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Studies on Biosynthetic Enzymes of Soybean Saponins for the Breeding of Low
Unpleasant taste Soybean Variety

Masakazu SHIRATWA and Kazumi YASUDA

School of Agriculture, Ibaraki University, Ibaraki 300-0393

ABSTRACT

Group-A and -DDMP saponins exist in the soybean seed as intact saponins. While
group-A saponin is the main cause of the unpleasant taste of the soybean, the group-
DDMP saponin has various medicinal properties. Therefore, it is thought that the
elucidation of characteristics of the enzymes which catalyze biosynthetic reaction of
saponins will be useful toward the breeding of the value-added soybean variety in the
future. In this research, we have characterized the glucuronosyltransferase and
hydroxylase which is the key enzyme of group-A saponin biosynthesis. The substrate
specificity of glucuronosyltransferase for each aglycon of group-A and -DDMP
saponins changed with metal, reaction temperature and pH. The possibility that by
controlling the cultivation conditions of soybeans based on the characteristics of this
enzyme, the composition of group-A and -DDMP saponins in an soybean seed might
be controlled, is suggested. Furthermore, we searched for the catalytic enzyme in the
biosynthetic pathway which could stop only the biosynthesis of group-A saponin.
Instead, we found a new hydroxylase, and characterized it. The finding of this
hydrohylase has enabled us to depress biosynthesis of group-A saponin and raise
biosynthesis of group-DDMP saponin relatively. The result is considered to
contribute to development of low unpleasant taste and high functional soybean
variety. Soy Protein Research, Japan 7, 32-41, 2004.
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REREEOUEY, PUESIEMEY, PUHIVIENE>®, SODH
EM L) 2R L, BUEREEE SN T A5 T
HhH. Liz->T, TNSHDOF Ry OEEREEERE
OFkfE R NBIICa Yy ba =L, B R DOELRK
ZREREWARD THITE S 5 2 & ATTREIC 24U, AR
Pk B L O REREEOBLE A, S R ERE L TOX
GOMMEEZ RV LS b0l HfFEsns.
FZEEOE, HETTICINS DT R VoL
SN L OCHBEE AR L, F OGS, KE
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LI W S A L7229, KifgeiE i,
RZ Y OHFTH RS APEEATRN ATV — TR =
V] YDA Dkey enzyme L HEM EN DL SV T v
MBEREEB L L FOX Y5 —+F (Fig. 1) 255
WA 2 HMEL, S5ICZ0BRILFENTE %
HOEPIZT A2 EI2L D, REORPRO EHKYE
THbH [AT V=T R=] DRI, Mk dn
VEM %4/ 9% [DDMPZ )V — 7 R= > | WIOPRELE
B 7R - SRR R TR R I Co R w
FELZEEHBME L
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HEAA R
REMT (WFE . = > L A) 3R R30 cm,
TRk 2 9O L7z, KRR, BA&ERRICEH
E LRI 2 KRS Tl s, —80C»
A by —THRAE L7z, BAKREDAT — VI, Fehr
SOFHENHE, DN 4 Bk L7z,
OKEHT O R EH3 mmOFE -0 it O k1
(Reproductive stage 5, VL TR5 & H&ES)
@kt O K B T 25 26 12 72 & 7z i
(Reproductive stage 6, L TR6 & 1)
OKREH A LMo T il %2 a7 O 72 1R
(Reproductive stage 7, LLFR7 & Wg9)
OKTHETF»5380 L 728 (Reproductive stage 8,
LUFRS L W5¥)
Ty O BRESEREEORE
PSR & L C50 xM soyasapogenol B, Hifit G-k
& L T1.85 kBq UDP-[**C]-p-glucuronic acid, 10 mM
MgCl,B & OB LB ORI, S & 2 iREW T
40C, 6047 A ¥ F 2 X—F L7z, RIeilZ1IN HCI
&7y = vEMA, WETEZLIZL o TRIEZE
L7tk 74/ —VEETLCICML, 7ookL
LIRAF =) ik=65:35:10 (v/v, ThE) 10&o
TREL, BERIDIC X o THRL L 72soyasapogenol

