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PRI S RIS, e OKBEEAT T 2ILEMDOMEOENRETH D, ZDHiEE
(LA M3 5 Bk & U Tsulfotransferase N1 5 TH O . Z DEEZR (L. arylamine, phenol,
steroid*Pbile acid 75 EDEHDE NI LD AFIN T B, ZORERIIHIEEHE 3 -
phosphoadenosinc-5'-phosphosulfate (PAPS)/N & 7L I — )L H B UM T = / — VK EER
BT A RIGAEMET 5, R, REESBERIEY). Flavenaiy & & HOh > T 559,
ZDI) BT x /) —IVHALEY DTS A fkit 3 5 phenol sulfotransferase (PST, EC. 2.8.2.1)
1E 2MHEYRBBERTH D, £ MABICE VLT DEY., FILE D LD BHRES
AR E ORBEREICTS LT 5, PSTIRIZZEMOIFI. M. BlE>MOM
BRICAEINTHETY, Fy MFBEKEDPSTIZ, £OAEFENHEPEE TH ST
BZEERISHT 2 EEPHOE NI LD 4 DD 7NV —FIZaF 5T 3Y, £ FDKTIZ,
REHREOMEDN S 2 DD 7 A TNABDIN->TNB0, X512, PSTAI— KL T35
cDNADIHT biThi TL51112),

E MZH VT, dopamine*Pnorepinephrine® K 9 75 fh AL ZEY)'HE |2 . monoamine oxidasc
(MAO)-*>catechol-G-methyltransferase (COMT)IZ L ) . REHALINTNBE EEZ SN T
B, L LEDS, & MEODPSTAdopamineonorepinephrine (253 U T IZ @ U BRI %
EOZEMH SN > TEIZZ EL DY, catecholamine D FREELIZ b N PR RIZE
WTBEETHDEZEZASBHIIES IO, —F FiBEfaA 137 = / — VLB DE
BEHROIET CREML) 20 EBHEDOIOORSBEETHE E—RIZEZ SN TE,
L L. M—BERTF KkRILE v & LU THRRE X 17zcholecyctokinin (CCK)| 3 £ Dtyrosine
BENGRBILINTUL S, TOEHIIIEGEELIARDO00ETH D 1| Filg(biZCCKD
FMEHIZIAATRTH D, £OEFNMIGHEMRTF N T Shirudin!® 0 & i1 FAEE#E
#Td Hminoxidil) b FHEEILIC L DB IND, ZHhWZ I, PSTIZ T = / —ILHEALS
#otyrosine 3 H R T F FOEMAICVEF T TOREE IR ZBEAELTLBEEZ S
hd, LoLEDS, BREBIEDENF RS D OITEEFMHREIDH S ML > THBDIE
BT X0,

—h. FiETREIN/IAEDIE. BHERTHEEICET 5L BRMEICL DN
KGR, BIThHDVRHEREED IDEHEDH D, 1ZHBCHYBAKDOPSTHOL PR X
NTWBDIZR LT, BRMEICXAMBEILIZIEEAETHRINTVEDL -7 THITH
%sodium picosulfate(d, T HEH TIIENAZRI 7LD, BROKERICHE L IJEH A HKIE
THEYTH D, Picosulfate DY RISEMFEIC L W RILD . F/-b F THAYHEOEER
SICEOEHNIEL BB ENS. TOEBEERICIIBNMEHRRORBERIC L 5B
BTHDEWEINTU ., REDHER. b MEAEME Fubacterium INGRER I B & % BE




ELTNAE I EEFRALRY, EBR. Z OFtFRidpicosulfated 5 HLf 4K T & % phenolfk~
R L7220, X512, RN S SN TS PSTO BB AL SIANPAPSTH % DIC
LT COMMBIImEERIIPAPSEHBUASAE LW LY o TOTBinw B &
arylsulfate sulfotransferase (ASST, EC. 2.8.2.22)Td 5 = ENHAM E 75 - 722122 Z DRI
X0 R XN B GRES IR S (L. ping pong bi bi mechanism T ¥ . #A&EHSEDPST &30
PMZRIL > T2,

F72. TTICZDASSTIZ 7 SHEURY V= VEDORY 7 2 ) — VDK A ALE 4
BWICHREELT 22 EEREL T B3, Tno5DRY 7/ —IWIEHFRIZILL 43
HLTED ., EmPMEZERS & UTER, RIREhniE, FETREEH 15 SHEEX
hT&t, UL, HIETHEREE 5170k, B IcBitt XN D EENMEHRRORER
k0D T = ) — VLA EN B 5 2 &R I SIS NE 2 &EHEZ
o b, Fro, EWMURY 7 2/ —)LORHEKIZE FDIBILERTIKMEZ LIS L
ko, BEFEHICET S, 2hwi, MEHASSTRI NS RY 7 =/ —/LOTEBEIRAE
DEBICHEEREEEZRICLTOWADTRRBWDEEZEZ 5N,

X 5|2, sulfatasedd A =X L E LT, Fendlerid 7 = / — LT XTIV DFlEZED finsk
SFRO—REEEHEFDT = /) —I)LOpKat DREICEHERENH L - EAREL TS
V) ZDZ E LD, G EAROpKapS TR BER DIEHICHE L T S a[REMNE L
b, Fro, —MRITEHIIHT 2BEORMMERIRISEROPHOLER 5 15 LHE
INTNBE2D, Fx FGEEZTEREEDENZLD . ASSTIEMDPH profile )t R75 5 = &
FRELTNEDTH, XS5 ICHEDpKaDE N EASSTIEHDBEA R T 2 LENSH
5EEZZ 5B,

FiCiE Lok D e ORI/ MR ISR DPST (3 % D S 4% £ ¥ A © monoamine
sulfating PST (M-PST) & phenol sulfating PST (P-PST)D 2 BIZHEHEXN TV B, T2, 2D
2 FOPST 345 £ PR E#| T & 5 dichloronitrophenoliZ3tf U TORRSZHNEIL 5 Z L AT S
TIN5, £ MEDOM-PSTEP-PSTORICHED KRR LD | RARFEY T b 5 3'-adenosine
5'-phosphate (3',5'-PAP) & PAPSD LA TH 5 ATPINAREREM A S AMICET 32 &
DEREIN TS, Fio, b MRIMERFITIZPSTO N RMEEFIAE 43 Fi4 & 1K Fi&
ELUTEAETHAIEDRINTN S, ZDHH, @R FDbDIE. PAPSHEMZETH Y
30 &5 FIZATPRADP, 3,5'-PAPD L 5 7iPAPSO#EHIATH 53D, ZD LI T,
HAEHKDOPSTTIZ, HRMMEFNRALIN, Fo. NREOHEEWE L ROh->Tk
D. INSDILAMIC L ZBREHOEKNHEBE LZZ SN TV ED. BREHKD
ASSTICBE L Tl3. FENIEEMHEH 5 MIEHAMEIRZF RO 5> T,

4], ASSTOAALFERME AR T 57012, TilEkH 5 LA B TREAEOEIE
LEeRA3D, E—FIEREL Ui, o, A OEMONEMME., RTFF K, £F
W TEE NS RO BERNGE L 21TV, i LIc & 2 BEERHORMPF oY V&

_2_




HOWBILIC L D HEMFNERERET L. Z7UED T = / — )V E A FFDdopaminesp
esculetiniZ DU TUIBERMIGRRE M LIADHEEIRE £ 4T 5 7127, L kD Z &2 FE sk
Utz X 0IC. ZEHTHS 72/ —/b'léftA%@pKafé&K@{kﬁ‘l&@ffaﬁaéffzwﬂ &
=BILR LT, KBEROFBEHMAIGMELRANL DT, KR TIIHENEORE L &R
AF VPRI VA F NOREERIT L), ENEITR LI, /25 v MNEANE Klebsiella &
N, HBEBEREREEDIHLR 7O T, TOMBCRICEEBERET LY, FHAZEIIRL

T




$—E BROTKN S LTL DR

CHFETIIRAASNTEABROKEREDIZ, BREOAHNS L /02 NS5 40—
DHAEDORIZELD D TH - 7chS, EMTHMO DD S ICHTERDOERFTIELL, B—
EOFTICRET S BULD >0, 20T BEMEL T F RS L THIKERE,
COMBERNTT 74 =274 —h I LaEB L, BEERARAST

-1 EBRMEE XUOERTTE

= ?“:jx

p-Nitrophenyl sulfate (PNS), 4-methylumbelliferyl sulfate (MUS) ¥ & UM IfiLiE 7 L
7" 1 »(BSA){3Sigma Chemical & Y A L72, Tyramine (3F+AF A4 T2 7 LD 4
chloro-1-naphthol (IFIYEHIETE L O FEA L7,
%35 0D %

Eubacterium A-44% BESHNICHEZE R . £ W, BH KX, DEAE-Cellulose.
Hydroxyapatite. Sephadex S-300 75 L7 02 k757 4 —IZ & D ERFAEHL 7222
O

BEFRIEPEIZ. PNSAGRE SR & Utyramine 2 T A& & LTRIE L7, X
o IE. 50 mM PNS 30 11, 20 mM tyramine 0.29 ml, 0.1 M Tris-HCI buffer (pH 8.0)
0.21 ml{TASST 0.1 mlA&fnZ . 37°C L34 Ec X+, 1 N NaOH 0.4 mlCcAx21Z
#%. 405 nmO LA BEUV-160CHIE L7z, EAEEIT. Lowry 5 D FEICHEL
BSA%#ZHE & L TRw 739,

BE unind, FEA&MT 1 SEIZL Lmoldpnitrophenol & KT 5 BEHER & L
A s
H ok ) 2

ER 43 kEBIASST (2 mg) % Freund's complete adjuvant  (FIyE#IEE T ) (TH&EE.
v ¥ (ARABMA. . 2ke, SLC) OIOEAICHAMEN Lic, - OB 5 18
Mz 1B 4BRIEET T 5 70 FUROBSHT 17 BHICI#AFOBIRE 9100
mRIR U7, & OMKAEOSHERKEL, MHERE, —Bd CTRELL,
SIT, &4 (3,000 pm, S5 U MiE =K. T O —Ef & L ER(0~33%£3F0)
% . DEAE-cellulose 77 < Z.(column size 28 X 70 mm){Z A i}, 10 mM NaCl/10 mM
phosphaate buffer, pH 7.2 T U, 1gGEI 5> &2 1572,
YR D E

BEE2mmOF + B —CHMiEA8~10mmA ., €D FICHEASST) A &
@72, FimT30~0RRIGHICIEROAWEEIEL 12,

(KA D & &1




Phosphate-buffered saline (PBS, 10 mM phosphate buffer, pH 7.5/120 mM NaCl)|Z 7
JFH(ASST, 0-30 u @)% L7cis#k0.45 ml& | S50 ulOHMmEA37°CTIER]. X SiC
SCTTERIRIE L Ao 2,000 g, SHHRIE.CH. HEBEPBSTHEL Y, 0.1 mlg)0.1 N
NaOHIZ7A LT, ZEHEZRAE L7,

Z v PR T £ / —IVRIVT + b5 V2T £ 5 —F(PST)DFHL

Z v b FFliicytosol HKPST4 | Sekura & D HEIZHE - T, BRI, T v
h(Wistar, 7, 10:8#, SLO)DIFIK(6.72 )21 0 H UBtfise. 3 fz800.25 M
sucurose THEA F 4 XL, 14 J7 gTIOREBER L L7, EOFE. LIZENTWS
low density material & "5 [frE L 7ci%. LBEAED -, Z D _LiE» Affi-gel Blue (Econo-
Pac Blue Cartridge, S ml, Bio-Rad) A S L7 o< 75 7 4 —THE L7,
7 -1k B R PST % 22 728 1 18I AE 125

PSTOREFHIEM (T, Sekura s D FIERIZHE-TD, LITO@BDFT 72, 0.5M
acetate buffer (pH 5.5) 200 ¢ 1, 0.1 M B -mercaptoethanol 30 ¢ 1, S mM S -naphthol(f B 5%
1K) 20 11, 4 mM PAPS 20 11, H20 100 p IZEEZR30 plainz . 1043R37°C TG
Methylene blue Reagent (250 mg methylene blue, S0 g anhydrous sodium sulfate, 10 ml
H2S804/1 L)%500 p X TS % 1k, chloroform 2 mlZ A THEE. E.O k. HK
TR b U T LEMA . AREDORIE %651 nmTHIE L7,
AL LT Ty 2

SDS-PAGE(10% polyacrylamide) %17 > 7o, 7 /LA ¥4530128] - 72 A /713 quick-
CBB(fIot#iE L) TEARE L, &Y D4 /L& R TTG buffer (25 mM Tris, 192
mM glycine, pH 8.3)F T304 fEl#zé& L 721%. Zeta-Probe (Bio-Rad)fiE .~ 200 mA, 48
MT7ovT 42001, 78y T4 27 HDTIVIZCBBREZFTL, FILIZEH
DR L TSV ERR L7,

70y 4 V5%, Zeta-Probei33% BSAZ G HPBSHTT O w4 L.
By AT 570, GefBilid, Vectastain ABC kit (Vector Laboratories) & FL v, #5fTDER
BAZICHE - TIT > 7oo NIV F 2 5 —F DEH (3 4-chloro-1-naphthol & & (LK &
7Kk %10 mM phosphate buffer pH 7.5 12/ L7z & DA U=,
Hilk# 5 LD YES!

