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av RaAFU6EE (CS) iF. D-Z 7 v UEE(GleA) e N-7 v FIVH T 7 b4 (GalNA) RV B LFES L
TR (L ZHECTH D, CSIE. FEREDNESLEDENC L » TR D AEWMFAKIELZFT 5, AIFFETIZ CS O
RHNZ BRI BEEZE D in vitro TOAEALZRIRIFE 21T - 77,

EF. CS DEARBICBNT, ar FaAF o GalNAc O 4 M~OFRIEIEGES G4 il 285 Th 5
Chondroitin 4 -O- sulfotransferase 1 (C4ST-1) in vitro \Z31F 2 LRI R TRITI D $HLATE, BEEAWDZ < Ofit
B FLiR IR & AR, CAST-1 (X N BUESH 2 H 35, £ O C4ST-1 OiEtE & ZEMICEE R &E % -7,
KIGHEFEBL CAST-1 IXHEHRIEMIIA TH 2 72 DITIEMENTI < . C4ST-1 OFRBUIHESHIEA v RE2 R B R (HILEMW
e, WA, BERE 5 BV LNRTE 2, ABIZETIE, miEMERFESEREM C4ST-1 OFEGEZHIEL. KB
EFBIRTO C4ST-1 ZEHMRGT & T ORPMEMATICE Y LA S, WD, CAST-1 O KRIGE IR 2 REEELM T T
BRpt L=y, iEEE AT 5 CAST-1 2HUfS T2 Z LI TE R o7z, I T, ZURIEDT —NT 4 VTR
S vy X H NI EThHD trigger factor & G S 72 C4ST-1 (TF-C4ST-1) OFBAIT o7z, ZDORER,
TF-CAST-1 NEMEZAT D Z L N o T, RIS, TF-C4ST-1 DEFESEA: 2 MEr L, TF-C4ST-1 OFE pH 2
FEEIEAIIRD CAST-1 LIRIE 3+ 5 2 &, EMiREIL 25°C~30°C TH 0 FEHERIAD C4ST-1 LV RN &
BN LT, BESRSOUGHE SR AIIEAT O fE 5, TF-CAST-1 O kea/Km 13, FESHEHIAD CAST-1 DZN DK 60% T
HoTz, TF-C4ST-1 T, v FaA FUra BB E LBERMNIEE 10 mg A7 —/UZTITo 28R, GalNAc
D 4 NLHNFIE 100%HEEE L S 7= Chondroitin 4-O-sulfate (C4S)NERL L7z, N6 OFERI S TR IZHESE O H Y
(2 CAST-1 DIENE & ZEMEICEH L TW\W5A Z & TE-C4ST-1 2% C4S ORLEIZ R A+ RG22 AT 52 L #H 50
iz L7z,

WIZ, CS OHNT I W CTHES S Z it 9~ 5 Chondroitin sulfate ABC endolyase (cABC-1)? Z/& 5 2 DRI IZ
BD $LATE, cABC-11X. Proteus vulgaris DWEFET 2R THY ., CSHAHETH 7V a2 v NS % B-BBERIGIC &
S TYIWrT 5, AAFFETIE, cABC-1 DI FF BN A 52N T 5 72 DI — M2 i WO IV & O 72 SO fiipr
B L cABC-I & SRR DOE RO FE S E AT ICH Y $LATE, P vulgaris 2> HAEH L7z cABC-1 # T,
57 F )Y 8~64 kDa @ Chondroitin 6-O-sulfate (C6S) % HE & U 7mBER IS # 1T o T2 fEF. C6S D4y RO
o TEERMUSEEME T Lz, 22T, B2 FSICHHE LB bEGE A 2722 5 CS % VT cABC-1 DX
IEE R LT, ZORER., M EIX C4S > C6S > Chondroitin 4,6-O-sulfate = Chondroitin 2,6-O-sulfate T#H 5 Z &
MAGMNETRoTn, T, % CS OLUSHERY DIENT 51T > 7245 R, C4S £7213 C6S D43 Td 5 ADI-4S B &
O ADi-6S WEEAERM TH DL Z LN ghote, I HIT, HEH—MENEN CS 4T LTS ==y MELIX
C6S == h%H) 90%, FERiEILL=> M &K 10%ETe CS (hC4S, hC6S) ZEEE AL L. BRI B i i iR
WraAT o7z, ZDOREH. hC4S & hC6S D kea/Km 1L, EALEIL 964 uM! - sec! & 599 uM™! + sec”! ThH o7z, &I,
cABC-1 & RIS AER A (ADi-4S, ADi-6S, ADi-0S) & OB AERORKE MG 21T o7, T ORER. Arg500
2% ADi-4S F 721X AD-6S DR & G T 5 Z &, ADi-4S ORI D F A ADi-6S DRfEEF L Y b Arg500
LIEHELTWDEZ L, LN E RS, SBIZ, RyF Tz iTolz 2 A, 7 %A h-1 D GalNAc D 4
NERREEFEIE His561 12 &> T, GalNAc @ 6 (ififfEkiE Arg560 & Hiss61 IZ X - TRRiEnbZ &, 791 k-1
F2EXT TV A b2 D GalNAc O 6 (FREAEESEAMED 7 2/ BEFRIL TH D Aspd90 F 7213 Asp658 L FFENNFE %
oo, WRRENE, D EOERERNS, cABC-1IE C4S (T D8 RN R bEWEEZEZ BN D,