“" > CH:0H
GlcUA
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Fig. 1. Proposed pathway of saponin biosynthesis in soybean. The reactions catalyzed with hydroxylase and
glucuronosyltransferase are shown with open and closed solid arrows, respectively.
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B-3-O-glucuronide (SB3G) ®RIiEM: % AMBIS 400012
Lo THIML, Vv 7u rREBEEZIE L. 2
B, BEEHOWEICOWTIE, LiioitilEs:%
BEARIZLT, REpH, BUCEE, €814+ Y of
ML SR B & ORISR OTEE 2 & % 2 2 CRERIGE
FUETH I EIL o TR LT,
BIEREZ b A -AXEOREE

RO TT v 5 —1RGEEATZNN=IF 254 b
ZR20 c mDESIIRD LI HE, 1775 —1218
DS HIL cmDREDIT72. ZDR]1DIZOERE
M 1RMATN—3I %274 NCE- 2. FTI33E
fite, BAHI14.5WEM, WEH19.5M5H, SiE25°C, WRE
50% D4 T CHEE L7z, 55 5 MK, KE18Mk
DHFNP S AFARBEIR L, HE30 cmD A v MICHIZ %
Rz, ZOHPS 2 iR E, BIIA14.50FH, K058y
], Zim18C, Mm% DLEMTIZR L, FfEROHk
FREE 228 2 CRUMTHEHT 5 Tt L7,
BEEEEDPZA THE L ABERBPAEOYR_VEE
DEE
FHEHRPEI8TC L25C THHE L TS b o KL e #iE
T il & FIESV T, SURGE R L 7otk, Lk CHE
Pel, 10 E070% Ty /) — Vi iz T, 80°C TI5MH
M, il L7z, oz, 17,400 X g, 54
@L<, 20 RiEEZHPLCIZ X ) 447 L7z,
HPLCH T4 fF1E, #elidk£205 nm, ¥iti#0.5 mL/min
Ll FRATV—TH R OBEHELT, T
hr= MY 1-T7OsN ) — )b K=32.3:4.2:63.5
(v/v), B/ V=TFH K= OBEBHELTAY ) —
Vi 1-7a% ) =) D K=T016:24 (v/v) W7,
AB L UODDMPZ )V — 7% K=" (DDMPZ )\ — 7+
R VB EIIAEE R 729, 80C Tl LB
V= TH R ER L TER) OFREHPLCICT
L7,

EFOFY 7 —EEHDRIE

Soyasapogenol ® A= & 12 B4 2 NADPHIK A D &
FaF D7 —EiEHOHEE, RIRLELT NIV & Hn
TEBENRWEEDT A w0, UTosivra s
MRi R 2 FIH L 72 MRm el e vz, 37
bh, BRMKGHEF»ORBE LI 70y — Al
122 mM sophoradiol (90%T-% / — VIZHEEL72H D)
14L, UDP-[U-¥C]Z7 V7 1 v 2 uL (148 kBa), 400
mM MgCl,, 200 mM NADPH (KICE#HL/-d D) 1
nL, BLOMBERE4S L2 RE L, WEmA50 LI
A IR LA, 2721, 2mM B-amyrin
(90% L% / —VIZHER L7725 D) 1 Lo E o4,
L FOX s T —EEEOKRILDS DTN TH o 72720,
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TV—=bMIHTAFYET) —TAKy b L7 v
T, BB 700Kk A DAY ) —)b I K=65
35:10 (v/v) OTFRExEH, ERHENTERL:.
JEBITE, VA S S, AMBIS 4000 (AMBISH:)
ZRHWT, &RUCERY O ARy N OEHEEE e
L7-.