¥£%1 | 7- Anti-ASST IgG 30 mg &0.1 M HEPES buffer, pH 8.0(Z %% L 7= Affi-Gel
10 (Bio-Rad) 5 ml24°C T128¢fal### U7z, 1 M ethanolamine(pH 8.0)2 0.2 mlfjf ., X
SIZACTIRRBIHT 5 2 LT D RIEEIED T, TDBRINEH TR T 4 IVE —
THEBL. vy 7)) VT OMBAERT HI.DICOBROEAEERIT> 72, I HIT,
47 )L %0.1 M HEPES buffer, pH 8.0 T#k#& L. 0.2 M phosphate buffer, pH 7.2 Tt L«
FEfL U TRIFL 72,

ASSTOHUA A 5 LT L B8 C(3. DEAE-celluloseiz ! % dDcrude ASST(0.631
unit/mg protein, 2.25 mg)% fL . 10 mM phosphate buffer pH 8.0 T:&EHr 7%, [gG-coupled

,5_




1-2

Affi-Gel 1074 L. 4°C—MefifE U7z, RIGH#. ~ /L2 disposable columniZ# L. 10
mM phosphate buffer pH 8.0 T#Ei#%. 0.1 M glycine-HCl buffer, pH 3.3 T Lz, &
Hi%. ¥ 7ILIZE H120.2 M phosphaate buffer, pH 7.2 THHI L 7-, EHRATT TS
7 v g % Ultracent-30(R /) —) Ti=afa L 72,

EBRER
1-2-1 RY 7 o—FILHKD FE

R IE R U7 BB 5345 B1ASST (26.2 unit/mg protein)jz. SDS-PAGE|Z kb . %7
1=y hsrFEB0kDaT, 90%LI LDOMBEETH -7z, Fig. LIAR L 7oL ST, native-
PAGE#%EH Lt LickZ A, B— U NOBBRETE 2, ZOEM NNV NI
Coomassie Brilliant Blue(CBB) T%f L 7: B EHD/N > K E—HK L7,

1 2

Fig. 1. Electrophoretic Analysis of Enzyme.

By using polyacrylamide (6.5%) slab gel(1 mm thickness) containing 0.1 mM MUS, ASST was
specifically identified as a fluorescent band after incubation of the gel with 5 mM tyramine in 0.1 M
Tris-HCI buffer (pH 8.0). Protein was stained Quick-CBB. Lane 1 shows the CBB-stained gel and
lane 2 shows fluorescence.

THFEREE, MELZRRL, EE®ICLD . UREGKR ETUMEDSREFRE 5
CIEBEEOEEIN., BRNOTUWAIR O T 5B 2 & &AL 7S,




MBI I DR % A 5708, BEERNEREILEIT > 7. TD#ER, Fig. 2
ISR Lc kD IT, SO w Nt U T, EEL0-15 pgTEHEEBITEL 7o,

30

201
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0 1 ] I
0 10 20 30
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Fig. 2. Immunoprecipitation of Antiserum and ASST.

A reaction mixture contained S0 | of anitibody, PBS and ASST(1 mg/ml). The mixture was
incubated for 1 h at 37°C and for 72 h at 4°C.

50 u \DIRMEFIE . ASST(20 1 g, 1 mg/m)DBEREHIIZEEA FZTIF 8 - 12,
UME ARt DEAE-cellulose 7/ S L7 0< h 75 7 4 —ITTHER L. ASSTIC
M3 BRY 7 o—FILEKER,

ASSTE S v MFIEHRDPST E DR ZEM A MRET T 572D, REREAIT - 70,
MHIT. T v PPSTAHEFFFELL . Affi-Gel Blue (Bio-Rad)43 1% D HLiE (2P APS &
(3 -naphthol % 28 & L. pH5.5CllE L7: & &, 106.8 nmol/min/mg proteinT & - 72,
Fig. IT/R Lo K H 1T, MR S8 ER U/CASSTIR, [gGIZ & D 2 X (lane 4 &
5). BEEIZICBBLEINIEAD/NY K(lane 1 E2)ER U TH » 72, Pk E—
Db DTIED > o728, ASSTDsubunitsr f-5(80 kDa)lZAHY L 73U vE Addlane 4 5T
R INI, LHL. T v MIFIEHKRDPST(subunitsr & : #4934 kDa)|ZHTASST
[gGTRMmINME M- c(lane 6), TNH5DT ELD, ASSTE S o MFIEHERDPST
DRENIIRZEWNIT N ENENET 5 7,




kDa

94 »
67 =

43 =

30 =

1 2-23 4 5 6

Fig. 3. Western Blot of ASST and Rat Liver PST with Polyclonal Anti-ASST Antibody.

Lanes 1-3 show CBB-staining of gels and lanes 4-6 show Western blots: 1 and 4, DEAE
fraction of ASST; 2 and S, purified ASST; 3 and 6, rat liver PST (106.8 nmol/min/mg protein).
Molecular weight markers were phosphorylase b(94 kDa), BSA(67 kDa), ovalbumin(43 kDa),
and carbonic anhydrase(30 kDa).

122 7742574 —=hT5 LITLDEERRFE

ChETORREE LOBENOKFREL S T 570HIT. 7 FHASST
EGEERLICT 74 2T 4 —HW I LTHRREAREMNIIREIE., BT 5Z &4
Htz. Fig. 447k U7z & 512, DEAE-<cellulose /7 5 L3 B DBERIT. T T 4 =T 4
—H T LIZHRE L. 0.1 M glycine-HCl buffer, pH 3.0 Ciath 35 Z EMNT X7z, SDS-
PAGE#% DCBBHETIZH—/ NV NOARHINT(Fig.5)o 774 =T 4 — AT Ll
HEDOBEZF ML, 4.55 units/mg proteinTdH ) . UNEKIZ4.9% TH > 72,
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Fig. 4. Immunoaffinity Column Chromatography. Fig. 5. SDS-PAGE of the Purified ASST by

[mmunoaffinity Column Chromatography.
ASST was eluted from the anti-ASST immobilized affinity gel.

The eluted proteins were collected in fractions of 1 ml. Lane 1shows thesame molucularweight markers as
Fig. 3, and lane 2 shows the purified ASST.

1-2-3 NXR¥m7 3/ BRI
TI74=FT4 =" LEHEDASSTONKIGT 3/ BES 427 2 /By —47
=T UIHER, Fig. 61TR U7 & D IZ2SERFEDELHI DA E 1T - 7o

1 10 20
Ser-Val-Lys-Tyr-Ser-Phe-Glu-Asp-His-Ile-Ile-Asn-Arg-Gln-Tyr-Glu-Ala-Glu-Gln-Ala-
21 e

Met-Leu-Ala-Lys-Phe-

Fig. 6. NH2-Terminal Amino Acid Sequence of ASST.
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ASSTA ™ HF 285 U TE-Hikiz, ASSTOMEEE S EEIBEREOEL S
IZBWNT HREGE T, ASSTDsubunit T3H B80kDaD AR Y RTFF KA L1, =
DIKIZ. BIZHN S DDDRY RTFF FEF#HLU7c, UL L. BEBEREODN KR
T/ EENLD. 1BEOT I /BRI Lk INd, ABERIZ4ODE—
subunit?) ST AR THHEZEZ SND I E LD, HFUKIZE DASSTE FBAZE DL
RYRTF KDEHEIN T2 Ebihotc, /o, ZOHME IR, ASSTEM A
PEELLEN -/ ELD, AL TIIMWEMIAZIBL TWhB EEX S,

4 [014TF - 7z Eubacterium A-447 SASSTOAEBIEIL . MERERE L T/ HELD
BETH DD BEZT 9 TEEDS 3RS T I ENTEI, e T4 =
TA4— NI LLDBEH UICERIISDS-PAGETH—E 75 572, HLASST IgGi3i < D
DDAV YIF—Y gy LIcRYRTF REZHLUID, ThoDRYRTF N
SEIOBELZBTRIA T L o INtEhotco LML, 774 2T 4 —HT A
M6 D AR O pHDbuffer TFT 9 7odd. BRDOUBEHII LALLM -7, TD7H,
SIS R 0.5 M)DbufferT DI ARAA T DB L o720 6D ELD. &
UWEPEDASSTAIG S 7cHICIZ S SICEHFHOREDLETH B EEZZ 6,

FEFCHEYEKDOPSTONK G T 3/ BIZ. A FA=ZTHY, ZOT 3/
FRAECIDOHITIZ A DD L S IRFFI N7 EALDYSH O . subunitsy F&1330~40 kDaTd
32 EMHBEIN TSI = b /MR EDM-PSTOHi4k(L, P-PST
(subunit4} F5 32 kDa) & M-PST(subunit5} F& 34 kDa)D ] 5 228z L T 54D, Zh
ERBEDBERED E MTEAREICHEET S, L, SEIOERT, ASSTON
KigT7 I/ BEIEY L THBEIEDHANER Y FIASSTHUAIZ S v MAFIEPST A2
WU -7, ThoDI ELD, MEAKDASSTIE, fBOPSTEHANT, BHREOD
FRIEBEHE VRIS BT, EABEDO LY RIS LHEEI N/, PSTIIHKRNA
BT, e DEYORYLHBWEOFEHALIZFS L TS, IBENEHEKD
ASST & HAEHKDPST & (R B HE AT EYONRAUMEORERSICE
BIEAERIZL T B BENEL,




w_F T/ -V EYOREIRER(L

AR DOPSTIE, € DHEERFRAMICL OMBIEPRIIAFINTL B NS, &

DHIFE KR DASSTO HRERFEMAE SHIT L7, L2 DEYLHNRMHE, X7
F R, EERSITE TN S EEEOBERENGIBE ARSI, ZDH 5, dopamine &
esculetin D BERHITREE(LMNIC DOV TIIZ DHEERT 21T > 700 T HIT. TREELIZED . £
DEBIEMEDE L L TU 5 H A tyramine° Leu-enkephalinjl DUNTHRET LTz, T2 RTF
FiERICE T T o7 7 —FIcLOR# s 0, RTPF NFOF oy  BEDOHREEL
NEDToTT—BICLBHEIICHEE RITTHENERET LT

21 ERAELS & CER A
FEEE L
Chymotrypsin. aminopeptidase. carboxypeptidase. pronase. esculin, esculetin.
rutin, quercetin(¥Sigma Chemical & Y i A L 72, Dopamine-HCI, baicalin, baicalein{Z 1
FiETEL OFEA L7, Kyotorphinjz 7+ 3 X DA L7, Leu-enkephalin{3 x|
Et+ (E+ERTE) LH4S5 X7, Leu-enkephalin-O-sulfate & kyotorphin-O-sulfate

