Joogdbootgtdbbodgtdbbotgdootgd
oottt oaAtdbod

gd 0o g, oo oo, oo oo, oo ob, d
O oo, 0 oo, 0od oo

goag Jooogoogoo. gboooon

U 27

gon 199-207

googooogad

Conversion of Stevioside to Rebaudioside A by
Stevia-Glucosyltransferase

URL

http://hdl _handle.net/10232/00001729




BIRERFELMLRE (W - £WF)
No.27, 199-207, 1994.

2ATFTETDITNVAVINVEIST VAT 2 5—HIZLkAD
2TFEFTHY A RS UNYT 4 Y4 FANDOEH

W OUERY - FIERSEAR T - IR - BRIGERY - pliERY -
v GRANY - ARG
(1994410H17H)

Conversion of Stevioside to Rebaudioside A by Stevia-Glucosyltransferase

Shiro HigasHI", Mikiko ABE"Y, Toshiki UcHiumi”, Kaori FUJISAKIY,
Noriyoshi NAKAYAMA", Yasunori NiSHI?, Shunji NANYA®

Abstract

Content-distribution of two sweet-glycosides, stevioside and rebaudioside A iso-
lated from whole plant of Stevia rebaudiana Bertoni was estimated. Stevioside and
rebaudioside A are contained mainly in leaves of the top part of the plant, 60.9% and
49.5% of the respective total contents. In the roots, only a little amount of stevioside
was detected but not rebaudioside A. The mature leaves contained large amount of
these glycosides than in the young leaves.

Glucosyltransferase which is an enzyme to convert stevioside into rebaudioside
A, was isolated from fresh leaves of S. rebaudiana. The enzyme was partially purified
by ion exchange and gel permiation chromatography. Molecular weight of the en-
zyme was approximately 33,500. This glucosyltransferase was immobilized on
DEAE-agarose gel. More than 50% of stevioside had converted to rebaudioside A by
continuous cyclic flow of the substrates solution through the enzyme-immobilized
column for 24 hr.

Key words; Stevia rebaudiana Bertoni, Stevioside, Rebaudioside A,
Glucosyltransferase, Immobilized enzyme.
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XU ROLELERTH B AT YT (Stevia rebaudiana Bertoni) 1%, 2 KAHEWE L TH
HMOHKME*EAET D, ZOELDLLDIATEF—VET ) A2 T 5T T IVREHER
ThHY, HETHHEOMEE, B, SOICKEATAMEBICL ) HEKENIEILTS I EPHLNTW
% (Mizutanietal. (1989)), ZOHTHHRILZEIZETINTVH AT LAY A F (Stevioside)
BXOLNNY 51 444 FA (Rebaudioside A) 1ZL x #D200~300f5 0 HHREZ /RT 2 & H
5, i, BERNOFHAPEAIC L > TEL, flzIE, ERMESR~OBE ZHERINGER S 5E
BEEGICE 2 MERT, BYWEMZ EICBITA2EEO@EREEC L A58 0BG % &3 m il
BEOTHEEMNE) COXI) LHENIELODOUELHKRAHRT 2FRE LT, /2, BESEH
WBWTEYE L TCOMOBEBRERI DD, ATFEFH A FR LAY F 4 434 FAOFH
DHEFEITETTETIRLOOH 5,

AT ETHMERTOATELTH A FBIPLNNY T4 44 FAOEEEIX, TOEBRY
LW ELRZ, T2bbLRMEMETO I BEIRDS L, FERREIET TS, EHI1Z, 202
BTSSR, BEOR—HERCHRMICE s TLEEPREL o T, TNHDEE
EXFMIICHEL, INSOHKEBERONEZBOALLODOFREEAEZERTHILIIFERTH
5

—H, LN T4 4 A FAZATEAH A PV ERMLZEERDETH), TOHKEIZA
?Eﬁﬁ4F®%MF’¥¢é*tﬁﬁ%hfwéoVN7?4%%4FA%§<€€16X
TET DRiER RS 20121, EROFEOTFEICL 2B E (T, (1984)) &, BESIC
£, 13FOITNVIA—=ZA%ATEFH A FOTMIIMLTUNT T4 A A4 FANEEHRT 5
in vitro TOFFEDOFFEIHKA S N T &7 (Sakamoto, et al. (1977), Kusama, et al. (1986),
Fukunaga, et al. (1989), Shibata, et al. (1991)), ,

