified o-GalNAc Transferase with the Corresponding

EXTL2 Sequence

X represents an unidentified amino acid residue which is most likely glycosylated and one potential N-glycosylation site is marked by an asterisk.

EXT1 —
7, S
A%
I cxco o

EXTL1
(676 a.a.)

EXTL2
(330 a.a.)

Y

ITransrnembrane domalin

Expression pattern Location
Ubiquitous 8qg24.1
Ubiquitous 11p11-pi2

Ubiquitous 1pi1-p12

Ubiquitous 8p12-p22

Fig. 6. Comparison of the Five Cloned Members of the EXT Gene Family
Highly conserved regions are indicated by bars. The EXTL2 composed of 330 amino acids is approximately half the size of the other EXT family members that
have 676—919 amino acids. The variation in size is due to differences in the length of the amino terminal side of the protein. The protein shows significant homology

with the carboxy termini of the other members of the family.

BtX N7 EXTL2 (EXT-like gene 2) 11— RK3§ 5%
Y NVED 5483 FHDT 2 BEF EERIC
—% U7 (Fig.5). W EXTL2Dd— RT 5% )N
R30I NS0, D% < ORISR
FITHHA type IT RO Y — 2Bk T 2 I E®
ZN7ETHS (Fig. 6). LMo T, KHEL
7= o-GalNAc BB £1X, EXTL2 01— KR$ 3%
SNZEOREEE R AL > 2ED N- Kl 5 53
oY I/ HER ZEITKD, M~ H
HbDThHhsdEEZEZLNT.

3-3. R E o-GalNAc EEBBREORBFLAT
HEM RIC, EXTL20O—R$55 2NV HE
MEPRIT a-GalNAC I E TH D LD T L&,

AR OFERREZFRD 0T, EXTL2 5 >
INTE R D GleAT-1 &[RRI AER & LU THl
fACTHRBHI G2, BEINZMHBARY NV E%E
IgG-Sepharose Z W THH L, NEMD o-Gal-
NAc i BB #EZREE, HoEBmELY >
(GlcA-Gal-Gal-Xyl-Ser), = OHLAKTH S N-7
T FI a2 RO > (GleA-GalNAc) AL E

X A7 A G fE R Ui B GleA B1-3Gal -O-naph-
thalenemethanol % Z & 12 W T o-GalNAc 4§54 fi#
FIEEZRELZE S, TT o-GalNAc B5 B
FOHBHEE -~ (Table2). 2 X512, KInAERR
MEFRETDHZEICED, EXTL2DO—K$ 54
SN BIIHEMNIT al-4GalNAC i EFE A2 T — RS



442

Vol. 122 (2002)

Table 2. Acceptor Specificity of the «al,4-N-Acetylhex-
osaminyltransferase Secreted into the Culture Medium by
Transfected COS-1 Cells

a-GalNACcT GIcNACT-I
Acceptor activity?® activity?
pmol/ml pmol/ml
medium/h medium/h
GlcApB1-3GalB1-0- 109 31
naphthalenemethanol
GlcApB1-3Galpl- 50 ND?

3Galp1-4Xylp1-O-Ser

GlcAp1-3GalNAc 117 —9

a) The values represent the averages of two independent experiments.
b) ND, not detected (<0.1 pmol/ml medium/h). ¢) —, not determined.

HIENHENER ST, £, ZTOREREKXD o
GalNAc $x 5 I 32 1345 & s R G O — B (GleA S1-
3Gal) ZiR< T D T EAVHIBAL 7=

4. EXT 77 3 —ALN—=EANT U HED
AR

4-1. BLHEZEUNBREEANT CHREREEK
R DX 51 EXTL213, BEMESHEE NG EDH
WEBLETFEXT 77 IU—A2N—D1DTh5.
ERMEL TS E S AR EEICERL, BN
DU &5 D& Ui\ 8E I 2 7D B AL O & )
ZRTLHEETH 5.2 FEHEIIH S TAIKTA
THEBOEBSLRIEZMEN, £2% OEE DS
SRS 5. 229 EHIHMATIC K D R E
DIRKEETIE, & hORMAK LI EXTI (B M
(K 8q24.1), EXT2 ([d] 11pl11-13), EXT3 ([d
19p) O3MHEHET DI ENHEIN, TDIH
EXTI & EXT2 37 0—Z2273NTNW5 32D %
D%, ZOEXTEMKRT77IU—1%, EXTI &
EXT2 EQERANOMEEMEICID, 51T 3
EXTLI (EXT-like gene 1) , EXTL2, EXTL3 Di[FE
INTO—Z273INTVWDN, Ihs 3EOEE
FOLFMENEERBE L OB#BEIIHE I N TR
W B3 yO—=>T7INTWS 5D EXT 7 7
SY—AIN=1FT R Ttype Il b RO —Z R
THREEY >NV ETHD, ZO5H EXTL2 D
A—RTZBY2)N7EIX3307 I BE, oA
N=—MIA—RT 25 >NNIE (616919 7 2 J k)
DKL DREZITHD. TNHDREZIDENIT
FIT N- R OENICEZHDTH D, C- Kl
DOHEMEENZ D W (Fig. 6). BIEEE AED
EXTI % EXT2 5T DOANT OHEEED 803k H

