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1. X. campestris WU-9701DERZHW=(H)-ITF> D
a-7 ) —ERM I3k

(H-HFF> Fig. 1.1) —EDOF OH
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B ERRER2AELY . EKIHE
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RRCEET SN TF IV HIBETH LM, BT/ N THBEOBILES
FTEELRTWI ERFISN TS, ARRBTCBILINTRAAEZELS
BILRIENEORENBHATH S, ZORKOKEBEL LT, EELEIFATHLL
Zz6N%, —F. B-HFFEPFRILDO-OHEZEFL THD, BROMAL
BEEREZRNTRICHED., TETINEELEZS5NS,

DEDEMS, hFF OEBULRTENCERTHD EEALN, HHRER
BDY)aA—AEBEMENRAEBEREEFT 5X. campestris WU-9701Z AW/
H-BFF>olav bz Lz,

OH

Fig. 1.1. (+)-catechin.

1.2. EBHR

1.2.1. WU-9701 DHMEHEEBRICLDH-ITF > a-F VAL ROBRK



WU-9701DEBER E(D- AT, TV h—RAERBERBE, (D-HFFTH
SEOFRERYVHPLCIC THRB SNz, TOH. <V M) —X R EDKIGE]
YNSRI N . RIBEBRY ZRELZDH, HMBC (Heteronuclear-
Multiple Bond Coherence) A XZ MV EHEIEL., BBEREET oz, TORRIZ
X0, P-IFFOIMOERFETINA—ADULEDC-HAy 7Y AR E
N BD-AFFOIMETNIA—ADILEDRENBRIEZNL TRHELTNDZ
ERHERINz, EFRH-NMRARY MV TT IV A—ZADIMDKREN2MLDAKFE &
ATV TL, FTVy hEBRLTWS, TOH v T > 7 E#i3I=2.7 Hz T
Hb, afEELTNWEEII=-2~4Hz, BHALTWBELEWRI=T~9HzTHBDT
RIGERDE B THDZENERIN. Ko T, KIRERYIE(+H)-catechin
3’~0O- a-D-glucosyranoside (ZN%& ¢ -C-G&AfT7) TH D LHRI N,

(A) g ®
d
a
\ Ul
r'J ) 5 10 15 r—JI—U
1 5 10 15
' Start

Start

Fig. 1.2. HPLC of the reaction products from (+)-catechin and maltose using
the crude enzyme of X. campestris WU-9701. The reaction mixture was
loaded onto (A) a TSK-Gel ODS-80TS column and (B) an Asahipak NH2P-
50 4E column, details having been described in Materials and Methods.
Peaks: a, (+)-catechin; b, @ -C-G; c, glucose; and d, maltose.
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(+)-Catechin 3'-O- a -D-glucopyranoside.
(a-C-G)

Fig. 1.3. Two-dimensional HMBC spectrum of the isolated product.

1.2.2. o-C-G EH&EORF

a-C-G DEMELFLHEEL T, YIVb—ZBE1.2M, pH6.5D 10mM 7/ T
~E-10 mMYU CEEREEIR 10 ml iZ(H)-HA 7 F 260 mg & WU-9701 D ERiEEfREE
F50mg (FIVIA—ZAEmBEMEE LT, 6.5X107 unitiz#{) ZE ML, 45C,
180 rpm T 24FFRIEEIR & 5 R &> /2.

PH OEEIZDOWTHAREMERZ Fig. 1. 4 (A) IZR”7. o¢-C-G OAEREIL pH
6.0~7.5 DHIFATE <, pH 6.5 THREMEITEL. BINEHRNRIISLABITEL -,
iz, BESLEBY VAU ERET TRERRIZRBICEA LEZ. 2. h5Fo0
BiE2pH 6.0~7.0 OFHEMIETHEDEEL. BESHRT VAV RAET TRELED



BREANBIoTLESEDTH S, &Ko THEEPH IZ6.5EREL T,

DBz OWTHAREEES Fig. 1.4 B) ITRY, ¢-C-G DEREBREED
FREEBIZHEAL, 45CTRAEEZRLEZ. —F. 50CTRERBNEI L
., ZHEe-C-GC DARICEE T 2BRORF L2 EBDNS.

2V b—ABEOFEBIT DN THNZREREE Fig. 1. 4 (O) IIRT, ¢-C-GOR
RIT<IV b—RBEICHAL THEML, £REIX 1.2M TREMEICELZ. Xk,
T h—ANEREREALL TR, BEITK 6@?@@9&%@%%#‘%% 55
N, BEOEBZROMEL L TRERINDSHEHRTDH S,

_(B)

| 1 1

30 40 50 05 1.0 15
Temperature (°C) Maltose (M)

Fig. 1.4. Effects of pH (A), temperature (B), and maltose concentration (C)
on the synthesis of a-C-G.

1.2.3. 0-C-GBROERZEI(L

WU-9701 OE#EEEBREEA L o-C-C ARRKBEOBRBERHEL. (H-I7
F3 20.6 mM (60 mg). B 50 mg (6.5X107 unit, F—4# %k##’R). pH 6.5, i
BEA5C, I h—RBE 1.2M EBRELZ. BEFET TORBOBRELZFN
iR % Flg. 1.5 2R L. ¢-C-G 0ERBIIRGHEOKZB L EBITEKRL.



36EERIR IC B AME 54.1mgilE L. #E(H)- I TF UV DENERNETIE
57.1% WMLz, £7. a-C-GUANOERMELTRIINIA-ADHPRES
N, TV RUF - E0F ) TFEEIRBEIEENBN o7,
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Fig. 1.5. Time course of & -C-G synthesis by the crude enzyme of X.
campestris WU-9701. The reactions were carried out under the
standard reaction conditions: maltose 1.2 M, pH 6.5, temperature 45C
and (+)-catechin, 20mM.

Symbols: @, @-C-G; <, (+)-catechin; A, glucose; L1, maltose.

1.2.4. o-C-GOREM

BEETHE(H-NTFF2 & a-C-CGORERELBE L, TOKE, 20CHpH



7.0DEERTICB VW TURBRIZ(H-ITFF BB E L DI/ LT, ¢-C-Git
FETHo (Fig. 1.6) « ZOFERENS, (HD-HFF>03MO-OHENB L 2
ZLoT<L, ZO-OHEDO N AV E D ZERNBALEENZ B,

”
ﬂ.l‘iw

(B)

Fig. 1.6. Stability of (+)-catechin and @ -C-G in solution. (+)-
Catechin and « -C-G were dissolved in 10 mM citrate-10 mM

Na HPO, buffer (pH 7.0). After 24 h in contact with air at 20°C, the
solution containing (+)-catechin (A) turned brown, whereas the one
containing @ -C-G (B) did not.

1.3. &

X. campestris WU-9701 OIRFEHIEBRZFAL T, VI h—A2EELE L
TINA—AEBRBICED ¢-C-G 28R LT, CORIBT. (H)-ATFF D3
DHBa-TNALNAEI N2 &6, YEBRIIMNEBERRMIC-OHEZ o~V
dirjldblLadE, By Tlkd—0-0BREEN TR, 7zl E0-QH w7
WVaATIALRIEETH B EZBHEMITL Tz,

a—-C-G SROBFEEMFIZH)-HFF > 20.6 mM (60 mg). IV b—AEE 1.2



M. pH 6.5, IBE4SCERE L. TOLEHET T, 360HEOKIHNTS4.1 mg D a-
C-G MERL., #EH)-ITFF U0 DORNEBRNEIX S7.1%ICELE, 5
IZ. a-C-GOEERERFLIEHE. o-C-GRH)-ITFF > LD bREEIEK
LTWwk (Fig.1.6) . ZO®RME, (HD-HTF > DI O-OHENRE M ICE S
LTHED. ZO-OHEDT NI VIMEIZXDLREEIERLIZENZ B,

1.4, &3k

1. Matsuzaki, T. and Hara, Y.: Antioxidative activity of tea leaf catechins.

Nippon Nogeikagaku Kaishi, 59, 129-134 (1985). (in Japanese)



2. X. campestris WU-9701 DEEEREAZAWZEROF /20
a~7 )X —ZBRET N ANV ED a-T IV TF B

2.1. #&

T

EROoF )0 NVavRETFNTF L& CH,OH
i, MY EETAO REDEAIRDOSE

WMEAWTH D, [LERREME LTEASH ©

B, RARICEET BTV TF i B R H

DBTH B, FEGHOTNTFY (a- 1O O OH
PN TF . Fig2.1) HHEMER a-7 I H
S—YOBEEBEEZAVWTEREIN, B Fig. 2.1. @-arbutin.

