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x|k, EER

(RKEEFL TR S ar =B AR 5 TR, 7 K#E 116024)

8 F. FAKME AR HEH& T EBET 0, BhiREENEWE RS pH. SR ENEIRRE. 75
pH 6.0 ] 66.7 mmol/L Na,HPO,—~KH,PO, ZZ w1, 8%4ehlin. 37 CHi¥ 84 h Ja#ilfi & 50 CA4RL A 8 h 41T,

FHULT IR AT 17.06 molg, SERINGRAEALI 6.77 £, Hefuidfe

ERENIBPSYET @b p el & L I N

(9 173 F LAT A, Bl P2 Bl M HEI IR S 1 R R i . M E D A T B,
KR OKhaE; EHERG AW, SR ERiE T

FESES: Q939.97 XEkFRIRAD: A

1 W&

% 1172 H 76 (Diosgenin) A& £ B AR ER A (S A i
Zu g — RS ORI, LA B th AT R A A
e, EAER Y DL R B R R AR A, e T
(Dioscorea zingiberensis C.H. Wright) 4 & E4¥r G R, 2
KEMH A E R T o E 2 HEY. EHiE oo
AL G 7 T 10 FLRRIR KWL, 2T RIS 14
faf i, AFSCRAN G, HEH B K BRI B s V5 G ™
T RN AT T RPN AR S, ek
TR L . WER—2TUE 00 8L BRI ek
YA RIBEEGE . BRI RIS . B AL
BRI A AR DI 4090, ph T T 2 TR /K A R
AR, A R A

AP AR S0 B A P S5 R i — P 22
J7iE, TEEAG R T A I A e

R: Suger chain

5
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XEHS: 1009-606X(2009)05-0993-06

PERRE S, BT LA 7V N F T A — S A T PR
. JEHE R SRR RS AR, W B2
BB SN R 3R TT 2, A AE A A B B
JUHE R MU A . Aot , R e
B R B 08 B Ly 24 00 S U AR B A AT AR ) e
WA B FHRATIC, (FRCRAREAT @)= 4.

ARSI AT AR e T E S R M S L
=P SRR e @it (8 1), ST e Ry
Wik, TRk R T ek Ja w2 RS 1 o Ak
BB OO B B AR ) oK il & (Aspergillus
oryzae)CICC 2436. A TAFLEIEL 2% 58 m i £ 1)
iR S AR LA T, LR R, JESEE
WEACHATRLE, e A = 22 S50, 524k
LR A SR R B R AR A

Rha

2] 4 3 o . ]
—Glc—GIlc—GIlc  Zingiberensis newsaponin
Rha

2| 4 .
—Glc—Glc Deltonin

3

4
—Glc—GIlc—GIc  Diosgenin-triglucoside

4
—Glc—Glc Diosgenin-diglucoside
—Gilc Trillin
—H Diosgenin

1 JE T ECK AR =) S o A 2 s g T2
Fig.1 Chemical structures of steroidal constituent in D. zingiberensis and its transformed production by Aspergillus oryzae'?
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2.1 PARLANER
2.1.1 Mk

WA IHEE CICC 2436 1 H H E LA wi
Progirhoty, S B2 ) B BV 48 S0 T D A SR
=50 H (270 um) ¥ K], S0k i B s i e 17
JCHEA 0.72 mglg, 4R EERECh 67.98 pmol/g.
2.1.2 X3

Varian INOVA 400 7! 3% 1 3L 4% A% (32 H Narian
Awl), LC-MS R HHE Waters 2690 (fil R 45 (3 [
Waters 24 #])#1 Finnigan TSQ JFiiA% (35 H # A 7]),
ZHWY-2102C 7.0 E IR R (F 8 30 23 B A 25 161
AR A H).
2.2 TWHZE
2.2.1 ¥FITE