INTVDHDT, ZNSHITENFEETEEASN
7=h, T OHEITEETORER 3 FEAHATH -
7=. 1998 4, 714 D Tufaro 513 1 BIBHIAJL R
ZTA ) ARG 9 2 BRI R D NN T
CHBECREG T A E RN LB O—22
EICR D, EXTI I3HIIARTED QNN T 2Rl & i
BET28RTFTHDHIE, D F, ATz —F
@ Lindahl 513NN T > ik DR RICBI 59 %
WM EEZENT I 212X, EXTI & EXT2
AT R D —BERR D IR U S O £ G ki B 5
TEHANNT VHEBEARY AT —1 (GleA/GleNAc ¥z
BlE# Fig. 1Z2) 20—KRLTwsIl&zxTh
FNHEE L. 2512, Lindahl 513 &S5 &0
HFEMIEICE D, EXTI & EXT2 13filaN TAT O
BEEREZBRL TIIVIRICEEL, EEERERK
LisWga st U T, FH LU <HEEBEEN LR
HZEEMELEZ. W ULEOBEENS, O EXT
Ty Y= AIN—=HANT B OEAERICEE
LTV AREMEAVRIR I Tz,

4-2. EXTL2 (I~ANTHBEABRORKE %R
% GleNAcixBBEZE 161 — K33 ZIT
FEH 513 o-GalNAc RSB % O R A RPN RIRD
JUaAYI )T CRICREISN T EWZ & &,
EXTL2 73 EXTI % EXT2 2 #3E FAHREIEZ BT %
ZEMS, o-GalNAc B EEE E L THIEL &=
EXTL2 73NN T 2 HilE O 4G I B 59 % wRE M
ZHE L7z, o-GalNAc Bxfs B £IZ LRt X D12y
JaYI 7R —F 2N EREEE O R
B (GlcAp1-3Gal) IZEWHEIEZRT Z &»
5,197 EXTL2 NN T VRS RN O# % 7 5
fE O EIRIC al-4 %A T GleNAc 288 79 5
GlcNAc #5f8 B4 3% -1 (GIeNACT-I) (Fig. 1) TH 5
AJREME Z AT L 72, GIeNACT-I OREE &L THI S
N 5 L% A& & 7= GlcA p1-3Gal f-O-naphthal-
enemethanol &, Rk D K 5 12 GleNACT-1 D A&
EROBVEREINTVDREAERIUELY >
(GlcA-Gal-Gal-Xyl-Ser) 20 # #NFNHE L L TH
W&, Mz EXTL2 % > )N 7 513 GlcA -
3Gal -O-naphthalenemethanol % Fi W\ /= [ @ &
GleNAc i BEFNEEZ /R Uz (Table 2) .29 X 5
2, ZORBERDERET S EITKD, FEHDS
DEHUHH o-GalNAc BB F#IT, ~NINT ik
BB~ O#ZED S HERIC a4 ST
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GIcNAc Z #5895 GIeNACT-1'7 i 2 HR9 2
EDHIBAL, EXTL213 o1-4-N- 7 2 FILANF VY
RUEBBAEEI-—RTLHIENHSNERS
72,2 GIeNACT-I 23 & s PupE = U > 12 GleNAc
BT HZENTERWVERIE, T TIZHEMIN
TV D12, GINACT-I a7 & 2 IS BEDA
INT U HREEA IR L D 7 X BREL A % BT %
HEEZSNS.DE =, GlcAp1-3Gal §-O-
naphthalenemethanol D X D7/ A L EREE DT 7

DO ML, TOXDRT I BESIOHKR
PEEZBEM L TWb 720, GleNACT-1 OHE &7
27bDEZEZLENS.