PLE, AW TIE C4ST-1 @ in vitro TOAALZFERPIEEZE L T, ¥y a U 2I5H Uiz @it 2 g & o
CAST-1 OFFBEZHRE L, ZORMEEZH LN Lz, £, cABC-1 @ in vitro TOALFERIFIEIZ L - TiE< o
HRMEIACd > 7= cABC-1 O BB BRI 2 00 5202 LT, AFZEIC X » TE LRI EIZ, CS DERNICE T
LESRE A TR S L CEERMA L D,

7% FSCEE L, FI3C 2000 5 & 030 300 §E 4 1 #59O8IT 5, b L<IF2E30 800 #F4 1 &P L T 2&u,

Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).
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Chondroitin sulfate (CS) is a sulfated polysaccharide composed of D-glucronic acid (GlcA) and N-acetyl
galactosamine (GalNAc). CS has various biological functions depending on the position and number of sulfate
groups. In this thesis, I focused on the enzyme involved in the metabolism of CS and conducted the biochemical
studies in vitro.

First, the in vitro biochemical study of chondroitin 4-O-sulfotransferase 1 (C4ST-1), which is an enzyme that
transfers sulfate to the position 4 of GalNAc in the biosynthesis of Chondroitin 4-O-sulfate (C4S), are described.
Since N-glycans of C4ST-1 are essential for enzyme activity and stability, recombinant C4ST-1 has been
prepared in eukaryotic expression systems. To express C4ST-1 in E. coli, trigger factor (TF), a chaperone protein
that is induced at a low temperature, was fused with C4ST-1. As a result, TF fused C4ST-1 (TF-C4ST-1)
possessed sulfotransferase activity. The optimal pH of TF-C4ST-1 was the almost the same as that of
N-glycosylated C4ST-1, and the optimal temperature of TF-C4ST-1 was lower than that of N-glycosylated
C4ST-1. Michaelis-Menten kinetic analysis was subsequently performed, and the kca/Km of TF-C4ST-1 was
approximately 60% of that of rhC4ST-1 expressed in eukaryotic expression system. These results suggested that
TF contributes to the enzyme stability and activity by promoting proper folding instead of N-glycans.

Second, the substrate specificity analysis of Chondroitin sulfate ABC endolyase (cABC-I) was investigated.
cABC-I cleaves the glycosidic linkage of CS by B-elimination. The enzyme reaction of cABC-I purified from
Proteus vulgaris was conducted with CS. As a result, cABC-I showed the high reactivity to Chondroitin
4-O-sulfate (C4S) and Chondroitin 6-O-sulfate (C6S) rather than other CS, and the kc./Km value of cABC-I for
C4S was higher than that for C6S. Next, the crystal structures of cABC-I in complex with CS disaccharides were
determined, and the crystallographic data in combination with molecular docking data were analyzed. Arg500
interacts with 4-O-sulfated and 6-O-sulfated GalNAc residues. The distance between Arg500 and the 4-O-sulfate
group was shorter than that between Arg500 and the 6-O-sulfated group. Moreover, it is likely that the
6-O-sulfated group causes electrostatic repulsion with the nearby Asp490 and Asp658. From these results,
cABC-I has the highest affinity for the C4S-rich molecule among all CS structures.

This study solved long-standing problems of CS metabolizing enzymes: the development of a highly active

C4ST-1 without N-glycans preparation method and the clarification of substrate specificity of cABC-I.
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