EHPREAETHEBRRINEY, L
L. TOERNBIIEN,

—%., BEROF) UiZ. ROV BIZ2DD-OHENKHRME (parahl) IZ#F
ELTHED, BEBEBEROMBEREZMBITRN TS LT, BARETINEEIIR
5HDEEZBLND,

ULDEMS, EROF ) DTNV AVIERTRHCERTH S LEZ BN,
X. campestris WU-97012 W a-T IV TF > OaRERN Uiz,

2.2. ERER
2.2.1. WU-9T01 DEFEHBRERICE S a-TINVTF > DEKR
TV —ABEBHEEELLT, EROF )/ D EWU-INOIDHEREREAEZ RS E

7. TLC I BMTRfTo7zfR, VAT REEXONS—EEOERYD A
Ry "l &Nk, 25ic, HPLC i &2fTo 2R (Fig. 2.2) . ZHOE RO



FIOETNAVREEZ SN —EEOERPOE— IR E Nz, —H. K
JSEOBEOHPLC S TR R ELTYIVa—X, TRV E—ADE—-INRE
hZnBREEIN, XNV FMIF—ZARIV BT R IF—ZADK 574 IREROE
—J 3R ENEhoTz.
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g s
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Fig. 2.2. HPLC chromatograms of the reaction products from hydroquinone
and maltose using lyophilized cells of X. campestris WU-9701. The reaction
mixture was loaded onto (A) a TSK-Gel ODS-80TS column and (B) an
Asahipak NH2P-50 4E column. Peaks: a, @ -arbutin; b, hydroquinone; c,

glucose; and d, maltose.



BFONERKISERMIZDWTC-NMRE'H-NMRZHIFE L, X 5IZHMBC A%
MVOBIE L. TORERICED, E ROF ) DOIMOREE N I—ADLAL &
DOC-HAw 7 > T7HEHEN. E ROF ) QI ET NI —ADIN EDFRFEN
BRENMLUTHALTWAS I LR INE, £'H-NMRARY KU THI)IVa—
ADIMDKRBENR2MLDKFEEA Y TU T L, FT Ly hERERLTWS, F0O
Ay TN TERIII=3.THzTH 5. affB L TWEEIRI=2~4Hz, BHEAELTW
EEWI=T~OHzTH DD TRIERM I e TH S Z ENHERE N, Ko T,
RISNERRY Thydroquinone 1-O- @ -p-glucosyranoside (@ -arbutin) TH 5 &
BEhi,

1H-NMR

1
OH

13C-NMR
a
5
:
.g‘.

Fig. 2.3. Two-dimensional HMBC spectrum of the isolated product.
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2.2.2. a-T7IVTF U ERFHEORRN

a-FNTF> OERERLZEE LT, <)V h—X#E 1.2M, pH7.5 D 10

mM RYEBEEK 2ml Ik ROF ) 210 mg & WU-9701 OFEFEEEEH10 me

(FZNa—AEBERE LT, 5.5X107 unitic#%) 2iRML, 40°C, 160 rpm
T 24REFEBRE D RIEZETo 7

pH OEEIZ DOWTHANEERZ Fig. 1.4 Q) ITRT, a-TINVTF L OEREIX
pH 6.5~7.5 OHIEATHE <. pH 7.5 TRHEBEITEL .

BEOEEBIC OWTHN-#E% Fig. 1.4 B) IIRT. a-7INTF0EREBI
BEQEREEBICHEAL, 40CTRAMEERLE. —F4. 45CI L TIXEREN
B, Chike-TINVTF L OERICEET 2BERDREICEL D E BN,

RV —ABEOEEBIIDOWTHANEERE Fig. 1.4 (O IZTRT. a-TIVITF>
DERIFTIV M —ZABECEALTHEML, £REZ 1.2M TREBEICELE, £
2. a-C-GOBA LR, BREOTI N—ANBEELEZ SN, £k, BEE
HERNEBA TS, BRI a-7 LT F > BRMTETS - 72,

30
E 2| i I
8 15 } i i
£ 10
k- i A R
3 5| - -
0 L 1 L 1 H A L il L 1 L 'l
6 7 8 30 35 40 45 50 08 1.0 1.2 14
pH Temperature (°C) Maltose (M)

Fig. 2.4. Effects of pH (A), temperature (B), and maltose concentration (C)
on the synthesis of ¢ -arbutin.
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2.23. o-TIVTF U EROBEREL

Fig. 25ICBBRETICB T 2R ERT, Fig. 2.5& D, RIS 36KFRHE.
A5 mM®D B ROF /) OohbBR 42 mMD -7V TF o 2ERL. ft5E RoF)
WD QEINEBHINRIZIBHICEL =, TOBRTIV MY IHRE D RINEI AR
MR X Nizdo 2. BEICBacillus subtilis X-23HED -7 2 5—EV®
Leuconostoc mesenteroidesHED A 7 01— AR AKY S—¥?Z2HNWT. a-TIV
TFIERVNTRONZRENH DA, 5L RaF ) >80 0 BIVERNRITT
NFNA6% E32% TH D, FEBERIZBELEHL TEH>TWND,

§ 50 14
= =
- 12 2
£ 40 | e
£ 1.0 2
g 30 08 E
= &
% 20 0.6
p 04 2
g 10 02 =
2 =
<l O | | | 0

S 0 10 20 30 40 50

Time (h)

Fig. 2.5. Time course of ¢ -arbutin synthesis by the lyophilized cells of
X. campestris WU-9701. The reactions were carried out under the
standard reaction conditions: maltose 1.2 M, pH 7.5, temperature 40°C
and hydroquinone, 45 mM. Symbols:O, a -arbutin; <>, hydroquinone;
A, glucose; M, maltose.
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23. E£&®

X. campestris WU-9701 DBREABFZFA L TV F—ZX &b ROF 2h
5a-7 /) X—@REZa-TINVTF L 2ARLE. BEEHET HT7.5. J)IVb—
ZPEEL.2 M. 40°C) Tid. 36O KIE T4 mMOE ROF ) 2 55&K42 mM
Da-TIWTFUEERL, 5 ROF ) P YEDOBINERNEIZSHKITEL
7ro DEDENS, a-7INTFERICE L TX. campestris WU-9701 DEER
ELTHBY. B ) TobozMs UTHAWERZ LIS EOHEE
XLEBIBHTHENTHBEEZEA SN,

2.4. BEHER

1. Kitao, K., and Sekine, H.: a-D-Glucosyl transfer to phenolic compounds
by sucrose phosphorylase from Leuconostoc mesenteroides and
production of a-arbutin. Biosci. Biotech. Biochem., 58, 38-42 (1994).

2. Nishimura, T., Kometani, T., Takii, H., Terada, Y., and Okada, S.:
Purification and some properties of a-amylase from Bacillus subtilis X-23
that glucosylates phenolic compounds such as hydroquinone. J. Ferment.

Bioeng., 78, 31-36 (1994).
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3. X. campestris WU-9701D 7 )V 21— AEBEBREOEHB LN
BERHFEEE OBRE

3.1. 8

Wkge = Tld, X. campestris WU-9T01DERMBEREREZ I h—A L0 — A
F—IVICER RSB Z &L, FIF100% DENEHNERT, 0-menthyl ¢-D-
glucopyranoside (¢-MenG) &7 /Y —BREICERT 5 I LITRY) LY, 2o
Iz bEABETHSMILELIRE)-AFF P ROF ) 2D -7 aT)UL
HRHL TS, CORBTIE. SIVh—A2EEBELT, 0-A2 F—)bP
H)-h5F>. BEOE ROF) > OD-OHED H % BIRMNC -7V aTIHEL T
Wi E72. IV F—ZAOMASMBERRIMBTHD., <INV MUF—ZA7REDE!
ERMIEHINAN - -, UEBEIL. ROBRIIHERTINV B—AN5DT )V
O—AEBEEINB A RBRELEEZ N, FiiCYEBERE (V) a—-2&K
BEEE| EHLELE, 22T, FECBWTIIYZBEREZSDS-PAGETE—N R
ERBETIEHL, NRBRBIOAEY I /BEF2REL. BROELEZH
5EMIZ L7z,

3.2. ERER

3.2.1. ZNIa—AEGBEBERORBH

TERICLD., UKBRIIWU-9T0LOBEARNICEE TS LeHRE L.
k—Z S TR UAWU-9701 OB 5 S U 7~ B0 B ih (K 2 ML EE R
EL. BEDBEEEBONT LU NS 74 —2HAVWTUEEBROBEZTT

Bofr, TORE, YUZBERIINDROMEEERK LD 0.33%DINERT 100fFICFES
h7= (Table 3.1) '
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Table 3.1. Purification steps of the @ -glucosyl transfer enzyme of X.
campestris WU-9701.