43. EXT 77 3V — A N—DHEBTORE
ANINT URREBZIE E A ET T OME D 2 -0 A
N bU w7 RACHEET S, 22T, EXTL2 815
F (al-4-N- 7 2 FIANF VY I VBB EELET)
MEDXIDBHMBTHEL TWBDh%E RT-PCR
FERWTHANEEZA, ZORBAEITITENRS
NDEMPFARZEOTNTOE SO (kAR
18 7, FAVEHLRE 8 ) T EXTL2 &I T DFREN
Bohiz (Fig. 7).2 7=, kEozoiz, BEX
TIZ7O0—=73NTWabE O 5D EXT &
BFT77IU—AN—DFB)NY — > % Fig. 6
CEEDE. ZOEDIC, EXTLI BETF R
D EXT 7 7 2 —DELRTIE, EXTL2 BT
BT ORBEBITIZENASNSA, E hPIYTAD
HHERIZ B W T ubiquitous ICHRE L TS Z L
HINTNWD,

4-4. EXTLI & EXTL3 D~NINT L TREEE SR
DOBE5 mEEZESIE, b N EXTLI & EXTL3
HNINT UHEEDEGRRICE 59 % GlcNAc BLf5 B2

-
—>

Peripheral Blood Leukocyte

Prostate

Placenta

Lung

Liver

Skeletal Muscle
Kidney
Pancreas
Colon

Ovary

i

a-GalNAcT

G3PDH

Fig. 7.

Small Intestine

The arrow indicates the expected position for a PCR product.

FEIA—-RTHZEZEWHENILE (Fig. 1.3 %
X g7/ A K EXTLI 13 GlcA B1- (4GlcNAcal-
4GIcA B1)n IZ GleNAc % al-4 fEE T L, ~IN
T 2 HilE OFEHE M RICE 5T 2 A EEE S RIB S N
7. —7%, EXTL3 1%, FRUEEOMIZ, ET5IT
EXTL2 L[k, ZUaAYI )7 Uh—% 2\
B S A AE I DUBE I A 2 D N T RE L E GleA Bl-
3Gal f-O-naphthalenemethanol |2 % «al-4GlcNAc 5%
L2589 D GNACT-1iEEZ2HHL, NNT >
Tite I OD Wi SE B 4 D Bt & R 1T RE D 2 AT REMEDVR &
Nk, ZOX51T, 38D EXTLs 139 XT
GleNAC EnBBE RIGMEZH T 20, TN 5 OHEEE;
BT T RTRRD, EXTI R EXT2 EH 8BS
(Table 3). HpiC EXTL1 X, o EXT 77 3 —
TN TOMBICHEIEL TW5D D &R E K
PR & ORI RMICHEBE L Twas iz (Fig.
6), EXTLIZ GIeNACT-II &M L Rr S 7. L
723> T, EXTLI WERNTED K DIIANNT >
O EARICED > TWEONIEE5D E T AR
THd. THICKL EXTL3 3, o EXT 7 7 3
U —[RT R TOMMMICHEI L, EXTL2 E[RERIC
NINT B O T A RRICED 2R & U THERE

Table 3. Summary of Glycosyltransferase Activities Detected
in EXT Family Member

EXTI EXT2 EXTLI EXTL2 EXTL3
GIcNACT-I — — — + +
GIcNACT-II + + + — +
HS-GICAT-II? + + — — —
a-GalNACcT — — — + —
a) Heparan sulfate GIcAT-II.
Fetal
i |
2
g
-
c EE o E
IO HD
-+—B75 bp
-+—983 bp

Differential Expression of the al,4-N-Acetylhexosaminyltransferase Gene in Various Human Tissues
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LTwasbDEHEEINS (Fig. 1). REFEES
&, BHRIZa> ROAF NN T B NFEE
U, EXTL3 DA —Y OB EPawYay
NITRZOHbHEMLETDHIEZRAMLAE. 51T,
EXTL3 O A —V 027 Td 5 rib-2 (FH) &
DEXT3 (332 awu)N\NL) BNFENFH, LD
EXTL3 [AARIRIT AN T B O B8 4% D B gh &
HEICEAD S GIcNAc s B R Z I —R9 52 &%
BHS MT U7, 3738 BIRIEN Z &I, RS a0
PaIUNIDEXT 7 v I —I%, EXTL2 DA —
VAT NEELRWEZD, rib-2 & DEXT3 I3
TNNINT Ui OGS f—DELET LB A
5N%. KB, DEXT3 OAERMKIT, ~NINT ik
W28 T & % Hedgehog f Tf Wingless @ > 7 F )l
LENENT, BRITRD I ENREINTND.,

