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BAD : benzoic acid

BAL : benzyl alcohol

BHI : brain heart infusion

C : (+)-catechin

CG : ransfer product, (+)-catechin 3'-O- « -D-glucopyranoside

CGTase :cyclodextrin glucanotransferase
DHB : dihydroxybenzene

DHBAD : dihydroxybenzoic acid

DMSO : dimethylsulfoxide

L-Dopa :L-g-3,4-dihydroxyphenylalanine

EC : (-)-epicatechin

ECg : {-)-epicatechin gallate
EGC : {-)-epigallocatechin
EGCg : (-)-epigallocatechin gallate

EGCgG-1 : transfer product, (-)-epigallocatechin gallate 4'-O- « -Q_—glucopyranoside
(G-I

EGCgG-2 : wansfer product, (-)-epigallocatechin gallate 4',4"-0Q- « -D-di-
glucopyranoside (G-2)

EMFG : transfer prod uct, 2 (or 5)-ethyl-5 (or 2)-methyl-3 (2H)-furanone 4-O- « -D-

glucopyranoside
G-1-P : @ -D-glucose-1-phosphate
G-6-P : D-glucose-6- phosphate

GS : glucan synthesizing enzyme



G-X
HB
HBAD
HBAL
HDMF
HEMF
HQ
HQG
KA
KAG1
KAG2
IPTG
NAD
NADP
NMR
Pi
SIMS

SPase

THBAD

: ransfer product, 4-Q- « -D-glucopyranosylxylitol
: hydroxybenzene, phenol
:hydroxybenzoic acid
: hydroxybenzyl alcohol
: 4-hy droxy-2,5-dimethyl-3 (2H)-furanone
: 4-hydroxy-2 (or 5)-ehyl-5 (or 2)-methyl-3 (2H)-furanone
: hydroquinone
: ransfer product, hydroquinone Q- « -D-glucopyranoside
: kojic acid
: transfer product, kojic acid 5-0- « -D-glucopyranoside
: ransfer product, kojic acid 7-0- « -D-glucopyranoside
:isopropyl- B -D-thiogalactoside
: nicotineamide-adenine dinucleotide
: nicotineamide-aden ine dinucleotide phos phate
: nuclear magnetic resonance
: inorganic phos phate
: secondary ion mass spectromelry
: sucrose phosphorylase
: rihydroxybenzene

: rihydroxybenzoic acid

vi-
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(SPase, EC 2.4. 1. 7) # 2— FT2@EFHra -7/t XIgEemEL
PRERHACIBABKZORBPEIHm 5L, YFEMEOWIEBRELFHEL -4
UIHE - RGeS BERENEOABUCHE T 2SS ORI N &

LTiT=27-b0TH 5,

I, BETEEROERIC L OEEMEYDEIEE Shd L2k o T3,
TORT, FVAVVEECESTIHAMERZYN, ChooaH - 2% -5
ML BTAMEXYEEEOBR Y L TEELRRM L R/-L TS, Th
DYROP T, NKRGIFEER IOV TEHERE - BATHE P S5 Z{ o 3 h
T& /2o IS, 739 — CREBI L SR LENTER SR BER IS 0BT
HARBLTELEAES S, Cnic L, g MR g, 7Y a2
HEVEAY-FORAFY) T ¥ (EC2 4. 1.1) 2T E. KIS
BT 5 ERFFEFER IS A% v,

BB 5 & 91T, L, AV THEREEEL &g H RIS 0w TOfRIHE
ATB), VT O WTREEFEONKGME R LB T TEMIEES LD
LI hoteo CNODTHEAFEICIBEIEERRI 2R/ L TEY ., kS
MEBROFHILZICABE LTEHE A TS, —, MBS #E % b 8 E RS
WEEECAHNCEREEDN I, B TEMAH S A TR RV,
Kitackab L & o T, 2+ OEF ~AFX4AY F—¥ (EC2.4.1. 20) 53 FUVY¥
F—AKk ZkYF—+F (EC2 4. 1.31) #HvTtovst—29253+ 94
THP) %, ¥ 7z, TakahashibiZX o T, SPased IWT 2L a3 by Ma—
A% TR FET WM A R L IEE % v,

-1-



COE S RIREDR, THEINSERS MR T HBMIIE & LT 2 SPasell
B 2 AR ICEF L, UTR ETSPsell T 5 4% TOMAEDTHNAR A Y
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Table IZ7R o AV 72 KB 12 T TEscherichia coliK-12HTH % o

2 WM B & ORI

B HiiZ Table THC R T

L. mesenteroides® B3I ACI-BES #23) T30 CHHEIZ TIT o 720 KB B ORI
LBY G, WEHOHA130C (EHE®) 203300 (MREE) TITY,
AR 337°C T - 720 AF 1EKlett Summerson Y EE LA i TNo.667 4 VY —
LAVTHE L2 (Klettunit, KU & FR) » BEROBRIFEEZ WET S 200
%%uﬁﬁﬁmximﬁot;ifhmw%%ﬁxotﬁ%%@wtﬂﬁﬁﬁ
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s ZOBRRCTHOKMICEL & 5126 MeMHRE ¢ HT 120
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Table I. Strains, plasmids, and phage used in this study

Strain, plasmid, or phage Genotype, phenotype, or marker

Escherichia coli K-12

DH! F~ recA1 endA1 gyrA96 thi"1 hsdR17 supE44 relA1
JM101 A(lag-pro) thiT1 lacliZAM15
1100 F~ A~ supE44 thi'1 endA1

L.euconostoc mesenteroides ATCC 12291

Plasmids
pBR322 Tcl Ampf
pUC119 Amp©
Phage

slp 501S-Te A clgs7 attA Sam7 Tcl

Table Il. Media used in this study

ACI-B Tryptone 1%, yeast extract 1%, KoHPO4 0.5%, sucrose 1%,
vitamine solution*1%, CHaCOONa 2%

Luria-Bertani(LB) Tryptone 1%, yeast extract 0.5%, NaCl 1.0%

*Vitamine solution: Thiamine-HCI 0.1%, MgS8QO,4 + 7THoO 4.0%, FeSOy + 7H50 0.1%,
MnSQOy + 4HoO 2.0%, ascorbic acid 0.5%.
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TIRREE R L BMEBER . FSliEdbrvid - ) v =3NSl AIIZRE Y
AlLZzo RAFTNVIA T —EPER—) » H—7 S AUZH. G-6-PRKE
BEREA ) 2V VBB L 2 hZhJ v» 72, Isopropyl- § -D-thiogalactoside

(IPTG) HAXMED, CBAL 2. Z0MORE IR <V EH VI,
4 Yt fkDNAD {5

L. mesenteroides ATCC122918k D ¥ef AKDN AD #IL . HEAMITIX, Saito-Miura
Mo TH ot Thbh, 1Yy bV OACEBEBT 30T THE G 217
ol k., BHL, FREZWEH LS. F0HR4mI0Y VT — A B (2mg/mlin
0.15 M NaCt, 0.1 M EDTA, pH 8.0) ZH& L. SR T3040 MKE L7z, KRiT, 24
ml®0. 1M Tris-HCl (pH 8.9) -1% SDS-0.1 M NaClZhnz., 60°CT104-FImes L
7o 350, 1.5 ml?D 5 mgmliEfED Pronase PE A, 37CT—ME L7, 7
/) = VREZITRWEBERVER, T —TF VRN 72/ - VERELI
FO%, 2fEEDIY ) —NENMI, £ ULz ARSI, 0%
y ) — VT, MEEZEL 2%, 5ml?10 mMTris-HCl, 1 mMEDTA (pH 7.5)
WCREE L 2o
5. BIZFIATI V-l As ) —= v

R OIS EEwRI, Sau3AlZ W T, KA4BETFI A 77 —=/ERL
720 EcoRIZ 4 77 1) — {320 x g NL.. mesenteroides ATCC 12291 RADNAE 2 1 g
DOpBR322% EcoRITHMF L 7278, TADNA Y ' — FABI L THEBL /=0 ABIH
DH1 Z JEHERB L 725, EoRIZA 77V — 3 RAEIRE10 g gmldT7 » ¥V ¥
E10p gmlDT 5 H 4 2 Y v 2E ELBIERE M ISBAT L7, Kogabicko T
H)B L 72 L. mesentergides ¥ DBER O NKEG 7 3 BRFCS] Met-Glu-Ile-Gln-Asn-
Lys! D e #1553 5 2458 ) HDNAEHELS] ATGG AA (or G) ATT (or C or A) CAA (or
G) AAT (or C) AA% System | Plus DNA synthesizer (R 2w ¥) THEL., T4

At-
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DNA polynucleotide kinase & [ ¥ S2PIATPIZ TR T ANV L3 v 2 R T —F %
FAWT, d0=eng T IDFAELT 3 VKLY RI ) 20 T %4Fo 12,
Saw3AlF 4 75 Y — %, 20u gPL mesenteroides 4E{KDNA L2, gDpBRIN#*
BamHI CHIMF L 7278, T4 DNAU F— YU U T/EBL /2, EcoRISA 75 Y — &
[k, KIBPEDHI # TR EEH L. 100 pgml®D7 Y ¥ ) v 2 LBERE#H 1
B LTz COF A 7T J—ld, EoRITAFT Y —-THERLEZFAIF

pSPLO2?Sau3Al-EcoRI O.34Kblii 2= v 2 v 9 VAL =¥ a YKtk h 5~
ftLz7u—72HWT, TN TNVFTA -V a2 fThol,
6 815 AR 2 By
KERE o girfutk, F VY TX2 Lt F FDNARDNAWH &5 ~vik, oo
Z=NATYFALE— a3 vk, BTy B LU in vitro packaging ¥
72 YDNADEL ) % v 12 D v> T id Maniatis b O FiE P ichE o T o 72,
7 SEFLECH Yok
i FELH1 dideoxy-chain termination 54012 & % 7-DEAZA sequencing kit (F i
) [ a-2P1dCTP (7 = v &) #HVTHEEL:.
8 BERTHH Ol
BRITGHMED 72812 | 10 mEEE~< Vv v b % 2 ml®50 mM phos phate buffer
(pH6.8) BB L., 7S o v oMy y s vl 742575 — 2 fAvBHEE
SLE (output control-4, duty cycle-50%) 1< & HIERI L, 12,000 rpm 105MR& AL L
7o LBEBEME L CH vy,
7+ SPase EAMINIT iXSilverstein b 0 HEIDICE o720 ThDH, AZHE—R
LR AR L. B2 FEUGIC & W ERKT % « -D-glucose- 1-phosphate (G-1-P)
BEKRASTVIAL S — & D-glucose-6-phosphate (G-6-P) WAEBEORFT
T\ nicotineamide-adenine dinu cleotide phosphate oxidized form (NADPY) 264 L
% nico tineamide-adenine dinu cleogde phosphate reduced form (NADPH) % [ BES
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%340 nm& JE L 720 FAMLEEESUCHE (3.3 ml) DML X, 50 mM potassium
phosphate buffer (pH 6.8) , 140 mM sucrose, 1 mM EDTA-2Na, 150 mM MgCl,, 1
mg NADP™, 1 ¢ g glucose-1,6-diphosphate, 100 4 g phoshpoglicomutase, 20 units G-6-
P dehy drogenase?”) & 20 u IOBEFKH (SPase) T 5o 25CTHERIE % o 7
%, 340 PR L WE L 220 1 HALT EEERMIC BT 2 1 51 gmol @
NADP* %8/ & &, NADPHEL AW S ¢2BEE L LT L W bE
6.22X 103 M lem 1% B vt EHE L7,

A, NADHA & ¥ ¥ —¥ NADHDWEAIC L0l L7z BEEREH (3.0 ml)
t&, 100 mM potassium phosphate buffer (pH 7.0) , 0.34 mg ONADH & 100 10 E
FWCTH bo 30nmOWA % BEFL 720 1 BALL, ERISM IS5 1451
#molONADH % A & S B EER L L Tkl 72,

Uy 6 FRRT NI CEBAKERE AN I de Moss DFE® 125 5 72,
Thbb, BEEMGH (2.85ml) . 100 mM glycylglycine buffer (pH 7.5)
1.89 mg® 6-phosphogluconate, 4.3 mgDNAD & 500 1 1DEEEW Tdh 5. 340 nm D
HEMEBRL 7220 1HAL I, EREESMACB1T2 1521 2 molONAD% A &
CLHER L LTEHL 2
9.SDS-EU T2 VLTI Fyr N ELKGY

10 mIBFREL LB ONLKBEAL v M 22 mIOERAIIRE L, H5 H0n
L7:8R. 12,000 pm 1050 L7 EBESABOF > SNy 77 —%BA L,
SIS S B, 10 1%24-20% gradient gel (HF—{b %) 124t L 720 Laemmli
DIREW 2 H W TIKE L 728, Coomasie Brilliant Blue (CBB) 1 T¥el 72,

B2 MEBLUEE
(1) #EF0ra—= v r
L. mesenteroides ATCC 122918k D %t {ADNA % 25 FE 0 SRR 3 LB L 72 7%,
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0.7% 7 A0 — AF VEZERKB LIzb0ESFF 70y P LI, 208 %Fig1

IRFe AYITXS VA FFTu—T% i 7E R, Psd (9.5Kb) , Kpal (9.0
Kb) , EcoRI (4.3Kb) ,BamHI (8.0Kb) {FEOWH &Nt 7Y ¥4 XL 1=,
SPaseld F-E A% 55,000TH D . £ OMERIET &4 /13— 2 GIHIIH1.5KDb
EHHENDLDT, BERITAT T ) —%ERL, A2V —= v 7 %BE LT,
1000007 Y E Uy, FEFIHA 2D VEMETTZ B 5, THEIT A
TRV AF RTA=TENATVT A ALA2e TDy B =227 S NIFHO
REEIHLIKLTH D, Fig 1OgenomicH Y OFERE —BL & o 12, HILE
FIORRAPLHTHIIL 722 & THB A, WiH O—F T GAATTT OBLFT LI X
nTWwiz, 2D &) BRI THIREE B0 § 2151 % R & — Itk L IF8028,
CHBCHOBREEN &G WA, ILEBRBESSV EICHLL I LS,
UMD IBREZFLDPAZ ) -2V CERDP272DT, COMRDETETSITA
3 FpSPLO2% s B L L7z & DpSPLO2% A 5 KB BIDHI % 5238 L 7225,
WIRDEZ L o, SPaselfMiZ B O &l 2o 1o, pSPLO2™ I IREY 3t X % fF
B (Fig. 2) . 29— L3N HBr - BEERINZRELZE 25,
HindIIl-Sau 3AIW eI NoRsm A3 4775 U . EcoRIGRANERAL 45— C Kswfll i fr il 3
L EDHAIBIL72e NARGOMIE LOFE2P SR8 T5 L, CHMIT#HO0.35Kb
FERY v/, pSPLO2EAW F D —% C Kigfll OW - TH %4 0.34 KbD
Saw3A-EcoRIMi i & = v 7 b9 VAL —Ya vkt hsRylLiz7u—-7L

SawlAIT A4 75 V— % HVWTIUZ—-NATYUF L V¥,V ay ffoliER, 7
5 X X FpSPLO8%IFe SO I AI Fi, 70— FIHWK0.34 Kb D
Sau3Al-EcoRIWT i % & £ #72.0 Kb ®L. mesenteroidesHH 3% ) He i ADN ASau3AINT A
ERHLTWE, oA R, #EERToCRENRYHROT & FEIREED
KBOERTAHI LTINS,
EREATHSPaselifZT2#IIETLH-01, 379 23 FpSPLO8D#2.0

-14-



23.1Kd
9.4
6.6

44

Fig. 1. Soutﬂh'éml blot ahalysis of the ch romosomal DNA from
L. mesenteroides with the oligonucleotide probe.

The chrormosomal DNA was digested with Pstl (P), Kpnl (K},
EcoRI (E), or BamHI (B). The Hindil| digested A phage DNA
was used as a M. W. standard.
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Kb?Sau3AITH %2, 79 A 2 FpUCHI9DBamHIERLICFF AL 275 X3 F
pSPLO9% HE%E L 720 KI79 A I FpSPLO2MEoRI-Pstllif )i (0.75Kb) %77
A I FpSPLO9®EcoRI-PstIff i (1.66 Kb) I FH #2727 7 A I FpSPL10% f%
s L. KIBWDHIZ TS EE R L 720 S OBEREBL L Z ASPaselith 2B 5
h., ZE+HT5SPaseBEF L2 WBTHE LW Lz, £0IFEME., 10ml
A TR EI7C BT & o 728 B, BEIRIL mI% 72 D064 TH 1
TR TH B mesenteroides & M RE TH - 2o % B, L mesenteroides? & D
BAZFO 7 10— Abid. BFRARAOFEITD 5o

LI, HHEE BT BB, ag 70T~ — WL BRB eRhA Y
Y7ay ML BNKGEOMERSTE LY, SPaseBn TRk, Y7AIF
pSPL10M#1.8 Kb Hind W LW AFAET 5 S L FHENT /20, O
HindII¥f A% 7 9 A 3 FpUCLI9DHindIIBALICHRF A LT 77 A X FpSPL11%
B Lz 20T A3 FpSPL1 2 KIFHIMIOLICEHIZI L. 1 mM IPTGHHAE
T, 10 mBE TR E37C - MiT 2 v, SPasefifiE Ml L& 2 H, HE
WLl mi24 7 #1975 ATH D | L. mesenteroides & ¥ #3005 TG kAT w5 v ML 2 44
BT 52 ENTEL, BB, IPTGI AL T COMER, FHEEImL2z iy
0.8THALTH oo —BD T T 23 FHEED T % Fig. 212K T,

(2) BITFHEDHN

75 A I FpSPL11®#1.8KbDHindIlI Wi Fr 4 H 3ERLF) 2 8E L 720

Z kR, 191FEH DATGA 5 1660 H O TAADK L F ¥ TR LME—D
open reading frame (ORF) #S#F/E L (Fig. 3) « < ®DORFIE40MOT I /RA 5
2 BT R 55,749 B & #1, SDS-PAGEDFEH: & 1312—F L71ze NEmD LT
BMEND307 I VBRI CHEREI O T I By — 72 v -2 5RDH
L7 Bi5) MEIQNKAMLITYADSLGKNLKDVHQVLKED!? & 524tz % L (Fig. 3.
FH#) . T OORFHSPaselBfEZT- T 5 T LA MR S iee FAT Fr L9 il

-16-



EcoRl,Pst]

EcoRl, Pstl

3 H E3 T33 H
P
pSPL10
6.6Kb Tc

lacP

Fig. 2. Construction of plasmids for the expression of SPase.