¥57E PDA RHIIGFE K EE CICC 2436 #LF70T-F
TEFEHL, BETR 24 0 JGHERD TR IR IR, PRt
30 mL 75 1.0 g JE M E B A KK, KIBEREFREER 30
mL 7 1.0 g JE - E 2z pPii el B koK, RRIREIE 150
rimin. & 12 h B 3 MPATHE, M QREFR BRI 12 h, &
0.45 um it yE)5, HPLC Ml SR B F S B2 11 oo
i, DLSTARHG ) (SR o) 1 BE IR EC M A A R s
JEIREL, BT IO BRI S AR B IR B LU D e
b3,
2.2.2 ZITMR R GEI SR

Ph-PREFERR IR TRAE 37°C FIMT, REEM &
h 8%, FEFEIIECh 84 h. RIEIEFHEA 30 mL % 1.0 g
JE W ZHFIAN R pH A B RR A N — AR TR 2 P (5%
MK a, pH 3.0~8.0) FI RN BRZZ M (D2 PP b,
pH 3.0~6.0). Na,HPO,~KH,PO, ZZM K (Z MW c, pH
5.0~8.0), H TLC &M HEHALRCR. HPLC 73 pH
5.0, 6.0, 7.0, 8.0 [¥J 66.7 mmol/L Na,HPO,~KH,PO, Z& i
W R E R R o E, B30 mL 7% 1.0 g &I
EBU R AKEE FRAE(CR)PE R i, 53—l
pH Tl e A A pH BEIN (] A2 4k
2.2.3 MR RS

P73 TR R BEERFRAE 37 °C R AT, RIS I
7530 mL 5 1.0 g JEMZEHH 66.7 mmol/L Na,HPO,—~
KH,PO, ZZ i (pH 6.0), iFRINTH] 84 h, 4352 42y
R 2%, 4%, 6%, 8%, 10%X%f i S c. S
I3 A EE SR BURN AL A 1 R
2.2.4 BRI

Sy I4E 25, 30 FlI 37°C FHHATHALK: IR, RIEERIR

$:4 30 mL 7% 1.0 g JE 2K 66.7 mmol/L NaHPO,—
KH,PO, ZZ i (pH 6.0), &F 12 h HL 3 ANFATHE, e %
FE T IufT 2 B ] (1 A2 k.

2.2.5 $RiR RIS

15 37°C FHHTHA, FhrildfhEh 8%, KIFE:
FEHA 30 mL & 1.0 g FEHE BN 66.7 mmol/L
NagHPO,~KH,PO, ZZ i (pH 6.0), %577 84 h e kil /%
PmE 50°C, PRI 12 h, $RJEEF 4 h BL 3 ANFAT
B, SRR E R AT o AR R, L
—41 84 h JE ANFEIRAF il VEXT R
2.2.6 ATk

TLC 3 Hrik FIEERAR. GFsa(75 S5 HEVEIL T ), JiE
TFH R A BE1/K(7:3:0.5), WAO504 S5%IBEHHER 2,
BV, AL, HPLC 3 M K 3 AR st 7
02 (n 33k 4 Waters Sunfire Cig S AHFE(4.6 mmx150
mm, 5 pm), AR LHEA)-K(B), GBI A
0~14 min 44%-~75% A, 14~15 min 75%~91% A, 15.1~32
min 91% A, ik 1.0 mL/min, #:1%K: 203 nm, #ERE
5 20 pL. J& "R (Zingiberensis newsaponin). =it}
2 1 2 AT (Deltonin) 2 i 2 oG — 1 4 B =0 AT
(Diosgenin-triglucoside) 2 i 72 11 7o — i %4 Wi — #i 17
(Diosgenin-diglucoside). %E &% B K (Trillin) A1 i 2 11
TCIIAR B IS 8] 23500 A 7.3, 9.0, 10.2, 11.8, 15.5, 29.7 min.
227 HHTYEE % E