5. o-GalNAc B EEE DAL

AR DL DI, Fax DIER L 7z o-GalNAc =5 B
FIZEXTL2 12X 0D a—RIN, NINT g Ok
SHEH DOBIRIZEE 59 % GIeNACT-1 &M 2 © %
LTWBIZENHSNIHE>., LML, oGal-
NAc 8 B #IEME 1S GINACT-1iEME L D o>
7=®D T (Table 2),2? a-GalNAc £ 1E I & ] 7n 4
RN THBEL TR RIEEMENE Z 5N 5.

51. N— Mo A LTOTALT)HoDEERK
EHFH 5L, T D al-4GalNAc 58 i O 4 5L
(GalNAcal-4GlcA f1-3Gal f1-3Gal $1-4Xyl f1-O-Ser)
M, T2 ROAF UREBERNNT Uik OESICHE
B3 27)0 70 BEBHAOREITRSIRNT
EING, a-GalNAc DIEIZT YIS /U R
CHEAROEIRS T FINER DR ERT, VYO
B TUAEOEHEMEIEL TWaH &L T

o~-Thrombomodulin

GlcAB1-3Galp1-3GalB1-4Xyl

Fig. 8. Two Glycoforms of Thrombomodulin

IN—=RNYALTOTHAT YN EZEZZ. IN—KF
AL7arAr7 YA e, FYVavrI Ry
BHIck 2 EffizzdTaT47 ) > OBREERED
NTE, BRiEZITaATYONIVEDOARTHEET
L0FD 2RO FRNEET S5 2N Ik
LHMTH D, EEHESIE, N—h¥ L7057 FS
VA ELTHSNANOREY 2 2HITE
ST LEEDRFGOMEZTo/. bO2RED 2V
PR EIE A2 R o 2O > ROA F Ui
OFAZ7Uh>THO, > RO FUmBicks
B % 2 T G DR W g- PO RED 2 2 &
Bz Z T TOBNWEREDOTH Ve hOCRED 2
J>D2/DHFRNEFEIET S, - FOZHRED
2V 2 RITHEIET % O- 6 RIS O W & fg AT 217
Sl T3, BERNS a-GalNAc 2 JEE TT AR I
Fio I S BB EE LR o oy, BESHOff
ENgpTEILLZZ)aSI VT U B —F 2N
27 S G fE Sk DU B R & T & 5 GleA p1-3Gal Bl-
3Gal B1-4Xyl 23 H. D) > 7= (Fig. 8).40 L= > T,
a-GalNAc i I3/N\— ~ ¥ 1 A7 07F 7 U > D
AERICEE L T2 a[ieEidEnEE 2 6Nk,
INETE, Y2NTENRTY) I )T U N8
WX B EMEZTDNEDINERET 2 DITHRID
WIS RISICED S F 20— A EBBEETH D EE
ALNTWE, UL, FEHESORERIZIZOMEH &
B0, fEAEBEAND N- 72 FILAFY 53
DRI T EROBEE BN T, 7
VaYI )7 U N EPMET DN EIMERET
HLEERHEA T T THHDHIEEZRLTNS,
5-2. HNK-1#E#EAEORBEHEH HHEDL
A, RBEOZ YAV )Y R HFPITE o

B-Thrombomodulin

Core protein

Chondroitin sulfate chain

Thrombomodulin, a cell surface glycoprotein, is a critical mediator of endothelial anticoagulant defenses occurring both as a chondroitin sulfate proteoglycan
(B-thrombomodulin) and a protein (a-thrombomodulin) unsubstituted by chondroitin sulfate chain, hence its description as a ‘‘part-time’’ proteoglycan. We
demonstrated that o-thrombomodulin bore the truncated linkage tetrasaccharide, GlcAf1-3Galf1-3GalB1-4Xyl, and we suggested that the critical determining step
for the proteoglycan biosynthesis may be the transfer of the fifth sugar residue, the first GalNAc.
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GalNAc BB 2 O SOR AR B S Tz
W, TITRIZEHESIL, o-GalNAc EEBEEENY
Uay 700 #HUNORES >IN E RS
OFEHOAEFRRICEAG L TWAa[gERZEE A . o
GalNAc B B #13 LFRL D & 51T GleA f1-3Gal &
WO ZHICEWBIE R RT 2 L5, 12 KRR
WCHET 2 2O HEZ RimCHR DR 2 R U /.