Blackened segments show the coding region of the SPase gene, and
open segments show its non-coding regions. Abbreviations: lacP, lacZ
promoter of E. coli; Ap, ampicillin-resistance gene; Tc, tetracycline-
resistance gene; E, EcoR!; H, HindIli; P, Pstl; T, EcoT 14/; 3, Sau3Al.
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8 bp T AGGAGD EFIAAL L, V) Ky — Ak &b e P s 1z, L L,
oL RABEPRIBE RO L TOE -5 —RFIRORFTIIKY — I %
-y —FHIHRWE St o2 FuE—s—iKon TR, FIAIF
pSPLI0Z 1R+ 2 K RDH1ME W 2 S b IEWER L2 &0 HAET S
LEbhb,

FREENL7 I VBRI erEa Y - MFE L2 & TH, HEH R Sreptococcus
muansPgfAlPna — P2 BEEEH68% & v D BeHIAMEER L (Fig 4)o
EDgfAD I — KT AEME R, ROREEI VA Y EERBERO —FE dhTw
P, BRI A O — A HNEROHT A NS EME T H . 2E Y SPaseTH B
EAHB LI, mOEM AR 0 BROMREE BbiLd, 1 REE0S.
mutans®gf Al X 7 0 — LB ORI &I H v, A7 2— AU AR
OV EFBELTWA S EAEILNTB Y | L mesenteroides b WAk % B HiE%
Lo Twb I EWFTFRENE, 4F T2 0—= V& SN 7-SPasef{nF i3S,
mutans & L. mesenteroidestHsk 0 b DX TH B, Tz, Arn—- A HHETE
foRE (4 Ly =Lk ) SDRIKERII L M T 5 BR (Fya—y
vk ARY F—H) DL OMALREL L% o 2,

(3) RAY=I8—Ry ¥ —i2 L BKEBH TORERE

A= i8= § - CHWB{E TR M MRS, KIGE THEHSE S 20 I,
KEETHERCERT 2 V0% -4 — 2HNRMET O LTI, £0S0E
— & - & HWBET 2 &40 %2 2820 EESNER L THAKFeRCT A
FOEE Ly, £C T, Fig SKALEZFMTRA Y — 21—~y & —ZSPasei{a T
PHAASRHEESLZ 2L,

3¢, pUCLIQHISEMD0.2KbDlac7 O E— ¥ =i}y %75 A I FpSPLIID#1.8
KbDHindIIIW Fr @ Bt AL 7279 A 3 FpSPL14%4%7z, XKiZBamHI, Bglll
MBI L ) TOE— 5~ LSPsellfZ T2 EUWH & 2HEIICEE LT T A
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GN\T’H'I'Gr\'iTGGA']TI'MTG'[TGGCG'[‘C”I'l'CCTI‘GAP\CC!\ATG TTTGTGECGACTTITGCCAGCTTSATTGGTCACGGTOGTGGCAGTG
CTGCCOCATCABCGTAT GCTACAATTECT TATITECGATTA G'i‘t\CT(iCl'CI\TT{\TCGCAATCBTT.‘\CAGTTF\T’[‘.‘\CTAGCAGA.-\AJ\C;)EE(‘:QI‘A.‘\.‘\TM'I‘;\

ME'IQNK.»\NLITYF\DS[.G](NLKE)VHQVLKEDIGD

ATOOAANTTCAAMACANALCAATS TTGA L CACTTATOCTOATTEOTTGG G AANCTIAANABA TG T CATCAAGTCTTOAAAOAAGATATIGGAGAT

.-’\IGGV]ILLPFFPSTGORGE".’\I‘ADYTRVDAAFG[}
GCGA’I"I'GG'['GGGG'FI‘CA'[TI'G'l'l'GCC'l'i'l'C'lTCCC'i'J.'C.F\.-‘\C:’\GG'I.'Oi\'l'CGCGUl”l“l"]'GCGCCAGCCGA'I'I'ATACTCGTGTFGHTGCCGCATI'I'GGTG:\T

WADVEALGE!‘I‘{YLMFDF.‘IiNHISRESVHYQDFK

TGEECAGATGTCOAAGC AT TGGETOAMGAATACTATTTGATGTTITGACTTC ATGATTAACCATATITCICGTGAATCAGTEATGTATCAAGATTTTAMG

KN?(DDSKYKDFPIRWEKFWAKAGENRPTQADVD
.‘\.’\GMTCATGACGATTCAMG'TATAMGA‘!"ITC'I'ITA'XTCGTIGGGAA_A}\GTTCTGGGCMAGGCCGGCG:\AMCCGTCCMCACAAGCCG:‘\TG’I’I‘GAC

LIYKRKDKAPTQEITFDI}GTTENLWNTFGEEQI
AT T TAC AAGCGTAAAGAT ARG GCACC AACGCAABAAATCAC T T TTGATUATGS CACAACAGAAAACTTGT GOAATACTT TG G TGAAGAACAAATT

DlDVNSAI{\KEFIKTTLEDNVKIlGAHL{KLDAF
GACATTGATGITAATTCAGCCATTGECAASOAATITATTAAGACAAT COTTAACACATOGE T AAMACATGOTGCTAACTTGATTCGTTTGGATGCCTTT

AYAVKKVOTNDFFVEPEIWDTLNEV’REILTFLK
GCGTATGCA GITAAAANAGTTOACACAAATGACTICT TCOTTGAGCCAGAAAT CTGUGACACTITGAATGAAG TACGTGRAATTTIGACACCATTAAAG

AE[LPBEHEIIYSIPKKINUHGYFTYDFALPHTT
GC'l‘GAM'I'I"l‘PACCAGMATTC!\'['GMC.‘\‘["[‘ACTC.‘\ATCCCT.’\A.’\MG.‘\TCM'[’GATCATGG'i‘FAC’I’IC;\CCTA’I‘GAC'i'ITGCATFA&CMTGACMCG

LYTLYSGKTNQ[.AKW[.KHSPMKQ?TTLDTHDGI
CTITACACATIGTAT '1‘CAGGTMGAUAAATCM‘I’TUGCAAAGTGG'I‘l‘Gi\!\Gr\'[‘GTCACCMTGFm&GCMTI‘CACMCA'}TGG ACAUGCATGATGGTATT

GVVDARDILTDDEIDYASEQI.YKVGANVKKTYS
GGTGTCG'['I‘G.'\'E‘GCCCG'I‘G{\TAT!"CTAACTGI\TGATGAAA'[“FOACT.‘\CGCT}‘CTGA}\CN\C'I'{'['ACMG GTTGOCCEGAAT G TCAMAAAGACATATTCA

SASYNNLDIYQ[NSTYYS!\LGNDBAAYL[.SRUF
TCTGCTTICATACAACANCCTTGATATITACCAAATTAACT CAACTTATTATTCAGCATTGCGAAATGATGATGCAGT ATACTTGITCGAGTCGTGTCTTC

QVFAPGIPQIYYVGL[.AGENDIALLESTKEGRN
CAAGTCTTIGCGC CIGGAATTCCACAAATTTATIACGTTS GI'I’]'G'FI‘GGCAGGTGRAMCGA'I‘ATCGCGC'I'I'I'TGGAGTCAACTF\AAGA:‘\GGTCGTP_AT

].NEIIYYTREEVKSEVKRi‘VVAHL[.KLLSWRNES
AT'D\}\CCGTCF\'I'K‘ACTATACGCG'I‘GAAGMGT'I'A:\.G'I'CAGMGTI'.‘\:‘\GCG:’\CCAG'!TGTTGCTMCT'TA'I"I‘GMGC'I‘.—\'!'I‘G'I‘CA'YGGCG'[‘A.-\TGMAGC

PAFDLAGS]TVDTPTDTTIVVTRQDENGQNKAV
CCTUCA'I'I"TGAT'TIGOCTGGCTCMTCAC:\GTTG.”«C;\CGCCMCTGATACA.‘\CMT'I'GTGG'l‘GACACG'I‘CAAGATGMAATGGTCAAAACAAAGCTG'I';\

LTADf\ANKTFB[VENGQTVHSSDNLTQN'
'I'I‘MCAGCCG.“\TGCGGCCAACAAAACT']"I'TGMATCG'l'l'G.F\Gi\A'I'GG'I'CMAC‘E'G'I'I'ATGE\GC(\G’I‘GATM'I’Y‘[‘GACTC:\GAAC'I‘M-\CTAT:‘.'ITTGMT

CRATTTCTAASAACTGTTTCCTGAGGGAAGLAGTTT l']TTGCTGAT:\GTGGG.—U\AT/\‘[“TAT.“\'i“l"G:\Cr\GACMAGTAA'ITTATWTATACTMACTCACT

STTCAMAGCTT

Fig. 3. Nucleotide sequence of the SPase gene and its flanking regions and

the deduced amino acid sequence of SPase.

Thick undertine indicates a probable Shine-Dalgarno sequence. Thin
underline indicates the sequence of amino acids from the NHao-terminal

region analyzed by a protein seguencer.
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MEIQNKAMLITYADSLGKNLKDVHQVLKEDIGDATGGVHLLPIFPSTGDRGIFAPADYTRY
PT T ELNENTENYE v I HE

DAAFGDWADVEALGEEYYLMEDEMINHISRESVMYQDIFKKNHDDSKYKDFFIRWEKFWAK
5 D KR K Q KY K YQEK LA A L LN D P

AGENRPTGADVDLI YKRKOKAPTQETTFDDGTTENLWNTFGEEQIDIDVNSATAKEFLKT
--- E R K QA SV K [. TKEVTMD RS

TLEDMVKIGANLIRLDATAYAVKKVDTNDFFVEPEI WO T LNEVREILTPLKAEILPETHE
¥ NLAAN CD L TL DK N AAVSG

HYSIPKKINDHGYF TYDRFALPMTTLYTLYSGKTNQLAKWLEMS PMHQFTTLDTHDGIGVY
TQF A DYV \Y S VDR

DARDILTDDEIDYASEQLYKVGANVEKKTYSSASYNNLDIYQINSTYYSALGNDDAAYLLS
YK E T T NE NRK T E D QK F A

RVFQVFAPGIPQIYYVGLLAGENDPTALLESTKEGRN INRHYYTREEVKSEVKRPVVANLE
LI A v F K LE 558 IAK KA

KLLSWRNESPAFDLAGSITVDTPTDTTIVVTRQDENGOQNKAVLTADAANKTFEIVENGQT
NFITY Q A D RE E REA I NED SIHI TAEINLQDM YRVT D

VMSSDNLTQN
i- FE-----~

Fig. 4. Comparison of the amino acid sequences between SPase of
L. mesenteroides (upper row) and GTF-A of S. mutans (lower
row).

B0

120

180

240

300

360

420

480

The numbering is that of the ORF of SPase of L. mesenteroides

(Fig. 8). Different amino acids are indicated in lower row. Gaps

(-) are introduced to optimize the amino acid atignment.
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I FpSPL14-2%HEE L 72, C 0 o0 HIBREERIRBAL ORI Y LA
PR LR O T, HHICD g O LML TIRURIATRE 2 0. HIREEE S TE
PR o DB 2R HBNTE S, £LTFF A I FpSPL4-20KpnIlf
FEFARL, AU —r8—~2 #—slp5018-Te Z KpnLF L 72 b D & & ligaton L 12,
& DligationTREYW % in viro packaging L. KB HI00WCEA L e 7+ A4 7
v (LS pgml) ¥ EUMOBAERF I X B WE G, RERZER S
5 — O WD K LRI SPase BBIR 230K BN L 7zo CHGEREL, #
ST L ) SPase® B EL T B KB H 1100 Glp-spl-D #RE MR L 720 COBRD 77
— Uslp-spl-1 D% FAT L7285, 779 2 X FpSPL14-2MKpnIlrh % 2 AL
TEY, 20, SPasell{ZTF & AWEFK, 77 —VOoRMToe—-5—-Prk
BUmE Sl LB L (Fig 5) o

KAGH 1100 (slp-spl-1) % 10 miBRBEE2E U, 24358 6 I f1% T D SPasellhi k%
EL7E A, BER 1mlY 7 D55 7THATH D, LKL mesenteroides & Y #
SAETEM A B VB A B e LT A LT E L, # OB DSDS-PAGE% Fig. 6
R, BREAES. B OB L L ICSPasedEEIRTWE, 6 RFIRICK
AW HE 0#30% % SPase D T Wiz, & OB ToOEREEER DL
ERFET HINADHA F ¥ F — ¥ L6k Ak 7 v EBAKE B Table TN
AT &% I, JCERL. mesenteroidesHiAERF & JLI L THFEIC AL, T, FHA
b vew v b b ERe T LEARES ONBETRZ KT 5
T EHTE T

(4) BIEFEDOMN

Koga® 12 & o TL. mesenteroides I DSPase DAL & S MEE 12D TR 2R
A% s TV D w20 LT RBEE 1100 (slp-spl-1) HIK O SPase
AGBIL . FOEMEIC DV TL. mesentergides ISR DBEE & WBMRET £ 1T = 720
HWBTIE 2 $ L b0 % Table VR T, < ORAKEYAY 10— & BERah L
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2 46

Kd
170.0-

97 4-

55 .4-

36.5-

20.1-

Fig. 6. SDS-PAGE of cell extracts from E. coli 1100 (slp-gpi-1).

The numbers indicate hours after heat induction. The arrow indicates SPase.
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HEEKL Y ES w220 7L mesenteroides ik 1§ $SPase® v TELF ORH
#4T% > 1o

a. MM L mesenteroidesris o SPaseld, 173.8 unitsimg!?Cd 5 @izt L,

B 1100 (slp-spl-1) BIk @ # 1 i3, Table IVIZ/RS & 9 12185.77 units/mg TH o
wo I BL TV, ETABEHROBEROIE ) SMESEVOIL,

R CAT b0 RWESHA 72 O LT L 720

b. FEEEE - BEREN Feure 7ABIURLZ: LT, MHROBERE I

BRSO BT, QT CRKRERZRL, 45SCUTTRETH >0

c. EHpH - pHEEM Figure7-C,DIT/RL 72 L 510, MHRBER E b IR

BB BT pHT SHFE TR AR L. pHS. 5-8.00HATHETH 2 7=
d. REFRY SRCCB0ZRAEREC W TRRETIHTCANS,

PAEo &R, TTHTH 5L mesenteroidesHiZe, + L€, AW 1100 (slp-spl-1)
B DSPaseDMHEEIRFI L TH L LIl s b,

I EH

IERE EERMEL LT, M= — X958 % » T 7:SPaseD A EHE 2 R ©,
T A TE L T2 720, JTRILIE L. mesenteroides? b EEFE 7 0—=7
L. KBEECTERH YL LI Lz, NER7 3 /BRES 2L CHRLL
FVYITXpVFFRETa TR, Iun - TUFLE-2avET
T A3 FpSPLO2% 720 SO 75 A I FpSPLO2M ., B AT O CEMERY
Twizizo, pSPLR2O CEMMF 2wl Ezo= -~ T) ¥4 -7 3
V&P, CEBNERZ &S 79 2 3 FpSPLO8%1%7:, Kic, pSPLO2E
PSPLOS L % 27 X4 bH &R SPaselZ T & 4t 75 A 3 FpSPLI0REEEL
726 TOTTIAI FpSPLIOE b DRBEHDHIE, BIETHGH THLL
mesenteroides & F1ZEFEE O BRI mI7z ) 2064847 D SPaseffi Al % /R L

-25-



"UI04G JO 1 Ul S{j80 PRINYNO WO S18M SIOBIXS SPrID,

¢SS 9L7¢t 9,681 G90°e Gat OdH MdS~eu3d
L9 1872 05'90} 685 'E L€ JldH MdS 330
v e woe  ony g (OIS weiG)
olo] b 9GS Vi GGG Z'18¢ gSIOBJIXS BpNID
(%) 6_03 (woyoud-Buyn) () Auanoe  (Bw) usetoud
PIRIA  UOHBOUNG  AyAnoe oyoeds el el dajs uoneslng

(1-{05-djs) 0L 11100 T Aq paonpoid aseds O LUoIedlNg ‘Al Sige L

26-



100} (A L (C)

60

401

Relative activity (%)

]
o

=]
]

)
-
=]
o

[}
(=]

Residual activity (%

20 30 0 50
Temperature (°C)

Fig. 7. Effects of pH and temperature on SPase activity and stability.

SPase is assayed by the method of Silverstein et al. 1) in which the production of G-1-

P from sucrose and Pi is coupled to the reduction of NADPt . _ -

The relative activities (A, C) are expressed as a percentage of the maximum activity
under the experimental conditions used. The residual activities (B, D) are expressed as a
percentage of the SPase activity obtained with non-treated SPase solution. In (B), 1 mi
(0.2 mg protein) of the SPase containing 50 mM Tris-HC! (pH 7.5) was incubated for
10 min at various temperatyres. In (D), 1 ml (0.2 mg protein) of the SPase containing
50 mM sodium acetate (O or @), KHoPO4-NagPOy, (4 or 4), and HaBO4NaOH (L]

or M) buffer was incubated for 1hr at 37°C.