EX ED|ED (I > TRERMITER LI,

22 0D 2E &l

Rz, B—BITRUICHIRICNE > THMREER LD,

R

RERIEHEIL. AIEICSR U7c & D ICTRBE S AARHE & & U CTtyramine & F LY. PNS
A SALE U TRIE Lic, 7o, MEU/CWEEIVKBRFTEALEL T
538613, MUSAGREMEEEIAE U T G TH U 724-methylumbelliferone 2 ex. 330 nm,
em. 450 nmDHEIE TR E L7z (RE-500, §i#) . EHE=ILZ. FIEISRLUICHET
-7

sREEK 7 o< b 75 T 4+ — (HPLC)

ASSTC mg)il L D BREE(L L 7c b & T uTr 7 —EHILLTELKT I/ BD
757 4 v MEHH A 5 L(Microsorb (RAININ), Develosil (Nomura)) % 513 7z HPLC
(Gilson) T38RI E L 72,

Dopamine-O-sulfate D 4k

Dopamine-4- & -3-sulfate ester(d Harbeson & DFHE 12 ->TEB LT
Dopamine-4-sulfate ester|3 kD 1/20D X4 — )L TERK L. INE(Z14.1% (5.21 mg)TH
> 72, Dopamine-3-sulfate {3 —&B5> H1EAZEZ TUTOBDEM LI, RISHEEEE L
TUDMF 4.5 ml ZF\ >, dopaminefg&fts (1) 900 mg (10.5 mmol) {2, triethylamine
0.657 ml (10.5 mmol) % N2 758 U 721%KE8 L7 DY S . benzylchloroformate 3.33 ml




(0.66 ml x 5, 30 F)INA . 4 BERIRIGHE. A1 (triethylaminef§fr %) L. ethvlacetate
MA. INHC T3 Rz, AREELRME L. BBOX M INEHIL, ZOAAILE
EtOAc - hexane T#Edatft L. N-carbobenzyloxy-dopamine (II) %866.9 mgig7: (UL
64.3%) , DT (II) 300 mg (1.05 mmol)% DMF 3 ml & tert-BuOK 200 mg (40 mg x 5)
12 L. benzyl bromide 0.17 ml (0.57 ml x 3, 304348, 1.43 mmo)A g F L. 6 Erfb
RIeU7ze RIEH. ether- 1 N HCIT 3 DIgeigfk. ctherf§ 4 @4E. ~ ) AT VA S A
(silicic acid 1.5 g + Merck saulen 1.5 g, 1.6 i.d. x 33 mm) T4 8%, >~ Y A4 JLTLC
(Slica gel plate, Merck 60F254, 0.5 cm, 20 x 20 cm) TCHCL 2751 & U THWTHELL .
CH,Cl, - - hexane TH #5454 L. N-carboxybenzyloxy-4-benzyldopamine (IIlI) D#EdH44.3
mgEfF7o(ILHR11.2%), (1) — (II) O#fr%E 3[fT -7, S 5i, () 91.6 mg
(0.24 mmol)% THF 15.5 ml (Z7E A U pyridine-SO, complex 386.4 mg (Aldrich, 243 mmol)
ZMA . VRFERIC U7, £D%. LiEZ R (THFDEr%£) L. TLCT20% MeOH-
CHCL A E LTHWTHEILZ: (V) o JO#E% 3EAT - 7(IX#K36.9%), D
WWT. (V) 85.6 mg(0.187 mmol){Zdry MeOH 2.8ml, ammonium formate 250 mg(3.97
mmol) 10% palladium carbon 140 mg & acetic acid 39.2 u 1 20z T 1 B G#E. KE|

B(PA-ClrE). B#E L. H,O - EtOH TH#tdh L. dopamine-3-sulfate (V) D dh
1.5 mg %18+ (I 3.4%),

18 & 1 7z Dopamine-4-sulfate 5 & {Xdopamine-3-sulfate M IR (KBr), NMR, Mass43>

PrRER I, SUBE E—H L7

H H
HO ¢ CH20COCI  HO ?
- o
NH, B AN

N O/\(p
<I> % Mo

l ¢ CH2Br

<V > ") VAR H

Fig. 7. Synthesis of Dopamine-3-sulfate
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Tyramine & tyramine-O-sulfate D £Z Bt &AL K H™ © D norepinephrine 1§ 2 /4" 5 /F
HA. 5 v F(WistarZa, o, 200 g. SLC)D.(Mi#A F LT, Johanssond kL) (25
> THRIE L7z,

Leu-enkephalin & Z O FifgIAD. E/LEw M7 200 g, SLC)D BIGHEER B
|38 7% Dacetylcholine EHE(Z & 5 U (E A & Kosterlitz & D 46) 12 & D RIE L7,
Esculetin D §# 32 B i (L & 2 O iRk D 7 & [F5E

Esculetin{Z ., 10% dimethyl sulfoxide (DMSO) (Z7&f2 L 72. 10 mM esculetin 60 ml,
S0 mM PNS 4 ml, 0.1 M Tris-HCl buffe, pH 8.0 60 ml & ASST (162 units) 26 mla 4
JoHR A 480FfE. 37T CTRIE L7z, I, ##H#HPLC (Chemcosorb 7-ODS-H,
column size 4.6 x 150 mm, Chemco & LC-6A, Shimadzu) 2 F{ ., 10% methanol/0.1%
trifluoroacetic acid% 5 A & U THERE L 72,

PO %E%F‘? < 721 Diaflo-PM25 (Amicon) TR A8 U #ikE ke L7,
B A 25 ml fiik (“f@Zé L Sephadex LH-20 column (2.8 x 77 cm, Pharmacia){Z
. FKTER Ul RICHI3280 nmDWRUY & #E54E FE(ex. 365 nm, em. 455 nm)%

RIET A EICEDm L7,
EsculetinD T {LiX(Z. NMR (DMSO-d, 5 #%, TNM-GX 400 spectrometer, JEOL) &

FAB-MS (JMS-SX 102 spectrometer, JEOL)AZHIZE L. [RIE L7,

EEREER
22-1 ATa—ITIVEFOL U EERTF NOGMLEEBZHMHE

PNSH B U MIMUSATREEMEAE LT, B2 D7 =/ —IVHEENE LUORTF
NHILE DASSTIZX S B EERFEMIC OV TERET Lok R A Table 1 (TR L 7c,
Phenol{3 KW EHE TdH O | tyramine - [[FEEHIAL I 17z, p-Acetamidophenol(d 3 (
DL GBI X N7z hY, 0-F L U¥m-acetamidophenol (313 & A EHREEL X 5D - 720
T FOUVBIETRB LI NS - 7odd, ) FIVET I FIZBRBLIhcZ & &0,
7Y —=DHIVEF DIV E oML DKM E DRI TRKEHEDRBELEYET 5 HD
E#ZZ 5 5, Naloxone, S-hydroxyindole-3-acetic acid & folic acid(z H T NN S A
KREHEDBDI., £ I VBB LU T OFEEKIT, RIBEZTHERE IS8 - 72,
Tetracycline®ominocycline (34 { S RAKIEH A RI BN -7, A7 3—ILT I VEDH
TlZ. norepinephrine, epinephrine &dopamine( & < TiBs(L X4172H3, dopax°
octopamine|{3 £ 31 Lk V) LKL ME &7 5 72, 3,3',5-Triiodothyronine (T;) (Zthyroxine (T,)

LD BWBEILING N EDS, SHBDIVHRNT =/ —IVHIKEEDTREE DR
FLRDIDTHLEEZEZ NS,




Table 1. Substrate Specificity

Acceptors Activity (%) Acceptors Activity (%)

Phenol 101 Tetracycline 03)
Acetamidophen Minocycline 0%

o-Acetamidophenol 3 Tyramine 100

m-Acetamidophenol 1 Norepinephrine 106

p-Acetamidophenol 129 Epinephrine 91
Salicylic acid 0 Dopamine 170
Salicylamide 14 Dopa )
Naloxone 5 Octopamine 17
5-Hydroxyindole-3-acetic acid 6 Phenylephrine L
Pyridoxin (VB6)(0.8 mM) 03 Thyroxine (T4) (0.16 mM) 9
Pyridoxal (0.8 mM) 02) 3,3",5-Triiodothyronine (T3) 36
Pyridoxal phosphate (0.8 mM) 09 (0.16 mM)
Pyridoxamine (0.8 mM) 09 Serotonin 100
Folic acid (5 mM) 22)

Specific activity of the enzyme was 5.21 U/mg protein in a PNS-tyramine system, which was
taken as 100%. Final acceptor concentrations were 9.2 mM except VB¢ derivatives, folic acid, T4 and
T3 whose final concentrations were indicated in parentheses. a)The activities were measured
fluorometrically using MUS as a donor.

Dopamine % i 5z 751K, PNSZE Gkt 54K & U TASSTORER UG EIT 70 & &
DHPLC/Ny — U % Fig. 8IT/R Lo, RUCHIIAT 2 BFfd] Tid. dopamine-O-sulfated K
IN2DDE—=7 DR LUz, 2D 220D E—77 DAk iLretention time D& LA,
85%T. ELVHAD, 15%TH-720 TD2ODE—7H, 34, 4461 TNOTREE(L
INTLDTHENAERETT 700, ZOhobEMOERILFENEREIT o7, &
DER U T BB LIk & BERRCEBMAHPLCCRIZE L7c &2 AL 85D E— 7 H
dopamine-4-sulfate & —% L. dopamineTld. BEEMIZ 4 LT XD Bp-MTREEILZ T
DTN EAER LT, X 5(C. dopamine-3-sulfate & ASSTA MDD ZHFIRIEZIE F T
RI& U7z & Z A, dopamine-4-sulfate SR L7, ZH 6D E LD m AL DM
BEERICL D B BildopamineDp-LilpFHREB T 5 2 EDREI N7,
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Dopamine
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a -4-sulfate =
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<
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| 1
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Fig. 8. HPLC Chromatograms of Sulfated Dopamine

HPLC conditions: column, Microsorb C-18 5 ¢ m (4.5 x 250 mm); solvent, 10% MeOH/0.1%
TFA; flow rate, 1.0 ml/min; wavelength, 280 nm. A reaction mixture contained 0.1 ml of 5 mM
dopamine, 0.1 ml of 5 mM PNS, 0.2 ml of 0.1 M Tris-HCI buffer (pH 8.0) and 0.2 ml of enzyme
(5.21 U/mg protein, 50 x g). After incubation of the reaction mixture at 37°C for2 h, 90 p1ofa
reaction mixture and 10 g 1 of 5 mM tryptophan (i-STD) were injected into HPLC.

il Ak & LT, CCK-8, kyotorphin, Met-enkephalin & Leu-enkephalin - F i
T. PNS & 6 BfIBERC%. HPLC XY — o L D INE A 3K Table 212% TR L7,
HRER T F N Tdh SenkephaliniIIEH 12 & B/, 7. kyotorphin&
CCK-8b BB b I . RUC4RFE%ITII TN T NS1%, 84D IL X L7,

Table 2. Substrate Specificity (Peptides)

Acceptors Amino Acid Sequence Yeild (%)
Kyotorphin YA 28.6
CCK-8 DYNGWMDE-NH2 o b 45}
Met-Enkephalin YGGFM 96.1
Leu-Enkephalin YGGFL 981

Yeild (%) was calculated by HPLC analysis after 6 hr incubation at 37°C.
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SHCTH 22 ) 7 P

ASSTO L WEHTH Styramineld, T v b £ Hg L 7oL g Dnorepinephrinefk
771 D chronotropic(ZE B ) & inotropic(ZE M) D RS A s T 5 & 0341 ST B,
BRI B AL L o tyramine-O-sulfate(d = 0 &5 & DRI b 8 L1300 - 1e(Fig. 9),

(100%

Tyramine WO’JM

s T
I

12.0cm
= (160%)

Fig. 9. Effects of Tyramine and Tyramine-O-sulfate on Chronotropic and Inotropic Responses.

The rat was killed by scaffold and the heart was removed rapidly. (a) The right atria contracted
spontaneously and were used to chronotropic responses. (b) The left atrial preparations, indicating
inotropic effects (measured as contraction amplitude (cm)), were driven at 0.5 Hz by electrical field
stimulation.