35 &, GIeAT-1 OIEHTHIR L=, Bk - FF2 5
VF T —Hiifd ST —ED U > NERD MR R Ol fid
RMANTR R I N, MRS DR e
CBI59 5 2 EH S 5 HNK-1 BN [GleA
(3-O-sulfate) B1-3Gal B1-4GlcNAcpB1-1 @ gij B &
(GlIcA B1-3Gal B1-4GIcNAcB1-) AY T D — i % K iy
IZR> TWe, 22 TEH S, HNK-1 HES PR
D HTHRARIZ o-GalNAc I BE R DMER 9 UL, o
GalNAc 58 BE 35 & 3-O- Bt Fan B I 52 7% 2 D i
MIKZBNGS 2 LI/, a-GalNAc RN
HNK-1 ¥ESE 1 O F B 2 Hil i 3 5 nJge e = & A /-
(Fig. 9). = Z T, HNK-1 #HPIUHOFEKATH %
glucuronylneolactotetraosylceramide ( GlcA B1-3Gal f1
-4GlcNAc 1-3Gal f1-4Glc f1-1Cer) & HNK-1 ## 85
HiJF TH 5 sulfoglucuronylneolactotetraosylceramide
[GIcA (3-O-sulfate) B1-3Gal f1-4GlcNAc 1-3Gal §1-
4GlcB1-1Cer] 7% a-GalNAc Erfs B & DB T /2 5
MEDIMAR EZ A, HNK-1 B8 PTEF ATERAA D
HIE LI TORRIE, o-GalNAC L5 B
FOFEB N HNK-1 PR O R ZHIEH L 5 2 2
EERB UM, EBRITERNTEZI>TWDZ &
ZFEAY 2121E, RANS ZORIBERM TH %
GalNAcal-4GlcA £1-3Gal f1-4GlcNAc f1-3Gal S1-

4Glcp1-1Cer ZHEEL 72 < TWEWIT /W, BifE, #

T 3-O-Sulfotransferase

‘ a-GalNAc Transferase

Fig. 9. Possible Function of a-GalNAc Transferase
a-GalNAc transferase may play an important role in the regulation of
the expression of the HNK-1 carbohydrate epitope.