ARICBVWTIX, ATETEHEELID VI VT v A7 25—+ (gluco-
syltransferase) %#fith, FoMHEHEL, Thzpee L CEEIEEE 2K, UDP- 7“)1/:1 A
BTNV AVNWEGR, RATFEFHA FEZEEREL, ATELHA PO TV T — A
NG T4 %A FADEB RO L ZA AL L L LT,

MEERE

HE+EY
27 ¥'7 (Stevia rebaudiana Bertoni) 13 H BAMRRSHABRBSICTER L, LXT T4
TH A FAOBEEMES FAMH L7, REMEWIIIHEE L, BREOFHETTERL 2,

EEFEADimY

JAFE L 7Bk & ALk TS, MARREI 2 ZBREE OB EDIRAKICEE, 60°CICTLRMH
TG L7, RarE»BL7:%, AEEON-7% ) —VEMZTHLIREMB L, 5000rpm T
S5 MhE LT HE, EBOT Y ) —VEELC TRIERNE, ZESEZ, TNEPEDT0% Y / —
WVIZHERR L7 0z MlaEE & L,
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WMEMPDITFEX YL RELVLNNTTF 1 814 FADRTE

EEEks o< N5 74— (HPLC): B2 A7 574 0% —(045pm)iZ2TAHBL,
TR M)k (80:20) DIREWICTFEALLZNEMESEE 7 a<x b7 74 —HA T A
TSKgel Amide-80 (# 5 4% 4 X0.46X25cm, Tosoh) 2T, ##E(0.75ml/min TT&EH, UV-H&
HEC2I0nmICBIF AR EEEXE=F —LTATELF A FBIULANY T4 494 FAREER
B OB HICET 2 AH R & B L 72,

HEosu<vhr5 74— (TLC): RBHDRAFELFTH A FBLI LY T4 %4 FAOFTE
XEB /U NI 74— COMER LA, BESL— MidT ) #57v (DC-Alufolien
Kieselgel 60 F254, MERCK) %M/, zouofkiVa : A%/ —): K (30:20:4) DRBBER%E
BERAGE L L CHW 2, B L-ERBKIIEE /2%, 50%mEE% EE, 130°CTlombnsk L
THEOBTILIARY PONEBEEZZNENOERD Rf HEXFH L 72,0

BHAIE ('"HNMR) O#IE  BERICIC IV EONERW LIV T 70< T T
74—, HPLC THB L 2L N7 71 4% 4 FAIZ, 'H-NMR (JEOL SX-400) 12T, AFESF
FARNBLOEULNNY T4 FH A4 FAOZFNFNOEGDT I ANV 7 bExttt - #ERRL 72,

JIWAVIKS AT 15 —EtHEBEOHES LU EEH
TNVAYNINT A7 2T —EOHM, BB ROFEY Fig. 1 IZRL, Thbb, AT
E7 OFEEYKEL, EEEDI0EED Lysing buffer (125mM 7 X I VK VEEF M) T A4,

Stevia leaves

Homogenization in 10 volume of 50 mM Tris~HCI
buffer (pH 7.5) containing 125 mM
Na-ascorbate, 10% sucrose, 10 mM
2-mercaptoethanol (2EM), PVP (polyclar AT)
at 4C

Filtration by three layered gauze and four layered
miracioth

fil,
12,000 x g for 15 min at 4C

sup.

Salting out with 30% saturated (NH,),SO,
0,000 x g for 10 min at 4C

sup.