X 5|2, dopamine-4-sulfate (T DU T, AFFIEETFF A MR 5 EFFT 12 binding assay
L BEMRIEAMER U E 2 A, [PH]spiperone & (Dreceptor competition|310-3 M
dopamine-4-sulfate T H 38 SN EDRETH - 720

Leu-Enkephalin D gt D &4, £/LE v bEIBHRER ICESREE SR
acetylcholine t28 |Z & 5 U #a/EF THIZE L7z, 3 x 107 M enkephalin T46 %M §i| X 4172 4
AlZ. 10 M enkephalin-O-sulfate T#712%[0]4% L 7= (Fig. 10), X 52, 103 M
enkephalin-O-sulfate T _ 5 U 72 I#E #7132 x 107 M enkephalinil & » THIHI I 7z Z &
"o . enkephalin-O-sulfate|Z & - TopiatePt T UM SHOD T £ F LT Y o DFHEMN
Ao5NBEEZ SN, oD & &Y. enkephalin-O-sulfate(3enkephalindd 7 o %
TZZFTRENZ EDNREI NI,
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e 0™ M L1073
‘ | Leu-Enkephalin |eu-Enkephalin-0-sulfate
espl so}n

I MMUU[L T

it 13,0em ST 7.0em 5 s B.Sch
Lidi (100%) diddiicilils (53,8%) iiiedd (65.4%) t
,,,10;%.:‘ e 28107°M . [iiz=g
|z Leu-Enkephlin-0-sul fate ! Leu-Enkephalin
221:00u1 Mk 775}11&/
i [ Ocm =g : 4 5cm el ani s Qcm L
(100% (111.5%) (61.5%) .

Fig. 10. Effects of Leu-Enkephalin and Leu-Enkephalin-O-sulfate on Guinea-Pig [leum Longitudinal-
Myenteric Plexus Preparation.

The inotropic effects were driven at 0.1 Hz by electrical field stimulation. Square wave pulses
of 1 Vand 1 msec were delivered to platinum electrodes on muscle holder.

D&, kyotorphin & Z DFREE(LIKD EIEHIZONTIE, BELSHENIEGON
1o fotcdh, kyotorphin®d 7 3 ) R7F ' —EHEEM AR L72Y) o ASSTHU
THiEg{t U 7ckyotorphin-O-sulfate 2 HPLCT4r M 4. iEdze UERmE UTERA L,
73 ) RTF Y —BEMIL, Leu-enkephalin& #£H & U TRV . HPLCTEHT L 7z(Fig.
11), Kyotorphin &kyotorphin-O-sulfate(3, FNENT I /) RTFF ¥ — ¥ L3043/
preincubation | 7z 7% . Leu-enkephalinZ i1z . 6 Brff#% 24 %ICEEF DR A HIE
L. Table3i2F &H7c, T DFER, 33 1 Mkyotorphin{3#950%DFEEER A4 L7-h3,
kyotorphin-O-sulfate{Z, 7 I / RT7F ¥ —ELEHELHELLE N7 2D &L
D . kyotorphin(, BiBE(LICL DT I /RTFF—E¥HEEEREKD 2 EDHEMNINT

’)f\:.o
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Aminopeptidase Aminopeptidase + Kyotorphin Aminopeptidase
+ Kyotorphin-0O-suifate

| onbr
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Fig. 11. Effects of Kyotorphin and Kyotorphin-O-sulfate on Enkephalin Degradation by
Aminopeptidase.

Aminopeptidase (Leucine aminopeptidase, Cytosol, from Porcine kidney Type III-cP (Sigma))
0.1 1 g (200 U/mg protein) was used for each measurement. Final concentrations of Kyotorphin and
Kyotorphin-O-sulfate were 3.3 x 10-> M. A final concentration of Enkephalin was 3.3 x 104 M.

Table 3. Effects of Kyotorphin and Kyotorphin-O-sulfate on Enkephalin Degradation by

Aminopeptidase.
Enkephalin Degradation (%
Addition 4 < i

6h 24 h
Aminopeptidase 28.8 41.3
Aminopeptidase + Kyotorphin 10.8 20.0
Aminopeptidase + Kyotorphin-O-sulfate g2 e 43.6

OFF—Eich 2T

EKRNIZBWT, ABEBRTF NZBLAD 7o 757 —BIlL > TIKSE X 1.
AEHAZINEE) , LHLENS, CHo6XRTF KFDF oy VEBENLTREILX N
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L7077 —BICHTAEABN ERTEbDEEIOSND, ZOZ L&D,
enkephalin-O-sulfate 5 & {fkyotorphin-O-sulfate 54~ D 7 o577 —+H |2 L - TUEB L 7-,

9. EAEE TH SHAC-Tyr-NH2 £ Bz-Tyr-NHo 2 B2 R A ICHREEIL L. FE MY
T o TIER U7, Table 4i2/R L7c & 5 ICHiiBE LIZ & - T. Ac-Tyr-NH2 & Bz-Tyr-
NH2D 5 RZR (T, ThEh12E110i12wP Ui,

Table 4. Hydrolysis by Chymotrypsin

Hydrolysis (%)

Sulfated Substrate
(Reaction Mixturc)

Ac-Tyr-NHz2 31.5 58.2
Bz-Tyr-NH 6.5 TV

Non-sulfated Substrate

1.11 M Ac-Tyr-NH2 was enzymatically sulfated in the presence of PNS, and the sulfated
product was hydrolyzed by the addition of 1 mg of chymotrypsin (62 U/mg protein) for 24 h at
37°C. 1.11 M Ac-Tyr-NH2 was hydrolyzed under the same conditions. 0.42 M Bz-Tyr-NH2
was enzymatically sulfated by the addition of 0.5 mg of chymotrypsin (62 U/mg protein) for
24 hat 37°C. 0.42 M Bz-Tyr-NH2 was hydrolyzed under the same conditions.

?R\Z. enkephalin &enkephalin-O-sulfate® &+ b)) 72 U b Uiz, FDEER.
Fig. 12{Z/x U7z & 5 1. enkephalin{ 7k 43 fi# % 5 1. retention time 4 43|Ztyrosine.
6 4> (Zleucine, 1243|ZGly-Gly-Phe, 2043(ZTyr-Gly-Gly-Phe R S EX N HE— 7
NAH 51172, Enkephalin-O-sulfate 3 fij7k 43 g% 5 1 F. retention time 743{Z Leucine, 943
(ZTyr(OSO3H)-Gly-Gly-Phe S &Z 2 55 E— 7 DB I 7oy, 1240, 200D E—7
(33 5NN D TTyr(0OSO3H)-Gly#s & 13 PIMr X i EH#EEK U7, & 7cenkephalin
DRBERE L TECAMOoNTWAET I/ RTF ¥V —EHE xRS, TORERAFig.
13{2755 U 7zo Leu-Enkephalin-O-sulfate 2 25 & U 7-#F(Z(%. Leu-enkephalin/g{t TH U
IBERDIMEZEX AV THIH THT WESREIAD i, T DHBERIT, FEE
LARDFI1/A0T S » 7o F 72, Leu-enkephaliniZ 7K FMRICL O NKDOF o ¥ VR
MY, Gly-Gly-Phe-Leu & 75 % = & %retention time 21430 ¥ — 7 243 L. DABITC
HEIZE B NRIGSHTEITD) S EICLDHER LI, ZOT FSRTF Fid, Lew-
enkephalin-O-sulfate 3 f# T b i@ LK L 7co £/ D E &, HPLCOBHFRHERZ
H5Z 12L&, Tyr(OSOsH) 2 mER L 7-(IA sl 5% MeOH/0.1% TFA),
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Fig. 12. Enkephalin and Enkephalin-O-sulfate Hydrolysis by Chymotrypsin

Chymotrypsin ( & -Chymotrypsin, Bovine Pancreas Type [-S, Sigma) 2 1 (62 U/mg protein) was
used for each measurement. Final concentrations of Enkephalin and Enkephalin-O-sulfate were 1.67

mM.

Absorbance at 230 nm
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|

oo ohinife
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Fig. 13. Degradation of Leu-Enkephalin and Leu-Enkephalin-O-sulfate by Aminopeptidase.

Aminopeptidase (Leucone Aminopeptidase, Cytosol, Porcine Kidney Type III-CP, Sigma) 4 1 g
(200 U/mg protein) was used for Leu-Enkephalin degradation and 40 1 g was used for Leu-
Enkephalin-O-sulfate. Final concentrations of Leu-Enkephalin and Leu-Enkephalin-O-sulfate were

3.3x104 M.



X 5 (2. kyotorphind A LR F I RTF 5 —+ B U AFT - 72, Kyotorphinz
4BF AV R F VRTF 5 —E TR L7 & 2 AFig. 14TRLIc kDI, #
40%53 8 L. tyrosinep Wit I 7o, RSO EREFRBILIKATIT - 7o, 2R
NS - 12 F7o. 5x 105 M kyotorphin®D B (bik & L U FEFBE LA T 2T T
o+ —+(10 ug, 1,000,000 F o Ulg, BHFEEE) AN U7c5a, BiE I3KEE
IF. BEIZLKBE D LD -1,

=
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=
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Fig. 14. Hydrolysis of Kyotorphin and Kyotorphin-O-sulfate by Carboxypeptidase B

Carboxypeptidase B (Porcine Pancreas, Sigma) 1.1 1 g (130 U/mg protein) was used for each
measurement. Final concentrations of Kyotorphin and Kyotorphin-O-sulfate were 5 x 10> M.

UEDZ ELD RTF FHFOF oy VBB LKIZ. o7 7 —BiX LT,
FELWERIHERT Z EMENMIE 5 7,

_21-




22 2FCHER B KUT 77 O v DAL ERF R

AR DT 7)) 3 v OREENImEE (L

WK D 3FEEADRSEAREZ DT 7)) 3 A2ASSTIC L ) BEEMICTRRE(L
L 7z(Table 5), BCHEIRT & % rutinPesculinidtyramine & LENT, (Z LA EFiBL X N7
M- 72, baicalinid X B b I Nnic, € 6D T F Y I 2 Td B quercetin,
esculetin, baicalein|tyramine & [k £ 7213 LV BWHEH 7L 572, T TIZASSTIZ LD
quercetin( 3L EFFRANI3,3 THNRBLINS 2 EEHE LT E0TS) | 40N,
esculetind /KL D E DALE D GREEL X 7D ARG L7,

Table 5. Sulfation of Polyphenols

Acceptors Activity (%)
Tyramine 100 ab)
Esculin
Rutin 17.7 @ Hmo
! .

Quercetin 234 o >
Esculin O b
Esculetin 87.0b) Baicalin

icali GIcUA-O @)
Baicalin 144 2 O |

. . HO
Baicalein 3560 2 Y.X

Activity for tyramine as an acceptor was taken as 100.

a) The activities were assayed in a MUS-tyramine system.
Final acceptor concentrations were 0.1 mM.

b) The activities were measured with HPLC using PNS
asa donor. Final acceptor concentrations were 2 mM.

Esculetinfii i/ A& D Pl

PNS(Z3xt L Tesculetin& € /LT 3 fE&MA THEHERICATTV . HPLCTRIG
B o7 E A, 24BBITT T b —IZE L7, Fig. 15-BIT/R L7 & 5 I RG48EFfH
#%MDHPLC/S4 —  Tlt. PNS|Z#HE XN 3. retention timel 7502 A KD E— 7 A3
—DRDHONT, T DRIGHMN) % Sephadex LH-207% 5 L2 & D 438 L. EHEEHEE
(P
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Fig. 15. Isolation of Esculetin-S by Reverse-Phase HPLC.

The reaction mixture (150 ml) contained 1.3 mM PNS, 4 mM Tris-HCI buffer (pH 8.0) and the
enzyme (162 units). It was incubated at 37°C for 0 min (A) and 48 h (B). A 10 g1 aliquot of the
reaction mixture was injected after millipore filtration.