H 513 a-GalNAc IS Z B RIHEBTH F T > X
DI IRIAEERLIZDT, TOIXTAEMR
452 EI2LD a-GalNAc S EEE DHREATHH 5
MZR5HDEMMFHELTNS,

6. J> kO FoRMBDESK

6-1. O FOMFoMBEAKDRAKRZRD
GalNAcisBEER -1 —J5, a2 ROA F U
/FINREY ORI, midokSicr7Ya
B2 70— 2N B G IR O Wi S O
JEIE JC R 0 D GleA F% K12, GalNAc B f5 B % -1
(GaIlNACT-I) DEMIZE > T, £7 GalNAc )Y
Pl-AfEETIHBINBES. LA LANSRITE
T, a2 ROAFUHRBEOMG S TICEDS
GaINACT-1 IZBIL TlZ, EEAEERN Mo 2.
K. Rohrmann 5 X e BKAY 722512 & > T, 18 By
EVED RS 2 FE D BGalNAc IS BEENFEET
HZEEWMELE £NLCk, a2 ROoqF20
PR VR UM O G RICED % GalNAc #555 BE 5
-II (GaINACT-II) LIAhic, GalNACT-I 23T %
EFELBNTEL. LML, BTRELINTEL
GalNACT-I 7%, E13 it @ o-GalNAc #L 5B 5 &
F—THH5LWNWI ENEHSDHFEITIDHBIL
.9 20k, EESIX, miRON—K&1LT70
TATIVH O~ THD - hOVKRED 2 >
(Fig. 8) #7207t 74 —#£HEL LT, BGalNAc#%
HE o FOYREY 2 > O E R U I
BT 5HEOD GalNACT-1iEHZ, E b AT/ —<Hl
faD R EIEHRICHID THRRLZ. A AT —<
flDOBEHIL, o hOREY 2 U > OulED IR
TCARUGD GleA 5F1Z, B1-4GalNAc 7 Ik 2 49
HTZEMTEEM 2D E1L, GalNACT-I ATy
FONVEDY X ) BREAEEHL TWD &z
SIRBLTHBD, ~NINT HilE R O kg
OHEFE, a2 ROA F 2 iiBE R 208 Ok
FEDANZZALCS, ATYNVELEOT X
B MG EE R EE 2 R L Thd E DN S,
6-2. O ROAFUMBEDOHERYRLMEED
48K —H, WAmEEMEEIC p1-4GalNAc 7%
ENEgIns &, 32 RoA FUmBEd 2 0NET
WY B O _HEE VIR LB TdH D -3Gal-
NAcB1-4GIcABl- E WS &Ry, a2 RoA F >
MR E D72 % O GIcAT-1I & GalNACT-II @ 2 &
HOBEZEDOHFEMCL > TRV ELAmMENS B
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DEBZSNTER. 1997 £, G. Sugumaran 5
i, U MU OEE O S 80-kDa @ GIcAT-1I
EEOMEEL . PEFESIE, TMmMEPI
GICAT-II {1 & GalNACT-II i % % FE L, 49 i
FIEWENT T AT MY OFAEBE TRINICEE)
TBHIEWDT VT I —DIiRIEDINY — > DiE
WK DHIENE & ERM UL 51T,
FHSIX, GIAT-II i§ 1 & GalNACT-II {37
IABIZO< N7 57 4 —1ZHBWNT 160-kDa D fif
EICHICE TN, Wik RO T 5T
4 —TCHHERHTERNZ EERMELZ. O T/
b, WEEIIE -0 2 N7'E FITHEET 50,
BB WITHEERNE SR E R L T2 e getEnE
25mt UL, WHEEZERTEICETRHRBLZ

, M—hBEE2E ETICRES RN 2.
m.:/hu4%/ E% (ChSy) @
¢DNA 7O0—=>7%4  ZZT, #FH5ILGICAT-
I3 PE & GalNACT-IL g2 bR a > koo
AR EE#E (GlcA/GalNAc iR % : Fig. 1 &
) MNHEMETZETHL, BarEilziT-> THE
B2 Ia bl e T, BIEREBRICREL TEleT—
&N—X#b%@dmA%ﬁD—:yﬁ?é:&
L7z, EitofEMms, a2 koA F o amEESE
37 < &b 80-kDallEORESTEEZSNTZD
T, EhD50-kDall b )\ EEI—-KRT 5
HEF D cDNA W&k X1 TV % Human Uniden-
tified Gene-Encoded Large Protein (HUGE) 5 —%
N—Z MK L. TOKE, LLTD 2 D0EH%EHH
Wz, ) arRoAqFoakiERER, JIL2IKRE
159 2 DO FEERB BRI — IR 55 type 11
NROY—%FDOBEEY ONIJEEEZZ N,
2) GalNACcT-II |Z B1-4 T GalNAc Z#:f6 X & 5
FETh B, pfam ITBEFEIN TN D B1-4Gal #5858
#7573 — |3 B1-4 TGal ZEBSEDHHHET

HBHDT, ZORELMEXLD GalNACT-II H f1-
AGal IR T v IV — BT D ulREME B 2 5
Nz, £ZT, “I1DOOHEE@BBRAA " & “Bl-
4Gal I EEHR” &#F— 7 — RICHWT, HUGE
F=HIR=2AZRBFLIEZEZA, 1 DOBMHELET
ERDO 7. B8R TY >N BT 802 DY 2
SNSRI, NRmENSEERE R A1 >,
B1-3Gal #x s EEH 7 7 X 1) — KU B1-4Gal #xfs e
Ty 2 =R R AL > &2FF> Twz (Fig.
w)m%’f ERER TS > N7 G2 Hik &R
FRICATER & U TR TR S B2, FB L 72
7&—@9 //\7,%’%3 IgG-Sepharose % W THEHI L,
WEREO O > ROoq F o alkBRzRER, 22K
04 F > % W T GalNACT-II i& <> GIcAT-II i&
HEHELZEZS, MRS BMHT DI ENT
&, BEELGTIZI> ROaF O amEEE (ChSy)
2d—RIBZENHASMNERS- (Fig. 1).47 L
MURBRMS, fEEEBMEREZRFD - FO 2R
£ a2 (Fig. 8) I ChSy DEEIZIF b am
Sz EMmS, s a—=>/% L7 ChSy L Gal-
NACT-1{EH: 2> TWRWZ ENHE M ER o 2.
6-4. 3> FO4F> GalNAc %% (ChGn)
D cDNA 7O—=>7% L7=2>T, ChSy LISt
IZ GalNACT-I #0— R LU TWABEEFNEET S
EEZLND. EFH S, GalNAcT-113 ChSy [H
Bk GalNAc IS B RIGHEZ RS, BB INLHED
EaEML (p1-4) EH WD 5K (UDP-Gal-
NAc) MEICTHBZDT, MEMENH D EEZT=.
ZZ T, ChSy @7 X J EHl%] % F\» T BLAST
Y —F B{To k8, ChSy 2 27% DR % £
DIEFEETE R DU, BB T ED 532 #
D7 NSRRI N, NREHD S RE® R
AA >, ChSy \ZHFMEZERT R AA > (B1-4Gal
HBBEBET 72— KAL) 2> Thk (Fig