b FO% 25 —EDONADPHIKTEE

¥ MU LPASOE ) A F TS —EiE, FORIEIC
NADPHY O, TH B, #2TF 9, NADPHIK
HEWOKET 24T - 72. NADPHiKfEE Fux s 7 —+&
JOEA T, 200 mM NADPH 1 mLOfGh ) 12H,0 1 mL
N 7% &2 NADPHIEFFAESGH T & L7z, BERiIGH
HEIEINADPHIKAF e FE X2 T — ¥ OREHER SR %
ELAYAR
REBFOREREEICET2EFrOXY 5 —EEH
DEE

B KBRS (RS, R6, R7, R8) OKREMT-H5
37UV - LAWSEFEL . BRI E
NADPHfE . Fu ¥ ¥ 5 — B OMHE KGR T W
L8 - | CTsophoradiol & H v 7-.
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TIEE

¥ N7 v APASOD ERNZ, M HEER % FF o
cytochrome c¢'7&, HEMIHH DPA5012 ) L CFHESEH
D 5N bancymidol® % Hv7z. F7P450 & KA L
TEEFERISZ HET 5COWH Fv 7z, Bk lE 3,
IR ONADPHIKAF b FE X v T — ¥ OEREKIDR %
JAv7z. Ancymidol, cytochrome cliZ2WTld, B#H%
S 02 2 BN IE AT mM, 200 ng/mLIC 7% %
AWML, COlZowTiE, CO:0, (9:1) 23
U vV CHIBER TS mLi&A L7, NADPH#% &l
L CEER L % BIfG L 72,

HBREEZE

ERAEREFICB TR U0y O BEBEREED
&
BAKGRET- X a7 HBEE IS, ik e
L CH5#L L 7zsoyasapogenol A L B, #ifit5.4kE LT
UDP-[U-CH]Z7 vz a YEREaHIL, 40C, 6051 A
¥ aN— L7tk IS ETLCIC &L o THlEL,
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RIA A=V T FIAY—IZE o THMH L7z, AR
Wox—7h—L LT, BHUOMBEETIEE2 2T
Nsoyasapogenol A& B& L 72, BEEFUGAY & L
T TR ENTWD, SA3GESB3GE Wiz, %
DFER, BRI OBRROCERY & LT, Hzdhz
soyasapogenol A X Nsoyasapogenol B& L7z & X,
FNZFNRHME0.32, B L URHMEOISD /N> FEMH L
72 (Fig. 2-A). TDONY FI3gEFEHo~—7— & —3%
L7z (Fig. 2-B) Z&»56, BHaRKEnI sy —
AW, V0 R R RO R L
7.
BRIV O BEBEBEROBME

R RMEOMET T, Tris-HCl buffer (pH 8.0)
DARIZBVTLC, 1HBMORIESGEET, EEE LT
KREFEZ DM FUXRCRT 7)Y ThAH
soyasapogenol A, BB X UE& HEH kDO K= T
HET)FNV)FVEEON) TNRYARATZY) AT
& 4 glycyrrhetinic acid, soyasapogenol4: & % CHij
ElR &3 S LB B -amyrin®°sophoradiol, 7 V7 O
VEEEREHE LTHEO T IR A RRT S A L TH
%luteolin &baicalein# fiv 7z, ZOFEHE (Table 1),
ZEIF M EESE & A kR I2soyasapogenol A, B, EIZxF LT
M2 R L7278, F3RHEEE % & #\ soyasapogenol E