Step Total protein  Specific activity Yield Purification
(mg) (unit/mg) (%) (fold)

Crude enzyme 4.78X10% 3.47x10? 1.00X10° 1.00

Ammonium sulfate 2.58X10 4.02%x10? 6.30X10 1.16

precipitation (30-60%)

DEAE-Toyopearl 650S  2.30X 10 2.02X10" 2.80X10 5.83
(Anion-exchange)

Superdex 200 5.19 4.47X10’ 1.40X10 1.29X10
(Gel filtration)

Maltose-agarose 8.87 X107 1.31 6.98 3.77X10
(Affinity)

15t Q-Sepharose 3.17X10? 3.40 6.56x10" 9.82X10
(Anion-exchange)

2nd Q-Sepharose 1.60X102 3.46 3.30X10?! 9.96X10
(Anion-exchange)

"The enzyme activity was estimated as glucose transfer activity of was measured using
hydroquinone as a substrate. One unit (U) of @ -glucosyl transfer activity was defined as

the amount of enzyme that produces one £ mole of hydroquinone « -glucoside per
minute from hydroquinone.

—%, BROEREOERRESFRAEIZ Laemmli?OFEICE L T, 10%6 DR
UZ UL I REVEAW, SDS-RU T2 UNT I RY)VEKKS (SDS—
PAGE) 2332 &ickDfro7z. &, Coomassie Brilliant Blue R—250

(CBB) BIRTH N ERBLY VNV EZAHNICKREL., RREEZERLZ,
Fig. 3.10#R LD, MFEERIISDS—PAGEIZBWT—FONY RTHRIBEN, B
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116 ==
97 ==

Fig. 3.1. SDS-PAGE of the purified @ -glucosyl transfer enzyme from
X. campestris WU-9701.

The protein was stained with Coomassie brilliant blue R-250. Myosin
(200 kDa), B -galactosidase (116 kDa), phosphorylase (97 kDa), bovine

serum albumin (66 kDa) and ovalbumin (45 kDa) were used as molecular
marker standards. Lanes: 1, molecular weight standards; 2, purified

enzyme. The arrow indicates 57 kDa for the molecular weight of « -
glucosyl transfer enzyme.

—ICRBXINTWBE I L2HRE L. SDS-PAGETOL TR, 57 kDal#gE X
Nz, £, FIVASBTORTFERHAEORER., FABRIT60 kDatHR N, LB
RIIE/ V—BERTH D L#EEI N

IHI, BoNERBHERZANWTNERRY I/ BESNSTET o2, NKREY 2
JBEFINI9ME (Ser-GIn-Thr-Pro-Trp-Trp-Arg-Gly-Ala-Val-lle-Tyr-Gln-
Ile-Tyr-Pro-Arg-Ser) &. WE7 I /) BEFIMN12ME (Val-Met-Tle-Asp-Gln-
Val-Leu-Ser-His-Thr-Ser-lle) RRESI Nz, ZOBRESEA T, T—FR—
AW &5, BABROY X /) BENEOTEQD—BERETo /. HEAKEOEN >
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Table 3.2. N-terminal and internal amino acid sequences of @ -glucosyl

transfer enzyme from X. campestris WU-9701 compared with
other enzymes.

Origin and enzyme N-terminal Internal

¢ -Glucosyl transfer enzyme
from X. campestris WU-9701 SQTPWWRGAVIYQIYPRS  VMIDQVLSHTSI

@ -Glucosidase

T —_———— ADRDWWRRPVIYQIYPRS  VMIDLVLSHTSD

Oligo-1,6-Glucosidase

from Bacillus cereus MEKQWWKESVVYQIYPRS ~ LMMDLVVNHTSD

@ -Glucosidase TEPKWANKEATIYQIYPAS  FITDLVINHCST
from Saccharomyces cerevisiae

b D% Table 3.21TR LTz, £D&ER, X. campestris WU-9701 7))V — A¥x
¥R IL Sinorhizobium meliloti H3EDputative ¢ -4V ¥ —¥ 72 EOBEHED
BEAlEmWMRMEZRLUZ, UL, S melioti &Escherichia coli®dBEE X UV
MR R, 0-A 2 b= FN Ak (a-MenGERR) FEHEREDH SN
o fz. BaVL. BERESaccharomyces cerevisiae® a-27 )V A5 —F &2 H N
T, 0= A= Da-ZN AT IAEIZBRIL TSR | ¢-MenGDE RN
BRENZ ERTI N NI A—ZEERE, WU-9T012 AWEBE & B2 KINR
MERR Uz, LIedSo T, WU-9701 B3RO 4 B R O FAMENH < R S he,

3.2.2. NI —AEBEROBRNFAELEE 0K

8L /=X, campestris WU-9701 3D ) O — AEBERICO W TE AN EE
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ROEMEEORE 2T/, ABED -7V T FUERERICBNYTORET IV b
—ZJEE. BEpH, BEEE, B4, MASRICBOTORBRRE. BR
HEERBEOINI-AZSEROFEERLBIN F—RAXDVTHHANT., B
BRI -7 NV TF O AREHEI.S X107 UZHML 7z,

3.2.2.1. &B1FALOEE

F9, a-FNTFUERERICBITIEEA A RUBREOREEZRAN. 10
MMOEBA 2 ERRNT AN VEREESE (0CMB) £1.2 M7V h—2A 230
10 mM7 > E=7 —#H{L7 e U LEEK (DH 8.5) TN, HHEER L40CT
248509, 180 romTIBEBRIBZTW., £RLEZ -7V TF U EZHPLCTERL
2o @BAF I RFOMOREEZ ANBNROFEREZ100%E Lz,

SBAFDEEERARSEDICIREBN T U ERERVRERERSILELND
50T, PYEZY —HLT7 YESYLBEKERWE. #E%Table 3.3IZRL
2o EDOEBA A THBK'. Na' TRIEELLENE, 2HOLBE 1> THS
Cu®. Fe*, Hg”, In* TELMHEINZ., £z, MEOF THHEENZ.
i, BROBEENRY I ) BAENEBICH L TEMAFELTEHE, HSEZERK
Lizfedic, BEBARSEINNZEDEELLNS, E2pCMBTHESINLZC
ENS, FINA—AEBEEIC AT A CRENEE L TWS Rl N,

3.2.2.2. EERRANELEBRBICBT2EHLEGHE

9, MADBEERICB T 2EBRERZAN. 1.5 mlDF 2 —TicTable 3.4
KRTEBEORSEEZINTNEDRUVE-KCIEE®K (pH 8.5) 500 nlz A
N, FEEEE LA0C TORBES I B, 100MERL TREEEIEL., BEEL
=N a—ABEHPLCTEERT 5 Z L TEEOIKIEEZHE L.

Table 3.4IC#RZERT ., UEBRITo-1, 4 BEICRENERLEZZED S,
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Table 3.3. Effects of various metal ions on « -
arbutin synthesis activity of the purified enzyme.

Reagents Relative activity (%)
None 100
KCl 194
LiCl 149
NaCl 181
CaCl2 81
CuCl2 0
HgCl2 0
MgCl2 56
MnCl2 29
ZnCl2 : 0
pCMB* 0

*p-chloromercuribenzoic acid.
Effects of various reagents were examined under the
standard assay conditions the addition of various

reagents at final concentration of 10 mM, in 10 mM
NH3-NHa4Cl buffer (pH 8.5).

a-NaATF—FicpEa s, 51T, IV b F—ARERZiEEAEER
#E, WO N—ADHITRRCERLZZ NS, a-FNadF—EoH
THIIN M RCRROICERTEINI —ETHBEEALNS,

Kic, BESEEICB T SEESEERNLE, B ROF ) JEEREHFLLT
R LR, YEBRIIT) N—A2EtEAE LERICOA, VIV —AER
RiGh MBI Nz (Table 3.5) . |

3.2.2.3. Mk EEMEE VIO —AEBTERE

WL, L ROF ) UREDTNI—ASEENEETZHRICBTSBI)V
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Table 3.4. Reaction of the purified enzyme toward
various saccharides.

Saccharide ~ Concentration Hydrolysis (mM)
Trehalose 100 mM 0
Kojibiose 100 mM 0
Nigerose 100 mM 4.71
Maltose 100 mM 1.99X10
Isomaltose 100 mM 3.10X10"
Cellobiose 100 mM 0
Maltotriose 100 mM 3.81 X 10!
Amylose 3.6% (w/v) 6.44 X 10"
pNPG* 25 mM 1.75X10"
Sucrose 100 mM 0

*p-Nitrophenyl ¢ -D-glucopyranoside
Effects of various saccharides were examined under the standard

assay conditions the addition of various saccharides at final
concentration, in 10 mM H3BO3-NaOH-KCl buffer (pH 8.5).

dA—AEBIEENUERBRTHAL—ATHLNEDIIH LT, IV E—ADH
WERA S BROMKSEERIIERICENEZEZIONS, £2TC, JIVO—R%
BEELTEROF ) VERMUZBEOFRBERONKS BEE EEEBEEZHA
Rz, 1.2MOI =2 28D FRUE-KCHEEKR (pH 8.5) 900 nltBERERK
100 pwlZ1.5mlFa—JIANESL,. 40C, 180 rpmic TR ¥, 1K/H
%, 2RI ENTN20 w0 ROF )/ EEMLERIMNEEE ROF /) 225
mliznwKBEZHEL, IREIZEIC102MEBL. RKinEIEE, HPLCIZTRIV
MRABEZHEIE L,

SREFig. 3.3ICRT. £ ROF) VHEET TR, < M—RBORNDENO
THLU, B ROF) C21IKHEE. 2RERIcEETNENT 5L, I —XER

BEITBDOLE, ZOTEND, IV N—ADBNEET 2B DMK EEME
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Table 3.5. « -Glucdsyl transfer reaction toward
hydroquinone by the purified enzyme using various
saccharides as @ -glucosyl donors.