Opened and closed symbols show SPase from L. mesenteroides and E. coli 1100 (slp-
spl-1), respectively, N




Tro KU, lac7 O E— ¥ — CRESED 20, COTOE—F—OTFCHE
BETFHRLETI A FpSPLINEHEL 2, SO T IR I Fi b D2KEHDHI
it. IPTGHFAET T, JobE® L. mesenteroides i Yo ~# 30R5IGHEA v, HE3EHK 1 ml
W7z 0 #19.7SHLAL 0 SPaselfi Al = 7R L 720

BUG L 7-SPaselt{z 7o bl iclac 7 e —% —%ALL., T Hhb % 2HATHFNC
W72 75 A3 FpSPLI4ZE HIZEL . 2 Y —/8— 7 ¥ —s]p501S-TcKIHAL 72
SPaserst BERR . KIS 1100 (slpspl-1) Z /KL 72, T ORMRD 7 7 — VI,

T =V UE— & —HClac /T E- ¥ —KETF. SPaseBfEFH 4HiE
FliciE A TV COKMEE1100 (slpspl-1) 9 SPaselfithid, #ihist 6 Wy MR,
BEWE] mId472 D &S5 THAL T, NI TCHRO L. mesenteroides ? #8015 4 P A*
B b, SEAILEN OF30% E LD Twi, T, TFARTI/RT/Z}
— Ve LR T ER T, IERE oA R LK TEERIGE Lz
VBT BT ENTE T,

AT OER, RBFIO0EO7I /B ofish, 207 I /R
BFID 0 TR 55,7490 L Bl s s, TOMIXEH OBFIKG ORERE LS
—Ft D, T, FEDOY —RRE L YSPasclll kAT H 5S. mutansD gfAD T —

F4aBEEEH68%E v BWHIANEE R L72zs, MoEROWERS A7
0—R%HHETHHE L OMFANERVEERE P o1z, 4 L) E(OR
Bhy 0 —= v 7 BN ARSI S il fiE & oM o 2%
AATHEME 13 vy e A 1100 (slp-spl-1) DSPase x FEH LM e MREIL 1 & 25,
SEREOL. mesenteroides D SPase & 1EIZH UG - Tl iR - RERE N - Bl

pH - pHEEWZ RL 120
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w28 Ar0—-AFRAFYT—H¥IKEBHMEA Y THOEK

*a

i

SPaseld T 78 O & ik T 2R T b ERE (IE | IFRRITHR K
IB) T A2 O— 5 SE, ISRSMRFETHLLE, GLPLT T
5 b R DUERT B RS LRI TH B o, WEEB LI SRR A S
. L H I, . IFLY Y T EARRkE % 11852,
HL WS (ERE) TR GL-PAEESER, 72 - APHIFERTD
DEE, AsU—RLEBEEIEERT S REPEATHL, 2OLRBWT
SERE LT79 4 b— A (Dfructose) Bz, VW #H—2 (Lsorbose) + *
S — 2% (Dxyldose) . Y 7 B—2 (Libulose) . 74 =av—2 (D
thamnulose) 7T €/ —Z (Larabinose) #5515 Tva 0 Zns omii,
F = Psendomonas saccharophilafiSk DEEZ WOV TR bR b D TH %, fliHH
K DEEE OV T REUC LT 5721 T, P purrifacience & L. mesenteroides 3
cont AL R T, ZouoERTiE EEekd b
VILEBEL7LO TR . BT AEMBL AL 0THE, Tz, WU
Pseudomonas B DWETH, VI E- AR FT VO — 2T 2HRUIED <
v s 1510,

. ¥ VY b=Vt zoFEkicowT, HIRB L LTOROHEIN DD
Hhe FUY M=, 4 VA VIHEGHE T, £, RETPHARE BN ETE
b TwdM, Fv) b=V L oBEMBEE,S, SRV T -AFHAEL
- ) THEOMENFRK S L LA TH o

> TAETH, L mesenteroides & KB5H 1100 (slp-spl-1) HIA D SPasei” 2
WL BRI B S AR . HPLCE I W CHEHBERT A I LITL Y,
HoicdTasc bt li, £, ARENEF YIRS b, £ OMER RO
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HDHFEVY PN ETN I AREEEL 724 TH (4-0- ¢ -D-glucopyranosyl-
xylitol) &, fE3f, REANPHETH > e -V AW THHa3~TVEF—2
royn — 2 onTE DANESEL E DR fr o 72,

F1H EEBMBBXUNMH®

1 B L A

FLER M L. mesenteroides & KB 1100 (slp-spl-1) MIHIK O SPaseid, 553 L 7= 1R,
F1ETRR LR LT, BRERBCH—REGZHW
Saccharomyces sp. F13¥ @ « -glucosidase s A A — } 7 — & ¥ FHIK D §-glucosidase
i, HEHDPLBAL . G-1-Pdipomssiumsalt & ¥ > ) b —Wix, £4FHF
AF A7 EEFALRTEAOMEAL 2. =Fu -2, YYEhEEAL, 72—
JEF - Ad, BRRFERZSPEBULEL VEE L Tnizini, oL
TNT— ik, HOBMERE, Tk, REUERLENOMEAL 7o AERET,
Brl—-FoboeH L7,

2 . BRI oMEk

H1EIHED L,

3.SPasedfi SUE 1< B 2 BB HEO flwik

G-1-P (20%. wiv) . TEAEE (20%., wiv) . SPase (5units) %&b
100m M 2-(N -morpholino) ethanesufonicacid (MES) #Bf##{ (pH6.9) 200.1%37T
8 FFRIFLIE 372, 100°C. S4rRBLEIL CRIGEEIL Lize £DMIMELL
W10 1% HPLCI @t L7z, 84BFIZ. F VG- 1-PoE VBT 5, BB L
FNa—-ANENVFDLTcHLLI,

4 .HPLC

WS i BT BHPLCAHTIX, BTFDEMGETIT » 72,

BT A * TSK gel Amide-80 (250 X 4.6 mm, i. d.) (TOSOH)
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15 NigBE L 35C
PR 8% * TOSOH RI-8000 differential refractive index monitor
BEM T b= FUA—K (6040, i)
iR : 1.0 ml/min
I-P ¥t R L =4 — AW HPLCO T 051k
B A ! Hiber Lichrosorb NH, (250 X4.6 mm, i.d.} (Cica-Merck)
B oh A C 7= R IV (8020, vi)
ISP, FRICKBI20REMFERAUTH - 72,

STHRBE i3, Asahipak NH, (250X 10mm, i d.) #F 4 &, BEHHC7 £+ =}
V=K (60:40, vir) ZH v F2o
5. %582~y b VoA

7. ¥ AANRYZ P Secondary ion mass spectrometry (SIMS) X, H 7. M8S80B
ARy P aA—F—2HwTHIEL,

A, HEELEER~s b A 13CNuclear magnetic resonance (13C-NMR) &~
7 b Vik dimethylsulfoxide (DMSQ) i, 7 b5 A FL ¥ 5 2 NEREHE L
LTHlsE L7z, Es$2s X, JOEL-FX200 (50.10MHz) A2 hmt—&—%
B,

A=V AR =570 — AR, AR, T b v A NERERE L LTl
ELTzo BIEHEAIL. Bruker AM-500 (500 MHz) Ax% M B A—%—% iz,
6. MV A Y ERBEE DR 5

Streptococcus mutans IFO 139558k % 3.5% Brain HeartInfusion (BHI)  (Difcof)
RHIZTH RS 7 80T, BT, 37C I8 BB R R 21T 720
PR T H700 ml £8,000 rpm 20431 4 CTR LA 27, 20 EBECTF D
WL TBNA0 mIDIS% (vyv) x4/ — Ak iEnsE, £ oicfufiLriith
Wy AR T L, B % 125,000mm 15508 4 CORLSEERF -
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720 ILEH %5 ml? 10 mM phosphate SRE ¥ (pH 7.0) WM L, FAEEC L
TENMEAT o0z COENMEMS VA v AEE K (glucan synthesizing enzyme,
GS) &L THwWz,

TR IO T 2 ATRE R IV H Y BREOHE

1.0 mi>0.2 MEFEMERKARE. 1.5 ml1) 100 mM phos phatefB i (pH 7.0) 1<
0.5 mIDGSERAL., 37C A 45 2 0EHERE TRIB S €72, 20, 4@k
W27V, KEAE L EP % 1.0 mIO0.5SN NaOHTIEML 72, +DEWE 7V
T AR RRMEL LT o — VBRI TR R L 1

8.S. mutans IFO 1395 SHANBBH L ORE L pHIlE

S. mutans IFO 1395588 #1,400mi™ 3.5% BHI¥SIC T, HIZ Vb A KEED

EREF LWL & 12, 37 CTISIEMEE B 1T - 72. HH9EH% 7,000 pm T15
ol 4 CTEOMBMEEE AT V. B %0.9% (wh) NaCITHV, 2mlOEEAT
R L, MRS L L 7o pHELDRIE R, 0.2 mIOKIE B IS mo
Step han' SR 1 °6) £0.3 mi>100 mg/mlo> FAMERATHE A Ly 31C 4
LTpH#ZHIEL 72,

H2H RABIUEE

(1) JBUS B 5 % TR O SEAAR 45 FbE:

G-1-PE Bt G-k, KITHH - W7 Vo - V2 SRALL T, oMW &4T
oo T MY L RKIGHENE D720 | Dfructose J:DJ«arabixﬁtol’%”i"ﬁ“liﬁ L7
Yot DRERFEAL LB U 72 (Fig 8) o D-Fructose ¥ 2B 4 ICHW 2356, 180
DHTEBEEEL3%IEL, 20RO EARRSNE dot2, —7, Darabinitol
EZAEITH 54 1T, Dfuctose® F 1k BT HIZW 2 2 EAT 2
25, SR THEBRIYEEL . BAERTIL25.0% 128 72, COFR, £
PR OZFREREOMFHE. TN 8B T4 & k& Lz,
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Fig. 8. The course of disaccharide formation by SPase from L mesenteroides.

The transfer activity of SPase was examined as follows: a reaction mixture
(0.2 ml) contained G-1-P (20%, wiv), acceptor saccharide (20%, w/v), and
SPase (5.0 units) in 100 mM MES buffer (pH 6.9) was incubated at 37°C. The

transfer ratio was defined as the percentage of the amount of the giucose
(moles) transferred to acceptor against the amount of initial G-1-P (moles). The
amount of the glucose transferred to acceptor was calculated from the peak
area of the transfer product on HPLC using the calibration curves of authentic
samples (sucrose and glucosyl-D-arabinitol). Acceptors used were: (0), -

fructose; (@), D-arabinitol.
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Figure 9\ JUSHE T O MBI A HPLC/ 34 — >~ # 77T £ DEEE T, G-1-P
RHWE ZHFEFREN CE— 2 0B, chbik, BENFRELL W EHBEL
vy (Bl 243, Fig. 9-140 %) b=k HWIEE, BEFFELZVE YV —
BN L) LD KEITRLAE -2 3, HEEED LML 20 %70,
FU b= NEHVEA, L meseneroides & AP 1100 (slp-spl-1) H 3 o) i B
HKTRBEALEMUNY — v &RL (Fig. 912,13) | Mo ¥4 2 2AMI v
ZREO ] CAER R/, MBEROZHEREREICES 2V LIRSS, 08
REE L OO, TbleVTDH 5,

B b RBIEIGOZEMAE L THEL Dfuctose, D- % Vi L-arabinitol 7358
o, ERBRE20%UETH- 2, CRODHET V- VEICH LT, P
saccharophila I DB 3K TH A%\ & E R TV 5 Lsorbose (6.8%) 2L
arabinose (12.4%) 13 1y SEEBEPE M 2720 L-Fucose, a -methyl-D-glucoside,
glyceraldehyde, D-ribitol, xylitol b5 Kk & L THEREL . 2N b OBERR L, 5-15%
T& o 2o D-Glucose, D-galactose, D-xylose, D-mannnose, D-ribose, D-gluconic acid,
glycerol, D-sorbitol, inositolb A & 4 B35 25, F N6 DEEBRIE, 5%ETF
L&A 2 720 P. saccharophilai R DB E 1D i3, D glucose, D-galactose, D-xylose,
D-mannnose, DriboseR°L-fucose X ZRMK L %) B2, L3R TWwD, ZOBE
DRFEDFFRMOTMEE LT, PV as VS L asOMNB I KBRS+ A
T5 e snTwal0, 4EDL peseneroides BEE I D WTI, &0
HEIECH TR ISR W TORBR L o> TWwa, [ UPseudomonas I DB
#Tb. Lesorbose®D-xylulose I3 § % #5254 & Lasmehes p10, =
NoH ZODHEDTRE 5 SPasel BT, IIEM AR SIRE L & 5 i+ 2
A, WRIE TR EDTHFEFFREIED L 5THh 3,

(2) ZNavyvFyy b—LoakE WE

FVb—VERSREOBET VAT, ikt Twd, o7V I—
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Fig. 9. High performance liquid chromatograms of reaction products of
SPase from L. mesenteroides on the mixture of G-1-P as a donor

and various saccharides as acceptors.

Acceptors used were: 1, p-fructose; 2, L-sorbose; 3, L-arabinose: 4, D-glucose;
5, p-galactose; 6, v-xylose; 7, p-mannose; 8, b-ribose; 9, L-fucose; 10, p-arabinitol;
11, L-arabinitol; 12-14, xylitol; 15, sucrose. Enzymes used were: 1-12, 15, from
L. mesenteroides; 13, from E. coli (slp-spl-1); 14, no enzyme. Arrows show the
peaks that were considered to be transfer products.
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Table V. Acceptor specificity of SPase

Transfer Transfer

Compound ratio (%) Compound ratio (%)
p-Fructose 23.4 Ascorbic acid 0
L-Sorbose 6.8 Glyceraldehyde 6.8
p-Arabinose 0 Glycerol 1.4
L-Arabincse 12.4 Erythritol 0
D-Glucose 2.4 D-Ribitol 128
2-Deoxy-b-glucose 0 D-Arabinitol 250
«-Methyl-D-glucose 10.6 L-Arabinitol 24.3
L-Glucose 0 Xylitol 5. 1
pD-Galactose 3.5 p-Mannitol 0
D-Xylose 1.5 D-Sorbitol 28
L-Xylose 0 Inositol 1.0
p-Mannose 1.1 Trehalose 0
p-Rhamnose 0 Cellobiose 0
L-Rhamnose 0 Maltose 0
p-Ribose 25 Isomaltose 0
D-Fucose 0 Maltotriose 0
L-Fucose 10.7 Melibiose 0
Glucosamine 0 Melezitose 0
N-Acethyiglucosamine 0 Panose 0]
p-Gluconic acid 43 Raffinose 0
p-Galacturonic acid 0 Sucrose 1.2

Transfer ratio : see the Legend of Fig. 8. Except for the case of
D-arabinitof, the amount of glucose transferred 1o the acceptor was
calculated using the calibration curve of sucrose.
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VTR IR T L0, P THET L LI AL LARES 2 5, HE
TEHEm~NOHHRBEZRH IR TwR v, BRRTRA ¥ A VR TR
WT B RO B 120, BT LIS BB S T w359,
FUYUMP—NVEFHERELLGAE, VT2 F VY PSS LA
JITHPE AR S LTS RS Wz 0, S EAT L2V, #hiconw ToOlE
FHiSEEFESTHBI EE L,
a. M G-1-PE30g. ¥V ) bP—NV%E30g. 2L TKABEH 1100 (slpspl-1) Hi3E
DSPase 4500 A7 % & 1+ 100 ml1 D100 mM MES AR ¥ (pH 6.9) % 42°C T1585 B 5UG
3ok, 100C TS 4 MBRA L CRIBEFELL Lize FORIEE LK & MR
BT b (5X45 cm) WL . HHESOmMTHEEL T o7 20 v FLOKIC &
DHIBER ZEIN L, RV, 1Yy MV OW% (W) L¥ ) — I CHEBEY
BED, HHEHEME 21T o 7o M3 gD HB R 2. HPLCWICH—TL A ¥
YAy ¥—b RR L,
b. WEWT HEREDORMELRET 57120, TESIMSEITV, 4T &iE314
ERFEL72 (F—F—RKRH) o KICN HCOEFEAT T105C 2 BB 2475 &
TEWENVELD 1T/ VI—2E3Y ) bR ENT (Fig. 10) o S
%@%%xb‘%%E%m7m:wz£#vuh~wﬁ1%W6oyw:yF%
BLTWBI EAML B Lo lre I3C-NMRIBHT T #4089 7 BESHER % 4T » 720
Table VIR Z VT — AL F ¥ ) b~ OfHERE F5 LI L THIMEE AL 720
ZOHT, 92ppmDY FF VE, FLI—ADT I A )y 2l —KEo DY FF
WTHY. a-D-glucopyranose® ¥ 7+ WAL LILEL L, 7.1 ppmiKREEM ~¥ 7 b
LTWwaZEePh, offGLTVRIE PRI NS, —K, EBEHOF )
F=ADAD T TF VS F V) b~ VOF L L T8.7 ppmlEREEH ~
RECTYTZPILTWBRI ELID, 20 b=V DAl 7 a— 20D ] PSS
LTWwa S et Binhe ol DLLOMMOMKR, BEBEDZ. 40D
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Fig. 10. High performance liquid chromatogram ot hydrolysate of G-X
by hydrochloric acid.
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glucopyranosylxylitol (G-X) T&H5 T LAMHEE L 120

c. MEFHIR GXILBAREMES VI v ARMEERIZ oW, A2 1
—Z, F2Y b=V TR %To 720 Table VIIK/RL /2 L 90, A7 1 —
AWERDT VA Y EBR L0, GXEF Y -k BT
LTV H VEERLE Dotz T, Az0—REHEHLAES, Y b—
NMERIRE, MARIRBRE S V2 Odk HIHIL 2. BUE 3. SteptococcusI® DA
EAMoOERIATEL, COMERRs oA 2 RE L LTKRBHET VA %
T 5 & FIRC, AN E AN L CpH Z2BPERNIC L TR EIT 8452 &
FESNRTWAID, 22 ¢, S. mutans [FO 1395 SERHIILER B & I v T & BEUK
B OpHZLE T~z (Fig. 11) o A7 B—RA, I, TV b=-2AR1
BRI LI CRIMWpHAME F L 7285, G-X 13 ¥V U b— L LFIEE. 18BFIRLA %
SPVEROPHE R Lz DL I REE, S, G-XiZF VY F— 1 Elilkk, H
WFR DD S M % R & BT RMARE Stz

(3) 2~V ¥F—2 & =40 -ADHFK

G-1-PL A2 0 —AEDFEIC & | BB 250 bEBEGIRL
5 ENRE SN (Fig. 9-15) o Mo "8 =4 254 L L7zRIC R EY DY
Bohhnid, CORGKROEREY OE2MIT T 5 L7

a. SCMW G-1-P%30g, A7 T —2A%30g, L TSPase 4500807 % & {2150 ml
ND100 mM MESHRH WL (pH 6.9) %, QT TBREMBUS 847-%, 100C TS50 M
BULER L TR ZFI L 720 £ 0IEME LE 0 —% ) — 2KV —F —T50
mlE TiiiE U, 100 mOBESG i (pH 5.0) #RA L. BFETAHRA70—-R %
SRET B 720, 100804 vV & —F 2 NZ30TT 2S£, 100
CT 5 MENIBL CRBEFIL LR, ORISR 2GR A T A (5X
45cm) WHEL 725 2.0 o PV R TCERBICOBHHF 2 3m M L 278, 1.5Y » bV
DI0% (VW) LF - VEETEREY 2B L, Cotige@mL,
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Table VI. Glucan synthesis with several saccharides by GS

Saccharides Relative activity
Sucrose 100.0
Xylitol 0.0
............ G:X-_QO
Sucrose + xylitol 60.4
Sucrose + G-X 57.9

The amounts of water-insoluble glucan synthesized with sucrose
were taken as 100%.
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Fig. 11. The course of pH change of cell suspension with various
saccharides.