A B
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Fig. 2. Autoradiogram of glucuronosyltransferase assay
in soybean seed in development stage. A, TLC
patterns of enzyme products. Lane 1, microsome
fraction from germinating soybean and
soysapogenol A added; Lane 2, microsome
fraction from germinating soybean and
soysapogenol B added; Lane 3, microsome
fraction from soybean seed in development stage
and soysapogenol A added; Lane 4, microsome
fraction from soybean seed in development stage
and soyasapogenol B added. B, Lane 1,
soyasapogenol A-3-O- 3 -glucuronide (SA3G)
standard, Lane 2, soyasapogenol B-3-O-j -
glucuronide (SB3G) standard.
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B L LG, kAMAEESE 272 Lol
FILALVTF RO RN TV ThHD B-amyrin &
sophoradiol 8 & Uglycyrrhetinic acidiZkf L Tl
ERET, 79K A FRT 7Y TR
ERE otz INLORKR, BRMos v ar
FRen el L, FEF MR & FARICKE Dsapogenol
Wt LT THREMOEmWEEETH L 2 LS 2
Loz,

& A EORME O MET T, Tris-HCI buffer (pH 8.0)
DRIZBVTL0C, 1 RO BB S TEDTAD#k
EABmM, &75F+ >~ (NaCl, KCl, MgCl,, MnCl,
CaCl,) DEEA10 mM & 7 % & 9 B Sebuffer % 74
W7z, 2R (Table 2), 5 mM EDTA, 10 mM
DONa*, KT CIZIEED R & Mk 2257225, 10 mMO
Mg*, Mn*", Ca*' CTIZiGMEA A STz, B 7
70 VIRERIEEIL, 2O 21t T4 » D
TH Y, FEFMMERBER & FEOMHRE B o 7.
Table 1R L7 & 1277 0 v BREEBREEO LY
Aisoyasapogenol A X BOA, HHXIHEIZALE A
soyasapogenol A® & & X 1) ¥ soyasapogenol BD & %
DIT ) D& o7z, L LIEEENTOREE,
HFF Lo TRRY, FEHsoyasapogenol BO
BEMn* TR E VO IZxF L, soyasapogenol AT
Mg T A 2 o 72,

FEIRE OMEE, Tris-HCL (pH 8.0) OFRICB W
T, B & L Tsoyasapogenol AL B% ZNZNH W,
MEZ15C~50COM, 5CHBEICHEL, 1HEMK
o, MEEMEZHNET LI LI TiTo72. Z0
i (Fig. 3-A), soyasapogenol A% LB & L7254
D FE I 1X30°C T, soyasapogenol BEFHEH & L 72
BEOEMEEIZ20CTH Y, HEIZL - CHRMERE

Table 1. Substrate specificity of glucuronosyltransferase
Activity (%)

Acceptor development germinating

Oleanane-type triterpens

soyasapogenol A 40.9 40.6

soyasapogenol B 100 100

soyasapogenol E 224 79.1

[ -amyrin nd nd

sophoradiol nd nd

glycyrrhetinic acid nd nd
Flavonoids

luteolin nd nd

baicalein nd nd

The enzyme activity using soyasapogenol B as an
acceptor was set as 100%. nd, enzyme activity was not
detected.
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WERL D Db o7,
EEpHOME 1, 100 mM MES-NaOH bufffer (pH
5.0~7.0), 100 mM Tris-HCI buffer (pH 7.0~9.0) ®

FAT40C, 1RHIBILHE, BEREEEZHET 52 L1
Yo Tiro 7. BFEORE L L Tsoyasapogenol A & B

ENFNH W 2083 (Fig. 3-B), soyasapogenol
AR L LA OR#EpHA8.0TH L DIZx) L,
soyasapogenol Bz IE & L7234 DX #EpHIZ6.0TH Y ,
EHpHL LEIC L > TEL LI EFHL IR o 72,
B o 7w s g LR fRESRIE, soyasapogenol
W L TR R A BERETH A28, LHEIC L > THEDS
¥7: 5 7-. Soyasapogenol ADIEE DA, EiiEE
30C, Z#pHS.0, 10 mM Mg* DRI THEMED IRA &
o7z,