Saccharide Concentration @ -Arbutin (mM)
Trehalose 1.2M 0
Kojibiose 1.2M 0
Nigerose 1.2M 0
Maltose 1.2M 2.5X10
Isomaltose 1.2M 0
Cellobiose 300 mM 0
Maltotriose 300 mM 0
Maltotetraose 300 mM 0
Amylose 3.6% (w/v) 0
pNPG* 300 mM 0
Sucrose 1.2M 0

*p-Nitrophenyl @ -p-glucopyranoside
a -Glucosyl transfer reaction was examined under the

standard assay conditions with the addition of various
saccharides at a final concentration, in 10 mM H3BO3-
NaOH-K(Cl buffer (pH 8.5).

<., VI a—ARBEREET BN O—ABEBREENRATH S 2 &M
Hhofr. Lo T, ABRIIASREZEFOIBED - avy—¥E&
BHENRRD., ZORICBVWTHHEITBRETHAEEZ N,

3.3. £&¥

X. campestris WU-9701H13kD ¢ — 7 / I —BIRW N a L el H5EER
%#SDS-PAGETH— &R 2 X THREL . ABZEOSTFEIIS7 kDatBE X N,
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1.10

1.05

Maltose concentration (M)

100 ] | 1 1

Time (h)

Fig. 3.3. Time course of @ -glucosyl transfer and hydrolysis reactions
using purified @ -glucosyl transfer enzyme.

The reaction mixture, containing the purified enzyme 0.1 ml (9.5X10° U)
and 0.9 ml of 10 mM H3BO3-NaOH-KCI buffer (pH 8.5) containing 1.2
M maltose, was shaken at 180 rpm at 40°C. Then, hydroquinone 10 mg
was added to the reaction mixture after 1 h or 2 hincubation. The
amount of maltose, by every 1 h, was measured by HPLC under the
conditions (B) as described in Materials and Methods. Symbols: O,
without hydroquinone; A\, hydroquinone added after 1 h incubation; [,
hydroquinone added after 2 h incubation.

FABOMRELIHOE TUERRIIT / I—BREELONS, FBERONKM
BIOREY S ) BESIRRELEE DS, MOBENERD a- Va3 F—YE
BULWHEESED b NE, £, YEBROBRNEREZRMLAEETA. K,

Na*, O-phenanthroline 'C“?E’Tiﬂ:\ Cu®, Hg®. Fe*", Zn*, pCMBTE L <HE
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N, b 2 ESOEEEOBE I B IKMEEEIZED 5 hadt, B
BIEMILT)) b — 2 A ERE L BAI 0B 5N, L bREREERICH
N, ZOP N O AEBEENRARI EASERERBERTH D EEZONE.
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4. X. campestrisWU-9701D 7 )V 1 —AEBEERE I — R 58ETF
(xgth) DY O—=3 7 ERBEICHBT5EHHE

4.1. ¥#E

RIEE TIC, WU-97010 7)) 2 —AGBEEF 2SDS-PAGETH N FLizd
ETICBAL., TOBRWEEEZHSMNC L, YEBREZ LENFATSZ
L OBREHOBET L VB BBTBRT2OB AN 5 bED TEETS
BEEZENSE, ZETRYUTEREI—RITI2EET (Ih%E, xgtAEAMT
72) 220— 7 U TEBGETFERZTN, SSIRKBETOEREZREL., &
SICHIRIIR -3y REEERBT,

4.2. EBRER
4.2.1. AVIXIVAFRIO-TDEK

FFPCRZFAAL T, YBEBROTI/BEFZH LT, FVIXIVFFRY
O—72#ERLE, PCROT 51—k, YEBRONKRBLIUOREY I / BRE
FINSROEDITHERL 7=,

TIORTITAT— ; 5'-CARACICCITGGTGGMG-3'

7 OoFE AT 54— ; 5-AGIACYTGRTCKATCAT-3'

28, I. R. M. Y. KidZFhehdeoxyinosine, A+G, A+C, C+T, G+T#%
#9, HIHL/ZWU-97010&DNAZEREL T, ZN5DTS51v—EHlAED
B CPCREEBZ{T- /2. TOHE. ¥200 bpOBIEEMNRT SNz, JOBIEEY
DIREFEFNZHRELZE A, YUEBRONKEBIUARY 2/ REFICHAT
LEFIVNEFEELZ. EMS, BSNEBBEDI S 0—T7 & U TR AR EE & HEr
L. BBOERTHW:,
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422, PNIa—AEBREREEZI—RITI3EERT xetd) Ora—=47

WU-9701 DB AN S L7 2DNAZHIIREER Sal TREHM L T, 4~7
KbDODNAKI K %275 X3 RRY #—pUCI8DSall¥A{ M54 —a iz, %
DTFAI REANT., KBBEE. coli IM109Z2HEE#i L., HODNAS A TS5U—
EBELE, B5NEESDNAS A 75— IR LT, B o—T2[nwTa
OQ-—NA TV -2 aleffolztl s, 2BEOBE I/ 0—-Z2RE L. 2
oy o—icid. #4.4kbOFE—ODNAKK Dlac/ ODE—F —IZHL T, TNT
NEFEEFEHREAINTWE, BN/ O0-CRRETEHTIAIREL
nEN, pUGTF-7, pUGTF-64&: Mm% L7z (Fig. 4.1) - 0-AX b=V J )
L EREE LNV - A EBEEREREf T2 E 25, pUGTF-TZ2RF L2
RBEICBWT, a-MenGOERBHERINZ7280, EOERIIpDUGTF-72 A
WTio 7,

4.2.3. xgtADPEFFIDRE

PUGTF-7Z2HWT, xgtADHEEFIOBREZ{To 7z, DUGTF-TICHAINZH
44 KbDWHITHBWNWT, xgtAIXS'RIICEFEEL TW=, HEEE Y ZFig. 4.2I7/R7,
xgtAlX1,617 bp CHFR =1, 539D T I JBEI— KL TV, £/, xgtAD L
Wi T O —E— 5 — = FRENBESIER )R — AT & TR S N5 EF
AEHE L2, |

424, PO—AEBER MBS - O
W X N xgtA L B OMBEREETOT I ) REAIZ LB LS. TOBEE

Table 4.1127 T, BEOIM/K > HEEREHAREEZRL,. RDHEREREN - 2D
Sinorhizobium meliloti®putative ¢~ )L a3 ¥ —¥ T, 56.2%DHEREERL

24



a-glucosyl tranfer
enzyme gene (xgtA)
Sall

(B)

a-glucosyl tranfer
enzyme gene (xgtA)

8 PUGTF-64

Fig. 4.1. Physical maps of (A) pUGTF-7 and (B) pUGTF-64.

7=, &7, oligo-1,6-F N a3y F—F LR ZRLZ,

F7. BEXNxgtALBAOMBERBRETFLOT I ) BEANOT 54 A
BHAT, ZTOREEEFig 4.310RT. UHBRIIKEOMKSREER ENKREHHT
HEROEWEBNEELE. ¥, a-7I5—¥ 77 I —LHENIIKIHE
BEERCBEEIC RO SNB. IIKHRERICES T B RAT I ) BEEASD199,
Glu255. Asp329BMEE L7z, |
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Table 4.1. Comparison of a gene encoding ¢ -glucosyl transfer enzyme
from X. campestris WU-9701 with other enzyme genes.

Identity (%)

Amino acid Nucleotide

Enzyme

a -Glucosidase 56.2 62.6

from Sinorhizobium meliloti

Trehalose-6-phosphate hydrolase 35.0 51.8
from Escherichia coli . .

a -Glucosidase 33.3 47.0

from Saccharomyces cerevisiae

Oligo-1,6-glucosidase
from Bacillus cereus 31.6 47.9

Dextran glucosidase
from Streptococcus mutans 30.4 47.3

4.2.5. J)v3— AEBEER DOIEREE T

WHEERY - I TV I IV—RETEHLEIALNDN, a-TIF7—HE7
7IU—BTIBRIIMANMMEEZERIEETE2DONEL, BEBRIEZELT D
WHEERT-TIT—FI7IU—DOFTH, HEHEZRIILTWS, £ZT,
XetADMAEEE FRIL T, BE LOBRMERANZ. £7. XgtAD—KESIH» 5
A OBEOR CEENEDELUL TVWEHDEAREZ, Aner ol S LAESF
mm?—&ﬂy9®MHMT‘5>Nﬁ%ﬁﬁ@ﬁmﬁﬁﬁwm%miﬁém£®
BEBRIIBI2ERE2EZELT. BNBERIENO EOBR BENRBELL
TWAHhZ2EHRTHDTHS. REE- (¥1FRA) TRIN, HEHEN R EZ NI
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Table 4.2 Compatible structures of the enzymes with XgtA using LIBRA.