B He B D HE 5 4 R HT$ 2 B Zesculetind 1I3C-NMR 2 X2 b 5 LA BIE L
T, T TICHREINTWBEER—TH ST EAHEHL 7248)(Table 6), & 5 (TIH-13C
COSYZRT F S ALTIRADDTO v DY T FIVEFNEFNDA—K L DE—7 &
DENHBNFED STz, RICHESH) Dnegative ion FAB-MSTOM-H)y 4+ E—7
Em/z257TH D CHO.SOHEXDFFEEL—HT 5 £H 5. esculetin-O-sulfate

{K(esculetin-S) Td> 5 EHEA L 72, 'H-EBC-NMRAAI5E LT, H-13C & 1H-13C long-
range COSYZ R 7 5 %18/ (Fig. 16), TD#ER. 4/ A —KTH 5 §141.38 (C-
6)125-H( 8 7.20, s) £8-H( 8 6.27, s) & (Zlong-range correlation/)N& &6 S, —F 4 /A
— K LD 5154.35 (C-9)134-H( 5 7.68, d, J=9.0 Hz) & 5-H( 8 7.20, s) £ 8-H( 8 6.27, s) &
|Zlong-range correlation/NA Ed SNtc, THHDI ELD ., FIFILZO6HMLDOA—F .
BEZIMDOH—F L ERE LT, fhdlong-range correlation(3Fig. 17|127R” L7, ik
Bz IRE L7 HEBCD o 774 )UIdTable 612 F & ¥ 72, esculetin-SOIH-NMR Z R %
S Ligesculetin & FE# (T TU 72(Table 6), LALIEHIS, BCNMRZ R 5 LT
H#id 2 & esculetin|Zxf L Tesculetin-ST2C-10D 3 7"+ JLANBR & HMZ B REEA1Z
U7 L THDH(E110.78—104.56), F7-C-5, C-TECOTIHEIBANT T AL T

L 72(6112.36—119.40, 150.40—165.82, 148.52—154.35)(Fig. 17), fthd > 7'+ Ui
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esculetin & \FIFFRRDALE TH > 7ce TNHSDV T FILD Y T MIBEDHK A DR

—H LT3, $1ubb, GsulfatCEb\@%wé@T%ét&b BEREIT
orthofif & parafil D /1 —K o Tb L. Mo RES Y 7 i ohnb, € LT,
metafLD 71 — R VNI BZZIF LD, MBEEDO DN TN B/ —KR o DOEFHEEIL
L, 5EEICY 7 8T 5, oD & KD esculetin-S{E, 6-O-sulfatefk T 3
% ERELTS

Table 6. 1H- and 13C-NMR Data for Esculetin and Esculetin-S.

. Esculetin Esculetin-S
Position o s 3 5

g — 160.81 s — 161.96 s
3 6.16 d (10.0) 110 50 5.73d (9.0) 104.22 d
4 7.86 d (10.0) 144.45d 7.68 d (9.0) 144.90 d
S 6.97 s 112.36 d 7.20s 119.40 d
6 — 142.90 s — 141.38 s
7 — 150.40 s -~ 165.82 s
8 6.73 s 102.68 d 6.27 s 104.35d
9 — 148.52 s — 154.35 s
10 - 110.78 s — 104.56 s

¢ values in ppm were measured in DMSO-d,. Multiplicities of carbon signals were indicated

as s and d. Coupling constants (Hz) are in parentheses. Signal assignments are based on the
analysis of the 1H-13C and 1H-13C long-range COSY spectra.

v —r—y
0 W) 55

T
65

—
70

T
80

180 40 120 100 80 pom) 80

Fig. 16. 1H-13C Long-Range COSY Spectrum of Esculetin-S in DMSO-d.
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ig. 17. Comparison of the 13C-NMR Signals of Esculetin with Those of Esculetin-S.

23 EX

23-1ATI—IT IvEFOY L EARTTF NOBBL L ERBFHIHE

ZNFETIT, HeOEMHEABICHHT HPSTICL Y, OBt N5 7 = /) —
VAL S DR Z BT B 72DIZ0 S DODIIRNLENT X849 , ChooD
PR DI L SIKIIPAPSD A TH 555, PAPS|Z, FAeWBEEEL /LWLy 1 7D
TER IR BERASSTORREE L SA £ 1372 51019, £ 2 T4HE. e DL D
BREHERTLICEZA, WOV DEMEAT I—IVT I VEADPKBERDB I
HEHENLD I EMENIIE 570, & MKHSKRDPST Tlddopamine|3 F1Z 3 iz DKEEF&
DSREIL I NG Z EDREIN TN S |, Lo LENS, bhbiddopamine &
0-,m-35 & Ufp-acetamidophenol D#E £ &, MIEHKRDOBER X, 401D 7 = / — )UK
A TBRILT B2 EDRENIE 572, DI EMSD, COBELFLLWY AT
DB EBERBERTHD Z EDREIN S,

FHIERIT LD, tyramine|3, BERORBILICL D AFENINSE T ENHEMNC
7% - 7z, Tyramine|{Z. tyrosine® b | PN 4 & B Skdecarboxylase|Z kX XM TH O .
R—r93 AR R TRARIGEYE L7115 720°) | MEOHBERBRIC L 25K
fbiz. & MERIZEH T HtyramineDBHAEH EFEZ 5N 5, X 51T, enkephalin-O-
sulfate(Z . opiate agonist& (375 S8 5720 Z DFERIZ. KT, Leu-enkephalind 4=
T P Astyrosine B DFRBELIC L O . BEEIN TNV Z &EE—HT 552 , FKRIC,




angiotensin-IlDtyrosine & 2k & AR 1Z L 9 TRfE L X 41, angiotensin (T Hr A~ T H e i
BT DUHEERADTEL B D ZENEMIL 5 TNE)  ZhoDZ &k, 7
z / —IVEILER U DD Dtyrosine AR T F NOKBERIZ L A Hilgbiz. & b
BRICKETABHEFEATHEEEZOND, —H. WL ODHDDRTF NkLE
(CCK, caerulein, phyllocacrulein)| 3 i {LAR T D A4FRA S AERERA AT Z 0% 5
NTB459) , CCK-8DIEFRMALIAIL, ABROBWEETH S, LUEDI LD,
Z OB HKRDASSTIZANRK S 5 IIHARED T = /) — VLGV DEHIERD A
Bo6d ., EHAERICOREEBAFIIIL TS EEZ N5,

X 5IT, RTF NhvE v OAEBWERIZ. KN TOBRERNILH (RTFF K
EEOYMD) 2k D, KRIETH I EDRESIN TS , FIT, enkephalind A
EHE. MFE IO T a7 7 —FiIckDTiIERe REtEnB 0. EFICHE
W ENKCESNTLSD |, Fi. HBs L X N 7ctyrosineZE K 4 FFDcaeruleinP
york protein 2(Zin vitro TH+E b ) 7 Vi LE S IF NI E BN 5 T B8
4E., OBt IN/IRTF FERAWT, 7o7T7—EE T 2B AR L
oA, T X nurctyrosine R EDC-Kinfilid 7o 77 — B2 U TR AR
TIEMNEANMNIL 5, TNH6DTELD ., RTF NRJLE » DtyrosineZR L AVASST
IZED . FigtEInbE, THSDRTF NMAEATY ISR I B
n. KN TDORTF FOLEMICtyrosine Ik DRRBEL N EE L ZEN AR LTS
e "R I NS,

2-3-2 ARl U7 7)) O 0 DALIERROGIERL

FH R EZER S DORY 7 £ / —IVEIZIE. B -glycosidefk+> 3 -glucuronidefk D &
DOWEZHEAEL TV D, ZNoDREHEKRIZ. & M XUEBMDELEEE TIIKES
N2 K, BREBRROBERICEL > TT 7 30 EIIABEIN 5, BIXBANAE
DERBERELY, T7) I BRNEN BN, SICMHMOBENERERICL > TR
N5,

5% PN B A Eubacterium H & Bl U 7-ASSTIZ Z )V 7 » 7 —ETIEH NI &b,
P b MFEFTHBILINcRY 7 =/ —LAENREOFREMEAEE LT, X
SIBRNEICE ORI N /.7 2 /=T 7Y 3 U AFRBZSEERICLT, i
BeEDEB A Ml T 5[l EZ 5 b, T TICAHRETIZ. BFEMITERT
LRMPEE UTRATIEEIIGEND Y =T 7K VHADASSTIC & B Gl
{t A #4 U . quercetin, (+)-catechin, isoamylgallate & (-)-epigallocatechin gallateD B% 2 ) B
FEALIRDILEREA B SN L TNBEE2) | SEIDERLD, 77V THD
esculetin & baicalein)’ASSTIZ & O i b X . S RIERICHW:-T 7Y 3 33T
bEDRFEEA LD HIFANIFRBEILINPT NI EXHANMNIE -7, THoDI L
X0 BCHBARDFEER DKM PSR EEOASSTIC L BHBE LA WIT T 5 &F




Zofhb, 5T, ENLCEEAIZ, IHETRYNI B-glycosidase(Z & - Thn/ks
BXN., £D%ZFDT 7Y 3 UMASSTIZ L D i b X & DIKICAIE RIS X
nbEMlxN5,

Esculinja b F / FHiZgFN 57 <)) VaFEIK T, antihepatotoxiciE M4 &> =
EDFI SN TS, Esculinid UiE Ui B-glucosidaseiF A 27 ) —= v 74 % 7
HOFEHELTHL SN, % DHlE Hesculin & esculetin & k54 % 8-
glucosidase/EM A AT 5 Z EDMEZIN TS0 |, 77 3T BesculetiniZ (3,
AL ZN S a]HEHED 5 B KB IED 2 EFFEE L TU B D3, esculetiniZ it L TPNS %18
BN U TEERGAEFT - T hesculetinDFiEE ORI —BEDOATH 72, 122D
mono-sulfatefk DAL EHEE 1 ZNMR & ) | esculetin-6-sulfate Td 5 7z, X &2, esculiniz
ASSTIZ X DB L ENTED - 72 & L . ASSTIZ & D A= g L 7-esculetin-Si3, 6-
hydroxy group /(LI N/ b D TH B Z EMMHNIT 5 72,

HZE, HBODOERS TH Sbaicaliniy, FEHEE UTRE. LIEMEEL, TL
VF—ER, EIFMEE L EREE(LAE DIEFICREFE DN T X /%), Baicaling 5 v k
IZRLERET 5 &, £ DI T 2 7 JUK(6- O B -glucopyranurosyl-baicalein 7- O-sulfate)
DEHBRRE DM RE XN T2 , ZDZ L&D, ZOFBET X TIUEN
b MEE TASSTORBEME SR E L B A e E R S i, £7o. invitroTASSTIC &
Y baicalin & 9 & baicaleind F0FREEIL I NPT & &, THFETOOODNDOER
T, WIVRZNWVEDHEEIC L D BEEARBEOEEZIN TS I E0 524, baicalein
(36423 B UVMITALDIKBEE D TREE (L I N T B EfERI I N 5,

PEDZ ELD, R T /) —LDGE, BEELODLT ) 3 DOHEN
ASSTD LWWFEE L7885 2 EDBANIE 5T, T2, 73R 07 = VI ERIEE.
7 <) B A DesculetinZASSTIC L D TREEIL L. £ DILFHETH ST L7,
oD ELD. RY Tz /) — VRO ERRVGEELICIZHE HKDOBERE M
WCTBEERICOERATH L LMD N, BB EDERPEEIIGEN
57 ) = IVHELEMORBIZ DBERVBEELBHEZ AL TNDE I ENEZ 5N 5,




B AEOWMELFERIE & B LS

ABEF (L. ping pong bi bi mechanism THiEEZEE DI A fihi 3 5 A%, HE OHIRILFEH
W ERERRICA /1 = X LDBRIZIANETL > TV, £ T, pPKaD R L EE
Ty TDENEASSTIEE EDBFRIZONT., EEpHOKmfEA KD 5 2 &2 & D KET
P

31 EERME L XUOERAE

2.4-Dinitrophenylsulfate (DNS) D4 gk ik

DNS# 1) ¥ LEEDAK(Z. Fendler &Fendler &M 1260 |20 - TLLF D1 O 47
- 72, Dimethylaniline 11.73 ml (12.5 mmol)% . carbon disulfide 12.5 ml{Z i1z T-16 ~ -
21°CIZ¥H1 L. chlorosulfonic acid 2.32 ml (35 mmol) 23§ F L. 35~40°CIC LU T. 2,4-
dinitrophenol 4.6 g (25 mmol) ANz . 14k¢HEFE TRIGHE. 0°CIZ L T4 MKOH 50
mlA RISHIZTIERC 22 &, AL, 51T, 95% EtOH 20 mIT 3 [I¥EL Fz 4%
U720 DX(C. acetonitrile (dinitrophenol [ 22)(Z %%#& L. 300 rpm. 104>R:E.0v%. L
HAID ., B L. HEggEm(1.8 g% Hlc, COMa IRTHE Lic, F7o, FiE
AHHRHPLCTRIE LI &2 A, 95%TH - 72,
iz OFE:

iRz, F—Z Il ~7c HIEIZHE 5 TEubacterium A-44 & ) S5 H58L L 72220

BERIETER. B—FEITR LIc L D I B &R RS & U Ttyramine® AL,
PNSEMBMEEIARE LTAE L., EHEEDFE —FEIIRLULICAETIT - 75
pHBIE &

SUSHDPH L, 7 5 2 BAE(Orion, SAS20, U.S.A) THIE L 72,

ek

ANTET = ) — VLB DpKalZ LI F D@ ) TH 5%, 2,4-dinitrophenol :
4.11, p-nitrophenol : 7.15, 2,4-dichlorophenol : 7.85, o-chlorophenol : 8.48, p-chlorophenol :
9.38, phenol : 9.99, p-cresol : 10.26.