Saccharides used were: (A), G-X; (l), xyiitol; ([]), sucrose; (a), b-glucose,
(©), b-maltose.
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SPEUHHPLCICHE L, M1.2g0 Rl £245 10

b. RSB SIMSL W 4oFEIM2EREL (F—% —kEH) . o-
glucosidase TSI 7NV I — A3 n b H, B -glucosidase TIid 0 & %1 7%
WZEED, ST ATEINITHTHE S LHRBRS Iz, 13C-NMRR
Ry PNVDT Ay 2 ERECIEE UCHAT LR R Siid Lol
o, BBEDRI-TI P — 2L u—A0EEWTHLI WL ik
of: (Fig. 12) o Ty Y7 F VO &Y, -V EF—-RE oS a—AD4E
BERE, BBL£2 0 1THD LN Sz, RS THUEHPLCOAT L7z &
B (Fig. 13-D) b, A2u—A, FLa—-2, 797 b2 "o0¥~-2
PEI, ChoDE-2 BEORFEN L hr -VEF -t/ n-ATh5
LW &Nt F, TRLOE—2HHEDL b, EREEIBBLE2 1T
Hot. MO ek HFTAIVITHTHL LT -, T E—RX, 4V
<V b= XA OBFFEE o MEIC A EL V-2 BfFEE T, Ch b TR
ShhwkBEbhd,

c. HEOHMAEHLEK LDEREMNF G1PrAZ7u—R v KEOHAE
bELADORIET, I— IV F - AL = Fu— APHERK T3 %S & HPLCOHT
Lizo 20% (wh) IEORHBEL I3 ¥hE A, A7 a—AEL TV A~
Ay a— AR, GI-PEFNVI-R VML EDETH, 2V YA —R L
SR ADERTA S LR S (Fig 13-AB,C) o ThbDFEH T~
VEF—-Rb=O-A0RkIE, BBLF2. 1 Tho o RENHAGHLET
DEFEHTIE, SR PLAF—R L VT — >R 70— AHM>G-1-P&
FVA—RA>C1PERY U —RATH o720 G-1-PHEH, %2V, ZLIT—XH
T, SNODTHEARS tedo 72,

d. FRIbOEHZEL % 420% (wh) BEORZ 0— 2k 7 Va3 — 2 &SPase(5
units) % &0.2 mID100 mM MESHEAHE (pH 6.9) 37T TORIE OFERFEAL
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Fig. 12. 13c.NMR spectrum of the reaction product in anomeric region.

K, kojibiose ; N, nigerose.
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Fig. 13. High performance liquid chromatograms of a -glucobioses produced
by SPase.

Substrates used wesre: (A), sucrose and p-glucose; (B), sucrose, (C), G-1-P

%”d D‘I‘.?'UCOS? . (D), G3-1-p and sucrose. Abbreviations used were: F, p-fructose;
, b-glucose; S, SUcrose; K, kojibiose; N, nigerose.
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BR L7 (Fig 14) JB3HEHRIETI—VEF - A L= /fu—R g HIBHIZK4
7.5, 3.5% iz —H. Azu—REFNa— Ak, 449, 16.6% THo /o
737 b—Rb, A7 O —ADNKGFICE o THER & HTHML6.8% TH -
Too TN 2R, ZHERE L UELLPEITEH, 20—, X270 —-20h
KR CHEBELEEMT 5 720, BB L ~ETHo 72

SPase DR FUIGIC L 23—~V ¥4 - R &= o — A04EK Tid, "glucosyl-
X' Rt Sk e 2 B, BIZ XM 7 T2 b - DKL, "glucosyl-X "R A 7 O
—Ab % b, FrX "DV ORI, "glucosyl X "HEG-1-PE LS, —F, M
I, FNVI—ATH D, LROKREPL, HEEROHRE LTXG-1-PL Y
AP OB—=XADFPERNENEVEL) TH D, FLTREOAL L HHETSH
LN ADIFHETBEA L, A7 0 —ZFNKGHELTH LN T —ANK
TeDESNZHN DR EHH 205, FIGONEPOFAT I HEDHFRY L) &
L, BB EBENELOKEIL L HEETE S,

I—VEA-REeZF U2 h SFOFEFDoNSINVIZHTH Y,
BIE, HER 5 —F kS, ik, @00, ktD, 2mé
HHET B LI WD 255, TOEFFEIRN, $72, FRATECLILH
5 g monTva, TRIBETEMAGTCER Y, —, BEEHVEH
#b a -glicosidase® AV 72 A {0 h & 520405600 = n e gz
SPase & WIEW L I TH L, DI &b, SPasell & 2 KLV -FEAN & s
HLEbhi,

B3E B
G-1-PE¥EHt G-k, FIEHEL ZSEKE T2 S 81 2 ZAEMFRECD
VT, HPLC % MV CRERINICARAS L 720 BER. P. saccharophilafisk O REK THE
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Fig. 14. The course of formation of the saccharides from sucrose and
D-glucose by SPase.

Reaction mixture (1.0 mi) containing 200 mg sucrose, 200 mg D-
glucose, and SPase (5.0 units) was incubated for the indicated time, at
PH 6.9 of 100 mM MES buffer, at 42°C. Symbols used were: O, sucrose;

A, b-glucose: [, p-fructose; @, kojibiose; A, nigerose.
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STV AP ~B L SV T AR sz, 1T, D, L-arabinitolZ £ 5
pEO7 v a— L~ BB IR,

29 b=V E AL UARBAR S 04 ) TH RS 5 5 THEEL.
Hk % sIMS. IBC-NMR%Z ETHAT L7245, 40 o -D-glucopyranosylxylitol (G-X)
Thotro COC-XIIRAFEWTNVA YOG e HEHIL, HABBROERLI L2
CEhs, MEFEFEIR O LA THEE LN S,

G-1-PEMEft SR, A 70— &ZHRE LTHERKIEEIT 2 v, £HT5
FULHERF U IHEMER S 7 2 THEEL, Bkt BONMROHPLC 72 & CRAT L
AR BBLE2 [ 1 OABEEOI -V VT -AL O —-X0ESYTH
ol TROEDF I T M, A T—REFN IR, Aru— ABM, G-1-
PEINIA—=RAENDHAEDETHHEET B LR SN, REOHAS
bETOEEHHFILZ. BWiEILbRA 7 0—-2E Va2 —2>A7 0— B>
G1-PEIZNVI—R>G-1-PL AU —~ATHolz, G-1-PHHL, B0, 7
A-AHMTE, NS OTHERER I NG Ao, T, INVE-R, YT

VE=Z, bbb — 2 i -7 v T HEOERIIED Sk o7,



w38 Asu—AKRARAFIVT-HELLLT 2/ - MESHEREO A

RyEVBeEo o FEEARELLLY, 20 BORERTOELD, K
BAL THEATRHREICHEINLRARORTH IRV EVETHER S hTw 2,
FAE D b ORI THENOWEN. CORVE Y REERFHRE LTS
D, HERILGD L EFTE SN TV, FHEEILEY L2 oFadx, &b &
B - ARTA - 7R F v oY TERROBELEMTH S,

FEHRIGWE, FDIEBLAEF T/ - WEKBREZ LS, MPh OB N
BENGE, 7 —ALEMELFER TS, 75 /7 — VECEHK S Hifk i
PETEDENLECFAE L. TOHE  BRCETIREIBEE L 3T B,
B, EWEEIC W T OfREEE b I, FoRERRIC T =/ — VRS
EEm - bMmD s —4" 2 PELTHEHINRL L IR o1,

BIRE, TVTF > (A Fux) v Q8D 7NVIET /¥4 F) i, b4k
R & UCTHBA - 2> waako - B2 4 9 = A REHIA & LTEL
BHIATVZ, B2 X S = HloRBECH L F0 ¥+ - EORKIE L
CHEFT I EFMO I Ty, Ml T 2EEM A 2 e EAER L LT
Ash<wd®, 27 sryavesandFus) v b, Fovr-HiEk
FREAE R EOERBREE 2 A LT vin s, MERL T bRt io TE (S
BIEL LTV & 532 Ll 2 s S L R &, E0H
BEHIRED Do NS DR EmERIT B—2OFRE LTHENSTHT LN
BTN, BMEMERETR 2 v 2 LR AN TR EE X bhb, TV TF VI
NV BTN L Fous 75 s hotw o, BT IR, A EARIT ROV ey
MK & IV TR S 4 o g

SPaselty B2 BT ws i 414 L LCHED 2V IIIT M T LR DT
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3“”%K@%Kﬁ\#&U%mwﬁﬁﬁéﬁtfm%:t%ﬁ&to%@\K
<%@%ﬁﬁ%@bfﬂVEV$éﬁ?é7x/~wmﬁ%é%ﬁ@tLt%%
Gﬁ%N?—V%HHC%ﬁWT@ﬁL\Kﬁ%@?m/—wﬁmﬁﬁﬁﬁfé
%ﬁﬁé%&&atuttoit\n4vn#/v%%$WtLtﬁgmﬁm%
ﬁ%%&\%mﬁuﬁmﬁémmﬁwﬁ%%ﬁﬁt\éh@f%@ﬂﬁ%?»f
FrEWBEL TR L.

MIE EBRES Lo Hk
1.3 SMnﬁ\%2$&@t<k%%nm@mﬁwumﬁwﬁﬂﬁiémw
7z Saccharomyces sp. K ? « -glucosidase & A4 — } 7 —E > Fiko g-
glucosidase b, M2 FIZHEWL-d D2V, T v V- AHENF T+
—HRY TS| Letyrosine RAIAFE S LEEAL 720 ik 0T 2 ) — LB
lﬁ%@%ﬁ%%ﬁ‘Kﬁﬂﬁl%#%ﬁittoéfwﬁ%m\%ﬁﬁV—F
vz,
2.SPaselfitt  SPaselfMEHISE LR 2it, 5 1 EITH LT % o 72
BEMBIIE 50% (wh) sucrose, 1% (whiv) acceptor phenol & 5 units D SPase ¥ &
0.1 ml? 100 mM N-2- hydroxy ethylpi perazine-N'-2-ethanesulfonic acid (HEPES) &
@ﬁ(mwj)%mtw%%ﬁméﬁte%@ﬁmﬁm#WHM£ﬁﬁ%Lto
4 HPLC BT &Mt 72,
BT A - TSKgel ODS-80TM (250 X 4.6 mm i. d.) (Tosoh Co., Ltd. )
BT AR EIR
P, . Va-absorbance detector (Isco Co., Lid. )
set at 270 nm-h ydroxybenzenes (HBs)
297 nm-benzoic acid (BAD) and hydroxybenzoic acids (HBADs)
307 nm-dihydrox ybenzoic acids (DHB ADs)
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265 nm-trihydro xybenzoic acids (THB ADs)
260 nm-benzyl alcohol (BAL)
275 nm-hydroxybenzyl alcohols (HB ALs)
#EhH :20% (vA) methanol (pH 2.2 with phosphoric acid)
-dihydroxybenzenes (DHBs)
30% (viv) methanol (pH 2.2 with phosphoric acid)
-hydroxyben zene (HB, phenol), trihydroxybenzenes (THBs),

BAD, HBADs, BAL and HBALSs

T . 1.0 mimin
SHEF D ST OB Y T b,
BT A . CAPCELL PAK C18 SG120 (250 X 20 mm i. d.) (Shiseido Co., Ltd.)

#7 AR Bk

FR I : 270 nm
BEIAH 27.5% (viv) methanol
s . 6.0 mlimin

5.TLC A ToEHF -7,
TV—F YA FIV60 (AN EL)
ROUMH BRI FV/ R/ k=311
R i CHiBES A5 = N=1/]1 2B LNk
6.2=2 } WAHF SIMS, BC-NMRIZS 2 % & 7 U3 TfT % 5720 H-NMR
(199.5MHz) X7k b Vi, FFIAFVTT v 2 RIMERE LTHWZ,
7.6 GHO N T A BB LM 100 MO, F k) v, BHWwiIENS P
¥ VECBAOKE R R3.0 mifEE L7z RIC2IWOHDEKT @ 5 emil FICK FHLE
Bx, 30T 7R M MG L 720 BRASAPHE, HUGARI,4700 2 2, UVERE
(310-4000m) 0.13 mW/en? T3 5 720 FEFFHIIT460 nm O IEHE % Shimazu UV-
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visible recording spectrometerTillaE L . #EE #HRET L 72,

8.7 0%+ — BIGHEMERR  HAMW I 1 Saruno & D HIETDIHEL T o 720
Hit, 0.3 mML-yrosine 35, gD F O F—H& 3mMO A Yk €5 —HfE, &
BVIEIEHFAET T, 3mlD50 mM REFRAERE # (pH 6.8) . 37°CT 5 & PIKIG %
&, 475 nmDBEIE DG EHIEL 720 D475 nmOEKEE R, Fu v+ — €K
OB THE F— 20 LB RBLLTwh, I o= lid, 4 k¥ s
— b YT 50 mM FEERIBE W(pH 6.8) % vz o FISEIENE, WMAEEORS T
B L7, BHEE (Percentage inhibition) X, HA-A*YAIX 100 THb L. A
A e ¥F =T, AXE A Ve ¥ 5 —FFET T 0475 im DRI 0T
H5b,

F2H HEBLUEE

(1) AR

Figure 1512, &M% 7 =/ -V BL U2 0FEKhE ZHECH O
HPLCZ 0% } /7 ADFERE R L1z, REIOY — 21X, BERBML 2 WHE

(Fig. 15-C) WRHBHAL LW &2 6, EEBEW L Ebh i, HPLCOEZETOYE
— VP DERERDO ¥ - 2 HEOE (%) &8MbL. SEEEREOE
BT B o725 D, Table VILTH 5,

BADIZ 7 = / — MEKBEDZHEERTHINEF P VEOALZ OT, BRBIIFT %
bhkwv, 72— UMkREL (A FoFya Fa3E) osdET 5BALNE
BRLAW, 72 - NYEKBRIEDA % HTHABL ) @EEIES, 5 2
HBAL Tz D DB EY B EN, SO & ESPasedS 7 = / — V¥, T
— VYRR KBR BN - 2 W REVEAURE & i,

ZHRSH Y, DHBSH TR, 1,2-DHB (#F3 —)V) >14-DHB (/N1 Fu¥
J V) >1,3-DHB (LV'V Y ) —W) DM THo 2o F 72HBALF Tix. 2-HBAL
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>4-HBAL>3-HBALDXEIE ¢, #hZFNO B (7 / -V, 7hva—iu
YEAREREE) & 7 x /7 — VHKERSE b O S ARALEEDS, orth->para- >meta-DJE T &
A ENYHLE, CThiCH LT, HBADK TiE, 2-HBAD>>3-HBAD>> 4-HBAD

DNET, ANKFYIVEE 7 27— WPEKRIE EOVAREEED, orh- > meta->

para-DJETH O, FHLMEVRER LNz ¥ 72, 72 7 — VKBRS = o Bt
L7:f8i& A3 52,3,4- THBADR3,4,5-THBAD TH . ZHHMLERIC o 72,
(2) N FaX) e SREETIRED AR

a. BRGEMH N Fox )/ vopglaRIEETH LT V7 F ik, FalbiEs
RS hTwe s, FoBERNIKTHS  HATRBAONEZRHRB Z
TEHME LG, ¥7. TORBEMNTH ZHILOpH, R, A7 u— B,
MEBROBM 2T o7, W%, WRAEL iP5 200, SEEREE B
HZENFHTHED, 72 /- MEHIRAEMHEALAL, BEIMNL
HEBRKDPRIET A/, IITENAS FR ¥/ B2 1% (wy) IKEE
LT %4T% o 126

pHOEBIL, S0mgDAZ O — A, 1mghh A FuaF/ &5 A OSPase®
0.1 mlD 100 mM MES#RTEH (pH 6.2-7.3) & % \WIIHEPESIRE W (pH 6.8-
8.2) . 2T TISIFMEIG 84, EBEYTHE2( Fux/ VB0 E
HPLCIZ X R ® 72 mBRIE, Aviongs Fos o Vo5, BB
BROENFEOLTHED L 1o BHEEOT VR, BRLE, TVTF v 2888 L
T, HPLCE — 2 FE 4 6 3R® 726 Figurel6-AIRL 72 £ 912, pH 1.5TRAKD
R K R L7, #5280 MUSH2P. saccharophilad il 6 0 % jipH 6,311 &
RARZLEEIHY, SO LRFRpHE) < 2 ¥ bu— LT id, —EE
WL IZEROMINC & 5582 & S EERRERT 5 TieIRRE Nz,

MEDZBE, S0mgD A0 —RAL 1mgdN4 Fuad ) vBLUSHEED
SPase % & ¢r0.1 ml®100 mM HEPESKRA#L (pH 7.5) 1, £ REE CTISBERIMUG &
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Fig. 15. High performance liquid chromatograms of reaction products.