Enzyme and its source Score
Oligo-1,6-glucosidase from Bacillus cereus -5.44
a -Amylase Il from Thermoactinomyces vulgaris -4.69
Cyclodextrin glycosyltransferase from Bacillus circulans -3.72

Glycosyltrehalose trehalohydrolase from Sulfolobus solfataricus -3.46

@ -Amylase from Boar -3.40

Fig. 4.4. Stereoview of the predicted structure of @ -glucosyl transfer
enzyme (XgtA), from X. campestris WU-9701, overlaid with the crystal
structure of oligo-1, 6-glucosidase of Bacillus cereus. (A), oligo-1, 6-
glucosidase of B. cereus; (B), XgtA. Molecular modeling of XgtA was
performed using 3D-DIGSAW software.
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EHEOEMESE N LN B, T OREETable 4217, BOMEIELL
TWB EE 2 5N =BT Bacillus cereusoligo-1,6-7 VAL F—¥*ThH o7z,

COWRED LI, XetADHEZICRF (Imperial Cancer Research Fund,
London, UK) ®3D-JIGSAWZF|HL TH#E Lz, FO¥ER ZEFig. 441287, &
<1z, B. cereus®oligo-1,6-7 a3 F—FERBKL T, VI /RITBNTI72-
40117 H 7= DB K= B =, Watanabed D B. cereus®oligo-1,6-27)1a
S H—VORBERITRETIE. ZOWMONY >N BEORERICHELTND L
DHELTWS?, XgtARBBEEMES (F—FEK) . OO RED,
XgtADBEERICHEL TWHOTIRABVWNEEZ SN,

4.2.6. xgtADKIBEIC BT HEAE

THETIZ. WU-97012BWTa-MenGR a-F NV TFOEHRE2IT>TEL
2. BEINBICET S E TIC4SKER36R M E ERBZEL TS, I3, &M
TBI NI BORREYSNRY ELTOREEMENZ EICERMH D EER S
Nz, WU-97012FWTZDROKEERBEZN, ¥ ORI DEERBIRANH D
EFENEEEE 2 SN, 20T, Y O—22 7 UlexgtAR KBEN THRE S Y
2 LA ERNE, EREITO -7V REENKRBRAREEZ, xgtAD
KIBE TORRBERB T, |

KBENTOXStADERE DD, BEORHANY ¥ —2R LS, TOFT
HPKK223-3%2 AN BAanREENEbEN o2, TITURDERIY. xgtAZ
PKK223-3Iz#8A L/=F A 575 A3 RpKKGTF (Fig. 4.5) 2R LIZKBEE.
coli IM109/pKKGTF% B\ T2 =,

2} 0 — XAt % Pk B & Table 4.310% 9. E. coli IM109/pKKGTF®
AR, EARWU-9701 ORI E X, &> /%7 1 mg7e D Ol
EHMN14020 7)) a3 — AR EHITEL .

PEDZ EMNDS, EEIZE. coli IM109/pKKGTFO EMfaHi ik 2 Az a-7 )b
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EcoR |

a -Glucosyl transfer
S\ enzyme gene(xgtA)

Ptac

Hind il

Amp’

Fig. 4.5. Physical map of pKKGTF.

Table 4.3. «-Glucosyl transfer activity of E. coli IM109/pKKGTF.

Origin Specific activity Relative
(U/mg)®

X. campestris WU-9701 3.5X 10! 1

E. coli IM109/pKKGTF° 4.8 140

*One unit (U) of & -glucosyl transfer activity was defined as the
amount of enzyme that transfers one (mole of & -glucose to
hydroquinone from maltose per minute.

vCells of X. campestris WU-9701 were grown under aerobic
conditions with shaking at 30°C for 48 h.

9Cells of E. coli IM109/pKKGTF were grown under aerobic
conditions with shaking at 37°C for 22 h.
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TF L DERERA . WU-9701 & F&HORIGKICE. coli IM109/pKKGTFD#
MR 2 1.2 unitiRIN L CRIB 2T o /2. TORBR. RICEB3IRHERICHGE
Ko ) o0, BENERINEIMMRT a-7IVTFORNEREnz (Fig. 4.6) ..
WU-9701 D8 A LR, KINREN3SOLICER S Nz,

S 1.4

g

= 41.2

E 1.0 %,

« 7

é - 0.8 §

g 4 0.6 G
(<]

5. <4 0.4 §

£ {02 S

= 0

0 50 100 150 200
Time (min)

Fig. 4.5. Time course of the synthesis of ¢ -arbutin using the recombinant
enzyme of E. coli IM109/pKKGTF. The reactions were carried out under the
optimal conditions: Portions of 10 mg hydroquinone and 400 (1 of cell-free

extract of E. coli IM109/pKKGTF (1.2 U) were added to 1.6 ml of 10 mM
H3BO3-NaOH-KCl buffer (pH 7.5) containing 1.5 M maltose to give finally
1.2 M maltose in 2 ml of the reaction mixture. The reaction mixture was

shaken at 180 rpm at 40°C. Symbols: @, o -arbutin; O, hydroquinone; A,
maltose; V, glucose.
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43. F£&¥

X. campestris WU-97010 o~#)V I —AEBBHRE 1 — R 28ET (xgth) 2
KEEEBEEE LTI/ O—2 2 Uiz, xgtAld1617bp TR E N, 539EDT X/
BBENSRSY O NAVEEI—RLTWe, xgtADEERFI% b L. Bacillus
cereus®oligo-1,6-glucosidase D% b L ITXgtADHEEEZ FHIL . BEZ K
L&z A, FINT OBERERICEST 3 EEIXSAITBWTHEEL N0
CEEHOSMI L, xgtARKBETERR Y, V)V a—-ABBEEIEWU-
9701 D 140fEICE LT, BAEEINXgtAZAWT, PERNR -V T ROAE

EEITRINL Tz,

4.4, BER

1. Willis, L. B., and G. C. Walker.: A novel Sinorhizobium meliloti operon
encodes an a-glucosidase and a periplasmic-binding-protein-dependent
transport system for a-glucosides. J. Bacteriol., 181, 4176-4184 (1999).

2. Watanabe, K., Hata, Y., Kizaki, H., Katsube, Y., and Suzuki, Y.: The
refined crystal structure of Bacillus cereus oligo-1, 6-glucosidase at 2.0 A
resolution: Structual characterization of proline-substitution sites for

' protein thermostabilization. J. Mol. Biol., 269, 142-153 (1997).
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5. Xanthomonas campestris WU-9701 07 )V a1 — 2 EBEE S
AWE1-7a/)S>FF =)V D a-7 J —ZFRH )L 32U

5.1. #&

T

BEREAE & LT A — I EH OEEEICDWTIE, Aspergillus oryzae B3
DB-HZ7 b3 F—BERNE2-ANHT NLE )=V OFFH ST b LM
FEINTVWS, 2-A)NATS LY )=V, KBEVPBSEELHETHD., T
DEBEEOIMEEDASN TS, 2-ANH TSI ) =R EDKBIEOEN
FF—MEEMOERELIZIDOWTIRBENH 2., UL, Th5DIEEMIIF 4 —
WEBE ROFTVINEBEREL TS, BT, E FOoF I INENEELR
WI-7ONRCFF N EETINEBE U TERLE, £ T, X. campestris WU-
9701 ZFANWTS-EEHEDERVURETHI2NARS DI, 1-TaNXFA—ILD
T A IALERHL =, |

5.2. FERER
5.2.1 BEBREZRWEL-7ONZFF—INDa-7 /) <—BROT N2k

FA=NVEOTNATNVLIZBN TS, £ RaFIIIVED -2V a )L 2
LEBRNBEE L TWIONERNS DI, BEBREAVWTRIGEZRH L.
RIMERDOEDIZU T2 2. YV E—A1.2 MZET10 mMER D B-/KEtT U
T A-HALH U Y LEEKR (PH 7.5) 1 mlicl-7a/)X>F 4 —)10.5 M, BRER
200 ul1ZEmL,. 40°C, 120 romic CT48K R & 5 Kb 21T o 7= FISIRIZHPLC
ZRNTHHT LIz, |

KB DTLCA T DR % Fig. 5.11ZR Y. RMEO.LIDHMBIZ/ N REEZ
5NBARY "BRSNE. BEREI O TS5 T7 44— (HPLC) ZAWTRIE
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Wz W Lz, HPLCOWEHigi#R £ Fig. 5.2.10R Y. RIBROHPLCA#T2fTo 7 &
5, REFFFRS. 2D OMNEBITEEKREEZ SNEHBRE-INAS N,

5.2.2 ERMOBERE

RINRICT S ) —NVemi, RIGERpEMBELZZ, INRLV—F—ickDT¥
J—=IVEBRELEE., SUBASLAIORRNT ST 4 —REXDRIGERY ZHBEL
Jro BU, INRL—F—ICXOBHERERLR. Ro ERINERY & EKICHE
nL. NMR, HMQC. HMBCHIE ZEHEL 7=, NEFEEMEICIE, 3-(FPURXF
WU~ 1-F7anRXZAIVEEBEF NI T L (DSS) 2HAWE., KIBERY D
HMBC(Fig. 5.3) DEIEHRZERT. KIGERY DPC-NMRE'H-NMRD ¥ — 7 IRE
ZfT, HMBCARY MVIZBNT, 1MOKRRE 1'MORE, X 1 OKRFE
E1NMOKRRICHENRSNEZZENS, 1ME UMOREVREEZNLUTHERL
To FONRY-1-FA-FNAET ) TR (Pro-5G) ThaT EEHBLE.