Salting out with 70% saturated (NH,),SO,
0,000 x g for 10 min at 4C

Dissolving in 100mM Tris-HCI buffer (pH 7.5)
containing 10 mM 2ME

Dialysis agaist 10 mM Tris-HC buffer containing
10 mM 2ME (pH 7.5)

Column chromatography: DEAE Toyopearl 650S
(25 x 180 mm), stepwise elution;
0, 0.15, 0.3, 0.5, 1.0 M KCI
in 10 mM Tris-HCl buffer (pH 7.5)
Concentration

Crude Enzyme

Fig. 1 Preparation of crude glucosyltransferase.
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10%Y vy huo—x, 1%BREER)E= vETO) Fr, 1I0mM 2 vh 7 s /=) (2ME),
50mM Tris-HCI buffer, pH7.5) #/12 T 5 M &€ Y & — b (Ultra-Turrax T25, Janke+
Kunkel Lab.) L7, BN/ BEREIE, 3RBOF—F, RIZ4BD IS 71X (Carbiochem)
WCTHRFIAE L, MR EOREY RV, A% 12,000Xg TELOFBEL, LiEZ30%~T5
% EAFBRER 7 ~ E = A THEN, tBE%210mM 2 ME % & ¢ 0.1M Tris-HCI buffer, pH7.512&
fi#, 10mM o Tris-HCI buffer (pH7.5) 2%} L C—&EN L7720 D LEOEBIEIZITRTLTCTITo
720 B L7 1 X 1210mM Tris-HC1 buffer (pH7.5) T¥#&{k L 72 DEAE- h 33— )L
650S (#1584 X, 25X180mm, Tosoh) [ZTAF v ru<x b 7574 —%1To72, &
Hix KCl #&$10mM Tris-HCI buffer (pH7.5) XA AT v 774 AEEH W, HAXAT v
70 KCl EEX, FERM GERES), 0.15, 0.3, 0.5, 1.0M & L, ¥t 2ml/minT, £A7 v
713100ml 0B L7z, £ BEIXRNA@EE (7 2 3 Y PM-10, MW, 10,000) (2 CHIERHE
LT, A7EFH A F& UDP-ZVa—A&HEHE LT/ NVIAI VT A7 —EBiEHDE

CERBIE L, KIZ, BOSNIEESE %0.1M Tris-HCI buffer (pH7.5) TYELL7Z: k75—
JV HW-55F (#9444 X, 22X500mm, Tosoh) 2T, #iE 1 ml/min T I ABEZT< b
7574 =%\, 280nm IZBIFARAELRE L2, ¥ OV BFBEHROT VIV T Y
A7 7 —EiERLHE, EHIETEHEL, BERLCITIATIOY NS T 74— L7

Table 1 Composition of reaction mixture

Enzyme 100 1

Stevioside (6mM) 100 ¢ 1

UDP-glucose (20mM) 200 # 1

Tris-HCI buffer 600 ¢ 1
(0.1M, pH7.5, 10mM 2ME)

Total 1000 ¢ 1

TNVAYNENGT A7 25— HiERIE, 6mM AFEFH A4 F (FvayvESEE) 100
pl, 20mM UDP 7 Vv a—R (Fva—ZAt548) 2001, BERBHR (¥ > /37 BigE0.53mg/
ml) 100112, 10mM 2ME#% 4%:0.1M Tris-HC1 buffer (pH75)% Mz CE&E% 1ml & L, 35
CTT2WMPLEAS v F 2= L7 (Table 1), RIGEKWIZFEDN-7 ¥ / — VI TiREER
BL7:%, n-7% /- VERBEREECKRSE, ZEEBLZ60COIREIZEMRE, HPLC (77 4.
Amide 80)I2T LN F 4 A% A4 FAOEFROHFEL EEEZHIE L,

TJIWAVNWNKRSI L RTz7—EEMICELETERBI T DORR

DEAE- k 33— )1650S # 5 & 12W%%, 0.15M KCl 2 THEH L-ES 2 MBEE L LT DENHE
RBEICBLITT2MDOMEA F Y OHRIZOVWTHR, 7TAMLAERBA 4 VX, Ca’t, Mg’",
Mn?*, Cu?*, Co’*, Fe'*, Zn**Z#iEE5mMI|Z7% 5 X )2z, F7:4.6kBq [1-“C] UDP-
D-ZNVa—A%FEFTNNVOUDP-D-Z )V a— R LI/ L 720 FISHEN-7 5 ) — VICEER L7
BS %@k v FL—arhyry— (LSC3050, 74 )X TlIEL X,