Acceptors used werre: A-C, HB; D, 1,2-DHB; E, 1,4-DHB: F, 1,2,3-THB; G,
EAD; H, 3-HB£D; |, 2,3-DHBAD; J, 2,3,4-THBAD; K, BAL; L, 2-HBAL.

nzymes u_(sje Were: A, D-L, from E. coli 1100 (slp-spl-1); B, from L.
mesenteroides; C, no enzyme. Arrows and closed triangles show the peaks

that were considered t ihe b
compounds, respectiy :Iyt’)e the transfer products and acceptor ph
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Table VIII. Acceptor specificity of SPase for
phenolic and related compounds

Acceptor Transfer efficiency T
HB 22.90
1,2-DHB 90.09
1,3-DHB 13.51
1,4-DHB 82.15
1,2,3-THB 80.11
1,3,5-THB 12.47

BAD 0.00
2-HBAD 89.12
3-HBAD 31.57
4-HBAD 5.16
2,3-DHBAD 43.53
2,4-DHBAD 9.77
2,5-DHBAD 23.92
2,6-DHBAD 0.00
3,4-DHBAD 19.93
3,5-DHBAD 29.80
2,3,4-THBAD 4.50
24,6-THBAD 26.30
3.4,5-THBAD 10.18

BAL 3.92
2-HBAL 32.94, 16.81
3-HBAL 4.08, 1.53
4-HBAL 5.28, 4.60

1) Transfer efficiency was expressed as the
percentage of peak area of the transfer
product against that of total compounds.
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& CEB RO %47% » 720 Figurel6-BIC/R L7z & 9 i, 40CHHE T R A DR
BERER LI,

A0 —RAREOFEER, BBEOXA 70— 1mgDON, Fux) vy
U5 Ml D SPase® &5 0.1 ml H100 mM HEPES#ARTEHE (pH 7.5) 1, 37 C C158:
MBS & TIEBRDIL B 247% o 720 Figurel6-CIZ/RL 72 &9 12, 50% (wh)
DB|ELEBOCTRADEEERLRL, ZhULOBETED D EMI LI 5 72,

BEEOBEI, 50mgD AT —RE IlmghNA FUF /B L0108
L »SPase® &1r0.1 ml 100 mM HEPESTRAGHE (pH 7.5) W, 37°C T 15K M AUE
A THEBROLY 4T % o 720 Figurel6-DITR Lz L9, N Fax)v]
mg¥7:0) 5 BALD L JTIZTHARDEREL R L2, TR LoBERNETO
FER Y DBE LI RS hk b oz,

SZREIIAL Fux ) PSS, dFa-Ler Ny - be it ZHEEO
DHB% HwW T, pH 7.5, WE31C, A& o—A#EFES0% (wi) « 2L TDHB 1
mgLi 7z ) 5 HALDOSPase b V) G CORMHEL & Fig 1TVWIR L 720 € OFER,
FOCKER ol & L B EA L Tw A8, 2000 cifizRkicEL, £
DHEDOMTER LML D 72,

b. o 50gDAZ O —RE2gDNA FUF /) B IS00HAOKER 1100
(slp-spl-1) HIRDSPase® & Er100 ml?H100 mM HEPES#& i (pH 7.5) #, 37T
T 8EFM UL & 720 RIS THEIETERY F & (4 X 35cm) 24EL 720 1.5Y)
v PO K THERHEREMEBEL L7, 20y PVvo20% (vw) =8/ =T
ERBREY ERFISONA Fux/ v 2@\ Lz, oWl L. 9
ODS-HPLC# 7 &t L, 8EBEY OIS 280, BEETSE L2 23 g0 A
KEH, HPLCHNCH — D v A M) v 2 ¥—F 2R L1, COEYEHQG
E2AT 720

c. FEFT SIMSO&R, 2Ly EIE LA (F—s—KRH) o «-
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Fig. 16. Optimization of the reaction conditions on glycosylation of hydroquinone
with SPase.

(A) Effect of pH: Reaction mixture (0.1 mi) containing 50 mg sucrose, 1 mg
hydroquinone, and SPase (5.0 units) was incubated for 15 h, at various pHs of 100 mM
MES (@) and 100 mM HEPES (&), at 42°C.

(B) Effect of temperature: Reaction mixture (0.1 mi) containing 50 mg sucrose, 1 mg
hydroquinone, and SPase (5.0 units) was incubated for 15 h, at pH 7.5, at various
temperatures.

(C) Effect of sucrose concentration; Reaction mixture (0.1 mi) containing various
concentrations of sucrose, 1 mg hydroquinene, and SPase (5.0 units) was incubated for
15h, atpH 7.5, at 37°C.

(D) Effect of SPase activuty: Reaction mixture (0.1 ml) containing 50 mg sucrose, 1 mg
hydroguinone, and various activities of SPase was incubated for 15 h, atpH 7.5, at 37°C.
Transfer ratio was expressed as the percentage of the amount of the transfer product
(mole) against that of initial hydroquinone (mole). The amount of the transfer product was
caicuiated from the peak area on HPLC using the calibration curve of arbutin.
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Transfer ratio (%)

0 i 1 X
0 10 20
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Fig. 17. The course of glycosylations of dihydroxybenzenes with SPase.

Reaction mixture (0.1 mi) containing 50 mg sucrose, 1 mg catechol (@),
resorcinol(A.), or hydroquinone (), and SPase (5.0 units) was incubated for
the indicated time, at pH 7.5, at 42°C. Transfer ratio was calculated from the
peak area of the transfer producton HPLC as described in Fig. 16.



Glucosidase iz & o T /NA Fu X 2 v & 7V a— AW MY %54, B-glucosidase T
RS e of: (Fig 18) o SN OLDMEF LD, EREWII NS Fax Y
LN — AN ELNSO o HELTVBE WLz, BONMRARS K
W EDMSOBI P TR, FHHEZ 7V 7F v E BB L TTable IXICE £ 0 720
FORF, N4 FaFx Y THOY 7 ik, HQGGEF VT F Tl iz—K
L7ce O DTN~ AGTFHNDY T MIBNT, T/ 2V v —KrCh
51 DY T F NI TVTF 7 TiR102.0ppmTH D DITH L, HQGT99.5 ppm
ThY, EBEDR « BATHEI LR IR, L225> T, HQG ity
hydroquinine O- & -D-glucopyranoside ( « -arbutin) & #%E L7z (Fig. 19) o
d. W8 od

7. B RfLEETE N FoF o s, KEER TR & 0 BES LBt
THIEDPHSNT VD, Table X-AIZ/RLIZ L9, A Fox /i, 78
RS TAEET S0, HQGHE, 7THMABRbIILE ALFBES. TV TF ¥
LR KRETH B LI,

A, FuyFr—PiHtHER TableX-BO L IICHQGWR T VT F o & FFREE,
Fuld —EEEHETLES, N Fox s L )BRERRVL S 2P 72,

7 x/ —IVECHER O BB, ABA KT, o, S TACHHEDSS A S5 Y
WA 411, 4 % £ &0, 7o Higmile s AV 2 BEES 7 v 75 )
PAHS, FUFVRT VT4 L K ESRA CEE SR T Dy MR
Mg o ORBUCH S S D, ~H, BEENARIELRESATwE, 20
% 2 C b Penicillium citrinum AR D F 5 7 ¥ F — ¥k 57 2 )~ N-B-HT
7 b A FOEBRBILBAOREEEIEC MIESRVE I TH L, LA L, SPase
THIHAS B o 722 HBAD®2,3-DHBADNRIER L vy, LYV /- A%
SRAE LIS A0 £ I L 72k & A, SPase?® 3 ) AUVERMFRNR VW & )
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A,

¢ ¢

L. - ,1 ;‘_»M._.,,,@wu b -
Gle A B C D E

Fig. 18. Thin-layer chromatogram of the enzymatic hydrolysates of hydroguinone
glucosides.

Abbreviations used were: Gic, b-glucose; HQ, hydroquinone; A, transfer product; B,
transfer product by ¢ -glucosidase; C, transter product by 8 -glucosidase; D, arbutin;
E, arbutin by a ~glucosidase: F. arbutin by 5-glucosidase.
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Table 1X. 13C-NMR Data of hydroquinone

glucosides
Position HQG Arbutin
Hydrogquinone carbon
1 152.5 152.4
2 118.9 117.9
3 115.7 115.6
4 150.2 150.5
5 115.7 1156
6 118.9 1179
Glucopyranose carbon
1 99.5 102.0
2 71.9 735
g 73.6 771
4 70.3 701
5 73.3 76.8
6 61.0 61.0

Values are givenin & ppm.



OH

Fig. 19. Proposed structure of the transfer product.
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“#% %, E coli, Bacillus circulans, Aspergillus oryzae, Penicillium multicolor FI3k®
.75 5 b v & — €D RLyophyllun ulamariomER D ¥ > 5 — £ g i
g, 7x /s — MIEKBRELD 7N g - VIEKBRE~OHEMIEV L) TH
2, b0 &5, SPasel BN L ARG 7 1 ) — VEHMAD A K I
LiBETHD EEbNIE,

PUTF I, F UV ;- CERHE ST b R RIG R e I AR
icsdd BRI 7 % L OWE NS 2, Bk OFUHD S, HQG b A%
Bahs tBbiibd, $/, MOAKSI N7 o/ - VEHEEL 4 0 EIRTEY
BhsEMFEENDo

H3W EK

K7 x /=B LUEOREEY ETHRE LSS, SPaselk, %0
AR RM AR 72, 510, B (72 7 —VKRE, 7 v a— VKR
B, HWNVEF OV k7 - MIEKERE L OVARREEN, orth-OfEE R T
AL ~DEEFES A B P o 2o 12, T 2/ — VEKEREOTE OBEEEL 1248
WEART LS Tk, HEFERAETNICH o7

NAFBF 2 g SRkl Lo UGS, pH 7.5, #E40C, 27 B
ABHESO% (wWh) . 2L THAA FaF ./ v 1mg%7zh 5 HALOSPasel VI &
HHRENT EDHEL ok rot, 50gD AT —AL2gDON, Fuk /) vB4
US00HALDSPas e % & 4 L IBH . 37CT 8 BERfUG S, 23 gDEBED &
WYER A 9 A, 437MUFHODS-HPLC Y 7 & % W THHHE L. COEBERD
fiéid, hydroquinine Q- « -D-glucopyranoside ( a -arbutin) T o720 &0 a -arbutin
RTWTF v Empepr e, BOl - 5oy r - EiRTEIER LA LTV
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= 20— ABRARY T-EZL 507 F VBHEEEOSK

was

HFEVERAY T2/ - MEERT, FA07 2 - VHKBREEZ AT B
EaLTBY., HAAASY VoV ORABEHTH DL, TDFEARES 2L HLRT
Bh, AATIIZREZCRENLTREME LTHATH S, 72, 2 OEAR
B RO HFF T PLIL AL TEY, HBMEE D2 0L LT, i
EaE R - JURESERS - EE - e emaet0 . 7y vy
vy v RmE A RS - 2 VA 7 u— v s R 8D
BRI BIEES D e A b E o TB, Ll & 5 % VaEIA AL
TAREHF I <, Bl A1E+)-catechinTIRA 1 mlicx LT 1 mgfREL 8L
B, £ 7o, BREE R ICH T A5EATED TEC, BafleTedhied
mMoENTBY, FOHRCHBENSHL, CREORARRRTHE—2DTEREL
T, BEfE5E3 22 LABTLRE,

SPaseld, ¥ - BEFZ L a— i X, 7V a— W HKEREN DR ) A VRN
FHLTVAES X 2B 2880, £/, 75/ - VB LUZ0MEAL
WD 7 5/ — PRI T D ERASIRE C . BIEBDRIR S LR
3ETBR e GH, 7x /- MABOHEBETRSHES, #Y 72 —Mba
MERMEND H 7 3 /BT AERRMEBHT AR L, T (0
catechin& # 7 % > oy sh¢—F L BIH ML & 3 L5 (-)-epigallocatechin gallate
B L LA o b At d B, FORHCAER T S RUBEORE & T L.
HOET L OVER OMat 17 12

FL1H  EBREELS Lok
LB - MK SPaseis, #53 % L1 U <A RI1100 (slp-spl-1) SRR SEER
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PRV Wsp.m%w @ -glucosidase, A4 — b7 —F v FHE® 8-
glucosidase, < ¥ ¥ 2NV AHRD F UL F—¥ LT, L-Tyrosinelt, %3
#CHE Lz b D e HWwI. L g-3,4-Dihydroxyphenylalanine (L-dopa) ix, FI
MEALHEAL 7o ML DEIEDH 7 XV THB, (+)-cachin (O ()-
epicatechin (EC).  {-)-epigallocatechin (EGC). (-)-epicatechin gallaw (ECg) B &
(-)-epigallocatechin gallate (EGCg) (&, HHI L2 GMA L 720 Sephadex LH-20%,
TN YT BEEALL, tOMETORER, BRIV -FEHW,
2 .SPaselfitt SPaselfitbkDlEiL ki, F1EREL T L o1,
3.ERBE 30% (wh) sucose, 1% (wiv) acceptor catechin & 5 units DSPase
%410.1 ml%> 100 mMHEPESEE W (pH7.5) =2 CTISHARIG S/, %
DB 10« 1% HPLC TH4T L 72,
4 HPLC LIF o EH4ro 72
AT A - 4 BondapakT™ (150 X 3.9 mm i. d.) (Waters Division of Millipore)
T AIMEE D &R
Bt > 280 nm with V4-absorbance detector (Isco Co., Lid.)
BEH - acetonitrile / ethyl acetate / 0.05% (v/v) phosphoric acid=12 /2 / 86
(v/v/iv)
et : 1.0 ml/min
STREO R LI T oMb Th b,
BT A : CAPCELL PAK C18 $G120 (250 X 20 mmi. d.) (Shiseido Co., Lid.)
HI A s
F 1 280 nm
BE - 7.5% (viv) methanol
R - 5.0 ml/min
5. AT P VSIBE SiMs i, 85 2 B LT B o720 ONMR, TH-
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NMR (199.5MHz) &, 7t F VR TF b IAF A TR E LT
s Lz,
6 RN T 28BEEINE 01% (wv) O Y TNKE# % 3mHER L,
27 WOHNGET O Sem@E T ICZ2 DK E B S, 25°C T 7 g MBS L7z, BAFS
Pid, TTAEAR14,60000 2 A, UVEREE (310-4000m) 0.12 mWem? Td o 7o
FEHEE 1T 460 nmDLIEJE % Shimazu UV-visible recording spectrometer CHIZEL . £
DWSE 2 b RHEE E I L 120
7. KT LHEHE KEEOKBEENEL, 045y mDA Y TF VT4 WY
- (3 R7) OWABE L LAHPLCTER L 720 HLOH ¥ T 2nT,
HPLCO Y — 7 HH & NiREHR ZFRL TER L1,
8 HUEMLAE 20 ppm® ) KT T ¥ V22500 ppm®D 7 N ERA L, BALIK
HiMER E BT L, BETE Y AT SEVEEHPLCTRHIE L /2 2O
B DHPLC OSMFR . UT D) ThH b,

N : CAPCELL PAK C18 $SG120 (250 X 4.6 mm i. d.) (Shiseido Co.,

Lud.)

AT HAmE Bk

Bt > 266 nm
#EHH . methanol / 10mM NaH,PO, (pH5.5) = 35 /65
Ui » 1.0 mi/min

9. FuYF— CIEMMER AN Srunob DB D it v, HI3ED L

:) I{:‘{ﬁ‘& h ] f‘:o

BoH HEBIUCEZR
(1) SAREERE
SR O F ¥ I E SEEICHCLBOHPLC Y BT b /7 ADFERERL
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(Fig. 20) \ XBEMFREOERILE TS0 120 A7 O AP PUCHIAFAEL %
WA, TRREBRARNL VST, REDE - BB LS o7z
(Fig. 20-D, (+)-caechin 328K & LTHWAEA) v b, OB EBE
Wrlbhb, BTOHT ¥ Y HPZEMARE 2 015, EREBEYIXECLEGCE
TR2EETH AW, s F 3 ETRIHETH - 72, BREDE I, 5T
WA BT R 208, BHL, (H)-catechin® 855 0E W T & 5 (+)- catechin-glucoside
(CG) DHPLCE — 7 EPLROLMER L VENT A LT, EH T %
YHOSZHEBERETEREISHEL 725 OF, Table XITH 5, FBHEIE,
AWLZEZEA Ty OENMUIHT S, EBEROY -2 2O B IS
ENHORTEL,

ETO AT ¥ YFFEREO%L L L FRRE ER Sz, BEROREEWE
6, ECg=C>EC>EGCg>EGCTh o7z, W 7 ¥ Th HEGCg LEGCIL,
Yoo —VIRICT7 x 7 — VEKBES SOoBBEL - &AL T8 Y, EEY
BHRETHDL D L) Th b, O, BIFEDT x ./ —Vba&WE Mg
1T, 2,3, 4THBAD 3,4, 5-THBAD T HANE 21K, L) #R e —B L7,
(2) (¥)-caechinZ THE & 75 BCAH-ED 41

a. FIGS&M (B-caechinZ 37k L LT, FInOpH, RE, A 70— ARE,
BEBOBN 247% 2 720 (+)-Caechinid KITE T Wiz, 25/ — Wi
50% (wiv) Eh2 XML, #BEEL 1% (wy) ELTRIDEE,
PHOBEIE . 30 mgD A 7 0 — 2, 1 mg(+)-catechin & 5 ¥ D SPase & &rir
0.1 ml®> 100 mM MESEEE#E (pH 6.2-7.3) & %V IXHEPESIRHHE (pH 6.8-8.2)
T, 42°C TSRS ST, EEEHTHSCOEHPLC L R T, BHBX%
OB % F77% o 720 Figure 21-AIC/R L 72 £ 12, pH 7.5CReK DR ER L
COfiE, EIBON, Fas ) v SHRE LOSE —BL 2 B
BroZ@EpH6. 38k KX LEHY, SO LR EpHE ) F< TV b~
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Fig. 20. High performance liquid chromatograms of reaction products
with SPase on the mixture of sucrose as a donor and
catechins as acceptors.