Pro-S-GOEDRAKRKXER/ARE, 7/ AUw IOk 7 FH)VIdERE64~5
pomfHEICHBE T2 056, Mok ROFIINEDOMTBOTO NPT FIV &
DRBNIBRETH B, T/ AUw o 7O > FNVOIER. 77 AV w7 ak
oy Ed—- 2 DRBICH B a-7 /X —Tid2~4 Hz, b5 2 ADE
Bl2dsB-7 ) —T7~9HzTdH 5.

Pro-S-GO'H-NMR®DY J XU w70 b7 FIIVOIEIZS.5 HzE afgE & B
EEDFIFPMOEER L, ZZ T, B. stearothermophilusH3k®D a-2 )y
F—EE7—F2 REERD B-T NV F—FBIZLBPro-S-GOIKDMED KT % R
52 K VBEOHERROREEZRS . Pro-S-GlI7—F > REHkD B-F )V
P —YOER%ZZT b o248, Bacillus stearothermophilus#3® a-%~' )V 3
Y —VFiko TMAABENE., LD S5Pro-S-Gida-4THD,
Propane-1-thio- @ -pD-glucopyranoside T#H 5 & &R X 17z,
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i «— 1-Propanethiol

<4— Product

. 44— Glucose
<4— Maltose

1 2

Fig. 5.1. TLC of the reaction products from 1-propanethiol and maltose
with @ -glucosyl transfer enzyme of X. campestris WU-9701.
Lanes: 1, 1-propanethiol; 2, reaction mixture.

oY
4,00
] C d
a
723
) )
< 200+
) b
0. MHM
T L3 ¥ T [ T T T T I ¥ L) T T L3 L4 L
2. 00 4,00 8.00 8. 00

Retention time (min)

Fig. 5.2. HPLC of the reaction products from 1-propanethiol and maltose
with « -glucosyl transfer enzyme.

The reaction mixture was put on an Asahipak NH2P-50 4E column. Peaks:
a, 1-propanethiol; b, product; ¢, glucose; d, maltose.
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Fig. 5.3. HMBC spectrum of the reaction product.
5.3 £ &t

X. campestris WU-9701% R\ TS-EHEERO SRR ATRETH 2 MR D 72 DIT,
1-7anFA—NDTN AT EEBRF L. YEBAEABREZAVWTIIF—2
E1I-TONRFF—NERIESBZEZA, 1BEOERYVHER SN, ZOER
Y D& % ZENMRP X UB. stearothermophilusEHED ¢-7 )V A3 ¥ —XEHW
FERBOMAKSBICE DRI LR, Propane-1-thio-a-p-
glucopyranoside TH 5 Z L MR I Nz, UZ TN a—AEBEERIL, F4—)1
HEicH L TH N a2 ERANT S 2 &2 ML,
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6. TIREEZRZHAWVWEBASRINICEBZ TNV TF o EROBE

6.1. #E

B ROBEMARICBNTI, O+~ 2D 0— 2R EHN SO
EBRRGEFALEADELEBEIN TS, —F. MKSBEROY KN TH
BETNE RPN S A TEE2EBIMEREEH 2 . ZOHETIR. KEBD
BRELEELL, DOERBORBZETLIENVNIREZFHE>TVSM, EEEL
THEEZFHTZOX NIBOEFEH 2. LALRYNS, BEZEEELEES
RiSic& 52703 ROBRERFAERDRN, FVaA—AERBBNETS 7 ) —)ViE
KEEOBWERBIIBWTI, 7—EREROB -V F—E¥REDORIEE
fid 25 Z LIZAMENTNSA, BEYHROEBERIZBWTIEHBEINTWARN,

¥7, RSN THIBEERERRICBVW TN IA—-AEe ROF ) n50D7
VTFUBRERE BAER) 2RI L. Aspergillus nigerfik ® )L 35—
NEDEEEETEZIILEHRBLE. SHRXTOBROME, KIHEEBIZONTD
mitzEfTo . '

6.2. EEBRHR
6.2.1 TIRBRERWEZTYINVTF G

Bx OBEEBEERR (VVavy—F, 7I5—F%) 2AVWTI/INa—-AzH
fEE, EROF ) CEREZIBRELTTINITF U ARELEZRIN LU EER,
Aspergillus nigerBiR D7)y a5 —¥ (Fluka) IZBWTEOEEZ AL L=,
ABERIL -V F—¥ ()b =AMk EER : 0.82U/meg) &B— )
AVF—F (EnEA—AMKIEEM : 1.0 U/mg) 280HEBRTDH 5,

A. nigerARD TN AL T —EBIKBWTTNIA—X, EoEF—X, W)V b—2X
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EENTNEERLLET NI FoaREREZRB L. BEE, ROt/ )z
BT sRERETENETNI0N (W/v) . 5% (wW/v) ERELE. FNVa—2%
WEE - L ERESHROTLC, HPLCOER 2Fig. 6.1,. Fig. 6.2Ic N5
U, FEEBEEEICBI2WHBEML L ROoF ) DIicid 5 ) VERHINR #Table
6.11TR Y,

F11s

1 2 3 4

Fig. 6.1. Thin-layer chromatogram of the reaction products.
Lanes: 1, 10 mM arbutin; 2, glucose and hydroquinone; 3, glucose and
glucosidase; 4, glucose, hydroquinone and glucosidase.

10. 00 - ' i

5. 00 il
- - . T min

500 1000

Fig. 6.2. High-performance liquid chromatogram of the reaction products.
Peaks: a, a -arbutin; b, 3 -arbutin.
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Table 6.1. Substrate specificity of
the glucosidase from A. niger.

Yield (%)
Substrate
@ -arbutin 3 -arbutin
Glucose 0.26 0.32
Cellobiose 027 0.28
Maltose 0.33 0.29

Fig. 6.2 5 a=-Y T F >, B-FNTFLOMEMNERL TNS 2 & SHEL
oo BHYE, “HECELERAVWTOTINTFINERENTVNS ” EWNS, FBERIC
BENB - NaTy—¥, g-Fia EF BRI I A MEES, I a—
AEBERERFL TWBEEZ LN,

UL 5, Trichoderma viride, Aspergillus niger EDOMEWHskD 8-~
NATY—PEREIE, MERBICEVESESU LD -2V a4Y TIHEE SR
Us BN aF ) IR L ABEE2ET 2 LEMEIZE CBRZEAITEBRBIC
LD B-FNaAT REGRTBHANBEEINTNS?, SEIORRIZBWTHF IO
—AEHEREUBIC, THOERERBLE (Fig. 6.3) . X5 |c B, —g 2
BHEZRVWTOTINVTF L ORBIZENENT &0 5, TIWTF B REECII YL
A-AMERIETER L HEEEB L LT, VI a—ABEINET D 7L T F
CUERT S I ENTFRINE, DEOZRER. EZENOSHIINBLTORIE
WRBIIOWTE LD (Fig. 6.4) .
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Fig. 6.3. Thin-layer chromatogram of the reaction products.

Lanes: 1, 10 mM glucose (standard); 2, 10 mM cellobiose (standard);
3, glucose and hydroquinone (control); 4, glucose, hydroquinone and
glucosidase; 5, cellobiose, hydroquinone and glucosidase.

Hydroquinone
Cellobiose P Glucose \ >
or < B -arbutin
Maltose [ >
Hydroquinone

Fig. 6.4. Proposed synthesis scheme of 3 —arbutin with glucosidase
from A. niger.