—7J5, soyasapogenol BASEEE D, Eil

Table 2. Effect of cation on glucuronosyltransferase

activity
Cation Conc. Activity (%)
(mM)  Soyasapogenol A Soyasapogenol B

None — 5.9 19.1
EDTA 5 nd nd

Mn** 10 12.4 100

Mg** 10 15.7 28.0

Ca* 10 2.7 51.5

K* 10 nd nd

Na* 10 nd nd

The enzyme activity using soyasapogenol B as an
acceptor and 10 mM Mn?" as a cation was set as 100%.
nd, enzyme activity was not detected.
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Fig. 3. Effect of temperature and pH on
glucuronosyltransferase activity in soybean
seeds in development stage. A, Effect of
temperatue on enzyme activity. The enzyme
activity using soyasapogenol B as an acceptor
at 20°C was set as 100%. B, Effect of pH on
enzyme activity. The enzyme activity using
soyasapogenol B as an acceptor in MES-NaOH
buffer (pH 6.0) was set as 100%.
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mE20C, E#pH 6.0, 10 mM Mn* O @I CiEHEAS
RERo7, BEIZL > TR IMEERYT, Al
FORB e REEHE AT, REYR=r o
ATNV=THR=OEREFHS L, B/ V—TF XK
= (EZBIZIEDDMP/ WV —THR=) OEE =
m3ET, WARKRKEZENTE B WREMEIVRS
7z,
BRIV O BEBEBEROBERSMH

BHaMo V0 REBEEFI, RN
soyasapogenol AZPBDEWIZ X Y, BABWME 2 RT
o= BRSO Nz, AREIEEEE VY
R L7720, BRMo vy a s RERERE,
FE Aisoyasapogenol ADBODEWT 2 AT 5D
B, VEERD 2 I 2 kS 5 OIS TR .
KETHIUE, BRI 7V 70 o BRI % R
L CHE Z S 50 ED D 5705, BREEIZITRE
OBEBIARKGHETVLETH L - OFHITRETSH -
7. T TEAMOMBERHEEHWT, Zvru iR
MEBBEORETHENT 20, XEETH D
soyasapogenol A & Ba k4 i 1232 LT, Mt
buffer 2z, EHEEHEASELILITL .
Tris-HCl (pH 8.0) ®RIZBWT, WHEEDKMEED
HAHI100 LMD FE FUB R D0 1 LIZ 7 5 X 9
PREL L 7. B o E b X soyasapogenol A :
soyasapogenol B=100 : 0, 75:25, 50:50, 25:75
B LU0 1008 L7z, 2o R (Fig. 4),
soyasapogenol ADEEE 2100 xMDIEE, soyasapogenol
AlCH T 2 BRI MDY, 1785, UCTH o7z, HHE DR
& It 7¥soyasapogenol A : soyasapogenol B=75 : 250
Ff, soyasapogenol AIZx}d % BER G MEA45.7  ULZ K
AL 72D12xF L, soyasapogenol BIZxT3 4 Gk
13222 U & 7% - 72, soyasapogenol A& A5100 M
OIS uMNA5D 31275 &, BEREED R 4 5D
1 &% ol FHEEEIZE S bsoyasapogenol AD M
9k A L, soyasapogenol Bo M A% HE 4 L |
soyasapogenol AlZx} 3 AR IEMEIZIZE A EEDS
2o 7273, soyasapogenol BIZxf§ 5 BEF G IS 1
mL, &8 AhSsoyasapogenol A : soyasapogenol B=
25 1 5Dy, ARk L 72SA3G & SB3GD D Hi39.5 100
Tholz. HEEZNAIILS S48, AL
SA3G L SB3GD 340 1 100TH A Z &5, E#M
DTNV A Y BEBEFIE—D T, soyasapogenol A
t soyasapogenol BTH_EDH G I TWVWELE I LAY
R E N, BB 7V 2y 0 s BiEsEEE I, R
BRREREPRKETR=voT77)arThsb
soyasapogenol A, BB X UEICHRINLBFZETH DL Z

AE/-ABEHRE Vol 7(2004)



700 1
= 600 {Substrate: [ Soyasapogenol A} | |
E [ Soyasapogenol B
= 500 B
3
E: 400 B
Z 300 B
<
< 200 B
100 B
0
Soyasapogenol A 100 75 50 25 0
Soyasapogenol B 0 25 50 75 100
Substrate Concentration (u M)

Fig. 4. Effect of substrate ratio on glucuronosyltransferase
activity. The enzyme activity was detected at 40°C
in Tris-HCl buffer (pH 8.0).