Acceptors used were: A, (+)-catechin; B, (-)-epicatechin; C, (-)-
epigallocatechin; D, (+)-catechin (no enzyme); E, (-)-epicatechin
gallate; F, {-)-epigallocatechin gallate. Arrows and closed triangles
show the peaks of the transter products and acceptor catechins,
respectively.
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Table XI. Transfer prodticts to catechins by SPase

Acceptor Transfer ratio (%) 1)
(+)-Catechin 81.0
(—)-Epicatechin 36.2, 324
(—)-Epigallocatechin 40.2
(—)-Epicatechin gallate 842
(—)-Epigallocatechin gallate 353, 274

1) Transter ratio was expressed as the percentage of the
amount of the transfer product {(mole) against that of initial
catechin {mole). The amount of the transfer product was
calculated from the peak area of the transfer product on
HPLC using the calibration curve of (+)-catechin-glucoside.
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Vot iE, —EEARL L 7 YSRGS AR C S EATREL B . AR
EWOERITRING,

HEOEEE, 30mgD A2 T — A, 1mg®(+)-catechink 5 Hif #SPase % &
0.1 ml® 100 nMHEPESIEEHL (pH 7.5) w1, F G CHSMMIE & & TEIBK
O W E TR o720 Figure 21-BICRL 72 &) 12, RTHETRROERELIRL
7zo

A7 —ABEOREBIR, FEEORA 7T —-A, 1 mgP(+)-caechin& 5 HAL
D SPase & &120.1 m1 100 mMHEPESARIEH (pH7.5) . Q2C T ISKFRHKIE &
& T, EBEOHEK YT % o706 Figure 21-CIRL 2 £ 51, 30% (wh) D
BBV TREANDERREZRL 2. ThLlEOBRECRL LAKTT S (i
72,

BHEOEEIL, 30mgH AL T — X, 1mgD(+)-catchink 0— LOHLAL D) SPase
%4401 m100 mM BEPESIEHE (pH7.5) "h. 42CTISERBUS 34T,
EBE O B 217 o 770 Figure 21-DIZ/RL 72 £ 91, (+)-catechin I mg%7: 9
5 WA D & EIHZRADIERRERL 72, TR LOBRRNETE, &L
KTT5EAKEHo 12,

pH 7.5, fE42C, X7 a—AWKE30% (wiy) « £ L T(H-caechin 1 mgZ 7
D 5 BAT OSPased V) & TORBME LR, Fig 228 L7z, DR, K
IGE OB L &b CEBRE LA L Tw s, 10RTIZRERICEL, €0
BT, 25HERPRER L TAL S THET BB & - 72,

b. £HL 30gDAZ T—R, 0.1 gD(+)-catechin, 2% (vfv) B X 5 J — £500
Bi A ) SPase % 4t 100 ml) 100 mM HEPESEEHK (pH7.5) T, 42T TISKH
B S oo JOIGHE T % Sephadex LH-20% 7 & (3 X 30 cm) AL 720 19 ¥
MoK T EREL 2B 1 Uy P VD50% (vN) A5 7 — VTIEBEY
L & FS O@)-catechin® Vit L 72, & OWi4% i##E L. 2 IUHODS-HPLCIZf L.
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Fig. 21. Optimization of the reaction conditions on glycosylation of (+)-catechin
with SPase.

(A) Effect of pH: Reaction mixture (0.1 ml) containing 30 mg sucrose, 1 mg
(+)-catechin and SPase (5.0 units) was incubated at various pHs of 100 mM
MES (O) and 100 mM HEPES (), at 42°C, for 15 h.

(B) Effect of temperature: Reaction mixture (0.1 ml} containing 30 mg sucrose,
1 mg {+)-catechin and SPase (5.0 units) was incubated at pH 7.5, atvarious
temperatures, for 15 h. o

(C) Effect of sucrose concentration: Reaction mixture (0.1 mi) containing
various concentrations of sucrose, 1 mg (+)-catechin and SPase (5.0 units)
was incubated at pH 7.5, at 42°C, for 15 h. _

(D) Effect of SPase activity: Reaction mixture (0.1 ml) containing 30 mg
sucrose, 1 mg (+)-catechin and various activities of SPase was incubated at
pH 7.5, at42°C, for 15h.

The transfer ratio was calculated from the peak area of the transtfer product on
HPLC as described in Table XI.
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Fig. 22. The course of transglycosylation to (+)-catechin with SPase.

SPase (5 units/ mg-(+)-catechin) was incubated with 30 % (yv/v)
sucrose and 1% (w/iv) (+)-catechin, at 42°C, pH 7.5 for the indicated
time. The transfer ratio was calculated from the peak area of the
transfer product on HPLC as described in Table XI.
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EREY QMG K0, BREER U7 150 ng O [0 % %15, HPLCAIZH
=DV VAN IR - 2R LT,

c. FREMNT SIMS DFER, 452 L VI EL NS (F—% —F481H) o -
Glucosidase i~ & o T(+)-catechin 25HEHET 2 H%, f-glucosidase T LM S W A o
7z (Fig. 23) o SN BOIERE Y| EBEWE ©)-catechink 7L T — X 251 E b
DOaBELTWBEI LI L 1,

7 b VEEGTONMR A RS bV &K 2500 R Table XINC & & 7=, 1H-
NMR T, BEHED(+)-catechin®™) & D ILEIZ BT, 7.30 ppm & 7.04 ppmd & &
F VDS, (4)-carechind 9 0.40 ppm & 0.28 ppmfBBEEM A~ 7 F LT 20 SR
LOYT IV, KA, H2LHETHY, oDy 7 i, Yoro— ik
DI’ NN NVIEPBA SN BEEFELT VD, —F, Fha—2R
DILDT 7 AV 2 v PV THB58ppmD Ay 7Y v /i, J=3.7 Hz
THD., BHEROEHEIHzL NS W, afid EHEE L7

BCNMRZ <2 b VT, 125.1, 1205, 117.1 ppmD =00 & 7 F U B E
&% % DT, selective spin decoupling EERZ 1T % v, FM MM EME 120 £ C
(+)-catechin/T-iCJ& L. 125.1ppmiZC-6', 120.5ppmidC-2', 117.1ppmidC-5' &
[ & N fzo (+)-Catechin & 8D B2 BV T, 120.5 ppmDC-2', 125.1ppmDC-
6'\ 149.9ppmDC-4' DY 7 F ik, K4, 4.7, 4.8, 3.6 ppmfCRIHM ~> 7 F
LTl CRLDBFFERERET S b, EWHBEWR (+)-catechin3'-Q- o -D-
glucopyranoside (CG) & $haZ & 1 (Fig. 24) , Eufo— V0 3z N a—
ADHER S Twis,

KOHu-AVRIZZ2D 7 /- WU ABELET A X O F X T, B8
WRPETHELLC LA, fbor 7 FVHETHIORCEB ShTwvwa o ¢k
PFRIND,

d. HE o
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Fig. 23. High performance liquid chromatography analyses of the release of
(+)-catechin from the transfer product.

The transfer product was hydrolyzed by « -glucosidase (A), 8-glucosidase
(B), and not hydrolyzed (C), respectively.



Table XiI. NMR data of (+)-catechin-glucoside

Position!) TH-NMR 1SC-NMH
2 4.57 (d, J=8.1HZ) 833 (d)
3 3.47-4.07 (m} 69.1 (d)
4 2.54 (dd, J=16.1, 8.8 Hz) 29.7 {t)

2.98 (dd, J=16.1, 5.6 Hz)

5 - 157.8 (s)?
6 5.89(d, J=2.3 Hz) 97.1 (d)
7 - 1575 (s)?
8 6.03 (d, J=2.3 Hz} 96.3 (d )
9 - 1584 (s )
10 - 101.5 (s)
1! - 1325 (s)
2 7.30 (d, J=1.7 Hz) 1205 (d)
3' 1467 (s)
4 149.9 (s)
5 6.85 (d J=8.3 Hz) 117.1 (d)
) 7.04 (dd, J=8.3, 1.7 Hz) 125.1 (d)
1" 523 (d, J=3.7 H2) 103.1 (d)
2" 3.47-4.07 {m) 73.8 (d)
3" 3.47-4.07 (m) 75.1 (d)
4" 3.47-4.07 (m) 72.1 (d)
5" 3.47-4.07 {m) 75.4 (d)
6" 3.47-4.07 {m) 63.2 (1)

1) The numbers in position correspend to those
shown in Fig. 24.

2) Assignments may have to be reversed.
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Fig. 24. Proposed structure of the transfer product.
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7. PEMLEE Figure 25-AC £ DM RER T U F 75 € VR, (4)-catechin
RCCOFEL VA I FF I OEA L £ KT LT, COPHFET 5
¥ (+)-catechin & [, VK7 T EVBRBENET, OFfHTix, CGiR, -
catechin & [IFE I OHifpbAE 2 A T 5 L ¥ L7,

A, KiZH T 25mE (3)-Catechinid, 12& AZKRZERL 20 (1 mgml),
CGit, 50 mg/ml¥ T L. #5045 LA L 72 (Fig. 25-B) o

v, B ElbEHM  (9-Catechindd, KEHBH TR LY EELBRIET
ZEDHI N TW3, Figure 25-CiUR L7z & 912, (#)-catechinkd, 4 EFRJLAER
A LTWwAS, CGit. B IFHEARDIIL ALEOETRETHIL
AHBI L 720 (1)-Catechin D FERAL BA W, uto—VBTRE o T8 134,
CGld, CORIIIINVI—ADEA SR THEZ LI, BE+HHL, ®ET
bHbHEEZLNT,

., Fuyt-EERFERR  LTyrosine & L-dopall & % H /i o5 o
V- VIEROMERE T & 0200, TbleXIITH S, CGiE, ¥HH0HEE
ERWIGETH, 7O — PiEUE HS0%BEMET s LB Lz, 3
2. Ldopa® HEICHW B & o F 1+ — ¥t A HEHR % Lineweaver-
Buck 711 v &+ (Fig. 26) 226k &7k 2 A, HHHETH 70 SR, TTO
(H-caechinp* B F By F— V¥ ORETHL &b b, CGREET O /Eh
D, Fur—-EERPLCER DAY Bk D EEZL LN,

CGOEERRIFHL, Bacillus macerans®CGTaselZ & 1 SPasek [l L { ¥ o#'a

“VRD 3 AT W T — R B o i L B R A8 L oS00 s 5, &
Digy IV A-ADBRGIENF R MBOEAY & L TUGERIE SR,
COZHFLLDITRBYL R TrVTTI 9 —YAL T 2LEND D, B,
BERAH L, SPase DA D Fhs g, 1o,

(3) (-)-epigallocatechin gall ate % S35 4k & + 2 ALk A1
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Fig. 25. Some properties of CG.

(A) Antioxidative activity in an aqueous system using riboflavin. Riboflavin (60
1 Q) dissolved in 3.0 m! of tap water was irradiated with (+)-catechin (O) , CG
(@) or without antioxidant (). Remaining riboflavin was checked by HPLC.
(B) Solutility in water. Various amounts of {(+)-catechin (O) or CG (@) mixed
with 1 mi of tap water were filtered through a 0.45- 2 m membrane filter and
checked by HPLC.
(C) Browning resistance to light irradiation. A solution (3.0 ml) containing 0.1%
(Wh) (+)-catechin (O) or 0.1% (wiv) CG (@) was irradiated, and the absorbance
at 460 nm was continuously monitored.



Table XIil. The Inhibitory effect of CG on
tyrosinase activity

Substrate  Percentage Inhibition!)

L-Tyrosine 57.0
L-Dopa 423

1) Percentage inhibition was measured as
described in Table X.
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Fig. 26. Lineweaver-Burk plots for oxidation of L-dopa
by tyrosinase in the presence of CG.

Concentration of CG was 0 mM (@), 0.5 mM (),
and 1.0 mM (A).

-B1i-



a. BUo%M Figure20-FIT/R L72 & 90, EGCe~DE L EBEYIZ, =T
Hotie THOTODE— 20 LHRFIFHOEVHTEG-1, HvF+G-2L L7
EGCg & B 5V REFIGIICAFAE 3 2 BBOY — 21, BRE 324 < TH I H
T2ZLd0, EGCgHHOHBMILEY L B bits, Zo0EBEY OTHIE
HFig. 200 HPLC D&M T kW% 720, BEMOMK % £E L, Fig. 270 &
3 %HHPLC7 2 7 4 — VTR % L7z,
(+)-Catechin % S FARI IV 723540 W ERE UG O 2 BpH k7. SHHE 72 o 7295,
Z DEER L, ($)-catechinASILEH 7 V4 VpRIWNTEHE TH 510 TH B, EGCy
3. pHET VA VR TARAEEL STV EDT, EGC e RFFIHW &
pHOFEE PRTHLZ L ITL T2,
30mgNAZ B —R, 2% (VW) DAF /=), 1 mg®HECCgE 5 HiF D SPase
251:0.1 mlD100 mMMES BB (pH 6.0, 6.5) 3 %\ (JHEPESHKE # (pH 7.0,
7.5) 1T, 2CTISKE TG 28, EBEY Tb 2EGCgRUHA R £HPLC & b
ROTEHEBROWLBEIT 2 o7z (Fig. 28) o #OKE, G1HG-24 Y il A%
ENTWLDS, £k, HHLL 72, 4HEHOpHOH Tik, pHIZ6.0DYLEELR 129
. EmERNSR . DB OFERTIIpH 6.0% ERN L 72,
b, 7B 30gHA B =X, 0.1gMEGCg, 2% (vv) DA¥ ) — v E500H4L
| D SPase® &1 100 mD100 mMAOMES #RHEHL (pH 6.0) H T, 42°CTISERRSIE
X, BB TH %2 Sephadex LH-2047 9 & (3X 30cm) ftL s 19w B
D40% (viv) DL F ) — NARSHC R L REGOEGCgE REL 128, 19 v
FASDD40% (viv) B5T0% (vv) 17 7 —ViERECEBEDEEN L
2o SERE EEMIWS % ISR L. SWUHODS-HPLC# J 4 L, $EBEY QWi &
M, BEAEIME L 720 100 mgMEGCE £ h, G-11#130 mg, G-2l#M50mghebh
720 T4 DEMADM B IFHPLCH IZ i —h oY v A P Y v 7 BRE=ZEIRL
720
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Fig. 27. High performance liquid chromatogram of reaction products
with SPase on the mixture of sucrose as a donor and EGCg
as an acceptor.

HPLC analysis was done under the following conditions: column,
CAPCELL PAK C18 SG120 (250 X 4.6 mm i. d.); detection, 280 nm;
column temperature, ambient temperature; mobile phase, 25%
methanol {pH 2.2); and flow rate, 1.0 ml/min. Arrows and closed
triangle show the peaks of the transfer products and acceptor EGCg,
respectively.
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Fig. 28. The course of transglucosylation to EGCg with SPase.

SPase (5 units/ mg-(+)-catechin) was incubated with 30% (w/v) sucrose
and 1% (W) EGCqg, at 42°C, at pH 6.0 {(A), 6.5 (B), 7.0 (C), or 7.5 (D) for
the indicated time. Symbols used were: ((),EGCgG-1 and (@), EGCgG-2
Transfer ratio is indicated in Tabie XI.



c. BLYEMHT  SIMS DFER. G-11620, G212 & VHIEIFL N (77— & —
FRE) | G-lEZNV T AP A, G227 V2 — AP 2 MEGCg LA L 2B
ke FAE NS, UVARY P VT, G-1EEGCg & KED 2 2o 7248, G-2
REEENANY7 F LT IRARZ VTR, EGCgL iV G-1- G-2& b M
HSE D 7 1 — PEAER 25 VA %3400 om™ LA VBRI WIRIDGE AR AE L 72 (5
— 7 —FKH) .

7 b viEfcI3CNMRARY b V& RKOLHE % Table XIVIC T & 3 720
G-1i31, 3,5 DY 7 F VEFKE (EEERI~Y 7 F LT, ¥ Fao—
BIFLETDAMANT VI -APHEEL TnbH EAREBINT, —F7. G2i
1,1% 3,3, 5,5"0 > 7 F MEFKE CRESM~7 FL, G1ERALL En
Ha—NVEEF O A NWIKIHFLET LS, 4"MI~NTV I—ADBEE L TnET LD
FBENT F720 VHINMRARZ P VED, GIOT I AY vy 270 by DR
v 7Y v TEEFI=3.9 HzTH BT L L U, (-)-epigallocatechin gallate 4'-Q-¢ -D-
glucopyranoside L ¥ L 72, —H. G207/ XV vy Futy (2K) ohy
T v S EEAI=3.6, 3.9 HzTH B Z & L V| (-)-epigallocatechin gallate 4 ,4"-0- «
-D-diglucopyranoside & ¥I5E L /2o (+)-Catechin& AL & HcaFo— VRO 7 =
/= MEKBRENDEER T ), R FALABRESHO N0 A VRNEBT S
LITH B, TNODOWEREFg 9RFLEN, chbid, FHYETH L,
d. WHE o

7\ PLEBMERE CGoB: L[k, KR 7 9 ¥ o Bt micit T R0 HY
BAFRAHPLCTHISE ¢ 2 2 Lok o T, HEMLEDOIREE & L7z, Figure 30-AlS
RLTZE IS, G-18 2 W idG2HET T, BllogReL by X 7Y
YEMETL TW LAY, G-1LG2REGCgL [k, VX7 9 ¥ v BRI %<,
Z OFATHEG-1 & G-21XBGCg & S OHAALIE A ¥ B & MWL 1o

AV KR BERME BGCgI20 me/mIARE L Aok I L 2 A%, G-11
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Table XIV. 13C-NMR data of epigallocatechin gallate glucosides

Position® EGCg G-1 G-2
EGCg carbon
2 78.8 (d) 78.7 (d) 78.5 (d)
3 70.0 (d) 71.0(d) 70.5 (d)
4 27.3 (1) 27.3() 27.2(1)
4a 99.9 (s) 99.8(s) 99.5 (s)
5b 158.1 (s) 158.1 (s) 158.1 (s)
6 97.3 (d) 96.0(d) 97.4 (d)
7b 157.8 (s) 157.6(s) 157.5 (s)
8 96.6 (d) 95.0(d) 96.6 (d)
8ab 158.5 (s) 158.4 (s) 158.5 (s)
1" 131.5(s) 137.8(s) 137.8 (s)
2 107.6 (d) 109.1(d) 107.4 {d)
3 146.6 (s) 151.7(s) 151.7 {s)
4 133.9 (s) 135.5(s) 135.5(s)
5 © 146.9 (s) 151.7(s) 152.0 (s)
6' 107.6 (d) 109.1(d) 107.4 (d)
1" 122.7 (s) 122.5(s) 128.9 (s)
2" 110.8 (d) 109.1(d) 110.6 (d)
3" 146.6 (s) 146.6(s) 151.7 (s)
4" 139.5(s) 139.5(s) 139.9 (s)
5" 146.9 (s) 146.6 (s) 152.0 (s)
6" 110.8(d) 109.1(d) 110.6 (d)

-COO 166.8 (s) 166.7 (s) 166.4 (s}

Glucopyranose carbon

1 105.7 (d) 106.1, 106.3 (d)
2 74.9(d) 75.4 (d)
3 76.8(d) 76.4 (d)
4 73.5(d) 71.9 (d}
5 78.2(d) 73.4 (d)
6 63.1(1) 63.0(1)

. Values are given in 8 ppm.
The numbers in position correspond to those shown in Fig. 29.
b ¢ Assignments may have to be reversed.