6.2.2 ZNEWRT IV TF AR ORE

ABRICBIT D B —TINTF UIRSBEERIBOTEWI LE2ERB L (5F—
FEME) . MEEEZAETSERE. SRO I ERVSFERIGTH DMK EEE
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ELE T2, TORBIEEZROCIREBET LI L TERNREZRDD I &
PHETH 5,
REE#EEREOEDHEE LTI, BKRTOERRES, ERMZRIGRD 5
BATBHERERD D, £I T TEFZMUNSPTEIY IF /=R ED
EREEEFAVWTHRATORGEEL B0, KRULITNRZFHDD ZE@T
Elaholz,

6.3. £&¥

BERBICEDTINVITFURAEROF TS, FNVI—AOHEICL58KZENE
LT, WREREAVWET N TF U ARERAZ. TORER. Aspergillus nigerti
RKOZNAL T —FERAWERRICOHA, FNI—ALEROF ) D507 NVT
FUARERRA L, LML, B, ZEEE52AVTHOYTY IV TFOREGRIN
TWBZENS, ABRIEENS a-FNVaTy—¥, B-FNaTF—ERI)
A—AMEEM, VN2 —AEBEEZAEL TWSEEA 6N, LRLRNS,
P a—ZeBEEEUEBIC, ZHEOEREBRLUERE, “HEEE52RANTDH
FINTF L ORBIZENENZ END, TIVTF ARSIV a—AMEE RIS
THERUETEEEEEELT, FYVaO—ABBBREIOTINVTFONERT ST
EMTHEINE, |

6.4. BEE
1. PEEX. BaEs, BEARE TEREERRNS RTy ., @it

(1999)
2. %:B82000-23692 : HE &ML THRARET.
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7. JNVI—AMEBROERR

7.1. ¥

T

RARICHEL, SEENEERTREE
T B RIS, YT LIRS EER GFOH ‘/ \\ on
EOEYCHEETATINVTF > (e RuaF)/
> B-ZN AR, Fig. 7.1) WEAFEL H
TR, EEEZERYNS—5HEZe HO
fkFIELTHWAENTWS, #EELT OH
X, RAEH» S OHMEE, FRIEENE Fig. 7.1. Arbutin.

Rk, YRR BER E R L AR
EAE SN TS, AN, IX NETHE
ENE< . L DRMREEREENTYS,

HAEE T, MEVBREHAVWETVIFLOERICEL TREDRENH S
2, ENHBNBICIIE->TWARW, FIT. BEEBEEE OEADEEITS
WC. PHVTFUAREREETHOMAENORREBME L THRET L,
HEOTETOLAEERLT. HROBWTILTF O ARTHEEY I I—
HAMRRETBMENE Y —Fy F E LERRETo I,

7.2. EEBHER
701, BEEEESRBEREORY - Y
SRR ARICBNT. B~y —E AN RENS < BINTNS,

ERFEICBVWTHR-ZNATF—FZ2RAVWBIENEDTHDEEZEZ, ATD3E
DAL — TEBR L,
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E—BW . TN TF O RE—DRFRE L TEFTTRERERORER
EOBR . RARGERWEB-ZNaT Y —EiEEERT ERO B
WK ESNEEEEZAYL, VNV a-AFxkRTEoES—XeEEEELE
RIBRICBI 27 IVTF I EROBREN
EVWIBEED A V-V T EfT 0Tz,
AP ==y OB BRI Table 7.1. ArbS medium.
(ArbSHE#) DR ZETable 7.1 IR, HEH

Arbutin 50 g/@
BIE—DORBFBEEZTINTF L ELEDHDTH NaNO3 : 20 g/ 0
2. TVIFLeM—ORRBETDRHEL  \pay504 20 g0
TiE, #—4 v b ETHIMERLA, — BRI 'KH2PO4 05 g0
R TRIDRTVED, BERICBWTE K:HPO4 05 g0

B7INVTF U AREREHR TSI EARET MgSOs - THO 0.5 g/ 0
HDBEEZEMNSTHD. B-FNVaAT¥F—EHE MnCl2 * 4H20 0.07 g/ 0
HE2FZETLLEVIBKRTIE, EnEF—X 2% Metal solution 20 ml
AnazZebEZIONDN. 7/ —I)VEEYE Vitamin mixture 1.0 ml
GEEELET D B-VaV Y —EEERMRE T pH 70
B, TIVIFUERBIRETDHIENEY

ThHBHEEZT.

L. 20 MIARBREICATDSEH (Table 7.1) £5mBNEL. ¥ > 7L OMHE
K100 plZMAT30C, 120 om THERERE 21T o 2. T2RHEERL THEAN
RRTEH2 I LTI, BUArbSEH#IIZ100 wlmX TRAEE L=, 3E
WAREEE LB OHAENERTEREY O INVIINLTE, BB /0T 574 —

(UF. TLC) kK&oT, b ROF) S OBEROEEERBLE.

et ROd ) O OEBNRD ST ViR LT, B-Fas s —
PEETICBWTA VP IBEREERLTELERATS S—bromo—4—chloro—3—
indolyl- 8 -D-glucopyranoside (BAF. X-Glc) %40 mg/IEML 7zArbSEH D2
%EFT L — FEERL. T CIHERTEFL, TLCIK&>TE RO ) > 0iff




BMAMBLUI-EHREZEE L. X-GlcOR2BT58EAEFig. 7.2 17577,

Br

al 2 Glucose
Cl ')
CH,OH j Br N
OH y \ N > O N — g
= i Br
" B —glucosidase i )
OH
(B6) (F)

Fig. 7.2. Mechanism of color detection using X-Glc.

FORR, TORI)—Z FRIEBVWT, PINTFU2ERTBEEDNSE
Ak (YS003:msn) ZRELE. ZOBRMBEOTEBMASHEEL, 20O
KNERREEEBZENS, TV —FOEEBIVEREEE.2FIg. 7.3 XY
Fig. 7.4 I R9 .

Fig. 7.3. Photomicrograph of strain Y S003.
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Fig. 7.4. Transmission electron micrograph of strain YS003.

7.2.2. YSO003RZFHWET IV TF > DOERK

Kz, YSO03RD B — T IV TF > GRIEME R Uiz, ArbSEHIORFBIRE 7))
I—RFEREFZOEF— R UEH (TN, AGHEH, ACEH#ET %) 12
BL. 7T2RFREIEE U BERIC, B ROoF/ >% (25 meg/b mIE#EK) Bl
o T2RHEIGHEIREL., 7V ITFEROGEEZTLCIZE > THRB L. £O
B, O A—AE2EHEBELEEETLCTTY N T F o EBbN S AR Y FAH
N, ZOTLCEFig. 7.5 12RT

I T, BEREGACEHICHEE L TT2HBAEELAbO, KINKETEERIC
EROF) CERFEMUTCTI2HERIGESEZH D TH S, BEEOTIVTF > LIZIER
CRHET. ., BERTHAESHEZWVWARY PRI TR SN M5,
CNETINTFoTidnwhEFHEEINE, £ T, HPLCIZ L 58 biTn, 7
WTFUAEROEEEZ#RL-. HPLCO# R %Fig. 7.6 ~ Fig. 7.8 TR 7T,

Fig. 7.6 £ 0. RERMMKE.0720E—I BTN TF o TH B, Fig. 7.7 Ok
FROHPLCTRIE TN TWEWT VT F O E—- 2, Fig. 7.8 O RIGEDHPLC
ThREHEINhTWS,
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1 2 3 4

Fig. 7.5. TLC of the reaction products from hydroquinone and cellobiose
with YS003.

H, hydroquinone; P, product (arbutin); G, glucose; S, saccharides. 1, arbutin;
2, reaction mixture ; 3, culture with YS003; 4, medium. The Rf values of

hydroquinone, the product (arbutin), and glucose are 0.7, 0.6, and
0.3, respectively.

DLEDHRED., ZoMEYH (YS003#K) &, TIVTFLEERLTVWSEEER
55, T8, RISEEREZFRICT D,
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4,00 ' ch.

0.00- ' '
-2.00- o ‘ _-
- - T v 4 T T T ~T T T
5,00 10

. 00

Retention time (min)
Fig. 7.6. HPLC of the of standard arbutin.

e - - ch.:
2,004 W

4,00
o.oo—: ' : -
e //”w—“"’
. ' ' T e ' ' 000
Retention time (min)
Fig. 7.7. HPLC of the culture of YS003.
'4'00-mv - T ch.:
o
o
"2.00—_
- 5.00 ' ' 00

Retention time (min)
Fig. 7.8. HPLC of the reaction mixture.
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73. ¥&¥

FIVTFUEREREZETH MEYOBBEENELT, AV V-V %
Fote, AV —o 70 TIRRIC B> TR, ESHOLE, HY. %
K. FIOK BRAESXEXERLOEERLE,

F, TINTFUAREREZRETAWMEMEY—T v NEUREIBREOA ) —
S RTINS TN E B, BB TS 5YS0038 % Bl L 7=, YS003
B, SRR TERRLZTEN SEELZBOTHD, SL— A EIOS—
OHRBEIUVEMETEEL-EENS., RRETH 2 ELEZL 5N/, YS003%
. V- SENEEE LTI AR oA, REEREEDEA—2ic Uk
& LROF) VEB-T ) I—BREIC /NI DR EET S LM
BL7. TLCBEUHPLCK XD 7NV TF L BRERRB L. S8, RISRHRE
ZEHICIT S,
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8. W h—AFRAKY F—E&ANEERTROBR
8.1. S

<R —=ZAFRAK) F—F¥ (EC2.4.1.8) & IV b—A0MY SBIERIEE
gL, AIMMIZ B-1-U UEBEAETAIERELTALSNTWS, ARFE T,
MPaseliZ DWW THEZAREEF T, A7 0—AKAKY F—F (EC 2.4.1.7) TH
EINTVALES REEEARER OFBERIEL 2.