&, soyasapogenol A ¥ soyasapogenol BTHE D&
PRETVWLEZEPLEBERMO 7V 70 v RIERHR
E—2THhbZ &I S .

EZRHOBEEE YR EEDER
INFTORFENS, BAMO IV 7 0 v BInER

FE—DOTHLH I DWW S NIz, L7ch > THIET
FHFEEZHCT, FERORBERMEZEL T UE
AB X UB (KEHYWAENTOEERIZDDMP) 7 v
— TR UPEEKENT, BB L UDDMPY )L —
THRZ DL OFEBEHSE bR TL ) LS

N4, Lo LBRo 7V o v EREEE, EY
DFEWIZ L - TERBERE, TipH, & EREIR

AL =M EEL OIS ol k
"o, TOMWEERKEEEEIAEN S, KEHf
HOAT IV —TH R ogEEHPSE, BBLD
DDMPZ )V — 7% R OGmalEmsEsr 2 LT
EDLWREMEND 5.

ZFTTHERIMO 7Ny 0 v R EEE O O dh»
5, BEmEA, EY f)‘soyasapogenol AT30C, #
' H¥soyasapogenol BT20C 12 IEHL, K
THAEER D B 5 ?%iTGW %imﬁé SR TS
%ET%%‘T%®ﬂ*w/agk%®ﬁ&-OwT
FARBZENZL7. AV V=T R OEEZ RS
O, Y uarBEREEOEYE D
soyasapogenol ADIED E#EEIOC LN b TE 572
FIRRICT A 2 e E T L., L LSO RIAEwT
HOMIR (15C) 1L, &AL BFRPRS LD
B KT OFIREZ18CL2BCICHEL. 20
i (Fig.5), REMETPICHE TR v &8I,
18 CTII25C L IRAT NV —TH K= Tl6%, B
N=TH R TA%ERPE o7, T2, KEO
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AP EZ R TH A= Y Ab/H R = YBbobiz, 18T
T1.46, 25CTL50L HTFAT N —TDIFEEZM LT
HZEWbhrotz, RIBEEIZEL A7V 70 v Eink
BEOMEDE WL, E#EREDAIM j:l_pH”?ﬁ‘?"
FUBEREIZOALNIZZE LD, £%IES 51D
%ﬁ%ﬁyawotmwﬁ%%ﬁuowf%&ﬂ¢6
VB 5.
B -amyrin$ & W'sophoradiol = & & U 7-NADPH{&
e FOX Y 5 —E0OEEAE

EELIIT ) 3 OEEDS, soyasapogenol D
HEAGHETH S p-amyrink R EIZ, —@#Hoe Fa ¥
2T — EHIE S B KA IR & o THEATT 5
EHEML T3 (Fig. 1). T/, REOREFHTIX
sophoradiol DC-21. Z il 2 v Fa ¥ F —‘bfj*"
BHLTwwied, AV V—TH Ry amah
BTWZEEHLNIL TS, AV V=T KR= &
B/V—=TH RV OERRDGIERELDDIE, Z
Dsophoradiol DC-21M IZKERIEZ TR T 5
sophoradiol-21 hydroxylase Td % & HEHl S 5. FEY
D2 RCHEDNTHDLT TR A KT M)A K