H 2.2.5 5% [ AR B 400 mL B0 5 £ B A, 0
A 400 mL AyHBREIEIE A, B0 R A EEAL, iR
B G i, RS ST TR R SRR AT
2.2.8 KR (P IR A S I S S

KH 225 VAR TR 84N 5, B KA L,
B30 ERE A 30 mL, RIS MRAMREG R, PivE
EFETKYE 2 K, B, oA 10 mL 50.0 mmol/L (1)
Na,HPO,~KH,PO, ZZ3ii(pH 6.0), 1EA7HE 75 Bl e (A2
FFR G HAS 6.0 mm, CAERE] 2s, [HF@EITH] 4, %t
I 400 W, SR TE 10 min), BEEE &0, b
THEA A 30 mL, HIAS i ARG HX 15 miL i P A1
Wk 2 45, 239 37 A1 50 CHEATEHWE SN 8 h, $EHL
Je s J5idiIm] 22,0 1. HRAEAS [ B A B e S P e
TGP R .

2.2.9 FRIK MR SEH:

HE SCHR[13], FREX 10.0 g & 295, A 2.0 mol/L
R 200 mL, 100°C/K¥#% 4 h, 415 H NaOH HF1,
HPLC W52 5 B R HUE T o & =,

2.2.10 R ASLHORI 0 B P B SE 56
FREL 1.0 g JEM 295, A 100 mL 70% 20, T
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IR I S A H, ~E 5K SHFRE 1.0 g JEH 2T,
B 100 mL 70% 21, 2GR 4 h. fRh A3
ASPATEES, BEEEE RO 3, 48 0.45 pm i &
J&i, HPLC s S 44 2 A il B AT o & &

3 ERGW®

3.1 KU BHLEHERNBELEYE
311 LEPPAR R XA IR 5%

Diosgenin_—

Trillin__,
Diosgenin-diglucoside —s
Diosgenin-triglucoside—

Deltonin—"
Zingiberensis newsaponin—>

SRR ZR 1 1) 45 (1] 2) W, E IR IR 1) pH 5.0
50 6.0 ] Na;HPO,—~KH PO, Zz i Y, K iih 75 REHF Al
BRI BT OB M HTER . 22 957 2 15 R 2 B —
TR e A A A A N B, X AT (1
F. 1T pH 5.0 TX 6.0 IR EREL AN 1 R R AT A5 R B —
FrAG IR M BEAT W B AR M E T, SRR AT i T
IR IR(ER) R T ok ih & 1A, A7 W pH
(IZZ e .

3.0~8.0, pH value of buffer

a. Na,HPO,—citrate buffer

b. Sodium citrate—citrate buffer
¢. Na,HPO,—KH,PO, buffer

0 h. Extract of D. zingiberensis
T. Trillin standard

C. Transformation without buffer

Bl 2 K B A i S P o R AR I B

Fig.2 Screening of buffer system for biotransformation of D. zingiberensis by A. oryzae

12
S 10 7 7
=) L
3
- 8
o I
>
s °r
s I
9 —
8 L, %
0 %
CK 5.0 6.0 7.0 8.0
pH

K 3 AN pH ) NaHPO,—~KH,PO, ZZ i 1A 52
X} S HR T IO R

Fig.3 Effect of pH of Na,HPO,—~KH,PO, buffer on
yield of diosgennin

WA pH {H ) NagHPO,~KH,PO, ZE A R kAT
HPLC 57, 455 (&l 3)% . pH 6.0 [f1 66.7 mmol/L
MRz MR RN A AT W] ARV E ], EPUE H U 42
BRI 4.16 fi5. BB E SRR TP KRR pH
BERF IR, R 4 iR, o] WAFEAEZZ A
RIN, K pH £ 5.7~8.3 A Kl S ARk s 4
pH 6.0 ¥ Na;HPO,—KH,PO, ZZ A R I, R pH
FIRGELE 6.0 Aoty , A IR AR E O IR A 05
SHIE T A g, R ) A FH B ).
3.1.2 FERhE A Hh B AL IR )