PRI E

32 ER#ER
PKafED RN 5 4FED T = / — VLS AT EIRE LT, ASSTA AL
THREEIR B FEPE A PNS 3 5 U [IDNSA i fit 54k & U Tk 7z, PNSiZZhx T—
REENCABER D L UWIREE I BAR T & - 7opd, pKapid.11D2,4-dinitrophenol |2 L Tl
4L S LT - 7z (Table 7), DNS|3p-nitrophenol (pKa=7.15) & G L. Z DR
BABIANZTRTDT =/ —ILEWICEIE L. PNSOHREE# (Zphenol (pKa=9.99)
& p-cresol (pKa=10.26) 2 #8 L7,




Table 7. Substrate Specificity of ASST with Different Donors.

Activity (%)

Acceptors pKa Donors

DNS PNS
2,4-Dinitrophenol 4.11 = 04
p-Nitrophenol 7.15 29° -
Phenol 9.99 57 100P
p-Cresol 10.26 5O 171

2 Measured by HPLC (column, Microsorb Ci8; solvent, 10% MeOH/0.1% TFA).
b Activity for phenol as an acceptor and PNS as a donor substrate (4.29 U/mg protein)
is taken as 100.

PNS &Rt 54K & LT, BREHDOEEpHAPKaD RN L 58D T = / —)U
LM a AV TRIE U7 (Fig. 18), E#pHIZ, 557 /L4 ) AT, EHIZLY
F18 - T, BEREVEIIpHAI0LL ETIRAERNICAFEHIL I N, BEREHNZ
IFLELPHOB Tld. 1EHEDZE#EpH|Z. 2,4-dichlorophenol (pKa=7.85) & o-chloro-
phenol (pKa=8.45)T(38.0, p-chlorophenol (pKa=9.36)T(38.5. phenol (pKa=9.99) & p-
cresol (pKa=10.26)TIZ9.0TH »7cc TNHDFER K D . BERTEH D EBEpHII AL
BARETED T 2 ) —I)VHALEYDPKaED E M E EFRT 5 Z ENBH SHITTE - 72,
F7o. TNSDOEEDOEEPH TORMALEMIIEL > TH D phenold €/ 7 oo
KISEHED R < phenol|ZHANT2~3ETH > 720, V7 oofk& 705 Lphenol &[]
BEDEMHLIED SN -7 DI &*2,6-dichloro-4-nitrophenol X2 pentachloro-
phenolDPSTORREHITH S Z EN S, U/ ooERICLBASSTHHEELZZ S,
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yoglh b 4
g 4 ' \
N
FO
3
=
2 a2t
ar
o
Z
Q
O._

1

Fig. 18. pH Activity Profile of ASST.

Using PNSS as a donor substrat, pH activity profiles were measured for 1 mM each of phenol (O),
2,4-dichlorophenol (@), p-chlorophenol ((7]), o-chlorophenol (M), and p-cresol (A) as an acceptor,
under the standard assay conditions.



X &z sulfataseE 4 & sulfotransferase 7 P2 pH 7~ 10D i THIZE L. HPLC T4 L
7z(Fig. 19), IE L7:pHOHIBHTIZ. PNSAEEHE & U 7z & &sulfatasefH {34 < 385
SN - 7(Fig. 19, FB)o L LIEN S, MEEZFARDEHE & L Tphenol % fin 2
72354 phenylsulfate 34 ¥, U (Fig. 19, LER). £ EFEDPNPO AR H D S,
F#pH 9.0 TN HIE U 7cs R(Fig. 18) E—H L 72,
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Fig. 19. HPLC Chromatograms of Sulfotransferase Activities (upper) and Sulfatase Activities
(lower) at Various pHs.

HPLC conditions: column, chemcosorb 10-ODS; solvent, 5% MeOH/0.1% TFA,; flow rate, 1.0
ml/min; wavelength, 254 nm. A reaction mixture contained 1 mM PNS, 20 mM Tris-HCI or glycine-
NaOH buffer, 20 y g of enzyme and with (for ASST) or without (for sulfatase) 1 mM phenol.
Reaction mixtures were incubated at 37°C for 2 hr.

PNSAWBEHEHIRE L, SHDT » / — RSB EROEE A F L&
M Lineweaver-Burk plotsaFig. 201278 L7z, RItE. € NEFNDOREE T FIARD E @ pH
T4T7 - 72, Kmf&(Z. 2,4-dichlorophenol . o-, p-chlorophenol | phenol & p-cresol T % 41
Z£$0.221,0.391, 1.93,3.90 & 6.10 mM T3 - 7z, 2,4-dichlorophenol 2 ZH & U7 &
EDOFEHREHE. pHBON S0 THWEHERKE TRIEENA S17,
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Fig. 20. Lineweaver-Burk Plot for ASST.

Using PNS as a donor substrate, the effects of varying concentrations of various acceptors on the

formation of p-nitorphenol were measured under the standard assay conditions. Symbols were the
same as Fig. 18.

log, ,Km & 38 DpKa & 12 TEDHBA(r2=0.9914) 538 S h 72 (Fig. 21),
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Fig. 21. The Plot of Km Versus pKa of Phenol Acceptor Substrates.

Km values were obtained from Fig. 20. Symbols were the same as Fig. 18.

TNEND 7 = /) — IV AEEE E LT, pHOZEALIZHES . Km{EDZ E)
% H1co-log, Km (pKm) 22, pHARKENIC & > TFig. 221TR L7, BRBEZEIA
DKMABIZ S DpHD LR T DI, FELL B Lz, L LIS, 2,4-

dichlorophenol & o-chlorophenol T{3pH 6.5/ 510.50D . KmiEDZEENZI1TE A ERED
Y RAG ALY
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pH

Fig. 22. pKm Dependence on pH in ASST Activity.

Km values were determined from Lineweaver-Burk plot at various pHs for each acceptor
substrate. Symbols were the same as Fig. 18.

Z5

SEBIOEBR LD, ZOMBHKDOMBERRERIL, KL pKatfF>7 = / —Ib
B o@lpKaz D b DNDOFBE DI A it 35 Z EH S NI 5 72, 74
b, LOVBEHDT £ /) —IVOBBEI X T IVENSEHDIENT =/ —ILANEB L
T, TDZEIF. MBI ZXTIVONIKG EEREEE, 50 MBI X7 ILOES
IRNWVF—EBFELTHWEDTIREOWDNEEZ 5N B, 24-dinitrophenold = b ok
BEFRFIHETH O, BEERICOEZ D0F U, DNSIIPNS L) HIEFIZRL
EETIKDBEEINE2600 D LD, HEIRLF-—DBOHHBEI X T ILAH
L OBERBHEIRIVF—DEVIRBIRTIVERLE I ENHANTH S, LHOLK
H¥5 . ASST7EMEIL, PNSAZfE{KE L phenolpp-cresol & Ak & Lo & &
DNSE Y b@EWMEETR LI, ZDI &KLY, ASSTOEHIIBRBE HEEARPZBIEKR LTS
%57 x /) —IALEYDpKaDENZIFTTIZE K . ANV MIO KX = s oZEDIEKH
WEELHLE L TWE I ENTREINT,

KA 3T TICCOBEROEEPHOEE I L > TRUEDL I EAREL TS,
4|5 FEDOpKaD R 5 7 = ) — VLS A U TZ OE#EPH &EpKadD %48 5
MMIT B EERAI, KL pKa% b ORBES A DSE . E#pH bpH 8F]
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-

% EMEL . pKaDEUW TR ZHARD BB pHIZpH O & @2 EDMNITE 5 72,
CDHENS, BHELICT /) —IWHEKBENEDBZEERTH D, ZEpHIIR
Bt & BER OIEHEMLOMERILOM HICHEIN L bDEEZ SN, X510, &
DFEREDER U 7cpHFIH T4 { sulfatasefE A R X AN & AN - 7,
BEEIZd 2BEROBMM EBRRICOEBEpHIZ, BEDPEE T - IMELE
BOREKRDOBHEIIHEIND EHBPINTNDE) , HLDERTIZ, HEZE
{kDpKa & Log, \Km & D RICE#BE DA &6 S rc(Fig. 21), —J . pH & pKmdD ]

ICHRAENRESNTINSY) o THDE, RISEROPHICK L TpKmE 7oy
hg 2 &, Rl SIMERTD S bO—oDMHEEMEME LTS, T v MFIE
HRDPSTIZ, tyramine& i Tk & Lic & & pHO.0THE—DDHDE M S
H o1, ZOKmORALIZ, tyramineDT I/ #Dprotonation|Z £ % DT, pK =

925 L 1FIF—%T B , MBI HEKDASSTTS5 DRI S EERAER B
Fig. 22|{Z/R U72 & 91T, o-chlorophenol 2[R T, £l &(31FI1FpH 9.01238D S,
DM EDBEDEA X free’ S FEE H A\ (2 freeDEEZR DpKaA- i L TH ¥ . enzyme-
substrate - SARD BT , BB ERI TN TNENL SpKax o,
NSO S IzenzymeDEEEIC LD b DEEZ SN D, THbL, BEDRIIEE
ROZTHEREB T 2HMBEICHET DL H 5 2 Eobd- 12,
UEDZEXD, pPKIEDRIED 7 = ) —IVHLEMARE L Lo L&, HIED
KOG RERIC L DRBEAL AT - IC G A OEBEE I L TWHANWATIF ]
2% Z LINT&7z, Pingpongbibi A /7 Z X L THBEENEE TS5 - OMEHED
ASSTTIE., TiZEAERD A 4 b EKmEDENCEBREFENED olc, X 51T,
2 DR TAAROKMEIZ X3 Z2pHDGN R (3 frceDBERD A A MLICL D D TH
5720 LOYUBEDNS, 1ZA B DO IEH R DPST| X, rapid equilibrium random bi bi
mechanismTd Y %0 | RIEDVmaxin 7 = / — /LD FEBE OB S MBS 5
), MEKIGICEEN TS NANAEEMLOBRET, COLHHRIEA N ZZ L
DEWVNILZBDTHSAHEHRNEZZ SN 5,




B BEEOE BT 3 it

ASSTIEMIE. SHEDILFEHAITH HPCMBPPCMS|IZ LV HE N, E2 D

phenylphosphate|Z & > THEXN S 2 &2 WE L TW B0, L&KW TOEHEFRTHE
ERETTBIDIC. X7 VUAF KPEBAA LV OREIZIOWTHRET Lz, F7o. FFlEdE
DPSTOAEHIZX T S HE T~