LT, Y F7aALPASOE// A F T 7 F—ENZ
NEDOESBIZETG L TWA I EFMLEN TV AR,
ZOOERMOT 7)) a  EERICEbLE FaF
v —XiE, PAS0OCTH AR, FAERESIT
MR TICBITA e Fud v 5 — PREIZINADPHK
HFHETHEZERBIHLNIILTWD, 22 TRIC
YR ULPASOE ) A XIS —EOMEED LI

A B
E 2000 2.0
g 5 19
= 218
31500 2 17|
£ £ 161
3 1000 S 15}
% % - o__,_.—’O
@ % 14
s 2 13f
2 500 g -
2 g 12}
& L1}
ok 1.0 — L
18°C 25°C 18C 25°C

Cultivated temperature

[[:] group-A saponin in hypocotyl]

Cultivated temperature

B group-B saponin in hypocotyl
group-B saponin in cotyledon

Fig. 5. Effect of cultivated temperature on saponin
contents and composition in soybean seeds. A,
Contents of group-A and B saponin in soybean
seed. B, Ratio of group-B saponin to group-A
saponin in soybean seed.
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A B
Triterpenoid UDP-[U-"“C]glucuronic acid 14 —
[ SA3G
SO = 2] O SB3G
HO ‘. ’ =
< g 10 HT
- amyrin : R1= H =
Sophoradiol : R1= g |
2 8
g Sff]
ADPH =
— ERl
OH E |
: 2
T cn:
; 0 =
o, nol A : R2= "
o, nol B-amyrin Sophoradiol

Soyasapogenol-3-O-GlcUA Subtrate

Fig. 6. Hydroxylase activity in soybean seeds in
development stage. A, Detection method of
hydroxylase activity. B, Hydroxylase activity in
soybean seeds.

BHIIREICBIF A7 7)) 2 v EAREEYHS IS
ThrIEE L.

BAMR6D KERE T~ 7V EHwT, E£H3-
amyrinB X OsophoradiollZ 317 5 NADPHK 7 v K
X7 —YoFHlELiTok. ZORE, 2-
amyrind 5 M dsophoradiol & 22 12 L7234, F83F
HTIIHE SN - 72SA3GHO /N> FH e &7,
L7205 CTBRRIIAE CIRBEFHRTTREL T i
75 7=sophoradiol ®C-2167 D KL 2 il 5 v F o
X T —EEESEHL TV D 2 EATURE ST,

¥ 72, p-amyrin & sophoradiol ZNENHEE L L
7ctEoe Fuxy 7 —EE%EHET 5 & (Fig.6),
B-amyrin2SIEE O Y4, SA3GO sk &= ASSB3G
X 0 #6.66%5 % <, —JFsophoradiol S E D4,
SA3GD AR &= AISB3G L 1ZIZF U TH - 72, 5
FEWARE DI 710y — L Tld g-amyrin» 5 SB3GD &
AT A Z &, B-amyrin & sophoradiol Ti&, SA3G
LSB3GOAEBEICHE R H L Z b, FHILTw
7zsophoradiol OC-2107. DK ERAL % filtfit 4 2 v Fa o
7 —+<¥ (sophoradiol-21 hydroxylase) P#L1Z g -
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Fig. 7. NADPH requirment of hydroxylase in soybean
seeds in development stage. A, The enzyme
activity was measured using p-amyrin as a
substrate. B, The enzyme activity was
measured using sophoradiol as a substrate.

hydroxylase) &, 21-hydroxy- 2 -amyrin®C-22fz D 7K
Lt 2 ¥ 7 —+¥ (21-hydroxy- 3 -
amyrin 22-hydroxylase) O fd» 5 Wid— )%,
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A S 7 (Fig. 7-A). —J5, 3% »%sophoradiol®
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-7z (Fig. 7-B). Z® Z & % 5sophoradiol ®C-2411 %
it 4+ 2 Fa ¥ 5 —+ (sophoradiol-24
hydroxylase) Z2"NADPHAKAEPE TS V), sophoradiol-
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77 ¥ 7213~ BNADPHIEAF DO e Fu k2 5 — &
ThbHIEPHEM STz,
REBFOREREBEICS T 2EFOXY 5 —EEH
DEED