M 1 nIAN, BEECRD S &, E RS o R e
A SR m s, T R BeM B0 oK il 27 AR KA 5

8> i ) l/.——‘.\l
8.0 L —m— Without buffer
al —e— With buffer(pH=6.0)
75
5 70- /
L '\.
65 o
6.0 o—ox-/'/
55 I | L | L | L | L | L | L |
0 20 40 60 80 100 120
Time (h)
&l 4 pH=6 [¥] Na,HPO,~KH,PO, £ Ak % & Ik
pH A 4L

Fig.4 Changes of broth pH during fermentation with
or without Na,HPO,~KH,PO, buffer

Wi, U RIR B ST R T KA,
BRI T RN AR R R, R T AL,
BERER Ik 5 8% )5, M ntaLE.

R EMENKBBEUNTM

Table 1  Influence of inoculum volume on
biotransformation by A. oryzae
Inoculum Yield of diosgenin ~ Total moles of steroidal ~ Conversion
volume (%) (mg/g) constituent (umol/g) rate (%)
2 9.96+0.85 83.91+4.24 28.7+0.9
4 10.79+0.83 85.84+3.60 30.31£0.8
6 11.3740.38 88.20+3.64 31.1+0.4
8 13.53+0.22 89.45+2.24 36.5+2.1
10 14.28+0.10 89.89+1.33 38.4+£1.0
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3.1.3 BrIRilih BEN 1 AT 0 A U 5

M 5 %0, 30 F 37 CH =t i T 25
‘C, W] 30~37 CHIIE ToK I B AR 1% 7k v i) b A=
K, HEHEAT I BTG 0 S IS A R, BRI e 4
S0 F R LIRS I Y kAT
3.1.4 WAV 5 BATRIR N e Ak 1 52

T I ) ot A5 P A 42~60 °C 22 [ 4881, (H %
EEX AR F A K, B LG T A KT
WEE R SR, FeREIA R — B SR R,
W FEHOER S, P AR A I ) TR A B i A . (R IR

12 - 5

Temperature ('C)

B 10L —=—25

D —o—30

£ I ——37

- 8r

o) L

=

c 6

£ |

& ar

(%]

Q r

) 2L

0 I | | | | |
0 20 40 60 80
Time (h)

Kl 5 IR U T TSR R
Fig.5 Effect of culture temperature on yield of diosgenin

o
o [ )
16 - —m—37C \.

=) | —e—Elevated to 50 ‘Cat84h
ES)
E 120 ——4
= /
Q [
=
c 8 - E
s
() L
3
S 4r
[a)]
[ g
O L | L | L | L | L |
0 20 40 60 80 100

Time (h)

FEik v, Wi semBg R tas v BURRRE. ARSI
HIK % CICC2436 Btk e bl b (1 2 i it 5 [0
W AT T ORI oS R S RS R SE R, RIK
7 CICC2436 I IFIHETFEEAE 45~50 C Iy tEd i,
T 55°CHY, BRSEMEE 2, 16K E AT m i fh i
J5 28 50 C A W 3 AL RO

AL, 50 CHE N TR G IR, 25 R,
YR 8 h JE O RIAF T 17.06 mglg,  HeAiE (84 h
3R T 38.1%. #i AN, N B AT oS BE
B LIH(H 6).