41 EBRMHBIUERGE

- !Vl ;

t
ATP. GTP. ADP. PPi pentachlorophenol|3 Fyt#tis T 2 & » #EA L7z, UTP,
CTP. UDP, CMP & UMP|3Boehringer Mannheim & 9 B A L7zo [ a-32P] ATPE
[ v-3°P] ATP|zNew England Nucleark 9 fEA L. #&&> F L — > 3 » fiBray's
reagent (3 Bray®D LT & 0 FELL 769,

BEZL. Eubacterium A-44 & ) FE—F (T~ 7z FHEICHE - TEMEH L2D

RERIEMEIL. tyramine X BREEST 1A & L. PNSAE BB SAE L TE—EITR
L7clB D ICBIE L7c, BAER BRKITIT -7 o
2= D B 2 2 AT (1

X ULFF R, U U, £BE . EDTA & pentachlorophenol (30.1 M Tris-HCl
buffer, pH 8.0IZ/AE L. THENDILEM EIE 2 DRFEETED K H ITBERRISHIC
L. BEREHADE LI,
ATP L ASST & D#EA

ATPLBERDFESRIGIIUTOERHD b & T - 72 0.1 M Tris-HCI buffer, pH
TOIZIEIR U7 A 8URE (18 1) S0 ul. [a-32P] ATPH AW ME [ 7v-32P] ATP(0.37
MBgq, 111 TBg/mmol) 5 £ 1&2 mM JERUSPHEATP, X 5120.2 MMgCL, 5 u RN 72(3
EZS N D G #E (total volume 80 )%, 18043, 18 CTHRIG L7, £NENDRIE
#1350 mM Tris-HCl buffer, pH 7.0 0.5 ml & U 727%. Sephadex G-50 coarse column (1.6
x37ecm)\ ZZRM U7ze 7T LiZ. 50 mM Tris-HCI buffer, pH 7.0 CiAH, L. 2 ml-3D4>
W U7zo BAHY > 7 J10.25 mliZBray's reagent 2 i1z T, #KIKS VF L —2 3 VAW
> % —(Aloka, LSC 671) THHTEHEZRIE L7,

ERFER
4-2-1 PEEMHEDOHRE
Mulder & (4. pentachlorophenolp3S v I [lig H SR O Tk ##8 % 32 7 11 % in vitro
=, 2,6-dichloro-4-nitrophenol & FIAEICIHE S 5 2 EAWEL TS . 22T, 4
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[MASSTE 12 XF 3 % pentachlorophenol DL EE 4 i~ 7o (Fig. 23) , B AIRE LT
tyramine & 7C {dphenol & L /o & = 25.5 ©MZ 72{334 1 M pentachlorophenol CEE#7E
P A50%FF L 7o,

120

100

[02]
o

Activity (%)
()]
(]

0_6 " 1 IIAIIAIS L 1 . oy L |
10 10° 104

Pentachlorophenol (M)

Fig. 23. Inhibition of ASST Activity by Pentachlorophenol.

ASST (0.04 unit) was incubated in the presence of various concentrations of pentachlorophenol using
PNS and tyramine (O) or phenol (@) as substrates. Each value shows the mean of triplicate
determinations.

IIAEA B DPST|Z, 3'-phosphoadenosine 5'-phosphate x> ADP, ATP|Z L V) fHE
INBIEBHMENTNSD o L LAEAYS | Table 8IZ/R L7 & D ICHIEH KD A
2% (2. ATP, GTP, UTPCTP® Xk - 7inucleoside triphosphates (NTP) T{30.6 mM T
BHE X L 7-HY, nucleoside monophosphates (NMP)<>nucleoside diphosphates (NDP)
sodium phosphate TIINTPDRED SEE T HHEEFI NN - 7o,

Table 8. Effects of Nucleotides and Mg2+ on the Activity of ASST

Compounds Compounds
b M2+ Activity (%)* Mo2+* Activity (%)*
Nucleotides* 5 Nucleotides* 5

ATP -~ 38 GDp** — 90
GTP = 38 UDPp** - 90
UTP &= 40 AMP** - 98
CTP — 69 CMP** - 105
NTPs i 148 — 155 pi** =t g9

s =+ 157 PPi - 39
ADP** - gy PHI i L3

*Final concentation was 0.6 mM. **Final concentration was 3 mM.
#The activity for PNS and tyramine (81.5 unit/mg protein) was taken as 100.
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4-2-2 ATPIZ & 2 /B M0

NTPIZ & % A =23 phenylphosphate ester|C & B PAE!Y L 0 H5dn-7-DT, &5
IZEBR % 1T > 72, Phenylphosphate ester{3 55 & RIFEHIEE T3 » 7o m¥. ATP L PPiSEE
FAIEBAMITIEE U 7-(Fig. 24), PNS (Km=0.1 mM)|Zxf3 5 ATP & PPiOKifE |3 %
NZFH0.6 mMED.7 mMMTdH - 72, F7-. tyramine (Km=2.0 mM)|Z {93 ATP & PPi
DKz F N F10.45 mME0.2 mMTH 720 ASSTIIMgZ* M2t D & 575 2 {liD A
FA L DERIINED, BDOEBEA A > TIZE L AEE L TU 7o(Table 9),
Mg? 3RV 8RB A 4 > OF TR LWEHAFITH o 7co T—F TRARL TV
WS, Mg 3B RRERICIES DR T AT 221 R b o hic, ATPH S0
(SPPIDREINRICH T HBBA 4 » DREEERENT 57D, ATPEPPIOR—REE
ETD XD ITRIGHKIZEIBA A4 &N A 7z(Table 9), ATP& % FPPiIC & B FEFEI
EBA A4 L TH DM, Mn2+ Ca Co* ENPHZ LD BiikXhrc,

Table 9. Effects of Various Metal lons, ATP and TheirMixture on the Activity of ASST

Metal ions** A
plus ATP plus PPi
Mg2* 151 148 150
Mn2+ 123 133 129
8 T 105 102 100
@ 50 28 35
(& 354 98 142 141
Fe2t 95 32 48
N~ 67 7 L
Zin% 1 1 2
TNeme ! %Ly 108e ¢ 4 i % e

*The activity for PNS as a donor substrate and tyramine as an acceptor substrate without the
addition of metal ion (28 units/mg protein) was taken as 100.
**All metal ions were added as chloride salts at afinal concentration of 0.6 mM. ATP and

PPi were added at the same final concentration (0.6 mM).
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ATP|Z X ZBHED B IEIFMg> 1 7 VR IIKE L TU/o(Fig. 25), 0.6 mM ATPZS AN
BrOBERIEHIL 2 MDA F4 IEFEE T TIE43%ITE F LTS, 0.06 mM

Mg AN & O FEPEIZ100%Z B8 L7c, X 51T, 0.6 mM ATP&0.6 mM Mg fZ7E F
T3, BEREHDIS0%ICEMRLZINTE D 0.06 mM Mg DA% RGN A 7o &
EERMULANVEL 5T, 51T, 0.6 MMM T KD FEH LI N/ BERICHT 5
ATPD I DWTHANT, Fig 26010R U7c & 5 ICBERERIZ. Mg ER UEBE T
5 50.6 mMMZFE TATPIZ L D EEAZIF A - 1o, T, BEREHIIEREDATPT
#I30%I1AE T L7chs, 2L EDIR T 2D - 72,
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Fig. 25. Effect of Magnesium lon on ATP Inhibition of ASST.

ASST (0.4 unit) was preincubated for 10 min with (@) or without () 0.6 mM ATP. Then, ASST
activities were measured in the presence of various concentrations of Mg2*. Each value shows the
mean of triplicate determinations.
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Fig. 26. Inhibition of Magnesium [on-activated Enzyme by ATP.

ASST (0.4 unit) was preincubated for 10 min with (@) or without () 0.6 mM Mg?*. Then, ASST
actvities were measured in the presence of various concentrations of ATP. Each value shows the
mean of triplicate determinations.
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ATPIZ L A BREHMED A A X LEHBI-HDIZ, BaRE(a-]1&[y-32P)T
SNV U7z ATPA Fi 2 DA% F Tincubation U7z, UG%. 41 S Sephadex G-50
BERICHES UICATP EHEHEATPIZ M T 7o, Fig 21T L7c@ ) . BREQDESZIZIZ
[a-]1&[7-PP)D ELSDFEHITITZR CEDOHHAFE®EIRE I NI, ZDIELD,
MR EATPEIK E DHESKROEENREI NI,

2000

1000

32p radioactivity (cpm/0.25 ml)

Fraction number

Fig. 27. Gel Filtration of the Enzyme Incubated with [ -] or [ ¥ -32P]ATP.

Conditions: O, [ 7 -32PJATP; A, [y -32PJATP and Mg2*; @, [ -32PJATP; A, [a -32PJATP and
Mg?*; X, [a-32P]JATP and the enzyme being preincubated with nonradioactive ATP.

43 B
Pentachlorophenol {ZASST{EM AFAE L 7z, LU S, T D7 =/ —JUHAL
BYOFHRLHTT DB RIZ. 5 v MFREKPSTISN T 5 & D(I5=10"M) & ¥

HIEBIZTEH, - 7269, F 7o, pentachlorophenol DASSTIZ X9 5 & L, b b ML/MR
B DP-PST EM-PSTIZX T % D E RS - T, %E DA, 105 M penta-
chlorophenol{Zphenol @ s 1A A 1EM: 4 100%FAE L TU 5 A3, dopamined Gk a4iE
M1320% Lo BEE L TUEU, ASSTOD 4, 10-5 M pentachlorophenol T [ tyramine &
phenolZ FNFNHEHET B E255%E40DDIAETH »72c CDIELD, PSTER
~NTASSTTIZ. pentachlorophenol|Z & % phenolDREE(LICKT T BEE NG5 L 5T




WBZEDBH O 5T, T L. HAHKPST &M ASSTTI(Z f i
IEVNDH B LRI N D,

IRIVF—FEERIEDE N OO DBEHRIZ. nucleotided 7 o 251 » 713
RENC L DEED LAH D WVIIEEFEE I T THB I ENMONTN 707, FK el
T TIZASSTHY, Mg oM D L H 7 2D H FA /& Y iEE b, EDTAIC &
DIREXND I EERELTVLSD, SEIOERT. HIIINTPRPPiAZ OHIEH
K DASSTOEHRITH 508, NTP-Mg2pPPi-MgH INBERDIEHALAITH 5 - &%
R Utzo Mg?HZATPIC L BFEEA % E/LTRHIIE L7 2 &b o (Fig. 25), ATP-Mg?*
complex (ASSTDEMWAAEL L EZZ 5N 5,

Fig. 271ZR L7c & D12, [a-?P) &7 -32PIATPO S 1313 R U ED MG IE D EE
REBELICZ &R, COEARY VEBLAZITI.DO TN, ATPGTFIEE L
12 EERLTVS, L L. CDOATPOBEREADHESIIMEHI L > ThHhE Y
A5 5 120 ASSTIEMIC T BATPOEM R EATPOBEZED#E & DME

 SEOERTIZHSHIZT B ENTEH - 72HY, nucleotide triphosphates & 2
i1 FA VIZHBEDASSTIEMA T3 ho =V 2BEZLRAMAEMETH D Z ENRE
XN,

—h. BAPRTF FOFBILIZEZMIE TR WEHICE N TEZE LBz
ZLTWBEEZ SNTULAET, ASSTH Eubacterium A-44DEBHNETH B &
o, ATPEMgHNEROF oY VEEOHBILZALI LT, AE» S OHD
EQEXFWMEAE L TWEZ ENZR 55,