Sophoradiol Z #&H L 72AZ 0V — T4 B = ALK
W a S 5125 L <R B 729012, sophoradiol & £
LT, BRMICB A FOX Y T — BiftkO%E)
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sophoradiol-24 ¥ 7z (X cantoniensistriol-24 hydroxylase
WO 7% FRFICHE L Tnb 2 kL, LitofE
"oEZLE, BFHROPMMYIZsophoradiol-21
hydroxylaseifi 1255k <, BADPHEL IZONTZ D
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Fig. 8. Change of hydroxylase activity in soybean seed
in development stages. The enzyme activity
was measured using sophoradiol as a substrate.
A, Enzyme activity was measured by the
amount of formation of SA3G. B, Enzyme
activity was measured by the amount of
formation of SB3G.

Table 3. Effects of cytochrome P-450 inhibitors on
hydroxylase activity in soybean seeds

Relative amount (%)

Cytochrome P-450 inhibitor

SA3G SB3G
None 100 100
C0:0,:1) 115 83.6
Ancymidol (1 mM ) 99.7 91.1
Cytochrome ¢ (200 mg/mL) 85.1 62.7
B -amyrin-21

B -amyrin-22
hydroxylase

 sophoradiol

sophoradiol-24
hydroxylase

HO

OH

HO ’
CH:0H soyasapogenol B

21
22 hydroxylase

sophoradiol-21
on hydroxylase

# & buffer ISR L TZ OB A K5t L7z (Table 3).
EFOd Y7 —EORMEERND—>TaH 5SA3GD
HE1E, CO, ancymidolDINITTHHEICHE RS
Nihhrofz, LoL, ¥ 7 uAPAS0D RV HER]T
& %4 cytochrome c CIZIGEVEDHP B SN/, 2D Z
& 7 5 sophoradiolif% HH Tsoyasapogenol A% A4 3
% ¥t %49 2 D Ohydroxylase, sophoradiol 21-
hydroxylase & cantoniensistriol 24-hydroxylase?® \» 3§
WA, ¥ b7 OLPA0TH ST EARES NIz, —
I RS ASSB3G D 34, CO, ancymidold X OF
cytochrome ¢ THHEEH2SA &1, 4FlZcytochrome ¢
TREER S 72, 20O 2 & D 5sophoradiol 24-
hydroxylase?®> b 7 @ LP450TH 5 Z L ARIBE
7z,

DEDIERDS, REICBITLAZ V=T R= >
DT 7)) A DEEBAE & FOKEE s s e Fo
FI—FIHLTUTO L) iIcHEf s 7z (Fig. 9).
Fhbbh, p-amyrinSAT NV — TR DOT T
1) I >~ T& bsoyasapogenol A% AT 5 REHI21E,
sophoradiol % #&H 9~ % #£i#% & 21-hydroxy- 2 -amyrin %
FEHT B HEHE D 2 DOREEHAFAE L, FN5 DOFRFIKIZE
5425520k Faxy —¥D9) 5 4 Dhcytochrome
P-450 mono oxigenase T, sophoradiol-21-hydroxylase
721F AScytochrome P-450 mono oxigenase C7Z2 V2 & %%
M.

N OH

HO 21-hydroxy- 8 -amyrin

21-hydroxy- 8 -amyrin-22
hydroxylase

cantoniensistriol

cantoniensistriol-24
hydroxylase

OH
OH

HO ’
CH:0H soyasapogenol A

Fig. 9. Proposed biosynthesis pathway of aglycons of saponin in soybean seed in development stage. The reactions
catalyzed with hydroxylase (cytochrome P-450 mono oxigenase) and hydroxylase (non cytochrome P-450
mono oxigenase) are shown with solid and dashed arrows, respectively.
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