ooy [ ] |

Fureror R
c

N
B1,3-Gal Transferase domain

B1,4-Gal Transferase domain

I Transmembrane domain

c

Fig. 10. Comparison of the Two Cloned Members of Chondroitin Synthase Gene Family
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10).9 22T, BMELETEYORERBF A1 >
LABE D BLH % R ik D 50 b B FE B X 7 &7 — TR A A
A, AjEtEy X7 LT COS Ml THE &
2. R UMz RS 2 )X 8 % 1gG-Sepharose
ERWTHEREL, NEEOBELRSERZREE, o
rOYAREY 22U (Fig.8) ko> koA F>
EREERIE ERIE A Z AR E L THWEER, Wih
H GalNAc BB iEED R I N/ ¥ L -> T,
12 i & 1% T PE 1T GaINACT-I Jx O GalNACT-II {&
HE2EOEEDENHLNITR DT, HEMEx
TEEYZ > ROA F 2 GalNAc ix883% (ChGn)
EAMT 2 (Fig. 1).49

6-5. ChSy & ChGn DI HTORBKE 2R
O F BRI, ~NINT URRBRRIFEAETRT
Ol o Em LM~ R Y v I RITHEET S, £
ZT, ChSy #ET= ChGn TN ED LD 7
BMTHIEL TW5 0N % Northern blotting % % f
WTHARZEZ A, WEETEOZTORIEITITE
MEASNDEZNFARZBEOITRTOE FDOHEMET
ChSy EIa T XU ChGn BT OREIN A 5N /-
(Fig. 11).4® BIRZEWZ &1, ChSy %O ChGn 73
WL S BFENY — 2 2RTERDN 2.
ZDHEMNS ChSy O ChGn I3 [FTa > RoA F
B OEGRICE S L TW A AR RIE I N

&
o &
S & &
& < ;§
kb
9.5 -
75—
44— '_m@a
2.4 -
1.35—

Fig. 11. Northern Blot Analysis of Chondroitin GalNAcT
(ChGn) and Chondroitin Synthase (ChSy) in Human Tis-
sues

Northern blots with RNA from various human tissues were hybridized
with a probe for ChGn (upper panel) or for ChSy (lower panel).

7z, BE, ZOWiiEs T O R HIERE & fdr LT
w5,

6-6. > FOAFoHBEDOFER(LDHIEHE
I ROA F 2 O FG 0 IR U fEE O R S5 A3 B
HEIND &I <ITHMBILZIZ O & B85 D
EZBEEZLNTWS, a2 RO F UKEDHAN
INT CHREEFREE, RSO SME & OMAaDE
LD ZREREE E R L, FE DS N EY
MHREDRIMICEE TH L EEZALENTNDS, EH
5%, 3> ROA F UhilfE D GalNAc FHED 4 fir &
6 ML DHBILDEIEA, =T MY OMOFEEIZBN
THIMIZELL, ZDZA{kiX GalNAc RE D 4 fif
6 fLDOMEELZES I ROA F > 4-0- i
HEEEREEI S ROAF 2 6-O- i EEBEEEED
ENEHEMHET I EZTHLZ. Y ZOHE
1, FE OB RO RB R 2 N AMICE
fbXE2Z &L ary ROoA F OB
WEEEEI Y, WEKEETHIENRETHD T
La@<RB L. 2ITEESIE, a2 RoaqF
WS DREREZ RS HIUT, GalNAc BIED 6 (LD
gLz E> 3o a > ROA F 2 6-0- ik fix
BB D cDNA %, fthd 6-O- T iR & O
FHTE 4 2 FH L T EST (expressed sequence tags)
F=IR—=AKD7O—Z2 7 L7500 20 3
DELRTNI—RTBZY )NTEIL, TT type
I EROY—Z2RTEERY NV BETH>7ZD
T, HiR&ERBRICAERIE LT COS Ml THIE
Bz, BELUMBARSY N EETNTN 1g-
G-Sepharose Z W TR L, WNIEM DRI Linfs
BFERrREE 32 ROAF2x2HWTHREBEERS
BEEEEERELZEC A, 3MED 6-O- L
RBHEEEEZRIE L. BIE, 2055 1 HoOfi
iR (O ROA F 2 6-0- Fif i i
#-D) ZEBHIESZEICX 0 MBS E 2L
SELERNTI APy IRIAEERL, OV R
O F ik O REE O iR (G O A FRIEED
fREAZ A TN D,