BEOBEEL
DEAE bk =/3—)V650S 4 7 A ICTEER L /-MBERE 4 ml (¥ VX7 EHE, #20mgtHy)
% DEAE-7 #u— 27 ViZEZE{L &+, 10mM Tris-HCI buffer (pH7.5) TH LS/ T
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L (764 X10X100mm) 2R L7z, RKISZiE, 6mM OXFELFH 4 F&20mM @
UDP 7Va—ZX%, 10mM® 2 ME % &¢10mM Tris-HCI buffer T 6 mIFHE L, 35CIZRIE
L7 T L %2 2408, #0.75ml/min THER S E 72,

BRBSLUEER

EMERICEIZXTEFH A RELNTIT 914 KADLH

W EEEDOFTATETTA FBLX LY T4 34 FAOTEHEA»ED X ) I257 L
TWENERBEE L, AT ET7OEERNBem, # EEELHS0enDEF ONEHR 2 B4R L E, #
BT Fig 2 ITRTEHICIESLAbDE, BEROAXEIIOWTERER 1gh/-) DA
TEFHA FBITULNT T4 454 FAOEREXRHE L, TOKE, WMEL ORLEBOE
WEIIRDLELEINTEY, AFELH A Fidbdbdmg, LAY 71+ 44 FAIZ28.73mg &
WAHER Rz, Thbb, T02EDEER T CHEYEKDOBHBIZRERDSIZ%E HOTW
HIEMHBHLE, 2L CEOEREIHEWARDO TEIC R LI TETL, BETIITL DY
MORATEFH A PR EINZZIT TN T4 33 4 FARBREBE SN oz, 512,
W EROEIZONT, ER=FFRICIVSEL, TNFNOEEEOEEYHE L), ED
BHRIZIND AKX (lemRil, 1-2, 2-3, 3-4cem) 2400, &g SE/% HPLC ICTE
BLLZA, WEEALDIBROLIREVYAZX (3-4cm) ODREIZEZEINTHEI LM -

Rebaudio-
Stevioside side A
(cm) mg/g mg/g
= (dry weight)dry weight)
54.55 28.73
50 31.09 27.87
2.67 1.47
'
A
25 1.28 0.00
\V2) 77>

.....................................................
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720 72, 1 MOETIEOTREA,SLEMANCEBHMI D OELEINTVE LV IHEREE
72 (F=2E3REY), Thbb, ATFEFHA FBIVLNNY T4 94 FAL LQHEWERT
BEBISEWEVWESOE, FLEICOWTANETFICEREBRHELAZET, LrdhRiE
WA EEN T2 Ens, WADEREARE EPIMEL THRERIN, HIHEEDOED
BT TEICER IR TWAEEEZONS, 2DZ LiE, ETO I XRRHTER SN 2TV
I—ZAOKREGD, 2RRBOMEL LTHHSN, BEEEATERINILZTFEIELHOD
Thb,

ATETDELYHBLE-INVAIINEISI AT IS5—F

W OEETAEICATELT T A FBI LY T FH A FARE L ETNTH 22 Enb,
DI IEE R A AR T ABENLECEINTVE I ENTFREINL, 22T, XHBOE
MORATEFTA R NVa—= A1 5F ML TLNT T4 %4 FAZERT HAEBEE, AT
7 - ZNVay Vb5 AT 27— D582 MR,

Bt 257 OEOHMER LY, HEET v €= A TN L7454 B 2 DEAE- b 3 /35— )L
650S 2B X H, KCLIZTAT v T IA XETEN L&A, FVAVNVET AT 2T —
EEEERS120.15M KCL IZTHEH SNz, o5 % BidEERE L < b 33— )b HW-5F(2 T

)

Absorbance (280 nm)

Relative Enzyme Activi
(Glucosyltransferase

&\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\m“

0.00 37.49 75.00 112.49 150.00

Retention Time (min)
Fig. 3 FFLC-elution profile of stevia-glucosyltransferase.
Column; Toyopearl HW-55F, Column size; 2.2 X50 cm,

Eluent; 0.1 M Tris-HCI buffer, pH 7.5,
Flow rate; 1 ml/min, Fraction volume; 2 ml.
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Relative Absorbance (210 nm)

LNV N

0.00 5.00 10.00 15.00 20.00 - 25.00

Retention Time (min)

Fig.4 HPLC-elution profile of the glucosyltransferase-reaction products, Rebaudioside A.
Column; TSK-gel Amide 80, Column size; 4.6 X250 mm,
Eluent; CH;CN:H.O = 80:20, Flow rate; 0.75 ml/min.
Single arrow; Stevioside, double arrow; Rebaudioside A.