Fig. 29. Proposed structures of the transfer products.
{A), EGCgG-1; (B), EGCgG-2.
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500 mg/ml. G-2i31000 mg/ml1¥ THEMH L. K425, 5085 AL 72 (Fig. 30-B-1,
2) o

w . BLIESME  Figure30-CIT/R L7z & H 12, EGCgidE o BB L L i
WS B L, B BIbLE SN E D o 2225, G-1EG2RIBLE HF Y
FELPRETHD LD, Gl £GL2E TRHREN LD 5 72, CGOBISL
nrESn, B F Y EORBAESE YOy uo— VIRA+L RS o T3 H ),
GlEGRAHTDRICTVI—ANFFAINTWEI LLD, BEGEMLONE
EThbEEZOLNT,

I, FuiF—-EiEHoMER 79+ —FiZ L DL yrosined b ) F—¢
sahDEREES mMOG-15 7:13G-27FE T ClllZ€ L7z, Figure 31D & ) 1T,
EMEADNGE LRy FE— AT, F—ss7aadhll. REESEAL
TV A, G-1H5WVIEG2VHEATZ LREE 0 A S, 2 HELHE
FdFrasF—EIEMOBRERELFL Twas Z NI L7, 28, EGCgid.
FuyF—CoEELL D, av b - VX ) IRNED FEVEP o 72, FH
V= ¥ RS & D 100 oB GRS 6 A H L 22B%ES (Percentage
inhibition) . & 4. 91.8%, 62.0%TH -7z, LA L. G2& G103 A7
FRPEL TV IR LG, 20HEHIIAWHTSH 2,

H3Wm EW

RY T =/ —MEEWTHLEMD 7 3V HLSREL LEGE, ZHESE
ik, EC LEGCg T 2, fthod 7% BT 1 Cho 2, BTOA
TERVEDPZFRE 8, BRI, £TobFF VHEEBYTH%RLL
R L EBIHEILE VD 5, ECg=C>EC>EGCg>EGCTH 2720 HHA
7TXYTHHEGCg & EGCHR., ¥ uia—VEIc7 « / — MilkB AP =08
LIME A LTB Y | EBAFIETELS L) Th b, ORI, HIHE
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Riboflavin (ppm)

lrradiation time (min)
=}
3
w i .
T 0} (B-1) ieo0r (B-2)
[
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S s 20}
BE
2 5 10} 400!
2E L7
<= Q 10 20 30 0 400 800 1200 1600

Amounts of EGCgGs and EGCg mixed into 1 ml of water (mg)

030/ (C)

4] 5 1I0 15 20 25
Irradiation time (h)

Fig. 30. Some properties of EGCgGs.

(A) Antioxidative activity in an aqueous system using riboflavin. Riboflavin (60 4
g) dissolved in 3.0 ml of tap water was irradiated with EGCg (W), G-1 (@), G-2 (A)
or without antioxidant (). Remaining riboftavin was determined by HPLC.

(B) Solubility in water. Various amounts of EGCg (), G-1 (@) or G-2 (A) mixed
with 1 ml of tap water were filtered through a 0.45- £z m membrane filter and
determined by HPLC.

(C) Browning resistance to light irradiation. A solution (3.0 ml) containing 0.1% (W/v)
EGCg (M), G-1 (@) or G-2 (A) was irradiated, and the absorbance at 460 nm was
continuously monitored.
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A75nm

o 2 4 6 8 10
Reaction time (min)

Fig. 31. The course of tyrosinase activity with various inhibitors.

Inhibitory etfect on tyrosinase activity was measured basically as
described by Saruno etal. 79 Symbols used were: @, EGCgG-1; M.

EGCgG-2; O, no inhibitor.



N7z =Wt OEmERBRTH - 70

(+)-Catechin # A & L7ZROEB R, pH 7.5, 02T, 27 o— X
B230% (wh) . % L C(+)-catechin 1 mgfz 9 5 AL DSPase & ) e fh A RL v
S EFEBH LM Lo 2. 100 mgd (+)-catechind® & £ 150 mg DEREEY % |
Sephadex LH-20% 7 & ¥ S5 HODS-HPLCH 7 A Lo THIRL 720 T 0uEE
M OREE L, KIEOST IR L DT OB, (+)-catechin 3-OQ o -D-
glucopyranoside (CG) &WE SN, EOH U - VERIC I VI - ADEB ShTw
7o ZDCGIE, (+)-catechin & FIARDHIERILEE & 44 L, (+)-catechin& H_T K
3T B B LR LRSI BN T v, £72,0 (9)-catechinik, FO Y F—
CTOEE THDH, CGRENHRFUEFBIHET S LMY L,

¥ 7:, EGCgh ZaA & Lk, # oRetr S pH6.0 TG & ¢, 100 mg
DEGCg 2 b K4 #130 mg £50 mg DR EW %, CG &[Fk, Sephadex LH-20% F
A ESHUHODS-HPLCH T AR Lo TR L 72, CHOEREYOMER. £
DOVHERIT &L BIRIT DR, &4, (-)-epigallocatechin gallae 4’ -O- ¢ -D-
glucopyranoside (G-1).  (-)-epigallocatechin gallate 4',4"-Q- a -D-dig lucopyranoside
G2y LikElL ., CGLERAEE, Yulu— VB /VI-APFERBIRTVE, C
NS THBOBEES 7 Z )2 Y OEGCE LIZHAREOHEMERE 2L, KIC
N B R RECEEECER TV, 7, FuY AR AK
BHL7-,
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#mE5#E Ry U—RAKRAKRYT—ELL DT T AEEWEEHAD AR
wE

75 AWt 77/ VREFRLTEY, FORICT = ) — VKB 2R
BTatame LT, AlAE, BHOFRES L T, 4hydoxy-2 (or 5)-ethyl-5
(or 2)-methyl-3 (2H)-furanone (HEMF) 2, /%4 + v 7 LA X O FZHT & LT,
4-hydroxy-2,5-dimethyl-3 (2H)-furanone (HDMF) #35547 & 1. 587), HEMF i3 AR
1T 3 100ppmFEHE K B A RMADOHHELSS), BEBORBEWTH S,
5. Nagahara &1 & o T 7 2RTH O EE AR 2 #HEI T 56E0H 5 2 L3R
wEsn 789,

LA LS, HEMFIZEME S T, 2o L, BRI L TREE
ThHHZ EEFRL. 7o, BRBEOBATH MRz, BilE 0FxE
MFT 720, HMH & UTEAMR T A1, Ihs B EOFIM 2
Ftwi,

SPaseid, HEI MEG 4 B TR AL I, £ OMEEBEIGK BWT, HHT,
7z ) = VKB OEBYEIGV I EL WAL TBY, ALK 7

—VHAKRBREEH T2 7T ) AP~ EER T A RENEVE TS
Too BEEMIT A i L D ZOWHOEESHRFS D Z L hb, 4Tl HEMF,
HDMF % 234k & U 746 0 G4 £ 315, HEMF OB AT 2 R o i
EEFAT L, HbETEDOWE O % 1T- 720

B1E ERMEB LUKk

1B - ¥ SPaseld, 53 8L U KM H1100 slp-spl-1) B0 K HEER
&R/, Saccharomyces sp. I3 M o -glicosidasek X £ — + 7 —E ¥ FHRD 8-
glucosidase it, I3 BETHH L2605 M, 735 7 L&YW (HEMF,
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HDME) . BEI{bET 225 BALT, ODS-AQEHSIL, YMCA LA L7,
Zofie ToRER, BRIV -FTEH W,
2 .SPaseifith SPaselfiPhEiflE ik REEIL, 1R - Ui ot
3. 50% (whv) sucrose, 0.5% (wjfv) acceptor furanone & 9 units® SPase
2810.1 mlD 100 mMHEPESKEE R (pH7.5) #2CTISHMNKG &47-, 2
DI THE 10 1ZHPLC TorMi L 72,
4 HPLC LUFO&HTIT -7,

HT A : CAPCELL PAK C18SG120(250 X 4.6 mm i. d.) (Shiseido Co.,

Lid. )

H7 AiREE i

B > 264 nm
) 110% (vAv) acetonitrile—~100% (v/v) acetonitrile (30 min)
Wik : 1.0 mmin

FHREDOEHRUTOE Y Th o1,

HT A : CAPCELL PAK C18SG120 (250 X 20 mm i. d.) (Shiseido Co., Ld.)
hT LA EiR

R : 264 nm

AT 210% (vA)} acetonirile—~50% (viv) acetonitrile (60 min)

iiiBuN > 5.0 mi/min

5.2% b V4T SIMS., 13CNMR, H-NMRiZ, $3 Sic# L,
6. ZEWRER 250 ppmD BRI EER L, B COBRIME L0, K
TN YT RATE 2 T2 290 nm DEIMRILE ML, 2 ORAEOTIFRE
FHBL7. S000 DN, 75 7 AMCAELEMRL T,

F2l RRBLUBE
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(1) Sea kbt

Figure 321>, HEMF, HDMF Z %%k & L7235 OHPLCZ 02 + 75 A D
BAERL. SEEESERYOCEALE TR ofoe A2 0 - ADFBHICHFAL W
A FRRBERNL AVBAKREAOY -2 B LEwI kL, 2h
LM ERERbND, BREPEIL, HE L, HEMFOERBEDTH S
HEMF AR OHPLC Y — 7 A2 b ROz, HRERE, AVITEEry ) >
DEMET 5, HERREHOEVHOKTEL . £ DFF. HEMFI3§#55%,
HDMF 11 #)45% D¥Ef T LR L 12,

{2) 4-hydroxy-2 (or 5)-ethyl-5 (or 2)-methyl-3 2H)-furanone % 5% & 4 % Bl

a. TE 50gnAZ 1 —R, 1gOHEMF & 10,0008 SPase % £¢r 100 mlD)
100 mM HEPESIETEHE (pH 7.5) th, £2CTISHEKE 84, RIE T
ODS-AQ#A 7 A (6 X 25 cm, Hi# 1.3 mymin) WL 726 2 9w bV OKTHER
EREL 2R, 1.5V v FAOSOBVA)T L b= b MERTEREBED & RS
OHEMF 2 L 720 & OS54 #30 mlE T L. FHUHODS-HPLCA T A KK
L, MBEYOWS 4 £, HEEE L2, ZO/BE. K00 mgnHERRE
"7

b. WEMNT SIMSDALE, 304 v ) bhs (F—y —FKRH) o a-
Glucosidase 1< & o THEMF 758+ 5 2%, 5 -glucosidase TEBE € 1. BB EY
i, HEMF & Z VT — X1 BTS2 a G LTV AT EAAL oo Ty 7
n ) = MEKBRIE DA & e T s gVt o h. 4K
BE~NEBLTYDZ & dVRIR S Nz, REMIKIE, NMRANRYZ PV &DMSOHK
grep ek, HEEREL 72, IBCNMROSHME & Table XVICE £ ® 72, HEMFL
HEBL. S5OLDY 7 F L 535 ppmB BRI~ 7 b L TBY., 79/ VRO
B b, ARIOKBEIC 707 — AEB LT a o L SRE T § 72 H
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Fig. 32, High performance liquid chromatograms of reaction products with
SPase on the mixture of sucrose as a donor and hydroxyfuranones
as acceptors.

Acceptors used were: A, HEMF; B, HDMF. Arrows and closed triangies

show the peaks of the transfer products and acceptor hydroxyturanones,
respectively.
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NMROT /A Yy sy ZFNE0, Iy 7Y YFERPI=3.2H2Th D, ok
LHEEL e FLC. SRS OIENMRA RS F L (Fig. 3) LY, A%sh
EER b HERMMA T, AL, SO 2070ty rnr—2
EE & D . EAEETH S 2-ethyl-3-methyl-3H-furanone 4-O- « -D-glucopyran oside
LRI W T H B S-ethyl- 2-methyl-2H -furanone 4-O- a -D-glucopyranoside 9 4= j 1,
Fi3M3 1 ThBEIENHHLE Dhoc btk h, 15507281t . HEMF
DAL DKBRIENT N 3 — A B o $54 L - T A RYEAREUER 2 (or 5)-ethyl-5 (or 2)-
methyl-3 (2H)-furanone 4- O a -D-glucopyranoside EMFG) (Fig, 34) ¢iRE L 725
c. MHE DR

7. ¥t HEMFiZA U O - A5 AR ORAT, SilEo®y 24
LTwiz ', EMFGIIEMIER OBMETH o 2o TD LI, BLT BT & iC
LN ZFOYM MRS EAL L2 CRBRS LM TH B,

A, KEEHTORE Y HEMFREMFG % 1L F N AICER LT, #EE
M12290 nm DWW DZE b2 flE L, F0&5RE Fig 3510R L 2o HEMFIE25C
WBW TR E ED IR IR L T D%, EMFGTRIE & ALEIEITR S
Nadhole COIEN G, EMFGRERLS RIZ {, FHULKETHH T &HF
HHL 72,

HE3IM EH

757 VBRI x ) — VHKBEEH T LAY TH B EHoN, Fax v T
5 VR ERRRE L7354, SPaseid %4 . HEMF 4 LT #55%, HDMF 24
LT45%DEBIIRT, 20 —2h 57T -2 %GR L 11e 1gPHEMFR
& K9800 mgDUHREWIHT, ODS-AQH I & & SHUHIODS-HPLCH J A1 & o TH
BENhiz, S OEBED oMt KBS L 2T 0RSR, LARER
BLEELR 2 (or 5)-ethyl-5 (or 2)-methyl-3 (2H)-furanone 4-Q- ¢ -D-glucopyranoside
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Table XV. 13C-NMR data of HEMF and its glucoside

L. a HEMF Giucoside
position” ------ e Tmemmee e e e
major minor majcr minot
HEMF carbon
2, 2 848 80.1 (d) 84.3 84.2 (d)
3,3 1980 199.1 (d) 196.5 196.5 (d)
4,4 1350 133.2(s) 133.8 133.8(s)
5 5 1750 174.6(s) 179.6 179.4 (s)
B, 6' 135 16.5(q) 16.1 16.5(q)
7.7 246  27.3 (1) 237 2419
8, 8 85 95(q) 13.4 134 (q)
Glucopyranoside carbon
I 99.6 99.5(d)
2" 727 726(d)
3 73.8 73.6(d)
4" 69.6 69.5(d)
5 71.5 71.3(d)
6 60.5 60.3(1)

Values are given in & ppm.
@ The numbers in position corespond to those shown in
Fig. 34.
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Fig. 33. TH-NMR spectrum of the reaction products in upfield region.

The numbers correspond to those shown in Fig. 34.



Major form

78
C,Hs

Minor form

g
CHs3

Fig. 34. Proposed structure of the transfer product.
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00y o &

707

Residual ratio (%)

40 2 i P 1 A 1
0 10 20 30

Incubation time (day)

Fig. 35. Stability of HEMF and its glucoside in aqueous solution.

The solution (250 ppm, 3 ml) was incubated at 25°C. The amouints of
HEMF and EMFG were measured at 290 nm. Symbols used were: (),
HEMF; (@), EMFG.
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(EMFG) T 0. A BH2-ethyl-5-methyl-3H-furanone 4-Q- o -D-glucopyranoside &
/B 4 5-ethyl- 2-methyl-2H -furanone 4-O- o -D-gluicopyranoside DA WL i3, #
3. 1CHh o7z, HEMFIZD LE AR D o 2 A0 MGTEMME0F Y %
AL T, EMFGREBERORATSH > 72, 37, EMFGH, HEMFL b,

RCKERT OLREBRTIETICEL TV 12,
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$68 A7 0—RFRAEYT—HIL B0 AALAYRREAD AR

3882 (5-hydroxy-2-hydroxymethyl-y -pyrone) &, 7 = / — W#KEEE & 7L
—AMKEBEEALTB Y, FLDTARNVFEVARRRZY) Y LB R E DK
REFEAET BEa LEMTH Y, H(ho2OFEIMbn T ), 1
Bz oFEMd, BH - HEGEERS 10D, RSB CREEREA L LT
s, £, HE, FuyF—EERCH LTHEZRAEESRTO, 25
=R EMEIT ARHAEMRHEM L L THE I TwD, CoBH LK
DEHHE R, BRI T S REMIE V.

SPaseld, B¥ - 7 VT — iz E7 N3 — VPEKRIRIE~ D2 ) RIEVEERMEL
ALTWAZ LRE2HEBV U, £/, 72/ —VBEXU2OMEE
WeownTh, ERH0 7 =/ — WEKBECH L THACER L, £ DEER)
EHREBNEEEI, 4. SETAHRRL, ZOPT, FIETIE, 7TV
7z = VEMKEBRE 2Ny Y VRIZET AN, FROFR ARy VFT NI~
EEeXBHERH LGS, ZHHOBRBED LB b h 3 ¥ - s PRI R,
SPaseDMERERE 25, PIAKERIECRECH 52 L AEE S hrds, 2hb OHER
Wi blidot, 40, MULP NV I—PE . 727 — VKB ED
VREE THMMeREM L L S, SPasell & BB EYOREL MATL
HoETEDOWEDBRE £57- 720

1 EERMEB LU HE |

1.BER - A% SPaseid, 453 # &l U< RBH1100 (slp-spl-1) HIR DK BEER
%7z, Saccharomyces sp. HISED o -glucosidase, A A — b 7—E ¥ FEHHXD G-
glucosidase, BL UV v 2 Vb—AHENF T+ — P, H3 HIHEL
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L-Dopab i3 BEITHE L oo BRI, WL T E SHEA L 720
2 .BEEEYE SPaselfitHlE v E#iL, B 1 BI¥EL TIF & o 12,
S.EBEIL 40% (wh) sucrose, 2% (wiv) HE. 20% (vA) DMSO & 9 units
DSPase ® #1r0.1 mlD 100 mMHEPESAREHE (pH7.5) th, 42T 24 s =
Fio F DRIBHD 10 g 1ZHPLC T L 720
4 .HPLC B To&#Hciior,

H 5 A  Asahipak NH )P-50 (250 X 4.6 mm i. d.) (Asahi Chemical Industry

Co., Ltd.)

BT hIRE D EiR

s 1 270 nm
B Ehaf ! acetonitrile / H,0=80 / 20
P 1.0 mYmin

D FMFZ BT OM Y Th - 72,
H T A - Asahipak NH,P-50 (250 X 10 mm . d.) (Asahi Chemical Industry Co.,
Lud.)