8.2. ZEER#ER
8.2.1 TERIV b—AKRZAEKY F—Hic Kk HEEES RO

HRENTWAABEHKOTI h—AKRAKY S—EE2EHAL T, EEFDE
EERLE, BESAKS LTI, 7INI—VEBRLE, 7Va—)VERIE—2
100 mMZE&$10 mMA™ B-KEbT b U A-H{H U Y ARE® (0H 7.0)
0.2 mlizMPase20 £ 1Z M L. 40C. 160 rpmic C24RMIRE 5 RiSEF 57z, K
FSRVIHPLCE R TR47 Lz

SO VI ERWTRESERED S, TOR) =), T ) —VEEE
LLUEBEE. BEAOARNED SN (Table 8.1) . EXKFNI—IVIIHT HE
BES RERNBD N, 1-T7% ) —VERBELESE, ERYOBRIRDE
DolDT, TOBDERIIL-TY ) —NVE2ETFNEBELTIT> . RIBED
TLCA Ok B £ Fig. 8.1.1CR T, BWEEMSMI/ VAL REZEZBNBARY b
NESNE, BEBEAKIZ O NS5 74— (HPLC) ZAWTRBRESITL,
HPLC O ¥ i # Fig. 8.2.107R 7. AIXREH. BiZl-7% /) —)VDHDBDTH
2. TORE, RSBEOHPLCKEEEEEX SNAFHERE— I NRSNE,
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Table 8.1. Synthesis of glucosides

with MPase.

Substrate Glucoside synthesis
Methanol —
Ethanol +
1-Propanol +
2-Propanol +
1-Butanol +++
t-Butanol +
n-Pentanol ++
t-Hexanol +
t-Heptanol +
Hydroquinone —

+ and ++, glucoside synthesized;
-, glucoside not synthesized

2 <¢— Product

. <¢— Glucose

. . ' <— Maltose

Fig. 8.1. Fig. Thin-layer chromatogram of the reaction mixture (substrate :
1-butanol).

Lanes: 1, glucose; 2, maltose; 3, the reaction mixture with MPase 1;
4, MPase 1; 5, the reaction mixture without MPase.
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10. 00 ch. 1

] (A) b
2 s.00- 2 ,
« : 1
] a
0.001- A B
T r r r . mir
5. 00 10,00
10. 002 ch.1
| B) . b
2 5. 00- 2
< | /IW‘
0.00-L-

T . - r . _min
5.00 10. 00

Retention time (min)

Fig. 8.2. HPLC chromatograms of the reaction mixture (substrate : 1-butanol)
(A) reaction mixture with MPase, (B) reaction mixture without MPase.
Peaks: a, product; b, 1-butanol.

8.2.2 ERMOBREIRE

RiSERMZEHBE L, INRL—F—iZXDTF )NV ZRELER, JUND
SKAZOR NI ST4—CIORIGERY ZBBEL 2. B, INRL—F—iZX
DBRBERELEE, BoERBERYEEKICENL, NMROBEE
o7z, “C-NMROBERNM S, ERMITITTS /) -V & ﬁ)b3~1®5—9ﬁ§§»§
DHN, RPN RTHD I E2HABLE. EHITH-NMROKERN S,
FIAYw T NI FIVOHENI O Hz ThHoizl &b, o THBHI &
EHR L. Li=R-> T, £E#idbutyl O- a-p-glucoside TH o 7z,
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C'H,0H"

Hh cz—o . DMSO
A N\
c
OH' Hf
H"‘é)\c? ,:/ O—CPHY,~CCHC,~CBHP,~CAH?,
H? OHX c B
E Ig A
FnHD
]
T™MS
by W By 149 " Y ] (4 % T
ppm
J,=3.98 Hz
m T™MS
a
g1
|
o e U
i lJ ke DMSO X
1l NS 1 )
ppm

Fig. 8.3. ®C-NMR and “H-NMR spectrum of the reaction product.
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83. £&¥

EHETIE. SHE—AFAFTIYIT—HERODWTHEZELEETTO
B A RIS DF BERIEL 72,

IR SN TR BABREHROMPase 26 A LT, 7NV I -V ORMELERNL
2o TIA—)L &I F—Z100 mMZEE10 mME D B-KER{LT NV D A-HE
AU AEER (pH 7.0) 0.2 mlicMPase20 ulZ2%&ML . 40C. 160 rpmiZT24
BEEE S R EiTolk. EXRI-T¥ ) —NVeHE L LHE. ERMOEBNE
bE Mo, BEREET>7EETA, butyl O-a-D-glucoside (a-BtGlu) T
Hotre TIVR—ZATAKY S—F¥E2HWEZ -7V RERICADTHRIIL 72,
X512, AFH-KOZHRICBWTIRBZToREZS, o-BtGluDARINE
DEERESHN., “HRICBI2ERBEEREORS2ITO>/EIS, PH6.0, T
JVh—Z1.8 M, BE£169 U/mlOL&H TUBBRBI®REEZA, #E51-TF /—
)V 75 0 24.7% D)V EHIRE Thutyl O- a-D-glucosideZ B RAIRETH o7z,
DRB TR ERYVINAKDEEINTHENIC - FNAT REEGRTEEERDS
N, SRMOERAZNIL ROBRICEAT S ENAREEZL SN S,

8.4. ZEHE

1. Kitao, S. and Sekine, H.: ¢-D-Glucosyl Transfer to phenolic compounds
by sucrose phosphorylase from Leuconostoc mesenteroides and

production of @-arbutin. Biosci. Biotech. Biochem., 58, 38-42 (1994).

54



BEbLUIC

AHETIE. MEYEZZANW-EEAOTRERFEICETIMEZT O

Xanthomonas campestris WU-9701 1% a-7 /J X —BREIC T )N I — RiEB 2
FOFHEBBEREERETS, CNETICUEEBERZ2AMALEY V- ED-OHE
DTN AV EFoTERER, SEFEERREAELTT ) -V ED-OHEZ
Folr. £ix. TNETRBEDORWFF—INVED ¢-F VAV ILHRRRETH S
LEBEOMNC L. 51T, U¥Fa-F N a—AEBEROBEE K UHEE ORE
B0, E<ITTY P ROIMKAFREME 0-FLa S RERIEEOB%E R,
W g-4 ) - AEBEBERORBREEEZHSMNC L, £k, YBBRERTZY
O—=>F LT, ZOEERFIEHRN Bﬂi&@ﬁ{uﬁmmﬁﬁﬁﬁikwﬁlﬁ]ﬁ%%ﬁ&
TREEFHOMTTDEEDIC, YHEBEZHTETICE 2. YEBEREBELTZ
ABETEREI RS ZLICHRYL. HBABEREFAL Co-FVay Redk
TR AE EETMRERRIN SO X Z@EL.

¥, FNO—ADMEICEDTNAY REERTREETIERFEEHILT D
7. HIREEBLVCENBREEETAMEMDAI Y- T &fTo . HilR
B Tld. Aspergillus nigerfiRD N AL F—V¥ERHWEZHEITOH, FIVd—
ZELROF ) ONEDOTINTF U EREHR L. LELERNRS, JVa—A%
EEEE LRI EOEREHRL, B, ZHEEB52AVWTHTNTFIO
INRIZERENT END, THVTF AR/ NV I—ARERBTERLEZ
AL T, FINVIA—AEBBBEIOTINVITFONERT S ENTFRIN
oo ERAZ Y= TIBWTI, E%ﬁ%@iﬁ!ﬁﬁﬁk?%%YSOOS#k%iﬁﬁ
L. YS003#kiZ., Za—AMAaEkE2AE L TidnEho 2, kFEREEDOE
F—Zic LB e. B ROF /) V& B-7 ) X—RERMIC /NI oBERE &
EITHIEEHER LT

7. FleiRaE LT HREN TV AEBEHEROMPase 2 AL T, 7V
aA—- ) OEELERN L. TORKR. 7NN E0-OHEZ )N 32T IET D
EHEERHL, EK1I-T¥ ) —NV2REELEEE. ERYORNZEHEZ. T
W E—ARAFY S—F¥EAWEa-ZNaY RERICADTHRI L,

ARETHAWEFER. TNETOBRERBICES VY REREZ—R2ZE
C THRFIETHY, SEHERZEDEARFBEOIAVHARENS.