VABI O NI T T4 =707, EEFBEAFHERLY 7 LICTHZ 0~ b L72280nm (2
BT W L BRIENO 707 7 4 V% Fig 3 ITR L. BEEEOREIZIE, 715 KN
Wx 2ml 3§05, BHEL®E, SVIVV NI AT T —BEEETHPLCIZTHIEL, L
NI T4 F A FAOERER2KD Fig. 3 Eic7ay L7, DFEHEDERY VN7 E %,
M=)V HW-55F A al2Ccr7u~v M LCTERL7ER LD, COTNVIVWVEIT AT 2
F—EDnFEIIMNBZL0EHEL -, COBERICL D SERY % Amide 8012 TH#HT L 72
HPLC 7u 774 V% Fig. 4 IZR L7z, W, ATFEFH M FOE—ZIZEEHNT, LNTT4
FHA FAOY =7 IZZEREHTRL, COMEDY -7 OB S IBRFEEOBSIIME> T
WA= AZFEERTHAATELFS A FHMET, KSEEPDOLINT T4 F4 4 AT 5K
MASEHREI NS, T/, ZOEEFEIZCo Iz X Y RIE{L &7z (Table 2),
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Table 2 Effect of metal ions on glucosyltransferase activity

Metal ions (5mM)

Activity (%)

None (control) 100

CaCl, 86.8
MgSO, 31.6
MnCl. 29.3
CuSO, 20.8
CoCl. 123.9
FeSO, 73.1
ZnSO, 16.5

HOWHER - PUERSEAL T - AERAS - BRIGEE - Lk - T RAI - BARE

ETEtBRICELBZATEAYAL KPS LNTT 814 FANDERH#R

DEAE-7 a0 —RIZEEL L2V VI TF VA7 25— V¥ REBERRL L CERERICE 1T
VW, LN T F A4 FAO&ERZ HPLC (5 40 Amide 80) I CTEE LR, 24RO
BREIST, AWAATEFH AL FOMS0%DLINT T4 94 FAICERL TSI L 2HERL
7oo F72, IBERYFDOLINTF 4 %4 FA% Bio-Gel P2 54 (h T 434X, 17%1,000
mm) (2T, 10%T% /=) )VEEREE L Ci#E)Iml/minTr VA @E7 0w b 7974 =12 &
DHERER L2, CORBEFERL HNMR IZTOW, 7IANVY 7 P 2EEFRBOD O L
4, EEMBEZICLLSERPDPLNNT T4 3314 FATHSZ & 2R L (Fig. 5),

—
/

-

o]
I ™1 MM B T ....—..;'ﬁ. —1

'"H-NMR spectra of the reaction product (Rebaudioside A) of the DEAE-agarose
immobilized-glucosyltransferase.

Fig.5

DEDEHIZ, ZVaTv VbS5 A7 25— EOEENTETH), FEIL LT T4 44
A FADPERTAHZ ERBRTELI DL, BREEROREMIC L 2F8EF S ZEHR L 2T
AT —VCORHALTRTHLLEEZOND,
ATETHIZERINSGSEOHKEKR SOV HWE F 2L o T %2 2 BIRZFHODOH, F 7%
HYOHTE, [MIATETZIFIIIOL) REEI Do TWHDO0R LY, BITTXEMER
3%\, /2, ATFELFH A F>L AN T4 A5 4 FANOEBRBEROSHAEOILKEEH E L



AFETOINAYINESGI VAT 2T —FILLBATFETHAL FHSLAYF 4 494 FA~OZEHR 207

T, SOTFNVIAYNVI T VAT 25— BIUVEEBZERDEEFZ/O—= 0 72TV, NAF
7770V —FENOBRE‘HFEINS,

A &

ARREET 12b72 ), HNMR BIEIE A RAERAATI 1SS 2 RO THE 2B £ L7
BB BRI LR TR IS H L & R L 1T 35,

KUFFEO—E I FEARERL SR mPHAIRE R DR R 3 FEEEMF TR % 51T TiTbh
77
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