AT A iR

by gas > 270 nm
B EI - acetonitrile / H,0=80/20
e > 4.0 ml/min

5.ANZ VAT SIMS, DBC.NMR., 'H-NMRES 3 &icHEL 72,
6 BEALEINE 10 mMKEWZ T0CTI A, A4 VN i ThEL, 420
nm DRI DEGS % s LU 712
1. 7927 —CitEONE R LDopax g & L, $3EITHL T,
B2 MABruozs
(1) ARRERFE L+ 2 Bk OS5
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a. RIBZM Figure 3610 28R & SRR H W-FFOHPLC 20w b 75 A
ERERL, REARREOECEIT otze A2 0~ ADFBHICHFEL S
WIEA, ELIEBRERERML Z2VEBAICEEMOY—2 WHEBL o2 b
L, FNOLIRBEY & Boh b, JEFEROE VTP SKAG], KAG2 & &1t
%o Figure 371C D DEEREM O LRI BT 5 BB EILERT. xRk, H
W0RAFHRHEROEAMBICH TS, BREPOE - HBPLEN I TV
DHTR Lo ORI D EFHORE L LB EY WML, 24H7RTH
KAGL, KAG2DURBH L, £ 4. 7.5%. 122% ThH - Iz,

b. 5l

A gNRAr T —A, 2gDHER. MBOBMYEE BD L2012, 20% (vwW) 4
B ODMSO & 500 units?®SPase# &7 100 ml 100 mM HEPESE/#iE % (pH 7.5)
i, 42C CURFRIE Sz ISR THE K TOEHRRL, Gty 743
X30cem) WL 7z, 1.57 v RV ORCHEEREL B, 1YYy PVD50%

(W) DXy -V CEBEY L RICORBEEZEL L2, COESZH30ml
$CEE L, OMUAHPLC7? R 20 95 1tL. Zo0EBEDOES ZED,
HAEWME Lz KAGID%270 mg, KAG2DWI420 mgfi o, WIZREM L b H
BMHET, HPLCHICH DY v AP Y v o R E—- 2 %R L7 (F-F —ki
H) o
c. BEMAT SIMS DRR, ﬁﬁﬁéﬁ%ﬁ%t 304 LV IO R (F—5 —
K o TEBEWE b, o-glicosidasell & o THERASESEL 7225, 8-
glucosidase T EME S NP, Kb~ sPD e, KAGIZEME. KAG2H
UThot:, CROLDOFERL 0, WEREDE, #fRE 7VT-AD]1 ENITD
aAEBEL TBY, KAGIHFSHro 7 =/ — Mk, KAGUS TS v
~ VKBRS IV I ADER L T 52 EDRBE I,

DMSO% S ., IBCNMRA Y F v E KD, Ml L o« - D-ghcopyranose & @)
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Fig. 36. High performance liquid chromatogram of reaction products.
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Transfer ratio (%)

14

o L 1 . H ' H L 1 i
0 5 10 15 20 25

Incubation time (h)

Fig. 37. The course of glycosylation toward kojic acid with SPase.

Symbols used were: @, KAG1; &, KAG2.
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SFii % BT BT, TableXVIIC F £ 7z, 3 T'KAG1 ©98.7 ppm, KAG2D
08.5ppmD > FF Mk, FVIA—RAGBFOTF I A Y vy T A=Ky &R LTHE Y,
aWBEEHALTWAI PR IN/ . RIZ, KAGID 6LD145.1 ppmD ¥ 7 F
MO O FhE BARTS 9 ppmBEREIBW A~ 7 P LTw/z, $72, KAG2D THE
063.9 ppmy 2HD163.9 ppm®D ¥ 7 W HY, BEROE NG L HARTE hEFH44
ppmfEEEH N~ 4.2 ppmBEEIT -~ 7 b LT e RO DT RERS
T 5 &, KAGliZkojicacid 5-O «-D-glucopyranoside. KAG2Hkojicacid 7-O- « -D-
glucopyranoside & YsE L 7z (Fig. 38) o

=k 5 k. Aspergillus albus® o -7 3 57— P OLEAK L 0, KAG2AER T 5
YRRLEIIN, T n ) KRB T AKAGIRRWAE LT v, 4
B, KAGIXEZRWFEHETHD THER SN, ARABNFETS, TR, g
DWHE L pEES R D FHRPETH B,

d. WHE ok

7. B byt Bk, KBRS ChESIC LD BEA LB T A C &N
HibNTWh, Figure 39-AIR L7z L 910, HERE 1 HEAR, S8UIERLT
WA, KAGL, KAG2E dW o { h EFEMLT W SHIMIIH o 7o KAG2L D
KAGI VS ZETH N, 7 x ) — WVHEKBEDFESRIOZRERTNLLEDR
%,

A, Fo+—BiEoRER Figue 39-BO & JITKAGL, KAG2e b F 0
v — Bt R AET B A% BB L D @ HERIE 2 o 12, KAGL & KAG2TH
BT 3 L KAG20 H A BRE AW (L B0 7 x ) — L PokBRIE S RAE 1R ICRE S
LTWwa L9 Thb,

BWIW EH
FTNI—=NM - T2 — UMK EL 0 VIBRE TIHEREIERE L

-107 -



Table XV1. 13C-NMR data for kojic acid glucosides

Positon KAG1 KAG2 Kojic acid gy?ag;'go
2 168.1 1639  168.1

3 111.7 1113 1099

4 1736 1737 1739

5 1446 1457 14586

6 1451 1363 1392

? 593 639 59.5

' 987 985

2 716 716 33:2
3 73.8 73.1 73.8
4 69.8 701 70.6
5 728 730 791
&' 60.7 608 616

The numbers in position correspond to those shown
in Fig. 38.

Vaiues are givenin & ppm.
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Fig. 38. Proposed structures of the transfer products.

(A), KAGT; (B), KAG2.
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A420nm

0.04 1z 3 8
Irradiation time (day)

0.80

0.60

0.40

MAM75nm

0.20|

o 2 4 € 8 16

Incubation time (min)

Fig. 39. Some properties of KAG1 and KAG2.

(A) Browning resistance to light irradiation.
A solution (3.0 ml) containing 0.1% (wh) kojic acid (O), KAG1 (), or
KAG2 ([3) was irradiated, and the absorbance at 460 nm was

continuously monitored.
(B) Tyrosinase inhibitory activity. _
Inhibitory effect on tyrosinase activity was measured basically as

described by Saruno et al 70) Symbols used were: I, KAG1; ],
KAG2; O, no inhibitor.
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B4, SPaseDBHIEHE G C 2 HU o iEB Y (KAGL & KAG2) %56 /s,
2 gD & 1 K4 270 mg, 420 mgDERED SR L, RO L 2
AT ORE B, B4 OB X, kojic acid 5-O- @ -D-glucopyranoside & kojic acid 7-Q- a
-D-glucopyranoside ©H h, 7 =/ =P+ 7 b 3 — WVER KBRIE~EER 5 &
LA U, ERnVBREREETHIERETR, 72 /- WELY 7 Va—pn
YK ENOEENSETEr o/ £7:0 KAGIEHHRBETH L, ThOH
Bk & bRt ic@h, o2 r—EEMEZAE L 2o KAGIIZKAG2
LHEBL, REBEPES (., FudbF-ERlHERMEN LD, T X

FRIE D FRIRPENDH T 7RI S 1o

-111-



BTE NMEAMEWHOEETTLROHE
B

ol

BRI DHHES T, SPaseDWEEBBUCEFIAL T, 4 Y IhE Rk
. S, BEHNEWH SROMEMEAR L. SO MEMENE &R 25
ALY B o icid, BT L AR O S EESIE £ 0 b VAT A OIS EE
Lhbdo ¥70 VAT AEWOYRLERT 2 L, EHEELSTICE I RITE
bk, K SPasel” & 2EMHAGHLTIZ, SEBTHEEHBTrVav s b,
BRGUTHLRA 70— ZAREIEH BEBDENR W, KBSOR 20—
ARKEICHEL THRF LTS, #LTAZ T — 20 7 N 3= AES i B
RO NBH, RYEGDT T b — ARSI ERT 5, 370, AbS
BREL VLD, MARDTBEEZ TN I -2 279 7 =204 L 250
%L, YHETREBEENL WV,

TCT, A7 0 -2 & PG, (4)-catechin 2 B ARITL e AR S 1L
SCOHEERDM EZHILT, TRAETEL VAT AORFEED, B4
W EEBLUEEYOME ERICGIBEL, 752 F — 2% PORIEBD 21
ABIERRBLE LT, HBBEOERET 2o 20 Ko, FIBHEN S A ¢
BRI RE 2 R BUS A & H 0438 % 50 < 5 205 MR ORHE B4 o 720
T LT R BRI b 5 v e BER 2 F 5 2 LR B R T,
WBERE OB AT D S L,

wHET EBMEB LU HE

LB - A3 SPasel, 2 2 X[ U (A RI1100 (slp-spl-1) Hisk R 518
BRIV, ETOREIER, H87 L - FEEV e,

2 BARTETE OWRE  SPaselfiVhBIE th @3, 45 1 BITHEL THF 12 o 72
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SP-800, HP-20. BL . HP-IMGIE, =T EPSEA LT,

F2H MEBLUEE

(1) HEB L UERY ORI

BCRECR A e BE R e T4 ik, BREOBRELMIUEL, KoY 7V
DG OTRMEE & CIRINE 2RO 2 ik b i v, £ 2 TCCOABEIE
2B % (+)-catechin, CG XM DIFIFHZELEZHPLCTER Lz, COROK
JEHE L. 10 mMODTris-HC! (pH 7.5) 1 mli2300 mg@sucrose. 6 mg D (+)-catechin,
10% (viv) @Omethanol, % L T38 units®SPase® &8 MM TH o720 FOEE.
1085 B T (+)-catechin®90% bL A5 3; S v, CONZER S hiz, $72, & ORE
TAZ U=, #]30%HHR A, 797 bR, FVI—-RA, I—-TV¥EF— X,
BrUzFru—-2ptlsnTtw 2 o7 (Fig. 40) » TRHOZE LD,
1H 427 VEIEERE L, ROVAL 7 VT, (+)-caechinik 1 H L FHCER,
Frz. A7 00— 2 FH30%EMTRIE RN EHVHE L 72,

(2) ArEitons

HIiTE C OBB ORI AR T, (+)-caechin® B 25 5 1200, A
¥ 7 =V E SV 72, LAL, RIGIONEBTERD 797 M-, 7N
I—A, A-VVEF-A, BLUF=F0—AFEREN TN e o7, £
ST CRGEEBYOEE LA, BRECCHOAB1T% ) 72010, HH
B OKRE 2% o7,

¥, A OBEESREBEIS (W) %3 85 e CHeERL, 10/
MEOCGERE® WKL, £OFR, o/ — UM, HHicl-7ax/ -V
KBWTCGDAEREIE CBER LRI TS L5 ThH o724, HOBEE T,
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Fig. 40. The course of transglucosylation with SPase on the mixture of
sucrose as a donor and (+)-catechin as an acceptor.

Reaction mixture (1 ml) containing 300 mg sucrose, & mg (+)-catechin, 10%
(viv) methano!, and SPase (38 units) was incubation at pH 6.9 of 10 mM Tris-
HCI. at 42°C, for the indicated time. All substances were measured by HPLC.
Symbols used were: O, (+)-catechin, @, CG: [], sucrose; £, D-glucose; I,
D-fructose; A, glucobioses.
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I RO oI T2 0 - A0 TEL, COHNREVE L
AR OARENHL CThBILEBRL Twb, TORR, A /=i
DR DD PEIERYOAELHR ., FR7 L Y ERVERFC-FRVE
Refftz, LHL, 78 bVBES10% (wW) DA TE, L LRI E
(bl BEVEET A2EMYH 2 L e JORB RTRAZD, 7MY
BIEIES% (vv) WCRRE L TRMEORER 2 AT% ) 2 &2 L1

(3) WA

FROBVEEY AF AT 20101, EERTHE,ILHERLLCCE
B L., BFATRERCEZE T T 5 LB ETHL, £ TFig 431K
R L2 OREBIRIC £ 5CG & (+)-caechinD BUGRBR 21Tk o720 THED
Bifgix, ¥ (R2v—X, 792 b= A, FNVa—-R, a—-JEF—-A, B
W=t —2) BPEES WY, KEVWTIEL S b, F72RE&  BHEM

-HEAEE 2ml

- WA 10 mg CG, 10 mg (+)-catechin in 10 ml water
» PiHE SV=2.5
- vt 5.0% (v/v) ethanolstepwise Tdhbo

F OFER, HP-IMGHBHR & il v iuig, 10% (viv) =% ) —ViBETCGHfR LI,
20% (vi) X% 7 — ViBRET K BUG(+)-catechin 2 BT itk < & AVHIN L7
(Fig. 43-D) o
(4) EEAEEE TV ROME
InE T, BEBE OB ORIE B, AR RS ORE ORiR
FRE X T, 300 mEEO FUSHES SCC e 5 MT w0k EERfTZ ) <
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Fig. 43. Effects of various adsorbents on CG purification.

Each adsorbents (2 mi) was mixed with 10 mg (+)-catechin
and 10 mg CG solution (10 ml), and washed with various
concentration of ethano! (20 mi). (+)-Catechin () and CG
(M) were measured by HPLC. (A) Sephadex LH-20; (B),
SP-800; (C), HP-20; (D), HP-1MG.
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LizLtz, KBHUE. 10 mMDTris-HCL (pH 7.5) 300 ml290 g@Dsucrose , 2.4 g
? (+)-catechin, 5% (v/v) acetone, & L T 12,000 units D SPase ¥ S tr LK Th » 725
FiegEix, 7 3 o FERSEGER 350mIFE) 2w, FE#RTHR 2
YMIOME (4308 25~ F-& 10,000) W& W BEROAREBENIKE L, B2 EaL i
- o7 xR, BAABNEHP-IMG (3X 38em) 7T At L=, AFEICL
PEE S 2 4B, 10% (W) O J— LV KBETAWEYTH L CGEE
foo F 72 RS DH)-catechinid20% (vv) O ILF J - VKEHIC TEIL L 7=,

SRS 24T e V. FRSBICA RGO A2 10— A & SPase % Fi 1= 12 ¥’
THIEIWLze BBRUSIKBWT, 2.4 g?(+)-catechin & 91,7-1.8 gNCCAS, @]
Wansz (Fig. 44-A) o BERYORINEIZ, ENEBRETHS%E - 1 BET
BA 70—~ ABEIIFINEIELDE DS o245, Fig 44-BD L HICEBHLTIO-
80% Th o 7zo 7z, SPaseliMiit. 1RIHBRTEHIHO%E > T i, 2
HUBEE#70% & 7% - 72 (Fig. 44-C) ,

PLEORER, DU OIS & CHBAIIC £ 0, BFCC 05 R e
DEFTHRL NBAHY, Fig d5ICFT & ) REBiEEY A7 A #BET 52 LNT
e DF 0 BUGHET #ix, SWST B 10,0000 MA@l 8¢, B
# (SPase) D& ICARMICED o —F. BIERINIECY 7 3 VR Bl
S, BAEAMIEHP-IMGH 7 At Lze KIS L VDL 75 2 v Va vid,
ERAIO=2ATHB DT, PEGEE LCEFIHLZ, £/, 10% (A) O
LY /- VEEDEED 275 v 3 VICHNOCGEB e £ LTy 20% (vv)
DEZ ) —NVIZEDEDH 27955y a it FRREIEO@)-catechinTH 1 .
BIEHELTEHMAL 72, ok, BERRNICED, BETHD A/ T
A &(+)-catechin® FEFH + 25 RVEE YR F AR ER LT, FEMNE LT,
RIET 2 A7 0 — 2 DAY o i0E Bt 8 b, T 2 #EIT 5 7201
HIROBEE TS Ik sy s e ve LFLEE Bb b, BEREOEED
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Fig. 44. Continuous production of CG.
Reaction mixture (300 mi} containing 90 g sucrose, 2.4 g (4)-

catechin, 5% (viv) acelone, and SPase (12,000 units) was incubated
for 15h, at pH 7.5 of 10 mM Tris-HCl, at 42°C.
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CGEAEL (. BEB I EEYOMIBITH T 2RI eHS, 272, 75
7 F A EOREED MR HEEHORI 21T v, 7 M2 BRL 2,
ST, BUSHE P b RIUGHE & Hid: B E SR 25T 2IRFEHIE OB
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F32EETO/ - v 7, RIBHELEL T2RERBIC L 2AEROH
BUEICH AR L, UBR HoMERERE FIH L 24 ) T8 - FObk % & BEE
WEOEHRICHL T ERBLOWHE HREL o b DTH S,

(1) FLER Leuconostoc mesenteroides [H¥ D SPase Bz F 0y u—=r 7 Kl
BB BRBER BT U TOMEDHE 5 w33,
NES7 I JBEF A BERL2F ) TX 7 VAF FPao—-TxHwan

SN TYFLE~Y 3 VERDHE, D &L, SPaseill{ZT 2 su—= 7L
72 T i, Leuconostoc/® TR TR b/ HEZFIr O -V TOBITH %,
77— TR 7UE—¥ —FHilag 70 E — & — FEALSPaseBIET A% 4 HEF
WCHAZERY ==y § =2 RFT 5 KEE 1100 (lp-spl-1) @ SPaselditid,

FEEN 1% 72 DRSS THNLE % . JCAKL. mesenteroides P#IBOME R BT 7 &
D, £HEAHBERORI%E HO T, 1, FFAIF vy b-N
YLK IEREYT, BEMToA ERLK, TEAECHLZEEKEE
BY DS EDTE. T OLYIEEREEY, BUETRELMBHRLETE LD,
ABEONEMEICOh B otz BUE, FBEENA Y —N=_y F 2L 5T
TORER, BFEABL VEEEOET e TEMEN TWD,

BB OB OFR. ARREWMEDT 3 VBRI GHE S H, €07 I/
BREIF] 2> S T-B55749 & Bl s iz, FE Y —RFELI VAT U~ AFAFY
5 — CRLEAEI S 5 ME W OS. muansOgfAD 17— F T3 EAK 1D L 68 %
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T — U DEBHEFE ol ¥ bV EZEEE L1400 D
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