0.30
r (a) Extract of D. zingiberensis
0.25 -
S L
< 020+
() L Zingiberensis
% 015 L newsaponin
< [ Deltonin
§ 0.10 Diosgenin-triglucoside
< [ Diosgenin-diglucoside
0.05 -
[ Trillin Diosgenin
0.00
L 1 L 1 L 1 L 1 L 1 L
0.00 5.00 10.00 15.00 20.00 25.00 30.00

Time (min)

Bl 6 A0 5 SRR B R IO A I 5
Fig.6 Effect of temperature elevation on yield of diosgenin

0.30
r (b) 120 h biotransformation
0.25 -
2 020}
8 L
% 0.15 - Diosgenin- Diosgenin
o r diglucoside
o 010+ Diosgenin- Trilln
8 L triglucoside
Zingiberensi
< 0.05 j nev‘g,sazgnizsDellonin
0.00 —J
. | . | . | . | . | .
0.00 5.00 10.00 15.00 20.00 25.00 30.00

Time (min)

K7 JE B EROBOR A ) A e ROBAH (3%

Fig.7 HPLC chromatographs of extract of D. zingiberensis and post-transformation

A SEIOBCRIK Hh B e A — P& SE 50 (1) HPLC 434t
KIS 7)ios, @K, MEsCRma
LIEAIKARTE A, AR T BB/ R S (D S A e
(RVBE SLANBE B K A ), 2R T AR BT G,

HRA DL A S i AR R KRR i L AR AL
RIPEIRIZI, 0 T IR R IR 4 B 9RIE 8 1.0
g J& M 295711 66.7 mmol/L Na,HPO,~KH,PO, ZZ ¥ (pH
6.0), HAEN 8%, fF 37°C FH;F 84 h 5 THAER 50
CHAL 8 h, TEMAAF N E RS o354 17.06 mg/g,

HPEAT TR AR 35.1%.
3.2 B BMEMEE

FHE A 50 CJa R BERS A THEEEL . 45 515 2
EIR4E i 210.5 mg. LC-MS 20T BoRiZ b S i o 1
A 414(IM-H]™ 413), ZRESEREE R A : *H-NMR(400
MHz, CsDsN): 6 0.68(3H, d, J=5.6 Hz, H-27), 0.85(3H, s,
H-18), 1.03(3H, s, H-19), 1.14(3H, d, J=6.8 Hz, H-21),
5.39(1H, d, J=5.2 Hz, H-6). *C-NMR(100 MHz, CsDsN):
51418 (C-5), 120.9(C-6), 109.2(C-22), 81.1(C-16),
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78.2(C-3), 66.7(C-26), 62.8(C-17), 56.6(C-14), 50.2(C-9),
41.9 (C-20), 40.4(C-13), 39.8(C-12), 39.1(C-4), 37.3(C-1),
36.9 (C-10), 32.3(C-7), 32.1(C-15), 31.7(C-2), 31.5(C-23),

30.5 (C-8), 30.4(C-25), 29.1(C-24), 21.1(C-11), 19.5(C-19),

17.2(C-27), 16.3(C-18), 14.9(C-21). b &M 5 EHi 2
FrooE M
3.3 K BHMRELENER

oK 87 FRPRE BB i 2 it AT — E IR AR,
o PR BRRRCE 37 150 °C N 8 h Jn, EBUET
TCHIAFZ 43 502 0.31 1 1.35 mg/g, M SMHH BERZE 37 I
50 °C NHEH#E 8 h &, EHIEAT T2 E 0.68 Fl
2.52 mg/g. M P RIS EGVR 50 °C T B AT 2 1)
BT 37 CHERY 4.35 1 3.71 £%, Bl 50 °C i ity
WHE T 37°C, X PIAE T RIS AR a2
USINERE

S E AR A B, 37 1 50 C R BRREE AL 1)
EHURT ORI, F 2R 7E AR R 26

I, 2R SR IR AT AR A, AR IR
JRYIAT R, TR LA, AR A K e
HAI TUER . ETYERAE Iy, AR R AT ORI
LKA BEAT e, Py TR, S R M K A
7750, 50°C R HLAMEEKAR 8 h, 1 g 2R3 IR B
AT TOON K B LR ARG T E B 14.7%, H
BEAT ST IR0 o5 e A Kt B B A S S )
TR R R G BRAERIAE, 0T B
3.4 RIBHEUI S B EHIKK S AL