1. &HYIC

DIEEEZESIE, W7oy 70 o
AERICEE 9 % 10 L ORISR B 5 i
HEBEEDRFESS cDNA 70— 27 21T,
ZTOMWEZERND ZLI2XD, g7 ay3 )
TN HOEGHREEERIAL TE2. ot
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FICXdmREGDLE2E, FUaAYI )T URY
SHOARRICE G 2 13T TN TORImB R E R
B L Hi iR D cDNA 7 O—Z > 7k 7T L 7=,
BE, 70— 7 IN7EEEO X R E
fEtr, FEBLHIEBERS AT, M EERMENT, T L T2
NOBRECTZHFREB SO REBSEZHY
ERHWEHEEMTNEA TS, £k, FaidEil
HELTF EXT 77 2 U — A2 )N—=DFTXTHAN
T UM OEGRICE G T AR RE I RT
HZEEHOENILRE., AXHFTHR XD,
EXT 773 —XAN—=13HEPL 3TN
TIZHHEMEL, >avPavuyNIO EXTI Bzt
DAE[F &AL T tout-velu (ttv) DEBAKZFND Z
Eizk 0, ANT UEiEIL Hedgehog 7 £ FEEEL L
I, MDY =R ZERIL TWD I EHv
AL TWa. D BERENZ &2, 20ty OEFRK
TIFRRITAN T T hiilk 2z L% &3 5 FGF
Wingless D 2 7 F IVRZEICIZ 2 < HEN W &
MEEINTND, D ZHICKHL, ACravda
NI O EXTL3 & {r + O #H [7] & 15 1 DEXT3
(brother of ttv; botv) DZAEFIKIL, Hedgehog X H
0 T72< FGF % Wingless D > 7 F IVRZEIZ S BH
MEUSZENREHRESI N, ZOZEIEFUEA
INT Ui CTHZEDERYLE (ML DNY — 278 E)
DEWITK ST, T FIVRZEITBIT 2 & E D 4
INTVWBEZEERBTEHHDTHD. £z, B b
D EXTI X EXT2 D RIBICKBDNINT U HiBE D&
FREE ZEDFIBA N Z XL DVWTIEIAHTH S
n, ttv OERMEOFER E A > F 1+ 7 > Hedgehog
DEBKRICB TSR EEZ DL, EXT 7 7 2
J— XA N=I3ME R DO NN T i DB E 2
LI E 5T E12L D, Hedgehog DHLHZ il L
TIEERBRBEREZ#HIEFL TW 0o LN, &
%, TNENDEXT 77 I —A2N—=DN/)NT
>R BHAE G RRIT BT B R EI-FE B I N S 5
RIS 1, FEERSBE R OHREA 21T X 2 2 F6 15
BIEFIED AT Z X LORANED S D b 5.

HEE AU, WEERR A AR EIC
BOTITONZHDTHY, HfFENLEESELE
BRI OX OEHP L BT XY, £z, &
MEDHREIC L R T h 2B - e, T HMERE
+, ML L, Kim Byung-Taek ffif, H A

HETEL, RINAEL, mwEreL, REREG
+, T TEL, BIERAE T, HENEEL,
FIEE L, TEEEEL2IICO ET2E4EHK
DHFEFIEFE DL LB HLFEL EFET.
B, RFEE, SGERFEESE, 278 A EEREET ],
SRR, EEECSRE MR, Ox D
RN GO ZTEMICK DTN 2D TH
D, ZZITPHILHBL LT ET.
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