BRE T v MENE Klebsiella BB IR B R O ELFRINHE

ASST(3., b NEWHIE 5 Btk Eubacterium £ D1G7C b D THBHD. T v MENHHE
Kiebsiella & V) . ASST & FE R MM L < U7 B #k B3 K-36 sulfotransferase A 43 L 72
15), Z DFEFRIT. ASSTTIIBREEIL X478 5 7otyrosine A 93N Tld d 5 DGREEL L 723
BUAHE TdH - fotyramine(d, phenol k ) HBAMIHRBEIL I U W L E, W DD
Eubacterium (> DASST & (372 B HHE % DN, PAPSEFRBEMAL A E LTI &0 5
ASSTD—DTH DB EEZER O5ND, X6, CORBEDORICHEEAIHMITHIHIZ. K
IR DBERTE IS T DR EARET L7,

51 EBRMEE LUERAE

LB K]

a -Naphtylsulfate, « -naphthol, naringin, propyl gallate, gallic acid & tannic acid|%
Sigma Chemical & ¥ #§ A L7z, PoncirinjzRothZ D fEA L7,
b 3 D

7 v FMREDHRKAEMUSZFLCAMBEREMTHEEL, #t FTTano=—
A HidE U, sulfotransferasefs 4 #k Klebsiella K-36 %1572, X 512 Z D Klebsiella K-36%
0.1% agara4%;LB broth CHijE:sE L 7-#% . 100 mldOLB broth T L. #&IZS LOLB
broth (ZHEE L. IFHNI37°C, ISHefalsEaE Lo, ¥k, 5,000 g, 2043, 4CTH
WU, EEERVC, EOCRIAEBEIEKT 208> 72, - 7citBRiz. 150 ml
0.1 M Tris-HCl buffer, pH 7.0{Z%#& L. 8Z ki (Heat Systems, U.S.A.) L7z, 8
FiEER%. 20,000 g, 3043, 4°CTE LU, EEEGC, LBRIZ50 mldD RIERS
buffer|Z BB HBE BN LB OB L7., THhoD LEXED T, Hl®E U
BlA ey, BREs E(60%E3F0)% . ¢LEZ(2100 mld0.1 M Tris-HCl buffer, pH 7.0(Z
&L, SAEMNKAERZLEH S, 15KRE Cbuffer TEHT L7, € D%, DEAE-
Cellulose column chromatography * chromatofocusing colum chromatography « Sephacryl S-
300 column chromatographyiZ & D A5HE U7z, fBEEEROD HiEM(38.12 £ mol/min/mg
protein TT& - 7o
b S S 7

RERiEPE(Z. phenoldd 5 U E a -naphthol 2 FiEE S 1A & L. PNSAGREE At 5K
& L. buffer& 0.1 M glycine-NaOH buffer, pH 10.5% fl 7z SLSMEFE—ZITR
L7cHEICHE > TRAIE L7z, BHEIIBSAZIERE L L TLowry oD HEIZE D RIE L

pee oy




K-36 sulfotransferase D A~ o] 13 [z it

K-36 sulfotransferase | Zphenylsulfate ester/) & phenol~\ D i & D i A fih it 4
279, BEFEAPNS (Fileft54k) & o -naphthol (FREREK) &GS €5 &, BRI
FEMAIPNS DR 2% o -naphthol \N¥Z# X 5%, « -naphtholFE#27E T Tl Ut
3L EIT UM 570 LA LAEDS, a-naphthol-Ossulfate & p-nitrophenol (PNP)%-
BE % Lincubation T & RCHMES 50 C &S, & DREFIGHRITA M LI 2
EDbLh -7,
BEZR A PEIC 09 5 SO AR kA D e 8

PNS & a -naphthol 2 Z'E & U724 . £ £ DO Kmf# | Lineweaver-Burk plot
L0, 0.1l mMM&E0.66 MM T . Vmax(F12.13 units/mg protein T - 72, Z DFEHR X
ISR TdH 5. a-naphthol-O-sulfate EPNPIZ K - THBEE D IF 50 EN TR L
7o PNPIIPNS(TxE U TRERE M ZIFH A IS L7cdy, a-naphthol| 24 U T3 H5E
BMEILTH » 725 PNS & o -naphthol{Z%f3 5PNPOKIfEIZ £ 1 £410.23 mM £0.08
mMTd - 72, a-Naphthol-O-sulfate{d, PNS & a -naphthol|Zxt U TREREM 2 IEHFS
FICPAEE L. KifEIZTh£n42 mME0S2 mMTdH » 7o, Kifiymih 2 o b
NSDRICEBDNHEERE L TH NI EZHNTH S, S 51T, 4-methyl-
umbelliferyl sulfate|Znaphthol- O-sulfate dPNS & a -naphthol|Z X9 B %R & RIEEDHE/ N
Y= LT

CORERIZ2MDAFA LT HMg EM?H I L ) iEM(LE ., EDTAIZ &
DIEINI, M AT & Vmax($i#En U o A Kmiz—EITR 72172, 2 mM
Mg TVmax|3 g b5 ¢ . MARMBEDI63%TH - 72o — K. 2 mM EDTABZAE F T

B EEMIIS3RAE X N1,
LT A

il 52 2 IAIE M & Table 101378 Uic, RARICIEAET Dgallicacidid BUEH & 72

Sttt 75K A RidfBb X4 { o 7z, Serotonind, BWEE TH - 72,

Table 10. Acceptor Substrate Specificity

Acceptor Activity (%)* Acceptor Activity (%)*
Phenol 100 Poncirin <0.4
a -Naphthol 268 Hesperidin <0.4
Serotonin 14.9 Naringin &3
Tannic acid 4.3 Gallic acid 25.5
Propyl gallate 70.2 Quercetin 6.3

* Specific activity of the enzyme for phenol + PNS was 8.12 units/mg protein, which was taken as
100%.
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T MBENBE L D48 U 7o Klebsiella & 1) #5358 L 72 K-36 sulfotransferase 0 H:iE
(8.12 unit/mg protein){Z. b NP E Eubacterium H1E DASSTIZ e ~T ., MBETYH
120, #BEMBHRTHVIOEENZ ENEONEL 57cs ZD I &3, picosulfatehs 5
y MIBEWTHEEITHD I &P hEENTS v FOREDTHBEEEEMEIMEC
EOLBIELTWB EZBZ o, Fo, HEFEEMIIOWLTRE LB AKX
DHFTIE. a-naphtholD b IWEEHTH -7, L LA S, BERBKRDHLIEN
BIECWI ED S, 2TOEHICKOTHMBILEHIASSTICENTENWEZZ oh
o)

S v k4 HSEDPST|Zsequentially ordered bi bi reaction mechanism T » 7, 5
v N BFHEDPST | Zrapid equilibrium random bi bi reaction mechanism T %9, L L7
NS Eubacterium F3E D ASST |3 ping pong bi bi reaction mechanismTdy % = & A9 Tl
R4 L TU A2, K-36 sulfotransferase (2 DUNTHRET U 724 R, BERIE M IZRUCE Y
CEODLITNIRKEBERZII I, BHICHT S5 I oDRIEETable 11T L7,
NoDER LY. BAHEHKDK-36 sulfotransferase D fz it A 77 = X L |Fordered bi bi
reacionTH 5 EZZ 67z, THbL, BHRIIBEDEE % RIGCHD B A
AR ThRRIE L TU 5 (Fig. 28), BER I LD LAD S, #RSEMIEL S -7, 2D
FERIZASSTE B, Mgl L D LI h, EDTAIZ L HAEIhic,

Table 11. Inhibitory Pattern of the Reaction Products as to the K-36 Bacterial Sulfotransferase

Enzyme substrate

Reaction product

PNS a -Naphthol
PNP Non-competitive Competitive
a -Naphthol- O-sulfate Non-competitive Non-competitive
) hthol PNS a-naphthol-  pnp
SAGRANR O -sulfate

enzyme

Fig. 28. The Proposed Reaction Mechanism of K-36 Bacterial Sulfotransferase.
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a -Naphthol &phenol @ 2 F& D i KRG 2 RICHIZFERIZINZ 2 L&
WMLz (F=27Z3) o ZOTEDNL, WDHDDT =/ —IVEILEHIHIEN
ST BEF, € 2 TRERDRBRALSED S5 £ 0 o (IZRIFIC G2 O I & Al i
THAEENZZ 5N b,

LIEDZ & LD, ASSTXK-36 sulfotransferase D fFZEMNBE S DMITE D, FEA D
CEMNINSDOBELRDER ER LI 6. BN THRRMES 2 W IINEED T «
J —IVHEILEMD B I N B eI mNEEZ SN b,
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AR S LERICE D ASSTORERR 7 o THfIL L, TT7 4 =T 1 —HF LS
i U7c B HIESDS-PAGETH—E75 5 7, HERMBAXONRKIRT I/ BACHIIE.
SVKYSFEDHIINRQYEAEQAMLAKF T & - 72,

7 /) — V(L&) Tld p-acetoamidophenol, dopamine, norepinephrine?s EAN, F o o
VEBRTF KTldenkephalinhy, ASSTO BUAH 750 . Wik X172, Dopamine
DEEFRMGTRELIRIZ, FiTdopamine-4-sulfate TdH % = & & MH L7,

BRI I NIEBERRTF Nk, Tor7—FEE/AE T2 KD,
EKHNTOINSRTF NOLREHICHTHBILDOZFS L T B A[RElNE X 5 5,

RY Tz /) —ILEZDRMADASSTIC LA LA AT Lo &2 AL AKX, £
o777 arE B INIz . BOBIKME - CAKEENREZN TR (L2 1
FTWBEEZEZ SN D,

KR L, B pKaD/kBEE A D7 =/ — VT T 2 7 /L OGBS LD, Sl pKa
AbHD7 /) —IIVHLEMNEBE T B RIS L TS 2 EDBENITL 5 72,

ASST{E M (INTPPpyrophosphatel & 9 BEE X 17 H8, Mg2-oMn2(3iEH L L, ATP
“opyrophosphate(Z X AHEA[IE L7c, ATPEBERDESERL Y . BHRIAEIZ, B
FOU UBLICE B BDTIRIES . ATPEDHEAIZELEHDTHE I EAHSMIC
7%

7 v MNEGWNHIE Klebsiella & 0 53 U 72 GBI BER D UG A 71 = X L, ordered bi
bi reaction mechanismTH 5 L& Z 51 5,

Ukl LD, fExDARMES S WEBHRKD T = / — )LH(LEWIASSTOEH

EIED T ENHENMINED . ThoMEHKOBER I IHEMBHKOMMImBERR & IIAEFR
W, RIEA A Z XL, EERNEEFEO S THMIRIZE I 6. BRTOI N SDIML
SYOMBIBE Y, ENRE-CKHREICHEL L IIL TS RENREI NS,
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RKFFRICET2ERBEEELHAHET AL D F Uiz, SILEMEMKFEFIHEE
(LFEHB/IMER—HZI L SRR L E T,

T, BEOHEEET, EROMEICO ) BYIBABESATHE T Lo EILERE
BRFEFHFENMFHESFEABHM. MH=TEL. & REEL GBEERFERE
FREBESL) ITERHBFELFET,

Wik T 2 T IUVRERE JUTRBE T X TIVADHEREICH D . B EEESHEE
B0 & U7 RFMEEFRFEH WS, $pEdEdE. FMEEFBEE. LR
REDFHIEZE L S I LFEICALBFID S 2 IR BB L £,

EHARICE L. ARV ST LR EMERR RN EREE (FRitkd
REFEZEFERAHE) ( &I, BEEARSHEEEZB D F Lt FRRIBF GHRETRFEE
FEBIHER) 125 ITEWRBREMTD £ 1T0 & D BREBLUE T,

FRRTF NOERE LUTBILEIT> TUOvc e B ERTE () HF)ILER
it HEARE, EEFIALSKICHRIOERE IE BRHHLET,

PFrol i nABslbhs, @R FI0E LB LEMERKRFEEZSNHEELMTFH
FEH I RBIESR. WHERREFH FEBICECERSHLE T, o, XRAFREE
LTEARFRAXZ T I FE L, ERFPEL (R LS) | LIEZFFEL (GIEE
ZRE) | L OBE (KERE) ( HERIAICOL D RS L 7, xFEICHRE
BN RF 5> TFED F LB URBERREFEFRHAMFELZDOFREA DS, LHE
DEMLDRIAEMBFEFIAICERHHLET,
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