ANTR) Ak BTV I N A B R U B AL
HICRR I 2, LRIMEFEA TR, B AR
vt N, JEHOR TR S, 38 B R Al B 3 H )
173 fi%. BOKMHER LAT 5. IR a2 A Kl i
FRIH T 2588 Bk R T AR U, B n T A
JRIT IR s TR /KA P A S A5 A T e Al B
BRI A=A 22 10, R BRI H AT B n S 1 1
I MBS S 95 2 1 o REAZ (K XA

F2 FRIIEF X E KR 5 B EEREA T
Table 2 Effect of different treatment methods on total moles of steroidal constituent

Method

Total moles of steroidal constituent (umol/g)

Yield of diosgennin (mg/g)

Soxhlet extraction

Microwave assistant extraction

Acidic hydrolysis

92 h transformation by A. oryzae at 37 'C

84 h transformation by A. oryzae at 37 °C, then 50 'C for 8 h

63.18+2.21 1.61
67.98+0.47 0.72
79.55+3.93 29.57
94.95+2.74 12.35
117.29+2.43 17.06

TE R M BEATHEAG . R HT 2584 0 (B A
U RAE AN, ANHERIMBIMNIBIR . FIE, BAT
FAFEA S AR AT SR S R 5 Al T2
b, SRR, B BB, HAPetl)a 250 iets
AN 53 2T 2 AP D930 IO T A DA B R
R FRAR T AR RSP0 0™ i DOR 3 5 AL )R 1Y
HPLC 34T el LU Y, AT S ) S A2 1 e AR A
A, XPREARFARME IR L2 — S )s, T8 E
BUE T IO TR AL, O B EHi e T oCHH
Tk,

4 2 i

KK 27 A JE S i 2% T E BT,
HXFEE IR A AT T Ak, Bk S5 T R S PR 352
pH. T AP dep it L KRR . 7E pH 6.0 11 66.7 mmol/L
Na,HPO,~KH,PO, ZZ i, K& HFh 8%, 37°C
Bi 9% 84 h JE 4R %8 50 C R4kl ik 8 h, JE I EH 254
SR M B E BB CA %y 17.06 mg/g, A& HHRG
WA 6.77 %, AR R (5 AP R JBE SR B0 ol Sk
W B SRIBOMBR KR (1) 173 R0 14T 5. B4R 2 i

AZHEI R € 0 EHUE T . R A RAT

JRAARBR AR T 2 AT RS A5 e, 0T I
V.
SE Ik
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Direct Biotransformation of Dioscorea zingiberensis C.H. Wright by
Aspergillus oryzae to Produce Diosgenin

DONG Yue-sheng, QI Shan-shan, LIU Lin, XIU Zhi-long

(Department Biological Science & Technology, School Environment & Biological Science & Technology,
Dalian University of Technology, Dalian, Liaoning 116024, China)

Abstract: The pH, biomass inoculation, and culture temperature were proved to be the main factors in direct biotransformation of
steroidal saponins in Dioscorea zingiberensis C.H. Wright by Aspergillus oryzae to produce diosgenin. Under the transformation
conditions of 66.7 mmol/L Na,HPO,—KH,PO, buffer with pH 6.0, 8% biomass inoculation, culturing at 37 ‘C for 84 h, then 50 C for 8
h, the highest yield of diosgenin was 17.06 mg/g, which was 6.77 times to that of crude enzyme transformation. Biotransformation of D.
zingiberensis by A. oryzae could raise total moles of steroidal constituent 1.73 times to that of extract of D. zingiberensis and 1.47 times
to that of acid hydrolysis, respectively. The biotransformation product was identified as diosgenin by MS and NMR. Direct
biotransformation of Dioscorea zingiberensis raw herb by Aspergillus oryzae was demonstrated to be superior to enzymolysis method.
Key words: Aspergillus oryzae; Dioscorea zingiberensis C.H. Wright; biotransformation; steroidal saponin; diosgenin



